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When food is your enemy, knowledge is your best weapon of defence.
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PREFACE

Food allergic reactions have emerged as a growing challenge to the food
industry. The statistics are quite remarkable: ~4-8% of children and ~2-4% of
the adult population are believed to have food allergies. Allergic reactions are
particularly bothersome because in some unfortunate situations, they have
resulted in anaphylaxis and even death. For example, the death of a young girl
in Ontario, the most populated province in Canada, after consumption of
french fries that had been inadvertently in contact with a dairy product in her
school cafeteria resulted in increased awareness about food allergies, leading
legislators in the province to enact what is now known as Sabrina’s law. This
legislation requires schools in Ontario to be proactive about allergy education
and preparedness. The death of Sabrina is not unique, and unfortunately, other
incidents have occurred around the world. Of the over 160-180 foods known
to be allergenic, some are considered priority allergens. These include eggs,
milk, soy, peanuts, tree nuts, fish, shellfish, and wheat (gluten). The health
burden of allergies and allergy-related diseases still remains unclear.

To protect food-allergic consumers, several countries around the world
have put in place food allergen labeling regulations requiring food industries
to label the priority allergens when they are present in foods. This has posed
some challenges to the food industry and has resulted in discussions on the
need of allergen management programs to allow the identification of allergens
in the food supply chain and their avoidance in foods targeted toward food-
allergic consumers. The objective of food safety regulators and the food indus-
try, ultimately, is to provide safe foods to allergic consumers and their families
while maximizing choice.

The market for allergen-free foods has grown astronomically as the
food industry has awakened to the potential for growth of this sector. These

xi
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xii PREFACE

developments are exciting and provide a glimmer of hope in a world that has
proven to be hazardous for allergic individuals. The eagerness of the food
industry to embrace this market and the readiness of regulatory agencies to
provide guidelines to support the sector is palpable. It is in this context that
this book has been compiled, which focuses on providing practical and timely
information on the manufacturing of foods targeted for allergic consumers.
Renowned experts from around the world working in the area of food allergy
have contributed excellent reviews covering the spectrum of allergen manage-
ment from “farm to fork.” The target audience for the proposed book includes
food scientists and food processors in academia (professors, researchers, stu-
dents) and the food industry. The book’s comprehensive nature will also appeal
to scientists and researchers in general involved in allergy research, food
inspection, food safety certification, and policy making.

The book is divided into four parts. Part I begins with Chapter 1, which
provides an overview of food allergy and food intolerance and the mechanisms
involved in sensitization and elicitation. A clear distinction between food
allergy and food intolerance is provided as well as a definition of gluten hyper-
sensitivity. Chapters 2, 3, and 4 provide a summary of the major issues that
need to be addressed in allergen management and the criteria for determining
priority allergens, using tree nuts and mustard as an example.

Part II contains three chapters that address, respectively, allergen manage-
ment in agricultural practices (on the farm), food processing, and the foodser-
vice industry.

In Part ITI, Chapters 8-13, respectively, provide in-depth reviews of each of
the following priority allergens: dairy, eggs, fish and crustaceans, peanuts and
tree nuts, gluten, and soy. Critical information is provided for the processing
of foods targeted for consumers suffering from theses specific allergies. Chapter
14, the last chapter in this part, provides a practical example of a food product
formulated to be “free from” milk, eggs, and soybeans.

Chapters 15-17 of Part IV, address, respectively, allergen risk assessment
and risk management, precautionary labeling, and allergen-free certification.
As more “allergen-free” products are introduced into the market, consumers,
as well as the food industry, need to consider the risks and benefits of auto-
certification versus third-party certification. Chapter 18 discusses in detail
some of the emerging allergens (e.g., lupin, sesame, and mustard) and their
properties and the need to monitor these foods as global movement and trade
exposes consumers to an ever-increasing array of new and novel foods. The
last chapter, Chapter 19, provides practical tools for managing food allergen
risks.

One of the important areas of food allergy requiring further investigation
is the threshold dose required to provoke allergic reactions. Zero tolerance,
while desirable, poses serious challenges to the food industry and could
increase processing costs considerably. Knowledge of the amount of allergens
required to elicit allergic reactions may help to provide realistic targets for the
industry. While this subject is beyond the scope of this book, results of current
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PREFACE xiii

studies such as those being conducted by the European Union Network
(EuroPREVALL, http://www.europrevall.org) should shed more light on this
important area. Methods for allergen detection are not addressed in this book,
as they have been effectively discussed in the book Detecting Allergens in Food
(edited by S.J. Koppelman and S.L.. Hefle, CRC Press and Woodhead Publishing,
2006). There continues to be a need, however, for improved methods for aller-
gen detection that take into consideration the effect of processing and matrix.

The reader will sometimes find the use of multiple terminologies in the text
and different statistics for allergy prevalence rates. This is expected in a field
that is transitioning from infancy into adolescence. An example that requires
mentioning is the use of the terms “cross-contact” and “cross-contamination.”
As “cross-contamination” has been traditionally used in the food safety context
to refer to contamination by pathogenic microorganisms, “cross-contact” has
evolved as a more adequate terminology to describe the inadvertent presence
of allergenic substances in the food chain. These two terms are used inter-
changeably throughout the book. Additionally, various numbers have been
reported in the literature for allergy prevalence rates, ranging from 4% to 8%
for children and 1% to 4% of the adult population. This variability is reflected
in some of the literature cited in the text.

We would also like to mention that while effort has been made to minimize
duplication, in a volume that attempts to cover a spectrum as large as this,
some repetition is unavoidable. There may also be some errors in the text
especially in a field such as this one, which is quickly evolving. We take respon-
sibility for any such errors and would kindly request that readers inform us of
any such errors so appropriate corrections and additions can be made in any
future editions. Finally, we would like to thank the contributors for doing such
a stellar job of compiling the most up-to-date information for the management
of food allergens. It is a remarkable piece of work, and we sincerely thank
them for their hard work and dedication.

Joyck 1. BoyE
SAMUEL BENREJEB GODEFROY
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GLOSSARY OF TERMS

Adaptive (acquired) immunity (specific immunity). This is the response of the
immune system to a specific immune stimulus (antigen). The immune
system “remembers” that it has encountered a specific antigen and reacts
more rapidly on subsequent exposure (immune surveillance). Critical to
adaptive immunity are antigen-presenting cells (APCs) including macro-
phages and dendritic cells, antigen-dependent stimulation of T-cell subtypes,
B-cell activation leading to antibody production, and the activation of mac-
rophages and natural killer (NK) cells.

Allergen. A substance that causes an inappropriate reaction by the immune
system “an allergic reaction.”

Allergic proctocolitis. A benign disorder manifesting with blood-streaked
stools in otherwise healthy-appearing infants who are breast- or formula-
fed. Its clinical features and laboratory results are often nonspecific.
Symptoms resolve within 48-72 hours following elimination of dietary
cow’s milk protein. The underlying mechanism is not known, though IgE is
clearly not implicated. Endoscopy shows focal or diffuse colitis, with edema
and erosions. The biopsy reveals eosinophilic infiltration with focal
distribution.

Allergy. A hypersensitivity reaction initiated by immunologic mechanisms.

Anaphylaxis. A systemic IgE-mediated allergic reaction that can be fatal
within minutes, by compromising the airways or through a dramatic drop
in blood pressure. In a sensitized, susceptible person, contact with or inges-
tion of an allergen may elicit an IgE-mediated adverse immune response
leading to airway obstruction, hypotension, and loss of consciousness,
resulting in anaphylactic shock. In anaphylaxis, several systems are usually
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XX GLOSSARY OF TERMS

affected simultaneously, including the respiratory tract, cardiovascular
system, and gastrointestinal tract.

Angioedema. Refers to locally diffuse and painful soft-tissue swelling that
may be asymmetric, especially on the eyelids, lips, face, and tongue, but also
on the back of hands or feet and on the genitals. If angioedema affects the
throat, the person’s airway could be blocked, which could be life
threatening.

Antibodies (Abs). Also called immunoglobulins (Igs) that are released by
plasma cells. When a B cell encounters an antigen, it is stimulated to mature
into a plasma cell or a memory B cell. Each antibody molecule has two
parts. One part varies and is specialized to attach to a specific antigen. The
other part is one of five structures, which determines the antibody’s class—
IgM, IgG, IgA, IgE, or IgD. This part is the same within each class and
determines the function of the antibody.

Antigen-presenting cells (APCs). T-cell-dependent acquired immune
responses typically require antigen-presenting cells to present Ag-derived
peptides within major histocompatibility complex (MHC) molecules.

Antigens (Ag). A substance, usually proteins or polysaccharides, capable of
stimulating the immune system to produce antibodies.

Asthma. An allergic-mediated response in the bronchial airways and a
common disorder characterized by chronic inflammation of the bronchial
tree with consequent reduction of airflow and symptomatic wheezing and
dyspnea. Asthmatics are more responsive than nonasthmatics to a wide
range of triggers capable of initiating an asthmatic episode. The narrowing
of the bronchial tree (bronchi) is usually reversible, but in some patients
with chronic asthma, there may be an element of irreversible airflow
obstruction. Asthma involves only the bronchi and does not affect the air
sacs (alveoli) or the lung parenchyma itself.

Atopic dermatitis (AD). A pruritic, chronic inflammatory skin disease of
unknown origin that usually starts in early infancy; it is characterized by
eczematous lesions, dryness, and thickening of the skin. AD may be associ-
ated to acute allergic reactions to foods. Genetic factors are important in
the development of AD and are often associated with a personal or family
history of other atopic diseases. The association of food allergy with atopic
dermatitis has been demonstrated and IgE and non-IgE cellular mecha-
nisms have been implicated. AD is considered to be an inherited genetic
disorder with an allergic diathesis.

Atopy. A personal or familial tendency to produce IgE antibodies in response
to low doses of allergens, confirmed by a positive skin prick test, and typical
symptoms such as asthma, rhinoconjunctivitis, or eczema/dermatitis.

Autoimmune disorders. Refers to medical conditions that occur when the
immune system mistakenly attacks “itself” and destroys healthy body tissue.
There are more than 80 different types of autoimmune disorders.
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Blood pressure. The pressure of the blood within the arteries produced pri-
marily by the contraction of the heart muscle. Its measurement is recorded
by two numbers. The first (systolic pressure) is measured after the heart
contracts and is recorded by the highest number. The second (diastolic
pressure) is measured before the heart contracts and is recorded by the
lowest number. Elevation of blood pressure is called “hypertension.”

Bronchial asthma. Refers to the definition of asthma.

Bronchospasm. Spasmodic contraction of the muscular walls of the bronchial
air passages as observed in asthma; it is associated with breathing
difficulty.

Cardiovascular. The heart and the blood vessels as a unified body system.

Conjunctivitis. Inflammation of the mucous membrane lining the inner
surface of the eyelids and covering the front part of the eyeball.

Cross-contact/contamination. Refers to a food contaminating or entering in
contact with another unrelated food leading to a “hidden” source of aller-
genic proteins.

Cross-reactivity. The concept of cross-reactivity concerns two allergens and
an antibody. The term is used to describe a relation between two allergens
and a cross-reactive antibody. The closer the similarity between the two
allergens, the more likely it is to find a cross-reactive antibody. A variety of
cross-reacting allergens are present among foods and aeroallergens.
Allergen cross-reactivity can be detected when tested in vitro, but clinical
correlation of the cross-reactivity is more variable. For example, cow’s milk
allergy is a common disease of infancy and childhood. Goat’s milk cross-
reacts with cow’s milk. Cow’s milk allergic patients may also react to goat’s
and/or sheep’s milk.

Cytokines. Polypeptides secreted by immune and other cells when the cell
interacts with a specific antigen, endotoxin, or other cytokines.

Dermatitis. An umbrella term for local inflammation of the skin.
Diaphoresis. Perspiration, especially when profuse.
Dyspnea. Shortness of breath.

Eczema. A general term for many types of skin inflammation, also known as
dermatitis, and is characterized by itching and the formation of scales. It is
a very common condition and can affect all races and ages, including young
infants. The most common form of eczema is atopic dermatitis.

Eosinophilic esophagitis. A primary clinicopathologic disorder of the esopha-
gus, characterized by (1) symptoms including, but not restricted to, food
impaction and dysphagia in adults, and feeding intolerance and gastro-
esophageal reflux disease (GERD) symptoms in children; (2) biopsy with
>15 eosinophils/high power field; (3) exclusion of other disorders associated
with similar clinical, histological, or endoscopic features, especially GERD.
Appropriate treatments include dietary approaches based on eliminating
exposure to food allergens, or topical corticosteroids.
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Erythema. An abnormal redness of the skin caused by various agents, as
sunlight, drugs, and so on, that irritate and congest the capillaries.

Exercise-induced anaphylaxis. Exercise can induce an allergic reaction to
food. The usual scenario is that of a person eating a specific food and then
exercising. As the individual exercises and their body temperature increases,
they begin to itch, get lightheaded, and soon develop the characteristic
allergic reactions of hives, asthma, abdominal symptoms, and even anaphy-
laxis. Refer to the definition of anaphylaxis or systemic reaction.

Favism. Disease that develops in genetically predisposed individuals when
they ingest broad beans or fava beans or inhale the flower pollen. The con-
dition is a result of a deficiency of glucose-6-phosphate dehydrogenase in
the red blood cells and of reduced glutathione, which is needed for red
blood cell integrity. Fava beans contain substances that oxidize glutathione,
which results in acute hemolytic anemia. The condition is not IgE mediated
and is therefore regarded as food intolerance. Areas of the world most
affected by this disease are the Mediterranean, Asia, Middle East, and
Formosa. In the United States, favism is reported to affect 1-2% of
Caucasian-Americans and 10-15% of African-Americans.

Flushing. Sudden redness of the skin, especially of the head and neck.

Gastrointestinal. Refers collectively to the stomach and small and large
intestines.

Glottis. The middle part of the larynx; the area where the vocal cords are
located.

Gluten sensitivity. This term as used in the literature is confusing and has been
used to express various types of adverse reactions to dietary gluten. Gluten
sensitivity enteropathy is a term used inter-changeably with celiac disease
(CD). The term gluten sensitivity has also been used to encompass other
autoimmune conditions associated with gluten exposure but that often
present without gastrointestinal symptoms and bowel pathology, e.g., gluten
ataxia and gluten neuropathy. On the other hand, emerging research has
used the term gluten sensitivity to differentiate between the autoimmune
enteropathy CD and those individuals who may present with symptoms
similar to CD, but without anti-tTG autoantibodies or the autoimmune
comorbidities (Hadjivassiliou et al. 2010; Sapone et al. 2010). The specific
genetic profiles and mechanisms involved in distinguishing the different
conditions associated with gluten toxicity are just beginning to be eluci-
dated and the terminology will need further definition and clarification.
Further investigation is also needed to assess the gluten threshold among
individuals with various gluten toxicity profiles.

Haplotypes. A haplotype is the set of “single nucleotide polymorphism
(SNP),” alleles along a region of a chromosome. Some of the segments of
the ancestral chromosomes occur as regions of DNA sequences that are
shared by multiple individuals. These segments are the haplotypes that
enable geneticists to search for genes involved in diseases and other
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medically important traits (http://www.hapmap.org/originhaplotype.html.
en; http://www.genome.gov/10001665).

Heiner syndrome (HS). A food immune-mediated pulmonary disease that
affects primarily infants and is mostly caused by cow’s milk.

Histamine and histamine intolerance. Histamine intolerance results from dis-
equilibrium of accumulated histamine and the capacity for histamine deg-
radation. Histamine is a biogenic amine that occurs to various degrees in
many foods. In healthy persons, dietary histamine can be rapidly detoxified
by amine oxidases, whereas persons with low amine oxidase activity are at
risk of histamine toxicity. Diamine oxidase (DAO) is the main enzyme for
the metabolism of ingested histamine.

HLAs (human leukocyte antigens). Proteins found on the surface of nearly
every cell in the human body. HLAs are found in large amounts on the
surface of white blood cells. They help the immune system tell the difference
between “self” body tissues and foreign substances.

HLA system. Major histocompatibility complex (MHC) in humans, controlled
by genes located on chromosome 6. It encodes cell surface molecules spe-
cialized to present antigenic peptides to the T-cell receptor (TCR) on T
cells.

Hypotension. Blood pressure that is below the normal expected for an indi-
vidual in a given environment. Hypotension is the opposite of hypertension
(abnormally high blood pressure). It is a relative term because the blood
pressure normally varies greatly with activity, age, medications, and underly-
ing medical conditions. Unlike high blood pressure, low blood pressure is
defined primarily by signs and symptoms of low blood flow and not by a
specific blood pressure number. A sudden fall in blood pressure can also be
dangerous. A change of just 20mmHg, a drop from 130 systolic to 110 sys-
tolic, for example, can cause dizziness and fainting when the brain fails to
receive an adequate supply of blood. Big blood pressure plunges, especially
those caused by uncontrolled bleeding, severe infections, or allergic reac-
tions, can be life threatening.

Hypotension for children. Defined as systolic blood pressure <70 mmHg from
1 month to 1 year, [<70mmHg + (2 age)] from 1 to 10 years, and <90mmHg
from 11 to 17 years.

Hypoxia. An abnormal condition resulting from a decrease in the oxygen
supplied to or utilized by body tissue.

Immune response. The action taken by the body’s immune system to defend
itself from pathogens. The immune system must be able to determine what
is a normal part of the body or “self,” from what is foreign or “non-self.”
The immune response can be roughly divided into two broad categories:
innate (natural) immunity and adaptive (acquired) immunity.

Immunoglobulins (Ig). Glycoprotein molecules that are produced by plasma
cells in response to an immunogen and which function as antibodies. All
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immunoglobulins have a four-chain structure as their basic unit. They are
composed of two identical light chains (23kD) and two identical heavy
chains (50-70kD).

Incontinence. Inability to restrain a natural discharge or feces from the body.

Infantile colic. Refers to colicky babies who cry constantly and hard at about
the same time each day at least 3 days a week. It is more common in boys
and in firstborn children. It usually begins at about 2 weeks of age and goes
away by the fourth month. Infants who are experiencing symptoms of cow’s
milk allergy have a high rate (44%) of colic. However, the role of allergy
as opposed to other causes among those with colic and without other symp-
toms of food allergy remains controversial and in need of additional study.

Innate immunity. This is a nonspecific, fast-acting response and is not directed
against one type of pathogen/antigen, but is capable of destroying many
different invaders.

Lymphocytes. These are types of white blood cell responsible for acquired
immunity and may be T cells or B cells. T cells are produced in the thymus,
where they learn to distinguish self from non-self. Only the T cells that
ignore self-antigen molecules are allowed to mature and leave the thymus.
B cells are formed in the bone marrow. They have particular receptor sites
on their surface where antigens can attach.

Oral allergy syndrome (OAS). Oral allergy syndrome is an allergic (immuno-
logic) reaction to certain proteins in a variety of fruits, vegetables, and nuts,
which develops in some people with pollen allergies, particularly birch
pollen allergies, but it can also affect people with allergies to the pollens of
grass, ragweed (more common in North America), and mugwort (more
common in Europe). These reactions can occur at any time of the year but
are often worse during the pollen season. Oral and/or pharyngeal pruritus
appears within minutes after the intake of the food and may be the first
symptom of generalized anaphylactic reactions or the only manifestation
(http://www.inspection.gc.ca/english/fssa/concen/tipcon/orale.shtml).

Rhinitis. Allergic symptoms involving the nose (e.g., itching, sneezing) with
increased secretion and blockage.

Rhinoconjunctivitis. Allergic conjunctivitis is also called “rhinoconjunctivi-
tis.” It is the most common allergic eye disorder. The condition is usually
seasonal and is associated with hay fever. The main cause is pollens, although
indoor allergens such as dust mites, molds, and dander from household pets
such as cats and dogs may affect the eyes year-round. Typical complaints
include itching, redness, tearing, burning, watery discharge, and eyelid swell-
ing. To a large degree, the acute (initial) symptoms appear related to hista-
mine release.

Sensitivity and specificity. These terms are used as measures of how good a
medical test, sign, or symptom is. The sensitivity of a test refers to how many
cases of a disease a particular test can find. On the other hand, specificity
of a test refers to how accurately it diagnoses a particular disease without
giving false-positive results. See also Gluten sensitivity.
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Shock. Medically, shock is a critical condition brought on by a sudden drop
in blood flow through the body. There is failure of the circulatory system to
maintain adequate blood flow, curtailing the delivery of oxygen and nutri-
ents to vital organs. The signs and symptoms of shock include low blood
pressure (hypotension), over breathing (hyperventilation), a weak rapid
pulse (tachycardia), cold clammy grayish-bluish (cyanotic) skin, decreased
urine flow (oliguria), and mental changes (a sense of great anxiety and
confusion).

Stridor. A harsh, high-pitched whistling sound, produced in breathing by an
obstruction in the bronchi, trachea, or larynx.

Syncope. The temporary loss of consciousness followed by the return to full
wakefulness; fainting.

Systemic reactions. Several systems within the body are affected simultane-
ously, including the upper and lower respiratory tracts, cardiovascular
system, and gastrointestinal tract. In the context of allergy, this refers to
anaphylaxis.

Threshold. Allergen threshold refers to the levels (exposure amounts) below
which it is unlikely that a food-allergic individual would experience an
adverse effect. It also applies to the establishment of a limit by statute,
below which no regulatory action will be taken.

Toxic peptide. The term “toxic peptide” has been used to describe any gluten
sequence able to induce damage of the intestinal mucosa in celiac individu-
als. However, this term is now more specifically used to refer to those gluten
peptides affecting in vitro cells and intestinal preparations, producing
damage in vivo, eliciting the innate response. Whereas the peptide frag-
ments eliciting the mucosal adaptive immune response are termed as

99 G

“immunostimulatory,” “immunogenic,” or “immunodominant.”

Urticaria. A common allergic skin condition, transient in nature, character-
ized by erythematous (red) edematous plaques or wheals within the super-
ficial dermis, usually pruritic (itching), burning, or stinging. The lesions
typically result from an inflammatory reaction that induces localized
transudation of fluid from dilated small blood vessels and capillaries in
the superficial dermis. It can be acute (6 weeks’ duration or less), whereas
urticaria recurring frequently for longer than 6 weeks is referred to as
chronic.
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IMMUNE-MEDIATED ADVERSE
REACTIONS TO
DIETARY PROTEINS

OLcAa M. PuLipo

1.1. INTRODUCTION

An adverse reaction to food is a general term applied to the clinically abnor-
mal response to an ingested food, food ingredient, or food additive. Adverse
reactions to food may or may not be mediated by the immune system [1-6].
Nonimmune-mediated adverse reactions to food mimicking food allergy are
termed food intolerances and can be the result of toxicity, for example, hista-
mine in scromboid fish poisoning or nonallergic food hypersensitivity (Fig. 1.1)
[4-7]. In turn, nonallergic food hypersensitivity (Fig. 1.1) can result from (1)
chemical/pharmacological action of food ingredients (e.g., caffeine in coffee,
tyramine in aged cheese, sulfites in wine, phenylethylamine in chocolate, or
the flavor enhancer monosodium glutamate [8-10]; (2) physiological factors
associated with specific characteristics of the host (e.g., lactase deficiency
leading to lactose intolerance and deficiency of glucose-6-phosphate dehydro-
genase in favism) [5, 11-13]; or (3) others such as psychogenic causes (e.g.,
eating disorders may present clinical symptoms suggestive of an adverse reac-
tion to food) [6, 14]. Conversely, an adverse reaction to food (Table 1.1) may
be mediated by an immunologic response and should be distinguished from
food intolerances that do not have an immune basis, but may be similar in
clinical presentation [2, 7, 15-17].

Allergen Management in the Food Industry, Edited by Joyce 1. Boye and
Samuel Benrejeb Godefroy
Copyright © 2010 John Wiley & Sons, Inc.
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Food
Intolerances

Nonallergic Toxic, for example,
food histamine in
hypersensitivity scombroid
fish poisoning

P > G
Chemical/ Physiological Psychogenic
Pharmacological factors/Specific causes/Others
action characteristics of for example, eating
for example, caffeine in the host disorders
coffee, tyramine in aged for example, lactase
cheese, sulfites in wine, deficiency leading to
phenylethylamine lactose intolerance,
in chocolate, or the deficiency of
flavor enhancer glucose-6-phosphate
monosodium glutamate dehydrogenase in
favism

Fig.1.1 Nonimmune-mediated adverse reaction to food “Food Intolerances.” See text
and Glossary of Terms for further explanation and references.

Allergy is defined as a hypersensitivity reaction to intrinsically harmless
antigens, most of which are environmental, and the process is initiated by
specific immunologic mechanisms [3]. The term food allergy has been recom-
mended when an adverse reaction to food is mediated by immunologic mecha-
nisms [1, 3,5, 18]. Food allergens are defined as the antigenic molecules giving
rise to the immunologic response [3, 19-21]. Proteins are the food constituents
responsible for eliciting immune-mediated adverse responses to food [3, 19—
21]. Hence, the eliciting dietary proteins are known as allergens. The term
IgE-mediated food allergy is used when immunoglobulin E (IgE) is involved
in the reaction [3,5, 6]. Allergies to food contaminants such as dust mites, mold,
and parasites should also be distinguished from food allergy elicited by dietary
proteins.

Under the above definitions, all immune-mediated adverse reactions to
dietary proteins are considered food allergy. Together, food allergy encom-
passes a wide range of clinical disorders, which are grouped in Table 1.1 as
IgE, non-IgE, and mixed IgE/non-IgE [2, 5, 6,22]. These include IgE-mediated
food allergy, celiac disease, dermatitis herpetiformis (DH), and clinical condi-
tions such as allergic eosinophilic esophagitis and food protein-induced
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6 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

TABLE 1.2 Food Allergies

- Food allergens are generally glycoproteins with molecular weights ranging from 10
to 70kDa.

Innate allergenic capacity of foods may be determined by a combination of factors,
for example, solubility, resistance to pH, heat, and proteolysis by digestive enzymes.
Allergenic capacity of food allergens may be modified (increase or decrease) by
food processing and manipulation, for example, heating.

The individual must first be sensitized by exposure to the allergenic protein.

The route of initial exposure and sensitization can be oral, respiratory
(aeroallergens), or dermal (skin) contact.

In infants, the route of initial exposure and sensitization can occur in utero or
through breast milk.

Food allergy occurs when a sensitized individual is exposed to the same or a
cross-reactive protein through food ingestion.

Food allergies are often encountered by infants or children during a
developmental window of immunologic immaturity.

IgE-mediated food allergies are characterized by the rapid release of powerful
cellular chemicals such as histamine.

In IgE-mediated food, allergy reactions can occur within minutes or up to 4 hours
after ingestion.

Clinical disorders associated to non-IgE-mediated mechanisms or to mixed IgE
and non-IgE, typically have delayed onset of symptoms (>2 hours) and a chronic,
relapsing course.

- Severity of reactions and presenting symptoms may vary with time and exposure.

.

.

.

.

enterocolitis syndrome (FPIES) [14, 23-25]. Many factors are implicated in
the basic pathophysiological mechanisms of food allergy, such as host genetics,
biochemical characteristics of the proteins, exposure, changes induced through
food processing, or genetic engineering in “genetically modified foods” (Table
1.2) [20, 21, 26-28].

During the last two decades, there has been an increasing trend in the
prevalence of food allergy in Western countries. It is estimated that food
allergy affects between 5% and 8% of infants and young children and approxi-
mately 2-4% of adults [2, 7, 15, 17, 29]. Today, food allergies, both IgE and
non-IgE mediated, are important health concerns from the point of view of
risk management, policy setting, public health, diagnosis, and treatment for the
consumers, their families, and the communities where they live, and for the
food industry at large [13, 18, 30-32].

An understanding of the basic mechanisms underlying adverse reactions to
foods and an enhanced awareness of the various clinical presentations is
important for the overall management of food allergies. To this extent, this
chapter presents an overview of the current understanding of the basicimmune
mechanisms mediating adverse reactions to food proteins and their various
clinical presentations. For further clarification, refer to the Glossary of Terms
on pages XiX—Xxvii.
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Discussion of other aspects relevant to food allergy, such as allergen thresh-
olds dose, clinical diagnostic tests, and methods used to detect specific aller-
genic proteins in food, are beyond the scope of this chapter. The chapter is
organized in sections based on the implicated immune-mediated mechanism
and associated clinical conditions. With the exception of celiac disease, which
is discussed separately, a brief description of symptoms and medical conditions
associated with food allergies is presented under each category throughout
the text or in the Glossary of Terms.

1.2. ORAL IMMUNE TOLERANCE

The gut is responsible for the digestion and absorption of nutrients while
acting as the first line of immune defense against pathogenic microbes within
the gastrointestinal tract. The gut mucosal immune system accomplishes this
task partly by establishing a tolerance to macronutrients [28, 33]. The gastro-
intestinal tract is the largest immune organ in the body and is constantly
exposed to dietary proteins from ingested food. Immune tolerance to dietary
proteins is maintained by active suppressive mechanisms involving antigen-
specific regulatory T cells. In the first few years of life, humans gradually
develop an intricate balance between tolerance and immune reactivity in the
gut mucosa, along with a tremendous expansion of gut-associated lymphoid
tissue (GALT). GALT is comprised predominantly of clusters of organized
lymphoid tissue in the terminal ileum (Peyer’s patches), appendix, and isolated
lymphoid follicles located beneath the epithelium throughout the gut [34].

Several factors can cause disturbances at different steps in the process of
developing oral tolerances, disrupting intestinal barrier function, and contrib-
uting to disease pathogenesis [35]. The factors implicated in the development
and/or altering the risk of adverse immune reactions to dietary proteins can
include genetic susceptibility, gastrointestinal infection, age, exposure (route,
dose, and time), timing and length of initial exposure, association with breast-
feeding, gastric pH, and type of protein [2, 13, 36-38]. Food allergies may be
the result of a breach in oral tolerance to ingested food or from cross-reactivity
between food and nonfood allergens. For example, individuals with allergies
to fruits and vegetables may have been sensitized by pollen exposure known
as pollen-food allergy syndrome or oral allergy syndrome (OAS) [5, 13].

1.3. FOOD ALLERGY

Food allergy is defined as an exaggerated immune response (hypersensitivity)
to dietary proteins [1-3]. Allergies to food develop when exposure to a food
protein is mistakenly identified as harmful by the human body. Failure of the
development of gut tolerance for a specific food protein leads to hypersensitiv-
ity to that protein [21, 28, 33]. Food allergies are often seen during the early
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8 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

period of life that coincides with the critical period of development of immune
tolerance and typically occurs during this period of immunologic immaturity
[2,15,17,28,39].

Host factors, for example, genetics, age, gut flora, asthma, history of atopy,
exercise, and extrinsic factors such as characteristics and dose of the protein
(threshold), all influence the potential allergic reaction [2, 5, 33, 36, 40,41]. The
allergenic capacity of the protein may be modified by food processing and
manipulation (e.g., heating) [27, 42, 43]. Food proteins that are resistant to
digestion are considered to be the most allergenic. The ability of the allergenic
protein to trigger direct oral sensitization is modulated by gastric acidity [37].

Although any food protein can potentially provoke an immune reaction,
relatively few food proteins are responsible for the vast majority of significant
food-induced allergic reactions [21]. The most common food allergens in the
pediatric population include cow’s milk, eggs, peanuts, tree nuts, soy, wheat,
fish, and shellfish, whereas peanuts, tree nuts, fish, and shellfish predominate
in adults [2,5,13,14,25,44]. Gluten from wheat, barley, and rye are the proteins
of most concern for celiac disease, DH, and other gluten-induced conditions
(Section 1.4), while rice is emerging as a food of concern for FPIES [45, 46].

The most common food allergies in a given population and the criteria for
identification of priority allergenic proteins will vary based on world regions,
individual countries, dietary habits, and regulatory systems [30].

1.3.1. IgE-Mediated Food Allergy

IgE-mediated food allergies constitute the majority of food allergic reactions
and are the best studied. An IgE-mediated reaction develops when an aller-
genic protein binds with specific IgE antibodies on mast cells and basophils
activating the release of potent compounds such as histamine. The first step in
the development of IgE food allergies is sensitization. The first time the sus-
ceptible individual is exposed to the specific food allergen, the body’s immune
system misidentifies the protein as harmful and responds by creating specific
antibodies (IgE) to that allergen. Repeat exposures to the same food protein
trigger an immune reaction with the release of IgE antibodies [2, 5, 17, 33].
The conjugation of the IgE antibody with the allergens triggers a stimulus to
mast cells and basophils, which degranulate, releasing mediators (e.g., hista-
mine) and promoting the synthesis of prostaglandins, leukotrienes, and cyto-
kines [2, 18, 33]. This reaction represents an effort by the immune system to
reject/remove the protein, mistakenly identified as harmful, from the body. In
turn, the chemicals released have powerful effects on the respiratory system,
gastrointestinal tract, skin, and cardiovascular system.

Histamine is a powerful biogenic amine, released during IgE-mediated
allergic reactions. It is synthesized by mast cells, basophils, platelets, and other
cells such as histaminergic neurons and enterochromaffin cells, where it is
stored in the cytoplasm in vesicles and released upon stimulation. Conversely,
histamine exerts its effects by binding to a family of receptors on target cells
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in various tissues mediating numerous biological reactions. These biological
reactions include smooth muscle contraction, vasodilation, increased vascular
permeability, mucus secretion, tachycardia, alterations of blood pressure,
arrhythmias, and stimulation of gastric acid secretion [12]. This mechanism
explains the fast onset of symptoms and potential severity of clinical symptoms
observed with IgE-mediated food allergies.

