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Executive Summary

Background

The Food Allergen Labeling and Consumer Proteconof 2004 (P.L. 108-282) (FALCPA)
amends the Federal Food, Drug, and Cosmetic A7) and requires that the label of a food
product that is or contains an ingredient that eaicontains a "major food allergen" declare the
presence of the allergen as specified by FALCPA.ERA defines a "major food allergen” as one of
eight foods or a food ingredient that contains garoterived from one of those foods. A food
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ingredient may be exempt from FALCPA's labelinguiegments if it does not cause an allergic
response that poses a risk to human health oddf@s not contain allergenic protein. FALCPA also
requires FDA to promulgate a regulation defining thrm "gluten-free."

This report summarizes the current state of sdietnowledge regarding food allergy and celiac
disease, including information on dose-responsgioglships for major food allergens and for gluten,
respectively. The report presents the biologicacepts and data needed to evaluate various
approaches to establish thresholds that would ieatstcally sound and efficacious in relation to
protection of public health. Each approach hasgtres and weaknesses, and the application of each
is limited by the availability of appropriate dalais likely that there will be significant sciefit
advances in the near future that will address abauraf the limitations identified in this report.

The Threshold Working Group expects that any deegsbn approaches for establishing thresholds
for food allergens or for gluten would require cdesation of additional factors not covered in this
report. Furthermore, one option that is implicitie report's discussion of potential approaches is
decision not to establish thresholds at this time.

Approachesto Establish Thresholds

The report identifies four approaches that couldiged to establish thresholds:

« Analytical methods-based-thresholds are determined by the sensitivity efahalytical
method(s) used to verify compliance.

» Safety assessment-based-a "safe” level is calculated using the No Obse&dderse Effect
Level (NOAEL) from human challenge studies and pprapriate Uncertainty Factor (UF)
applied to account for knowledge gaps.

* Risk assessment-based-examines known or potential adverse heath effestslting from
human exposure to a hazard; quantifies the leveisloassociated with specific exposures and
the degree of uncertainty inherent in the riskneste.

« Statutorily-derived-uses an exemption articulated in an applicabledad extrapolates from
that to other potentially similar situations.

Any approach used to establish a threshold to grotsnsumers with food allergies or those
susceptible to celiac disease should be reexanpeeddically to consider new knowledge, data, and
approaches.

Threshold Working Group Findings For Major Food Allergens

Finding 1. The initial approach selected to establish threfshfur major food allergens, the
threshold values, and any uncertainty factors usedtablishing the threshold values should be
reviewed and reconsidered periodically in lighhefv scientific knowledge and clinical
findings.

Finding 2. Theanalytical methods-based approach can be used to establish thresholds for those
major food allergens for which validated analyticedthods are available. However, if this
approach is used, the thresholds should be replac#dtesholds established using another
approach as quickly as possible.

Finding 3. Thesafety assessment-based approach, based on currently available clinical data, is a
viable way to establish thresholds for the majadfallergens. If this approach is employed,
the Lowest Observed Adverse Effect Level (LOAELNmr Observed Adverse Effect Level
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(NOAEL) determinations used should be based orneendie of the "initial objective sign.”
Individual thresholds should be established fohezdhe major food allergens. If it is not
feasible to establish individual thresholds, a l&rigreshold based on the most potent food
allergens should be established. In those instambese a LOAEL is used rather than a
NOAEL to establish a threshold, an appropriate ttagay factor should be used. Thresholds
established using this approach should be reeymriodically as new data and tools
become available.

Finding 4. Of the four approaches described, the quantitatskeassessment-based approach
provides the strongest, most transparent sciemtifadyses to establish thresholds for the major
food allergens. However, this approach has onlgnttg been applied to food allergens, and
the currently available data are not sufficientnteet the requirements of this approach. A
research program should be initiated to develoficaipe risk assessment tools and to acquire
and evaluate the clinical and epidemiological aeteded to support the quantitative risk
assessment-based approach. Thresholds establsingdhis approach should be reevaluated
periodically as new data and tools become available

Finding 5. Thestatutorily-derived approach provides a mechanism for establishing threshalds f
allergenic proteins in foods based on a statutgeyrgtion. Potentially, this approach could be
used to set a single threshold level for protegrsved from any of the major food allergens.
This approach might yield thresholds that are uassarily protective of public health as
compared with thresholds established using theysagsessment-based approach or the risk
assessment-based approach. However, confirmingvthugd require additional data. If this
approach is employed to establish thresholdsoiilshbe used only on an interim basis and
should be reevaluated as new knowledge, data,iskhdssessment tools become available.

Threshold Working Group Findings For Gluten

Finding 6. The initial approach selected to establish a thoielstor gluten, the threshold value
selected, and any uncertainty factors used to legdtahe threshold should be reviewed and
reconsidered periodically in light of new sciertiknowledge and clinical findings.

Finding 7. Theanalytical methods-based approach can be used to establish a threshold for gluten.
However, if this approach is used, the thresholiukhbe replaced by a threshold established
using another approach as quickly as possible.

Finding 8. Thesafety assessment-based approach is a viable approach to establish a threshold for
gluten using currently available LOAEL data foriaeldisease. An overall uncertainty factor
should be estimated from the data and appliedad @®AEL to establish a threshold for gluten.
Any threshold derived from this approach shoulddsvaluated as new research data become
available. Available data are insufficient at thuerent time to use this approach to establish a
threshold for oat gluten for those individuals wittliac disease who may also be sensitive to
oats. However, it is likely that a threshold lelaked on wheat gluten would be protective for
individuals susceptible to oat gluten.

Finding 9. Use of the quantitativie sk assessment-based appr oach to establish a threshold for
gluten does not appear to be feasible at the préssn However, considering the benefits that
could be gained from using the risk assessmentggeroach, priority should be given to
establishing a research program to acquire the latge and data needed.

Finding 10. There appear to be no suitable legal requiremerggemptions that would serve as the
rationale for using thetatutorily-derived approach to establish a threshold for gluten. This
approach is not viable.
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Preface

In preparing this report, the Threshold Working Gr@onducted literature searches, gathered
extensive scientific information about food allemyyd celiac disease, and consulted technical expert
This information was used to identify approaches ttould be used to establish thresholds, and to
evaluate the strengths, weaknesses, and data oieegsh approach. A notice of availability for the
draft report was published in the Federal Regigt@er-R 35258), and the report was made available
through the FDA Docket and the CFSAN web site. FBA requested that interested persons submit
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comments, scientific data, and information to FDécket No. 2005N-0231 during a 60-day period,
ending August 16, 2005. Eighteen letters were veckiincluding comments from consumer groups,
the food industry, trade associations, expertsood fllergens and gluten, and individual consumers.

In the Federal Register of May 23, 2005 (70 FR 3952DA announced a meeting of the Food
Advisory Committee (FAC) to be held on July 13, add 15, 2005. Members of the public were
invited to participate in the meeting. The FAC vaaked to consider whether the draft report was
scientifically sound in its analyses and approaemeswhether the report adequately considered
available relevant data on food allergens and otegl The meeting included presentations on issues
related to the diagnosis and treatment of foodgils and celiac disease, the quality of life for
affected consumers, analytical methods to measdlerg@ns and gluten in foods, and clinical studies
to characterize dose-response relationships. kirgethe Committee's advice, FDA posed a series of
specific scientific questions. The transcript af theeting is available &FSAN 2005 Meeting
DocumentsThe Committee's answers to the specific sciengifiestions is available (available in
PDF, 460 Kb). A summary of theublic commentseceived at the Food Advisory Committee

meeting and in the public docket with a brief iradion as to how the revised report responds to each
comment is available.

The Committee concluded that CFSAN's draft reparitides a comprehensive evaluation of the
currently available data and descriptions of dévant approaches that could be used to establish
thresholds for major allergens and gluten in fodte Committee suggested that, while the safety
assessment-based and risk assessment-based apprageHistinct, they are not mutually exclusive.
For example, statistical analyses could be incafearinto a traditional safety assessment by
considering dose-response distributions. The Cotaeenftlt that the risk assessment-based approach
is scientifically the strongest of the approaclaesl that it should be used in a transparent manner
with appropriate consideration of data uncertagmtighen sufficient data become available. The
Committee agreed that the criteria identified ia thaft report for evaluating the available dataeve
appropriate. The Committee also recommended thatfoam highly relevant, well designed studies
be considered in establishing thresholds, evdrey have not yet been published or peer-reviewed.

We wish to acknowledge and express our appreciatitimose who provided written and oral
comments. Both the public comments and recommendatind comments and recommendations of
the FAC were considered in revising the report.sehevisions addressed the use of technical
terminology, clarification where needed, the inadasof additional data, and minor editorial changes
Based on the comments and recommendations, FDAwlaetd that it was not necessary to
significantly revise the report or its findings. & bpecific comments made regarding the strengtths an
weakness of each approach will inform any decis®io whether to establish thresholds and, if so,
which approach to use. The Agency also apprecihgesuggestion that it may be possible to combine
the safety assessment-based approach and thesiessaent-based approach to provide quantitative
information on the uncertainties associated witkgholds established using the available published
LOAELs and NOAELs. The Agency also takes note efdiscussions that addressed issues beyond
the scope of this report that may become relevantlecision is made to establish thresholds.

|. Overview

A. Purpose

Accurate and informative labeling is critical fdleagic consumers, individuals with celiac
disease, and their families because they needytomestrict avoidance of specific foods and
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ingredients to prevent potentially serious readidrhe Food Allergen Labeling and Consumer
Protection Act of 2004 (P.L. 108-282) (FALCPA) ardsrihe Federal Food, Drug, and Cosmetic
Act (FFDCA) and requires that the label of a foodduct that is or contains an ingredient that
bears or contains a "major food allergen " dedlaeepresence of the allergen as specified by
FALCPA. FALCPA defines a "major food allergen "@®e of eight foods or food groups (milk,
egg, fish, crustacean shellfish, tree nuts, whesnuts, and soybeans) or a food ingredient that
contains protein derived from one of those foods.

An important scientific issue associated with tm@lementation of FALCPA is the existence of
threshold levels below which it is unlikely thatomd allergic individual would experience an
adverse effect. FALCPA provides two processes bighvan ingredient may be exempted from
the FALCPA labeling requirements, a petition pracid U.S.C. 343(w)(6)] and a notification
process [21 U.S.C. 343(w)(7)]. Under the petitioogess, an ingredient may be exempt if the
petitioner demonstrates that the ingredient "da¢sause an allergic reaction that poses a risk to
human health." Under the notification process,mgmadient may be exempt if the notification
contains scientific evidence that demonstratesttigingredient "does not contain allergenic
protein,” or if FDA previously has determined, undection 409 of the FFDCA, that the food
ingredient does not cause an allergic responsetsas a risk to human health. Thus,
understanding food allergen thresholds and devegppisound scientific framework for such
thresholds are likely to be centrally importanFDA's analysis of, and response to, FALCPA
petitions and notifications.

FALCPA also requires FDA to promulgate a regulatowlefine and permit the use of the term
"gluten-free"” on the labeling of foods. Such labglis important to patients suffering from celiac
disease, an immune-mediated illness. Strict avaelaf gluten at levels that will elicit an
adverse effect is the only means to prevent patnserious reactions. Thus, consumers
susceptible to celiac disease need accurate, camplad informative labels on food.
Understanding thresholds for gluten will help FDévdlop a definition of "gluten-free" and
identify appropriate uses of the term.

Section 204 of FALCPA directs FDA to prepare anbrsil a report to Congress. The report is to
focus principally on the issue of cross-contadbofds with food allergens, and is to describe the
types, current use of, and consumer preferencésrespect to advisory labeling. Cross-contact
may occur as part of the food production processrevhesidues of an allergenic food are present
in the manufacturing environment and are uninteatily incorporated into a food that is not
intended to contain the food allergen, and thusatlergen is not declared as an ingredient on
the food's label. In some cases, the possible pcesaf the food allergen is declared by a
voluntary advisory statement. Understanding fodefgén thresholds and developing a sound
scientific framework for such thresholds is alé@ly to be useful in addressing food allergen
cross-contact issues, including the use of advikdrgling.

Both as part of its ongoing risk management of falbekgens and in response to FALCPA,
CFSAN established aad hoc internal, interdisciplinary group (the Thresholabkking Group)

to evaluate the current state of scientific knowkdegarding food allergies and celiac disease,
to consider various approaches to establishingliwds for food allergens and for gluten, and to
identify the biological concepts and data needesvduate the scientific soundness of each
approach. This report is the result of the worlgngup's deliberations.

This report summarizes the current state of sdieknowledge regarding food allergies and
celiac disease, including information on dose-raespaelationships for major food allergens and
for gluten, respectively. The ability to establesthreshold depends on understanding the dose-
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response relationship between the ingestion oflargan or gluten and the elicitation of an
adverse response. Implicit in establishing sucledesponse relationships is the identification of
susceptible populations and characterization ofexppsure levels below which all, or part, of
the susceptible population does not respond. Tieere consensus in the scientific literature
regarding thresholds for major food allergens ategi. Therefore, the Threshold Working

Group identified the biological concepts and daaded to evaluate various approaches for
establishing thresholds that would be scientificatbund and efficacious in relation to protection
of public health.

B. Definitions of Thresholds

The term "threshold" has been used to refer taietyeof different concepts (Table I-1) that
apply either to individuals or populations. Thrdsisacan be measured experimentally in animals
or humans [i.e., No Observed Adverse Effect LeMEDAEL) or Lowest Observed Adverse

Effect Level (LOAEL)], derived from epidemiologicdhta, estimated by modeling (statistical or
simulation), established by statute, or arisinthasresult of the selection of an analytical
method. The ability to measure or determine a Holgsmay be limited by the sensitivity and
specificity of the methods available to measureegithe stimulus or the response.
Understanding the strengths and limitations ofd&ia underpinning the different approaches is
particularly important when dealing with adversteets that have low probabilities of occurring.

Tablel-1. Summary of Various Types of Thresholds

Type Description
Etymological "The intensity below which a mental or physicairatlus cannot be
Definition perceived and can produce no response.” (WebBlietlsnary).
Toxicological The dose at, or below which, an adeezffect is not seen in an

experimental setting.
Methodological The limit of detection of an anatyi method.

Statutory The establishment of a limit by statbElpw which no regulatory action
will be taken.

C. FALCPA

As noted, FALCPA amends the FFDCA to prescribentid@ner in which food labels must
disclose that a food is, or contains an ingredieat bears or contains, a major food allergen. The
law also requires the FDA to issue a regulatiodefine and permit use of the term "gluten-

free."

FALCPA establishes a petition process through whiébod ingredient may be exempt from
FALCPA's labeling requirements if the ingredienedmot cause an allergic response that poses
a risk to human health. FALCPA also establishestdication process under which a food
ingredient described in section 201(qq)(2) of tROEA may be exempt from FALCPA's

labeling requirements if the ingredient does nottaim allergenic protein, or if FDA previously
has determined, under section 409 of the FFDCA theafood ingredient does not cause an
allergic response that poses a risk to human health

From the perspective of the Working Group, impletagan of the FALCPA petition and
notification provisions could present several keigstific issues. First, what is an "allergic
response?" Second, do all allergic responses posk @ human health, or do some allergic
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responses pose more of a risk than others? Thirdakkergens occur in a food either in a form or
at a level that is too low to cause harm (i.eheagithe allergen does not cause a biological
response or the response is too mild to be coreideszardous)?

Under FALCPA, a "highly refined oil" derived frorme of eight foods or food groups and "any
ingredient derived from such highly refined oileaxempt from the definition of "major food
allergen " and from FALCPA's labeling requiremerts.discussed further below, there is
evidence that consumption of highly refined oileslmot appear to be associated with allergic
responses despite the potential presence of losld@i protein in these oils.

Section 202 of FALCPA requires FDA to issue a psgubrule to define and permit use of the
term "gluten-free" on labeling of foods. SectiorB288 FALCPA recognizes that "the current
recommended treatment is avoidance of glutensaddahat are associated with celiac disease."”
FALCPA does not directly state how the term "gluteze " should be defined.

I1. Food Allergy

A. Adverse Reactionsto Foods

Many consumers consider a wide variety of advezaetions associated with the ingestion of
foods to be "food allergies.” While adverse reaxtimay occur for a variety of immunological,
toxicological, or metabolic reasons only a smaltfron of these are related to food allergies
(figure 11-1). The signs and symptoms associatdd thiese reactions can range from oral
irritation and swelling to cardiovascular collagdackson, 2003). Although adverse reactions
caused by microbial and toxicological agents céecafiny most individual, immunological
reactions only affect a small group of sensitivéividuals. Reactions caused by the presence of
toxic compounds such as histamine in seafood @gmbroid poisoning) or from metabolic
(e.g., lactose intolerance) are not true food @iks. The nomenclature used to describe these
well documented reactions in sensitive individuslsot consistent in the scientific literature.
Generally, reactions not involving immune resporaestermed food intolerances (Johanston
al., 2001; Sampson, 2004).

Immunological responses to foods, including foddrgles, occur in a sensitive population of
individuals. The major immunological responsesomds, termed food hypersensitivities, can be
divided into two major categories based on mechanis) immunoglobulin E (IgE)-mediated
hypersensitivity (e.g., oral allergy syndrome, dndaxis) and (2) non-lgE-mediated
hypersensitivity (e.g., celiac disease, food preteduced enterocolitis) (Johanssaral., 2001;
Wershilet al., 2002, Sampson, 2004). A group of food-relatasddiers (e.g., allergic
eosinophilic gastropathies, atopic dermatitis) nmaplve both IgE- and non-lgE-mediated
immune mechanisms (Sampson, 2004). For the purpds$es report, the term "food allergy”
will be used to describe IgE-mediated immune respsmesulting from the ingestion of specific
foods (Johanssost al., 2001; Jackson, 2003; Sampson, 2004). The mestesand immediately
life-threatening adverse reactions to foods area@ated with IgE-mediated hypersensitivity
(Johanssost al., 2001; Jackson, 2003; Zarkadhsl., 1999).
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Figurell-1. Adver se Reactionsto Foods
B. Mechanism of Allergic Reaction

An allergic reaction stems from an abnormal, orggpesiated, immune system response to
specific antigens, which in foods are proteins (fson, 1999). This immune response occurs in
two phases, an initial "sensitization” to an allergnd the "elicitation” of an allergic reaction on
subsequent exposure to the same allergen. Seheiizezcurs when a susceptible individual
produces IgE antibodies against specific protairsfiood. Upon re-exposure to the same food,
the allergenic proteins bind to IgE molecules omime mediator cells (basophiles and mast
cells), leading to activation of these mediatofscélhis elicitation causes the release of
inflammatory molecules (e.g., leukotrienes andamshe). The specific effects that are seen and
the severity of an allergic reaction are affectgdh® concentration and type of allergen, route of
exposure, and the organ systems involved (e.q, &ditract, respiratory tract, and blood)
(Taylor and Hefle, 2001).
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Figurell-2. Mechanism of Allergic Reactions
C. Range of Adver se Effects

The clinical manifestations of food allergic reaas range from mild irritation to severe, life-
threatening respiratory distress and shock. Sgesiins and symptoms may involve the skin
(e.g., pruritis, erythema, urticaria, angiodemizema), eyes (e.g., conjunctivitis, periorbital
swelling), nose (e.g., rhinitis, sneezing), oralitsa(e.g., swelling and itching of lips, tongue, o
palate), or gastrointestinal tract (e.g., refludja; abdominal pain, nausea, vomiting, diarrhea).

In more severe reactions, involvement of the raspiy tract (e.g., cough, asthma, difficulty
breathing, swelling around the larynx and vocatlspand cardiovascular system (e.g., faintness,
hypotension) can lead to loss of consciousnestyaggiion, shock, or death. The term
"anaphylaxis" is used to describe multisystemieseveactions to an allergen requiring
immediate medical intervention (Jackson, 2003).

Table II-1 provides a summary of the signs and sgmp that may be experienced during an
allergic reaction. Allergic reactions usually oceuthin a few minutes to hours after ingestion of
an offending food and often progress on a contintrom mild to severe, with higher doses
causing more severe reactions (Samms@h, 2005). Once exposure occurs, individuals may
experience immediate numbness or pruritis at tieeo$icontact or experience general
uneasiness. These symptoms are characterizedlgsctbee" since they cannot be observed by
others. As the effects progress, "objective” sgunsh as flushed skin, hives, or swelling of the
lips and face may occur. These signs are often amétishort-lived. However, in some cases,
they may be associated with more severe respomgelsing the respiratory and/or
cardiovascular systems. Such responses can ldex$pitalization or death, even with
appropriate medical intervention. Not all severeamaphylactic, reactions are necessarily
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preceded by milder signs and not all reactionsraneediate. In some cases, anaphylactic
reactions may be delayed by a few hours afterrtiti@liresponse (Sampsehal., 2005).

Anaphylaxis is a poorly defined condition repregent severe or multisystemic allergic
reaction (Sampsoet al., 2005). Allergic reactions described by objecsigns involving the
respiratory or cardiovascular systems would beidensd severe and managed as an
anaphylactic reaction by most clinicians. In sofassifications, reactions involving two or more
of the categories shown in Table 1I-1 (e.g., cutause gastrointestinal, respiratory), would also
be classified as anaphylaxis, if they are relagiveild. Anaphylactic "shock™ denotes a
consequence of anaphylaxis where heart irregudarénd leakage of blood vessels leads to
extreme blood volume loss (usually greater than 25%esting blood volume) and extreme

hypotension.