IgE-mediated reactions can start within minutes to 1 hour (rarely past 2
hours) of exposure. Reactions often affect the skin (urticaria, angioedema,
morbilliform eruptions, flushing, pruritus) [47] and can involve the respiratory
tract (sneezing, rhinorrhea, congestion, cough, wheezing, difficulty breathing)
[48], the gastrointestinal tract (OAS, nausea, vomiting, diarrhea, cramping,
abdominal pain) [17,49], and the cardiovascular system (tachycardia, hypoten-
sion) [50, 51]. Severe systemic reactions can result in anaphylactic shock and
death [52].

A late-phase response may follow the immediate reaction beginning 4-6
hours after contact with the allergen and continuing for several days. This
response is caused by chemotactic mediators released at the same time as the
immediate reaction, which promote selective recruitment of inflammatory
cells, mainly eosinophils and neutrophils, which infiltrate the tissue producing
an inflammation that can last for a few days [6].

1.3.1.1. Anaphylaxis. Anaphylaxis is a serious generalized allergic reaction
that may cause death. Anaphylaxis represents the most severe form of IgE-
mediated food allergy and is clinically defined as a food allergic reaction
involving two or more organ systems [50-52]. It can include cutaneous (skin),
respiratory, cardiovascular, and gastrointestinal symptoms. The onset of symp-
toms after exposure to food is usually abrupt. In extremely sensitive individu-
als, reactions may be triggered by minute amounts of food proteins [31].
Symptoms can start within seconds to 2 hours following allergen ingestion and
can include feelings of impending doom, throat tightness, coughing or wheez-
ing, abdominal pain, vomiting, diarrhea, and loss of consciousness. Skin symp-
toms such as flushing, urticaria, and angioedema are present in most
anaphylactic reactions. However, the most rapidly progressive anaphylactic
reactions may not have cutaneous manifestations. Severe anaphylaxis is char-
acterized by life-threatening upper airway obstruction, bronchospasm, and/or
hypotension. In children, bronchospasm is a common symptom, and a back-
ground of atopy and asthma is often present [52].

An international task force on anaphylaxis and the European Academy of
Allergology and Clinical Immunology recommend the following working
clinical definition of anaphylaxis in which the diagnosis is considered highly
likely when any one of the following three criteria are met [50, 51]:

1. acute onset of an illness (minutes to several hours) with involvement

of the skin, mucosal tissue, or both (e.g., generalized hives, pruritus or
flushing, swollen lips, tongue—uvula), with respiratory (e.g., dyspnea,
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bronchospasm, stridor, hypoxia) or/and cardiovascular compromise (e.g.,
hypotension, collapse); or

2. two or more of the following that occur rapidly after exposure to a likely
allergen for that patient (minutes to several hours):

a. involvement of the skin or mucosal tissue (e.g., generalized hives, itch,
flushing, and swelling),

b. respiratory compromise (e.g., dyspnea, bronchospasm, stridor, hy-
poxia),

c. cardiovascular compromise (e.g., hypotension, collapse), and

d. persistent gastrointestinal symptoms (e.g., crampy abdominal pain,
vomiting);

3. hypotension after exposure to known allergen for that patient (minutes
to several hours).

In the literature, grading systems for acute systemic hypersensitivity reac-
tions vary considerably, have a number of deficiencies, and lack a consistent
definition of anaphylaxis. Despite limitations, the following clinical criteria and
grading system of anaphylaxis [52] provide general guidance:

I. Severe reactions include symptoms that are strongly associated with
hypotension and hypoxia: confusion, collapse, unconsciousness, and
incontinence. Preexisting asthma and lung disease are viewed as an
increased risk of hypoxia.

II. Moderate reactions include diaphoresis, vomiting, pre-syncope, dysp-
nea, stridor, wheeze, chest/throat tightness, nausea, vomiting, and
abdominal pain.

III. Mild reactions are limited to the skin (urticaria, erythema, and angio-
edema); however, when angioedema includes the face with involve-
ment of the glottis, this is considered severe, since it is associated with
hypoxia.

Anaphylaxis may have a biphasic course of onset in as many as 20-25% of
cases, with initial improvement occurring with or without treatment followed
by the recurrence of severe symptoms within 1-2 hours. The severity of late
symptoms cannot be predicted based on the early symptoms; for instance,
early mild symptoms may be followed by anaphylactic shock. Given the poten-
tial for late-phase reactions, an observation period of at least 4 hours is recom-
mended following a reaction. Peanut, tree nuts (e.g., almond, cashew, hazelnut,
pecan, and walnut), fish, and shellfish are most often responsible for food-
induced anaphylaxis [2]. Cross-reactivity among food allergens or with aero-
allergens may be the eliciting cause [2]. In rare circumstances, anaphylaxis may
have a protracted course of onset, with symptoms lasting for days.
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1.3.1.2. Skin (Cutaneous) Manifestations of Food Allergy. The skin is the
target organ most often involved in food allergy. Both mixed IgE and non-IgE
cell-mediated mechanisms have been implicated in various skin manifesta-
tions associated with food allergy [5-7, 47]. Acute generalized urticaria char-
acterized by pruritus and hives, with or without angioedema, is the most
common clinical presentation of IgE-mediated allergic reactions to ingested
foods in both children and adults. Onset of symptoms may be rapid (e.g., within
minutes of ingesting the responsible food). Skin involvement may be isolated
or associated with other organ systems in food anaphylaxis. Acute IgE-
mediated urticaria can also be induced by skin contact with cow’s milk, raw
egg white, raw meats, fish, vegetables, and fruits. Urticaria symptoms lasting
longer than 6 weeks are rarely caused by food allergy.

Atopic dermatitis is the most common mixed IgE/cell-mediated skin mani-
festation of food allergy [5-7, 47]. It is characterized by eczema that generally
begins in early infancy, often associated with extreme pruritus, and a chroni-
cally relapsing course [53, 54]. DH is a non-IgE-immune-mediated condition
elicited by gluten in susceptible individuals and is discussed under celiac
disease (Section 1.4).

1.3.1.3. Oral Allergy Syndrome (OAS). OAS is a very common manifesta-
tion of food allergy, especially in adults that are allergic to tree pollen (pollen-
food allergy syndrome) and, to a lesser extent, among those who are allergic
to grass, ragweed, and mugwort pollens [2, 5, 13, 17]. It is seen in response to
contact to raw fruits and vegetables and is usually confined to the oral cavity.
It affects approximately 50% of pollen-allergic adults and represents the most
common adult food allergy. OAS can occur as a result of cross-reactivity
between the allergenic proteins in pollens and plant foods such as birch (apple,
cherry, peach, carrot), grass (tomato, kiwi), ragweed (melon, banana, tomato),
and mugwort (carrot, celery) [2, 5, 13, 17]. Upon contact with an allergenic
food protein, the susceptible individual develops a reaction characterized by
oral itching, lip swelling, and oral angioedema. Symptoms can also involve
other organs and become more severe. There are four levels of increasing
severity: (1) oral mucosal symptoms only, (2) oral mucosal plus gastrointestinal
symptoms, (3) oral mucosal plus systemic symptoms (urticaria, rhinoconjunc-
tivitis, or asthma), and (4) oral mucosal symptoms plus life-threatening prob-
lems (glottis edema, anaphylactic shock) [6, 52].

1.3.1.4. Respiratory Manifestation of Food Allergy. Allergic rhinoconjunc-
tivitis, bronchospasm, laryngeal edema, and asthma may follow the ingestion
of food allergens in allergic individuals [2, 6, 48, 52]. It is rare that patients
present with isolated respiratory symptoms. They usually present in associa-
tion with clinical symptoms involving the skin or the gastrointestinal tract
or in the context of food anaphylaxis. Food-induced upper respiratory tract
symptoms seem to be more common in infants and young children. Allergic
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rhinoconjunctivitis is characterized by periocular pruritus, tearing and con-
junctival erythema, nasal congestion, rhinorrhea, and sneezing shortly after
the ingestion of the allergenic food [48]. Chronic serous otitis media may
develop secondary to chronic rhinitis and eustachian tube dysfunction, or the
middle ear itself can be the primary involved organ [48]. Food-induced asthma
is more common in young children, particularly in association with atopic
eczema. Acute bronchospasm is a feature of severe food-induced anaphylaxis.
Food allergy is considered a risk factor for severe asthma.

The Heiner syndrome is a chronic pulmonary disease caused by non-IgE
food allergy, particularly to cow’s milk proteins during infancy. It is character-
ized by recurrent pneumonia, pulmonary infiltrates, iron deficiency anemia,
and a failure to thrive in small children [48]. If the associated pulmonary vas-
culitis is severe, alveolar bleeding occurs and causes pulmonary hemosiderosis
(iron deposits in the form of hemosiderin).

1.3.1.5. Adverse Reactions to Dietary Gluten. Cereals including wheat,
barley, and rye are consumed in large quantities all over the world. Worldwide,
cereal grains account for about 70% of protein consumption. The cereals form
part of the Gramineae (grasses) family and are divided into four subfamilies:
the Bambusoideae (rice), the Chloridoideae (including ragi and teff), the
Panicoideae (most millets, maize, and sorghum), and the Pooideae, which are
further divided into the Triticeae (wheat, barley, and rye) and the Avencae
(oats) [41].

The wheat grain comprises three major components: starch, protein, and
fiber (cell wall polysaccharides), with proteins accounting for about 10-15%
of the dry weight [41]. Gluten is a generic term used for the storage proteins
from wheat, barley, and rye and is discussed in more detail under celiac disease
(Section 1.4).

Dietaryintake of gluten can cause distinctimmunologically mediated adverse
reactions manifesting with gastrointestinal symptoms. These include celiac
disease, other non-IgE-mediated gluten induced clinical conditions, and IgE-
mediated food allergy. The pathogenic mechanisms underlying these diseases
are different. The coexistence of gluten-induced IgE and non-IgE-mediated
reactions in one individual seems to be rare. Diagnosis and management are
also different. Hence, establishing a differential diagnosis between cereal (e.g.,
wheat) induced IgE allergy, celiac disease, and other related non-IgE reactions
(Section 1.4) is important for the management of these conditions [44, 55-57].

1.3.1.5.1. IgE-Mediated Wheat Allergy. Wheat is the cereal most often impli-
cated in IgE cereal-induced food allergy. Dietary wheat allergy is observed in
adults and children, and like other IgE-mediated food allergies, there is a risk
of anaphylaxis [44, 55-57]. The best known IgE allergic response to wheat
ingestion is wheat-dependent, exercise-induced anaphylaxis (WDEIA).
WDEIA is the most common type of food-dependent, exercise-induced ana-
phylaxis (FDEIA) (Section 1.3.1.6). This syndrome is associated with one
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major type of wheat gluten protein known as o-gliadins. Other IgE-mediated
allergic responses to dietary wheat include atopic dermatitis, urticaria, and
anaphylaxis. These reactions may vary between populations and may be
related to a wider range of wheat proteins and to nonspecific lipid transfer
proteins. The other known type of allergy to wheat is baker’s asthma, which
results from the inhalation of flour and dust during grain processing [41].

1.3.1.6. FDEIA. FDEIA is a rare, potentially life-threatening condition
reported in young, athletic individuals, especially women in late teens to mid-
30s [40]. FDEIA can occur in two ways: anaphylaxis may occur when exercise
follows the ingestion of a particular food to which IgE sensitivity can be identi-
fied (e.g., wheat, shellfish, fish, and celery) or, less commonly, 2-4 hours after
the ingestion of these foods (postprandial anaphylaxis) in association with
physical exertion. When food intake and exercise are independent of each
other, there are no allergic symptoms. Although the pathogenesis of FDEIA
is not yet known, multiple factors may be involved in eliciting or mediating
these adverse reactions [58, 59]. For example, affected patients frequently
identify hot and humid weather as an aggravating factor, and afflicted patients
generally have asthma and/or other atopic disorders. Wheat gluten is the most
common dietary protein associated with FDEIA.

1.3.2. Non-IgE and Mixed Food Allergy

In non-IgE-mediated food allergy, multiple inflammatory cells and their medi-
ators play a role in the immunopathogenesis [2, 5, 6, 22]. These include activa-
tion of lymphocytes and recruitment of eosinophils and mast cells. Other
immune-mediated factors such as immune complexes formed by food and
food antibodies or cell-mediated immunity have been suggested as the mediat-
ing mechanism. In non-IgE-mediated disorders (Table 1.1), clinical manifesta-
tions of adverse reactions usually become evident hours to days after exposure
to the dietary protein (allergen). Symptoms and signs may include diarrhea,
vomiting, protein-losing enteropathy, rectal bleeding, and enterocolitis [2, 5, 6,
25]. Growth retardation may also be seen is some children. Milk and soy are
the most common eliciting foods [21, 39, 45].

Non-IgE-mediated gastrointestinal allergic conditions include food pro-
tein-induced enterocolitis, allergic proctocolitis, and enteropathy (Table 1.1)
[2, 5, 6, 25]. Celiac disease and DH are also considered non-IgE-mediated
adverse reactions and are discussed separately in Section 1.4. Clinical disor-
ders associated with non-IgE cell-mediated mechanisms, or with mixed IgE
and non-IgE reactions, typically have delayed onset of symptoms (>2 hours)
and a chronic, relapsing course. Therefore, the allergen cause—effect relation-
ship may be difficult to establish.

In conditions such as allergic eosinophilic gastroenteropathy (allergic eosin-
ophilic esophago-gastroenteritis, allergic eosinophilic esophagitis, allergic
eosinophilic enterocolitis, dietary protein enterocolitis), IgE-mediated food
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allergy often cannot be demonstrated. The presence of eosinophils alone is not
conclusive evidence of food allergy. However, food has been incriminated as
the cause in a subset of patients [2, 25, 60].

1.3.2.1. Eosinophilic Esophagitis. The American Gastroenterological Asso-
ciation Institute and North American Society of Pediatric Gastroenterology,
Hepatology, and Nutrition sponsored a systematic review that provides con-
sensus recommendations for diagnosis and treatment of eosinophilic esopha-
gitis in children and adults [60]. These authors define eosinophilic esophagitis
as a primary clinicopathologic disorder of the esophagus, characterized by
symptoms such as food impaction and dysphagia in adults, and feeding intol-
erance and gastroesophageal reflux disease symptoms in children. Children
can also present with epigastric abdominal pain, dysphagia, and failure to
thrive. The esophageal biopsy is characterized by high eosinophil count (=15
eosinophils/high power field). Other disorders associated with similar clinical,
histological, or endoscopic features, need to be excluded. The differential
diagnosis includes conditions such as gastroesophagel reflux disease, Crohn’s
disease, hypereosinophilic syndrome, and drug hypersensitivity response.
Appropriate treatments include dietary approaches based on eliminating
exposure to food allergens [60].

Most studies characterizing the allergic phenotype of this condition have
been performed in children [60]. The allergic etiology of eosinophilic esopha-
gitis is based on several lines of evidence. The majority of patients with eosino-
philic esophagitis (50-80%) are atopic. Usually, there is coexistence of atopic
dermatitis, allergic rhinitis, and/or asthma and the presence of allergic antigen
sensitization. Importantly, most patients improve on allergen-free diets, pro-
viding supportive evidence that antigenic dietary protein is eliciting the disease.

Evidence suggests that eosinophilic esophagitis is associated with T helper
cell (Th2)-type immune responses. Elevated levels of Th2 cytokines (e.g., inter-
leukin IL-4, IL-5, and IL-13) as well as mast cells are present in the esophagus
of these patients. This view is further supported by experimental systems that
demonstrate an intimate connection between the development of eosinophilic
inflammation in the respiratory tract and esophagus not only in response to
external allergic triggers but also to intrinsic Th2 cytokines [60].

1.3.2.2. FPIES. FPIES is an uncommon, pediatric, non-IgE-mediated disor-
der [45,46]. The adverse reaction is triggered by dietary proteins with rice, soy,
and cow’s milk being the most common eliciting foods [45, 46, 49].

The pathophysiology of FPIES remains poorly understood. However, the
most likely implicated mechanism is stimulation of T cells by food proteins in
the gastrointestinal mucosa. The clinical presentation includes profuse vomit-
ing and/or diarrhea about 2 hours after ingestion of the eliciting protein.
Associated features may include pallor, lethargy, cyanosis, metabolic acidosis,
and neutrophilia. The cutaneous or respiratory symptoms seen in IgE food
allergies are often absent. Most children recover within a few hours, but there
is up to 20% of them that may present with a hypovolemic shock. The diag-
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nosis and link to food adverse reaction is often missed, due to the delay in the
presentation of symptoms after food intake. The moribund appearance that
many children have at presentation is often attributable to sepsis, a metabolic
disorder, or a surgical abdominal emergency. Most children develop tolerance
to the triggering food by 3 years of age. Although the most common presenta-
tion is acute, some children may present a chronic form of the condition
characterized by chronic vomiting, diarrhea, and failure to thrive when con-
tinuously exposed to the offending food [25, 45, 49].

1.4. CELIAC DISEASE (CD) AND RELATED CONDITIONS

Celiac disease is a complex, systemic,autoimmune-mediated disorder, observed
in genetically susceptible individuals in response to exposure to dietary gluten.
It has been regarded primarily as a disease of the gastrointestinal tract and is
characterized by chronic inflammation of the small intestinal mucosa [61-66].
This inflammation may result in atrophy of intestinal villi, malabsorption, and
a variety of clinical manifestations [62, 63, 67-71]. Celiac disease has also been
referred to as celiac sprue and gluten-sensitive enteropathy. More recently, the
term “gluten syndrome” has been suggested to cover the myriad of extra-
intestinal symptoms and clinical conditions described in association with celiac
disease and the absence of gastrointestinal involvement in some cases [72].
These include neurological dysfunctions such as gluten ataxia and gluten neu-
ropathy [97, 135].

The worldwide prevalence of celiac disease has been estimated to be
between 1 in 100-200 individuals [63, 64,73, 74]. Certain groups of people have
markedly elevated risks of developing celiac disease. First-degree relatives of
individuals diagnosed with celiac disease have a 10-20% increased risk of
developing celiac disease [29, 75, 76]. A high prevalence of celiac disease is
also found in individuals with Down syndrome, diabetes type 1 and IgA defi-
ciency [65, 77, 78].

Celiac disease can be present in both silent and symptomatic forms affecting
survival and risk of complications [79]. Silent celiac disease is characterized by
positive serology and limited involvement of the gastrointestinal tract. Latent
celiac disease includes individuals who are positive for serological markers or
genetic susceptibility to disease but no pathology on biopsy. These individuals
are asymptomatic but may later develop symptoms and/or histological changes
[64, 79]. The difference between the number of clinically diagnosed celiac
disease individuals with the vast amount of undetected cases has been described
as the celiac disease iceberg, with those undetected lying beneath the surface.
Gluten toxicity encompasses a wide spectrum of end target organ pathology,
clinical disorders, and mechanisms involved [80, 81, 135, 136].

The clinical manifestations of celiac disease are highly variable in both
character and severity. They are influenced by factors such as age, immunologic
status, exposure to gluten (amount, duration, or timing of introduction to
gluten), and the extent and severity of damage caused to the gastrointestinal
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tract [23, 61, 69, 70, 82-86] and other organs, for example, the nervous system
[97, 135, 136]. The wide spectrum of clinical presentation results in frequent
delays in diagnosis, and/or misdiagnoses [71, 85, 87]. Common examples of
misdiagnoses include irritable bowel syndrome, chronic fatigue syndrome, and
fibromyalgia [85].

Celiac disease can present with gastrointestinal, or “classic,” and nongastro-
intestinal manifestations. Infants and children are more frequently inflicted with
gastrointestinal manifestations including diarrhea, abdominal distension, or
symptoms of malnutrition such as anemia [63-66, 69,70, 88, 89]. For adults, non-
specific gastrointestinal complaints are common and include abdominal pain,
flatulence, diarrhea, and, in severe cases, steatorrhea [63-65, 69,71, 85, 88, 90].

Celiac disease is associated with various extraintestinal disorders and com-
plications in addition to gastrointestinal symptoms and is therefore considered
a multisystem disorder [68, 82, 84, 91]. Patients with celiac disease also have
an increased risk of developing other autoimmune diseases, such as type 1
diabetes mellitus [78, 84, 86].

Nongastrointestinal manifestations are more insidious, are highly variable,
and are the common presenting symptoms in older children and adults. These
manifestations are either the result of long-term nutrient malabsorption and/
or are part of the autoimmune systemic spectrum [65, 69, 81, 85, 86, 92, 93]. In
children, nongastrointestinal manifestations may include short stature, enamel
defects, neurological developmental delays, and delayed puberty [63, 66, 70,
94-96]. Many celiac patients experience neurological symptoms, frequently
associated with malfunction of the autonomic nervous system, cerebella ataxia,
learning disorders, depression, migraine, and headache [97, 135]. The absence
of an enteropathy should not preclude patients from treatment with a gluten-
free diet [97, 135].

In addition to neurological symptoms, there are many long-term conse-
quences and complications for individuals undiagnosed, untreated, or under-
treated [83, 93, 98-100].

Celiac disease is a lifelong condition. If celiac disease is not diagnosed early
and treated with a strict gluten-free diet, it can be associated with serious com-
plications, including osteoporosis, increased risk of fractures, recurrent miscar-
riage and infertility in both sexes, malignancy such as small bowel lymphoma,
and higher mortality rate [79, 85,92,101-103]. Of special concern is the associa-
tion of long-term untreated celiac disease with malignancy. These malignancies
include small bowel lymphoma and both Hodgkin’s and non-Hodgkin’s lym-
phoma. Refractory celiac disease, which occurs when both symptoms and
intestinal damage persist or recur despite strict adherence to a gluten-free diet,
is associated with increased risk of lymphoma and high mortality [103].

1.4.1. Dermatitis Herpetiformis (DH)

DH is a condition of the skin that is also triggered by the ingestion of gluten
in genetically susceptible individuals and is considered the dermatological form

cot.indd 16 @ 6/17/2010 7:05:43 PM



IMMUNE-MEDIATED ADVERSE REACTIONS TO DIETARY PROTEINS 17

of celiac disease [23,24,88,104]. DH is a chronic papulovesicular skin disorder
in which lesions are symmetrically distributed over the extensor surfaces of
the elbows, knees, and buttocks [23,24, 88, 104]. The disorder is associated with
a specific non-IgE-mediated immune sensitivity to gluten. A majority of DH
patients have IgA specific for epidermal transglutaminase (TGe) and closely
related tissue transglutaminase (tTG), and both TGe and tTG are considered
to be autoantigens [105]. The concentration of these antibodies in these patients
is reported to be independent of the degree of villous atrophy [105]. The test
for establishing the diagnosis of DH is a biopsy from uninvolved skin for the
detection of IgA [106]. Classically, in DH, there is granular IgA deposition
along the dermo-epidermal junction with concentration at the papillary tips.

Patients with DH often do not have associated gastrointestinal symptoms.
The extent of involvement of the small bowel varies, and 20% show apparently
normal mucosa, but inflammatory changes consistent with celiac disease are
present in most cases [107, 108]. The treatment of this condition includes a
gluten-free diet, which helps to recover the injured small bowel and controls
the rash even in those who do not have an abnormal small bowel biopsy [107,
108]. Other skin disorders such as psoriasis or vitiligo can also be seen in celiac
disease [23, 109].

1.4.2. Genetic Factors in Celiac Disease

Although the etiology of celiac disease is not fully understood, it is considered
to be an autoimmune disease with tTG suggested as the major autoantigen.
The current consensus is that celiac disease is associated with human leukocyte
antigen (HLA) DQ2 and DQS8 haplotypes [63, 69,110, 111]. Virtually all celiac
individuals express HLA-DQ2 or HLA-DQS8. These two class II molecules
are chiefly responsible for the presentation of gluten peptides to the gluten-
specific T cells that are found only in the gut of celiac patients. These predis-
posing HLA-DQ molecules bind enzymatically modified gluten peptides, and
these HLA-DQ peptide complexes trigger inflammatory T-cell responses in
the small intestine. In addition, gluten induces innate immune responses that
contribute to the tissue damage that is characteristic of this condition (Figs.
1.2 and 1.3) [69, 112-115]. Thus, a combination of adaptive and innate immune
responses triggered by gluten has been implicated as the cause of the clinical
presentation of the disease (Fig. 1.4) [69, 111, 113]. Continued gluten exposure
makes the adverse immune reactions self-perpetuating and increases the risk
of serious complications [69, 111, 113].

However, many people with similar risk factors do not develop celiac
disease. This suggests a multifactorial etiology [63, 64, 69]. Other genetic and
environmental factors have been implicated in playing a role in the manifesta-
tion of this disease, such as gastrointestinal infections and stress [116, 117].
Regardless of the possible confounding etiological factors, it is agreed in the
literature that early diagnosis and dietary treatment can prevent severe, some-
times life-threatening, complications.
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Fig. 1.2 Microscopic view of small intestinal biopsy stained with haematoxylin and
eosin (A,C) and with CD3 immunohistochemistry (B,D). From Dr. Mohsin Rashid. A
and B show the normal mucosa of the small bowel with well-maintained architecture,
easily seen villi, and sparse CD3+ intraepithelial lymphocytes (IELs). Inset shows the
tip of the villi. C and D are sections from the small bowel of an untreated celiac indi-
vidual showing injured mucosa, characterized by villous atrophy (arrow), absence of
villi, crypt hyperplasia, dense inflammatory infiltrate (asterisk), and marked increase
of CD3+ IELs best seen at the upper portion of the mucosa D (insert).

1.4.3. Gluten and the Pathogenesis of Celiac Disease

1.4.3.1. Gluten Proteins. The major endosperm storage proteins of most
cereal grains are prolamins [118]. Approximately 80% of the total grain protein
is accounted for by this major storage protein fraction [41]. Early classification
based on extraction in a series of solvents, defined four protein fractions, which
are extracted sequentially in water (albumins), dilute saline (globulins),
alcohol/water mixture (prolamins), and dilute acid (glutenins). Prolamins of
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Fig. 1.3 Endoscopic view of the duodenum. (A) Normal (right). (B) Untreated celiac
patient showing scalloping of the mucosal folds (left). From Dr. Mohsin Rashid.
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Fig. 1.4 Schematic representation of the immunopathology of celiac disease (CD).
CD involves a complex interplay of many factors, including environmental, genetic, and
immunologic. Under certain conditions, incompletely digested peptides of gluten from
wheat, barley, and rye can cross the epithelium in the mucosa of the small intestine.
Factors such as gastrointestinal infections may affect the permeability of the mucosa
(leaky gut). After absorption, glutamine residues from gluten peptides are converted
to negatively charged glutamic acids through deamidation by tissue transglutaminase
(tTG2). Antigen-presenting cells (APCs) expressing the human leukocyte antigens
HLA-DQ2 and HLA-DQS8 have an increased affinity for these deamidated peptides,
resulting in peptide complexes that can activate a range of inappropriate immunogenic
responses including reactivity against host tissues. Both innate and adaptive immune
responses are involved, including antibodies (Abs) to gluten and to tissue proteins, for
example, IgA anti-transglutaminase, T cell reactivity to gluten, increased number of
intraepithelial T cells, and increased cytokines that can in turn promote inflammation
and villous damage in the small intestine. tTG is pivotal in the pathogenesis of CD and
is the main autoantigen.
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the Triticeae (wheat, barley, and rye) comprise three broad groups: (1) sulfur-
rich (S-rich): o/B-gliadins, y-gliadins, B- and C-type low-molecular-weight
(LMW) subunits of glutenin; (2) sulfur-poor (S-poor): w-gliadins and D-type
LMW subunits of glutenin; and (3) high-molecular-weight (HMW) subunits
[41, 118].

Wheat proteins are cohesive with each other in wheat dough, giving elastic-
ity to the dough called “gluten” [41, 118]. It is the gluten in wheat flour that
binds and gives structure to bread, baked goods, and other foods, making it
widely used in the production of many processed and packaged foods. The
alcohol-soluble fractions from barley (hordein) and rye (secalin) have similar
amino acid sequences to wheat (gliadin), but they lack the cohesive ability of
wheat gluten [119]. Nonetheless, the term “gluten” encompasses the homolo-
gous prolamins of wheat, rye, barley, and related cereals [119]. Hence, gluten
is a generic name given to storage proteins in wheat, barley, rye, and other
closely related cereal grains.

The alcohol-soluble fractions (prolamins) of wheat (gliadin), rye (secalin),
and barley (hordein) are considered to be the protein constituents of most
concern to celiac individuals. The wheat gliadins are monomeric proteins
and are classified on the basis of their electrophoretic mobility at low pH:
these are o/B-gliadins (fast), y-gliadins (intermediate), and w-gliadins (slow).
The glutenins are polymers of individual proteins linked by interchain disul-
fide bonds and include HMW and LMW groups after separation by gel elec-
trophoresis [41]. The presence of amino acid sequences consisting of repeated
blocks of peptide motifs is responsible for the high proportions of glutamine
(Q), proline (P), and other specific amino acids in some prolamin groups.
These proteins consist almost entirely of repetitive sequences rich in gluta-
mine (Q) and proline (P) (e.g., POQQPFPQQ) [120]. The repetitive units
of o/B-gliadins are dodecapeptides such as QPQPFPQQPYP, which are
usually repeated five times and modified by the substitution of a single residue
[120]. The typical unit of y-gliadins is QPQQPFP, which is repeated 16 times
and interspaced by additional residues. The total wheat gluten protein is char-
acterized by =28-33% of o/B-gliadins units and =23-31% of y-gliadins [120].
The distribution of total gliadins among different types is strongly dependent
on wheat variety (genotype) and growing conditions (soil, climate, fertiliza-
tion) [120].

The glutenin fraction comprises proteins linked by disulfide bonds and their
molecular weight distribution has been recognized as one of the main deter-
minants of dough properties and baking performance [120]. After the reduc-
tion of disulfide bonds, the resulting glutenin subunits show solubility in
aqueous alcohols similar to gliadins. The predominant protein type are LMW
glutenin subunits (LMW-GSs) representing =20% of the total gluten protein,
whereas the HMW (HMW-GS) represents =10% of the gluten proteins [120].
The LMW-GSs are related to o/B- and y-gliadins in molecular weight and
amino acid composition. They consist of an N-terminal domain rich in repeti-
tive glutamine (Q) and proline (P) units (e.g., QQQPPFS), and a C-terminal
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domain homologous to that of o/p- and y-gliadins. Both wheat prolamins (glia-
dins) and glutenins subunits (LMW-GS and HMW-GS) are characterized by
high glutamine and proline content, all having protein fragments of concern
to individuals with celiac disease [119-122].

1.4.3.2. Gluten and Celiac Disease. Gluten is partially digested by
humans. A 33-amino acid peptide molecule (33mer) and other
immunogenic peptides remain after the action of gastric, duodenal, and
pancreatic enzymes. It is this fragment (33mer) op-gliadin 57-89
(LOQLQPFPQPQLPYPQPQLPYPQPQLPYPQPQPF) that is considered to
elicit the immune response in genetically susceptible individuals [123] and
can bind to the DQ molecule [124]. The 33mer contains partly overlapping
copies of specific T-cell epitopes [125], which are PFPQPQLPY, PQPQLPYPQ
(three copies), and PYPQPQLPY (two copies) [123]. HLA-DQ2 binds to the
ligands via anchor residues that are at positions 1, 4, 6, and 9 [119]. Molecules
acting as DQ2 ligand have selectively large hydrophobic residues both at the
terminal positions 1 and 9. Glutamate residues (E) formed by tTG-mediated
deamidation in positions P4 and P6, and rarely in P7, are required for T-cell
recognition [119, 124]. The T-cell stimulatory gluten sequence is a 9-amino
acid peptide, and the ideal sequence is (PQ),, X;, X3, Qq, Xs, Ps, Q7, Py, Xo. The
presence of at least two P in epitope sequence is necessary for the peptide to
survive the gastrointestinal digestion [119]. Gluten sequence with 10 amino
acid peptides and a P in position 1 can also bind the DQ2 molecule. The
binding motif of DQS also displays a preference for binding negatively
charged residues at several positions, for example, P1, P4, and P9 [126]. Hence,
both DQ2 and DQS8 molecules share a preference for negatively charged resi-
dues at some of the anchor positions.

It is unclear how the toxic and immunogenic peptides enter the intestinal
mucosa [119]. Many factors and mechanisms have been investigated [69, 91,
110,111,117,126]. For individuals with celiac disease, undigested gluten protein
fragments trigger an immune-mediated adverse response resulting in an
inflammatory injury in the mucosal surface (site of absorption) of the small
intestine [69, 112-114, 119]. This results in malabsorption of protein, fat, car-
bohydrate, fat-soluble vitamins, folate, and minerals, especially iron and
calcium [69, 83, 111, 127].

Although the precise molecular mechanisms of the toxic reaction to gluten
are not fully elucidated, the primary event requires that the gliadin oligopep-
tides gain access to their antigen-binding sites, presumably within the lamina
propria region interior to the relatively impermeable surface of the intestinal
epithelial layer (Fig. 1.4) [91, 126, 128]. Ordinarily, such oligopeptides, gener-
ated through the action of pancreatic proteases, are efficiently hydrolyzed
into amino acids, di-, or tripeptides by peptidases located in the brush-border
membrane of the intestinal enterocyte before they can be transported across
the epithelial layer. Homologous gluten proteins from wheat, rye, and barley
are rich in proline (P) and glutamine (Q). The large amount of P residues
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in the sequence of these proteins, blocks the cleavage of the polypeptide
by gastrointestinal enzymes at positions immediately next to P [119, 126].
The size of the digested peptides and the position of the Q residues in the
primary structure of the peptides, both play a pivotal role in their capacity
to elicit an immune-mediated response in individuals with celiac disease
[119, 126].

Under certain conditions, the partially digested peptides of gluten from
wheat, or their homologous epitopes from barley and rye, can cross the epi-
thelium in the mucosa of the small intestine [91, 113, 126]. Factors such as
gastrointestinal infections may affect the permeability of the mucosa (leaky
gut) [116, 117]. After absorption, glutamine (Q) residues from gluten peptides
are converted to negatively charged glutamic acids (E) through deamidation
by transglutaminase-TG2, which is mainly localized in the lamina propria [126,
128]. The affinity of gliadin peptides for tTG depends on the relative position
of Q residues and on the amino acid located nearby the target amino acid,
particularly P [119, 124, 126, 129]. Once the gluten-derived peptide enters into
the immunologic compartment of the intestinal mucosa and gets deamidated
by tTG, it binds to the DQ2/8 molecule on the antigen-presenting cell (APC)
membranes (Fig. 1.4) [126]. These APCs expressing the HLAs HLA-DQ2 and
HLA-DQS8 have an increased affinity for these deamidated peptides, resulting
in peptide complexes that can activate a range of inappropriate immunogenic
responses including reactivity against host tissues [68, 91, 110, 111, 126]. Both
innate and adaptive immune responses are involved, including antibodies
(Abs) to gluten and to tissue proteins, for example, IgA anti-transglutaminase,
T-cell reactivity to gluten, increased number of intraepithelial T cells, and
increased cytokines that can in turn promote inflammation and villous damage
in the small intestine (Figs. 1.2-1.4) [111-113, 126].

1.4.3.3. Grains of Concern and Gluten Threshold. Presently, the only treat-
ment of celiac disease is a strict lifelong exclusion of wheat, rye, barley,
and other related cereal grains from the diet [87, 93, 130]. The amount of
gluten that can be tolerated varies among people with celiac disease. Some
individuals tolerate an average of 34-36mg of gluten per day without any
clinical manifestations of celiac disease, while others who consume approxi-
mately 10mg of gluten per day developed mucosal abnormalities [131, 132].
Although there is no evidence to suggest a single definitive threshold for a
tolerable gluten intake, there is evidence that a daily gluten intake of <10mg
is unlikely to cause significant histological abnormalities in the small bowel
mucosa [131,132]. Little is known about thresholds for those with other gluten-
induced conditions [135, 136].

The taxonomy and biochemistry of the cereal is relevant to its potential
toxicity [119, 121, 126, 127]. Cereal grains that are known to trigger celiac
disease/DH reactions include the following: wheat (including durum wheat or
“durum,” spelt wheat or “spelt,” kamut), barley, rye, triticale, bulgur, einkorn,
emmer, and farro [85, 87, 130].
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The introduction of oats in the diet of celiac individuals has been a source
of controversy. However, we have recently conducted a systematic review on
the safety of oats in celiac disease and concluded that most celiac individuals
can tolerate moderate amounts of pure oats, not contaminated with gluten
from wheat, barley, and rye [133]. Wheat, rye, and barley have a common
ancestral origin in the grass family, whereas oats are more distantly related to
wheat, rye, and barley. The oat prolamins (avenin) have substantially lower
proline content. Avenin accounts for 5-15% of the total protein in oats,
whereas in wheat, barley, and rye, prolamins constitute 40-50% of the total
protein [120, 121].

1.5. CONCLUSIONS

The significance of food allergy to public health has being recognized by the
World Health Organization (WHO) and other food safety authorities. An
expert group appointed by the Food Allergy Task Force of the International
Life Sciences Institute ILSI Europe proposed a revised set of criteria together
with a framework to help to decide which allergenic foods are of sufficient
public health importance to be included in allergen lists [30]. The criteria
include the demonstration of an IgE-mediated adverse reaction, estimates of
the prevalence, severity of reactions, allergenic potency of the food and the
extent, pattern, and nature of exposure to the food. In their proposed frame-
work, the first stage is to assess the available evidence to decide whether or
not the allergen in question induces an IgE-mediated food allergy. The public
health importance given to IgE-mediated food allergy is due to the high
prevalence and potential acute severity of the condition. However, this set
of proposed criteria (diagnosis, potency of allergenic protein, severity of reac-
tions, prevalence, exposure, and modulating factors such as food processing)
could also be applied when assessing the risk of dietary proteins triggering
non-IgE and mixed adverse reactions. Of particular relevance are gluten
proteins from wheat, barley, rye, and closely related cereals, which can
elicit both an IgE-mediated (e.g., wheat allergy) and a non-IgE-mediated
immune response (celiac disease, DH), depending on the genetic susceptibil-
ity of the population. Gluten proteins from wheat, barley, rye, and related
cereals are also included in allergen priority lists by regulatory authorities,
including Canada (http://www.hc-sc.gc.ca/fn-an/label-etiquet/allergen/index-
eng.php).

Food allergies, both IgE- and non-IgE-mediated, are important health con-
cerns to consumers who are predisposed to these illnesses. Food allergies are
known to impose a significant impact on the daily life of those affected, their
families, and communities [87, 134]. The present-day diagnosis of various dis-
orders elicited by dietary proteins can be impeded by intrinsic limitations in
generating accurate information from patient history, diagnostic criteria, and
methods. Distinguishing among the various conditions elicited by adverse

cot.indd 23 @ 6/17/2010 7:05:44 PM



24 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

reaction to food proteins is important in the management of these disorders
[2,6,11]. Food allergy encompasses a variety of clinical conditions with diverse
underlying mechanisms presenting in many instances with common symptoms,
for example, gastrointestinal symptoms. Increased awareness of the clinical
presentations, and the foods eliciting these adverse reactions, is the first step
in the identification of cause—effect and in the management of these
conditions.

Employing food process technologies to eliminate food constituents, which
can be harmful to susceptible individuals, is a potentially viable approach for
reducing risk to food-related disorders. The development of practice guide-
lines and standardization of diagnostic tests, methods for food testing,
approaches to establishing thresholds, food labeling policies, and regulations
are all positive steps toward the diagnosis, prevention, and management of
adverse food reactions in hypersensitive individuals [2, 13, 18]. A continued
joint effort is needed from the public, the food industry, governments, health-
care providers, researchers, and others to support the needs of these consumers
by minimizing risk while maximizing the availability of healthy foods.
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2.1. INTRODUCTION

2.1.1. General Facts on Food Allergens

While in principle, any food could trigger an allergic reaction, in practice the
majority of food allergic reactions are caused by a restricted number of foods.
These include cow’s milk, hen’s egg, fish, peanuts, and a variety of tree nut
species [1]. The patterns and prevalence of specific types of food allergies vary
between different population groups. Thus, cow’s milk and hen’s egg allergies
are more common in infants and young children, while other foods including
various tree nuts (especially hazelnut and walnut), peanuts, fish, crustacean,
and mollusks cause allergies more frequently in older children and adults [2].
The components in foods that trigger allergies are almost always proteins.
Many proteins have been identified as being responsible for triggering immu-
noglobulin E (IgE)-mediated allergic reactions, and many share characteristics
in common [3] including:
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. a molecular weight greater than 3kDa since this is the molecular weight
threshold required to elicit an antibody response;

stability against enzymatic and chemical degradation (e.g.,in acid environ-
ments, like in the stomach) and processing procedures (e.g., heat);

comprising both B-cell and T-cell epitopes, responsible for interacting
with immune effector molecules including interactions with IgE antibod-
ies (see Section 2.1.2); and

abundance in foodstuffs (e.g.,54% of hen’s egg protein comprises ovalbu-
min), although there are exceptions such as the soybean allergen Gly m 4.

In common parlance in the analytical community, the foods themselves
rather than the molecules are often termed allergens. This latter terminology
will be used in this review.

2.1.2. Food Allergy and Adverse Reactions

Adverse reactions to foods, including IgE-mediated food allergies are of major
concern to consumers and the food industry alike, partly because of the severe
nature of some reactions and the fact that the prevalence of such adverse
reactions against food is increasing.

Adverse reactions to foods can take many forms, ranging from toxic reac-
tions to components such as histamine and deficiencies in enzymes such as
lactase (which mean individuals cannot digest the milk sugar lactose), as well
as food allergies that have an immune component [4]. Of these there are two
main types: the gluten intolerance syndrome known as celiac disease and IgE-
mediated food allergies. Induction of gluten intolerance results from deamida-
tion of glutamine residues in digested gluten peptides by gut mucosal tissue
transglutaminase. In susceptible individuals, these modified peptides are able
to bind to class II human histocompatibility leukocyte antigen (HLA) mole-
cules DQ2 and DQS, an event which initiates an immune response leading to
inflammation. This in turn results in the flattened gut mucosa characteristic of
celiac disease [5]. Such reactions develop relatively slowly and, while debilitat-
ing, are not immediately life threatening. In contrast, IgE-mediated allergies
result in rapid reactions that usually occur between minutes and hours after
ingestion of a problem food. During normal immune functioning, IgE mole-
cules are developed to combat parasitic infections such as malaria [6]. For
reasons that are not completely understood, certain susceptible individuals
make IgE toward environmental agents such as pollens, dusts, and foods in a
process known as sensitization. Once an individual becomes sensitized to a
molecule (allergen) in subsequent encounters, [gE molecules bound to the
surface of histamine-packed cells interact with the allergen, triggering the
release of the histamine and other inflammatory mediators. It is these media-
tors that cause the symptoms we know as an allergic reaction. The symptoms
can be manifested as a skin rash (eczema, urticaria), respiratory symptoms,
like asthma, and gastrointestinal symptoms (vomiting, diarrhea). In some
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instances, these can be life threatening, involving breathing difficulties (obstruc-
tion of airways, asthma) and occasionally anaphylaxis, which, among many
other symptoms, is characterized by a rapid drop in blood pressure. Studies in
unselected populations indicate that around 2-4% of the total population
suffer from IgE-mediated food allergy [7, 8], the prevalence being higher
among children at around 5-8%, and apparently increasing [9]. There is cur-
rently no effective cure for either celiac disease or IgE-mediated allergies.
Consequently, individuals suffering from these conditions have to avoid con-
suming problem foods, generally for the rest of their lifetime. This, along with
provision of emergency rescue medication, is the only treatment currently
available for food-allergic individuals. Some individuals are very sensitive to
tiny amounts of allergen, and there are case reports of individuals having a
reaction after being kissed by someone who has eaten an offending food [10]
or from hidden food allergens [11]. As a consequence of both the prevalence
and severity of allergic reactions triggered by such small amounts, it was
agreed worldwide that the major allergenic foods and derived ingredients
should be identified on food labels to help allergic consumers to make an
informed choice [12].

2.1.3. Stakeholder Perspectives in the Context of MoniQA

In order to manage allergens in foods, several stakeholder groups need to be
involved. Each of these groups, which include food manufacturers, controlling
authorities, retailers and allergic consumers, has its own requirements regard-
ing food allergens. Elaboration of reliable, reproducible, and sensitive methods
for detecting and measuring the allergenic constituents in food makes a critical
contribution to managing allergens but is not an end in itself. Instead, it is a
tool for affective allergen management to reduce risk at industry level and
enforcement level and to allow consumers to make an informed choice.

Risk can be defined as the probability of an adverse outcome and can be
represented as a function of hazard and exposure. Analytical techniques
address the exposure side of this function, but only have meaning if the hazard
in question has been characterized, that is, if the amount of allergen can be
related to the probability of a reaction occurring and, ideally, to its severity.
Application of the legislation is complicated by an absence of consensus on
what constitutes the amount of an allergen that renders a food “unsafe.” An
upper limit for noningredient allergenic food components needs to consider
the no observed adverse effect level (NOAEL) reported for each of the impor-
tant allergenic foods. A practical way to deal with unintentional allergenic
“cross-contact” could be the adoption of an upper limit for noningredient
allergenic food components, which minimizes risk to the allergic consumer.
The discussion on threshold values is of major concern for all affected stake-
holder groups: allergic consumers seek “safe” food, food industry would like
to provide them, and enforcement has to ensure the compliance with food
regulation, supported by testing labs.
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The Working Group Food Allergens of the European Union (EU) project
MoniQA (www.moniqa.org) and a project like EuroPrevall (www.europrevall.
org), both contributing to this chapter, have to be seen in a wider context,
where the findings of these projects can be used to develop risk assessment/
risk management tools for improved food safety (e.g., threshold level assess-
ment, frequency of improper declaration).

2.2. LIVING WITH FOOD ALLERGIES—CHALLENGES FOR
THE ALLERGIC CONSUMER

Living with a disease that is triggered by foods, which pose no threat to others,
presents particular problems for allergic consumers and those around them.
While there is much anecdotal information about the impact of food allergies,
there has been little objective data regarding its effects on quality of life [13]
or its economic cost [14]. Recent research has led to the development of the
first validated age-specific and disease-specific Quality of Life (QoL) study
instruments [15, 16] providing the first objective information that food-allergic
individuals are at risk of negative emotional and social outcomes, including
anxiety, avoidance, or risky behavior. These studies have also shown that food
allergy impacts directly on a child’s normal trajectory of psychosocial develop-
ment in a disease-specific manner [17].

Food-allergic children have different views of their allergy and different
coping strategies that evolve in response to age-, gender-, and context-specific
stressors. The impact of food allergy also extends to parents who appear to be
extremely worried about their children and demonstrate high levels of stress
and anxiety due to constant high levels of vigilance and feelings of guilt when
children have a reaction. Some of this worry is maladaptive, inhibits normal
socialization of their child, and may have a long-term impact on quality of
life [17].

One age group particularly at risk is teenagers and young adults.
Preadolescence is an important transition point when children must begin to
gain autonomy and self-belief in their ability to control events in their lives. A
recent paper by Sampson and colleagues [18] found that adolescents and young
adults appear to be at an increased risk for fatal food allergic reactions, and
suggested that they may adopt more risk-taking behaviors with regard to their
food allergy. Such research has emphasized the importance of discerning path-
ways to risk from early childhood to adolescence. Although its roots may lie in
childhood, risk behavior may evolve more quickly in the vital transition period
from preteen to teen, as developing children attempt to adapt rigid rules to
novel social contexts. The following passage of text provides a good example:

M: Why do you think John said that his food allergy had gone away, even when
it hadn’t?

He really wanted the ice cream. (Girl, aged 12)
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It was his only chance to get it. (Boy, aged 11)
I would try a little bit and see what happens. (Boy, aged 12)

Risk events are appraised in the context in which they occur and an aware-
ness of expected behavior. For example, whereas an allergic reaction that
takes place in the home may be regarded as a low-anxiety event, one that
takes place in school can be appraised as highly stressful because it impacts
on the child’s goal to “fit in.” This goal confronts children with the difficult
balancing act of protecting their ego and managing risk. He or she learns to
appraise (and weigh) threats to personal safety with threats to social identity.
The stress appraisal process may result in children just chancing it will be ok
when in the company of others, whereas others protect their self-esteem by
avoiding novelty as much as possible. In an attempt to ensure their safety and
control their anxiety, around 40% of children and teenagers prefer to avoid
social events that directly or indirectly involve food (Table 2.1). Furthermore,

TABLE 2.1 Quotations from Food-Allergic Children and Their Parents [18]

Issues Examples

Allergic children’s  Nearly everything says “may contain,” so what can you eat?
anxiety around (Girl, 10years)
food If a [chocolate] bar is made in one country, it’s all right to eat,
but if it’s made in another country, it’s not safe and you can’t
eat it then and that just drives me crazy. (Boy, 9years)
It’s so confusing that you can eat some things and not others.
On Christmas I ended up in the hospital and I couldn’t speak.
I couldn’t tell them how I felt. (Boy, 9years)
There’s always food around you know. It doesn’t have to be a
food party. It’s hard to relax. (Boy, 10years)
It’s like they say in a plane: you have to keep an eye on the
exits. (Boy, 14 years)
He won't try anything that he hasn’t had a thousand times
before; he says he doesn’t really care about food. (Parent of
multiple allergic child, 10 years)

Avoiding social 1 prefer to go to parties where there is no food. It is better to not
situations go to restaurants. You never know ... the waiters don’t know. 1
involving food only go to places where I know I am safe. In the cinema you

don’t know what someone next to you is having... To be
honest, I don’t bother going.

Stress in carers I am absolutely terrified that I would buy something with nuts
in it by mistake. If anything happened, I would never get over
it. (Mother of peanut-allergic child, Syears)

Reading food My heart sinks if I read “new recipe” on the packet. (Mother of

labels milk-allergic child, 10years)
It’s not just the main ingredients you know. You have to scan for
hidden stuff too. (Father of multiple allergic child, 12 years)
The writing can be very small and you have to read it several
times. (Mother of multiple allergic child, 7years)

c02indd 37 @ 6/17/2010 7:05:49 PM



38 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

it appears that many children and teenagers have a difficult relationship with
food. Food management gives rise to feelings of anxiety and attendant stress
in carers, a responsibility that tends to fall on mothers. A key part of the
management strategies adopted by carers of allergic children is to control
what food comes into the home. In the majority of cases, food containing the
problem allergen is not allowed into the home, particularly when children are
young. Parents agreed that children had a restrictive diet with less variety
than siblings.

As a consequence of these issues, food labeling, with regards to both
content and quality of information, is of crucial importance to allergic con-
sumers in managing their condition and the resulting stress that it imposes
on them. Food labeling has been mentioned as a significant source of uncer-
tainty and therefore stress for most children [19]; such uncertainty gives rise
to feelings of fear and confusion. All parents were perpetual readers of labels
when purchasing food in supermarkets and elsewhere. While ingredient lists
on prepackaged foods provide reassurance and reduce uncertainty, parents
perceived that foods such as “cook-in sauces” often contain “unsafe”
ingredients. All parents agreed that shopping takes much longer and is more
stressful. As families get older and nonallergic siblings demand their favorite
food, parents often segregate areas for “safe” and “not safe” foods. Again,
labeling plays an important part in ensuring that food is placed in the
“correct” section, or that it can be quickly recognized if the segregation
breaks down.

However, there are problems regarding the readability and comprehension
of food labels with issues such as the font size being too small, the contrast
between background and text being inappropriate, present in too many lan-
guages, and a lack of standard position for the text [19].

Allergic consumers also report problems with precautionary “may contain”
labeling with phrases such as “may contain traces of nuts,” or “made in a factory
where nuts are processed” becoming commonplace. Studies have shown that
many allergic consumers ignore precautionary statements although 10% of
foods with precautionary statements contained peanut although often not at
clinically significant levels [20, 21]. The phrasing of precautionary statements
(e.g., “may contain” vs. “shared facility” statements) did not seem to affect the
likelihood of containing peanut, but consumers did attach a comparative risk
assessment to the different phrases. There are also issues of how useful such
statements are in multicultural environments. Providing allergic consumers
with the level of information they might need to help them manage their
condition may preclude the inclusion of all this information on the printed
label. One option is to use new technology such as mobile phones to read
information from special bar codes. However, whichever system is adopted to
communicate information to consumers about allergens in foods, the crucial
factors are adequate hazard control procedures and the testing framework in
which food manufacturers work that underpins the information in a label, a
data matrix, bar code, or radio frequency identification (RFID) tag.
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2.3. LEGISLATIVE AND REGULATORY CONSIDERATIONS

Clearly, food allergy is a public health issue, and the protection of food-allergic
consumers falls under the remit of food safety legislation and regulation.
Recent standards and regulations have defined food safety. For instance,
International Organization for Standardization (ISO) 22000:2005 defines food
safety as the concept that food will not cause harm to the (average) consumer
when it is prepared and/or eaten according to its intended use. According to
the Food and Agriculture Organization (FAO)/World Health Organization
(WHO) (2003), “food safety refers to all those hazards, whether chronic or
acute, that may make food injurious to the health of the consumer” and “is not
negotiable.” The EU’s Food Law 2002/178/EC [22] elaborates the concept
further. Under this regulation, food is deemed unsafe if it is either injurious to
human health or unfit for human consumption. The regulation also recognizes
that safety is not an absolute condition and thus mirrors the criterion of “rea-
sonable certainty of no harm” used in U.S. law from 1996 [23]. However, this
legislation has been put in place with the average healthy consumer in mind.

For the allergic consumer, a new legislation has been issued in recent years
across the world to help allergic consumers avoid problem foods by regulating
the labeling of major allergenic foods (Table 2.2), in response to changes to the
Codex General Standard for the Labelling of Prepackaged Foods [12]. The EU
thus brought in Directive 2000/13/EC [24], as amended by Directives 2003/89/
EC [25] and 2007/68/EC [26], to govern allergen labeling. The directive and its
amendments identify 13 foods or food groups and sulfur dioxide (listed in
Annex Illa, see Table 2.3) that are found in a wide variety of processed foods,
which are considered to be important relevant triggers of allergic reactions.

The EU has recently introduced a specific regulation for gluten (41/2009/
EC) [27]. This regulation is intended to protect people intolerant to gluten and
is based on the Codex Standard 118-1979, revised in 2008 [28]. Both define
“gluten-free” foods as having a gluten level not exceeding 20 mg/kg. Regarding
the labeling of foods specially processed to reduce the gluten content to a level
up to 100mg/kg, the European Commission (EC) regulation stipulates these
foodstuffs shall bear the term “very low gluten,” since the complete removal
of gluten from gluten-containing grains is technically difficult and economi-
cally expensive.

Ingredients that are exempted from allergen declaration are listed in
Directive 2007/68/EC [26] amending the Directive 2000/13/EC [25]. Under
this legislation, even highly processed products like refined oils or polydextrins
require labeling if derived from any of these allergens, even though the offend-
ing protein or substance might no longer be present. Food manufacturers
wishing for specific products or ingredients derived from allergenic ingredients
to be exempt from these labeling requirements have to make an application,
supported by a detailed dossier demonstrating the safety of ingredients for
relevant food-allergic individuals, which is then evaluated by the European
Food Safety Authority. As a result, a number of exemptions have been granted,
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42 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

TABLE 2.3 Annex Illa of Directive 2007/68/EC [25]: Allergenic Food or
Ingredients to be Labeled and Exemptions from Allergen Labeling

Allergenic Food or Ingredient

Products Thereof Excluded

Cereals containing gluten,
that is, wheat, rye, barley,
oats, spelt, kamut

Crustaceans and products
thereof

Eggs and products thereof

Fish and products thereof

Peanuts and products thereof
Soybean and products thereof

Milk and products thereof

Nuts, that is, almonds
(Amygdalus communis L.),
hazelnuts (Corylus
avellana), walnuts (Juglans
regia), cashews
(Anacardium occidentale),
pecan nuts (Carya
illinoiesis (Wangenh.) K.
Koch), Brazil nuts
(Bertholletia excelsa),
pistachio nuts (Pistacia
vera), macadamia nuts and
Queensland nuts
(Macadamia ternifolia), and
products thereof

Wheat-based glucose syrups including dextrose®
Wheat-based maltodextrins®

Glucose syrups based on barley

Cereals used for making distillates or ethyl
alcohol of agricultural origin for spirit drinks
and other alcoholic beverages

Fish gelatin used as carrier for vitamin or
carotenoid preparations

Fish gelatin or isinglass used as fining agent in
beer and wine

Fully refined soybean oil and fat® including
interesterified and partially hydrogenated
soybean oil and fat

Natural mixed tocopherols (E306), natural
D-alpha tocopherol, natural D-alpha
tocopherol acetate, natural D-alpha tocopherol
succinate from soybean sources

Vegetable oils derived phytosterols and
phytosterol esters from soybean sources

Plant stanol ester produced from vegetable oil
sterols from soybean sources

Whey used for making distillates or ethyl
alcohol of agricultural origin for spirit drinks
and other alcoholic beverages

Lactitol

Nuts used for making distillates or ethyl alcohol
of agricultural origin for spirit drinks and other
alcoholic beverages
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TABLE 2.3 Continued

Allergenic Food or Ingredient Products Thereof Excluded

Celery and products thereof

Mustard and products thereof

Sesame seeds and products
thereof

Sulfur dioxide and sulfites at
concentrations of more
than 10mg/kg or 10mg/L
expressed as SO,

Lupin and products thereof

Mollusks and products
thereof

*And products thereof, in so far as the process that they have undergone is not likely to increase
the level of allergenicity assessed by the European Food Safety Authority (EFSA) for the relevant
product from which they originated.

which include some wheat-based glucose syrups, fish gelatin used as a carrier
for vitamins, and fully refined soybean oil, among others (Table 2.3).

A similar legislation was passed in the United States in 2004 with the Food
Allergen Labeling and Consumer Protection Act (FALCPA) [29], which came
into force on January 1, 2006. This act contains provisions that differ in detail
rather than principle from those of EU Directive 2003/89/EC [25]. The act
mandates a shorter list of allergenic food groups but requires indication of the
species on the label in the case of fish, crustacean, and tree nuts. It also specifi-
cally exempts highly refined oils from allergen labeling. Subsequent guidance
on tree nuts describes a much longer list than the EU’s Annex IIla (Table 2.3).
FALCPA provides for a process to obtain exemption from labeling, but so far,
no derived ingredients have been exempted. As with the directive, FALCPA
requires labeling of allergenic ingredients irrespective of the amount ulti-
mately present in the product.

Both Directive 2003/89/EC [25] and FALCPA from 2004 [29], as well as
legislation in other countries such as Australia and Japan, undoubtedly improve
the labeling of allergenic foods. But, whereas in most countries regulation of
allergen labeling includes unintended allergen contamination (e.g., carryover
during manufacturing), the European allergen law for example is applied
exclusively on allergenicingredients. However,the General Food Law 178/2002/
EC [22] imposes general obligations to provide safe food. Article 14 thus states
that “1. Food shall not be placed on the market if it is unsafe,” and then defines
what is considered “unsafe”: “2. Food shall be deemed to be unsafe if it is con-
sidered to be: injurious to health.” The regulation also requires that, in deter-
mining safety, attention needs to be paid “to the particular health sensitivities
of a specific category of consumers where the food is intended for that category
of consumers.” Considering also the product safety and product liability
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Directives 85/374/EC [30] and 2001/95/EC [31], producers are required to place
only safe foods onto the market. Managing cross-contact/cross-contamination
issues requires the food producer to undertake some type of risk assessment.
For the producer, in order to establish if a risk exists, testing for the potential
presence of allergens, which are also used on the same production line or in
the same factory, is essential. An assessment of the presence/absence of the
allergen is needed, but if present, a level of the allergen present is needed to
assess if this might be harmful at these levels for allergic consumers.

There are indications that there are levels of allergens (thresholds) below
which an allergen poses only a small risk of causing harm to an allergic con-
sumer [32]. However, commonly accepted trigger levels have yet to be estab-
lished (with the exception of gluten), and Directive 2003/89/EC [25] gives no
threshold or guidance to what constitutes a safe level.

However, in some countries, there have been attempts to set management
threshold values. The Swiss authorities—in close cooperation with leading
allergologists—defined an action limit of 1 part per 1000 in 2001. This limit
represented a compromise between the specific food safety needs of allergic
individuals and industrial food production practices at that time. If unavoid-
able, contaminations of above 1g/kg (or liter) must be declared as ingredients,
whereas contaminations below 1g/kg do not need to be declared by law [33].
However, 1 mg/g peanut in, for example, a 50-g snack bar, could cause anaphy-
lactic shock and subsequent death.

The Australian Food and Grocery Council (AFGC) published an industry
guideline in 2007 as guidance for allergen management [34]. A three-level grid
was developed to assist in determining if the residual protein from allergenic
substances through unavoidable cross-contact presents such a risk that it
requires a precautionary labeling statement. Three different action levels with
thresholds for each food allergen were defined, derived from published data
on the lowest triggering amounts measurable. The thresholds of the first level
(no cross-contact statement required) range from 2mg/kg for egg, peanuts,
sesame, tree nuts, and crustacean to Smg/kg for milk and 10 mg/kg for soy as
well as 20mg/kg for fish and gluten.

While global food manufactures are usually well aware of the allergen situ-
ation and have appropriate measures in place to control it, small- and medium-
sized enterprises are not necessarily in the same position. Here, a lack of
knowledge is often combined with a very limited budget, which does not
always allow the assessment of the situation at the production site.

2.4. FOOD ALLERGEN TESTING WITHIN A FOOD
BUSINESS CONTEXT

2.4.1. The Hazard Analysis Critical Control Point (HACCP) Concept

The underpinning philosophy of modern food safety management techniques
rests on quality assurance. In brief, this can be described as optimizing systems
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to reduce to an acceptable level the probability (risk) of a defective product
(hazard) being produced. For the purposes of this discussion, the term defec-
tive applies to both food safety and other product attributes. In terms of food
safety, the quality management system favored within the EU is HACCP, and
there is a legal requirement that all businesses manage food safety in accor-
dance with its principles [35]. HACCP recognizes that food processing alone
does not necessarily reduce the risk of a food safety defect occurring. Reliance
therefore must be made on supporting (prerequisite) systems [36]. Examples
of such systems and relevant to allergen safety extend from those commonly
associated to the manufacturing process (e.g., supplier quality assurance and
sanitation) to label/wrapper design and, in particular, information provided
relating to ingredient composition and required by legislation (discussed pre-
viously), as well as simply ensuring that the correct packaging is used for any
particular product.

In common with any other food safety hazard, it is necessary to identify any
step within the process, which can either significantly increase or reduce the
risk of the hazard occurring. Such points are referred to as “critical control
points” (CCPs). Codex Alimentarius [36] defines a CCP as a step at which
control can be applied and is essential to prevent or eliminate a food safety
hazard or reduce it to an acceptable level.

A CCP is thus a process step that either brings about a transition from
hazardous to safe or, if uncontrolled, has the potential to render the product
unsafe. A priori, in order to manage a CCP, it is necessary to be able to con-
tinuously monitor the process parameter that affects the safety of the product.
A classical example of a CCP often quoted is that of a thermal kill step (e.g.,
pasteurization or sterilization). In this case, the factor is the temperature—time
combination necessary to achieve a particular degree of bacterial kill. If one
considers a simple example such as the production of pasteurized milk, the
CCP is the pasteurizer. Given the state of the art, the pasteurizer’s operating
parameters are set on the basis of research demonstrating the various time—
temperature combinations necessary to achieve a particular degree of kill
in the relevant food matrix (validation). Once in operation, the performance
of the pasteurizer is monitored by measuring the temperature of the milk
leaving the holding tube and the time it is held there (usually by measuring
the flow rate of the pump). The efficacy of the management system regarding
the operation of the pasteurizer is verified by audit and appropriate microbio-
logical analysis of the processed milk. As demonstrated in this example, it is
important to note that, almost invariably, monitoring involves the measure-
ment of those process parameters on which the risk reduction process depends,
rather than the end point (in this case, the microbiological loading of the milk
as it leaves the pasteurizer) itself.

The question then arises: are there steps in the actual food manufacturing
process itself which can be managed to assure against adventitious allergen
contamination? Food manufacturing processes are almost as diverse as the
products made from them. Given the physical and chemical nature of food
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allergens, it is difficult to conceive of a current manufacturing process that
could effect allergen removal or inactivation. Consequently, the CCP concept
has limited utility in managing allergen contamination within a food manufac-
turing environment, and attention should focus more on prerequisite pro-
grams. This observation is borne out by consideration of food allergen-related
product recalls notified to the United Kingdom Food Standards Agency [37].
Figure 2.1 reflects a summary of an analysis of these recalls (relating to over
150 notified recalls in a 21-month period, as of December 18, 2008.

Consideration of this analysis indicates that the single largest cause of
product recalls relates to labeling deficiencies, in that information provided on
the wrapper did not reflect the reality of the product. The major source of this
problem relates to incomplete ingredient declarations, while the smaller group
represents situations where although ingredient declarations were appropri-
ate, the accompanying allergen advice (including precautionary labeling) was
not. Deficiencies in food labeling can have a number of potential origins. Based
on individual experience, the key contributory factor appears to be human
error. This is seen to arise from three different sources:

. inaccurate transfer of information from those responsible for formulation
to those with responsibility for wrapper design,

. failing to communicate the information to the consumer by those respon-
sible for generating the wrapper, and

. not transmitting changes in product formulation to those responsible for
wrapper design.
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Fig. 2.1 Summary analysis of food allergen-related alerts notified (March 2007 to
December 2008).

c02.indd 46 @ 6/17/2010 7:05:50 PM



MANAGING ALLERGENS ACROSS THE FOOD SUPPLY CHAIN 47

Errors that occurred at an operational level were the second largest cause
of product recalls, that is, when the product was manufactured and packed.
The most prevalent operational failure appears to be related to using the
wrong packing for the item concerned. Process errors include using additional
ingredients not declared on the wrapper, for example, applying a cheese
topping to convenience food products where such toppings were not intended.

The smallest category of recalls relates to direct failures in what can be
regarded to be the traditional concept of prerequisite programs. These include
cross-contact and failures in supplier quality assurance (“hidden allergen” and
raw materials; see Fig. 2.1). Possibly the most disturbing set of recalls, both in
this category and in the analysis as a whole, are the five recalls associated with
products carrying an allergen-free claim. In all of these cases, products which
stated on their label that they were free from a particular allergenic food were,
on analysis, found to contain the allergen in question. This places the individual
consumer allergic to that particular ingredient at greater risk, given his or her
greater chance of selecting that particular product.

2.4.2. Food Allergens and Food Allergen Testing in the Context of Food
Safety Management

Food allergens provide a fundamental challenge to the food safety manage-
ment practitioner, in that not only are they inherent constituents of a food but
also that their adverse effect is experienced by a proportion of the consumer
base. It is therefore unlikely that many food businesses will have a process
step that will substantially reduce the allergen content of a particular food. In
terms of food safety management, Alldrick [38] proposed that the hazard to
be addressed by food businesses could be defined as the inadvertent consump-
tion of a food allergen by a susceptible individual.