Tablell-1. Signsand Symptoms of Allergic Reactionsto Food

Subjective Symptoms

Objective Signs

N

CUTANEOUS _ . . Skin flushing or erythema (redness

Skin Pruritus (ltching) Pilor erection ("goosebumps")
Rash: Urticaria (hives) - acute
Eczema (usually delayed, >6 hours
Angioedema (swelling, especially
face)

8;)618' Ctg\rﬁgje Pruritus (Itching), Edema (swelling, may also include

palate) numbness, dryness |[the uvula)

Eyes, . . Periorbital (around eyes) edema,

conjunctiva Pruritus (ltching) redness of conjunctiva and tearing

GASTROINTESTINAL

Nausea, pain (except
infants/young child)

Vomiting, diarrhea, abdominal pain
(infants)

RESPIRATORY

Nose

Pruritus (Itching)

Nasal congestion or runniness
sheezing

Larynx, throat

Pruritus (ltching),
dryness/tightness

Swelling around the larynx and vog
cord, voice hoarseness, stridor
(inspiratory wheeze), cough

Al

Lungs

Shortness of breath,
chest pain/tightness

Respiratory distress (i.€},breathing
rate, difficulty catching breathj, peak
expiratory flow measurement), cou
wheezing

ph,
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HEART and Chest pain/ tightness|Syncope (fainting, loss of
CARDIOVASCULAR feeling of faintness, |consciousness), hypotension (low) |or
dizziness shock (very low blood pressure),

dysrhythmia (abnormal heart rhythin)

OTHER "Sense of impending|Uterine contractions (women)
doom"

The severity of an allergic reaction is affectedsbyeral factors that include genetic
predisposition (atopy), age, type of food allergeature of any food processing, environment,
and physiological conditions (Taylor and Hefle, 208ampson, 2003; Maleki, 2004). For
example, exercise, medications (e.g., non-steraidiinflammatories), alcohol consumption,
and asthma may enhance the severity of an allezgition (Sampson, 2005). Most severe and
fatal allergic reactions to foods have occurreddolescents and teens whom were highly atopic
and had a history of asthma (Sampson, 2003; Pump20e4).

It is generally assumed that a history of previseisous allergic reaction(s) indicates an
increased risk of future severe reaction(s). Howeadistory of mild reactions does not
preclude the possibility of a future severe reacttor example, Sicheret al. (1998) observed
that mild reactions to peanut in childhood tendécome more severe and unpredictable in later
childhood and adulthood. This may be due to thetfat these children tend to develop asthma
later in life (Sampson, 2005). Also, a recent revgd anaphylactic fatalities in the United
Kingdom showed that in 85% of fatal food reactitimes patient had previously experienced a
non-severe reaction (Pumphrey, 2004). Pumphrey(2§tated that the severity of previous
reactions is not a risk factor for fatal reactiomsiut allergic patients. These data imply that any
individual with a clinical history of IgE-specifivod allergy may be predisposed to anaphylaxis
or severe reaction.

D. Prevalence

Information on the prevalence of food allergieshia U.S. suggests that up to 6% of children and
4% of the total population have IgE-mediated folergies (Sampson, 1997; Sampson, 2004;
Sichereret al., 2003; Sicheregt al., 2004). The estimated prevalence in the U.S. latipa of
allergies to each of the food allergens identifiydhe FALCPA is given in Table II-2. Severe
food-related allergic reactions result in an esteda&80,000 emergency room visits, 2,000
hospitalizations, and 150 deaths per year (Sam28@4). Clinical data and surveys indicate
that the prevalence of allergy, including food iie has been rising in recent years, though
there are limited historical data to compare toerecent estimates (Sicheetal., 2003;

Grundyet al., 2002). Peanut allergy has received the mosttaitein the U.S., and data indicate
an apparent doubling of peanut allergy in childreder 5 years old from 1997 to 2002 (Sicherer
et al., 2003). An increase in peanut allergy has alsmiseen in the United Kingdom (Ewan,
1996; Grundyet al., 2002). Peanuts and tree nuts are the most cornenge for fatal reactions

in the US, although seafood allergy is increasitming recognized in adults (Yungingtial.,
1988; Sampsost al., 1992b; Boclet al., 2001, Sicherest al., 2004, Rosst al., 2006).

Tablell-2. Allergy Prevalencein the United States
[Age Group| Per centage of the Population |
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All AllergengMilk|Egg|Peanut|Tree nutgFish|shellfish®Wheat| Soy
Children |6.0 25113 0.8 0.2 0.L 0.0 UNKP® 0.2
Adults 3.7 0.3]10.4 0.6 0.5 0.4 20 UNKP [UNKP
33hellfish includes both crustaceans and mollUSksIK =
unknown.

Sources: Cordle, 2004; Sampson, 1997; Sampson; 2004
Sampson, 2005; Sicherdral., 2003; Sichereet al., 2004.

E. Allergenic Foods of Concern
1. Whole foods

The FALCPA identifies eight major foods or food gps: milk, eggs, fish (e.g., bass, flounder,
cod), crustacean shellfish (e.g., shrimp, crabstiet), tree nuts (e.g., almonds, walnuts, pecans),
peanuts, wheat, and soybeans. These eight foodekeged to account for 90 percent of food
allergies and most serious reactions to foods (FAAGection 202(2)(A); Bousquetal., 1998;
Hefle et al., 1996). More than 160 other foods are known tesedood allergies; however, these
allergies are relatively rare with prevalence rateging from a few percent of the allergic
population to single cases (He#eal., 1996). Each of the eight major food allergenstams
multiple allergenic proteins, many of which have been fully characterized (Gendel, 1998).

2. Food Ingredients

Some food ingredients such as edible oils, hydealyaroteins, lecithin, gelatin, starch, lactose,
flavors, and incidental additives (e.g., processiiag), may be derived from major food
allergens (Taylor and Hefle, 2001). The role thast ingredients play in food allergy has not
been fully characterized. For example, lecithia sommon food ingredient which is often
derived from soybeans. It is possible that soytiéti which contains residual protein, could
elicit an allergic reaction in sensitive individsgMulleret al., 1998; Guet al., 2001). Another
example is protein hydrolysate, which is often miden major food allergens such as soybeans,
wheat, peanuts, or milk protein. Partially hydr@gizrotein ingredients can elicit allergic
reaction. For example, hot dogs formulated wittiply hydrolyzed casein have elicited allergic
reactions in children allergic to cow's milk (Geehal., 1991; Kocabas and Sekerel, 2003).
Allergic reactions to partially hydrolyzed protengredients are more common than are
reactions to extensively hydrolyzed protein ingesds (Bock and Atkins, 1989; Elles al .,

1991; Saylor and Bahna, 1991; Kelso and Samps@3; Miggemanret al., 1999).

Gelatins are ingredients derived from animals (€@ws, pigs) but also from the skin of various
species of fish. A study of 10 fish allergic pateeand 15 atopic individuals with eczema
revealed that 3 and 5 individuals respectively $etific IgE to fish gelatin, suggesting the
presence of allergenic protein (Sakaguethal., 2000). However, in a recent double-blind
placebo-controlled food challenge (DBPCFC) studly3@fish allergic subjects in the study
showed no response to a cumulative dose of 3.6Tighogelatin (Hanseet al., 2004).

Edible oils can be derived from major food allergench as soybeans and peanuts, and they
may contain variable levels of protein (Taylor ahefle, 2001). The consumption of highly
refined oils derived from major food allergens ligric individuals does not appear to be
associated with allergic reactions. For examplg)draet al. (1981) and Buskt al. (1985) did

not observe any reactions to refined peanut oodsyn 10 and 7 allergic patients, respectively.
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On the other hand, unrefined or cold-pressed lbés ¢ontain higher levels of protein residues
(Taylor and Hefle, 2001) may cause allergic reastid-or example, Hourihameal. (1997b)
reported that 6 of 60 peanut allergic individuaaated to crude peanut oil but none responded to
refined peanut oil. Similarly, Kult al. (1999) reported that 15 of 41 peanut allergi¢dchn
responded positively to crude peanut oil in skiclptests, but none responded to refined peanut
oil. The actual protein levels reported in variedkble oils varies, probably due to differences in
the oil, refining process, and the protein detectnalytical method used. Crewthl. (2000)
reported that crude peanut and sunflower oils aoath100 to 300 pg/ml of protein, but that the
most highly refined oils contained 0.2 to 2.2 pgdéiprotein. Intermediate protein
concentrations were seen for partially processksd Beubeset al. (1997) showed that the

amount of protein in both crude and refined gourmetoils varied both by type of oil and
degree of processing; the reported values ranged 10 to 60 pg/ml for various unrefined oils
and from 3 to 6 pg/ml for the refined oils. Othevastigators reported undetectable levels of
proteins in refined edible oils (Hoffmaaal., 1994; Yeung and Collins, 1996; Peewral .,

2004) using assays with detection sensitivities@B ng/ml (Peetert al., 2004) and 0.4 mg/kg
(Yeung and Collins, 1996).

Starch, which is a widely used ingredient, is ofienived from corn which is not a major food
allergen. However, starch can also be derived fndr@at, and may contain trace levels of wheat
protein. For example, Lietze (1969) reported thresspnce of antibodies to wheat starch in several
wheat sensitive individuals. However, the allergépiof wheat starch for sensitive individuals
has not been clinically evaluated (Taylor and He#(@01).

A wide variety of flavoring substances are useftbods, but only a few are derived from known
allergens (Taylor and Dormedy, 1998). As such, hg&diated allergic reactions to flavorings are
rare, although a few cases have been documentelyimy hydrolyzed proteins. For example,
several milk allergic individuals reacted to eithet dogs or bologna containing partially
hydrolyzed casein as part of the natural flavotiegd in the formulation of these products (Gern
et al., 1991). Two other milk-allergic individuals readtto milk protein in the natural flavoring
used in a dill pickle-flavored potato chip (St. ¥ant and Watson, 1994). The presence of peanut
flour in the natural flavoring of a packaged solipited a reaction in a peanut-allergic individual
(McKenna and Klontz, 1997).

3. Cross-Contact

Allergens, or proteins derived from allergenic fepthay be present in foods as the result of
cross-contact during processing and handling. &tra tcross-contact” describes the inadvertent
introduction of an allergen into a product that V¥domot intentionally contain that allergen as an
ingredient. Cross-contact may occur when a resadwther trace amount of a food allergen is
present on food contact surfaces, production macpjmr is air-borne, and unintentionally
becomes incorporated into a product not intendexbidain, and not labeled as containing, the
allergen. Cross-contact may also result when nealfqods are produced in the same facility or
on the same processing line, through the misusevadrk, as the result of ineffective cleaning,
or may result from customary methods of growing hadvesting crops, as well as from the use
of shared storage, transportation, or productianpeggent. Cross-contact of foods with allergens
has been shown to lead to allergic reactions iswaers on numerous occasions (Gatral.,

1991; Jonest al., 1992; Yungingeet al., 1983). Much cross-contact can be avoided by
controlling the production environment.
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F. Measuring Thresholds
1. Design of Food Challenge Studies

A history of clinical reaction to a food and a pn& skin prick test or the presence of food-
specific IgE antibodies in serum are sufficienestablish that an individual has an allergy to that
food. However, none of these reliably predictsléwel of patient sensitivity to low doses of the
food. At present, the level of individual sensityvcan only be determined using food challenge
studies (including open, single-blind, and douldlaeh placebo-controlled food challenges). The
double-blind, placebo-controlled food challenge HIB-C) is the "gold standard” diagnostic
measure for determining clinical reactivity to loancentrations of an allergen. In this type of
study, neither the subject nor the researcher kndvwish test foods contain the allergen. Open
(where both the subject and the researcher knowhitkst foods contain the allergen) and single
-blinded (where only the researcher knows whicldfocontain the allergen) challenges are used
primarily for screening foods of low allergenic iorpance or for determining tolerance to food
allergens. Single-blinded challenges can be placetrolled (SBPC). However, in open and
SBPC challenges, experimenter bias may play amalgerpreting patient reactions.

The typical diagnostic food challenge protocol doge escalation study, usually with 15 to 30
minute dose intervals, which proceeds until a caheffect is observed or the final dose is
achieved. The test substance, starting dose awéssice incremental doses vary between
protocols. Because reactions are assumed to bedesee at lower doses, the starting dose for
most diagnostic studies is generally in the miligrrange for whole foods (Bindslev-Jensen
al., 2004). In the few studies designed to determimemal eliciting doses, the initial doses are
in the low microgram range for the whole food oroléhfood protein (Hourihanet al. 1997;
Wensinget al. 2002a; Wensingt al. 2002b). Incremental doses are usually doubledooeased
logarithmically, so that a reasonable number ofénental doses (i.e., 6 to 10) separate the
starting dose from the end dose. This final dosesuglly chosen to be the normal amount in a
food serving, usually 8 to 10 gm of dried food 6rt6 100 gm of wet food (Boa#t al., 1988;
Bindslev-Jensest al., 2004). The ability to tolerate this amount, d@led by a negative open
challenge on a different day, is considered tobgesice that the individual is not allergic to that
allergen (Tayloet al., 2004).

Most oral challenge studies are designed to establdiagnosis of food allergy rather than to
determine safety (Taylat al., 2004). Consequently, these studies do notatalbses below a
known LOAEL. Thus, individuals who react to therstay dose are not necessarily
demonstrating a true LOAEL because it is not pdssdoknow whether these individuals would
have reacted to a lower dose without further tgsétnNOAEL cannot be established as long as
one or more study participants react to the stdivse.

Most elicited reactions occur within 3 to 15 mirsutdter a challenge (Bindslev-Jenseal .,
2004). Thus, an interval of 15 minutes betweenlehgk doses may be sufficient to confirm a
negative response. Most challenge studies repeddie that elicits the first objective sign.
Because subjective symptoms may have precededsheljective sign at lower doses, it is
often difficult to ascertain whether the reportedAEL truly represents the lowest dose to elicit
a reaction. The measurement and interpretatiodesfyac reactions is discussed below.
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2. Inclusion/Exclusion of Sensitive Populations

Individuals with a history of anaphylaxis to foodsants and children are often excluded from
challenge studies for ethical reasons (Tagt@., 2002). Moreover, individuals with very high
food allergen IgE serum titers are often excludddis, food challenge studies may not include
subpopulations of those allergic individuals whoyrba the most sensitive to allergen exposure.

Individuals with allergies to a specific food hadiferent genetic backgrounds and express a
wide distribution of sensitivity and reactivity.uslies have shown that there may be a range of as

much as one-million-fold (fin eliciting doses from the least sensitive te thost sensitive
individuals (Leunggt al., 2003; Wensingt al., 2002b; Bindslev-Jensanal., 2002). Moreover,
sensitivity and reactivity may change with ageifmtividuals within a population. For example,
unpublished challenge data described in Monerettiraand Kanny (2004) show that 83% of
wheat allergic children reacted to less than 2 glodat flour compared to 18% of wheat allergic
adults. Therefore, the inclusion or exclusion dbdar highly sensitive individuals can greatly
affect the NOAEL determination for the populatidim. add to this uncertainty, the most
sensitive individuals also may have more severetias (Wensingt al., 2002b; Perrgt al.,
2004). The thresholds measured for populationseketide these individuals may not apply to
those with severe allergic disease.

3. Testing Materials

Food challenges vary in the type of testing malteisad (e.g., peanut flour versus ground
peanut), oral challenge vehicle (e.g., whole foetbus capsules), and in the efficacy of blinding.
Differences in these variables could modify therdistion or concentration of allergen within
the test material, affect digestibility and absmnptinfluence false-positive subjective reactions,
and therefore, affect interpretation of the dospoase data.

The nature of the testing material is very impdstas this can enhance or diminish the overall
immunogenicity of the native allergen (Bewtal., 2001; Malekiet al., 2003). The matrix used
(e.g., fatty substances) can delay absorption,affesting the time interval to a reaction, or may
affect the intrinsic allergenic properties of tieed. Also, gustatory differences in the challenge
doses (because of the food matrix used) may infleisabjective reactions due to poor taste or
fear of consuming the allergen. The use of capsligsnates problems caused by taste, but
bypasses the oral cavity. Because the oral calatyspn important role in the initial contact and
metabolism of food allergens, this may affect thiesequent severity or character of response to
the challenge dose.

4. Subjective Versus Objective Reactions

There are two types of physiologic reactions oe@# that can occur during a food challenge -
subjective symptoms, those reported by the sulg@ect,objective signs, those observed by the
researcher. Because subjective symptoms may breghk of non-immunological mechanisms,
elicitation of objective signs is believed to be thore reliable indicator of clinical reactivity to

the food allergen (Taylat al., 2004).

The signs of a severe allergic reaction are assatiaith life-threatening conditions, e.g.,
anaphylaxis. However, there is no consensus asiichvef the less serious signs or symptoms
should be considered adverse effects. For exammgheeczema be seen as a "safer” reaction than
angioedema? Unlike well-defined toxicity endpoimésgctions to allergenic food ingredients are
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part of a wide spectrum of severity that includesal injury, objective systemic reactions,
anaphylaxis, and death. Further, allergic reactioayg involve multiple organ systems. For
example, in Scibiliat al. (2006) 62% of responses involved more than ogarosystem.

Subjective symptoms may be good indicators of aagient objective reaction, i.e., subjective
symptoms may precede or signal objective signsdase-dependent manner (Moneret-Vautrin,
2004). However, most challenge studies base tH@AHEL determinations on the first objective
sign rather than a subjective symptom. For exangilleough the Hourihanet al. (1997a) study
reported a threshold for peanut proteins in théigrelm range, mild subjective reactions were
noted in two individuals at doses of 10§ of peanut protein. Other studies do not repatiic
types of reactions but rather characterize reast@smild, moderate, or severe. For example, a
retrospective review of 253 failed challenges & clmic showed that the initial reaction was
severe in 72 (28%) and moderate in 88 (33%) otHatlenges (Perrgt al., 2004). There is only
one published study (Wensiegal., 2002b) that evaluated reproducible subjectivegpms.

Currently, there is no universally accepted endpaimesponse that can be used to predict
significant harm from an allergic reaction. Ana@ws, a clearly significant endpoint, is a
syndrome which is poorly described and subjectitable interpretation (Sampsetal., 2005).
Moreover, anaphylactic reactions are at one extra@ihaecontinuum of severity. There are a
number of additional factors (e.g., use of medicateohol consumption, anxiety) that can
significantly reduce or potentiate the impact gb@sure to an allergen. Given this combination
of factors, a particular dose could result in nsjgnptoms one day and life-threatening reactions
the next.

5. Anecdotal Evidence

Although a great deal of attention has been focosetthe use of challenge studies to determine
threshold doses or reaction patterns for food gdles, anecdotal reports of individuals suffering
life-threatening allergic reactions from minute egpres to food allergens suggests that there
may not be a measurable allergen threshold lespéaally for sensitive individuals. For
example, literature reports have linked kissingligtteet al., 2002; Steensma, 2003; Erikssbn
al., 2003) and exposure to airborne particles (Crespb, 1995; Casimiet al., 1997; Sackesen
and Adalioglu, 2003) to allergic reactions. Althtug many of these cases the amount of
allergen exposure cannot be assessed, it is caideithat the whole food exposure level needed
to elicit a harmful reaction is extremely low. g context, it should be noted that the statiktica
model developed by Bindslev-Jenstial. (2002) suggested that concentrations as low @s 70
ng for peanut and in the low microgram ranges @iy, soy flour, and cow's milk may elicit a
reaction in one in a million allergic individualslthough this model also suggests that a
majority of allergic individuals would likely tolate food allergen concentrations in the
milligram range, it supports the anecdotal evideheg very low concentrations of allergen may,
at some low but finite probability, elicit harmImghly sensitive individuals.

G. Exposure
1. Matrix Effects

Food allergens often occur as components of predds®ds, and many allergic reactions occur
following exposure to such allergens (Bagtlal., 2001). Therefore, it is important to understand
how the nature or composition of the food (i.eg fod matrix) affects the elicitation of a
reaction.
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Very little information exists on matrix effectsrfthe majority of allergens. It has been reported
that fat content can modify the reactions in a pe@BPCFC (Grimshawt al., 2003). Three of
four subjects challenged with peanut flour in anmatontaining 31.5% fat reacted at a higher
than expected dose, and had reactions that were segere than expected, based on previous
exposures to a standard recipe containing 22.9%Jfain rechallenge with the 22.9% recipe,
their reactions returned to expected levels wiipeet to dose and severity. The cumulative dose
of peanut protein required to elicit reactions Wwago 31 times higher when using the higher fat
recipe. The authors suggested that the peanugaferin the higher fat recipe were not readily
available to react with IgE on mast cells in theutho This was based on the observation that
radioallergosorbent test (RAST) inhibition assayd anzyme linked immonosorbent assay
(ELISA) detection tests showed that peanut allesgerthe higher fat mixture were less
availablein vitro. In addition, these three patients all had histodf an initial oral challenge
response. The lack of an oral early warning withgh-fat food may have caused these patients
to consume more allergen prior to the onset ofratlimptoms. By the time digestion of the fat
took place in the stomach and intestine, the tidak consumed was higher, resulting in a more
severe reaction.

Grimshawet al. (2003) further reported that the slopes of RABHIBition curves did not change
for peanut allergens in high-fat versus low-fat tmies, indicating that there was no change in
antibody-binding properties. Thus, it appears thatantigenic properties of the peanut flour
were not altered by the higher fat matrix, and thatchanges in apparent threshold may have
resulted from a combination of physiological antidgoral factors.