Food allergen analysis is of particular relevance to verifying the efficiency
of prerequisite programs. Failures in this area have already been discussed
above. It is worth noting that in the case of recalls relating to products with
an “allergen-free” claim, two are related to gluten, two to casein, and one to
soya. In terms of the “hidden allergen syndrome,” recalls are related to milk,
gluten, fish, tree nuts, and peanuts. Most of the recalls were associated with
milk, which may reflect the commercial cost and “relative” ease of detection
for milk, rather than the frequency of events implicating those allergens. It
may also relate to the difficulties factories may encounter in managing dry
powder ingredients such as skimmed milk powder, caseinates, and whey
protein isolates. The data should therefore be considered under this aspect. A
case in point relates to chocolate since, of the 10 recalls under this heading, 6
were related to chocolate-containing confectionery items.

As a case study, chocolate confectionery merits further consideration.
Examination of alerts recorded under the Rapid Alert System for Food and
Feed (RASFF) indicates that of 40 alerts recorded on the RASFF system for
chocolate confectionery from 2005 until mid-February 2009, 26 referred to
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milk, 5 to peanuts, and 4 to soya followed by 4 to tree nuts (hazelnuts or
almonds) and 1 to gluten. In a recent study, Pele et al. [39] examined 254 choco-
late confectionery products sourced from 10 member states (not including the
United Kingdom) for the presence of hazelnuts and peanuts. None of these
products declared either food allergen as an ingredient; however, over 50% of
those products, for which there was no precautionary labeling, actually tested
positive for hazelnut (23% for peanut).

2.5. CONCLUSION

In many respects, allergens are different from other supply chain hazards.
Mycotoxins for example enter the supply chain at a very early stage usually
already on the field or during storage of grain products. Allergens on the other
hand can enter the supply chain as a consequence of events before, during, or
after manufacture of the food. Product contamination can therefore occur due
to contaminated ingredients, poor ingredient or finished product storage prac-
tices, and cross-contact due to either close proximity to other manufacturing
containing allergen-containing foods or poor sanitation practices between
production runs of allergen-containing or allergen-free products.

However, cross-contamination is only one of several issues that may make
proper labeling of products and therefore consumer choice difficult. For one,
legislation in different countries differs significantly. Whereas in the United
States eight allergens require labeling (Table 2.2), in Canada, the list of aller-
gens to be labeled and declared is extended to a further two totaling to 10
groups of allergens. In Europe, four more allergens are added, while in Japan,
up to 25 are listed, which only partially overlap with other legislatures. The
complexity increases with the level of detail; for instance, the list of nuts to be
labeled differs between regulations in different countries and regions.

Furthermore, there are no labeling threshold levels for allergens yet (except
for sulfite and gluten, neither of them being true allergens). Even though
Switzerland has set a mandatory labeling threshold for allergens at 1000 mg/
kg, this seems exceedingly high considering that many allergic patients react
at doses in the milligram range; for example, for peanut, this level in portion
sizes associated with most products could trigger anaphylactic shock and con-
sequently cause death. Thresholds established for the major food allergens
should be based on transparent scientific clinical and epidemiological data and
reevaluated periodically as new data and tools become available.

The regulatory framework and usage for precautionary (“may contain”)
labeling in different countries is already complex enough and makes the choice
for the allergic consumer very difficult. However, it does not and cannot
provide complete protection, and indeed, it must be used with circumspection
if it is to retain any value as a risk management tool. Ultimately, this requires
the definition of management thresholds, reflective of a tolerable level of risk.
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Definition of this level will recognize that total absence of risk is unattainable
and will therefore aim to minimize the overall public health risk, based on
analysis of all the factors which affect it.

Challenges from the analytical side are hardly less daunting. To determine
allergen levels (see Chapter 13), two main techniques are currently being used:
enzyme-linked immunosorbent assay (ELISA) and polymerase chain reaction
(PCR). The presence of DNA proved by PCR may not necessarily indicate
the presence of offending allergenic structures, meaning that the protein that
triggers the allergic reaction may not be present while the DNA still is. This
poses a major problem in interpreting the results of such tests in terms of risk
to the allergic consumer. In terms of labeling, this may be considered prima
facie evidence for making an appropriate declaration.

ELISA, currently the most common technique, allows the detection of
proteins qualitatively and quantitatively in the low milligram per kilogram
range. This technique, however, also has a number of drawbacks as, for example,
false-positive results due to cross-reactivity of the antibody used (e.g., antibod-
ies against tropomyosin in crustaceans also detect the closely related protein
cockroaches), false negatives especially in processed products, or very differ-
ent quantitative results. Food matrices can significantly interfere both qualita-
tively and quantitatively with allergen detection. These facts make it very
difficult for food manufacturers or ingredient manufacturers to properly
control allergen contamination.

There is an urgent need for a close collaboration between all affected
stakeholder groups for which the EU-funded MoniQA project provides a
platform. Authorities and food industry need robust analytical tools that have
to be validated properly. This will help to make sure that any future allergen
regulation is enforceable and ultimately allows the allergic consumer an
informed choice.
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CRITERIA TO DETERMINE
PRIORITY ALLERGENS: TREE NUT
ALLERGY REVIEW

JUPITER M. YEUNG

3.1. INTRODUCTION

In 2004, the U.S. Congress passed the Food Allergen Labeling and Consumer
Protection Act (FALCPA). This act defined the major food allergens, including
tree nuts. However, the list for tree nuts, as a food group, does not define in
specific terms what is considered a tree nut. The statute only lists three exam-
ples of tree nuts: almonds, pecans, and walnuts. In October 2006, the U.S. Food
and Drug Administration (FDA) defined tree nuts as the following: “almond,
beechnut, Brazil nut, butternut, cashew, chestnut (Chinese, American,
European, sequin), chinquapin, coconut, filbert/hazelnut, ginkgo nut, hickory
nut, lychee nut, macadamia nut/bush nut, pecan, pine nut/pifion nut, pili nut,
pistachio, shea nut, walnut (English, Persian, Black, Japanese, California),
heartnut, and butternut” in the latest edition of the Guidance for Industry:
Questions and Answers Regarding Food Allergens, Including the Food Allergen
Labeling and Consumer Protection Act of 2004 (Edition 4) [1]. However, there
are concerns in the food and beverage industry that the list includes nuts that
have minimal health risk, which devalues labeling as a risk management
measure and, thus, reduces rather than increases consumer safety. On behalf
of the food and beverage industry, the Grocery Manufacturers Association
(GMA) examined the allergenic potential of all 19 “tree nuts” defined by the
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FDA and found little science supporting the labeling of several FDA-listed
“tree nuts” as “major food allergens.”

3.2. TREE NUT ALLERGY

Among foods causing allergic reactions, tree nuts have attracted considerable
attention. Allergies to these foods are common. In the United States, an esti-
mated 1.4% of the overall general population is allergic to peanuts, tree nuts,
or both [2, 3], which translates into 4.2 million Americans. Reported allergies
to tree nuts include walnut, cashew, Brazil nut, almond, pecan, pistachio, hazel-
nut, and macadamia nut [2]. Tree nut allergy frequently has an onset in the
first few years of life and can result in severe and potentially fatal allergic
reactions. Fatalities due to ingestion of tree nuts include almond, Brazil nut,
cashew, hazelnut, pecan, pistachio, and walnut. The treatment of tree nut aller-
gies includes avoidance of the specific nuts and educating the tree nut-sensitive
individuals and their families of the potential for adverse reactions caused by
accidental ingestion. While tree nut allergy is generally thought to be lifelong,
about 9% of nut-allergic individuals outgrow their tree nut allergy [4].

3.3. CRITERIA TO DETERMINE A MAJOR FOOD ALLERGEN

We have previously proposed the criteria to determine a major food allergen
of public health importance in the context of food labeling [5]. Without scien-
tifically defined criteria, proliferation of allergen lists is likely to occur. Such
practices may lead to an unnecessary elimination of enjoyable foods containing
important nutrients, compromising food choice. The principal criteria to be
used for identifying food allergens that are associated with frequent allergic
reactions are prevalence in the population, severity of the reaction, and the
threshold levels of the allergen when available. While anaphylaxis is often used
as a guideline to assess the severity of reactions, prevalence in the population,
a critical indicator of public health concern, is an obligatory criterion for deter-
mination of a major food allergen. For example, wheat is a major food allergen
and about 1% of the general population has wheat allergy or celiac disease.
However, allergic reactions to wheat are generally not severe, and there is no
published report of fatality. This is further supported by Hefle et al. [6] who
documented over 160 foods with evidence of allergies; there could well be one
or more persons in the world who are at risk of developing severe reactions to
many of these 160 foods. For instance, one chickpea-induced death was reported
by Pumphrey [7]; however, chickpea is not a major food allergen.

On the other hand, the International Life Sciences Institute (ILSI) Europe
Food Allergen Task Force proposed either a positive double-blind, placebo-
controlled food challenge (DBPCFC) or well-documented anaphylaxis as the
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main inclusion criteria for definition of food allergens that would require
labeling [8], but not all major tree nuts have documented DBPCFC to support
their inclusions.

It is important to recognize that, until recently, there was no consensus
agreement on the definition of anaphylaxis [9, 10]. Consequently, some of the
earlier case reports on anaphylactic reactions may not be classified as such
under the existing definition. Anaphylaxis is generally believed to be a severe,
potentially fatal, systemic allergic reaction that occurs suddenly after contact
with an allergy-causing substance, and is characterized by life-threatening
upper airway obstruction, bronchospasm, and hypotension [11, 12]. A universal
definition of anaphylaxis was recently proposed as follows: anaphylaxis is a
serious allergic reaction that is rapid in onset and may cause death [9].
Representatives of this working group were from 16 different international
organizations or governmental bodies from North America, Europe, and
Australia. For purposes of our assessment, when possible, we tried to use the
current definition of anaphylaxis when assessing literature reports of adverse
reactions. Given the limited information available in some reports, it was not
possible to predict with certainty whether the reported reactions should be
classified as “anaphylaxis.”

To date, science only supports the inclusion of nine nuts of public health
importance in the list of tree nuts because they are associated with prevalence
and severity of reactions that warrant their classification as major food aller-
gens. Including tree nuts that have either no evidence of allergic reaction or
for which the reactions are lacking in prevalence and severity only creates
confusion to allergic consumers and the food and beverage industry. Labeling
“tree nuts” that have minimal risk could potentially devalue labeling as a risk
management measure and, thus, reduce rather than increases consumer safety.

3.3.1. GMA-Proposed Tree Nut List

The food and beverage industry’s objective is to propose a rational tree nut
list that can protect public health yet does not unnecessarily limit food choices.
The proposed list is based on recent scientific reviews on tree nuts by well-
known clinicians and by using the lists prepared by international regulatory
agencies, a consumer group, and the food industry. In addition, GMA reviewed
the available scientific literature and concluded these nine tree nuts of public
health importance meet the criteria for inclusion in a list of major allergens
given the prevalence and severity of reactions reported in the literature:

almond
Brazil nut
cashew
hazelnut

NAEF S e

macadamia
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6. pecan

7. pine nut
8. pistachio
9. walnut.

These nine tree nuts have also been used by the food industry in its volun-
tary labeling efforts years before FALCPA was enacted. The list is also reflec-
tive of consumer and physician education over the last 10 years. Using this
well-established list from North America, Europe, and Australia promotes
harmonization of food allergen labeling, which in turn facilitates global trade.
All nine tree nuts in the list satisfy the severity and prevalence criteria as major
food allergens. Deaths have been documented for these tree nuts, with the
exception of macadamia and pine nut, which are included in the list based on
the weight of evidence on severity of reactions.

These tree nuts are also found in the list used by the scientific community
(Table 3.1), some regulatory agencies (Table 3.2), a consumer group (Table
3.3), and the food industry as indicated below:

A. Medical groups specializing in tree nut allergy (Table 3.1), including
University of Johns Hopkins [4], University of California, Davis [13],
Monash University, Australia [14] (i.e., same as GMA-proposed list
minus pecan and pistachio), and University of Cambridge, UK [15]
(i.e., same as GMA-proposed list minus macadamia, pine nut, and
pistachio).

B. International regulatory agencies (Table 3.2) such as the Canadian Food
Inspection Agency (CFIA) [16], Health Canada [17], European Union
(EU) [18], (i.e. same as GMA-proposed list minus pine nut), Food

TABLE 3.1 Comparison of Published Tree Nut Lists—Clinical Classification

J Allergy Clin Curr Allergy Clin Exp Clin Exp
Immunol Asthma Rep Allergy Allergy
Fleischer et Teuber et al. de Leon Clark and

Tree Nut al. [4] [13] et al. [14] Ewan [15]
Almond v v v v
Brazil nut v v v v
Cashew v v v v
Hazelnut v v v v
Macadamia v v v
Pecan v v v
Pine nut v v v
Pistachio v v
Walnut v v v v
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TABLE 3.2 Comparison of Tree Nut Lists—Regulatory Classification

Senate Report

Health 108-226" (on
Tree Nut CFIA Canada EU FSANZ FDA FALCPA)
Almond v v v v v v
Brazil nut v v v v v v
Cashew v v v v v v
Hazelnut v v v v v v
Macadamia v v v v v v
Pecan v v v v v v
Pine nut v v v v v
Pistachio v v v v v v
Walnut v v v v v v
Others Chestnut Beechnut Chestnut
Hickory nuts  Butternut

Chestnut

Chinquapin

Coconut

Ginkgo nut

Hickory nut

Lychee nut

Pili nut

Shea nut

*According to the Committee on Health, Education, Labor, and Pensions (HELP), in Title I of
S. 741, the term “tree nuts” refers to a variety of individual nuts, including almonds, Brazil nuts,
cashews, chestnuts, filberts/hazelnuts, macadamia nuts, pecans, pine nuts, pistachios, and walnuts
(page 6 of the report).

TABLE 3.3 Tree Nut List for Kids—FAAN

Tree Nut FAAN
Almond v
Brazil nut v
Cashew v
Hazelnut

Macadamia

Pecan v
Pine nut v
Pistachio v
Walnut v

Standards Australia New Zealand (FSANZ) [19] (i.e., same as GMA-
proposed list plus chestnut and hickory nut), and the FDA [1] (i.e., same
as GMA-proposed list plus beechnut, butternut, chestnut, chinquapin,
coconut, ginkgo nut, hickory nut, lychee nut, pili nut, and shea nut).
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C. The Consumer Group, Food Allergy and Anaphylaxis Network (FAAN).
The February/March 2007 Food Allergy News for Kids (published by
FAAN) [20] has a “Let’s Learn about Tree Nuts” section (Table 3.3).
The tree nuts listed and pictured are almonds, Brazil nuts, cashews,
chestnuts, pecans, pine nuts, pistachios, and walnuts. There is no mention
of other nuts such as coconut or shea nut.

Interestingly, FAAN does adopt the FDA list of tree nuts on its label
card, “How to Read a Label for a Tree Nut Free Diet” [21]. While FAAN
includes coconut on the label card, there is a Q&A on the FAAN
website noting that “Coconut, the seed of a drupaceous fruit, has typi-
cally not been restricted in the diets of people with tree nut allergy.
However, in October of 2006, the FDA began identifying coconut as a
tree nut. The available medical literature contains documentation of a
small number of allergic reactions to coconut; most occurred in people
who were not allergic to other tree nuts. Ask your doctor if you need to
avoid coconut” [22].

D. Industry. The risk-based GMA tree nut list is the same as the list advo-
cated by the International Tree Nut Council [23]. These nine tree nuts
have been used by the food industry in its voluntary labeling efforts for
years before FALCPA was enacted.

3.3.1.1. FDA Tree Nut List. The FDA announced their tree nut list in the
Guidance for Industry: Questions and Answers Regarding Food Allergens,
Including the Food Allergen Labeling and Consumer Protection Act of 2004
(Edition 4) in October 2006 [1]. The list consists of almond, beechnut, Brazil
nut, butternut, cashew, chestnut, chinquapin, coconut, filbert/hazelnut, ginkgo
nut, hickory nut, lychee nut, macadamia nut, pecan, pine nut, pili nut, pistachio,
shea nut, and walnut. FDA’s “tree nuts” that are not consistent with the GMA
proposed list are shown in Table 3.4.

3.3.2. Rationale for Selection for the GMA-Proposed Tree Nut List

3.3.2.1. Prevalence and Severity of Reactions to Tree Nuts. Tree nuts are a
well-defined cause of food allergy. Allergies to tree nuts, peanuts, or both affect
about 1.4% of the general population in the United States. As a food group,
tree nuts are the most frequent cause of fatal anaphylactic reactions.
Anaphylaxis caused by food allergy may differ clinically from other causes of
anaphylaxis. Death is usually caused by respiratory failure, and patients who
have asthma are at greatest risk for severe reactions [24]. A recent analysis of
32 fatal food allergic reactions in the United States from 1994 to 1999 showed
tree nuts to be responsible for 31% of the deaths [3]. A follow-up study
between 2001 and 2006 reported eight fatalities caused by tree nuts out of 31
food fatalities [25]. The greatest number of fatalities still occurred in adoles-
cents and young adults. Similarly, Pumphrey and Gowland [26] reported that
7 out of 48 deaths in the United Kingdom were due to tree nuts between 1999
and 2006. The majority of deaths also occurred between 11 and 30 years of
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TABLE 3.4 Comparison of GMA and FDA Tree Nut Lists
Tree Nuts GMA FDA

Almond
Brazil nut
Cashew
Hazelnut
Macadamia nut
Pecan

Pine nut
Pistachio
Walnut
Beechnut
Butternut
Chestnut
Chinquapin
Coconut
Ginkgo nut
Hickory nut
Lychee nut
Pili nut
Shea nut

NSNS SANANSN

NAANSNANRNRNSNSNSNSASNSSNSASNANANS

age. A summary of published tree nut fatalities is tabulated in Table 3.5.
Fatality represents the extreme outcome of the severe nature of the adverse
events. Any tree nut with a reported fatality must be included in the major
food allergen list. Tree nut fatalities include almond (three cases), Brazil nut
(four cases), cashew (two cases), hazelnut (two cases), pecan (five cases), pis-
tachio (one case), and walnut (sixteen cases). Only pine nuts and macadamia
nuts in the GMA list do not have a reported lethal outcome.

3.3.2.2. Specific Tree Nut Review.

3.3.2.2.1. Almond. Allergy to almond was the third most common tree nut
allergy reported by Sicherer et al. [27] with 15% of the 1667 self-reported
nut-allergic registrants reporting almond allergy. In a later self-reported
survey, Sicherer et al. [2] reported that almond remained the third most
common tree nut to cause allergy in the United States after walnut and cashew
with 32 of 82 respondents reporting allergy. Reactions ranged from hives to
life-threatening anaphylaxis to fatality. Similarly, Ewan [28] reported 14
almond-allergic patients among 62 tree nut-allergic patients in 1 year from
1993 to 1994. Clark and Ewan [15] reported that 34 of 1000 peanut- or nut-
allergic patients showed their strongest reaction to almond. Due to its frequent
occurrence and severity of the reactions including fatalities, inclusion of
almond in the tree nut list is warranted.
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3.3.2.2.2. Brazil Nut. Allergy to Brazil nut is a relatively common nut allergy
and can be fatal [29]. Senna et al. [30] reported a severe episode of anaphylaxis
occurred during a skin prick test of fresh Brazil nut that required epinephrine
and intravenous steroids, while others [31-33] documented case reports of
anaphylaxis to Brazil nuts. Sicherer et al. [34] documented that 4 of 54 nut-
allergic patients reported a reaction to Brazil nut. Similarly, Ewan [28] reported
18 Brazil nut-allergic patients out of 62 peanut and tree nut allergics. Peanuts
were the commonest cause of allergy (47) followed by Brazil nut (18), almond
(14), and hazelnut (13). Clark and Ewan [15] reported that 162 of 1000 peanut-
or nut-allergic patients (16% ) showed their strongest reaction to Brazil nut.

Pastorello et al. [35] found that all the Brazil nut-allergic patients had spe-
cific immunoglobulin E (IgE) against a 9-kDa allergen, indicating that the
allergen underlying clinical reactions to Brazil nut is a 2S albumin. Arshad et
al. [36] reported 12 cases of allergy to Brazil nut. Due to its frequent occur-
rence and severity of the reactions including fatalities [7, 32], inclusion of
Brazil nut in the tree nut list is warranted.

3.3.2.2.3. Cashew. Cashew causes severe symptoms and has caused death [37].
Cashew allergy is described as an evolving clinical problem. Davoren and
Peake [38] reviewed 213 children with peanut or tree nut allergy over a 42-
month period and found that anaphylaxis to cashew nut (74.1%) was more
common than to peanut (30.5%), even though 83.1% of those children have
peanut allergy and only 12.6% have cashew allergy. Children with cashew
allergy are at risk of anaphylaxis. Rance et al. [39, 40] investigated 42 children
with cashew allergy. Fifty-six percent had skin symptoms, 25% had respiratory
signs, and 17% had digestive signs.

Allergy to cashew was found to be the second most common tree nut allergy
[27] with 20% of the 1667 nut-allergic registrants reporting cashew allergy.
Similarly, Sicherer et al. [34] reported 11 of 54 nut-allergic patients as cashew
allergic. Clark and Ewan [15] reported that 29 of 1000 peanut- or nut-allergic
patients showed their strongest reaction to cashew. Moneret-Vautrin et al. [41]
reported that 40% of 140 peanut-allergic patients were sensitized to cashew.
Tariq et al. [42] reported that 1 of 1218 of a birth cohort (0.08%) was allergic
to cashew. Moreover, Rasanen et al. [43] reported a cross-reactivity of pectin
with cashew nut extract in one patient, and Ferdman et al. [44] described a
pectin anaphylaxis associated with cashew allergy.

Quercia et al. [45] reported that a patient allergic to pistachio developed
anaphylaxis after eating cashew. Hourihane et al. [46] also reported 29 patients
with cashew nut allergy aged 1-30 years. Fourteen of these reacted to minimal
contact without actually eating cashew. Fourteen reported wheeze, and 11
reported collapse or feeling faint. Cashew has recently become widely avail-
able in the form of butter spreads. Cashew causes symptoms in formal food
challenges and has caused death. Garcia-Menaya et al. [47] described clinical
manifestations in three cases of cashew-related anaphylaxis. A case of acute
reactions 20 minutes after eating a piece of chocolate candy containing cashew
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was described by Rasanen et al. [43], and Tariq et al. [42] also reported a gen-
eralized urticaria in one child. Due to its frequent occurrence and severity of
the reactions including reported fatalities [37], inclusion of cashew nut in the
tree nut list is warranted.

3.3.2.2.4. Hazelnut. Hazelnuts are a common cause of food allergy. Children
can be sensitized to hazelnut at an early age [34]. Remarkably, a large propor-
tion had never ingested hazelnut to their knowledge, and most allergic reac-
tions to nuts in childhood occur after the first known exposure. As reported
by Beyer et al. [48], allergic reactions to hazelnuts range from mild oral allergy
syndrome (OAS) caused by cross-reactivity between tree pollen and hazelnut
proteins to severe anaphylactic reactions. They reported 14 patients with
hazelnut-induced systemic reactions. Clinical symptoms observed by Schocker
et al. [49] in 26 patients included OAS in 7 of 26 patients, anaphylaxis (6 of
26), angioedema (6 of 26), urticaria (2 of 26), and food-dependent, exercise-
induced anaphylaxis in a single patient.

Pastorello et al. [50] characterized hazelnut allergens by studying the spe-
cific IgE reactivity of 65 patients with positive DBPCFC results and 7 patients
with severe anaphylaxis to hazelnut. The major allergen of hazelnut is an 18-
kDa protein homologous to Bet v 1, and the 9-kDa allergen is presumably a
lipid transfer protein (LTP). Other major allergens have molecular weights of
47, 32, and 35kDa. Hansen et al. [51] found that 5 of 17 patients reacted to
roasted hazelnut with OAS, while all 17 reacted to raw hazelnut. Furthermore,
the median dose for reaction to raw hazelnut was more than doubled with
roasted hazelnut.

From selected subjects with a history of allergic reactions on ingestion of
hazelnut, Ortolani et al. [52] found that of 86 patients, 67 (77.9%) had a posi-
tive DBPCFC result. Challenge doses were 1.4-20g of ground hazelnut.
Reactions to hazelnut ranged from oral and gastrointestinal symptoms to
systemic symptoms.

Wensing et al. [53, 54] attempted to determine the distribution of minimum
provoking doses of hazelnut in 31 hazelnut-allergic patients using 1, 3, 10, 30,
100, and 300mg and 1g of hazelnut protein (corresponding to 6.4, 19, 64, 190,
640, 1900, and 6400mg of hazelnut meal, respectively) challenging doses. All
reactors showed itching of the mouth as the first symptom; one showed gen-
eralized urticaria and lip swelling and another slight lip swelling at 1-mg dose.
Some gastrointestinal symptoms, including abdominal pain and nausea, were
also reported. The challenge was continued until objective symptoms were
observed or subjective symptoms persisted for 1 hour (seven patients). Four
patients reacted to the lowest dose. Threshold doses for eliciting subjective
reactions varied from a dose of 1 up to 100mg hazelnut protein (equivalent
to 6.4-640mg of hazelnut meal). Extrapolation of the dose-response curve
showed that 50% of the hazelnut-allergic population would suffer from an
allergic reaction after ingestion of 6mg (95% confidence interval [CI],2-11 mg)
of hazelnut protein. Objective symptoms were observed in two patients after
1 and 1000 mg, respectively.
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Flinterman et al. [55] studied the clinical relevance of hazelnut sensitiza-
tion and eliciting doses (EDs) in childhood by DBPCFC. Twenty-eight sen-
sitized children (8 females, 20 males; age 4-16 years) with suspected allergy
to hazelnut were recruited. The challenge was composed of nine portions of
defatted hazelnut flour in series: 10ug, 100ug, 500ug, 1 mg, 10mg, 100mg,
300mg, 1g, and 3 g (protein content, 15.5%). The last dose was performed in
an open challenge and consisted of 10 hazelnuts (5g; approximately 635mg
of protein), because this amount could not be masked in edible portions for
children. The challenge was discontinued after the occurrence of an objective
reaction. Doses as large as 1 mg of hazelnut flour were tolerated by all chil-
dren. The ED for OAS (210mg; 1.6mg of protein) and for objective symp-
toms (=3.00mg; 46.5mg of protein) was observed. While fewer than half of
the children with sensitization to hazelnut appeared to be allergic to hazelnut
in this study, due to its frequent occurrence and severity of the reactions
including reported fatalities [7, 21], inclusion of hazelnut in the tree nut list
is warranted.

3.3.2.2.5. Macadamia Nut. Macadamia nut was native to Australia before
being brought to Hawaii; hence, it is also called Australian nut, or Queensland
nut. There are five reported cases of allergic reactions to macadamia nut even
though it is commonly consumed [56-60)].

Sutherland et al. [57] first reported a life-threatening anaphylactic reaction
to macadamia nut. An 18-year-old female experienced oral itching immedi-
ately after eating a slice of flourless orange cake made with macadamia nut
meal. Within 5 minutes, this progressed to severe anaphylaxis. Upon arrival
at the hospital, the patient was hypotensive, which required immediate treat-
ment of epinephrine, prednisolone, diphenhydramine, and overnight hospi-
talization. A similar reaction was reported by Pallares [58]. A 36-year-old
male developed uvular and posterior tongue angioedema, dysphagia, chest
tightness, chest pain, and chest pruritus 5 minutes after eating a chocolate-
covered macadamia nut. He was treated with intravenous diphenhydramine,
methylprednisolone, and femotidine (a histamine H, blocker). Another
severe anaphylaxis was reported by Hiberle and Hausen [56]; a 38-year-old
developed urticaria, shortness of breath, and shock shortly after eating
macadamia nuts.

Lerch et al. [59] documented two patients with allergic reactions to maca-
damia nut. A 42-year-old man developed generalized pruritus, itching of the
throat, rhinitis, dyspnea, and dizziness 5 minutes after eating a macadamia nut.
Another 34-year-old male repeatedly developed severe OAS after eating
macadamia and other tree nuts, including hazelnut, walnut, Brazil nut, and
almond. In addition, a 1-year-old boy suffered from OAS after putting a maca-
damia nut in his mouth [60].

Reactions to macadamia nuts can manifest from OAS to severe anaphy-
laxis. While there are no reports of death to macadamia nut, the weight of
evidence, particularly the reports of severe anaphylaxis, warrant its inclusion
in a list of tree nuts.

03.indd 63 @ 6/17/2010 7:05:56 PM



64 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

3.3.2.2.6. Pecan. Allergy to pecan was the fourth most common of the tree
nut allergies reported by Sicherer et al. [27] with 9% of the 1667 nut-allergic
registrants reporting pecan allergy. Previously, Sicherer et al. [34] reported 13
of 54 nut-allergic patients as pecan allergic. In the United Kingdom, pecan
may not be as common a source of tree nut allergy with Clark and Ewan [15]
reporting 8 of 1000 patients showing their strongest reaction to pecan based
on clinical history. Cross-reactivity between pecan and walnut is known [61].
Malanin et al. [62] and Berrens [63] reported a neo-allergen exclusively present
in aged or heated pecan nuts, but not in fresh pecans. They suggested that a
Maillard reaction product might be the allergen.

Yunginger et al. [64] was the first to report fatal anaphylaxis from accidental
ingestion of pecan, which occurred in a 16-year-old male. Subsequently, four
more cases of fatality were reported [3, 37, 65]. Due to its frequency in occur-
rence and severity of the reactions including several reported fatalities, inclu-
sion of pecan in the tree nut list is warranted.

3.3.2.2.7. Pine Nut. Pine nut is commonly consumed in southwestern United
States, Mexico, China, and Mediterranean countries. It is used in the prepara-
tion of various dishes, particularly pastries, deserts, salads, and pesto sauce.
Despite the wide use of pine nuts, allergy to pine nuts has been reported less
frequently than other tree nuts. Reactions, however, were usually severe, and
emergency room treatments due to severe anaphylaxis immediately after
eating pine nuts have been documented [30, 48, 54, 66-72]. While most reac-
tions occur in adults, young children can be affected. No fatality due to pine
nut ingestion has been reported. Pine nut is known to cross-react with almond
[69]. Pine nuts are not currently listed in Annex Illa of the EU directive on
labeling of prepackaged foods [18]. Due to the severe nature of the reactions,
the weight of evidence, particularly the reports of severe anaphylaxis, inclusion
of pine nut in the major tree nut list is warranted.

3.3.2.2.8. Pistachio. While anaphylaxis against pistachio is uncommon, one
fatal accident due to pistachio ingestion has been reported [3]. Pistachio nut
contains several protein allergens able to trigger type I hypersensitivity reac-
tions. Fernandez et al. [73] reported two cases of pistachio allergy that cross-
reacted with cashew, and Jansen et al. [74] reported three patients with adverse
food reactions due to pistachio and mango. Using specific IgE determination
by CAP-inhibition and leukocyte histamine release, Parra et al. [75] demon-
strated the cross-reactivity of pistachio with cashew and other dried fruits
belonging to taxonomically unrelated botanical families. Liccardi et al. [76]
described two uncommon cases of OAS in a 54-year-old man and a 3-year-old
girl, both after eating pistachio nuts. The man had put three whole pistachios
with shells in his mouth and cracked them with his teeth before the onset of
symptoms. A DBPCFC was performed (0.1-50mg of protein), for ethical
reasons, only in the adult patient. No reaction was observed after ingestion of
pistachio protein up to S0mg in a capsule. Interestingly, they observed a posi-
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tive intraoral itching and angioedema, which required precautionary antihis-
tamine treatment, only after slight scratching of the oral mucosa at 0.1-mg
capsule. Since no reaction was recorded after using a placebo capsule on the
scratched mucosa, it was suggested that slight injury of the oral mucosa might
enhance the local response. Due to its frequent occurrence and severity of the
reactions, inclusion of pistachio in the tree nut list is warranted.

3.3.2.2.9. Walnut. Walnuts rank third in per capita consumption of tree nuts
in the United States and can be associated with systemic IgE-mediated reac-
tions in some individuals [77]. Allergy to walnuts was the most common of the
allergies to tree nuts reported by Sicherer et al. [27] with 34% of the 1667
nut-allergic registrants reporting walnut allergy. Similarly, Sicherer et al. [34]
reported 26 of 54 nut-allergic patients as walnut allergic. Clark and Ewan [15]
described 1000 patients allergic to either peanut or at least one tree nut. Thirty
study subjects reacted most strongly to walnut. Walnut-allergic patients often
have allergies to other tree nuts. Among tree nut fatalities, walnut ranks
number one. Sampson et al. [37] reported the first walnut fatal reaction in 1992.
Subsequently, 14 more cases were documented [3, 7, 78].

A single case of IgE cross-reaction of walnut to coconut has been reported
[79]. Cross-reactivity between walnut and Rosaceae (peach, apple, plum) [80],
hazelnut, and Brazil nut [81, 82] are known. Drug-induced (antihypertensive
angiotensin converting enzyme [ACE] inhibitor) anaphylaxis to walnut is also
known [83]. Due to its frequency in occurrence and severity of the reactions,
inclusion of walnut in the tree nut list is warranted.

3.3.2.3. Tree Nuts in FDA’s List but Not in the GMA List. Extensive litera-
ture review has not revealed any clinical allergy, allergic reactions, or sensitiza-
tion due to consumption of the seven tree nuts listed below that are included
on the FDA list. Due to the lack of incident of allergic reactions to these nuts,
inclusion of these nuts in the tree nut list as a major food allergen is not
warranted:

beechnut
butternut
chinquapin
ginkgo nut
hickory nut
pili nut

NS kA L=

shea nut.
3.3.2.3.1. Other Tree Nuts in the FDA’s List but Not in the GMA List.

3.3.2.3.1.1. cHEsTNUT. Chestnut allergy has been almost exclusively consid-
ered in the context of the latex—fruit syndrome. Cross-reactivity in latex allergy
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has been described with a variety of fruits, including chestnut, avocado, banana,
kiwi, and papaya [84-86]. However, clinical reactions to chestnut were rarely
reported despite frequent consumption of this food either alone or with pre-
existent latex allergy. Only two case reports of chestnut allergy, one patient
per case, of OAS [87] and anaphylaxis have been documented [88]. The latter
case involved a 4-year-old male who had developed OAS plus coughing,
wheezing, and dyspnea after eating an acorn. Months later, he experienced
similar symptoms after eating a chestnut. No other anaphylaxis was ever
reported. Due to low incident of allergic reactions and lack of acute anaphy-
lactic reaction to chestnut, inclusion of chestnut in a list of major allergens is
not warranted.

3.3.2.3.1.2. coconuT. Botanically, a coconut is a simple dry fruit known as a
fibrous drupe (not a true nut). Coconut allergy, either alone or with other tree
nut allergy, is rare. Cross-reactivity between coconut and walnut or hazelnut
is known. There are six clinical reports, for seven patients, mostly from Europe,
documented in coconut allergy and coconut-induced allergic reactions [79,
89-93].

Teuber and Peterson [79] first reported two coconut allergic reactions from
a 21- and a 50-year-old male. Both sensitive individuals experienced previous
reactions to tree nuts, walnut in particular. While symptoms from walnut-
induced reactions were clearly described in this report, which included angio-
edema, nausea, vomiting, and asthma, sometimes with hypotension, reactions
from coconut were only described as systemic but “not quite as severe.” It is
also unknown if hypotension was involved in the reactions to coconut in these
two patients. Data from this study demonstrated that the clinical reactivity of
these two patients was due to the cross-reactivity of walnut-directed IgE to
coconut, but not vice versa. This implies that for a potential serious anaphylaxis
to coconut in this study, prior walnut allergy is a prerequisite.

Nguyen et al. [89] described a case report of a 19-year-old male with history
of seasonal allergic rhinitis, penicillin allergy, OAS to other foods such as lima
beans and various tree nuts (pecan, almond, and walnut), and coconut allergy.
His recent coconut reactions involved oral pruritus, generalized hives, and
wheezing after ingestion of a coconut-flavored cream topping. In another
study, a 3-year-old child experienced abdominal pain, vomiting, and OAS after
eating a small piece of fresh coconut [90]. Rosado et al. [91] reported that a
28-year-old man suffered from vomiting and OAS after ingestion of coconut
ice cream. This man had a previous reaction with walnut. Couturier et al. [92]
reported a suspected coconut reaction of gastrointestinal upset in an 8-month-
old baby fed with milk containing coconut. Reactivity was demonstrated by
positive reintroduction test and specific IgE test. Stresemann and Scherhorn
reported a case of coexisting coconut allergy and inhalation allergy of a stone
nut (Phytelephas) in a 36-year-old female [93].

While anaphylactic reactions were reported, such reactions were generally
mild and nonlife threatening; therefore, they do not fall into the consensus
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definition of anaphylaxis [15]. Furthermore, the incidents are low. Given the
lack of prevalence and severity of reactions, inclusion of coconut in a list of
major allergens is not warranted.

3.3.2.3.1.3. rycHEE NUT. Lychee (also called lichee) is a drupe and is classified
as a fruit (not a true nut). There are very few case reports of allergic reactions
to lychee in the literature; there have been five reports, each involving only
one patient [94-98]. Strangely enough, all five cases were females from 12 to
34 years of age. Clinical symptoms ranged from contact dermatitis to dyspnea.
Lychee fruit contains a significant amount of profilin proteins that cross-react
with pollens. Due to low incidence of allergic reactions and lack of severe
anaphylactic reaction to lychee “nut,” inclusion of lychee in the tree nut list
as a major food allergen is not warranted.

A review of the scientific literature establishes that there is insufficient data
to support the inclusion of beechnut, butternut, chinquapin, ginkgo nut, hickory
nut, pili nut, shea nut, chestnut, coconut, and lychee nut in a list of major food
allergens. Inclusions of “tree nuts” that have either no history of sensitization
and elicitation of allergic reactions (beechnut, butternut, chinquapin, ginkgo
nut, hickory nut, pili nut, and shea nut) or only a few cases of mild and nonlife-
threatening reactions (chestnut, coconut, and lychee nut) contradict the intent
of regulatory guidelines such as FALCPA in the United States and leads to
an unnecessary elimination of food choices that are enjoyable, nutritious, and
convenient to allergic consumers.

3.4. CONCLUSION

Tree nuts are a well-documented cause of food allergy and may constitute a
health risk to allergic consumers if not properly managed. Tree nuts, peanuts,
or both affect about 1.4% of the general population in the United States. The
frequency of nut allergy appears to vary among countries in part because of
different dietary habits. Allergic reactions to tree nuts tend to be particularly
severe, sometimes life threatening, and fatal reactions shortly following their
ingestion have been documented. Nut allergies are managed by avoiding the
specific tree nut that may trigger a severe allergic reaction caused by accidental
ingestion. Many allergists also recommend avoidance of the entire category
of tree nuts due to the potential for both cross-contact during processing and
IgE cross-reactivity. Clearly, it is prudent to properly define and label the tree
nuts that are “major food allergens” or “priority food allergens” in terms of
prevalence and severity of reactions.

GMA proposed a practical and science-based list of tree nuts to inform and
protect tree nut-allergic consumers. The list consists of almond, Brazil nut,
cashew, hazelnut, macadamia, pecan, pine nut, pistachio, and walnut. The nine
tree nuts on this list are consistent with the lists that have been prepared
by well-known clinicians, scientific and regulatory authorities, at least one
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consumer group, and other food industry groups. The underlying data also
support the inclusion of these nine nuts of public health importance in a list
of tree nuts because they are associated with prevalence and severity of reac-
tions that warrant their classification as “major food allergens” or “priority
food allergens.” Because there is either no evidence of allergic reactions, or
the reactions are lacking in the severity and prevalence needed for classifica-
tion as a “major food allergen,” 10 of the nuts listed in the FDA Q&A guidance
Guidance for Industry: Questions and Answers Regarding Food Allergens,
Including the Food Allergen Labeling and Consumer Protection Act of 2004
(Edition 4) [1] should be removed.

The food and beverage industry plans and develops their allergen manage-
ment strategies based on science and sound regulations, which constitutes a
solid foundation for protecting public health. The quality assurance teams in
food processing establishments have developed programs to manage the
receipt, storage, use, cleaning, and labeling of allergens in the facility.
Unfortunately, including additional allergens that are not “major” not only
poses a challenge to the general consumer but also complicates the food
industry’s ability to effectively manage the major allergens in their facilities.
While most medical experts advise their patients who have been diagnosed
with an allergy to specific tree nuts to avoid all tree nuts, inclusion of a com-
monly used ingredient such as coconut or its derivatives would unnecessarily
restrict food choices. Effective risk communication is an important tool and
must be used to give truthful and not misleading labeling information to the
public. Including nuts that should not be considered as major food allergens,
such as coconuts, that have minimal risk devalues labeling as a risk manage-
ment measure and, thus, reduces rather than increases consumer safety.
Inclusion of rare allergens into allergen management plans will not only be
costly, but will also dilute the industry’s ability to effectively manage the major
allergens in their facilities.
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4.1. INTRODUCTION

As a result of the public comments on its proposed allergen labeling regul-
ations (see http://www.hc-sc.gc.ca/fn-an/label-etiquet/allergen/index-eng.php),
Health Canadareceived a number of comments from the general public, patient
groups, health professionals, consumer organizations, and governmental agen-
cies about the need to consider mustard, onion, and garlic as potential food
allergens of concern for Canadians.

In this context, Health Canada embarked on the development of criteria in
order to determine the scientific validity of including new foods or food ingre-
dients on the list of priority food allergens in Canada.

This chapter presents the Canadian criteria applied to the assessment of
scientific information obtained from the available literature, to investigate
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whether mustard, garlic, and onion should be considered as priority allergens
with regard to the proposed enhanced labeling regulations in Canada. Two
systematic reviews were conducted: one for mustard and one for onion and
garlic. To ensure a consistent and transparent approach when assessing the
potential allergenicity of a food or food ingredient in terms of established
criteria, methods for the management and evaluation of available scientific
information were developed. Specifically, these methods provide guidance for

. systematic data collection,

. criteria for assessing the strength of evidence,

. organization and tabulation of data, and

. criteria for evaluating the severity of clinical reactions.

The information obtained and evaluated using these methods were assessed
using the Canadian criteria for establishing new priority food allergens. The
strength-of-evidence approach determines whether the available evidence ful-
fills the criteria and substantiates the addition of a new food or food ingredient
to the list of priority food allergens in Canada. These practices aim to facilitate
a consistent scientific approach for declaring new priority food allergens and
for the application of the proposed “enhanced food allergen labeling regula-
tions in Canada.”

4.2. CANADIAN CRITERIA FOR THE ESTABLISHMENT OF
NEW PRIORITY FOOD ALLERGENS

In 1999, the World Health Organization (WHO) convened a food allergens
expert panel to provide guidance to the Joint Food and Agriculture Organization
of the United Nations (FAO)/WHO Expert Committee on Food Additives
(JECFA), which is the committee that advises the Codex Alimentarius
Commission' on food additives and other chemicals and ingredients in food
[1]. The food allergens expert panel was tasked with the establishment of
criteria for amending the Codex list of priority allergenic foods. The panel
advised that the identification of priority food allergens should be based on
the following criteria: the existence of a cause-and-effect relationship, based
on positive double-blind, placebo-controlled food challenge (DBPCFC) or
unequivocal reports of reactions, including severe symptoms associated with
exposure to the food commodity and prevalence data in children and adults,
supported by clinical studies relying on DBPCFC studies from the general
population of several countries. The expert panel acknowledged that avail-
ability of such data for infants, some foods, and in certain regions of the world
would represent a challenge. As an alternative, the use of comparative preva-
lence data in groups of allergy patients from several countries supported by
DBPCFC data would be appropriate [1, 2].
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National food regulatory agencies have used this guidance to build on the
Codex list and develop their own lists of priority foods that should be targeted
for mandatory labeling on foods available for sale in the country or region
under their oversight. In Canada, Health Canada has the mandate to establish
food standards, policies, regulations, and guidelines with an oversight on label-
ing requirements associated with health, safety, and nutritional quality con-
cerns. Proposed amendments to the Food and Drug Regulations in Canada are
meant to enhance the labeling of prepackaged food products by requiring the
mandatory declaration of the sources of the priority food allergens, gluten, and
sulfites (=10ppm), when present in a prepackaged food product. In Canada,
at the present time, these are almonds; Brazil nuts; cashews; hazelnuts; maca-
damia nuts; pecans; pine nuts; pistachios; walnuts; peanuts; sesame seeds; wheat
including kamut and spelt, triticale, rye, barley, and oats;* eggs; milk; soybeans;
crustaceans; fish and shellfish; and sulfites present in quantities equal to or in
excess of 10ppm [2]. Current estimates are that food allergies affect as many
as 6% of young children and 3-4% of adults [3].

In order to determine the scientific validity of including new foods or food
ingredients on the Canadian list of priority food allergens, Health Canada
has adopted the criteria for amending the Codex list of priority allergenic
foods. In accordance with the JECFA guidelines, these criteria include the
following [1]:

1. the existence of a credible cause—effect relationship, based on positive
DBPCEFCs or unequivocal reports of reactions with typical features of
severe allergic or intolerance reactions;

2. reports of severe systemic reactions following exposure to the
foodstuff; and

3. assessment of available prevalence data in children and adults, supported
by appropriate clinical studies with subjects from the general population
of several countries or alternatively available prevalence data from
clinical studies with groups of allergy patients from several countries
supported as per criterion 1.

In addition to the above listed criteria, the allergenic potency of a food or
food ingredient is also considered. In this context, the term allergenic potency
is defined as the amount of food or food ingredient required to elicit a reaction
in an already sensitized individual [4].

Consideration are also to be given to the potential exposure of Canadians
to the food or food ingredient with specific consideration given to whether the
current applications of the food or food ingredient is hidden because it is
exempt from declaration in the list of ingredients on food packages, as per
subsections B.01.009 one and two of the Canadian Food and Drug Regulations.?
The intent of the proposed amendments to the Food and Drug Regulations is
to enhance food labeling as a public health tool for food-allergic consumers,
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enabling consumers to avoid allergens to which they are susceptible and
allowing informed choices of safe food sources. The proposed regulatory
amendments would require the declaration of potential hidden sources of
priority food allergens in prepackaged food products.

Furthermore, consideration is given to whether it is subject to the proposed
definition of a food allergen. In Canada, in the proposed regulatory amend-
ment (1220—Enhanced Labeling for Food Allergens and Gluten Sources and
Added Sulfites) (http://www.hc-sc.gc.ca/fn-an/label-etiquet/allergen/project_
1220_info-eng.php), the definition of a food allergen emphasizes that the
protein portion of the food is responsible for eliciting an allergic reaction. This
definition is based on the fact that protein is the portion of the food to which
an individual with a food allergy or celiac disease will react [5]. Therefore,
protein from any of the defined food allergens, or any modified protein (includ-
ing any protein fraction), that is derived from any of these foods is considered
a health risk to individuals with food allergies. Additional consideration is also
given to other relevant factors in the Canadian context, particularly in terms
of risk management, for example, allergen cross-reactivity.

The Canadian criteria are applied to the assessment of scientific information
obtained from a systematic review of available scientific literature. Methods
for the management and evaluation of available scientific information have
been developed in order to ensure a consistent and transparent approach when
assessing the potential allergenicity of a food or food ingredient.

4.2.1. Systematic Data Collection

An electronic database search was conducted utilizing, but not limited to,
current versions of the following databases: Ovid Medline, Ovid Embase, and
FSTA Direct. The abstracts for all identified publications directly relevant to
the allergenicity of the food or food ingredient being assessed were reviewed
and sorted for inclusion or exclusion based on the following criteria:

Include publication if

a. relevant to humans (adults or children),
b. relevant to an allergy via oral exposure through foodstuff, and

c. relevant to the identification and characterization of the specific
allergenic proteins.

Exclude publication if

a. experimental study assessing the allergenicity using animal models or in
vitro methods or

b. relevant to humans but the route of exposure is not via the oral route
through foodstuff, for example, occupational exposures (dermal/
respiratory).
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Excluded references were placed in a separate database file (e.g., occupa-
tional allergies) for future use/access if required. References fulfilling the
criteria for inclusion were transferred to a current reference software manager
and reprints requested. Complete publications were reviewed by one or more
investigators and data abstracted using previously agreed upon data abstrac-
tion form. Any discrepancy in data abstraction or interpretation was resolved
by consensus.

4.2.2. Criteria for Assessing the Strength of Evidence

In order to determine the strength of the evidence provided by the publications
in the database, the study methodology was categorized and rated in accordance
with the guidelines established by the Joint Task Force on Practice Parameters.
This joint task force was comprised of specialists in the field of allergy and
immunology. The guidelines to establish the strength of clinical recommenda-
tions by rating categories of evidence from clinical studies were supported by
three U.S. national allergy and immunology societies: the American College of
Allergy, Asthma and Immunology (ACAAI), the American Academy of
Allergy, Asthma and Immunology (AAAAI), and the Joint Council of Allergy,
Asthma and Immunology (JCAAI). In effect, the criteria used to assess the
strength of the evidence contributed by each publication (in descending order
from the strongest to weakest evidence) were as follows: meta-analysis of ran-
domized controlled trials, randomized controlled trials, nonrandomized con-
trolled trials, quasi-experimental studies, nonexperimental descriptive studies
(comparative,correlation, or case-controlled studies),expert committee reports
or opinions, or clinical experience of respected authorities, laboratory-based
studies [6, 7].

4.2.3. Organization and Tabulation of Data

All publications fulfilling the selection criteria were reviewed and categorized
based on the criteria for assessing the strength of evidence. Publications that
could not be categorized by these criteria were referenced in the results under
an appropriate heading. Evidence from publications that fulfilled the strength-
of-evidence criteria were tabulated under the following categories:

1. pivotal clinical studies (evidence from meta-analysis and randomized
and nonrandomized controlled trials),

2. nonpivotal clinical studies (evidence from quasi-experimental studies),

3. other relevant studies (evidence from nonexperimental descriptive
studies, comparative/correlation), and

4. case reports (evidence from nonexperimental descriptive studies).

Within these categories, studies were organized chronologically by publica-
tion date. The following parameters were tabulated from each publication in
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categories 1-3: reference (author, country of origin); study methodology (i.e.,
method of allergy assessment); subjects (adults vs. children, age, sex); clinical
history (including premorbid conditions and family history); symptoms and
signs (before challenge); symptoms and signs (after challenge with emphasis
on the severity of reaction); diagnostic tests (confirm allergenic response);
eliciting dose; eliciting allergen (source and type of the allergens, including
type of food eaten when reaction was elicited); prevalence if provided; and
comments (relevant notes made by the investigator[s]).

The following parameters were tabulated from each publication in category
4: reference (author, country of origin); cases (number of cases, sex, age); clini-
cal history (including premorbid conditions and family history); symptoms and
signs (with emphasis on the severity of reaction); diagnostic tests (confirm
allergenic response); eliciting dose; eliciting allergen (source and type of aller-
gens, including type of food eaten when reaction was elicited); and comments
(relevant notes made by the investigator([s]).

4.2.4. Criteria for Evaluating the Severity of Clinical Reactions

A wide range of symptoms are known to be associated with food allergies [5].
These include

. gastrointestinal symptoms, for example, vomiting, diarrhea, abdominal
pain (colic);

. respiratory manifestations, for example, rhinitis, asthma;

. cutaneous manifestation, for example, urticaria, edema, angioedema
(AE); and

. anaphylaxis (an acute generalized reaction that may include skin, respira-
tory, cardiovascular, and gastrointestinal symptoms and may result
in death).

There are currently several grading systems for acute systemic hypersen-
sitivity reactions. For consistency in the evaluation of the severity of the
symptoms described in different publications, the clinical criteria and grading
system of anaphylaxis as outlined in the publication by Brown [8] were
applied as follows:

a. Severe reactions include symptoms that are strongly associated with
hypotension and hypoxia (life-threatening upper airway obstruction) or
neurological compromise: confusion, collapse, loss of consciousness, and
incontinence. Preexisting asthma and lung disease are viewed as an
increased risk of hypoxia. In children, anaphylaxis is most often caused
by a bronchospasm associated with food intake; there is also usually a
background of atopy and asthma [9].
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b. Moderate reactions include diaphoresis, dizziness, pre-syncope, dyspnea,
stridor, wheezing, chest/throat tightness, nausea, vomiting, and abdomi-
nal pain.

c. Mild reactions are limited to the skin (urticaria, erythema, and AE).
However, when AE affects the face and involves the glottis, it is associ-
ated with hypoxia and graded as severe.

Other information that should be considered when assessing the literature
on the severity of the reaction includes the clinical severity based on the judg-
ment of the primary care healthcare provider and any description of the use
of epinephrine, emergency medical attention, or hospitalization.

The methods developed for the management and evaluation of available
information including the systematic data collection, the organization and
tabulation of data, the criteria for assessing the strength of evidence, and the
criteria for evaluating the severity of clinical reactions help to ensure a con-
sistent and transparent approach when assessing the potential allergenicity of
a food or a food ingredient. Specifically, this practice aims to facilitate a con-
sistent scientific approach for considering amendments to the Canadian list of
priority food allergens, which are subject to enhanced labeling requirements
in Canada.

4.3. MUSTARD: EVIDENCE FOR ITS INCLUSION AS A PRIORITY
FOOD ALLERGEN IN CANADA

4.3.1. Background

In response to public inquiries, an assessment of mustard as a potential
food allergen of concern in Canada was conducted. In order to determine
the validity of including mustard on the list of priority food allergens in
Canada, a systematic literature review of the available information on the
allergenicity of mustard following the Canadian criteria (Section 4.2) was
undertaken.

4.3.2. Methods

4.3.2.1. Systematic Data Collection of Mustard Database. An electronic
database search of publications in English, French, or Spanish was conducted
as described in section I. These included current versions of the following
databases: Ovid Medline, Ovid Embase, and FSTA Direct. The following
specific search terms relevant to mustard as food allergen were used:
Mustard Plant; Sinapis; mustard*; brassica (alba or juncea or nigra); (allerg* or
hypersensi* or intoleran* or anaphyla* or urticaria* or hive*); (food challenge
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or rechallenge). There was no limitation on the dates of publication, except for
those within the databases.

4.3.2.2. Organization and Tabulation of Data. Studies fulfilling the selec-
tion criteria for mustard as potential food allergen, as per the criteria described
above, were reviewed and assessed based on the strength of evidence.
Publications that could not be categorized by these criteria were referenced
as described in Section 4.3.3.1, Characterization of mustard. Evidence from
publications that fulfilled the strength-of-evidence parameters are tabulated
below under the following categories:

4.3.3.2 Pivotal clinical studies (Table 4.1: evidence from randomized and
nonrandomized controlled trials)

1. DBPCFC
a. Randomized
b. Nonrandomized

2. Single-blind, placebo-controlled food challenge (SBPCFC)
a. Nonrandomized

43.3.3 Nonpivotal clinical studies (Table 4.2: evidence from quasi-
experimental studies)

4.3.3.4 Other relevant studies (Table 4.3: evidence from nonexperimental
descriptive studies [comparative/correlation])

43.3.5 Case reports (Table 4.4: evidence from nonexperimental descrip-
tive studies)

1. Canadian reports
2. International reports

4.3.3. Results

A total of 358 publications were identified through the database search using
the terms denoted above. However, based on the inclusion and exclusion cri-
teria to support regulatory recommendations, only 27 publications fulfilled the
strength-of-evidence categorization and tabulation criteria as previously indi-
cated (Tables 4.1-4.4). Publications reporting the same data were grouped and
counted as one entry. Additional 17 publications were reviewed but not
included in the risk analysis. These publications provided information with
regard to the general characterization of mustard as a food allergen and were
considered relevant to the evaluation.

4.3.3.1. Characterization of Mustard. Mustard is an herbaceous flowering
plant (Angiospermae) belonging to the family Brassicaceae (formerly known
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as Cruciferae), which includes, but is not limited to, cabbage, cauliflower, brus-
sels sprouts, turnips, radishes, broccoli, and fodder (rape) crops [10]. Brassica
species (Brassica napus, Brassica campestris, Brassica juncea, and Brassica
nigra) are grown in Canada, Chile, Europe, China, India, and Pakistan, and
have been used as a source of industrial and food oil, mustard, and vegetable
greens in several parts of the world [11]. Rapeseed (B. napus) is also known
as turnip rape, colza, ravison, sarson, toria, and canbra. Canola is a cultivar
developed from rapeseed and is part of the Brassicaceae family and is related
to mustard and other plants in the same family [12].

Mustard seeds are sold whole, ground into powder, or processed further
into prepared mustard around the world, including in Canada. Prepared
mustard is commonly used as a condiment, and mustard seeds and powder are
increasingly being used in cooking and in processed and prepackaged foods
as a seasoning or flavoring agent, emulsifier, and water-binding agent for
texture control [13]. Mustard sauce or other sauces, which may contain mustard
(such as mayonnaise, curry, ketchup sauces, and dips), are commonly used at
home as well as in fast food and higher-end restaurants.

The major types of mustard seeds used in cooking and food processing are
white (Sinapis alba or yellow mustard), brown (B. juncea or oriental mustard),
and black (B. nigra or black mustard). Commercially sold mustard powder is
usually a mixture of ground black and white mustard seeds, and prepared
mustard sauce is composed of mustard seeds, salt, vinegar, wheat flour, and
other spices and additives. White mustard seeds are much larger and consider-
ably less pungent than the brown variety and are the main ingredient in North-
American-style mustards. White and brown mustard seeds are blended to
make English-style mustards. Brown mustard seeds are the main ingredient in
European- and Chinese-style mustards [13].

All three types of mustard seed are available in North America. In fact,
Canada is a world leader in the international mustard seed market account-
ing for about 35% of world production and 50% of global exports [14].
Yellow mustard seeds contain 20-30% protein, 24-35% oil, 6-12% other
lipids, and 12-18% carbohydrates [13]. The protein content of wild mustard
seeds (B. campestris) has been estimated to be ~26% [11]. Mustard protein
isolates prepared from oriental mustard (B. juncea) seed have protein con-
tents of 45-50% [15]. The high protein content of a variety of mustard and
rapeseeds makes them attractive potential sources of food-grade vegetable
protein [11, 15].

Mustard seeds also contain irritants that may cause nonimmune reactions
mimicking allergic reactions, for example, capsaicin, the irritant ingredient of
capsicum, and isothiocyanates. Capsaicin is capable of releasing substance P,
which may induce non-immunoglobulin E (IgE)-mediated mast cell degranu-
lation [16]. It is therefore important to base the diagnosis of a mustard allergy
on evidence of IgE-mediated response. Early studies investigated whether
the adverse reactions associated with the consumption of mustard were
attributable to an isothiocyanate sensitivity. Mustard extracts treated with
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myrosinase, which degrades isothiocynates, did not reduce the cutaneous
allergenic potency of the extract. Similar treatment with proteolytic enzymes
found that the cutaneous allergenicity was reduced; this demonstrated that
the allergic responses to mustard are elicited by protein [17].

The major allergenic proteins in mustard seeds have been identified and
characterized. The major allergen of mustard is a 2S albumin, which is a seed
storage protein composed of one heavy chain and one light chain (39 and 88
amino acids), linked by two disulfide bridges [18]. This seed storage protein
has also been isolated from rapeseed, leguminous plants (peas and soya),
walnuts, sesame seeds, and Brazil nuts, and is resistant to thermal degradation
[18-21].

The major 2S albumin of yellow mustard is Sin a 1, and it is a thermostable
protein that is resistant to digestion by trypsin and degradation by other
proteolytic enzymes [22-26]. Sin a I is able to interact with membrane lipids
[27]. This interaction is postulated to facilitate the uptake of Sin a I at
the intestinal barrier, thus increasing the resistance of Sin a I to protease
digestion. Sin a I binding to B-cell membranes would allow cross-linking of
cell surface proteins, promoting B-cell activation and a subsequent immune
response [27].

Characterization of the major allergen found in oriental mustard (B. juncea),
Bra j 1, revealed that Bra j 1 and Sin a 1 have a homologous epitope [25, 28,
29]. These findings imply that individuals known to be sensitive to one species
of mustard seed are likely to show sensitivity to other species. Furthermore, a
marked in vitro cross-reactivity between the principal allergen of rapeseed (Bn
II1) and Sin al have been described in the literature [19, 30]. Less is known
about cross-reactivity between mustard seed and leafy vegetables in the
Brassicaceae species, for example, cauliflower, brussels sprouts, and turnips.
While some authors report [31] cross-sensitization and cross-reactivity between
mustard and vegetables from the Brassicaceae family, others indicate that it is
rare [10]. The proposed reason for the latter observation is that the proteins
in Cruciferae leafy vegetables are thought to be more susceptible to digestion
and thermal degradation than the allergenic proteins in mustard seeds [32, 33].
Mustard greens known as leaf mustard from B. juncea are also used as a leafy
vegetable. It is not known whether the protein contained in the leaf mustard
is allergenic or if it is more susceptible to degradation as other leafy vegetables
in the same family.

The available scientific literature regarding mustard as a potential food
allergen focuses on mustard seed and their products, protein characterization,
and cross-reactivity; allergy clinical trials; and exposure from potentially
hidden sources. More information would be required to address any potential
concern with leafy vegetables in the same family.

4.3.3.2. Pivotal Clinical Studies. Three clinical trials are considered pivotal
to the strength of evidence to support regulatory recommendations and are
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tabulated in Table 4.1. Two DBPCFC studies [31, 34] and one SBPCFC study
[35, 36] were identified in the literature.

Of the DBPCFC studies, one study design was randomized and conducted
mostly with adult subjects [31], and the other study design was nonrandomized
conducted mostly with children [34]. In both studies, the number of subjects
recruited and who actually participated in the challenges was limited. Out of
38 subjects who were recruited in the Figueroa et al. [31] trial, only 24 subjects
participated in the oral challenge. As well, of the 30 subjects who were recruited
in the Morisset et al. [34] trial, only 24 of them participated in the oral chal-
lenge. The most sensitive subjects who had a history of anaphylaxis were
excluded from the oral challenges in both of these trials. Both groups of inves-
tigators specified that mustard products used in the trials were free of metabi-
sulfite, which ensured that any reactions observed after the challenge were
attributable to a mustard allergy. Both DBPCFC studies masked the strong
taste of mustard in other food products.

Figureoa et al. [31] challenged subjects with increasing doses of masked
yellow mustard sauce (80, 240, 800, 2400, and 6480mg) containing S. alba
mustard seeds (14% w/v) at 15-minute intervals until a clinical reaction was
observed or a cumulative dose of 10g of the mustard sauce was administered.
Morisset et al. [34] challenged subjects with increasing doses of masked
mustard seasoning (10, 30, 100, 300, and 900 mg) containing 33.6% of B. juncea
mustard seeds at 20-minute intervals until a cumulative dose of 1340mg of
mustard seasoning was administered or until a clinical reaction was observed.

In the Figueroa et al. [31] trial, 14 out of the 24 challenged subjects (58%)
were considered to show a positive reaction specific to mustard. The most
frequent symptom observed was oral allergy syndrome (OAS) in 10 subjects
(71%). This reaction was considered mild and was characterized by pruritus
and mild AE of the lips, tongue, palate, and throat, and was followed by a rapid
resolution of symptoms. One subject showed AE and bronchial asthma (BA)
after mustard sauce ingestion and another subject reacted with systemic ana-
phylaxis. In these two cases, the eliciting dose was 156.8 mg of mustard sauce,
and the reaction was considered moderate and severe, respectively, according
to the criteria of Brown [8]. The lowest dose eliciting a reaction was 44.8mg
of mustard sauce. The mean cumulative reactive dose of mustard sauce was
891.4 £ 855.2mg, calculated as an equivalent to 124.8 + 119.7mg of mustard
seeds (8. alba).

The results of this study also showed a significant association between
mustard hypersensitivity and mugwort pollen sensitization (97% of patients).
All patients showed sensitization to at least one other food product within
the Brassicaceae family, including cabbage, cauliflower, and broccoli, and
about 40% of these sensitized individuals were symptomatic. These manifes-
tations comprised of mild symptoms such as OAS to severe reactions such as
anaphylaxis or BA. Cross-reactivity between mustard and other plant-derived
foods of the Brassicaceae family was confirmed. Hence, these authors denote
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TABLE 4.1 Pivotal Clinical Studies (Mustard)

Author, Symptoms and
Country Study Design Details SUB Clinical Hx Signs® (before CH)
1. DBPCFC
a. Randomized
Figueroa Prospective Questionnaire and 38 SUB Hx of A in 11% of A:11%
et al. CH Age: SUB (exclude EIA:3%
[31], Increasing dose: 80, 240, 800, 5/38 < 14y from CH) OAS: 47%
Spain 2400, and 6480mg w/ a Average: Hx of atopy in 92% U/AE: 42%
15-minute interval until 21.9 £ 8.6y of SUB
symptoms appeared or Sex:20 F, 18 M Hx of primary Res
cumulative max dose of 10-g Sen in 83% of
Mus followed by an open arm SUB
up to 25g Mus
24/38 (83%) CH w/ Mus
14/38 (37%) excluded because of
SEV of symptoms or did not
agree to enter the food CH
b. Nonrandomized
Morisset Doses 10, 30, 100, 300, and 900 30 SUB Hx of Rxn to U, AE, AD, BA,
et al. every 20 minutes with a Ch: 28/30 ingestion of Mus abdominal pain,
[34], cumulative dose of 1340 mg A:2/30 Screened for Mus diarrhea
France Mus seasoning amount selected Age:3-20y allergy by SPT
based on routine consumption Sex: 11 F, 19 M and IgE
24 SUB DBPCFC
6 SUB SBPCFC
2. SBPCFC
a. Nonrandomized
Rancé et SUB selected for by positive Mus 36 Ch 15/30 Ch w/ Of the 54 initial
al. [35, SPT Age: 10 previous Hx of clinical features:
36], Compared SUB to 22 controls months to food allergy AD 52%
France without Hx of food allergy 15y Family Hx of atopy U/AE 37%
Increasing doses: 1, 5, 10, 20, 50, Average: 5.5y 81% BA 9%
100, 250, and 500 mg of Mus Sex:22 M, 14 F 8/15 SUB (53.3%) Laryngeal edema

exhibited Rxn to
Mus under the
age of 3 years

+ OAS
+C2%

*Symptoms and signs: A, anaphylaxis; AD, atopic dermatitis; AE, angioedema; BA, bronchial asthma; C, conjunctivitis;
EIA, exercise-induced anaphylaxis; GI, gastrointestinal; OAS, oral allergy syndrome; SK, skin; U, urticaria.

"Severity of reaction: refer to Methods [8].

‘Diagnostic tests: IgE, serum immunoglobulin E; SPT, skin prick test.

“To avoid reactions due to sulfite intolerance.