Katoet al. (2001) also observed a matrix effect with theanapg allergen ovomucoid. The
ability of ovomucoid to bind IgE was reduced in adal pasta composed of durum wheat and
egg white. This decrease was attributed to chaimgastigenicity associated with formation of
disulfide bonds between the ovomucoid and wheatlgis.

2. Processing Effects

Numerous studies have described alterations ingalhs as a result of processing or cooking.
Various types of processing (e.g., heating, milliggmentation) may alter the antigenic
properties of allergens because these processedfeanhthe three-dimensional structure of
proteins and thus the IgE binding epitopes. The qd extent of structural alterations may vary
depending on the processing method. This is edpetiae for conformational epitopes because
they are dependant on tertiary structure (CookeSamdpson, 1997; Vilet al., 2001). For many
food allergens, processing effects are inheretitérdata used to characterize thresholds because
the test articles used in DBPCFCs are processe&qrbkotical reasons, the test material must be
concealed in some way for the study to be "blinlEdr example, the taste of peanut butter or
peanut flour must be disguised in DBPCFCs for pealtergies. Preparation of the test material
typically involves cooking or processing of thesadjenic food. In addition to altering existing
epitopes, processing might also induce chemicatractural changes that result in the formation
of new antigenic epitopes, or neoantigens (Ma2@Q4).

Altered antigenic reactivity is most commonly assesby measuring changes in the binding of
antibodies to extracts of raw and processed fd®dduced or enhanced IgE binding in such
studies would suggest that the threshold for argitt reaction could be affected by processing.
However, definitive proof of an altered threshaduires DBPCFC testing.

The effects of processing on some specific majerggns have recently been reviewed, and are
discussed below (Besleral., 2001; Poms and Anklam, 2004). Variable patiesponses make
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it difficult to conclude that a particular procesgior cooking procedure affects allergenicity in
all cases.

Peanuts. Extracts of roasted peanuts have been shown tblgpihfrom patients at 90-fold higher
levels than do similar extracts of raw peanutsompetitive, IgE-based ELISAs (Maleét al .,
2000). Using immunoblot techniques, two of the majéergenic proteins in peanut, Ara h 1 and
Ara h 2, were shown to be highly resistant to laeat gastrointestinal digestion following
treatment in the Maillard Reaction (which occursimig the processing or browning of foods in
the presence of heat and sugars). Earlier stutiesbserved increased IgE binding and altered
IgE epitopes in roasted versus raw peanuts (Nostlale, 1981). The allergenic proteins Ara h
1, Ara h 2, and Ara h 3 from fried or boiled peanobund significantly less IgE than the same
proteins from roasted peanuts (Begeal., 2001), even though there were similar amountbef
allergenic proteins in peanuts processed by eathaneThese studies suggest that thresholds
for boiled or fried peanuts may be higher thanréasted or raw peanuts, at least for the three
major peanut allergens. In practical terms, the regority of peanuts consumed whole or in
processed foods in the U.S. are roasted. Boilddeal peanuts are an ethnic or regional
specialty and are usually eaten whole, rather #saam component of processed foods.

Milk. Pasteurization and homogenization did not redileggenicity in skin prick tests or

DBPCFC (Host and Samuelsson, 1988). However, lgpriitk for 10 minutes reduced IgE

binding of the allergenic proteins alpha-lactogliband casein by 50 to 66% and eliminated
beta-lactoglobulin and serum albumin reactivitgkm prick tests (Beslet al., 2001; Norgaard

et al., 1996). Hypoallergenic infant formulas produceahf heat denatured or enzymatically
hydrolyzed caseins or whey proteins showed redattedyic reactivity by immunoblot, RAST,

and DBPCFC in most milk-allergic children. Howevesme severe reactions have been reported
(Sampsoret al., 1991; Saylor and Bahna, 1991). Maillard reacporducts in milk are reported

to have increased allergenicity in skin tests (Mial2004). Allergic reactions have also been
reported involving both hard and soft cheeses @eshl., 2001).

Egg. Both soft and hard boiling of eggs decreaseddlilihot eliminate, antigen binding of
rabbit antiserum to ovomucoid and ovalbumin (Besiai., 2001). Heated egg white showed a
58% decrease in IgE binding in RAST (Aretl., 1985). A decrease in positive reactions was
seen with heated egg white in 55% of egg allergitepts using DBPCFC (Urisai al., 1997).
There are reports of allergic reaction to egg daethin cooked meatballs or hamburger
(Sampsoret al., 1992b; Besleet al., 2001).

Fish. Boiling ten species of fish failed to eliminateeegenicity in DBPCFC (Bernhisel-
Bradbentet al., 1992b). IgE binding to fish proteins in immunatsi was reduced, but not
eliminated. Canning (presumably due to the heatgesing) appears to reduce allergic reactions
to tuna and salmon in allergic patients tested BPOFC (Bernhisel-Broadbeatal., 1992b).

IgE binding of allergenic proteins from canned fighs reduced by 98 to 99% compared to
boiled fish. IgE binding studies indicate that fedlergens are present in surimi (Matal,

1994).

Shellfish. Boiling does not reduce the allergenicity of sipiallergens (Daudt al., 1988; Naqpal
et al., 1989).

Soy. Heating soybeans at 100°C for 60 minutes doesarapletely eliminate IgE binding to
allergenic soy proteins (Burlesal., 1992). Various soybean products including sfmosty
sauce, hydrolyzed soy protein tofu, miso, and hé&ciall retained IgE-binding activity (Besler
al., 2001). IgE binding proteins have been foundoylecithin (Guet al., 2001; Porrast al.,
1985; Paschket al., 2001). Allergic reactions to soy lecithin haaleo been reported (Renaud,
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1996; Palm, 1999). The protein content of soy hécihas been reported to vary between 2.8-202
mg per 100 g (Beslet al., 2001; Paschket al., 2001). IgE binding proteins have been
consistently detected in unrefined soybean oils¢Rleeet. al., 2001), but inconsistently in

refined oil (Awazuharat al., 1998; Paschket al., Errahaliet al., 2002)

Tree nuts. Protein extracts of several hazelnut-containiragipcts demonstrated less IgE binding
than raw hazelnut aqueous extracts suggestindghéaaing reduced allergenicity. However, some
IgE binding capacity remained (Wigotaitial., 2001). Several cases of anaphylaxis have been
described for a variety of processed nut-contaipirmgiucts, suggesting that tree nuts in general
retain allergenic activity after heating (Besteal., 2001).Roasting, blanching, autoclaving, or
microwaving did not change the ability of animatis@ra to bind almond proteins
(Venkatachalanat al., 2002).

Wheat. Baking of wheat flour-containing foods resultshie foss of IgE binding to one group of
recognized wheat allergens, the alpha-amylaseitorsb However, baking does not affect the
ability of wheat prolamins to bind IgE from whedleggic individuals (Simonatet al. 2001).

The wheat allergen omega-5 gliadin also retaires@dinic activity after cooking. For example,
Daengsuwat al. (2005) found IgE to omega-5 gliadin in sevendtaih who had anaphylactic
reactions to breads, buns, noodles, macaroni azd.pi

3. Detecting and M easuring Allergens

There are several factors that make it difficultl&tect and measure food allergens. These
include sampling problems and difficulties in quimg proteins, particularly allergenic
proteins, in a wide variety of foods. Further, #argen may be a minor component of a highly
complex, heterogeneous food. The food matrix cgnester allergens, hindering detection,
while not significantly affecting allergenicity. ik also difficult to estimate the amount of a food
allergen that may be present from the result acissay that only measures protein, particularly
when there is more than one allergenic protein.

The only commercial methods that have been showletiect food allergens reliably use
immunological techniques such as ELISA (Patnal., 2004; Krskaet al., 2003), although non-
commercial PCR assays have been described (eppirget al., 2004). In some cases, these
methods were designed to detect representativedk@rs, not necessarily a specific allergenic
protein. Many kits contain polyclonal antibodieattdetect both non-allergenic and allergenic
proteins (e.g., Nogueirt al., 2004). For example, the peanut ELISA assayshiinat completed
Multiple Laboratory Performance Tested validatioa designed to detect multiple proteins
indicative of the presence of the food (e.g., p&gnunot to detect or quantify specific allergenic
proteins (Parlet al., 2005). There are no validated detection metllod®mmercially available
kits for most food allergens or allergenic proteins

The FDA and AOAC investigated the ability of thim@mmercial peanut test kits [BioKits

Peanut Testing Kit (Tepnel), Veratox for PeanueAdens (Neogen Corp.), and RIDASCREEN
Peanut (R-Biopharm GmbH)] to accurately measuraysan four food matrices (cookies, ice
cream, milk chocolate, and breakfast cereal) (Baak, 2005). The validation study, requiring

60 analyses of test samples at the target levglgfpeanut/g of food and 60 analyses of "peanut
-free" controls, was designed to ensure that thel®5% confidence limit on the true sensitivity
and specificity rates exceeded 90% (Ratrid., 2005). The results from this study showed that
all the test kits correctly allocated the test skt the target level. No comparable studies
have been completed for any other food allergen.
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Scientific practice is to calibrate, standardize] salidate assays and commercial test kits for
each food product because minor differences imthgix change the recovery and detection of
specific food proteins. Standardization requiresgheparation of samples identical to the test
sample and containing known amounts of a speafid fallergen. Nevertheless, because
different antibody-based assays recognize diffgpeniein epitopes, variable results may be
obtained using different test systems. This valitstwas evident in results obtained in the Food
Analysis Performance Assessment Scheme (FAPAS®&)rgised proficiency studies of wheat
(Central Science Laboratory, 2003a; Central Sci¢matmratory, 2004b), peanut (Central
Science Laboratory, 2003b), egg (Central Sciendmtaory, 2004a), and milk test kits (Central
Science Laboratory, 2004a).

Highly variable food matrices and the nature ofdfpooduction also create sampling challenges.
The distribution of allergenic proteins within wedbods is not necessarily homogenous, and
allergenic ingredients may not be evenly distriduteoughout processed foods. In addition,
cross-contact may result in a heterogeneous disitito of allergens within or on a food. For
example, nuts may be introduced into chocolate production line where nut-containing and
nut-free products are processed sequentially.isnctise, cross-contact is most likely to occur at
the beginning of a production run for the nut-fpgeduct. Thus, allergen testing using chocolate
taken from the end of a production run might nadqdhtely characterize the risk.

For a food product, development of a scientificalbyynd sampling plan that includes a statistical
analysis of the probability that any allergens pnesare detected and measured accurately.
Important sampling questions that need to be censttinclude whether the allergen is likely to
be heterogeneously distributed within the batce;thmber of samples per batch that should be
tested; which batches should be tested; whichgrodf a run should be tested; and how to
obtain a specific degree of confidence (e.g., 95%idence) that no allergen is present.

H. Collective Allergens

Three of the major food allergens identified in BERLCPA are actually groups of foods:
crustaceans, fish, and tree nuts. It is possilaeptoteins from two or more species within each
of these "collective allergens" might be preserd finod and the available analytical methods are
unable to distinguish between species in a grobpréfore, it may be necessary to consider total
protein levels from all species in a group rath@ntthe level of protein from each species. In
addition, an individual allergic to one speciebkisly to also be allergic to other species in the

group.

The ability of available test methods to distinduisfferent species within each group of
“collective allergens” varies. To date, there as&ommercially available test kits for finfish
proteins and only one for crustacean tropomyosem Rejelet al. (2003) reported the
development of an ELISA for shrimp that showed gigant cross-reactivity with other
crustaceans. There are three commercially avaiteddenut test kits (two for hazel nut, one for
almond), but the species specificity of these ikitsot clear. Hlywkaet al. (2000) showed that an
almond ELISA detected protein from seven other tnas. The hazel nut ELISA developed by
Holzhausegt al. (2002) showed cross-reactivity with other nutg] the walnut assay developed
by Niemann and Hefle (2003) reacted with three ol species. Waedt al. (2003) developed
an ELISA for cashew that showed cross-reactivitthwseveral other nuts. Ben Repglal.

(2003) developed a hazel nut-specific ELISA thdtrbt cross-react with other nuts, and
Clementeet al. (2004) developed a Brazil nut assay with "neglegi cross reactivity to five
other nut species.
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Although not likely to be useful for routine scr@emor testing, techniques such as liquid
chromatography/mass spectrometry (LC/MS) are bessgl to identify specific allergenic
proteins in complex food matrices (Shefcheck and#é¢u, 2004). These approaches may be
useful either as confirmatory tests or for chandaza¢ion of foods containing several allergens.

Crustacean Shellfish. Allergenic cross-reactivity among crustacearnissidered to be common.
Sicherer (2001) estimated that there is a 75% mibtyathat a shrimp-allergic individual will

also react to at least one other crustacean. Warriag (1985) reported that 11 of 12 (92%)
patients with skin prick reactions to shrimp alsal Ipositive skin prick reactions to at least one
other crustacean. Similarly, Dagtlal. (1987) showed that between 73 and 82% of shrimp
allergic patients had positive skin prick testatother crustacean. Chieual. (2003) showed
that sera from 20 of 32 individuals with eitherisip- or crab-reactive IgE were reactive to both
species. Further, inhibition studies with 15 ofstheross-reactive sera showed relatively high
affinity for both allergens. The basis for this Inigate of cross-reactivity appears to be sengitivit
to the highly conserved protein tropomyosin, whghonsidered to be a panallergen (Detul

al., 1993; Leungt al., 1999; Sicherer, 2001).

Fish. Allergenic cross-reactivity among fish species b@sn described in the clinical literature,
but appears to be less common than among speatessthcea. Both Sicherer (2001) and
Sampson (1999) estimate that there is a 50% prityahat an individual allergic to one fish
species will react to at least one other fish sggedielblinget al. (1999) reported that 4 of 14
(29%) fish allergic patients reacted to two or mgpecies in DBPCFC tests. Bernhisel-
Broadbengt al. (1992a) reported that 3 of 10 (30%) fish alleqgatients responded to more than
one fish species in oral challenges, but that pkitk tests were positive to multiple species for
all of these patients. Similarly, Hanseiral. (1997) showed that eight cod allergic patienits al
had positive skin prick tests with two other figiesies. The data presented in Paseuall

(1992) suggest that at least 80% of a group ofst9dllergic children had IgE antibodies to two
or more fish species. In some cases, cross-regdtias been shown to reflect the presence of
one of more closely related allergenic proteing.(garalbumins) in different species (Pascual,
1992; Hansemt al., 1997; Leunget al., 1999; Hamadet al., 2003).

Tree Nuts. The prevalence of cross-reactivity among tres raudlifficult to determine accurately
for several reasons: the high proportion of seveaetions among nut-allergic patients makes it
dangerous to carry out oral challenge studies, npainished works test for reactivity to a small
number (and variable assortment) of tree nuts stumties often combine tests for tree nuts and
peanuts. Nevertheless, Sicherer (2001) estimaatsttiee nut allergic patient has a 37% chance
of being allergic to two or more species of treg and Sampson (1999) estimates that the
probability of multiple tree nut sensitivities aegter than 50%. Ewan (1996) reported that 12 of
22 (55%) of tree nut allergic patients respondechtidtiple tree nuts by skin prick tests. Sicherer
et al. (1998) and Pumphrest al. (1999) both usenh vitro IgE testing and found multiple
sensitivities in 37% and 61% of tree nut allergatignts, respectively. There are a number of
studies that report cross-reactions in one or ap@trents (e.g., Teuber and Peterson, 1999;
Ibanezet al., 2003; de Leosmt al., 2003; Aserat al., 2004). The complex pattern of cross-
reactivity among the tree nuts may reflect the fhat several different panallergens (lipid
transfer proteins, profilins, Bet v1-related pragiand evolutionarily conserved proteins (seed
storage proteins) occur in various tree nuts (Rehak., 2003).

|. Published Challenge Studies

An extensive literature review was conducted froavémber 2004 through April 2005 that
included key word, author, and "related articledrsbes of the PubMed database and analysis of
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citations found in the published literature. Seeentpublications with quantitative dose-
response data from DBPCFC testing were reviewddetatify those that contained data that
could be used to estimate LOAEL levels for the m&god allergens. These studies are
described in more detail in Appendix 2. Fourtee2?48 of these report results from testing
adults; the remaining three tested infants andiddml. In four cases, the population being studied
was not specifically chosen to be food allergia arlarge fraction of the individuals in these
populations did not respond to the highest dostedeln eight studies (47%), patients reacted to
the lowest dose tested, and in three studies ti@sansufficient information to determine either
the lowest dose used or the number of patientsre$ywonded to that dose. The most sensitive
population was seen by Hourihagteal. (1997b), who reported that 67% of the patierdtetd
reacted to "peanut rubbed on the lip," including savere reaction.

Peanut. Hourihaneet al. (1997b) observed the lowest measured dose dfeaagen that

provoked a reaction (i.e., a LOAEL), 0.1 mg of pegprotein provoked subjective reactions in
two patients and 2 mg of peanut protein provokedlgactive reaction in one patient. Objective
reactions were observed in two other patients @ogxre to 5 mg of peanut protein. Wensihg
al. (2002a) also reported a LOAEL of 0.1mg for sutiecreactions in two of 26 peanut allergic
individuals tested. The LOAEL for the initial obje@ symptom was 10 mg. Several other
papers reported LOAELs of 25-100 mg of peanut pmdt& objective reactions (May, 1976;
Hourihaneet al., 1997a; Boclet al., 1978).

Egg. A wide range of LOAELSs have been observed for. &gjfarelliet al. (1995) reported a
LOAEL of 0.5 mg of dried whole egg (approximatelt® mg protein). Bockt al. (1978)
reported observing an objective reaction with 25ahghole egg (approximately 1 mg protein),
although the data are difficult to interpret asspraed. In contrast, Eggestial. (2001) report a
LOAEL of 1 g of whole egg (approximately 260 mgpobtein) for an objective reaction.

Milk. Relatively consistent LOAELs have been reportedhilk. Bellioni-Busincoet al. (1999)
found a LOAEL of 1 ml of whole milk (approximateB62 mg of protein) with children, and
Pastorellcet al. (1989) found a LOAEL of 0.5 g of freeze-dried knjapproximately 187 mg of
protein) with adults.

Soy. LOAELSs of approximately 522 and 88 mg protein én&een reported for soy (Zeigatral .,
1999; Magnolfiet al., 1996).

Tree Nut. Hazel nut is the most commonly studied tree Wensinget al. (2002b) observed
reactions to 1 mg of hazel nut protein in 4 of 28gnts, which was the lowest dose tested.
Hanseret al. (2003) found a LOAEL of approximately 32 mg okhnut protein, although it is
not clear whether this was the lowest dose tested.

Fish. Heblinget al. (1999) reported a LOAEL of 50 mg for catfish giot

Wheat. Unpublished data described in Moneret-Vautrin ikadny (2004) show that 83% of
wheat allergic children reacted to less than 2 glodat flour while only 18% of wheat allergic
adults responded at this level. Unpublished dasardeed in Moneret-Vautrin (2004) on wheat
flour challenges using 32 children and 32 adultk wiheat allergy, reported a LOAEL ©f1.8

mg protein for allergic children (the lowest testibe) and 52.8 mg protein for allergic adults.
Scibiliaet al. (2006) reported that 2 of 13 responders reactdgettowest dose of wheat flour
tested (100 mg of a mix of bread and durum floppraximately 15 mg protein) in DBPCFCs.
In total, 31% of the patients who reacted did sohtallenge doses less than or equal to 240 mg
of wheat protein.



US FDA/CFSAN- Approaches to Establish Thresholds for Major FAbedrgens and for Gluter... 25

J. Food Treatmentsto Reduce Allergenicity

The best example of food products that are prodasseender them less allergenic are
hydrolyzed infant formulas derived from cow's nploteins (i.e., casein and whey). Enzymatic
hydrolysis of these proteins has been shown tafgigntly reduce the levels of both total and
allergenic (e.g., b-lactoglobulin in whey) proté¢ihost and Halken, 2004). The degree of protein
reduction depends on the method of hydrolysis. & eample clinical evidence to suggest that
both partially hydrolyzed formulas (PHF) and extealy hydrolyzed formulas (EHF) have
reduced allergenicity in comparison to intact nidkmulas (Amer. Acad. Ped., 2000; Host and
Halken, 2004). Furthermore, there is preliminarigexce that the use of these hydrolyzed
formulas may also delay or prevent the developraéobw's milk allergy (CMA) in high-risk
infants (Host and Halken, 2004).

Both PHF and EHF contain varying amounts of rediguatein, including allergenic proteins,
which can be detected using eitihewitro or in vivo methods (Giampietret al., 2001; Docena

et al., 2002), that have been shown to retain immunolagiivity. Both PHF and EHF can cause
allergic reactions, including anaphylaxis, in séwsiinfants (Saylor and Bahna, 1991; Schwartz
and Amonette, 1991; Tariet al., 1994; Ammaeet al., 1999; Giampietret al., 2001; Host and
Halken, 2004). In general, the higher the levalesidual protein, the higher the risk for an
allergic response. Although the level of residual@n tends to be higher in PHF, the degree of
hydrolysis cannot always be used as a predicttrentiegree of allergenicity. Hydrolysis
methods are not standardized, and formulas undeggaimilar treatments may vary
considerably in their residual protein levels. Admhal processing, such as heat treatment and
ultrafiltration, may further reduce residual proté&vels in certain products (Host and Halken,
2004).

In 1989, the American Academy of Pediatrics (AABhcuded that a formula could be
considered "hypoallergenic” if challenge studiesvedd, at a minimum, 95% confidence that
90% of allergic infants would not react adverselytte formula (AAP, 1989). Since this time, a
number of DBPCFC studies using various infant fdenpreparations have been performed in
infants with CMA (Sampsost al., 1991; Sampsod al., 1992b; Giampietret al., 2001;
Sichereret al., 2001), and a substantial number of infant formfaost EHF) have met this
criterion for hypoallergenicity. Even though thegtethat EHF contain residual proteins and
may provoke allergic reactions in infants with CMAe AAP currently recommends these
formulas as alternatives for infants with CMA statthat at least 90% of these infants will
tolerate the formula (AAP, 2000).

Newer technologies, such as genetic modificatiom paing developed to reduce allergenicity by
removing, silencing, or modifying the genes forafie allergenic proteins within foods (Taéa
al., 1996; Hermaret al., 2003; Dodcet al., 2005; Gilissen, 2005). To date, however, thereis
example of a food allergen that has been renderexgbletely devoid of allergenic activity using
these methods. This is due to the fact that eamth dontains a number of allergenic proteins,
each with multiple allergenic epitopes. Unless ¢h@ethods can eliminate all of these proteins,
or modify all allergenic epitopes, the remainingtpins or epitopes could still elicit a reaction in
sensitive individuals.
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1. Celiac Disease

A. Introduction

Celiac disease (also known as celiac sprue andrgkénsitive enteropathy) is a chronic
inflammatory disorder characterized by mucosal dgerta the small intestine leading to
gastrointestinal illness, nutrient malabsorptiand a wide range of clinical manifestations (NIH,
2004; Shanet al. 2002). There is a consensus opinion that celiseadie is caused by an aberrant
(T lymphocyte) immune response to dietary glutenesipminantly found in wheat, barley, and
rye (NIH, 2004). However, there is evidence thdeast some persons who have celiac disease
may not tolerate oats (Lundabal., 2003; Arentz-Hansest al., 2004). Those individuals who
have a genetic predisposition to celiac diseasd tegeptides within the proline- and glutamine
-rich protein fractions of the grains (Dewatral., 2004). For affected individuals, celiac disease
is a lifelong condition and, if not treated, is@dated with significant morbidity and increased
mortality (Fasano, 2003; Corrabal., 2001; Dewakt al., 2004). There is no cure for celiac
disease (NIH, 2004). Strict avoidance of potentiairmful concentrations of glutens in the diet
is the only known means of completely preventirgdhnical and pathological complications of
celiac disease (NIH, 2004; Fasano and Catassi,)2001

B. Mechanism of Pathogenesis

Celiac disease is characterized by injury to theasa of the small intestine and specifically
targets the fingerlike projections, called villihere absorption of key nutrients takes place
(Figure 1lI-1). This injury is believed to be duzdn autoimmune disorder involving
modification of the antigenic presentation of giuie the intestinal tract of genetically
predisposed individuals expressing the major heastgeatibility haplotypes HLA-DQ2 or HLA-
DQ8 (Farrell and Kelly, 2002; Fasano, 2003). Irsthendividuals, binding of the enzyme tissue
transglutaminase (tTG) to wheat gluten (a glutamicte protein) potentiates uptake and
presentation by antigen-presenting cells in tharlamropria, triggering a vigorous T-cell
response (Schuppan and Hahn, 2002), leading tauptiod of IgG and IgA antibodies directed
to wheat gluten peptides (i.e., gliadins and glmgnand to tissue transglutaminase (tTG). The
activated T-cells are responsible for the mucoaalaije seen in celiac disease (Fasano and
Catrassi, 2001). This immune-mediated damage oativg compartments, the epithelium and
the lamina propria (Green and Jabri, 2003). Eatigstinal disease is characterized by an
increased number of intestinal intraepithelial lyrapytes (IELS). As the disease progresses,
increasing numbers of lymphocytes and plasma t#illgate the lamina propria. This increase
in the numbers of cells leads to elongation ofgstitel crypts and shortening of villi, which
eventually results in partial or total villous gihy (James, 2005). Elimination of intestinal
gluten results in modification of T lymphocyte amtibody responses and, in most cases, full
mucosal recovery (Kaukinest al., 1999; Fasano and Catassi, 2001).
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Figurelll-1. Mechanism of Celiac Disease
C. Range of Adver se Effects

The clinical manifestations of celiac disease agalig variable in character and severity. The
reasons for this diversity are unknown but may ddpen the age and immunological status of
the individual, the amount, duration, or timingesjposure to gluten, and the specific area and
extent of the gastrointestinal tract involved byedise (Dewaat al., 2004). These clinical
manifestations can be divided into gastrointestioal'classic,” and non-gastrointestinal
manifestations. Gastrointestinal manifestationalgypresent in children 4 to 24 months old
and include abdominal pain and cramping, bloatiagurrent or chronic diarrhea in association
with weight loss, poor growth, nutrient deficieneyd (in rare cases) a life-threatening
metabolic emergency termed celiac crisis, charaegiby hypokalemia and acidosis secondary
to profuse diarrhea (Farrell and Kelly, 2002; Bavahet al., 2003). Non-gastrointestinal
manifestations are more insidious and highly véei@nd are the common presenting signs in
older children and adults. These manifestationgratgiently the result of long-term nutrient
malabsorption, including iron deficiency anemiagrsistature, delayed puberty, infertility, and
osteoporosis or osteopenia (Fasano, 2003). Inrehilgorogressive malabsorption of nutrients
may lead to growth, developmental, or neurologitedhys (Catassi and Fasano, 2004). Extra-
intestinal manifestations such as dermatitis héguetis, hepatitis, peripheral neuropathy,
ataxia, and epilepsy have also been associateccaliic disease (Fasano and Catassi, 2001).
Individuals with untreated celiac disease are atsocreased risk for potentially serious medical
conditions, such as other autoimmune diseases {gye | diabetes mellitus) and intestinal
cancers associated with high mortality (Farrell Ketly, 2002; Peteyet al., 2003; Catasst al.,
2002). For example, individuals with celiac disehaee an 80-fold greater risk of developing
adenocarcinoma of the small intestine, a greatar tiwo-fold increased risk for intestinal or
extraintestinal lymphomas (Green and Jabri, 2068)aa20-fold greater risk of developing
enteropathy-associated T cell lymphoma (EATL) (Gsitet al., 2005a). These are rare intestinal
malignancies with a high mortality rate. In additiohe relative risk for developing non-
Hodgkin's lymphomas, intestinal or extraintestimathree fold greater than in the general
population (Catasst al., 2002). These cancers contribute to nearly twdghof deaths due to
celiac disease and are a major reason for theyn@aoitfold increase in overall mortality of adult
patients with celiac disease compared to the gepepailation (Corraet al., 2001).
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Currently, individuals with clinical manifestatigna "symptomatic” celiac disease, are believed
to represent a small portion of the total affeqgedulation (M&ki and Collin, 1997). A larger
number of individuals are believed to have "silergliac disease, characterized by positive
serology and intestinal mucosal abnormalities endghsence of symptoms or nutritional
deficiencies. Maki and Collin (1997) also suggested there is an even larger population with
"latent” celiac disease, individuals who are pusifor serological markers or genetic
susceptibility to disease and are entirely asymptamit is generally accepted that individuals
with silent or latent disease, although asymptomnatve the capability to manifest aberrant
immune responses following exposure to dietaryegisitand are, therefore, at increased risk for
both acute and long-term complications of celi@edse (Fasano, 2003; Schuppan, 2000).
However, the long-term benefit of strict gluten @amce for these individuals is unproven
(Green and Jabri, 2003).

D. Prevalence

Until recently, celiac disease was considered ta kage disorder in the U.S., with an estimated
prevalence rate of 1:5,000 (Talley, 1994). Howeadarge epidemiological study screened more
than 13,000 people in 23 states and estimatedvalpree rate of 1:133 within the general U.S.
population (Fasanet al., 2003). The National Institutes of Health ConssniSevelopment
Conference Statement on Celiac Disease curreritpaes that 3 million Americans, a little

less than 1 percent of the population, may havecedisease (NIH, 2004). Celiac disease occurs
widely among North American and European populatievhere wheat is a staple food, but is
infrequent among native descendents of China goahJand those with an African-Caribbean
background, where wheat is not as widely consurfRad €Il and Kelly, 2002).

Precise prevalence data for celiac disease ar@vadable. This disease is often misdiagnosed as
another gastrointestinal malabsorptive disordey. (eritable bowel syndrome) due to

similarities in their symptoms (Sandetsal., 2001). Due to the existence of silent or latent
cases, it is assumed that the incidence of celgsade is underreported (Méaki and Collin, 1997).
These forms of celiac disease may go undetectedlividuals for years before they develop
symptoms causing them to seek medical attentioadGand Jabri, 2003). Maki and Collin
(1997) postulated that there are many more cuyréethlthy individuals who are genetically
predisposed to developing celiac disease in futeaes than there are individuals who are now
affected by celiac disease. Only recently has tedioal community become more aware of the
need to screen for celiac disease when patientriexige health problems that may be
associated with the disease or when patients lzamgyfmembers, especially first- and second-
degree relatives, who have celiac disease (NIH4R00

E. Celiac Foods of Concern

Celiac disease is caused by an immune responsmatigally predisposed individuals to

specific storage proteins, commonly referred tbgastens,"” that occur naturally in cereal grains
(Shanet al., 2002). Technically, "gluten” is a term applgcifically to the combination of the
prolamin proteins called "gliadins" and the glutgdroteins called "glutenins” found in wheat
(Brown, 2004). However, the term "gluten” has based generically to refer to prolamin and
glutelin protein mixtures found in other cerealigsa(Kasarda, 2005, personal communication).
Although all cereal grains contain prolamin andejia proteins, these proteins are not identical
in different grains. These proteins differ in th@mino acid sequences in different grains, and not
all have been shown to evoke an abnormal immurponse that affects the intestinal lining of
persons genetically susceptible to celiac disedasarda, 2003). The term "gluten™ will be used
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in this report in the more general sense of thelioation of both prolamin and glutelin proteins
found in cereal grains.

The grains considered to be capable of producingrad effects in individuals with celiac
disease include the different species of wheat,(@uyum, spelt, kamut), barley, rye, and their
cross-bred hybrids (e.g., triticale, which is agféncross between wheat and rye) (Kasarda,
1994; Kasarda, 2004). There is also evidence tmesndividuals with celiac disease may react
adversely to oats (Lundet al., 2003; Arentz-Hansen, 2004). These grains ana@thbers of

the grass familyGramineae, also known a®oaceae) and are closely related taxonomically. The
cereal grains assumed to be safe for persons wliicaisease include amaranth, buckwheat,
corn, Indian ricegrass, Job's tears, millet, quimagi, rice, sorghum, teff (or tef), and wild rice
(Kasarda, 2001; Johnsehal., 2002; Kasarda, 2004b; Kupper, 2004).

The grain prolamins of concern include gliadin ineat, secalin in rye, hordein in barley
(Thompson, 2001; Green and Jabri, 2003; Kagnofi52@nd possibly avenin in oats (Arentz-
Hansengt al. 2004; Lundingt al., 2003). There is substantial evidence that badkaprin
proteins (i.e., gliadins) and glutelin proteing (i.glutenins) in wheat affect individuals with
celiac disease (Shahal., 2002; Hausclet al., 2002; Vadeet al., 2002; van de Wadt al., 1999;
Molberget al., 2003).

Wheat gliadin subtypes alpha, beta, gamma, and anfye been shown to affect individuals
with celiac disease (Ciclitiret al., 1984; EFSA, 2004). Rye, barley and triticale are
taxonomically related to wheat, express peptidesttrally similar to those found in wheat, and
have been reported to affect individuals with aetissease (Vadett al., 2002; Kasarda, 2001;
Kasarda, 2004b). In contrast, the prolamins inrotleeeal grains (e.g., zein in corn and orzenin
in rice) have been shown not to affect individuaith celiac disease (EFSA, 2004; Kasarda,
2004b). However, much is still unknown about whiehteins in the different grains can affect
individuals with celiac disease (Kasarda, 2001).

Analytical information is not available on the aatamount of gluten proteins in different grain-
derived food ingredients or finished foods. Fog&nngredient foods made from wheat, rye,
barley, triticale, and oats, the simple presencpitein” in that food may be used as an
indicator that gluten proteins are present. The AS@tional Nutrient Database for Sandard
Reference, Release 17 (USDA, 2004), the major source of composition datdoods in the

U.S., includes hundreds of food items that contdieat, rye, barley, triticale or oats as an
ingredient. Wheat, in particular, is used to mantufiee a wide range of food ingredients and
finished foods. Rye, barley, triticale, and oats ased to make substantially fewer food
products.

Koehler and FDA (2005) estimated the average amofutotal grain and individual types of
grain available for consumption per person in th®.land the total exposure to gluten-forming
proteins that would result from this grain consuimpt The estimated mean daily consumption
rate was approximately 250 grams of grain per aapitheat provided 180 of the 187 grams per
person per day of grains that are of concern fdividuals with celiac disease.

There is no consensus as to whether oats pre$@aiaad for all individuals with celiac disease.
Several studies, including one that lasted 5 ydaee reported that most celiac study
participants tolerated moderate amounts (e.g.,(@rams daily) of oats (Janatuinetral., 1995;
Janatuineret al., 2000; Janatuineet al., 2002; Lundiret al., 2003; Arentz-Hansest al., 2004).
The oats used by Lundet al. (2003) and Arentz-Hansehal. (2004) were tested to ensure that
they did not contain any gluten proteins from whegat, or barley.
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F. Gluten Contamination of Grains

In the U.S., most commercially available oat pradware believed to contain some gluten
proteins from wheat, rye, or barley due to crosstact with these grains during growth, harvest,
transport, storage, or processing (Kasarda, 1989akla, 2001; AGA, 2001; Thompson, 2003).
In a recent study, Thompson (2004) analyzed faisrdbthree brands of rolled or steel-cut oats
commercially available in the U.S. for prolaminsrfr wheat, barley, or rye. For one brand, all
samples contained 338 to 1807 ppm gluten (expressédte mean of duplicate determinations).
For each of the other two brands, the level ofagiudetected in all but one lot ranged from 12-
725 ppm in one brand and 120-131 ppm in the otrerd(expressed as the mean of duplicate
determinations). Thus, only one lot of these twanlis was negative for gluten. Thompson
(2004) concluded that none of these three branalsl te considered a reliable source of oats
free of potentially harmful gluten proteins.

Grains that do not contain gluten can become cantted with grains that contain gluten at any
step in the farm-to-table continuum, particulaflghared equipment is not thoroughly cleaned
between uses. It is difficult, if not impossible,drevent all cross-contact situations, considering
the tons of grain handled by farm equipment, btdkegye, and transport containers on a daily
basis. In fact, the Official United States Standdod Grains (USDA, 1999) assume that most
grains that have an established U.S. standarcteniiain a small percentage of other grains.

G. Gluten Challenge Studies

There is little information in the literature onmmal disease-eliciting doses of gluten for
sensitive individuals. Gluten challenges have gahebeen performed in individuals where
diagnosis is uncertain (e.g., infants, Latetial., 2002) or in individuals with unclear intestinal
pathology results (Wahad al., 2001). Challenges have also been performedterrdae the

time of disease relapse after a prolonged perigdutén avoidance (Mayet al., 1989). In most
cases, gluten challenges have been performedcto@liconfirm disease rather than to measure
the level of sensitivity (Farrell and Kelly, 2002).

There is no standard protocol for gluten challengad challenge studies have varied greatly in
amount and duration of gluten exposure. Althoughesstudies have been designed to determine
the acute effects (i.e., after 4 hours) of exposmiguten (Sturgesa al., 1994; Ciclitiraet al .,

1984), most challenges consist of an open challemgdixed or incremental dose of daily

gluten over a minimum period of 4 weeks. Many aradle studies use a high exposard (@

g/day) to gluten, because this is believed to simatitne to disease confirmation or relapse and,
therefore, to minimize discomfort to subjects (Bsland McNeish, 1976). However, some
studies have shown that low daily exposures teeglaiso can elicit a disease response (Catassi
et al., 1993; Lauriret al., 2002; Hamilton and McNeill, 1972).

Catasset al. (1993) reported that children, whose celiac disdaad previously been controlled
on gluten-free diet, had evidence of intestinal asat or immunological changes (changes in
intraepithelial lymphocyte counts and the villowsgdht to crypt depth ratio) following 100 mg or
500 mg of daily gliadin over 4 weeks; this corrasg®to 200 mg and 1000 mg of daily gluten
respectively (Colliret al., 2004). The degree of inflammation was dose degein However,

this study had several important limitations, whitctlude the short-term follow up (4 weeks),
testing in young children, the small number of satg (n=20), and the lack of control groups. In
addition, although gliadin is believed to be thgananmunogenic portion of gluten, T cells
from the small intestine of celiac disease patibaige been shown to be responsive to peptides
from the glutenin portion as well (Van de Wahl., 1999). Thus, the Castiggial. (1993) study
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was also limited by the use of gliadin rather tgarien. Estimating potential harm by
extrapolating from gliadin levels may not be repreative of the harm from total gluten
exposure.

A study currently in progress [The Italian Microtleage Study] has extended the scope of these
earlier findings by evaluating the effects of exgesto either 10 or 50 mg of purified gluten per
day for 3 months with a population of 36 celiacedise individuals in a double-blind, placebo-
controlled study (Catassi al., 2005b). Preliminary unpublished results suggesdtminimal
mucosal abnormalities occur with a strict glutesefdiet, that both 10 mg and 50 mg daily

gluten are well-tolerated, but that there is adriar mucosal changes to occur at the 50 mg dose.
These results can be compared to estimated glxfseres from gluten-free diets containing
various levels of gluten contamination (Table IJibm Collinet al., 2004, reproduced below).
Fasano (2005 personal communication) used thesewv&b suggest that a conservative

threshold for gluten exposure for sensitive indivts would lie between 20 and 100 ppm.

Tablelll-1. Estimated Daily Gluten Consumption from Combinations of
Different Amounts of Food Containing Different L evels of Gluten

Gluten Content in Daily Amount of Gluten-Free Food Consumed (Q)
Food (ppm?) 50 | 100 | 200 | 300
---------------- Daily Amount of Gluten Consumed (mg)-----------------
200 10 20 40 60
100 5 10 20 30
50 2.5 5 10 15
20 1 2 4 6
Source: Colliret al., 2004.
& ppm=mg/kg

Note: Gluten content in food multiplied by food somed equals gluten
consumed. Six slices of bread is equivalent to@pprately 100 g baking
mix.

In an alternate approach, Colkhal. (2004) analyzed gluten levels in a number ofedéht

types of wheat starch (n=24) and naturally glute®{n=59) flours consumed by 76 individuals
with celiac disease who had been on gluten-frets fioee 1 to 10 years. These individuals had no
reported evidence of mucosal deterioration or ficant provocation of signs or symptoms
while on this diet. The range of gluten found iagl products was 0 to 200 ppm. Codfiral.
(2004) then estimated that the total daily floungamption for these individuals to be 10-300
gm (median 80 gm). Based on this estimate andlthergcontent of the flour, a chart depicting
estimated daily gluten exposures was devised (Cetlkl., 2004). Collinet al. (2004) used this
chart and data from low dose gluten challenge stutti suggest the use of a threshold of 100
ppm gluten. The main limitations of this study unbé lack of a prospective study design (for
actual dose-response information) and the lackfofiation detailing diagnostic assessment
(i.e., minimal mucosal involvement) for charactemizmucosal relapse in these individuals.

H. Measuring Gluten in Food

Currently, commercial immunology-based ELISA test kor the detection of gluten in foods
are manufactured by Immunotech (Czech Republiggnasa (Spain), Morinaga (Japan),
Diffchamb (Sweden), Neogen Corporation (U.S.), RgBiarm (Germany), and Tepnel
BioSystems (U.K.). All of these detect prolamir proteins found in soluble aqueous-alcohol
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extracts from cereals. None is designed to deteptaeins associated with celiac disease. Five
of the assays have separately undergone multidédrgrvalidation studies (Skerritt and Hill,
1991; Akiyameet al., 2004; Gabrovskét al., 2004; Immeet al., 2003). Each of these studies
employed different target levels and matrices. Tépnel kit was validated by AOAC at >160
ppm gluten (Skerritt and Hill, 1991). All the ELISAts rely on the preparation of an aqueous-
alcohol extracts as analytical samples, and fotin@imanufacturers include the use of reducing-

denaturing conditions for the analysis of bakeddgo®uring the 28 session of the Codex
Committee on Nutrition and Foods for Special Digtdses in 2003, the R5-Mendez ELISA
method, which entails the use of reducing/denagueonditions, was forwarded to the Codex
Committee on Methods of Analysis and Sampling fat@sement (Codex Alimentarius
Commission, 2003). These ELISA test kits crossire¢adiffering degrees, with prolamins
derived from wheat, rye, and barley. None of tist¢ kés cross-reacts with protein extracts from
oats (Gabrovskét al., 2004; Nonaka, 2004; Abouzied, 2004; Brewtaal., 2004). As such, the
ELISA test kits do not provide protection to indluals with celiac disease who are sensitive to
oats (Peraahe al., 2004; Storsrueét al., 2003; Arentz-Hanseet al., 2004; Lundiret al., 2003).
Proficiency testing studies conducted by the Foodlysis Performance Assessment Scheme
(FAPAS®) have shown variability between the prolafBLISA test kits (Central Science
Laboratory, FAPAS Series 27 Round 05, Report N6522003), indicating that further
validation studies for these kits need to be cdroiet under comparable conditions. In addition
to ELISA test kits, two of the manufacturers, Td@ieSystems and R-Biopharm, market lateral
flow devices for the detection of gluten. To dateither of these has been validated.