CH, challenge; Ch, children; DBPCFC, double-blind, placebo-controlled food challenge; F, female; Hx, history; M, male;
max, maximum; mod, moderate; Mus, mustard; Res, respiratory; Rxn, reaction; Sen, sensitization; SEV, severity; sev, severe;
SBPCEFC, single-blind, placebo-controlled food challenge; SUB, subjects; w/, with; y, years old.
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Symptoms and Signs® Diagnostic Eliciting
SEV of Rxn" after CH Tests® Eliciting Dose Allergen Prevalence Comments
Positive Rxn 14/24 SPT to a panel ~ Mean cumulative Mus sauce 58% of SUB  Cross-Rxn w/
(58%) of dose (until Rxn Metabisulfite positive for mugwort
Type of Rxn: aeroallergens appeared or max free? Mus allergy pollen: 97%
OAS 10/14 (71%) and food dose reached): SUB
SEV: mild extracts 891.4 + 855.2mg of Other food Sen
AE + BA 1/14 (7%)  IgE to mugwort Mus sauce 42% SUB
SEV: mod pollen, Mus, equivalent to Sen to
A 1/14 (7%) in a SUB cabbage, 124.8 £ 119.7mg of Brassicaceae
without previous Hx broccoli, and Mus 100% SUB
of A SO on Eliciting dose in most Assoc. EIA 2%
SEV: sev severe cases: SUB
156.8mg of Mus
sauce
Lowest dose eliciting
an Rxn was 44.8mg
of Mus sauce
Positive Rxn 7/30 SPT to Mus Lowest dose-inducing ~ Mus 23% SUB SEV of certain
(23%) seed, Mus symptoms: seasoning positive for Rxns argues for
Type of Rxn: flour, and 1 Ch 40mg Mus (B. juncea Mus allergy an informative
SK, for example, metabisulfite- (0.8mg of protein) seed) labeling; Mus
pruritus, erythema free Mus Subject Sen by Mus containing often masked
517 (72%) Mus-specific pollen and rape 34% Mus allergen in
SEV: mild IeE pollen seed and many
GI/Res, for example, Another Ch 440mg 6% Mus manufactured
abdominal pain, Mus protein sauces
diarrhea, sneezing, Metabisulfite
wheezing 4/7 (57%) free!
SEV: mod
Mus allergy confirmed  SPT 1-936 mg of Mus Mus powder  42% SUB 67% of SUB were
in 15/36 (42%) IgE powder positive for also allergic to

Most common Rxn:

Mean cumulative

Mus allergy

other foods—

U 14/15 (93%) dose: 153 mg of Symptoms peanuts, eggs,
SEV: mild Mus powder started <3 and milk
years of Possible Sen in
age in 53% utero or
of the SUB lactation
Mus in baby food
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cross-reactions between mustard and taxonomically related foods. Exercise-
induced anaphylaxis (EIA) was also associated with 2% of the cases.

In the Morisset et al. [34] trial, 7 out of the 30 challenged subjects (23%)
were considered to show a positive reaction specific to mustard. Symptoms of
positive reactions included eczema, urticaria, rhinitis, conjunctivitis, abdominal
pain, diarrhea, pruritus, sneezing, erythema, and wheezing with a predomi-
nance of skin manifestations, followed in frequency by respiratory/gastrointes-
tinal symptoms. Skin manifestations alone are considered mild reactions,
whereas gastrointestinal symptoms and respiratory symptoms are considered
moderately severe [8]. There were no reports of anaphylaxis or symptoms
indicative of hypoxia or hypotension, which are considered severe reactions.
Although the cumulative dose aimed during the test was 1340 mg of mustard
seasoning, eliciting doses were noted at 440 and 40 mg of mustard seasoning.
The dose of 40mg of mustard seasoning resulted in the subject experiencing
rhinitis and urticaria. This dose of mustard seasoning (40mg) was calculated
to be equivalent to 13.5mg of mustard seeds (B. juncea), which is roughly
equivalent to 0.8 mg of mustard proteins (B. juncea mustard seeds contain 6%
mustard protein). This subject was described as being sensitized to mustard
pollen and to rape pollen. It was reported that the subject lives in an area of
a mustard seasoning factory, which emits an unpleasant smell. In this case, skin
reactivity was observed with the two species of mustard (B. nigra and B.
juncea), indicating cross-sensitization.

Another difference between these two DBPCFC studies worth noting is
that Morisset et al. [34] found that a positive skin prick test (SPT) and the
presence of specific IgE as determined by the radioallergosorbent test (RAST)
were not predictive of a positive outcome. In contrast, Figueroa et al. [31]
demonstrated a significant relationship between SPT mean wheal diameter
(performed with a commercial mustard extract) and challenge outcome, with
a cutoff value of 8mm, a specificity of 90%, and a sensitivity of 50%.

The SBPCFC study by Rancé et al. [35, 36] investigated 36 children (22
males and 14 females) aged 10 months to 15 years (average age was 5.5 years)
who had positive mustard SPT and compared these subjects to 22 control
subjects without a history of food allergies. Specifications for the mustard
seeds used for the SPT were provided (mustard seed powder, including S.
alba and B. juncea, 1:10w/v, protein concentration 5mg/mL); however, it was
not clear whether the same source of mustard was used for the oral
challenge.

Of the 36 challenged subjects, 15 had positive reactions (42%) and 21 were
considered not allergic to mustard. Of the subjects with positive reactions to
mustard, eight (53%) of the subjects had initially exhibited reactions to mustard
under the age of 3 years. Based on this latter observation, the authors suggest
that there may be sensitization to mustard through lactation or in utero.

After the challenge, symptoms included urticaria (14 cases), rhinoconjunc-
tivitis (3 cases), AE (1 case), OAS (1 case), and eczema (1 case). These reac-
tions are considered mild [8]. However, the initial clinical features of the
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subjects included asthma, laryngeal edema with OAS, and rhinoconjunctivitis.
These symptoms pose a higher risk for hypoxia and are therefore considered
more severe than the predominantly dermatological manifestations observed
after the SBPCFC. The SBPCFC cumulative reactive dose varied from 1 to
936 mg of mustard powder. The mean cumulative reactive dose was 153 mg of
mustard powder. No reactions to placebo were observed. It is also worth
noting that (24/36) 67% of the subjects were also allergic to other foods,
including peanuts, eggs, and milk.

4.3.3.3. Nonpivotal Clinical Studies. Six studies that were conducted using
an open allergenicity assessment, which included mustard as one of the food-
stuffs tested, were identified in the literature. These assessments utilized labial
(LFC) or oral food challenges (OFC) and/or a combination of SPT, RAST,
and determinations of serum IgE specific to mustard in order to verify an
allergic response and quantify the frequency of reactions to certain foodstuff.
These studies are tabulated in Table 4.2.

Niinimé#ki et al. [37] conducted SPT and RAST on 50 subjects with a
reported history of reactions to spices and pollen. Mustard was included in a
battery of spices tested in a 5% (w/v) test solution. Of the subjects tested, 58 %
had positive reactions for mustard to either one or both SPT or RAST.
Furthermore, there were positive SPT results for three children, ages 1-1.5
years old, who were breast-fed for 11 months and had never orally ingested
mustard. These results suggest the possibility of the transfer of mustard aller-
gens through human milk and supports the view expressed by Rancé et al. [35,
36] that there is a possible sensitization to mustard though lactation or in utero.

Rancé et al. [38] conducted a similar study designed to assess the prevalence
of allergic reactions to various spices among children with a history of food
and pollen allergies. In this study, 83 children were evaluated with SPT and
IgE against a variety of specific spices including mustard. Of the 83 subjects,
23 (28%) had SPT and IgE positive results for mustard. Out of the 23 subjects
with SPT and IgE positive results, 11 reacted clinically to mustard; they showed
symptoms associated with OAS, urticaria, and conjunctivitis. These symptoms
are considered mild [8]. The mustard allergy was further confirmed by either
LFC or OFC in 7 of the 23 subjects.

Rancé and Dutau [39] examined over 25 food allergens among 142 children
with a history of food allergies. Subjects submitted to LFC for various food-
stuffs, and when the results of the LFC were negative, SBPCFC were con-
ducted. Twenty-three subjects (16%) had a positive response to mustard, 16
by LFC, and 7 by SBPCFC. Mustard was the third most common food allergen
in this study; egg (75%) and peanut (60%) were the most common. Rancé
and Dutau [40] also reported a similar prevalence of mustard allergy (12%)
among 45 children allergic to three or more different foods. In 2002, Rancé
and Dutau reported a mustard allergy prevalence of 7% among children
previously identified as having BA by pulmonary function [41]. However, the
high prevalence of mustard allergy among children in France, as described by
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Author, Symptoms and
Country Study Design Details SUB Clinical Hx Signs® (before CH)
Niinimaki Open study assessing 50 SUB Hx allergy to spices Gastric pain
et al. allergy to spices Age: 1-47y and birch pollen R
[37], including Mus using Average: 16.2y 64% AD 26%
Finland SPT and RAST Sex:25 M, 25 F Hx of atopy 96%
3 Ch: Res/OC
Age: 1-1.5y (never Sen
ingested Mus; breast-fed
for 11 months)
Rancé et Open study assessing 83 SUB (Ch) tested for Hx of pollen and Chronic U or
al. [38], allergy to spices allergy to spices food allergy recurrent AE/E
France including Mus using Age: 15 months to 16y
SPT and IgE Sex: 50 M, 33 F
7/23 SUB had LFC and/
or OFC conducted
with Mus
Niinimaki Open study assessing 49 SUB Hx allergy to spices Atopic dermatitis
et al. allergy to spices Age: 1-51y and birch pollen w/ Res symptoms
[16], including Mus using Average: 16.5y Hx of atopy 57%
Finland SPT, RAST: IgE at Sex: 23 M, 26 F Chronic E
2-month and 2.9-year
intervals
Rancé and Open allergy study 142 SUB (Ch) Hx of food allergy Multiple presenting
Dutau assessing over 25 Age: 7 months to 15y symptoms in 66 %
[39], allergens including Average: 4.5y Ch
France Mus using SPT, IgE Sex: 95 M, 47 F AD 61%
LFC and SBPCFC Rash 32%
(when LFC negative) AE 25%
BA 24%
A 4%
Rancé and Open allergy study 45 Ch Family Hx of atopy: ~ U 30%
Dutau assessing foodstuff Age: 3 months to 9y 78% SUB AE 26%
[40], including Mus using Average: 2.5y AD: 93% E 20%
France SPT, IgE, and open Sex:30 M, 15 F 44% SUB w/ BA 10%
LFC allergy to >3 A 2%
foods
Rancé and Open allergy study 163 Ch Family Hx atopy SK 59%
Dutau assessing foodstuff Age:2-17y 91% Res 24%
[41], including Mus Average: 7.2y Hx of >1 food GI 12%
France documented by Sex: 108 M, 54 F allergies

DBPCFC in BA
patients identified by
pulmonary function

BA for an average
of 5.5y

*Symptoms and signs: A, anaphylaxis; AD, atopic dermatitis; AE, angioedema; BA, bronchial asthma; C, conjunctivitis; E,
eczema; GE, generalized eczema; GI, gastrointestinal; OAS, oral allergy syndrome; R, rhinitis; SK, skin; U, urticaria.

"Severity of reaction: refer to Methods [8].

‘Diagnostic tests: IgE, serum immunoglobulin E; RAST, radioallergosorbent test; SPT, skin prick test.

CH, challenge; Ch, children; DBPCFC, double-blind, placebo-controlled food challenge; F, female; Hx, history; LFC, labial
food challenge; M, male; Mus, mustard; OC, occupational; OFC, oral food challenge; Res, respiratory; Rxn, reaction; Sen,
sensitization; SEV, severity; sev, severe; SBPCFC, single-blind, placebo-controlled food challenge; SUB, subjects; w/, with;

y, years old.
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Symptoms and Signs* SEV  Diagnostic Eliciting
of Rxn" after CH Tests® Eliciting Dose ~ Allergen Prevalence Comments
Positive Rxn to SPT 29/50 SPT 0.648¢g of Mus Commercial 58% SUB positive for 40/50 (80%) SUB
(58%) RAST dissolved in powdered Mus by either one or positive SPT and
RAST and SPT glycerol Mus both SPT/RAST RAST to birch
correlation good and saline pollen
Ch who never ingested to make 15/50 (30%) SUB
Mus had positive SPT 5% (WIv) positive SPT and
Rxn test RAST to
solution mugwort pollen
Positive SPT for Mus in SPT Not reported ~ Commercial 39/83 SUB (46%) Pollen allergy
23/83 SUB (28%) IgE extract positive (SPT and existed in 56% of
6 SUB positive for Mus IgE) allergy to spices Ch allergic to
LFC and 1 SUB 23/39 SUB (59%) spices
positive in OFC positive allergy to Mus
Symptoms specific to Mus: 7/23 SUB (30%)
OAS/U/C 11/23 (48%) confirmed by LFC or
SEV: mild OFC
Positive Rxn to SPT 4mg of Native Mus  31/49 (63%) SUB Concomitant Rxn to
Mus-specific IgE RAST: powdered (Sinapis positive SPT native spices seen
22/31 (71%) SUB w/ total spice and alba and  22/31 (71%) SUB in 19/29 SUB who
positive SPT IgE S0uL of Brassica positive for Mus were tested with
Mus- saline on nigra) allergy all spices
specific the skin 22/49 (45%) SUB 38/46 (83%)
IgE positive for Mus positive to birch
allergy pollen
Positive for Mus allergy SPT 1mg to 5gfor Extracted 23/202 SUB (11%) Mus third most
23/142 (16%),16/23 in  IgE all allergens from positive for Mus common food
LFC, 7/23 in SBPCFC tested local food allergy allergy in study
Multiple symptoms per Further
Ch (not specific to Mus) details not
U 74% provided
BA 22%
GE 4%
A 2%
SEV:sev
Positive allergy to Mus SPT Mean dose by Details not  Positive allergy to Mus ~ None
12% SUB IgE OFC provided 12% SUB
900mg
(1mg to
10g)

Asthma induced by food =~ SPT Details not Various Positive allergy to Mus ~ Prevalence of
allergens potentially sev IgE provided food 7% SUB asthma induced
A 6% extracts by food allergen:

10%
91
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Rancé et al., appears to be more frequent in the southwest region rather than
in the other regions of France [42]. Niinim&ki et al. [16] reported a slightly
higher prevalence of positive responses: 22 of 49 (44%) of subjects, with an
average age of 16.5 years, and who had a history of allergies to spices and
birch pollen, had elevated IgE specific to mustard.

4.3.3.4. Other Relevant Studies. With regard to the literature, three nonex-
perimental descriptive studies were identified as being relevant to the assess-
ment of the allergenicity of mustard. These studies are tabulated in Table 4.3.

A retrospective analysis conducted by André et al. [43] examined which
foods were most frequently associated with anaphylactic reaction over a 9-year
period. Mustard was associated with 3% of such reactions. The authors noted
an increasing trend in the frequency of sensitization to mustard over time. This
observation is in agreement with the opinion expressed in an article by Rancé
et al. [38, 44].

In a prospective study, 544 children with a history of food allergies (con-
firmed by a food challenge) were investigated [45-47]. Of the 544 children, 49
(9%) tested positive for an allergy to mustard via SPT and/or specific IgE.
Mustard was the fourth most common allergen identified with this study. In
addition, one child within the group reacting positively to mustard was reported
as having an anaphylactic reaction. However, the anaphylaxis-eliciting dose
was not specified in the report. The cumulative dose used for all allergens
tested was from 0.1 to 10g of lyophilized food.

A cohort study conducted by Caballero et al. [33] in 29 subjects, who tested
positive for an allergy to mustard by an SPT and mustard-specific IgE, reported
anaphylactic reaction in 14 of 29 subjects (48 %) with an overall systemic reac-
tions in 19 of 29 subjects (65% ). Symptoms ranged from loss of consciousness,
dyspnea, AE, generalized urticaria, gastrointestinal symptoms, OAS, conjunc-
tivitis, and rhinitis. The most frequent symptoms were AE (55%) and urticaria
(34%) [33]. These symptoms are, for the most part, graded as mild [8]. However,
they can be severe in cases of generalized urticaria and rapidly evolving AE,
involving the face and neck (including the glottis). Symptoms such as these
can present a high risk of airway obstruction and hypoxia.

4.3.3.5. Case Reports. A total of 15 case reports of allergic responses to
mustard were identified in the literature. Two case reports documented cases
in Canada, and the remaining 13 reports documented international cases
including Spain (five reports), Italy (two reports), Sweden (two reports),
France (two reports), Germany (one report), and Turkey (one report). These
case reports are tabulated in Table 4.4 (Canadian reports and international
reports). The reports provide descriptions of the severity of reactions to
mustard as well as identifying the sources of mustard exposure.

4.3.3.5.1. Canadian Reports. Yip and Zimmerman [48] reported five cases of
a mustard allergy in children (four boys and one girl). Of the five children,
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98 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

three were 3 years of age or less and the other two were 5-7 years old. All of
the children had a reported history of multiple food allergies, and three of the
five children were atopic.

Reactions to mustard included AE, airway obstruction, urticaria, wheezing,
vomiting immediately after exposure, and swelling of the lips. Two cases had
at least one episode of airway obstruction or anaphylaxis requiring emergency
hospital attention. These symptoms are considered moderate to severe [8]. In
at least one case, the allergen was hidden within the glazing of a prepared ham.
The sensitivity to mustard was supported by positive SPT in all cases. However,
based on the clinical history of the subjects, none of the cases were orally
challenged with mustard due to the high risk of a severe reaction.

The other Canadian report concerned a single case. A 50-year-old woman
had a history of anaphylactic-type reactions after exposure to mustard. This
clinical history was supported by a positive SPT for mustard. Further details
about this case were not available [49].

These two Canadian reports provide the only North American data with
regard to allergic reactions to mustard. Neither report included testing of IgE
specific to mustard or oral challenge.

4.3.3.5.2. International Reports. For most international cases, the information
provided was limited because none of the case reports included oral challenges
(Table 4.4). However, the case reports provided valuable information regard-
ing the severity of reactions, which were induced by the ingestion of small
amounts of mustard. Reactions ranged from acute anaphylaxis to generalized
skin manifestation, with the majority of cases reporting severe to moderate
acute reaction to mustard. Of the 13 international case reports, describing 22
individual cases of allergic reactions to mustard, 15 individuals had anaphy-
lactic-type reactions that required emergency medical intervention. Reactions
occurred after ingestion of small amounts of mustard: some as a result of
apparent cross-contamination in fast food, and, in one case, a reaction was
apparently elicited by the smell of mustard [50]. All cases tested positive for
mustard allergy via SPT and/or IgE. This suggested that the dose may only
need to be minute to elicit a severe reaction to mustard in food.

4.3.4. Discussion

An overall assessment of the available literature suggests that a strong scien-
tifically based database exists to assess the potential allergenicity of mustard
in food. However, the following limitations of the systematic literature review
were taken into consideration when determining the scientific validity of
including mustard on the Canadian list of priority food allergens.

There were a small number of DBPCFC and OFC studies identified in the
literature (Table 4.1). There are likely several reasons for this. (1) There is an
agreement among researchers in the field that the difficulty of masking the
strong taste of mustard limits the attempts to perform DBPCFC studies. (2)
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Many subjects in mustard allergy studies have previous clinical history indicat-
ing a high risk of severe systemic reactions and therefore the use of oral chal-
lenges to confirm that mustard elicited the allergic reaction was considered an
unethical health risk. (3) A large number of publications identified in the initial
database search were excluded from our assessment because the studies
addressed dermal, respiratory, and/or occupational exposures. These data were
not considered to be directly pertinent to the issue of food allergenicity;
however, it is recognized that this information is important for those in the
clinical field to assess the possibility of occupational or environmental disor-
ders, particularly in areas where mustard is cultivated and/or processed. It is
also important to note that these other routes of exposure can be the source
sensitization to mustard proteins; the sensitized individuals may thereafter
react to oral exposure. Hence, when collecting clinical information on mustard
allergy, all potential routes of sensitization need to be explored.

Looking at the publications that addressed oral exposure to mustard, there
were wide inconsistencies in the reporting of the data, including the amount
and level of detail of information provided, and the description and interpreta-
tion of clinical symptoms. Data relevant to the assessment of mustard as food
allergen were often contained within publications with more general study
objectives of food allergies, for example, allergy to spices, and not specific to
mustard allergy. This fact made the identification of relevant information more
challenging and may have led to the exclusion of available information on
mustard. Because some investigators have several publications of the same
subject in more than one language, data were sometimes included in more
than one publication and/or the same data were published in different lan-
guages. Hence, when feasible, duplications of data were identified and elimi-
nated before assessment and tabulation.

The overall analysis of the available scientific information fulfills the
Canadian criteria for the introduction of mustard in the list of priority
allergens in Canada:

The first criterion of the Canadian adopted JECFA recommendations stipu-
lates the existence of a credible cause—effect relationship, based on positive
DBPCEFC studies or unequivocal reports of reactions with typical features of
severe allergic or intolerance reactions. The existing database includes two
eligible DBPCFC studies: one with a randomized study design conducted with
adult subjects [31] and one with a nonrandomized study design conducted with
children [34]. A positive nonrandomized SBPCFC conducted with children
[35, 36] was also considered pivotal in the evaluation of the mustard cause—
effect relationship because the category of evidence from these studies is
considered strong as per the strength-of-evidence criteria established by the
ACAAI [6]. In addition to these studies, supporting studies were categorized
by the strength of the evidence provided by the study designs and evaluated
accordingly (Tables 4.1-4.4).

There is evidence within the database to support the conclusion that the
amount of mustard required to elicit a reaction may be very small; however,
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there is insufficient information to estimate a dose threshold [51]. The mean
cumulative dose-response in a pivotal study with mostly adults was
124.8 £ 119.7mg of mustard seed (S. alba) contained in yellow mustard sauce
[31], calculated as equivalent of ~32.2mg of protein. Yellow mustard seeds
contain ~20-30mg of protein [13]. The lowest dose-response reported in the
same study was 44.8 mg of mustard seed, calculated as equivalent to ~11.2mg
of protein. In children, the lowest dose-response reported by Morisset et al.
[34] was 40 mg of mustard seasoning (B. juncea seed), calculated as equivalent
to 13.5mg of mustard seed and 0.8 mg of protein. The mustard seasoning used
in the study was considered to contain 6% of protein. Furthermore, most of
the case reports describe that the food eliciting the reaction was mustard
sauce or mustard hidden in other sauces such as chicken dip, salad dressing,
and fast food, or due to cross-contamination. Only one case report [52] esti-
mated the concentration of mustard in the dip responsible for causing the
reaction as 0.15mg/100mg. Other case reports only indicated that the amount
of mustard associated with the allergic response was small or present in trace
amounts, which included reports of cross-contamination of fast food, for
example, of mustard hidden in the glaze of a ham, and, in one case, the smell
of mustard [50].

The prevalence of positive mustard allergies among the challenged subjects
in the pivotal clinical studies were as follows: Morisset et al. [34] reported a
confirmation that 23% of the children who had a previous reported history
of mustard reactions exhibited mustard-specific IgE reactions after an oral
challenge with mustard seasoning. This rate is lower than the results of Rancé
et al. [35, 36] who reported that 42% of previously sensitized children had an
IgE-confirmed reaction to an oral challenge with mustard seed extract and
the 58% reported by Figueroa et al. [31] in atopic adults challenged with
mustard sauce.

In the assembled evidence base, the vast majority of the study populations
were atopic or have a family history of atopy. In the Figueroa et al. [31] trial,
92% of the subjects had a history of atopy, and in the Rancé et al. [35, 36] trial,
81% of the children had a family history of atopy. The term atopy describes
the genetic predisposition to become IgE sensitized to allergens commonly
occurring in the environment and to which everyone is exposed but the major-
ity do not produce a prolonged IgE antibody response. Thus, atopy is a clinical
definition of an IgE antibody high responder [53, 54]. The use of atopic study
populations in clinical trials is not considered a misrepresentation of the risk
of the allergenic potential of mustard because this sensitive segment of the
general population represents the majority of those individuals who are sus-
ceptible to food allergies. The capacity of mustard to elicit an IgE-mediated
response is valid whether the individual is atopic or not.

Subjects with a clinical history of anaphylaxis were excluded from partici-
pating in the OFCs. In the Figueroa et al. [31] trial, 11% of the subjects were
excluded based on their clinical history of severe systemic reactions.
Nonetheless, anaphylaxis was reported in the challenge studies. One out of 14
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subjects without a history of anaphylaxis had an anaphylactic reaction after
being challenged with mustard sauce [31]. Anaphylaxis in association with
exercise (EIA) was also noted. Other clinical presentations included OAS,
urticaria, and AE, which are considered mild reactions [8]. However, when
these reactions are complicated by laryngeal edema, BA, or respiratory
symptoms, particularly in individuals with a previous history of asthma, these
reactions are considered moderate to severe.

The second criterion of the Canadian adopted JECFA recommendations
calls for reports of severe systemic reactions following the exposure to the
foodstuff. In the DBPCFC studies, the observed frequency of severe reactions
and anaphylaxis was higher in adults than in children [31, 34]. Anaphylactic
reactions are reported in 2% of children [39,45-47] and in up to 48% of adults
with a confirmed mustard allergy [33]. In a Canadian case report, two of the
five children described had severe reactions to the ingestion of mustard, which
required emergency medical intervention. These cases were not confirmed by
an oral challenge with mustard due to the high risk of another severe reaction.
Of the 13 international case reports describing 22 individual cases of allergic
reactions to mustard, 15 individuals had anaphylactic-type reactions that
required emergency medical intervention. Other severe reactions described in
case reports included laryngeal edema, generalized urticaria, and BA.

The third and last criterion of the Canadian adopted JECFA recommenda-
tions requires the assessment of all available Canadian prevalence data in
children and adults, supported by appropriate clinical studies or alternatively
available data from other countries. Data on the prevalence of mustard allergy
are not available for Canada or for many other regions of the world. However,
mustard allergy has been reported as the third/fourth most common food
allergy among children in some regions of France [39-41, 45-47] and is prob-
ably the most common allergy to spices [16, 37, 38]. Furthermore, mustard is
affirmed on the most recent list of 14 allergens to be declared on labels (updated
in 2007) by the European Commission [55]. As well, mustard is recognized as
an allergen by the International Union of Immunological Societies [56].

Other notable information from the evidence base includes the reported
occurrence of mustard allergy symptoms beginning in subjects under the age
of 3 years. In one trial, this age group represented up to 53% of the subjects
[35,36], and in another study [37], positive SPT results were reported for three
children, ages 1-1.5 years old, who were breast-fed for 11 months and had
never orally ingested mustard. Several hypotheses are discussed in the litera-
ture as to a possible explanation for the early onset of mustard allergies.
Suggestions include sensitization in utero, during lactation, or the presence of
mustard in baby foods. This issue will require further investigation.

Furthermore, there is also supporting evidence of cross-sensitization
between mustard, pollen, and other aeroallergens. Figueroa et al. [31] reported
83% of adult cases of mustard allergy had primary respiratory sensitization
(mustard dust exposure or cross-reactivity to aeroallergens). It is apparent that
sensitization and reactions to mustard can be elicited via cross-sensitization
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with other aeroallergens or through contact or inhalation of mustard dust in
areas where mustard is cultivated. This is important for Canadian consumers
because Canada is a major producer of mustard seeds.

In addition to the Canadian adopted JECFA recommendations [1] for the
introduction of food to the Codex priority list of food allergens by individual
countries, the proposed amendments to the Canadian Food and Drug
Regulations proposed in July 2008 define food allergens with an emphasis on
the protein portion of the food being responsible for eliciting allergic reactions.
The major allergenic proteins in mustard have been identified and character-
ized. Sin a 1 is the seed storage protein in yellow mustard associated with
allergic reactions. It is resistant to degradation by heat and digestive enzymes
and interacts with membrane lipids [23, 25, 27]. These characteristics suggest
that the allergenic proteins in mustard can remain intact throughout food
processing and digestion, which would elicit an allergic reaction in a suscep-
tible individual. Furthermore, the seed storage proteins found in mustard have
also been isolated from Brazil nuts, walnuts, and sesame seeds, which are foods
currently defined as priority food allergens in Canada [18, 20, 21]. Similar
structural features of Sin a 1 with proteins characterized in other types of
mustard indicate that individuals who are sensitive to one species of mustard
are likely to show sensitivity to other species.

Prepared mustard is commonly used as a condiment. Mustard seeds and
powder are becoming increasingly used in cooking. They are also used in
processed and prepackaged foods as a seasoning or flavoring agent, emulsifier,
and water-binding agent for texture control [13]. In Canada, the current
Canadian Food and Drug Regulations exempt components of certain ingredi-
ents, preparations, and mixtures from declaration in the list of ingredients on
food packages. Mustard falls under this exception; hence prepacked foods for
sale in Canada can contain undeclared sources of mustard.

Since food-allergic consumers must rely on information provided on food
labels in order to avoid foods that contain the ingredients to which they are
likely to react, Health Canada has proposed regulatory amendments to iden-
tify potentially hidden sources of food allergens. Once the proposed regulatory
amendments are adopted, mustard is to be added to the list of priority aller-
gens, and Health Canada would require the declaration of mustard on the
label of prepackaged food products, either in the list of ingredients or in a
statement beginning with the words “Contains:” when mustard protein is
present in the prepackaged food product.

4.3.5. Conclusions on the Evidence for the Inclusion of Mustard as
a Priority Food Allergen in Canada

An assessment of the assembled evidence base on mustard allergenicity pro-
vides international data supporting a credible cause—effect relationship; reports
of severe systemic reactions including anaphylaxis following exposure to very
small amounts of mustard within foodstuff; evidence that mustard allergy is
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common in some regions of Europe and has been affirmed on the European
Commission’s list of priority allergens; Canadian case reports supporting the
occurrence of mustard food allergies in children and adults in Canada; evi-
dence that all three types of mustard seed are available in Canada and mustard
is used in cooking and in processed and prepacked foods; results of character-
ization studies indicating that the allergenic proteins in mustard are resistant
to degradation by heat, thus likely to withstand food processing; they are also
resistant to degradation by digestive enzymes; information that mustard is
used in food processes that can result in “hidden” sources of food allergen;
and evidence that individuals known to be sensitive to allergenic proteins from
one type of mustard are likely sensitive to other types. Additional factors that
make mustard allergy relevant to the Canadian scenario include the potential
cross-reactivity between mustard and rapeseed and the facts that Canada is a
major producer of both these crops and sensitization to mustard can be
acquired through dermal and respiratory exposure.

This scientific evidence provides a sufficient strength of evidence to fulfill
the Canadian criteria required to add mustard to the Canadian list of priority
allergens.

4.3.6. Recommendations

Based on the conclusions of this assessment, it has been recommended that
mustard be added to the Canadian list of priority food allergens and that the
proposed amendments to the Food and Drug Regulations relating to the label-
ing of food allergens apply accordingly.

4.4. GARLIC AND ONIONS: INSUFFICIENT EVIDENCE
TO BE INCLUDED ON THE LIST OF PRIORITY FOOD
ALLERGENS IN CANADA

4.4.1. Background

In response to public inquiries, the scientific validity of including garlic and/or
onion on the Canadian list of food allergens was assessed following the
Canadian criteria described above. Using information obtained from a system-
atic review of available literature regarding the potential allergenicity of garlic
and/or onion, an assessment was conducted following the guidelines estab-
lished to identify a new priority allergen.

4.4.2. Methods

4.4.2.1. Systematic Data Collection on Onion and Garlic as Potential Food
Allergens. An electronic database search of publications in English, French,
or Spanish was conducted utilizing the same databases as for the mustard
assessment. The following specific search strategies relevant to onion and garlic
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as potential food allergen were used: Allium; garlic* or onion* or chive* or
shallot* or leek* or allium or alliaceae or allisa* or allibessen or alloton or kwai
or kyolic or salicap* or sanhelios or sapec or xund or carisano or alliin* or
allicin; exp Hypersensitivity; exp Urticaria; allerg® or hypersensi* or intoleran*
or anaphyla* or urticaria* or hive*; sensiti* or toleran*; food challenge or re-
challenge; exp Bulbous Vegetable; Garlic Extract; Garlic Oil; Onion Extract.
No date limitations were set except those of the database searched.

4.4.2.2. Organization and Tabulation of Onion and Garlic Data. Studies
fulfilling the selection criteria were reviewed and assessed based on the
strength of evidence. Publications which could not be categorized by these
criteria are referenced under Section 4.4.3.1, Characterization of garlic and
onion. Evidence from publications that fulfilled the strength-of-evidence
parameters are tabulated under the following categories:

4432 Clinical studies (Table 4.5)—evidence from quasi-experimental
studies

4.43.3 Other relevant studies (Table 4.6)—evidence from nonexperimen-
tal descriptive studies (comparative/correlation)

4434 Case reports (Table 4.7)—evidence from nonexperimental
descriptive studies

4.4.3. Results

A total of 411 publications were identified through the database search using
the terms denoted above. However, based on the inclusion and exclusion cri-
teria, only 20 fulfilled the strength-of-evidence categorization and tabulation
criteria as previously described (Tables 4.5-4.7). Additional 16 publications
provided information with regard to the characterization of garlic and onion
and were considered relevant to the evaluation. Thus, a total of 36 publications
from the scientific literature were considered relevant to the assessment of
garlic and/or onion as food allergens.

4.4.3.1. Characterization of Garlic and Onion. Garlic and onion are herba-
ceous perennial flowering plants belonging to the family Alliaceae (formerly
classified under the lily family [Liliaceae]). Within the Alliaceae family the
genus Allium includes vegetables with bulbs or corms [57]. A bulb is an under-
ground bud with thick, fleshy scales, and a corm is a short, solid, vertical
underground stem with papery thin leaves [58]. Garlic (Allium sativum L.),
onions (Allium cepa), shallots (Allium oschaninii),leeks (Allium porrum), and
chives (Allium schoenoprasum) are classified under this genus [57].