At this time there is no correlative information thre efficacy of using these tests to predict or
help prevent adverse effects in individuals withamedisease.

|. Gluten-Free Labeling

Although gluten-free diets are considered the effllgctive treatment for individuals with celiac
disease, it has been recognized that it is difficuhot impossible, to maintain a diet that is
completely devoid of gluten (Colliet al., 2004). Therefore, several attempts have beer toad
define gluten-free in regulatory contexts. Effdrysthe Codex Alimentarius to define an
international standard for "gluten-free" labelirgel back to 1981. At that time, due to the lack
of sensitive, specific analytical methods, a thoddlvalue of 0.05 g nitrogen per 100 g dry
matter was set for wheat starch, on the assumfiteirwheat protein would be the only source
of nitrogen in starch (Codex Standard 118-1981% Thdex Committee on Nutrition and Foods
for Special Dietary Uses is developing a revisadaard. The current draft proposal would
define three categories of gluten-free foods: eed foods that are naturally "gluten-free" (

20 ppm of gluten), products that had been rend&gieden-free” by processing 00 ppm), and
any mixture of the two{200 ppm). The Australia New Zealand Food AgencMZRA) defines
gluten to mean "the main protein in wheat, ryesolaarley, triticale and spelt relevant to the
medical conditions, Coeliac disease and dermduggsetiformis.” ANZFA recognizes two
classes of foods, gluten-free foods (" ...no datdetgluten™) and low-gluten foods (" ...no more
than 20 mg gluten per 100 gm of the food") (ANZF#oH Code Standard 1.2.8). The Canadian
standard for "gluten-free" is more general, singibting that "No person shall label, package,
sell or advertise a food in a manner likely to teesn impression that it is a "gluten-free" food
unless the food does not contain wheat, includpgdt@nd kamut, or oats, barley, rye, triticale or
any part thereof' (Canadian Food and Drugs Act Reigu B.24.018).
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V. Discussion and Recommendations

A. General Approaches

Four general approaches were identified that cbaldsed to establish thresholds for allergens
and glutens: analytical methods-based, safety sise#g-based, risk assessment-based, and
statutorily-derived. With any of these approaciptsnned iterative reevaluation of threshold
values should be carried out as new knowledge bes@wailable. These approaches are
summarized in Table IV-1 and described in detdiblve

TablelV-1. Approachesto Establishing Thresholds
Type of Approach Examples

Analytical methods-  |Labeling of sulfiting agents

based
"Zero" tolerance policy foListeria monocytogenes in ready-to-eat

foods

Safety assessment-baded Evaluation of food adgiatigons

Risk assessment-baseql Guidance level¥itano parahaemolyticus in raw oysters

Statutorily-derived Labeling exemption for highlyfireed oil in the FALCPA

1. Analytical M ethods-Based Approach. In an analytical methods-based approach, thrdshol
are determined by the sensitivity of the analytroathod(s) that can be used to verify
compliance. This effectively establishes a "reguiathreshold,” although this threshold is not
necessarily correlated to biological effects. Tdpproach has been used in food labeling. For
example, the requirement to declare sulfiting agentproduct labels when foods contain 10
ppm or greater is based on the limit of sensitivitghe analytical method used to measure these
agents.

The issues that need to be considered when usiagalytical methods-based approach to
establish a threshold include:

* What are the sensitivity and specificity of the host?

» Has the method been adequately validated?

* How will the method be used?

» How will the threshold be modified when improvedthels are developed?

The strength of this approach is that it is rekdiisimple, straightforward, and easy to
implement. However, it is appropriate to use anyaical methods-based approach to establish
thresholds for allergens or gluten only if analgtitechniques are available for the food allergen
and celiac-associated glutens.
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2. Safety Assessment-Based Approach. Safety assessments are routinely applied to @ubli
health issues related to substances in foods,asichemical contaminants or food additives,
particularly when a biological threshold can béifies scientifically. The definition of "safe"”
varies according to the applicable legal provisieor. example, for contaminants, the statutory
definitions of safety are proscribed in section(@)@). Food is considered adulterated if an
added contaminant is in the food in a quantity’hio may render it [the food] injurious to
health", or, if the substance is an inherent nhtwrastituent of the food (i.e. "not an added
substance") and is in the food in a quantity thatild "ordinarily render it [the food] injurious to
health". As another example, the phrase "reasormaiotainty that no harm will result" is used in
section 408 (a)(4) regarding the safety of toleearfor a pesticide chemical residue in or on a
food.

For a safety assessment, the term "safety" hasotations involving both the degree of certainty
and an assumption of "negligible risk.” The propetychemical safety assessment is the
Acceptable Daily Intake (ADI) method which was fiesticulated by Fitzhugh and Lehman
(1954) for use in considering the significancedikable animal data. This approach or
variations of it are used throughout the world (WH®87). The ADI for a chemical is
calculated from the No Observed Adverse Effect LIM®AEL) and Uncertainty Factor (UF)
using the following equation:

ADI = NOAEL / UF.

The same basic methodology can be used to defieg egulatory standards such as Tolerable
Daily Intake (TDI), Reference Dose (RfD), and MiihRRisk Level (MRL). These values are
derived from controlled animal studies, human chhistudies, or epidemiological studies that
provide the exposure level for which there is npaapnt adverse effect or which identify the
lowest observable adverse effect level (i.e., NOAEDAEL). These adverse effect levels are
also considered in conjunction with one or moreewtaénty factor(s). Uncertainty factors are
applied to account for inter-species and intervitlial differences and other uncertainties in the
data (WHO, 2004).

There have been consistent efforts to improvegdiosess to make better use of scientific
knowledge. These efforts have focused on both cepgahe NOAEL approach and refining the
development of uncertainty factors. One exampthesdevelopment of the benchmark dose
(BMD) concept (Crump, 1984; Kimmel and Gaylor, 128ghe BMD concept involves fitting a
dose-response model to all the available data@ddtermine the statistical lower bound of the
BMD (i.e., the BMDL). The major advantage of theegach is that the BMDLis not
constrained to one of the experimental doses fraon&rolled study, as is the case with the
NOAEL (Crump, 1994). The U.S. Environmental PratatiAgency (EPA) uses the BMD
method in health risk assessments (Filipsgta., 2003).

3. Risk Assessment-Based Approach. A risk assessment is a systematic, scientifierexation
of known or potential adverse heath effects resyittiom human exposure to a hazard. The
generally accepted paradigm separates risk assessiteefour components: hazard
identification, exposure assessment, hazard cleization (dose-response), and risk
characterization. This framework allows for orgatian of information, definition of
uncertainties, and identification of data gapskRissessments can describe the likelihood of
adverse health effects either quantitatively oritatevely depending on the extent of the
knowledge available, the complexity of the problemd the time available to conduct the
assessment. In quantitative risk assessmentssnesipressed as a numerical estimate of the
chance of illness or death after exposure to afspbazard. This estimate represents the
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cumulative probabilities of certain events happgrand the uncertainty associated with those
events. A qualitative risk assessment, on the dtard, uses verbal descriptors of the risk and
uncertainties, and often involves the aggregatfaexpert opinions.

Of the four approaches, the quantitative risk assest-based approach is the most scientifically
rigorous and provides insight into the level okréssociated with specific exposures and the
degree of uncertainty inherent in the risk estimAteexample of the use of a risk estimate and
associated uncertainty is the current standartyfpoallergenic infant formulas, where there is
95% certainty that 90% of the sensitive populatalhnot react (American Academy of
Pediatrics, 2000). The risk assessment-based agpi®areferred when a biological threshold
cannot be justified scientifically. Several recpapers have discussed the application of the risk
assessment-based approach to food allergens (Birdshseret al., 2002; Moneret-Vautrin and
Kanny, 2004; Cordle, 2004; Wensisgal., 2002a).

The issues that need to be considered when usisg assessment-based approach include:

* What is the biological endpoint or biomarker of cern?
Is the response measurable?

What is the population (or sub-population) of ietdf
What are the exposure levels?

What data and assumptions are needed for the asm@ssind how do gaps in the existing
data affect the level of uncertainty?

Other issues that should be considered in regandderstanding the relationship between the
exposure level and nature of the response include:

* How sensitive and accurate are the available analynethods?

» How do changes in individual sensitivities overdiand within populations contribute to
the overall uncertainty?

* What are the limitations of the clinical studiegg(esmall number of volunteers, not
testing the most sensitive subpopulation) thatuaez to determine the dose-response
relationship and how do these limitations contiotat the overall uncertainty?

* Which dose-response models (e.g., threshold, nasttold) are appropriate?

It is not clear whether the data and modeling tephes available at the present time are
sufficient to allow use of the risk assessment-thaggroach to establish thresholds for food
allergens and for gluten. As an example of the derify of this approach, the following
describes the process of developing a dose-respoodel that can be used in a quantitative risk
assessment:

Stepsin Developing a Dose-Response M odel

1. Determine the population of concern (e.g., infacksldren, pregnant women).

2. Determine the endpoint or biomarker of concern.(elgath, severe illness requiring
hospitalization, subjective reactions such as itggof lip).

3. Identify available relevant data including animaldses, human clinical studies, and
epidemiological data that relate dose to frequenceverity of response.
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4. Select the appropriate dose-response model(s¢hiaaacterize the shape of the dose-
response curve.

5. Fit the selected model(s) to the data.

6. Characterize the uncertainty (i.e., curve weightind/or use of alternative plausible
models).

4. Statutorily-Derived Approach. The statutorily-derived approach establishes estiwld by
extrapolating from an exemption established by Cesgfor another purpose. For example, the
FALCPA defines "major food allergen " to includéoad ingredient "that contains protein

derived " from one of eight foods or food groupes¢cept... any highly refined oil " derived from
one of those foods. If consumption of highly refirals is not associated with allergic reactions,
and if there is nothing unique about the protemiighly refined oils, then consumption of
another food containing levels of protein that hesuan exposure that is equal to or less than the
level in a typical serving of highly refined oileauld not be associated with allergic reactions.
Thus, a threshold could be established for all faltergen proteins based on the level of protein
in highly refined oils. There is no comparable @@ty standard for gluten.

B. General Criteriafor Evaluating and Selecting Approachesto Establish
Thresholds

The general criteria used to evaluate the four@gagres to establish thresholds for allergens and
gluten are shown in Table 1V-2. Specific critergdated to food allergens are given in Section IV
-C and gluten in section IV-D. The specific criteshould be weighted appropriately when
implementing a particular approach. The gener&a focus on data availability and data
quality. The Threshold Working Group recognizeg swentific knowledge is the product of a
process which is inherently imperfect and ofteromplete. As such, the degree of uncertainty in
the data is a key consideration. It is expectetiahg decisions on approaches for establishing
thresholds for food allergens or for gluten wowdduire consideration of additional factors not
covered in the current report. For example, eas®wipliance and enforcement, stakeholder
concerns (i.e., industry, consumers, and otherasted parties), economics (e.g., cost/benefit
analysis), trade issues, and legal authoritiesihmegnificant factors that are likely to influemc

the practicality of implementing any approach. @p#&on that is implicit in the following
discussion of potential approaches is a decisioanestablish thresholds at this time, at least
for food allergens.

TablelV-2. General Criteriafor Evaluating and Selecting Recommended
Approachesto Establish Thresholds

Criteria Description

Data Identification and review of currently availabletaléhat can be used in any of
Availability |the four approaches to establish a specific thitdsho

Data Quality | Evaluation of the available data falityt completeness, and scientific
soundness. Evaluation of the degree of uncertasgpciated with the data.

1. Feasibility. The published and unpublished literature sumradria Sections Il and Il of this
report were reviewed to determine the availabdityhe specific types of data needed for each of
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the approaches to establish thresholds. When reegessormation was not available, the
following questions were used to evaluate the exjshformation:

* s there surrogate or alternate information avélaiat could be used?

* |s the existing knowledge sufficient to supports@aable assumptions when specific data
are not available?

* What is the level of uncertainty associated wigsthdata and assumptions?

2. Uncertainty. Uncertainty is typically thought to arise fronetlack of data or information.
Other sources of uncertainty are often consideydmktrelevant to scientific evaluations such as
subjective judgment, statistical variation, samgplanrors, and inherent randomness (Byrd and
Cothern, 2000). Techniques are available to acdourdr measure some of these uncertainties.
For example, the uncertainty in a dose-responseshoach be characterized using advanced
techniques, such as model weighting, that meakerddgree of credibility associated with the
model results (Carrington, 1997). State-of-thef@ot safety risk assessment models, such as the
HHS/USDA Listeria monocytogenes risk assessment for ready-to-eat foods (HHS/USIDA3)
also used techniques that separate uncertaintylfiolmgical variability. It is important to note
that uncertainty is different from variability. Uertainty reflects incomplete knowledge about a
system or population which can be reduced withtamdil study. Variability reflects the fact
that all systems or populations have inherentplgichl heterogeneity that is not reducible
through further measurement or study (Voysesl., 2002). Sufficient knowledge is needed to
account for both variability and uncertainty in erdo evaluate the four approaches for
establishing thresholds.

As described above, uncertainty factors are usedfety assessment calculations. Fitzhugh and
Lehman (1954) originally proposed a single safattdr of 100-fold applied to animal data. The
justification for this factor included both sciditiissues and social values. The scientific issues
included the possibility that humans may be morsisige to chemicals than the rodents used in
laboratory tests and that there may be substarai@bility among individuals in a population.

In general, as uncertainty increases, the uncéyttantor employed in a safety assessment
should increase proportionally. As a matter of pca¢ uncertainty is not characterized in a
safety assessment, either formally or subjectivedyis done in a quantitative risk assessment. A
minimum uncertainty factor of 10 is generally use@ccount for variation within the population
when relying on human data and additional uncdstdactors may be included as appropriate.
For example, théood Quality Protection AGFQPA) of 1996 requires, in certain cases, a 10-
fold factor in addition to any other uncertaintgtiars to protect infants and children from
exposure to pesticides. Similarly, the EPA use®ramty factors of 3 for inter-species
differences,10 for variability among humans (irg@ecies variability), 10 for extrapolation from
subchronic to chronic exposures, 10 for extrapatatiom LOAELs to NOAELS, and 1 to 10

for data deficiencies in safety assessments retatedntinuous inhalation exposures (U.S. EPA,
2002; Jarabek, 2002). The assignment of uncertéactprs should be based on science but
typically will include the application of expertggment.

3. Data Quality. TheFDA Information Quality Guidelineand the Agency for Healthcare
Research and Quality (AHRQ) guidelinessystems for rating the strength of scientific
evidencewere used in evaluating the scientific data cowt@iin this report (West al., 2002).

The FDA guidelines describe policies and procedfgesnsuring the quality of the information
disseminated by FDA. In these guidelines, dataityualdefined in terms of utility, objectivity,
and integrity. Utility is defined as the usefulne$she information to its intended users;
objectivity as presentation of the data in an aa®jrclear, complete, and unbiased manner; and
integrity as protecting the information from unaaribed access or revision. In particular, the
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guidelines provide transparency standards and ems$anity. The AHRQ guidelines describe
systems for evaluating the strength of scienttiiclgs, including randomized clinical studies. In
these guidelines, quality is defined as "the extenthich a study's design, conduct, and analysis
has minimized selection, measurement, and confagrisiases.” In addition, the AHRQ
guidelines suggest specific factors (called Domaimd Elements) that should be considered in
evaluating individual studies. These factors wenestdered in developing the criteria described
below.

C. Allergen Thresholds: Evaluation and Findings

This section provides an evaluation of the dataled¢o establish thresholds for the major food
allergens. Based on the availability and qualityhef data, the Threshold Working Group
provides findings that can be applied to estaldisth thresholds.

1. Evaluation of Data Availability and Data Quality

a. Sensitive Populations. Individuals within an allergic population expreswide degree of
sensitivity to low dose allergen exposures. Morepthe individuals who react to low dose
allergen exposures may also have the most sevargams following these exposures. Thus,
there may be a distinct, highly sensitive populatiathin the general population of food allergic
individuals. Because most clinical studies exclpdBents who have had previous anaphylactic
reactions or who have high specific IgE titerss ipossible that the most sensitive individuals
within the allergic population may be systematicatkcluded from these studies. Therefore, it is
possible that the doses reported to elicit "iniblajective signs" are higher than would be
expected for the entire allergic population. Theeslied data may also not be representative of
the allergic population in studies that use patmygulations that are not known to be allergic to
the food being tested (e.g., testing milk alleqgatients for sensitivity to soy). In addition,
individual sensitivity varies over time and "higensitivity" may be a transient condition for an
individual.

There are a number of case reports in the sciefitédrature documenting allergic reactions to
incidental exposures to allergens. These repoetslifficult to interpret because the level of
exposure and potential influence of other facterg.( medications, exercise) are not known.
Nevertheless, if these reports document true adl@egictions, this suggests that these
individuals could be considered to be highly sevesiivhen compared to the general population
of food allergic individuals.

Based on currently available data, the Thresholdkiig Group was unable to identify any
scientifically-based studies that indicate thatstesndard 10-fold uncertainty factor used in
safety assessments for inter-individual variabiltyiot adequate to account for variation within
the sensitive population. However, because ofithidtions in the clinical studies and the case
reports discussed above, this assumption shouldexamined as more data on the distribution
of sensitivities within the population become azhlé.

b. Biomarkers. Because there are novitro markers that can be used to assess the severity of
an allergic reaction, and a number of differenhsignd symptoms are associated with allergic
reactions, clinical symptoms elicited during chagje are currently viewed as the best indicators,
or biomarkers, of an allergic response. The matafesms of an allergic reaction can be either
subjective (reported by the patient but not ovartlgasurable) or objective (overt reactions that
are observed or measured by another person). @geigns vary on a continuum of severity
from mild rashes to fatal anaphylaxis. Althoughteatthese is an "adverse effect," there is no
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consensus about where on this continuum they betsen®us adverse effects.” This makes it
difficult to apply either risk assessment- or safefsessment-based approaches to establish
thresholds for food allergens because both appesa@quire that the adverse end point be well
defined.

Most clinical studies expose patients to increasioges of an allergen until the first objective
sign is observed. This is often, but not alwaylatively mild reaction. For ethical and

technical reasons, few studies measure dose-respelasionships for individual patients

beyond the initial objective sign. Therefore, thierently available literature provides data based
on the "initial objective sign." Although the "irat objective sign” is the biomarker measured in
most available allergen clinical studies, it is leac whether these signs are consistently
considered across these studies. It is also nat wlbeether and when subjective reactions should
be considered "adverse effects,” or should infleehe selection of a NOAEL or LOAEL for
safety assessments.

Normally, the use of the "initial objective sign'buld lead to threshold values that are
"protective” in relation to the overall risk to fd@llergic consumers. However, it should be
noted that severe reactions have been reportdu asitial objective sign in some cases. For
example, Perrgt al. (2004) reported that almost 30% of initial reacs were severe and stated
that "reaction severity did not increase as thewarhof challenge food ingested increased."”
Likewise, the only severe reaction observed by Haumeet al. (1997a) in a population of 100
patients occurred at the lowest dose tested. Hawewasidering that the use of the "initial
objective sign" does appear to be generally priviecand that such data would be used in
conjunction with appropriate uncertainty factotsnay not be necessary to differentiate among
"mild," "serious," or "life-threatening” signs whestablishing a safety assessment-based
threshold from existing clinical data.

c. Analytical Methods for Food Allergens. The criteria used to evaluate the available artallyt
methods for the major food allergens are shownaibld IV-3 and are applied in Appendix 1.

TableIV-3. Specific Criteriafor Evaluating Analytical M ethods for Food

Allergens
Criteria Comments
1. Has the method been |Methods that have been validated (such as by ACGKAE)
validated? preferred. Alternatively, the sensitivity, precisjand

reproducibility of the method have been demondiratea peer-
reviewed publication.

2. Is the method sufficientfrhe limit of detection and the limit of quantitatishould be below
sensitive? the levels that appear to cause biological reastion

3. Does the method detec|The relevant processing methods (e.g., boilingstiog, retorting)
both raw and processed |will depend on the food.
food allergens?

4. Has the species This is most relevant to methods for allergens sascfish and tre
specificity of the method |nuts.
been determined?

5. Has the protein target (¢Fhis is relevant to determining whether the assgas specific
targets) for the method befatiergenic proteins or general biomarkers.
determined?

1%}




US FDA/CFSAN- Approaches to Establish Thresholds for Major FAbedrgens and for Gluter... 40

6. Is the method practicalj The method should useran laboratory equipment and
supplies.

The response of sensitive consumers to exposue adlergen is dependent on the levels of the
allergen in the food and the amount of food consyrtveo factors for which there is both
variability and uncertainty. The levels of allergarfoods may not be known for a number of
reasons, particularly when the presence of thegalfeis the result of cross-contact. Even in
highly controlled clinical studies, questions rafjag the level of allergen arise due to
differences in the methods used to process anapepe test material, incomplete
characterization of this material, variability ibeagen levels among different sources of the
food, lack of standardized reference materials,diffierences in the analytical methods used to
guantify the levels of the allergen.