Both garlic and onions have been used as food or medicine for thousands
of years [59]. They are rich in volatile sulfur-containing compounds that are
responsible for their pungent flavor and odor as well as for many of their
health-promoting effects. Due to the pungent flavor of these vegetables, they
are typically used as a seasoning or condiment in food preparations. In addi-
tion to the use of fresh garlic and onion in cooking, many commercial prepara-
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tions are available for both garlic and onion, including, but not limited to,
pickled, dehydrated, powdered, oil, or oil macerates.

Garlic is one of the most investigated medicinal plants. Between 1960 and
2007, more than 3000 research papers were published on the chemistry and
biological effects of garlic and garlic preparations. These studies mainly focus
on the cardiovascular, antimicrobial, and anticancer effects of garlic [60].
Similar claims have been made for onions; however, there is less detailed
information available in the literature.

The amount of chemical constituents in garlic varies substantially based on
where and how it is grown, as well as how the end product is prepared and
stored [61]. Intact garlic cloves contain only a few active compounds, the main
chemical constituent being the amino acid alliin, an alkyl derivative of cysteine
alkyl sulfoxide. The content of alliin may vary from 0.2% to 2% fresh weight
of garlic. Crushing, chewing, or cutting (or exposing dehydrated, pulverized
garlic to water) of garlic cloves release the enzyme alliinase that rapidly lyses
the cytosolic cysteine sulfoxide to form sulfenic acid, which immediately con-
denses to form diallylthiosulfinate (allicin). The formation of allicin occurs
within 0.2-0.5 minutes at room temperature. Allicin represents 70-80% of the
total thiosulfinates and is the least stable of the thiosulfinates formed. The
thiosulfinates released from crushed garlic are reactive molecules and undergo
a number of transformations, depending on the temperature, pH, and solvent
conditions [60].

Similar to garlic, the enzyme alliinase is released when the cells in onion
are broken through crushing, chewing, or cutting. The enzyme rapidly breaks
down amino acid sulfoxides and generates sulfenic acids and subsequently
allicin. As described for garlic, allicin can generate numerous transformation
products depending on the environmental conditions to which it is exposed
and the unstable sulfenic acids can further spontaneously rearrange into a
volatile gas called syn-propanethial-S-oxide, which is an eye irritant [62].

The majority of identified research publications on onion and garlic
adverse effects focused on characterizing the irritant and contact sensitization
properties rather than investigating possible oral allergenic affects of garlic
and/or onion. Low-molecular-weight proteins, which are usually responsible
for allergic contact dermatitis reactions, have been detected in garlic extracts
via patch tests and dermal sensitization experiments in guinea pigs and iden-
tified as diallyl disulfide, allylpropyl disulfide, and allicin [63, 64]. However, an
irritant type of reaction could not be excluded for allicin in these studies.
Eliciting agents of systemic allergic reactions are typically proteins of a higher
molecular weight [63]. Most known food allergens have a molecular weight
between 10 and 70kDa [65].

Immunoblotting analyses conducted with serum from individuals in case
reports have identified IgE-binding protein bands with molecular masses of
approximately 12 and 40-50kDa in both garlic and onion. Using the serum of
a woman who experienced EIA after the consumption of young unripe garlic,
a 12-kDa band was identified on an IgE immunoblot for extracts of young
garlic, garlic, onion, leek, hazelnut, and mugwort pollen [66]. Enrique et al. [67]
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also reported a single 12-kDa band using onion extract and the serum of a
woman who developed urticaria after consuming raw onion. Asero et al. [68]
found bands with molecular masses of 10, 20, and 40kDa using garlic extract
and the serum of a woman who had urticaria after the ingestion and contact
with raw and cooked garlic and also reported that the serum of a man who
experienced urticaria/AE after consuming raw onion had IgE reactivity to
15- and 43-kDa bands in an onion extract [69]. Further characterization of
these proteins has not been described in the literature [58, 70].

In contrast, Kao et al. [71] studied the antigenicity, allergenicity, and IgE-
binding cross-reactivity of a 56-kDa protein purified from the sera of 15 sub-
jects with reported garlic allergies. The isolated protein was identified as alliin
lyase. Skin tests confirmed that alliin lyase elicited IgE-mediated hypersensi-
tive responses in subjects with garlic allergies. IgE cross-reactivity and IgE-
inhibition analyses demonstrated that garlic alliin lyase showed high
cross-reactivity with alliin lyase from other Allium species such as leek, shallot,
and onion. Furthermore, carbohydrate epitopes were found to contribute to
the binding of IgG and IgE to alliin lyase [71]. The analysis of the homology
between the alliin lyase of garlic and onion by Nock and Mazelis [72] indicated
that the enzymes have very little homology in structure; similar sized subunits
and the carbohydrate moieties are quite different in each case. These results
may explain why reports of cross-reactivity among different Alliaceae vegeta-
bles vary greatly within the literature. It is also suggested in the literature that
the varying reports of cross-reactivity may be due to the level of cross-
reactivity varying among individuals [73, 74]. However, the effect of the
carbohydrate moieties in garlic and onion on allergenicity and cross-reactivity
requires further investigation because carbohydrate epitopes can bind human
IgE from allergic subjects and have a role in cross-reactivity between allergens
from unrelated sources [75, 76].

None of the studies that identified IgE-reactive proteins in garlic and/or
onion conducted enzymatic or heat stability tests on the proteins. However,
available evidence from case studies indicates that the allergenic proteins are
susceptible to digestive enzymes and heat. Two subjects who had positive SPT
and serum IgE results for onion did not experience allergic reactions after
consuming onion powder [77], and several cases reported a history of allergic
reactions after consuming raw garlic and onion but a tolerance to cooked
garlic and onion.

4.4.3.2. Clinical Studies. Pivotal clinical studies that include evidence from
meta-analysis of randomized controlled trials, individual randomized con-
trolled trials, or nonrandomized controlled trials were not available for the
allergenicity assessment of either garlic or onion. However, six studies were
identified in the literature that were conducted using an open allergenicity
assessment that included garlic (two studies), onion (one study), or both garlic
and onion (three studies) as part of the foodstuffs tested. These assessments
utilized LFC or OFC and/or a combination of SPT, RAST, and determinations
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of serum IgE specific to garlic and/or onion, in order to verify an allergic
response and quantify the prevalence of reactions to certain foodstuff. These
studies are presented in Table 4.5.

Rancé and Dutau [39] examined over 25 food allergens among 142 children
with a history of food allergies. Subjects were submitted to LFC for various
foodstuffs, and when the results of the LFC were negative, SBPCFC was con-
ducted. One subject (1%) had a positive LFC response to garlic. Egg (75%),
peanut (60%), and mustard (16%) were the most common food allergens in
this study. In 2002, Rancé and Dutau also reported a garlic allergy prevalence
of 1% among 163 children previously identified as having BA by pulmonary
function [41].

Valdivieso et al. [77] performed SPT for onion allergies among 106 subjects
randomly selected from an allergy clinic. Of the 106 subjects, eight (8%) had
positive SPT results for onion and four of those eight subjects experienced
clinical symptoms such as rhinoconjunctivitis, dyspnea, eczema, and BA. These
four subjects participated in bronchial, nasal, and/or oral provocation tests. All
subjects showed positive reactions to heated and nonheated onion extracts.
Two subjects experienced intense rhinoconjunctivitis and one subject had chest
tightness and wheezing and dyspnea after exposure to the smell of onions.
Only two subjects participated in the double-blind oral provocation with 2 g
of onion powder; however, neither experienced allergic responses. In the
author’s opinion, these results suggest that onion is a respiratory allergen.

An open study examining the frequency of reported food-induced symp-
toms, food allergy, or food intolerance in 169 subjects monosensitized to grass
pollen, reported that the number of subjects with food intolerances was higher
than that of subjects with food allergies [78]. A positive food allergy was defined
by evidence of IgE sensitization to food and the demonstration of OAS, gastro-
intestinal symptoms, and urticaria—AE within 2 hours of the ingestion of small
quantities of food. Out of the 169 subjects, 19 (11%) were considered to have
food allergies and 46 (27 % ) were considered to have food intolerances. Positive
serum-specific IgE results for garlic and onion were reported in 58% (7/12) and
33% (3/9) of subjects tested, respectively. Oral challenge confirmed that one
subject had a garlic allergy and one subject had an onion allergy (1/169;0.6%).
Garlic intolerance was exhibited in six subjects (4% ) and onion intolerance in
four subjects (2%). Subjects who were challenged with garlic and/or onion
mainly experienced urticaria and gastrointestinal symptoms. No respiratory
symptoms were observed among the subjects [78]. These allergic reactions are
considered mild to moderate in severity [8].

A retrospective study was conducted using 26 food allergens and 14 subjects
who had a history of food-dependent EIA [79, 80]. Of the 14 subjects, 10 (71%)
were positive for onion and 9 (64%) for garlic via SPT and/or RAST IgE. One
subject participated in a food-exercise challenge after consuming garlic.
However, no reaction was observed. Onion was not tested in a food—exercise
challenge. Authors noted the clinical history data for the subjects was not as
helpful in the interpretation of positive SPT/RAST results for garlic, onion,
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TABLE 4.5 Clinical Studies (Grouped by Relevance to Garlic, Onion, and Both Garlic
and Onion and Organized Chronologically by Publication Date within Groups)

Author,
Country

Study Design Details

SUB Clinical Hx

Symptoms and
Signs* (before CH)

Garlic

Rancé and
Dutau
[39],
France

Rancé and
Dutau
[41],
France

Valdivieso
et al. [77],
Spain

Open study assessing over 25
allergens including garlic
using SPT, prick + prick test
IgE LFC and SBPCFC
(when LFC negative)

Open allergy study assessing
foodstuff including garlic
documented by DBPCFC in
BA SUB identified by
pulmonary function

SPT for onion performed on
106 SUB randomly chosen
from allergy clinic; positive
responders participated in
one or more of the following:
bronchial or nasal
provocation, double-blind
oral provocation, IgE
(RAST)

142 SUB (Ch) Hx of food
Age: Tm-15y allergy
Average: 4.6y

Sex:95 M, 47 F

163 SUB (Ch) Family Hx atopy

Age:2-17y 91%

Average: 7.2y Hx of 21 food

Sex: 109 M, 54 F allergies
BA for an

average of 5.5y
Hx of food and
pollen allergies

106 SUB randomly chosen
from allergy clinic

8 SUB positive SPT Rxn
(8%)

4/8 SUB has clinical
symptoms to onion
exposure

Age: 31-45y

Sex:1 M,3 F

Multiple presenting
symptoms in 66%
Ch

AD 61%

Rash 32%

AE 25%

BA 24%

A 4%

SK 59%

Res 24%

GI 12%

Pollen or onion
induced:

RC (4/4)

D (2/4)

E (1/4)

BA (2/4)

®

Onion

Valdivieso
et al. [77],
Spain

SPT for onion performed on
106 SUB randomly chosen
from allergy clinic; positive
responders participated in
one or more of the following:
bronchial or nasal
provocation, double-blind
oral provocation, IgE
(RAST)

Hx of food and
pollen allergies

106 SUB randomly chosen
from allergy clinic

8 SUB positive SPT Rxn
(8%)

4/8 SUB has clinical
symptoms to onion
exposure

Age: 31-45y

Sex:1 M,3 F

Pollen or onion
induced:

RC (4/4)

D (2/4)

E (1/4)

BA (2/4)

Garlic and Onion

Boccafogli
et al. [78],
Italy

108

c04.indd 108

Open study assessing frequency
of food-induced symptoms
or allergy in SUB
monosensitized to grass
pollen

SPT, specific IgE, and oral
challenge (0.45-mg food
administered w/ 10-fold
increase in 30-minute
intervals until cumulative
dose of 5g if no Rxn
observed administration up
to 50¢g in 30-minute intervals

Hx of BA and/or
R during grass

169 SUB monosensitize to
grass pollen

Age: 9-54y pollen season
Mean: 28y or household
Sex: 84 M, 85 F dust
Control: 50 SUB Positive SPT,
monosensitize to specific IgE,
Dermatophagoides and nasal
Age: 10-52y challenge for
Mean: 30.5y aeroallergens
Sex: 25 M, 25 F

Pollen group had
increased
frequency of
adverse food Rxn
81/169 (48%)
compared with
control 3/50 (6%)

Symptoms:

U 28/169 (17%)

GI 28/169 (17%)

Res 13/169 (8%)
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Symptoms and Signs®
SEV of Rxn" after CH

Diagnostic Tests®

Eliciting Dose

Eliciting
Allergen

Prevalence

Comments

Positive Rxn to garlic
1/142 in LFC

Asthma induced by
food allergens
potentially sev

6% of SUB reported
A Rxn

2 SUB had intense
RC and 1 SUB had
chest tightness,
wheezing, and D
after exposure to
smell of onions

Oral provocation in 2
SUB did not elicit
an Rxn

SPT, prick + prick
test, IgE

SPT
IgE

SPT 106 SUB

Bronchial
provocation 2
SUB

Nasal
provocation 1
SUB

Double-blind oral
provocation 2
SUB

1mg to 5g for
all allergens
tested

Further details
were not
provided

Details not
provided

SPT—
516 pg protein/
mL

Bronchial and
nasal—1:1v/v
onion extract

Oral—2-g onion
powder

Commercial
extract and
extract
from fresh
foods

Various food
extracts

Further
details not
provided

Fresh onion,
onion
powder

1/142 (1%)
positive for
garlic allergy
LFC

Positive allergy
to garlic 1%
SUB

8 SUB (8%)
positive SPT
3/8 SUB positive
IgE onion

4/8 SUB
pollen-specific
IgE

2/4 SUB
garlic-specific
IgE

No comments relevant
to garlic

Prevalence of asthma
induced by food
allergens: 10%

4 SUB had immediate
positive SPT to
fresh onion, garlic,
fried onion and leek

All showed positive
reaction to heated
and nonheated
onion extract

Results suggest Res
allergy

c04.indd 109
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2 SUB had intense SPT 106 SUB SPT—516ug Fresh onion, 8 SUB (8%) 4 SUB had immediate
RC and 1 SUB had  Bronchial protein/mL onion positive SPT positive SPT to
chest tightness, provocation 2 Bronchial and powder 3/8 SUB positive fresh onion, garlic,
wheezing and D SUB nasal—1:1v/v IgE onion fried onion and leek
after exposure to Nasal onion extract 4/8 SUB All showed positive
smell of onions provocation 1~ Oral—2-g onion pollen-specific Rxn to heated and

Oral provocation in 2 SUB powder IgE nonheated onion
SUB did not elicit Double-blind oral 2/4 SUB extract
an Rxn provocation 2 garlic-specific ~ Results suggest Res

SUB IgE allergy

Garlic and onion SPT Details not Garlic and 19/169 SUB Number of SUB with
mainly associated w/ Specific IgE provided onion (11%) food intolerance
U and GI symptoms Oral challenge No further considered to higher than that of

19/169 SUB (11%) information have food SUB w/ food allergy
considered to have provided allergies Cross-reactivity
food allergies 1/169 garlic between pollen

1/19 garlic (0.5%) allergens and food

1/19 onion 1/169 onion allergens may

46/169 SUB (27%) (0.5%) explain food allergy
considered to have (IgE-sensitized, association but not
food intolerance OAS, GI, and/ higher incidence of

6/46 garlic or U/AE food intolerance,

4/46 onion within 2 hours increased intestinal

after ingestion permeability to

of small macromolecules

quantity) hypothesized
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TABLE 4.5 Continued

SUB

Clinical Hx

Symptoms and
Signs* (before CH)

Author,
Country Study Design Details
Romano et Retrospective food-dependent
al. [79, EIA study in SUB with Hx
80], Italy of EIA within 2 hours after
meal

26 food allergens tested by
SPT, IgE assay

8/14 SUB participated in
food—exercise challenge

Asero et al.  Open allergy study assessing
[81], Italy vegetable foods including
garlic and onions to identify
which vegetables are safe for
lipid transfer protein (LTP)
allergic SUB to consume

14 SUB w/ Hx of food ETA
Age: 1627y

Mean: 20.5 £ 3.6

Sex: 10 M, 4 F

49 SUB (monosensitized to
LTP)

Age: mean 29y

Sex:21 M, 28 F

Controls: 24 sensitized to
birch pollen

18 sensitized to profilin

16 sensitized to LTP and
birch pollen

Family Hx of
allergy 50%
Hx pollen allergy

29%

Hx of Rx to
vegetables
including garlic
and onions

Hx of A

Hx of OAS, U, AE,
BA,A

No SUB reported
Hx of allergy to
garlic

2/49 (4%) reported
Hx of allergy to
onion

“Symptoms and signs: A, anaphylaxis; AD, atopic dermatitis; AE, angioedema; BA, bronchial asthma; D, dyspnea; E, eczema;
EIA, exercise-induced anaphylaxis; GI, gastrointestinal; OAS, oral allergy syndrome; R, rhinitis; RC, rhinoconjunctivitis;

SK, skin; U, urticaria.
"Severity of reaction: refer to Methods [8].

‘Diagnostic tests: IgE, serum immunoglobulin E; RAST, radioallergosorbent test; SPT, skin prick test.

CH, challenge; Ch, children; DBPCFC, double-blind, placebo-controlled food challenge; F, female; Hx, history; LFC, labial
food challenge; M, male; Res, respiratory; Rxn, reaction; SEV, severity; sev, severe; SBPCFC, single-blind, placebo-controlled
food challenge; SUB, subjects; w/, with; y, years old.

parsley, and basil because subjects generally did not recall if these ingredients
were part of the meal that caused EIA.

Asero et al. [81] conducted an open allergy study assessing vegetables
including garlic and onion in order to identify which vegetables are safe for
consumption by individuals with a lipid transfer protein (LTP) allergy. LTP is
the main food-related allergen identified in southern Europe [67]. Forty-nine
subjects were selected who were monosensitized to LTP and control groups
of subjects sensitized to pollen (24 subjects), profilin (18 subjects), and LTP
and pollen (16 subjects) were also selected. A history of reactions after con-
suming garlic or onion was reported in zero and two subjects, respectively. The
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Symptoms and Signs® Eliciting
SEV of Rxn" after CH Diagnostic Tests®  Eliciting Dose Allergen Prevalence Comments
14/14 allergic to two SPT Not provided Onion or 10/14 (71%) Hx data less helpful
or more food RAST (IgE) garlic no positive for interpreting positive
allergens further onion SPT/RAST for
10/14 positive for details 9/14 (64%) garlic, onion,
onion and 9/14 provided positive for parsley, and basil
positive for garlic by garlic because patients
SPT/IgE-specific No Rxn could not recall if
levels observed after they were part of
1 SUB participated in garlic exercise the ETA meal
food-exercise challenge;
challenge after onion not
consuming tested
garlic—no Rxn
observed
8/36 (22%) SUB SPT Not provided Commercial ~ 8/36 (22%) SUB  Specificity of SPT
positive SPT to vegetable positive SPT poor, many patients
garlic food to garlic showed positive
16/41 (39%) SUB extracts 16/41 (39%) SPT to foods that
positive SPT to No further SUB positive they reported eating
onion details SPT to onion without any
4/13 (31%) controls provided 4/13 (31%) problems, including
positive SPT to controls garlic and onions
garlic positive SPT
6/14 (43%) controls to garlic
positive SPT to 6/14 (43%)
onion controls
Results not considered positive SPT
statistically to onion
significant Results not
considered
statistically
significant

positive SPT results for garlic and onion were not statistically significant
between the monosensitized LTP subjects and the controls. Out of 36 LTP
subjects, 22% (8/36) and 31% (4/13) of controls had a positive SPT to garlic,
and 39% (16/41) of LTP subjects and 43% (6/14) of controls had a positive
SPT to onion. The specificity of the SPT was considered poor by the authors.

4.4.3.3. Other Relevant Studies. Three nonexperimental, descriptive studies
were identified in the literature search as being relevant to the assessment of
the allergenicity of onion (one study) and both garlic and onion (two studies).
These studies are tabulated in Table 4.6.
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TABLE 4.6 Other Relevant Studies (Grouped by Relevance to Garlic, Onion, and Both
Garlic and Onion and Organized Chronologically by Publication Date within Groups)

Author, Symptoms and Signs®
Country Study Design Details SUB Clinical Hx (before CH)
Onion
Castan6n et Retrospective analysis 1419 SUB Hx of food Most allergy affect
al. [82], of 1419 SUB w/ (Ch) allergies age groups:
Mexico food allergies to Age: 12 4-7y (49%)
determine months to 1-3y (24%)
frequency of 18y 12-17y (14%)
hypersensitivity to Average: 12.8y
foods Sex: details
not
provided
Garlic and Onion
André et al. Retrospective analysis 580 SUB Hx of 60/580 (10%) SUB
[43], of 9-year period 480 Ad adverse Hx sev Rxn to food
France investigating 100 Ch Rxn to A 52/60 (87%)
foodstuff most Age: 1-83y food AE 6/60 (10%)
frequently Mean: 30y Bronchospasm 2/60
associated with A Sex: 290 M, (3%)
Rxn 290 F
Moneret- Retrospective analysis ~ Food allergy Hx of food Case 1w/ systemic
Vautrin et of a food allergy database allergy mastocytosis and A
al. [83], database (589 SPT) 589 SUB: induced by celery,
country and one case report 402 Ch carrot, onion,
not cited of onion allergy Age: <15y hazelnut
(case 1) 187Ad Case 2w/ U and AE
1 SUB (case 2) Age: not Case 3w/ R, BA, and
DBPCFC for garlic reported U from fruits and
1 SUB (case 3) Sex: not vegetables
SBPCFC for garlic reported Case 4w/ U and A
1 SUB (case 4) LFC from garlic and
for garlic onion soup

“Symptoms and signs: A, anaphylaxis; AE, angioedema; BA, bronchial asthma; R, rhinitis; U, urticaria.

"Severity of reaction: refer to Methods [8].

‘Diagnostic tests: IgE, serum immunoglobulin E; SPT, skin prick test.

Ad,adult; CH, challenge; Ch, children; DBPCFC, double-blind, placebo-controlled food challenge; F, female; Hx, history;
LFC, labial food challenge; M, male; mod, moderate; Rxn, reaction; SEV, severity; sev, severe; SBPCFC, single-blind,

placebo-controlled food challenge; SUB, subjects; w/, with; y, years old.
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Symptoms and
Signs* SEV of Diagnostic Eliciting Eliciting

Rxn" after CH Tests® Dose Allergen Prevalence Comments
Not applicable to SPT Details not Onion 4% SUB Onion identified in
study design provided Further positive group of foods
details SPT to responsible for
not onion 58% of allergic
provided Rxn (fish, milk,

seafood, soy,
beans, orange,
onion, tomato,
chicken, nut,
lettuce, and

strawberry)
Not applicable to SPT Details not Garlic and  Garlic and Evolution of
study design IgE provided onion onion were sensitization over
not among 1984-1992
the top 19 indicate an
foods most overall increasing
frequently trend for garlic
associated and onions
with A Increased
Rxn consumption and
(celery more attentive
18% to clinical
chamomile examinations are
1%) credited for this
evolution
Case 1: no SPT, Case 2: No details  20/265 In this series, two
challenge DBPCFC, 1000-mg provided positive spices
reported SBPCFC, garlic about SPT for responsible for
Case 2: U after 45 LFC Case 3: garlic garlic (8%) half cases
minutes 500-mg used in 7/263 positive observed: garlic
SEV: mild garlic challenge SPT for and fennel seed
Case 3: laryngeal reports onion
pruritus, (3%)
rhinorrhea,
cough

SEV: mild-mod
Case 4: positive
LFC result
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Castanon et al. [82] conducted a retrospective analysis of 1419 subjects with
food allergies in order to determine the frequency of hypersensitivity to spe-
cific foods. Positive SPT results for onion occurred among 4% (56 subjects) of
the study group. Garlic was not tested in this study.

A retrospective analysis conducted by André et al. [43] examined which
foods were most frequently associated with an anaphylactic reaction over a
9-year period in France. Neither garlic nor onions were among the 19 foods
most frequently associated with anaphylactic reactions in 580 subjects. The
authors noted an increasing trend in the frequency of sensitization to garlic
and onions over time; however, increased consumption and more attentive
clinical examinations were credited for this evolution.

Moneret-Vautrin et al. [83] conducted a retrospective analysis of a food
allergy database that contained the SPT results of 589 subjects. Of these, four
cases were identified as relevant to garlic or onion food allergy (three garlic
and one onion). The garlic cases were challenged either by DBPCFC or
SBPCFC or an LFC. All three garlic cases were positive. In one case, after the
ingestion of 1000mg of garlic, urticaria was observed. This reaction is consid-
ered to be mild in severity [8]. In another case, the ingestion of 500 mg of garlic
leads to laryngeal pruritus, rhinorrhea, and coughing. This reaction was con-
sidered moderate in severity [8]. The last case reported positive LFC results
but no further information was provided. The case of the onion allergy was
not challenged because the subject had a history of systemic mastocytosis and
anaphylaxis after the consumption of celery, carrot, hazelnut, and onion. This
publication also reports SPT positive responses for garlic in 20 (10 adults and
10 children) (8% ) subjects out of 265 tests and 7 (five adults and two children)
(3%) subjects out of 263 tests for onion.

4.4.3.4. Case Reports. A total of 12 case reports of allergic responses to garlic
(six cases), onions (five cases) or both garlic and onion (one case) were identi-
fied in the literature. These case reports are tabulated in Table 4.7 and provide
descriptions of the severity of reactions to garlic or onion as well as identifying
the sources of garlic or onion exposure.

For most cases, the information provided was limited as only three of the
case reports included oral challenges and only one reported the eliciting dose.
However, the case reports provided valuable information regarding the
severity of reactions and condition under which the reaction was elicited.
Reactions ranged from acute anaphylaxis to generalized skin manifestation.
Of the 12 case reports, seven (three garlic, three onion, one both) individuals
reported anaphylactic-type reactions, and four (one garlic, two onion, one
both) required emergency medical interventions. The case reports provided
evidence that the allergenic proteins in garlic and onions are susceptible to
enzymatic digestion and/or heat. Several cases reported a history of allergic
reactions after consuming raw garlic and onion but a tolerance to cooked
garlic and onion. An oral challenge with cooked garlic provided negative
results [74]. Four of the five cases reported allergies to raw onion; however,
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118 ALLERGEN MANAGEMENT IN THE FOOD INDUSTRY

an EIA food challenge had positive results after consuming cooked onion
and exercising but negative results without exercise. This reaction to cooked
onion was elicited after the consumption of 30g of onion and running for 10
minutes [84].

4.4.4. Discussion

An overall assessment of the scientific literature provides very limited infor-
mation on onion and garlic as potential food allergens. The evidence identified
through this review suggests that cooked onion and garlic are less likely to
induce an allergic response than when the product is uncooked [84]. This
information is relevant since the food labeling regulations and the list of prior-
ity allergens addresses prepacked food and specific consideration is given as
to whether the food or food ingredient may become hidden.

The following limitations of the systematic literature review were taken into
consideration when determining the scientific validity of including garlic and/
or onion on the Canadian list of priority food allergens.

A large number of publications identified in the initial database search were
excluded of our assessment because the studies were not relevant to food
allergy, but to other aspects such as potential benefits or to allergies elicited
through other routes of exposure such as dermal, respiratory, and/or occupa-
tional. These data were excluded because they were not considered to be
pertinent to the issue of food allergy; however, it is recognized that this infor-
mation is important for those in the clinical field in assessing the possibility of
occupational or environmental disorders, particularly in areas where garlic
and/or onion is grown and processed.

While there were very few studies that looked specifically at onion and
garlic as potential food allergens, relevant data were sometimes contained
within publications with other objective such as food allergy in general. This
fact made the identification of relevant information more challenging and may
have led to the exclusion of available information on garlic and/or onion.

Based on the identified limitations of the systematic literature review, the
strength of evidence is considered insufficient to fulfill the Canadian criteria
for the introduction of food to the priority list of food allergens.

The first criterion of the Canadian adopted JECFA recommendations stipu-
lates the existence of a credible cause—effect relationship, based on positive
DBPCEFC studies or unequivocal reports of reactions with typical features of
severe allergenic or intolerance reactions. In the absence of DBPCFC studies,
supporting studies were evaluated as per the strength of evidence provided by
the study designs [6] (Tables 4.5-4.7).

The positive results obtained from diagnostic tests (SPT/IgE), which were
utilized in the majority of the supportive studies, were not considered sufficient
to substantiate a cause—effect relationship because evidence within the data-
base suggests that SPT and IgE diagnostic tests may not provide an accurate
reflection of the potential for allergic reactions after the consumption of garlic
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and/or onion. This available evidence is not sufficient to support the determi-
nation of a credible cause—effect relationship for the allergenicity of garlic and/
or onion as food.

Valdivieso et al. [77] reported a prevalence (8%) of onion allergies among
106 adults randomly selected for SPTs from a food allergy clinic. However,
only four of these eight subjects experienced clinical symptoms associated with
onion exposure, and only three of these eight subjects had positive onion-
specific IgE results. Furthermore, an oral provocation with onion was con-
ducted with two of these subjects, and both had negative results [77]. The
standard tests utilized in this study (SPT and IgE) did not provide an accurate
indication of allergic reactions following the consumption of onion. The
Boccafogli et al. [78] study further showed inconsistent results between posi-
tive IgE and oral challenge results. In this study, 58% (7/12 cases) and 33%
(3/9 cases) had positive serum-specific IgE for garlic and onion, respectively,
but only one case in each of the groups had a confirmed allergy after an oral
challenge. Asero et al. [81] also reported that the results of SPT were not reli-
able for garlic and onion as many of the positive SPT subjects in their study
consumed garlic and onion without experiencing any symptoms. Furthermore,
studies that only reported the prevalence of positive SPT responses to garlic
and/or onion among study populations did not consider the irritant properties
of the sulfur-containing compounds within garlic and onions. Without further
confirmation of a food allergy, these irritant effects cannot be discounted when
interpreting the results. Without evidence from a DBPCFC study, the small
number of positive oral challenges reported in the supportive studies and the
uncertainty in the results due to the inconsistencies observed between the
reported positive diagnostic results, and the few reports of allergenic or intol-
erance reactions after oral challenges, the strength of evidence in the current
database is not considered sufficient to establish a credible cause—effect rela-
tionship for the oral allergenicity of garlic and/or onion.

Moreover, this review did not identify DBPCFC studies designed specifi-
cally to assess garlic and/or onion as potential food allergens. The studies
available were not designed specifically to assess the allergenicity of garlic and/
or onion through oral exposure, and consequently, qualitative and quantitative
details about the garlic or onion preparations were not provided. Furthermore,
study designs assessing numerous foodstuffs did not report whether appropri-
ate controls were employed in order to differentiate between allergic responses
and the irritant effects associated with the sulfur-containing compounds within
garlic and onions.

The second criterion of the Canadian adopted JECFA recommendations
calls for reports of severe systemic reactions following the exposure to food-
stuff. Anaphylactic reactions associated with the consumption of garlic and/or
onions have been reported in specific cases, although the prevalence of severe
anaphylaxis-type reactions reported to be associated with the ingestion of
garlic and/or onion is considered low. A retrospective analysis reported the
incidence frequency of the top 19 foodstuffs involved in anaphylactic reactions
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over a 9-year period in France (1984-1992) [43]. Garlic and/or onion were not
among the top 19 foods associated with anaphylaxis. The foods associated with
anaphylactic reactions ranged from 1% to 18% incidence frequency in sensi-
tive individuals. Of the 12 specific cases reported, seven (three garlic, three
onion, one both) individuals reported anaphylactic-type reactions and four
(one garlic, two onion, one both) required emergency medical interventions.
In some cases, subjects who experienced anaphylactic reactions to a particular
form of garlic and/or onion on the other hand exhibited tolerance to garlic
and/or onion in a different form. The case that reported an anaphylactic reac-
tion after the consumption of young unripe garlic also reported that the
subject had a tolerance to the consumption of garlic cloves and onion [66].
Two cases that reported EIA associated with the consumption of onion
reported that no allergic reaction was observed after consuming onion and
refraining from exercise [84, 85], and the other case reported reactions only
associated with consumption of raw onion and a tolerance for cooked onion
[86]. The tolerance for cooked garlic and/or onion was also reported in several
other cases that exhibited less severe reactions than with cooked preparations
of these vegetables. It is suggested that the lability of the antigens in garlic and
onions to heat and digestive enzymes are the reasons for these observed toler-
ances and may explain the previously noted low prevalence of anaphylactic
reactions associated with the ingestion of garlic and/or onion. In an open study
examining the frequency of food-induced symptoms among 169 subjects
monosensitized to grass pollen, the consumption of garlic or onion was mainly
associated with urticaria and gastrointestinal symptoms [78]. These symptoms
are considered mild to moderate reactions [8].

The third, and last, criterion of the Canadian adopted JECFA recommenda-
tions requires the assessment of all available Canadian prevalence data in
children and adults, supported by appropriate clinical studies or alternatively
available data from other countries supported as per the first criterion.
Currently, prevalence data are not available for Canada or other regions of
the world.

Although some scientific evidence indicates that some individuals experi-
ence a severe reaction to the consumption of garlic and/or onion, the prevalence
of food allergies to garlic and/or onion in children and adults remains unknown,
and there are insufficient clinical data to establish a credible cause—effect rela-
tionship for the oral allergenicity of garlic and/or onion. Therefore, the overall
strength of evidence to fulfill the Canadian criteria required to add new aller-
gens to the list of priority allergens is considered inadequate at this time.

Despite the limitations of the current database, in accordance with the
proposed amendments to the Food and Drug Regulations (1220—Enhanced
Labeling for Food Allergen and Gluten Sources and Added Sulfite) (http://
www.hc-sc.gc.ca/fn-an/label-etiquet/allergen/project_1220_info-eng.php), this
review gave consideration to the likelihood of allergic reactions occurring as
a result of nondeclared sources of garlic and/or onion in prepackaged foods.
Based on available evidence, the potential for severe allergic reactions after
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the consumption of hidden sources of garlic and/or onion within prepackaged
products is considered unlikely. The prevalence of severe allergic reactions
after the ingestion of garlic and/or onion are considered low compared with
other food allergens based on the results of a retrospective study conducted
over a 9-year period. Furthermore, the majority of reported allergic reactions
occur after the consumption of raw garlic and/or onion. Although the aller-
genic proteins in garlic and onion that elicit systemic allergic reactions have
yet to be fully identified and characterized, reports of tolerances to cooked
garlic and/or onion indicate that the antigens are labile to heat and/or digestive
processes. Based on this evidence, the likelihood of consuming raw garlic and/
or onion present in prepackaged foods is considered minimal, as it can reason-
ably be assumed that the vast majority of prepackaged foods undergo heating
either as part of the manufacturing process or during the preparation of the
foodstuff for consumption. Also of note, there were no reports of exposure to
garlic and/or onion through hidden sources or cross-contamination of food-
stuff. There is insufficient information in the database to estimate a dose
threshold for garlic or onion, as only three case reports provided the eliciting
amount of garlic or onion ingested before an allergic reaction was observed.
However, the lowest eliciting dose in the database was reported in a case who
experienced laryngeal pruritus, rhinorrhea, and coughing after ingesting 0.5g
of garlic (30mg of protein*) [83]. The current limited data indicates that mod-
erate amounts’ of garlic and/or onion may be required to elicit allergic reac-
tions in sensitized individuals; therefore, the potential risk of allergic reactions
being elicited after the consumption of garlic and/or onion used as an unde-
clared spice or seasoning is considered minimal.

4.4.5. Conclusions on the Lack of Evidence for the Inclusion of Garlic and
Onion as Priority Food Allergens in Canada

An assessment of the assembled evidence base for garlic and/or onion does
not provide sufficient evidence to fulfill the Canadian criteria required to add
new allergens to the list of priority allergens. Although there are few scientific
publications that suggest that some individuals may experience severe reac-
tions to the consumption of garlic and/or onion, particularly if uncooked, the
prevalence of food allergies to garlic and/or onion in children and adults
remains unknown, and there are insufficient clinical data to establish a credible
cause—effect relationship for the oral allergenicity of garlic and/or onion.
Furthermore, based on the information within the current database, the poten-
tial for severe allergic reactions as a result of hidden sources of garlic and/or
onion in prepackaged foods is considered minimal.

In conclusion, at this time, the overall strength of evidence is considered
inadequate to support the declaration of garlic and/or onion as priority food
allergens, and therefore the Food and Drug Regulations (1220—Enhanced
Labeling for Food Allergen and Gluten Sources and Added Sulfite) is not
applicable to the use of garlic and/or onion in foodstuff.
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4.4.6. Recommendations

Based on the conclusions of this report, it has been recommended that garlic
and/or onions not be included on the Canadian list of priority food allergens
at this time.

4.5. SUMMARY

Using the Canadian criteria established to consider the addition of new foods/
ingredients to the list of priority allergenic foods in Canada, we conducted two
systematic literature reviews of the available information on mustard, garlic,
and onions as potential food allergens in order to determine whether there is
sufficient scientific evidence to justify including mustard and/or garlic and/or
onion on the list of defined priority food allergens in Canada.

For mustard, the following evidence was available to substantiate the addi-
tion of mustard to the list of food allergens in Canada:

« There are Canadian case reports documenting the occurrence of mustard
food allergies in children and adults in Canada.

« A credible cause—effect relationship between oral exposure to mustard
and allergic reactions is supported by positive DBPCFC studies designed
to assess mustard as a food allergen.

Reports describe severe systemic reactions, including anaphylaxis follow-
ing exposure to very small amounts of mustard within foodstuff.

Mustard is affirmed on the most recent list of 14 allergens to be declared
on labels (updated in 2007) by the Commission of the European
Communities [55], and mustard is recognized as an allergen by the
International Union of Immunological Societies [56].

All three types of mustard seed are available in Canada, and mustard is
used in cooking and in processed and prepacked foods.

Results from characterization studies of allergenic proteins indicate that
proteins in mustard are resistant to degradation by heat and digestive
enzymes, which makes these proteins more likely to withstand food
processing.

The thermostable allergenic proteins in mustard have the potential to be
hidden within certain ingredients, preparations, and mixtures in processed
and prepackaged foods.

Individuals known to be sensitive to allergenic proteins from one type of
mustard seed are likely sensitive to other types.

Additional factors that make mustard allergy relevant to the Canadian
scenario include the potential cross-reactivity between mustard and rape-
seed and the facts that Canada is a major producer of both of these crops
and sensitization to mustard can be acquired through dermal and respira-
tory exposure.
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This scientific evidence provided a sufficient strength of evidence to fulfill
the Canadian criteria for the addition of a new food to the list of priority
allergens in Canada. In satisfying the criteria, mustard was recommended for
addition to the Canadian list of food allergens; the Food Allergen Labeling
Regulations, which require enhanced labeling for priority allergens in pre-
packaged foods, will be applied accordingly in order to ensure that mustard-
allergic consumers in Canada are duly protected.

For garlic and onion, the assessment of the assembled evidence base does
not provide sufficient evidence to fulfill the Canadian criteria required to add
new allergens to the list of priority allergens. Although there is scientific evi-
dence that suggests that some individuals experience severe reactions to the
consumption of garlic and/or onion, particularly if uncooked, the prevalence
of food allergies to garlic and/or onion in children and adults remains unknown,
and there are insufficient clinical data to establish a credible cause—effect
relationship for the oral allergenicity of garlic and/or onion. Furthermore,
based on information within the current database, the potential for severe
allergic reactions as a result of hidden sources of garlic and/or onion in pre-
packaged foods is considered minimal.

Therefore, at this time, it is recommended that garlic and onions not be
included on the Canadian list of priority food allergens and that the proposed
amendments to the Food and Drug Regulations (1220—Enhanced Labeling
for Food Allergen and Gluten Sources and Added Sulfite) would not be appli-
cable to the use of garlic and/or onion in foodstuff.

NOTES

1. The Codex Alimentarius Commission was created in 1963 by FAO and
WHO to develop food standards, guidelines, and related texts such as codes
of practice under the Joint FAO/WHO Food Standards Programme. The
main purposes of this program are to protect the health of the consumers
and ensure fair trade practices in the food trade, and to promote coordina-
tion of all food standards work undertaken by international governmental
and nongovernmental organizations.

2. Oats are included in the list of cereal grains capable of inducing adverse
effects in persons with celiac disease. However, a recent review conducted
by Health Canada indicates that most individuals with celiac disease can
tolerate moderate amounts of oats free from contamination with other
sources of gluten [87].

3. Subsections B.01.009 one and two of the Food and Drug Regulations in
Canada specifically exempt components of certain ingredients, prepara-
tions, and mixtures from declaration in the list of ingredients, such as spices
and seasonings. As a result, prepackaged food products may contain unde-
clared (hidden) sources of food allergens.
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4. Assuming the case consumed raw garlic, nutrition data indicate that 136¢g
of raw garlic contains 9g of protein (http:/www.nutritiondata.com).

5. Published lowest observable adverse effect levels (LOAELSs) for food aller-
gens: egg (0.13-1.0mg of protein [P]), peanut (0.25-10mg of P), milk (0.36—
3.6mg of P), tree nuts (0.02-7.5mg of P), soy (88-522mg of P), and fish
(1-100mg of P).
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5.1. ALLERGEN MANAGEMENT AND CONTROL
AS PART OF AGRICULTURAL PRACTICES

For many individuals, the task of acquiring their daily food requirements is
analogous to them walking through an allergen minefield. With every decision
they make, they are literally a step away from challenging their immune
system, which may result in their body responding with either a minor or major
allergic reaction. These individuals have to try to determine if with every food
choice they make, they are consuming a dreaded allergen. In many instances,
they know from reading and from experience which commodities or processed
foods are unsafe so they can avoid them, but, in other cases, they are unsure
if an allergen is present in processed foods. They have to decide if they should
take a chance that the food is safe or whether the risk is too great for them
to consume. These individuals are in constant fear of making a poor choice. In
many situations, they do not have enough accurate information to make a
sound decision so they usually avoid the food. Their diet, thus, becomes more
restrictive than need be based on fear rather than on knowledge.

Systems have to be developed to aid such patients who have been identified
as allergic to specific plants and animal species so that they are confident that
they can avoid the consumption of troublesome allergens. Since there are a
huge number of allergens in nature, and because individuals in many cultures
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and regions of the world show different degrees of sensitivity to both common
and uncommon allergens, it is important that the content of any product that
is ingested be known with as much accuracy as possible. For example, it is a
relatively simple matter for sensitive patients to identify foods like shrimp or
peanuts, but the problem is more difficult when pieces of these, or any other
troublesome species, cannot be identified and are present in foods because
they impart a desirable flavor or they impart important functional properties.
Accurate labeling of packaged foods or any ingested product such as pharma-
ceuticals is helpful or essential, but often manufacturers and chefs are not
aware of the problems they create by not informing themselves that adding
certain ingredients to their products can be a real problem for clients suffering
from severe allergies. Some allergies, such as an allergy to peanuts, are well-
known in many societies so manufacturers are aware that they must clearly
label their products and thoroughly clean their equipment between runs if
peanuts were included in the manufacture of a previous product. Both patients
and manufacturers of foods must educate themselves if they want to avoid
sickness or troublesome legal cases. The patient has to read labels and ask
questions, whereas manufacturers have to become knowledgeable about the
common allergens and consult medical experts about the advisability of includ-
ing certain ingredients into foods. They also have to avoid cross-contamination
of ingredients in their processing plants or, in the case of chefs, in their kitch-
ens. Price should not be the only criterion in choosing ingredients. For example,
it may be cheaper to use wheat starch, which contains traces of the protein
gluten, to provide bulk in the manufacture of pharmaceutical pills, but wheat
protein is a problem for celiac disease (CD) patients on a gluten-free diet. For
CD patients, why not use rice starch, which is fine grained and safe for CD
patients. Rice starch may carry some rice protein as an impurity, but it is safe
for CD patients to consume. Food processors are not necessarily to blame for
using impure commodities because pure commodities are commonly not avail-
able. Systems have to be devised both in the manufacture of pure agricultural
species, in the movement of foods to processors, in the formulation of pro-
cessed foods, in the cleanliness of the processing facilities, and in the accurate
identification of ingredients for sensitive clients. The goal of the agricultural
and health sectors is to make certain that safe, pure commodities are available
to sensitive clients even if only in niche markets. This is a very big subject, and
the author will deal with allergen management and control as part of agricul-
tural practices.

All commodities used for food have to be grown somewhere or captured
from natural habitats (wild berries, fruits, nuts, bulbs, mushrooms, ferns, etc.),
and protocols have to be devised, in concert with regulatory systems, to ensure
the safety of the food for the broad range of the human population. This
applies to food products produced in any country, whether the product is
produced domestically or imported from other countries. Unfortunately, stan-
dards for purity differ internationally, and contaminants such as weed seeds
and other crop species also differ from the common contaminants in the
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importing country. Importers and regulatory authorities have to be knowl-
edgeable and vigilant on what allergens will likely be present in imported
foods. They should also be aware of common procedures and chemical pesti-
cides used by foreigners to successfully grow and process foods. Often the
pesticides applied in foreign countries to control diseases and weeds are pecu-
liar to their region, and the pesticides are not registered for use in the areas
where the food is consumed. Often these pesticides have not been tested for
their ability to generate allergenic reactions in countries where the food is
consumed. Authorities have to be aware of the potential danger of these
impurities (chemicals or foreign seeds) that may cause allergenic reactions.
The protein allergens present in the seeds of wild species have often not been
studied in great detail, so it is prudent to only permit the sale and use of weed-
free crops but this does not solve the problem of food crops carrying residual
pesticides. To be aware of all the problems that may arise that will pose prob-
lems to people suffering different allergies is next to impossible. Many allergies
have not been traced back to impure crops. Alternatively, if a food commodity
has been found, through extensive scientific investigation, to be safe for aller-
gic individuals, all efforts should be directed toward making it available to
consumers in a pure form that is properly identified.

Once the safety of a particular commodity has been judged to be adequate
for most people, a dedicated agricultural production, harvesting, cleaning, crop
inspection, storage, transport, processing, and food inspection and labeling
system has to be devised and followed to deliver this safe food to the market-
place. A study of the process will quickly reveal that the number of opportuni-
ties for contamination is enormous. The difficulty is that not everyone in the
food chain is informed about the consequences of sloppy work nor do they
realize how sensitive some individuals are to low concentrations of allergens.
The quest for insisting on purity is usually related to price of the commodity.
If allergic individuals understand why the growing and processing of pure
foods is more costly than impure foods, they have to determine whether the
benefits they would derive from consuming pure food can be justified with
their budget.

Since approximately 60% of the carbohydrate and 50% of the protein in
the human diet is derived from cereal grains, it is important to enumerate the
principles involved in the production of pure cereals. Breeders, seed growers,
and regulators have worked on this problem for many years in many countries,
developing new varieties to meet the quality standards and specifications of
both the food and feed markets. All “breeder lines,” which are bulked to
produce a new variety, are each true breeding and pure for those traits that
the breeder has selected them for during the segregating generations following
the making of a new hybrid. The lines are uniform for important agronomic
and quality traits such as grain yield per hectare, threshing efficiency, height,
uniform maturity, resistance to lodging, winter hardiness, seed weight and
shape, bushel or test weight, protein content, quality of the protein, milling
yield, reaction to prevalent races of important disease organisms, plus several
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other traits that are particular to the crop species. Various genetic protocols
have been developed and followed by geneticists and breeders to develop new
varieties, but when a new variety is registered and released, it is inspected by
regulatory agencies, and if it passes inspection, it is considered to be pure. After
release, seed of the new variety has to be increased many times by specialized
growers before a commercial seed is sold to ordinary farmers to grow. In
Canada, pedigree seed is inspected throughout its passage through the various
classes of seed from breeder, select, foundation, and registered to certified
seed. Bags of seed in these various classes carry the variety name and an offi-
cial tag identifying the class. When a certified seed is grown by farmers, the
seed then becomes commercial seed and is not permitted to carry the variety
name. It is out of the pedigree system and carries the highest levels of con-
tamination. Each time a variety is grown, the risk of contamination with
foreign seeds occurs, so the tolerance for impurities increases at each stage of
the multiplication system. This system was designed for seed growers and
ordinary farmers and not for manufactures of nonallergenic foods. However,
later in this chapter, the Professional Advisory Board (PAB) of the Canadian
Celiac Association (CCA) has used a part of the pedigree system to produce
safe oats for CD patients. They used this system rather than devise a new
system for oats to be used to produce pure seed for CD patients because all
the necessary safeguards were in place in the official pedigree system including
an inspection system. It is important for the reader to know of some of the
precautions that should, or must, be taken to prevent contamination of pure
seed so that it and the products made from it can be safely consumed by indi-
viduals suffering from specific allergies.

5.2. PRECAUTIONARY PROCEDURES
TO AVOID CONTAMINATION

5.2.1. Dedicated Systems

All of the participants in the system must be committed to make available safe
foods to allergic individuals by using dedicated procedures and dedicated
equipment to produce, isolate, process, label, market, and distribute safe food
to the marketplace. Because the size of the market is relatively small and the
costs of producing very pure seed are higher than producing impure commer-
cial seed, the number of growers and processors required is relatively small.
If only a few seed companies and growers are willing to become involved, it
may be an incentive to purchase equipment to be used exclusively for produc-
ing and processing pure seed of one crop kind.

5.2.2. Begin with Pure Seed

Begin the production system with pure pedigreed seed carrying official iden-
tification tags signifying that the seed has been inspected by an official agency
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both in the field and again later after the grain is harvested and cleaned. After
the grain passes official inspection, it is sealed and the sealed bag is labeled
with an official tag signed by the breeder. This should be followed by a dedi-
cated protocol that will keep its progeny pure each time it is grown to meet
the desired specifications of the intended market. The seed has to be multiplied
several times to obtain enough seed for processing into product. In a dedicated
system, the producer must know in detail what market he or she wishes to
serve and be committed to, taking all the precautions in the assignment of land
and machinery that are necessary to deliver a safe product. In Canada, this
operation is carried out by select seed growers who are members of the
Canadian Seed Growers Association (CSGA) because they have been trained
previously during a 2-year probationary period to produce pure pedigreed
seed.

5.2.3. Choice of Land to Grow Pure Seed

The importance of proper crop rotations cannot be overemphasized in the
growing of pure seed. Many cereal grains will produce a sparse density of
volunteer plants on the same land that was used the previous season to grow
the same, or a different, cereal. Never grow cereal grains on the same land in
two or more consecutive years if the object is to produce pure seed. This is
true for both spring- and winter-type cereals. It is preferable to grow a pure
cereal on land that was used to grow crops like soybeans, lentils, flax, canola,
or corn the previous 1 or 2 years. This will give many opportunities for volun-
teer cereal seeds in the soil to germinate and be eliminated from the soil by
tillage or in northern countries by freezing winter conditions.

5.2.4. Purchasing Fertilizer

There is a danger when purchasing bulk fertilizer that the rail cars and trucks
carrying fertilizer are not thoroughly cleaned prior to loading and delivery.
These vehicles may contain traces of other crops or weed seeds resident in
crevices in the floor of the vehicle, and these seeds become mixed with the
fertilizer and are delivered to the farmer. These contaminants largely go unde-
tected at the time of delivery, and the seeds are spread with the fertilizer on
the land to contaminate the new crop. One cannot solve this problem com-
pletely, but buying fertilizer in sealed bags can minimize contamination.

5.2.5. Preparing Clean Equipment

Many pieces of agricultural equipment are required, at various times, to grow
and process pure-seeded crops. Great care and time must be taken by produc-
ers to thoroughly clean all equipment before it is used especially if growers use
the same equipment to grow and clean other crops on the same farm. It would
be helpful if a complete set of the equipment could be reserved for growing
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the pure grain each year. This is not always practical unless the specialized
market for very pure seed is very large, and the grower earns the reputation as
a reliable supplier of this market. The type of equipment referred to here
involves fertilizer spreaders; tillage equipment to prepare a proper seedbed;
soil packers to firm the soil after planting; sprayers to control insect pests and
weeds; swathers to cut the grain and arrange the swathed grain in rows to dry;
harvesting combines to thresh the grain; trucks to transport it; storage bins to
hold the grain; seed cleaners to remove weed seeds, chaff, and straw; magnets
to remove pieces of metal and loose nuts and bolts; destoners to remove small
stones that may have been picked up from soil by a combine set to pick up
lodged crop; gravity tables to classify grain; and bagging facilities to hold the
grain and protect it from becoming contaminated after tagging. Some small
pieces of equipment are easier to clean than large machines, but the most dif-
ficult equipment to clean are the combine harvester, the seed cleaning units
including the destoner, gravity tables, augers, and the various sized sieves that
are used to separate large (corn) and small crop seeds (canola, mustard, and
flax) and many different weed seeds. Anyone who has worked with harvesting
and cleaning equipment will testify that to be certain that a piece of equipment
is free of contamination is more optimistic than realistic. It is amazing how
many “nooks and crannies” in a combine will hide contamination because a
combine was designed to only thresh grain but not to keep it pure. As a breeder,
I had to insist that my field technician dismantle many of the working parts of
the combine harvester before use and to employ forced air, and at times forced
streams of water, to clean the combine before putting the main components
back together. We would spend 1 day to clean the combine, and the next day,
we would use it to harvest a breeder plot that took us about 2 hours to complete.
This is why it is wise for anyone producing pure seed to have dedicated equip-
ment available that they can use each year to process the same specific com-
modity. Dedicated equipment requires much less cleaning.

5.2.6. Official Crop Inspection by Regulatory Authorities

Official inspection by field and seed inspectors is an essential step in producing
pure seed. There are specific regulations that must be followed dealing with
the identity and pedigree status of the crop being grown, the cropping history
of the land, and the identity of previous crops. The CSGA supplies written
information to pedigree seed growers stating “isolation” distances that must
be followed between specific crops to ensure crop purity. Failure to follow
these directions means the crop will not pass official inspection. Isolation
distances are required to prevent physical seed mixing caused by strong winds
and cross pollination. Following harvest and cleaning, a laboratory analysis of
properly sampled harvested seed must be performed to establish its purity.
Once the grain has been cleaned and has passed official inspection, it should
be placed in new “tote bags,” sealed with official tags and transported to a
dedicated processing facility. Many different processing facilities may be
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involved depending on crop identity, and they range from facilities to make
flour, pasta, cake flours, and bread to malting facilities, beverage manufactur-
ers, to the suppliers of breakfast cereals such as rolled oats, steel cut oats, oat
flour, or deep-fried groats. The processor may want to sample each bag with
an official grain probe before it enters his or her facility to be confident that
the seed is pure. The processor does not want to contaminate his or her facility
with impure seed. Up to this point, all inspections have been accomplished
using visual methods, but once the grain has been made into product, the
processor may have to establish purity by relying on chemical or official immu-
nological tests. In the case of ensuring pure oats for CD patients, an RS
enzyme-linked immunosorbent assay (ELISA) test is employed.

5.2.7. Dedicated Food Processing Facilities

It is advisable that any company wishing to sell a pure food should operate a
dedicated processing facility and follow strict rules to avoid contamination.
Many large food companies do not wish to develop niche markets for allergic
individuals because of the smaller estimated size of the market and the costs
involved in building separate facilities. They are also apprehensive about law-
suits arising should one of their products cause harm to a client.

5.2.8. Hazard Analysis and Critical Control Point (HACCP)

All food processing companies must have HACCP certification to ensure that
the facility can process, and the owners can legally sell, food products. This
means that regulatory officials will inspect the facility on a regular basis for
cleanliness.

5.2.9. Equipment and Additives

In the manufacture of different products,attention must be devoted to thorough
cleaning of equipment between runs, and caution must be exercised when
adding noncereal products such as flavorings and spices into the product.
Additives such as adjuncts, starches, proteins, fats or oils, or extruded products
should be tested to be certain that they do not cause allergic reactions to clients.

5.2.10. Third-Party Inspection of Processing Plant

Third-party inspectors should be hired to ensure the safety of manufactured
products even though this adds to the cost of production.

5.2.11. Marketing

5.2.11.1. Labeling, Identity, and Purity. All products sold in the market
place should be accurately labeled to inform the consumer of the identity and
purity of all the ingredients in the product. The level of purity has to be defined
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for each food product. Some individuals react violently to an allergen, such as
those suffering a nut allergy, whereas others are able to tolerate trace amounts
of a different allergen without exhibiting a violent adverse reaction. In either
case, the purity of the food product must be stated clearly on the label for the
benefit of the client.

5.2.11.2. Packaging. Pure foods should be sold in sealed packages so that
there is no contamination in the health food store or supermarket. Some
health food stores sell grain such as rolled oats in open bins, and it is easy for
patrons to put scoops, and maybe even product, back into the wrong bin after
use.

5.3. NEW DEVELOPMENTS IN ALLERGEN MANAGEMENT
FOR SPECIFIC GRAINS (E.G., OATS)

In response to the requests delivered to the CCA by its membership, the asso-
ciation embarked on a program to develop a strategy to make pure oats (Avena
sativa L.) available to patients suffering from CD. CD patients internationally
were, and are, advised to not consume commercial oats because they may be
contaminated with trace amounts of various species of wheat ( Triticum species),
barley (Hordeum vulgare L.), rye (Secale cereale L.), and triticale (wheat X rye
hybrids) seeds, which contain the protein gluten. The CD patient cannot digest
gluten completely into its constituent amino acids, which leaves a 33-mer
peptide [1, 2] that is absorbed by the small intestinal wall where it initiates an
autoimmune reaction leading to an inactivation of the villi located on the inner
intestinal surface. These villi normally function by absorbing digested food
ingredients. This immune reaction leads to many health conditions in the
patient that can only be remedied by the patient adopting a gluten-free diet
for the remainder of his or her life. Fortunately, the 33-mer protein does not
arise after the digestion of oat, rice, or corn proteins, so most CD patients can
tolerate these grains. Contamination of oats with gluten-containing seeds can
occur at any point in the production, processing, or marketing chain.

Several modern studies have concluded that “pure oats” are considered safe
for patients suffering from CD [3], and this is why the CCA embarked on a
program to develop a strategy and a procedure for producers and processors
to make “pure oats” available to CD patients. Rice and corn are usually not
contaminated with wheat, barley, or rye gluten because rice farmers do not
commonly grow wheat, barley, or rye, and if they grow corn, small oat seeds
can be easily separated from large corn kernels before processing into food.

Many adult patients are diagnosed with CD as adults, and they miss their
oatmeal porridge, cookies, and many of the other food products that use oat
as an ingredient in foods: foods such as meat loaf, oat/rice side dishes, yogurt,
soups, drinks, custards, pilaf, snack foods, and fish and poultry stuffings to name
a few products. Many patients said they would dearly love to resume eating
pure oats if they were available.
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This quest for returning oats into the CD diet has been given greater
importance because studies in the past 15-20 years have revealed that oat is
rapidly becoming recognized as both a medical as well as a very good nutri-
tional crop. Oat groats contain approximately twice as much protein as rice,
and their amino acid profile is very similar to that of rice grains. The addition
of oat groats to rice improves the protein content of oat/rice side dishes in
addition to improving flavor. The fat content of oat groats is approximately
equal to corn but four times higher than rice and its fatty acid composition
is 80% unsaturated (oleic and linoleic). Its soluble dietary fiber (B-glucan)
content is 6-7%, and numerous studies have shown that it helps hypercholes-
terolemic patients lower their low-density lipoprotein (LDL) cholesterol [4],
and this has been verified [5] in a 10-year study to evaluate the Food and
Drug Administration’s decision to permit food processors to claim a medical
benefit from eating oats. The starch content of oat groats consists of both
amylose and amylopectin, which is lower than rice or wheat and may contrib-
ute to its known lower glycemic index. Oats also contain a good supply of B
vitamins and minerals such as Ca and P, and oats have good quality bran. Oats
also contain many unique phytochemicals called avenanthramides [6, 7], which
have both antioxidant and anti-inflammatory properties, and it was shown [§]
that some avenanthramides had an inhibitory effect on the expression of
proinflammatory cytokines in coronary heart disease. Stix [9] reviewed the
pertinent medical literature and has stated that inflammation underlies a
broad range of human diseases including heart disease, stroke, diabetes,
Alzheimer’s disease, depression and schizophrenia, cancer, and Crohn’s
disease. In the case of cancer, Stix reported that anti-inflammatory drugs do
not kill cancer cells but they inhibit tumors from spreading to various parts
of the body. Stix stated that “anti-inflammatory drugs may join traditional
chemotherapies which could keep solid tumours or premalignancies localized
to one place.” Since oats contain some unique anti-inflammatory phenolic
compounds, these compounds and oats may find a greater role in the health
of all consumers including CD patients. It may only be necessary to consume
pure oat variety groats with elevated levels of avenanthramides to combat
serious diseases in the future.

As stated above, it is impossible at present, to guarantee 100% purity of
oats for CD patients. Although it may be desirable to have such a high level
of purity, it is almost impossible to achieve 100% purity for most patients.
Alternatively, medical researchers and government regulators internationally
have tried to arrive at a safe level of gluten in prepared foods for CD patients.
The level now adopted by Codex Alimentarius (adopted in 1979, amended in
1983, revised in 2008) as safe is 20ppm [10]. Operationally, the protocol and
position statement published by the CCA [11] supports the lower level of
Sppm in pure oat products. The strategy and procedures that were formulated
and adopted by the PAB of CCA to achieve this goal are now described.

To achieve any level of purity that is considered safe, it is necessary to adopt
a production and inspection procedure that can be monitored by government
inspectors so that CD patients can be assured that the labeled product is safe
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for them to consume. The PAB decided to take advantage of the seed purity
and inspection system [12] that is already in place in Canada to service farmers
and the seed industry (seed regulations of the Canadian Seeds Act). In the
pedigree system, the amount of impurities permitted in the various classes of
seed (breeder, foundation, registered, and certified) increases progressively
from the purest breeder seed to the most contaminated certified seed.

Breeder seed comes from the breeder of the variety and consists of a bulk
of breeder lines that are selected, for phenotypic and quality uniformity such
as plant height, days to maturity, kernel seed size, kernel color and test weight;
reaction to important races of disease; and protein, oil, and B-glucan composi-
tion. A 2-kg reference sample of breeder seed is kept by the Canadian Food
Inspection Agency (CFIA) for legal purposes should anyone challenge, in the
future, the identity of seed of the variety they have purchased.

Trained seed growers belonging to the CSGA who have completed a 2-year
probationary period as qualified select seed growers are allowed to grow allot-
ments of breeder seed. They are required to remove any impurities from the
crop, and they arrange for the crop to be inspected by CFIA inspectors to
make certain that the plants and seed are eligible for select seed status. Select
seed is then grown on a much larger area to produce foundation seed. The
crop is again inspected in the field by CFIA inspectors, and properly sampled
seed is sent to government seed laboratories to check for purity and germina-
tion percentage. To obtain the foundation #1 rating, the seed shall only contain
from 0 to 1 wheat, barley, rye, or triticale seed per kilogram of oat groats. If
the crop meets or exceeds this level of purity, the CFIA issues the grower with
documentation to verify the grains status, and the seed is made secure. The
gluten content per kilogram with this degree of contamination can be calcu-
lated to be less than 5 ppm, which is much lower than the 20 ppm required by
Codex Alimentarius.

The CCA has adopted the classification of foundation #1 as the purity clas-
sification to recommend to CD patients for their consumption. Eating pedi-
gree seed at this level of seed purity is costly because stopping seed
multiplication at the foundation #1 level prevents the seed grower from
growing repeated multiplications of seed to end up at the certified seed level,
which is the class of seed commonly sold to ordinary farmers. It is also the
class of pedigreed seed with the highest level of contamination, which cannot
be tolerated by CD patients. Many CD patients are willing to pay the price to
be able to eat foundation #1 seed.

Once the seed is sent to a dedicated food processor, it may be steel cut,
flaked, or ground into flour. The level of purity of the final processed food
product must be verified because contamination with gluten-containing grains
can occur during delivery or within the confines of the processing facility. In
the field or seed laboratory, purity is determined by visual means by highly
trained inspectors, but once the grains are cut, flaked, or ground into flour,
purity is monitored using an RS ELISA test. This test is able to detect a gluten
concentration of 5ppm or higher but cannot detect lower levels of gluten. This
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low level is safer than is required, but the CCA has adopted this standard
because it is possible that the Codex may wish to adopt a lower standard in
the future.

Products made from oats as described above have to be labeled so that CD
patients can quickly identify oat products that are safe to consume. Terms such
as “gluten free” or “only oats” are probably not true because if the oats are
grown and processed as described, they will likely contain some gluten but the
amount will be less than 20 ppm and likely below 5 ppm. To avoid the problem
of having to list on the package the actual gluten content, the CCA prefers to
use their copyrighted logo called “PAVENA,” which can be affixed to the
package to inform the CD patient that it is safe for them to consume. PAVENA
is a composite word that stands for pure Avena, and Avena is the generic Latin
name for oats. CD patients will have to inform themselves what PAVENA
means in terms of how the oats were grown, inspected, and processed for their
safety.

Experience has shown that some individuals react adversely to even pure
oats. Their difficulty may be caused by an extreme sensitivity to the small
amount of gluten in the oat or to other proteins not related to the gluten frac-
tion in the kernel. CD patients are not accustomed to eating substantial
amounts of soluble dietary fiber in oats or oat bran, but patients should initially
consume modest amounts of PAVENA until their system adjusts to the
increase in fiber. One could speculate ad infinitum on what causes a few
patients to react adversely to oats, and the causal agents might reside in her-
bicides or pesticides that were used to grow the oat crop or to toxins liberated
by even low infection of the seed caused by fungi present on or in the oats.
Some very sensitive patients are advised to stop consuming PAVENA oats and
obtain their important dietary fiber from other food sources. At present, two
food companies in Canada, Cream Hill Estates and Farm Pure Seeds, are
selling pure seed or products to CD patients in Canada and the United States.

As stated earlier in this chapter, ideally one would like to formulate a strat-
egy that would produce less expensive and preferably even purer oats for CD
patients. The author is in the process of developing such a new system at
Ottawa, which is based upon changing the color of oat hulls to dark brown
through breeding so that these dark-colored grains can be efficiently separated
from all gluten-containing seeds using modern optical, high speed, seed sorting
equipment after harvest. The hulls of covered seeded oats grown by farmers
today usually are either white, yellow, or light tan. The strategy is to first
remove all grains that contaminate the brown hulled oats, including gluten-
containing seeds, and then to dehull the pure brown oats in a separate opera-
tion to produce pure groats in a dedicated facility. By following this procedure,
growers will be able to bypass field inspections and the pedigree system and
may be able to even use commercial seed providing the bulk of the oat seed
is dark brown. If the seed is heavily contaminated with wheat, barley, or rye,
the brown oats may have to be put through the seed sorting machines several
times to obtain the desired level of purity.
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Once pure oat groats are obtained, they should be assayed for gluten
content using the RS ELISA test and stored in clean tote bags ready for trans-
porting to a certified HACCP food processing facility. Successful seed lots
should carry the PAVENA trademark label. All agricultural commodities and
products that may contain even traces of wheat, barley, rye, or triticale should
be carefully monitored to ensure purity and safety for patients suffering from
CD. Purity is the watch word for those servicing the celiac community.
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