The methods used to quantify and express the desewed during clinical studies and adverse
event investigations are not consistent, and titgeases the uncertainty associated with the
available data. The amount of an allergen consumsdeen described in terms of total weight
of a food consumed, total protein from an allergengredient, or amount of specific allergenic
proteins. Although the last description is sciecaifly the most accurate, it is also the most
difficult to use because not all individuals areic to the same proteins in a food allergen and
all the allergenic proteins may not have been ifledtfor a particular food. Measurements
based on the whole foods are simple, but incrdeskevel of uncertainty because the
composition of the food may vary. For example, gesnin water content of a food would
change the relative amount of allergenic proteesent in serving sizes of a specified mass.
Further, the amount of protein present as a peafahe total weight of the food may vary due
to maturation, environmental factors, seasonabfaciproduction variability, or between
different cultivars or strains. The Threshold WarkiGroup recognized that the scientifically
most accurate means of assessing exposure wothdgoantify individual allergenic proteins,
but concluded that the most practical approaclevatuating the currently available data is to
measure exposure in terms of the total protein fadimod allergen. This is also consistent with
current technology for detecting food allergens.

It should also be noted that, while clinical expesuare expressed in terms of doses (i.e., g, mg,
or ug), allergen levels in foods are actually measa®doncentrations (i.e., ppm, percent, or
mg/kg). These values can be related by definingrdsrd serving size, usually 100 g. However,
it is well documented that the actual serving eéienonsumers should be treated as a variable
and a source of uncertainty when assessing exmosure

d. Challenge Studies. Clinical food challenge studies are recognizedetdhe most accurate

way to diagnose allergies and to measure sengitvian allergen (Sampson, 2005).
Unfortunately, the design of these food challertgdies varies widely. The lack of standardized
protocols, variations in the dosing regimes (inolgchumber of doses, the interval between
doses, and the relative size of the doses), afetelices in the food sources (including
differences in preparation and presentation) resulhcertainties when comparing the results of
different studies. Double-blind placebo-controlfedd challenges (DBPCFC) are considered the
most robust clinical studies and data from thesdiss should be given preference whenever
they are available. Food challenge studies arergiyeot designed to determine a lack of
reaction (i.e., NOAEL). Instead, the doses thatpoe positive allergic reactions are generally
reported, providing an estimate of the LOAEL foe ftopulation being studied. Despite the
uncertainties associated with food challenge daia the literature, LOAELs from human
clinical trials currently provide the best data éstimating population-based reactions to food
allergens. In a safety assessment-based apprbachseé of LOAELSs instead of NOAELs would



introduce additional uncertainty. A standard DBPQ#GQtocol has been proposed to identify
NOAELs for various food allergens, but few publielyailable, peer-reviewed data of this nature

are available at this time.

The specific criteria used to evaluate food ch
applied in Appendix 2.

géestudies are shown in Table IV-4, and

TablelV-4. Specific Criteria for Evaluating Allergen Oral Challenge Studies
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Criteria

Comments

1. Has the study been published in a peer-
reviewed journal?

Published, peer-reviewed studies are prefe
although unpublished studies may be
considered.

rred

2. Were the criteria for selecting the test
population clearly and completely described
and are they appropriate?

This information is needed to evaluate how
study results apply to at-risk populations (i.¢

food?).

the

D

L.y

was the tested population allergic to the teqted

3. Was the test material clearly and complet
described?

BIis information is needed to determine thq
amount of allergenic protein in the test
material.

4. Was the lowest tested dose of allergen
described, or can it be calculated?

This information is needed to determine a
NOAEL or LOAEL.

5. Were the total number and progression of
dose levels described, or can they be calculs
(i.e., can the entire dose series be explicitly
determined?)

This information is not needed for a safety
ed@ssment, but is needed for a risk
assessment.

6. Did some of the test population respond t
the lowest dose?

INOAELSs and LOAELSs cannot be determindg

lowest dose tested.

in studies in which reactions occurred at th¢

d

174

7. Were the allergic reactions observed clea
described?

[Ybjective reactions are preferred for both
safety and risk assessments.

8. Were the data sufficient to describe the df
response pattern for the population tested (g
for determining a cumulative dose-response

bERIS information is needed for a risk
agsessment.

curve)?

e. Differences Among Food Aller gens. Allergens differ widely both in their potential &bicit
allergic reactions and in the severity of thesetieas. The simplest approach to dealing with
these differences would be to establish a singkstiold based on sensitivities to the most potent
allergens. This threshold is likely to be undulgtrietive for many allergic consumers.
Alternatively, separate thresholds could be esthbtl for each food allergen. However, the data
needed for the separate threshold approach avaidble for many allergens. The Threshold

Working Group concluded that, to the extent

possieach food allergen should be treated

independently but that a single threshold shoulddtablished if independent treatment is not
possible. If a single threshold is establishedoitld be based on the allergenic food that elicits
an allergenic reaction at the lowest total protevel.

Some of the major allergens identified in the FAIXCEdNnsist of multiple species (i.e., tree nuts,
fish, crustacean shellfish). Because consumersamhigensitive to one species in a group are
also likely to be sensitive to other members ofgtaip, the Threshold Working Group
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concluded that any thresholds established for thltfsegens should be based on the combined
amount of protein from these species present.

f. Processing and Matrix Effects. Most of the food allergens identified in the FALERBre

eaten in a processed form. The existing data shatprocessing can increase, decrease, modify,
or have no affect on allergenicity depending onalhergen, the process, and the matrix

involved. A process that modifies the structuramfallergenic protein could reduce allergenicity
for one population of susceptible individuals wislmultaneously increasing allergenicity for a
separate susceptible population.

Most clinical studies are conducted using test nadtethat have been processed, such as peanut
butter prepared from roasted peanuts. Therefoesetbtudies are likely to mimic actual
consumer exposure to the allergen. However, sorcertainty remains because consumers are
exposed to food allergens processed in many diffevays and in many matrices. It would not

be practical to conduct the large number of clingtadies that would be necessary to reduce this
uncertainty. Fish appears to be an important el piecause raw fish is often used as a test
material. Most people eat cooked fish and this khba taken into account when evaluating the
results of these studies.

2. Options and Findings

There are four general approaches that could lktosestablish thresholds for food allergens -
analytical methods-based, safety assessment-badedssessment-based, and statutorily-
derived. Each approach has strengths and weaknasskthe application of each is limited by
the availability of appropriate data. It is likelyat there will be significant scientific advanades

the near future that will address a number of itlhé@dtions identified in this report. The

Threshold Working Group was aware of several patyimportant studies that are currently

in progress, but was unable to fully consider thmmause the data or analyses were incomplete.

Finding 1. The initial approach selected to establish thretshfr major food allergens, the
threshold values, and any uncertainty factors usedtablishing the threshold values
should be reviewed and reconsidered periodicallight of new scientific knowledge and
clinical findings.

a. Analytical Methods-Based Approach. The analytical methods-based approach could be used
to establish thresholds if the available data asefficient to establish thresholds using one of
the other approaches. This approach requires tiadytacal methods be available to detect each
major food allergen. Thresholds would be definedhgylimits of detection of the available
analytical methods, but there would be no relatignbetween these thresholds and the
biological response thresholds. Currently, the loslegection limits for commercially available
allergen ELISA or immunoassay test kits are inrdmegge of 0.1 to 1.0 pug protein/g of food, but
such kits are not available for all food allergdastablishing thresholds at levels higher than the
lower detection limits of the analytical methodsulbrequire the use of assumptions about the
biological response thresholds. In that case, hiresholds are actually based on using another
approach and should not be considered an analytietlods-based threshold.

Advantages. When accurate, validated methods are availahiestasure food allergens,
determining a threshold based on these methodsecarstraightforward way to establish that
products are in compliance with this defined level.
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Limitations. There are several disadvantages to using thisappiin determining thresholds for
food allergens:

1. The approach is not risk-based and it is likelyt tha appropriateness of any thresholds
established using this approach will be questiasedxisting methods are improved or
new methods are developed. Further, in the abs®Ennérmation on biological response
thresholds, it is difficult to assess how well #trelds established using this approach
protect public health.

2. Validated analytical methods are currently not ke for all of the major food allergens.
However, this is likely to change rapidly if thesea need for such analytical capability.

3. There is uncertainty as to the performance of a@lable analytical methods in the wide
variety of food matrices that are likely to be ematered. Theoretically, the test methods
should be validated for all foods and food matridesg this is not practical.

4. Current methods, which are based on a food's potédin content, will not be sufficient in
the future if techniques and technologies for rauythe levels of specific allergenic
proteins are developed.

Presumably, the analytical methods used to eshathiresholds in this approach could also be
used to evaluate compliance with any applicablallegquirements. However, the ability to use
these methods to help prevent the introductiomédwful product into the market place would
require that the methods be applied in a scieatlficupportable manner. This would require the
establishment of a statistically supportable sangptilan. The cost of the sampling to a degree
sufficient to provide reasonable statistical coafide is potentially an issue.

Finding 2. The analytical methods-based approach could betosestablish thresholds for
those food allergens for which validated analytioathods are available. However, if this
approach is used, the thresholds should be replac#dtresholds established using another
approach as quickly as possible.

b. Safety Assessment-Based Approach. The safety assessment-based approach could béoused
establish thresholds based on NOAELs or LOAELSs neplan the literature in combination with
appropriate uncertainty factors. Because very fallipations report NOAELS or present results
in a form that allows NOAELSs to be calculated, tyige of analysis would, for most food
allergens, be based on LOAELs. NOAELSs should be uwdeen they are available or can be
calculated (see Appendix 2).

As discussed previously, there are substantia¢iffces in the relative potency of different food
allergens (e.g., peanut vs. soy). As noted in Adped and summarized in Table IV-5, the
reported LOAELSs for peanuts are considerably lofgeaximum of 10 mg protein) compared to
soy (maximum 522 mg protein). A single thresholdfémd allergens, based on the most potent
food allergens, could be employed if, as a matteisk management policy, a single threshold is
considered desirable. However, this could be cemnsatioverly protective, particularly in the
case of soy.

TablelV-5. Summary of Published
LOAEL sfor Food Allergens
Food |Rangeof LOAEL (mg protein)
Egg 0.13t0 1.0
Peanut | 0.251t0 10
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Milk £.36 to 3.6
Tree Nut$ 0.02 to 7.5
Soy 88 to 522
Fish 1to 100

Advantages. Calculation of threshold levels based on NOAELE©AELSs and the application
of appropriate uncertainty factors to estimate sxpe is relatively straightforward. When there
are limited data in the literature, the applicatidrappropriate uncertainty factors provides
confidence that the majority of the sensitive pagiohs will be protected. For a number of the
major food allergens, there is reasonably goodesgemt among the reported LOAEL values.
Establishing thresholds using the safety assesshased approach and currently available
clinical data has the advantage of being direatlyeld to biological effects.

Limitations. There are limited clinical trial data for mostesitiens and most available clinical
food challenge studies have not been designecetdifd a NOAEL. Furthermore, an inherent,
but unexamined, assumption in all clinical studsethat the reactions seen in a clinical setting
are representative of the reactions to food alleeggosure that occur in the real world. Most
available clinical data are primarily limited tcemtifying LOAELS, and there is no way to know
whether doses below the observed LOAEL would slidlit a reaction. Thus, the selection of
appropriate factors to account for uncertainty imherent variability is critical in using the

safety assessment-based approach. Until thereassensus as to whether subjective symptoms
are acceptable biomarkers or which objective sagasconsidered harmful, it appears prudent to
consider as adverse any objective reaction obsemadlinical trial.

We have identified several data gaps for allergleatsadd to the uncertainty associated with
setting thresholds. Critical areas of uncertaimigt gariability include:

« Intraspecies differences. Safety assessments typaqaply a 10-fold uncertainty factor to
account for the variability both between individuahd variability in responses for a
particular individual.

» Sensitive population of interest. The existence @ine of highly sensitive subpopulations
of allergenic individuals and their lack of paniation in reported clinical trials is a
potential data gap and should be included in tleedainty factors. It is unclear whether
the standard 10-fold uncertainty factor for vaidigpwithin a species is sufficient to
account for potential highly sensitive subpopulagioBecause of the potential severity of
reaction for this subpopulation it seems prudemd¢tude an additional margin of safety
(e.g., a 10-fold uncertainty factor) for this urte@nty. It is not unusual for safety
assessments to provide additional protection fecaptible populations. For example,
EPA uses an additional safety factor in reevalggpesticides as per the Food Quality
Protection Act (FQPA, 1996) to account for the ¢ggeausceptibility of children to certain
pesticides.

» Adequacy of clinical trial data. Most of the avaik data from clinical trials report
LOAELSs. There is uncertainty associated with usi@AELs rather than NOAELSs to
establish a threshold. For peanuts, one of theded allergens for which NOAEL values
are available, the LOAELSs for objective signs gopraximately 2 to 3 fold greater than
the NOAELs.

» Other. Additional data gaps have been identifiedheyThreshold Working Group;
however, concluded that uncertainties associatédtivese factors were not sufficient to
warrant additional uncertainty factors. These datas include the following: (1) the use
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of total protein from a food as a surrogate for suegg the level of specific allergenic
proteins in clinical trials; (2) variability in sang sizes and related exposure factors; and
(3) the incompletely defined effects of food prasieg on the levels and reactivity of
allergenic proteins.

The Threshold Working Group acknowledges thatdlifscult to estimate uncertainty factors
that apply in all situations for all allergen thne&l determinations when using a safety
assessment-based approach. We can, however, asmtraestandard uncertainty factor of 10-
fold should be applied for intraspecies differencelsumans. Additional uncertainty factors
could be added if justified from data gaps. In &abi-6, we use peanuts, widely considered to
be among the most potent food allergens, to ilisthow specific uncertainty factors may be
developed for use in a safety assessment-basedaappio set a threshold if that approach is
adopted.

Table1V-6. Example of Uncertainty Factorsfor the Safety Assessment-Based
Approach Using Peanuts.

Description Uncertainty Justification
Factor

Ir?traspemes 10 Standard factor for intraspecies variability
differencé
Estlmatlzon of Not applicable | Two studies were identified that mpNOAELS
NOAEL
Sensitive 10 Used to account for additional margin of protectionmore
populatiort susceptible populations not included in clinicalsy

Overall Uncertainty Factor for Peanuts =100

! This includes both between- and within-individuatiability.

2 This includes both a factor for converting the LEIAto a NOAEL and an additional factor for the
uncertainty associated with that conversion. Ia thiample for peanuts, there are data on bothivge
and objective NOAELs and LOAELSs. If the NOAEL vatuare used, the uncertainty factor is 1-fold (i.e.,
not applicable). If the LOAELSs had been used, Haisie would have been higher. If subjective symgtom
observed at lower levels are used, a different itaicdy factor may be considered.

3 This includes uncertainty associated with an éofthi margin of protection to account for the paign
severity of reaction (e.g., lethality) for the higlsensitive subpopulation.

Finding 3. The safety assessment-based approach, basedentiguavailable clinical

data, is a viable way to establish thresholdsdodfallergens. If this approach is employed,
the LOAEL or NOAEL determinations used should bsdshon evidence of the "initial
objective sign." Individual thresholds should beabished for each of the major food
allergens. If it is not feasible to establish indual thresholds, a single threshold based on
the most potent food allergens should be estaldidnehose instances where a LOAEL is
used rather than a NOAEL to establish a thresfaidippropriate uncertainty factor should
be used. Thresholds established using this appsiemiid be reevaluated periodically as
new data and tools become available.

c. Risk Assessment-Based Approach. The use of the risk assessment-based approadnequ
analysis of the population distributions of allergensitivities for each of the major food
allergens. These distributions would then be usambnjunction with data on exposures to assess
the probability of an adverse effect. These distrdns could also be used to evaluate the likely
efficacy of different risk reduction strategies.
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Advantages. The quantitative risk assessment-based approdbh imost scientifically rigorous
approach and provides the most insight into batHekel of protection and the degree of
uncertainty associated with an exposure level. é&vecent publications that present
preliminary quantitative risk assessments basedbba from clinical trials suggest that this
approach shows promise (Bindslev-Jengaat., 2002; Moneret-Vautrin and Kanny, 2004;
Cordle, 2004; Wensingt al., 2002a).

Limitations. Quantitative risk assessments require the moatafaany approach to establish
thresholds for food allergens, because they aredbas determining the entire dose-response
curve, not simply a NOAEL or LOAEL. The data curtgravailable in the literature for food
allergens are generally not detailed enough toseéulifor quantitative risk assessment. Further,
the underlying mathematical procedures and assangptiave not been fully described for the
models that have been published. No consensusaleasrbached regarding the most appropriate
mathematical model to use for analyzing allergectien data.

Finding 4. Of the four approaches described, the quantdatsk assessment-based
approach provides the strongest, most transpacenttgic analyses to establish thresholds
for the major food allergens. However, this appholaas only recently been applied to food
allergens, and the currently available data aresufficient to meet the requirements of this
approach. A research program should be initiatetete@lop applicable risk assessment
tools and to acquire and evaluate the clinicalgpidemiological data needed to support the
guantitative risk assessment-based approach. Tdidsséstablished using this approach
should be reevaluated periodically as new data@wld become available.

d. Statutorily-Derived Approach. As discussed above, an allergen threshold could be
extrapolated from a statutory exemption establighe@ongress for another purpose, such as the
FALCPA exemption for "highly refined oils." Thustlareshold could be established for all food
allergen proteins based on the level of proteinigmly refined oils.

There are surprisingly few data available in thblighed scientific literature reporting on the

levels of proteins in highly refined oils. The eria used to evaluate studies measuring protein
levels in food oils are shown in Table V-7 and lagbin Appendix 3.

TablelV-7. Specific Criteriafor Evaluating Protein in Oil Studies

Criteria Comments
1. Has the study been published|Published, peer-reviewed studies are preferrelgadh
a peer-reviewed journal? unpublished studies can be considered.
2. Was the oil completely The level of processing must be known both to campa
described, including all refining [values among studies and because each processmng Sf
and treatment steps? may change the level of protein in oil.

the protein completely described@etail to allow the extraction to be reproduced, adeally,
extraction efficiencies should be measured andrtego

4. Was the method used to quarlﬂlee lack of these data increases the level of tamiogy.
protein levels completely
described?

5. Were replicate samples or  [The lack of these data and statistical analysiease the
batches tested, and was there al|level of uncertainty.
statistical analysis of these data?

3. Was the method used to extrFxtraction procedures should be described in saffic
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Based on the data presented in those studieseipatted levels other than "not detected,” the
overall range of protein concentrations for higidfined oils was 0.014 to 16.7 pg protein/ml
oil, with a mean of 2.35 pg/ml. The combined mesotgin concentration for the two most
widely used oils derived from food allergens, sog @eanut, is 0.74 pg/ml with a standard
deviation (std) of 1.3 pg/ml. A threshold couldld@sed on the mean protein concentrations or
on the mean plus some multiple of the standardadievi. For example, using the mean protein
concentrations for peanut and soy oils, proteielefor the mean, mean + 1 std, mean + 2 std,
or mean + 3 std would be the 0.74, 2.05, 3.36,426d ug/ml, respectively.

Advantages. The primary advantage to the statutorily-derivpdraach is that it is derived from
FALCPA's exemption for highly refined oils from kling provisions in the FALCPA.

Limitations. The primary limitation of this approach is thaisitbased on an extrapolation of a
level derived from a statutory exemption rathenthaigorous, systematic evaluation of all the
available scientific data. Because not all the teighjor food allergens are used to produce
highly refined oil, the use of a statutorily-demviareshold for all food allergens would be based
primarily on the protein levels in highly refinedysor peanut oil. Another current significant
limitation is the lack of data on the levels of fgia in highly refined oils. Based on the data that
are currently available and estimates of the amotiaoil consumed as a food or food ingredient,
it is likely that a threshold based on this apphoaould be unnecessarily protective of public
health.

Finding 5. The statutorily-derived approach provides a meigma for establishing
thresholds for allergenic proteins in foods basea statutory exemption. Potentially, this
approach could be used to set a single threshedd fler proteins derived from any of the
major food allergens. This approach might yieleé#olds that are unnecessarily protective
of public health compared to thresholds establisieag the safety assessment-based
approach or the risk assessment-based approactevdoveonfirming this would require
additional data. If this approach is employed talgssh thresholds, it should be used only
on an interim basis and should be reevaluatedwknewledge, data, and risk assessment
tools become available.

D. Gluten Threshold: Evaluation and Findings

Section 206 of the FALCPA requires that the termutén-free " be defined for use on food
labels. The law neither describes how gluten-fremikl be defined nor states whether there is a
safe level of gluten.

This section provides an evaluation of the avadalata to support various approaches for
establishing a threshold for gluten. A threshdi@stablished, could be the basis for decisions on
whether to use the term "gluten-free" on produgcels.

1. Evaluation of Data Availability and Data Quality

a. Sensitive Populations. Like food allergies, celiac disease affects angmall proportion of

the U.S. population (estimated at 1%) (NIH, 20@L)sceptibility to celiac disease is genetically
determined and is linked to the presence of the DK2Q8 HLA alleles. However, carrying
these alleles does not necessarily lead to cels@ase. Both acute and chronic morbidity have
been well documented for individuals with symptoimatliac disease. A gluten-free diet has
been shown to greatly reduce the risk for cancdraaerall mortality for these individuals. The
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potential benefit of a gluten-free diet has notrbestablished for individuals with silent or latent
celiac disease.

b. Biomarkers. Unlike food allergies, clinical signs and sympsdo not appear to be reliable
markers of disease activity because many indivglatkected with celiac disease may be entirely
asymptomatic. Furthermore, although biomarkerseoiegic susceptibility (e.g., presence of DQ2
and/or DQ8 HLA alleles) and gluten exposure [eagtibodies for gliadin (AGA), endomysial
(EMA), and tissue transglutaminase (tTG)] have bdefimed for use in noninvasive diagnosis of
individuals with celiac disease, these biomarkergemot been shown to correlate with disease
severity nor to be useful in assessing daily respsito gluten exposures. Rather, evidence of
intestinal mucosal inflammation is the gold staddaiomarker for diagnosis of celiac disease
and for assessment of disease severity. Intestinabsal inflammation may occur long before
the development of clinical signs or a rise in laodiy titers following a gluten challenge.
Intestinal inflammation is assessed by intestimab$y, which is an invasive procedure,
associated with false negatives (due to samplir@)elnd is impractical for frequent

monitoring of disease activity or severity.

c. Foods of Concern. The foods of concern for individuals with, or sestible to, celiac disease
are the cereal grains that contain the storageipsoprolamin and glutelin (commonly referred

to as glutens in wheat), including all varietiesdieat (e.g., durum, spelt, kamut), barley (where
the storage proteins are called hordiens), rye i(@vtiee storage proteins are called secalins), and
their cross-bred hybrids (such as triticale). Thapprtion of individuals with celiac disease that
are also sensitive to the storage proteins in(@atnins) has not been determined but is likely to
be less than 1% (Kelly, 2005).

d. Methods of Analysis. The criteria used to evaluate the available nastod analysis for

gluten in food are shown in Table IV-8 and are egupin Appendix 4. A number of commercial
immunology-based ELISA test kits for the detectibrgluten in foods are available, and one has
been validated by AOAC (the Tepnel kit, validatéd @0 ppm). One limitation of these kits is
that they only detect prolamins. This is not likedylimit the detection of gluten in foods because
in most cases prolamins and glutelin occur togetiewever, it may lead to an underestimate of
the level of gluten present. Also, none of the késtcross-reacts with protein extracts from oats,
which limits their efficacy for the small portiori celiac patients who are also sensitive to oats.
Test kits suitable for the detection of oat pradeshould be developed. .

TableV-8. Specific Criteria for Evaluating Gluten Analytical Methods

Criteria Comments
1. Has the method been |Methods that have been validated (such as by ACAEpreferred
validated? Alternatively, the sensitivity, precision, and regucibility of the
method should have been demonstrated in a peawedi
publication.
2. Is the method The limit of detection and the limit of quantitatishould be below|

sufficiently sensitive? |the levels that appear to cause biological resoimsenost patients
with celiac disease.

3. Are extraction methodPifferent methods may be needed; each should hearad.
available for both raw and
baked foods?

4. Does the method The cereal grains associated with celiac diseaseda wheat,
measure proteins from albarley, rye, and their cross-bred hybrids. Oats beagf concern f
relevant foods? some celiac patients. Ol

=~
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Criteria Comments

5. Does the method The storage proteins in cereal grains (generalbrred to as gluter
measure both gliadins anieiclude both prolamin proteins (gliadins) and dliat@roteins
glutenins? (glutenins). Ideally, both of these should be meadu

6. Is the method practicgl? The method should usemaan laboratory equipment and be
reasonably priced.

o

e. Oral Challenge Studies. The criteria used to evaluate the available glat@l challenge
studies are provided in Table 1V-9 and applied ppAndix 5. Only a limited number of gluten
or gliadin challenge studies have been conductéth&e, many have monitored the subjects’
acute responses to a single high dose of glutghautin. These acute studies were not designed
to establish a NOAEL or (in most cases) a LOAELJ #re results may not be directly
applicable to the chronic, low-level exposures thay lead to long-term consequences.
Moreover, most clinical studies only test one oo ttose levels and do not directly measure
daily intestinal responses to gluten. Based orctheria in Table 1V-9, two currently available
studies are considered to be of high utility. Thtadn these studies can be used to calculate
LOAELSs for short-term exposures. Although one sttetyospectively assessed the effects of
trace amounts of gluten consumption in diets ofviddals for up to 10 years (Collt. al.,

2004), there are no prospective data on the ingdagitronic or long-term consumption of lower
gluten levels.

Table1V-9. Specific Criteriafor Evaluating Gluten Oral Challenge Studies
Criteria Comments

1. Has the study been publish@ublished, peer-reviewed studies are preferredadin
in a peer-reviewed journal? junpublished studies may be considered.

2. Were the criteria for selectigghis information is needed to evaluate how the\stegults
the test population clearly and|apply to the at-risk population.
completely described?

3. Was the tested food materigit is important to know the level of gluten in ttest material.
clearly and completely
described?

4. Was the dose regime clearljA study designed to measure chronic exposure (losesl
and completely described? |over a long period of time) is preferable. Extrapioin of long
-term effects from short-term studies increasedahel of
uncertainty.

5. Were the criteria for This information is needed to evaluate the relegasfche
characterizing responses cleaffgsponse measured. A definitive diagnostic assedsme
described? showing clinical signs or intestinal mucosal changemparefd

to controls is preferred.

6. Are response data availablgThese data are needed to develop a risk assesbasat-dode
for each individual tested? -response model.

2. Options and Findings

The feasibility of using each of the four method€stablish a threshold for gluten was evaluated
in light of the available data. As with food allergs, it is likely there will be significant sciefiti
advances in the near future that will address abauraf the limitations identified in this report.
The Threshold Working Group was aware of severtmially important studies that are
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currently in progress, but we were unable to evelttem because the data or analyses are
incomplete.

In particular, the Threshold Working Group is awaf@npublished data from an ongoing
clinical trial of the subchronic effects of gluten celiac patients. The "Italian Microchallenge
Study" is utilizing intestinal biopsies to relateanges in the intestinal mucosa to antibody
biomarkers (Fasano, 2005 personal communicatiga)initnary results indicate that daily
consumption of both 10 mg and 50 mg of dietaryeglutere well tolerated after three months of
continuous consumption, but that minimal histolagjithanges were seen in patients consuming
50 mg of gluten daily. Because these data havgetdieen published, these results were not
considered further.

Finding 6. The initial approach selected to establish a tholeistor gluten, the threshold
value selected, and any uncertainty factors tha¢ wsed to establish the threshold should
be reviewed and reconsidered periodically in ligfitew scientific knowledge and clinical
findings.

a. Analytical Methods-Based Approach. As with food allergens, an analytical methods-based
approach could be used to establish a thresholglditen if the available clinical and
epidemiological data are insufficient to use onéhefother approaches. This approach requires
that analytical methods be available to deteateddivant glutens. Thresholds are defined by the
limits of detection of the available analytical imeds, but there is no relationship between these
thresholds and the biological response threshéidhe time of this report, the lower limits of
detection for the commercially available glutert tats are in the range of 10 pg gluten/g of
food, and the ability to robustly quantify samplke# the range of 20 ug gluten/g of food.
Establishing thresholds at levels higher than ¢leel detection limits of the analytical methods
requires the use of assumptions about the biolbggsaonse thresholds. In that case, the
thresholds are actually based on using one oftther three approaches and should not be
considered an analytical methods-based threshold.

Advantages. A threshold established using the analytical mgsHoased approach can easily be
incorporated into any applicable FDA compliancegpamns that combine a specific standard
method with a standardized sampling scheme.

Limitations. Several factors limit the applicability of the &riecal methods-based approach to
establish a threshold for gluten. At this time,yoohe commercially available analytical method
has been AOAC validated, and that method was uelitd®r detection at a relatively high
concentration of gluten. In addition, there aretiéa data on the performance of the available
methods in the wide variety of food matrices thaild potentially contain gluten. Therefore,
further characterization of available methods wdadchecessary before an analytical methods-
based threshold could be established. Appropriatioads would need to be developed for the
detection of oat gluten.

Finding 7. The analytical methods-based approach could ket tosestablish a threshold
for gluten. However, if this approach is used,ttireshold should be replaced by a
threshold established using another approach aglygwas possible.

b. Safety Assessment-Based Approach. The safety assessment-based approach could béoused
establish a threshold for gluten based on NOAELUS@AELSs reported in the literature in
combination with appropriate uncertainty factorBniCal data in the literature are limited, but a
few studies are available that meet the Threshaddkilg Group's data quality criteria. The
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currently available clinical studies do not redd@AELs. However, studies are available that
could be used to establish a LOAEL from which @shiold could be derived.

Advantages. Establishing a threshold based on NOAELs or LOARKM the application of
appropriate uncertainty factors to estimated exgpolavels is fairly straightforward. When there
are limited data in the literature, the applicatidrappropriate uncertainty factors can provide
confidence that the majority of the sensitive pagiohs will be protected. Establishing
thresholds using the safety assessment-based apmnd currently available clinical data has
the advantage of being directly linked to biologeffects.

Limitations. The primary limitation of this approach is the dbaf available prospective clinical
data and the general lack of information aboutrgact of chronic low-level consumption of
gluten on the emergence of symptomatic diseasalimiduals with latent or silent celiac

disease. At the current time, the size of the caetbuncertainty factors needed would be
substantial due to the general lack of data; apgliarge uncertainty factors to the available data
could lead to a gluten threshold that is not achide, as a practical matter, in foods.

We have identified several data gaps for glutehdbatribute to current uncertainty about
setting gluten thresholds. The critical areas afeutainty and variability are:

* Intraspeciesdifferences. Safety assessments typically apply a 10-fold uacsy factor
to account for the variability both between indivads and variability in responses for a
particular individual.

» Chronic low-level exposureto gluten in " gluten-free" diets. Data, from either
prospective studies or long-term clinical trialse aeverely limited on the effect of a long-
term gluten-free diet on the manifestations ofametisease.

» Adequacy of clinical trial data. There is uncertainty as to whether 4-week studies,
even 4-month studies, are of sufficient duratiopredict the consequences of long-term
ingestion of low levels of gluten. There is addi@abuncertainty as to whether currently
available clinical trials include the most sengtindividuals. Accordingly, there is
uncertainty as to whether the standard 10-fold dagy factor for variability within a
species is sufficient to account for potential hygdensitive individuals. Additional
uncertainty arises from the fact that the publistiedcal trials were designed to identify
LOAELSs rather than NOAELs.

« Other. Additional data gaps have been identified by thee$hold Working Group;
however, the working group concluded that uncetigsrassociated with these factors
were not sufficient to warrant additional uncertaifactors. These other data gaps include
the following: (1) it is uncertain what percentagendividuals with celiac disease are
sensitive to oat gluten and whether the levelshiwvthey are sensitive are equivalent to
those observed for wheat; (2) variability in segvgizes and related exposure factors; and
(3) the incompletely defined effect of food prodegson the levels of gluten tolerated by
individuals with celiac disease.

The uncertainty associated with gluten threshotdesa primarily from the limited amount of
clinical data. The critical knowledge gap aboutiwdlals with celiac disease is whether
chronic, low-level exposure to gluten in a glutesefdiet will cause any harm over a lifetime.
We are not aware of any prospective clinical triblt have examined the health of individuals
with celiac disease on a gluten-free diet for ntbhes a few months. There is uncertainty as to
whether data from these short-term clinical tnails accurately predict reactions following
chronic, low-level gluten exposure. Converselyréhegppears to be only a small degree of



US FDA/CFSAN- Approaches to Establish Thresholds for Major FAbedrgens and for Gluter... 52

uncertainty as to whether the most sensitive céelisease populations were included in the
available clinical trials since most of the pagpgnts had evidence of disease.

As discussed in Section lll, there may be an oasitige subpopulation. The possible existence
of this oat-sensitive subpopulation raises questretated to the definition of "gluten. " Because
there are limited clinical data on the sensitiafythis subpopulation of individuals with celiac
disease, the uncertainty related to the LOAELs OAELSs for these individuals is high.
Nevertheless, it is unlikely that theses individuale substantially more sensitive to oat gluten
than they are to wheat gluten.

Table IV-10 presents an example of how an overadkuainty factor could be derived when
estimating a threshold for gluten using the saésgessment-based approach. A standard
uncertainty factor of 10 might be applied for irsppacies differences in human responses to
gluten.

Table1V-10. Example of Uncertainty Factorsfor the Safety-Assessment-Based

Approach.
Description Uncertainty Justification
Factor
Intraspecies differenée |10 Standard for intraspecies variability.
Extrapolation from 10 Standard if NOAEL data not available.
LOAEL 2 Supported by clinical trial data.
Chronic, low-level gluten |6 Estimate using data from gluten clinical trials,
exposuré
Overall Uncertainty Factor* = 600

! This includes both between- and within-individuatiability.

2 This includes both a factor for converting the LEIAto a NOAEL and an additional factor
for the uncertainty associated with that conver$amtor. Preliminary NOAEL data from an
unpublished clinical trial (Fasano, 2005 persomahmunication) support an approximate 10-
fold difference between a NOAEL and published LOAECatassét al., 1993).

3 Estimated by comparing published LOAELSs in an acsingle dose exposure (Ciclitiea

al., 1984) with repeated exposure over four week$a@3eet al., 1993).

* Uncertainty is likely to decrease as clinicalltdata become available.

Finding 8. The safety assessment-based approach is a vigiieaap to establish a
threshold for gluten using currently available LOA#&ata for celiac disease. An overall
uncertainty factor should be estimated from the @aid applied to the LOAEL to establish
a threshold for gluten. Any threshold derived frtims approach should be reevaluated as
new research data become available. Availableatatansufficient at the current time to
use this approach to establish a threshold foglog¢n for those individuals with celiac
disease who may also be sensitive to oats. Howg\veljkely that a threshold based on
wheat gluten would be protective for individualsseptible to oat gluten.

c. Risk Assessment-Based Approach. There are few data from human clinical trials ttet be
used to develop a dose-response model for glutgrceliac disease. In addition, limited data are
available on exposure; for example, there are dichdtata on the actual levels of gluten in the
diet of individuals on "gluten-free diets" and twe teffects of low-level, chronic gluten exposure
in individuals with silent or latent celiac disea$@ese limitations would lead to a very high
level of uncertainty associated with models degigoepredict the health effects of gluten in the
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diet. Therefore, a scientifically defensible hazelndracterization and exposure assessment are
not possible at the current time.

Finding 9. Use of the quantitative risk assessment-based agpto establish a threshold

for gluten does not appear to be feasible at thegmt time. However, considering the
benefits that could be gained from using the rsdeasment-based approach, priority should
be given to establishing a research program toiecthe knowledge and data needed.

d. Statutorily-Derived Approach. The FALCPA does not include requirements or exeomgti
that could be used to establish a statutorily-@ekithreshold for gluten. Also, the law does not
define the term "gluten-free. " Potentially, a #itreld could be established using the
international standards currently under review log€x (Codex Alimentarius Commission,
2003. However, the proposed Codex standards dappear to be based on either a scientific
rationale for a distinction between naturally ghufeee foods and foods processed to be free of
gluten, or a systematic evaluation of clinical datated to the effect of gluten on acute or
chronic celiac disease etiology. The levels bemgsaered by Codex seem to be based on
anecdotal evidence and on the levels of glutenatepresumed to be historically present in
foods that have been called "gluten-free."

Finding 10. There appear to be no suitable statutory requirésra@rexemptions that would
serve as the rationale for using for a statutatdyived approach to establish a threshold for
gluten. This approach is not viable.

Although the FALCPA directs FDA to establish a défon for the term "gluten-free" for food
labeling, the quantity and quality of the data rezkthb accomplish this on a scientific basis are
severely limited at the current time relative totlatee of the potentially viable approaches. This
was aptly summarized by the consensus statemehsipedh after a conference of experts
convened by the National Institutes of Health wmoled that "The strict definition of a gluten-
free diet remains controversial due to the lac&roficcurate method to detect gluten in food
products and the lack of scientific evidence foaitonstitutes a safe amount of gluten
ingestion " (NIH, 2004). These experts concluded #udditional research is needed to "Define
the minimum safe exposure threshold of gluten éendiet relative to celiac disease " (NIH,
2004).

In view of the consensus opinion stated in the Mpbrt, the Threshold Working Group
concluded that Finding 6 should be reemphasizeg.a@proach used to establish a threshold for
gluten to protect consumers with, or susceptibled@bac disease should be used in an iterative
manner and reexamined periodically to consider keowledge, data, and approaches.
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Appendices

Appendix 1. Evaluation of Commercially Available Analytical Methods for Proteins
from Major Food Allergen

Sensitivity|Quantitation| Raw and ecies | Proteincs
Allergen [Manufacturer®] Method  |validation®| (LOD®) (LOQ®% [Processed Spsgcificity Detectéd) Practicality
(ppm) (ppm) Foods?
Peanut | Abkem lIberia] Peanut No Not Not reported| Yes (for [Not Not reported| Yes
DiagnoKit reported specified |reported
foods)
Elisa Systems| Peanut JRC 0.5 1 Yes Peanuf Ara h2 Yes
Elisa Systems| Total Peanutf No 0.5 1 Yes Peanut Total
Neogen Alert for No 5 No Not Not Not reported| Yes
Peanut reported |reported
Neogen Reveal for |No 5 No Not Not Not reported| Yes
Peanut reported |reported
Neogen Veratox for |AOAC Not 25 Yes (for |Peanut Not reported Yes
Peanut MLPT reported specified
foods)
R-BioPharm | RIDASCREEINo 25 Not reported Yes Not Total Yes
Peanut reported
R-BioPharm | RIDASCREEMOAC 15 25 Yes (for |Peanut Total Yes
FAST Peanut [MLPT specified
foods)
Tecra Peanut VisualNo 0.5 25 Yes Not Not reported| Yes
Immunoassay reported
Tepnel BioKits Peanyt AOAC |0.1 1 Yes (for |Peanut Conarachin|Yes
MLPT specified (Arah 1)
foods)
Tepnel BioKits Rapid|No Not No Not Not Not reported| Yes
Peanut reported reported |reported
Milk  JAbkem Iberia | Casein No Not 0.16 Yes (for |[Not Casein Yes
DiagnoKit reported specified |reported
foods)
Elisa Systems| Beta- No 0.5 1 Yes Not Beta- Yes
lactoglobulin reported |Lactoglobulir]
Elisa System | Enhanced Bdtdo 1 1 Yes Not Beta- Yes
-lactoglobulin reported |Lactoglobulir]
Elisa Systems| Enhanced |No 1 1 Yes Not Casein Yes
Casein reported
Neogen Alert for Total|No 5 whole |No Yes Not Not reported| Yes
Milk milk10 dry reported
nonfat
milk
Neogen Veratox for |No Not 25 Yes (for |Not Not reported| Yes
Total Milk reported specified |reported
foods)
R-BioPharm | RIDASCREERNO 0.2 5 Not Not Beta- Yes
Beta- reported |reported |Lactoglobulir]
Lactoglobulin
SafePath Milk Residue| No Not Not reported] Not Not Beta- Yes
reported reported |reported |Lactoglobulir]
Tepnel BioKits BLG | No 7.5 25 Yes Not Primarily Yes
reported |Beta-
Lactoglobulir]
Tepnel BioKits BSA | No 10 25 Yes Not Bovine Yes
reported |Serum

Albumin
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Tepnel BioKits Caseiff No 1 2 Yes Not Primarily ’lYes
reported |Alpha-Casei
Tepnel BioKits CaseifNo Not Not reported| Yes (for [Not Casein Yes
Rapid reported specified |reported
foods)
Egg Elisa Systems| Egg No 0.5 1 Yes Ovalbufves Not
Ovamucoid reported
Neogen Alert for Egg | No 5 N Yes (for]Not Not reported| Yes
specified |reported
foods)
Neogen Veratox for |No Not 25 Yes (for |Not Not reported| Yes
Egg reported specified |reported
foods)
R-BioPharn RIDASCREENO 2 Not reported Yes (for|Not White Yes
Egg Protein specified |reported
foods)
SafePath Egg Residue| No Not Not reported| Not Not Ovomucoid | Yes
reported reported |reported
Tecra Egg Visual |No 0.5 0.6 Yes Total Yes
Immunoassay
Tepnel BioKits Egg | No 0.1 0.5 Yes Not Ovomucoid | Yes
reported
Tree Nuts| Abkem lberia] Almond No Not 0.06 Not Not Not reported| Yes
DiagnoKit reported reported |reported
Abkem lberia | Hazelnut No Not 0.08 Not Not Not reported| Yes
DiagnoKit reported reported |reported
Elisa System | Almond No 0.5 1 Yes Not Not reported| Yes
reported
Elisa System | Hazelnut No 0.25 0.5 Yes Not Not reported| Yes
reported
Neogen Alert for No 5 No Not Not Not reported| Yes
Almond reported |reported
Neogen Veratox for |No Not 25 Not Not Not reported| Yes
Almond reported reported |reported
R-BioPharm | RIDASCREENO 3.3 Not reported Not Not Total Yes
Hazelnut reported |reported
R-BioPharm | RIDASCREERNO 1.7 25 Not Not Total Yes
FAST Almond reported |reported
Soy Elisa System | Soy No 1 1 Yes (fo[Not Trypsin Yes
specified |reported |Inhibitor
foods)
Elisa Systems| Enhanced S¢y No 1 2.5 Yes (fprot Soy flour Yes
specified |reported |proteins
foods)
SafePath Soy Residue$ No Not Not reported| Not Not Trypsin Not
reported reported |reported |Inhibitor reported
Neogen Alert for Soy |[No 5 Not reported Yes Not Not reported| Yes
Flour reported
Neogen Veratox for |No 25 25 Yes Not Not reported| Yes
Soy Flour reported
Tepnel Soya Protein | No 0.5% sop0.5% soy  |Not Not Not reported| Yes
protein in |proteinin  |reported |reported
food food sample
sample
Crustacear|s Abkem Iberig Crustacean|No Not 0.005 Not shrimp, Tropomyosin| Yes
DiagnoKit reported reported |crab,
lobster and
scampi.
Elisa Systems| Crustacean (Mo 0.05 0.05 Yes (for [Not Tropomyosin| Yes
species) specified |reported
foods)




US FDA/CFSAN- Approaches to Establish Thresholds for Major FAbédrgens and for Gluter... 73

Fish No commercigl
methods are
available.
Wheat | See Appendix|4
for gluten
methods. No
other
commercial
methods are
available.

& Information from manufacturers web sites, excepiriformation on the Elisa System Crustaceanki¢$tom

FDA Docket #2005N-0231, comment number EC1.

PMLPT - Multiple Laboratory Performance Tested; JAEDropean Commission Joint Research Centre; AOAC =
AOAC International.

°LOD = Limit of detection, LOQ = Limit of quantiatio

Appendix 2: Evaluation of Available Allergen Oral Challenge Studies.

Study [Published Test Food Test L owest Dose Responses| LOAEL | Sign(s)s | Population
Population| Allergen | Material Dose |Progression| at lowest |Observed or Dose/Response)
Tested Tested dose (mg | symptom Data
(mg tested? | protein® |(S) used to
protein?) b) determine
LOAEL
May, Yes 38 Peanut, | Raw 25 2-10 fold |Yes 25 Objective| Not reported
1976 asthmatic peanut increase
children, 8 f\jk Whole Not 2-10 fold [No Not Objective | Not reported
reeicnte? tlot(o reported |increase reported
%ilk lilto Egg Whole Not 2-10fold |No Not Objective | Not reported
egg ' reported |increase reported
Eggs Dried Not 2-10fold |No 250 Objective| Not reported
reported |increase
Bocket |[Yes 68 childrenPeanut | Unroasted Not Not reportedl Not 25 Objective| No
al., 1978 with reported reported
suspected [yl Dried Not Not reportedl Not 280 Objective| No
?é':é?ga g nonfat reported reported
peanut, 10 Egg Dried Not Not reportedl Not 1 Objective | No
to milk ' 10 whole reported reported
to egg, 5 to|Soy Protein  |Not Not reporteJi Not Not Objective | No
soy, 2 to isolate reported reported |reported
cashew, 1 [Cashew | Not Not Not reportedl Not Not Objective | No
each to reported |reported reported |reported
ﬁleb%e:{]’ Pecan Not Not Not reporteJi Not Not Objective | No
pista c,hi o reported |reported reported |reported
Filbert |Not Not Not reportedl Not Not Objective | No
reported |reported reported |reported
Cashew | Not Not Not reporteJi Not Not Objective | No
reported |reported reported |reported
Pistaschip Not Not Not reportedl Not Not Objective | No
reported |reported reported |reported
PasterellgYes 23 adults [Milk Dried Not clear |Dose Not 187 Objective| No
etal., with - differed |doubling  |reported
1989 suspected for
allergy, 4 different
reacted t foods
milk, 2to |Egg whitd Dried No 1500 Objectivg No
hazelnut,
and 1 each —
to egg and Hazelnut| Ground No 2775 Objectie No
wheat
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Bernhisel{Yes 11 fish Fish Raw and |Not Not reportetli Not Not Not No
Broadben allergic cooked reported reported |reported |reported
etal., children extracts of
1992b and adults 9 species
Caffarelli |Yes 21 infants |Egg Dried egg| 0.042 Not reported No 0.42 Objective No
etal, and
1995 children
with no
previous
€gg
exposure,
14 reacted
Magnolfi |Yes 131 skin |Soy Formula | "1 drop"|6 defined [No 360 Objective|] No
etal., prick for infantgdoses
1996 positive 88 mg soy7 defined |Yes 88 Objective] No
children, 8 protein  [doses
reacted for older
children
HourihangYes 14 peanut |Peanut | Peanut [0.01 12 defined |No 0.1 SubjectivgYes
etal., allergic flour doses o
1997a adults, 8 2 Objective
reacted
HourihangYes 60 peanut |[Peanut | Whole |? (Labial |4 defined |Yes Not Objective | No
etal., allergic peanut challengejdoses reported
1997b adults
Nelsonet [Yes 12 peanut |Peanut | Defatted |0.45 12 defined |Not Not Subjectivg No
al., 1997 allergic peanut doses reported ([reported
adults
Bellioni- [Yes 26 milk Milk 'Fresh” "1 drop" | Not reportefl 3.65 Objective No
Busincoet allergic whole milk
al., 1999 children
Heblinget|Yes 9 fish Fish Cooked |50 4 specified |Yes 50 SubjectivgYes
al., 1999 allergic meat from levels and
adults 3 species Objective
of fish
Zeigeret |Yes 93 milk Soy Formula | 1droptg6to7 No 522 Objective|] No
al., 1999 allergic 5 mi doublings
infants and
children, 13
reacted to
soy
Otolaniet |Yes 86 hazelnufHazelnut| Ground [224 Dose Not Not Not No
al., 2000 allergic nuts doubling, [|reported |[reported |reported
adults possibly 4
levels
Sicherer |Yes 196 Peanut | Not 4000r |6o0r7 Yes Not Not No
etal., children reported |500 mg ofspecified reported |reported
2000 with a Milk Not food levels Not Not No
:‘/c?c?dety of reported reported [reported
alleraies Egg Not Not Not No
a reported reported |reported
Soy Not Not Not No
reported reported |reported
Fish Not Not Not No
reported reported |reported
Wheat Not Not Not No
reported reported |reported
Eggesbo [Yes 41 children|Egg Pancakes| 260 Dose Yes 260 Objective] No
etal., with doubling
2001 reported until
allergy, 5 reaction or
tested by maximum
DBPCFC dose
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Bindslev- [No 14 patientsjFish Cod Not Not reporte 5 mg of
Jensen not clear reported fish
and whether all Mackerel | Not Not reportedl Not 500mg of
_'I'_'anlsegt'r Wﬁrﬁ q reported reported [fish
alayzooroz \(/:vitakll gggﬁ Herring Not Not reportedl Not 5mg of
v fish reported reported [fish
Plaice Not Not reportedl Not 6000mg
reported reported |of fish
Bindslev- [No 5 patients | Peanut | Ground Not  [Not reportedl Not 40 Not No
Jensen reported reported reported
and MortZ
in Taylor
etal.,
2002
Bindslev- [No 3 milk Milk MWhole Not Not reportedl Not 180 Not No
Jensen allergic, 7 reported reported reported
and egg allergid
Norgaard patients
in Taylor Egg Whole raw Not Not reportedl Not 0.65 Not No
etal reported reported reported
2002
Bock in |No 69 peanut |Peanut | Ground Not Not reportedl Not 1.25 Not No
Tayloret allergic, 66 reported reported reported
al., 2002 milk Milk Nonfat ~ |Not Not reported Not 67 Not No
allergic, 91 dried reported reported reported
eg99 Egg Whole or |Not Not reportedl Not Not Not No
allergic, 8 .
fish allergio dried reported reported |reported |reported
patients  |Fish Minced Not Not reporte(li Not 200 mg ofNot No
reported reported [fish reported
Burks angNo 10 peanut |Peanut | Peanut |Not Not reportedl Not 100 Not No
Christie in allergic, 21 butter reported reported reported
Tayloret milk Milk Nonfat Not Not reportedl Not 140 Not No
al., 2002 2”ergl||cér2'5 dried reported reported reported
99 g Egg Whole Not Not reportedl Not 200 Not No
patients .
dried reported reported reported
Hill in No 100 patienfPeanut | Peanut |Not Not reporte(li Not 6 Not No
Tayloret each for butter reported reported reported
al., 2002 peanut, Milk MWhole Not Not reportedl Not 0.6 Not No
milk, egg reported reported reported
Egg Raw white] Not Not reporte(li Not 2 Not No
reported reported reported
Hostin [No 15 milk  [Milk Forumula | Not Not reportedl Not 75 Not No
Tayloret allergic reported reported reported
al., 2002 patients
Lackin |No 6 peanut, §Peanut | Ground Not Not reportedl Not 125 Not No
Tayloret milk, 18 reported reported reported
al., 2002 egg allergiqyji \Whole Not Not reportedl Not 150 Not No
patients reported reported reported
Egg Cooked |Not Not reportedl Not 10 Not No
white reported reported reported
Raw white| Not Not reporte(li Not 20 Not No
reported reported reported
Moneret- [No 28 peanut |Peanut | Ground Not Not reportedl Not 1.25 Not No
Vautrin allergic, 6 reported reported |(single |reported
#1in milk blind)2.5
Tayloret allergic, 19 (double
al., 2002 egg blind)
allergic, 4 filk MWhole Not Not reportedl Not 30 Not No
fish allergig reported reported [(double |reported
patients blind)150
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(single
blind)0.2
Egg White Not Not reportedl Not 15mg of |Not No
reported reported [fish reported
(single
blind)
Fish Minced Not Not reportedl Not 65mg of [Not No
reported reported [fish reported
(double
blind)
Moneret- [No 9 peanut |Peanut | Ground Not Not reportedl Not 66 Not No
Vautrin allergic, 8 reported reported reported
#2 in egg allergi -
Tayloret patients Egg White Not Not reportedl Not 26.5 Not No
al.. 2002 reported reported reported
"National |[No 3 peanut |Peanut | Ground Not Not reportedl Not 2 Not No
Jewish" in allergic reported reported reported
Tayloret patients
al., 2002
Rance in [No 74 peanut |Peanut | Ground Not Not reported Not 0.25 Not No
Tayloret allergic, 31 reported reported reported
al., 2002 milk Milk Whole Not Not reportedl Not 15 Not No
allergic, 38 reported reported reported
zﬁ]grgic 6 |E99 Whole raw} Not Not reportedl Not 0.13 Not No
fish allérgir reported reported reported
patients Fish Minced Not Not reporte(li Not 16mg of |Not No
reported reported [fish reported
Zeiger in |No 56 milk Milk Formula | Not Not reportedl Not 15 Not No
Tayloret allergic reported reported reported
al., 2002 patients
Wensing |Yes 31 hazelngHazelnut| Raw nuts| 1 7 specifiegiyes 1 SubjectivgYes
etal., allergic doses and
2002a adults Objective
Wensing |Yes 26 peanut |[Peanut | Roasted |0.030 10 specifie¢iNo 0.1 SubjectiveYes
etal., allergic peanut doses and
2002b adults meal Objective
Fiocchiet |Yes 18 childrenMilk Whole 43.2 4 specified |Yes 43.2 Objective] Yes
al., 2003 with allergy doses
to both
2:)";‘ and  [5oy Formula | 21.8 21.8 Objective
Hanseret |Yes 17 hazelnHazelnut| Raw and |Not Not reportedl Not 32- Oral No
al., 2003 allergic roasted |reported reported [roastedlgallergy
adults nuts - raw syndrome
Morisset [Yes Undefined| Peanut | Crushed 1.25 5 specifjtes 1.25 Objective] No
etal, oil Not levels No Not Objective | No
2003 reported reported
Milk actose ]0.36 Yes 0.36 Objectivd No
free
Egg Raw whiteg] 0.2 Yes 0.2 Objective No
Soy o]] Not No Not Objective | No
reported reported
OsterballgYes 56 egg Egg Pasteurizd@.9 8 specified |Yes 2.9 Objective] No
and allergic whole egg doses
Bindslev- children
Jensen,
2003
Perryet |[Yes Not Milk, Not Not Not reportedl Not Not Not No
al., 2004 reported |egg, reported |reported reported |reported |reported
peanut,
soy,
wheat




US FDA/CFSAN- Approaches to Establish Thresholds for Major FAbedrgens and for Gluter... 77

Scibiliaet [Yes 27 wheat |Wheat Flour, raw15 7 specified |Yes 15 Objective| Yes
al., 2006 allergic and cooke doses
adults

Note: Question marks (?) in the table indicateegithat the information was not given or could net
determined.

@Calculated based on the following estimate pra@iels: 16% in raw hazelnuts, 20% in fish meat%gi6
whole milk, 37.5% in dried milk, 25% in whole pean5% in defatted peanut flour, 10% in egg wHa4% in
dried whole egg , 26% in raw egg, 1.8% in soy fder{&AO, 1995; Wensingt al., 2002; Bindslev-Jense

al., 2002). In studies involving fish, the amounffieh is given when there is insufficient informatito calculate
protein levels.

b\When responses are observed at the lowest ddsd,tée reported LOAEL may not represent the lowlese
at which a reaction could occur.

“Itis not clear if all children were tested withallergens.

Appendix 3: Evaluation of Published M easurements of Protein Concentrationsin
Oils.

Qil Reference 2 Protein Description of Oil Published| Protein Separation| Protein Quantitation
Type Concentration Method Method

(ugg)

Soy | Tattrie and 0.96 Refined, deodorized Yes| Chromatography Amino Aaidlysis
Yaguchi, 1973

Klurfeld and 1.93 Crude Yes |Aqueous Extractioh Commercial Bradforgd

Kritchevsky, 1987 Assay
0.72 "Processed"

Awazuhareet al., ]0.014 Uncharacterized, Yes |Aqueous Extractioh Lowery Assay
1998 commercial
0.017
0.018
0.023
0.027

0.040

Reeves, 1999 0.033 Fully refined, commercig No Unknown Amino Acid Anaigs
0.042
0.049
0.057
0.082
0.114
0.222

Paschkest al., 2001) 0.0332 Refined Yes |Acetone Bradford Assay
Precipitation
0.0353 Unrefined

0.0898

0.1010
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neutralized, bleached

0.1380
Errahaliet al., 2002 0.32 Deodorized Yes |Aqueous Extractioh Unknown
1.80 Cold pressed
Nordleeet al., 2002{ 0.16 - 20.8 Degummed No Aqueous Extractiof Amino Acid Analysis
0.043-6.8 Refined
0.033-3.1 Bleached
0.021 -0.443 Deodorized
Peanuf Klurfeld and 0.120 Processed Yes | Aqueous Extraction Bradford Assay
Kritchevsky, 1987
0.154
0.204
0.206
0.580
Hoffman and 0.2 Cold pressed Yes | Aqueous Extractipn Commercial Coaeyass
Collins-Williams, Dye Assay
1994 0.6
3.3
3.3
Teuberetal., 1997 | 3.0+ 0.3 Refined, bleached, Yes |Aqueous Extractioh Commercial Bradfor
deodorized Assay
57+1.2
Unrefined
105+0.4
10.7+0.8
Olszewskiet al., 0.10 Refined, commercial Yes | Aqueous Extraction Commercial
1998 Bicinchoninic Acid
0.13 (BCA) Assay
0.15
0.16
0.20
Skinner and 187 Crude No Aqueous Extractign Lowery and
Haynes, 1998 Commercial BCA
Assay
60 Alkali refined, neutralize
15 Alkali refined,
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pd)

2.2 Alkali refined,
neutralized, bleached,
deodorized
ISEO, 1999 0.047 Fully refined, commercia No Unknown Amino Acid Anaigs
0.049
0.063
0.828 Partially refined,
commercial
Crevelet al., 2000° |48 Refined, neutralized, No Aqueous Extractiof Commercial BCA
bleached, deodorized Assay
91
220 Crude
Peeterst al., 2004 | 0.09 Crude, noncommercial Yes| Unknown ELISA (not describ
6.4
2.55 Cold pressed
Tree |Teuberetal. 1997 |2.2 £0.7 Refined, bleached, Yes |Aqueous Extractioh Commercial Bradfor
Nut  |(Almond) deodorized Assay
16.7+ 0.8
12.7+2.8 Blend
62.2+2.2 Unrefined
Teuberetal., 1997 [7.0+ 2.5 Refined, bleached, Yes |Aqueous Extractioh Commercial Bradfor
(Walnut) deodorized Assay
7.0+0.8
9.2+3.1
16.5+2.4 Unrefined
20.4+1.8 Blend

Note: Protein levels too low to detect or measueesweported by Tattrie and Yaguchi (1973), Hoffraad
Collins-Williams (1994), Yeung and Collins (199€keterst al. (2004) for peanut oils and by Tattrie and
Yaguchi (1973), Porraet al. (1985) for soy oils. These values were not inetidue to the lack of
methodological information.
@None of the publications provide sufficient infation to evaluate the overall extraction efficienagcuracy,
reproducibility, or precision of the method usadatdition, in most cases, it was not clear whetbplicate
samples were tested or whether replicate measutsmwene carried out for individual samples.
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® Crevelet al. (2000) is a review paper that includes previousigublished data. These data are given here, but
are considered unpublished because the reseatdetierated these values has not specifically peen
reviewed.

Appendix 4. Evaluation of Gluten Testing M ethods.

Method 2 Validation Sensitivity Quantitation Raw and Species Protein(s) |Practicality
(LOD) (ppm (LOQ) (ppm Baked Specificity | Detected
gluten) gluten) Foods?
Diffchamb Transia |No 10 Not reported Not Wheat, Gliadin Yes
Plate Gluten reported |triticale, rye,
barley
Diffchamb Transia [Working Group on |3 Not reported Yes Wheat, Gliadin Yes
Plate Prolamins Prolamin Analysis triticale, rye,
and Toxicity barley
Ingensa Gluten EIA| No 3 Not reported Not Wheat, rye, |Gliadin Not
reported |barley reported
Neogen Alert for No 10 No Not Wheat, rye, |Gliadin Yes
Gliadin reported |barley
Neogen Veratox for [No 5 5 Not Wheat, rye, |Gliadin Yes
Gliadin reported |barley
R-BioPharm Prolamin Working |3 5 Yes Wheat, rye, |Gliadin Yes
RIDASCREEN Group Ring Stud)t) barley
Gliadin
R-BioPharm No 10 10 Yes Wheat, rye, |Gliadin Yes
RIDASCREEN barley
FAST Gliadin
R-BioPharm No 5 No Yes Wheat, rye, |Gliadin Yes
RIDAQUICK Gliadin barley
Tepnel BioSystems |AOAC 160 16 Yes Wheat, Omega |Yes
Wheat Gluten triticale, rye |gliadin
2 - not
validated
Tepnel BioSystems [No 50 - breads, etfiNo Yes Wheat, Omega |Yes
Gluten Rapid Test K|t triticale, rye |gliadin
200 - "highly
processed flou

& Information from manufacturers web sites:

Ingensa

Neogen Food Allergen Test Kits

R-BioPharm Food and Feed Analysis RIDASCREEN® Giiad
Tepnel BioSystems

®mmeret al., 2003.
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Appendix 5. Evaluation of Gluten Oral Challenge Studies.

Study Published Test Test Material Dose Level(s) Duration Diagnostic Individual
Population Assessment Response
(Biomarker) Data?
Fasano, 2008No; 33 of 46 Not reported 0, 10 or 50 m¢g3 months Intestinal biopsy, [Not reported
analysis is|adults gluten/day symptoms
Abstract: ongoing |completed
Catasskt al., study
2005b
Catasset al., |Yes 20 children JCommercial crude |100 mg or 500(4 weeks Intestinal biopsy, |Yes
1993 (10 each gliadin mg gliadin/day symptoms
dose level)
Cicliteraet |Yes 1 adult White flour milled |10, 600, and |Intraduodenal Intestinal biopsy Yes
al., 1984 from Kolibri strain |1000 mg infusion over 2 h
of wheat gliadin period; 3 doses dn
separate days
Cicliteraet |Yes 3 adults White flour milled 1000 mg of 4 |intraduodenal |Intestinal biopsy, |Yes
al., 1984 from Kolibri strain |gliadin infusion each symptoms
of wheat subfractions |subfraction at
variable intervalg
of 3to 11 days
Cicliteraet |Yes 10 adults Not reported; artidé slices/day |6 weeks Intestinal Yes
al., 1985 states that gluten- |Juvela gluten- biopsy,symptoms
free bread usually |free bread; ora|
contains 0.2 to 0.4
mg gliadin/30-g
slice
Montgomery [Yes 12 adults on{Not reported Gluten-free dipBluten-free diet: |[Intestinal biopsy, |Yes, graphs
etal, 1988 strict gluten- 6 to 27 months |symptoms, anti-
free diet and Low-gluten die{(mean 13 gluten Ab
(25t05gm  |months);
13 adults on gluten/day)
low-gluten Low-gluten diet:
diet 3 to 14 months
(mean 6 months
Sturgeset al,|Yes 4 adults Undigested gliadinl gm gliadin or]2 hours by Intestinal biopsy |Yes; as
1994 prepared from 200 mg of infusion hourly for 6 hrs  |percentage
Kolibri wheat flour |synthetic after start infusion |Jenteropathic
by standard methogipeptides/dose change
oligopeptides
synthesized and
analyzed

June 200®raft Report: Approaches to Establish Thresholddvfajor Food Allergens and for Gluten

in Food
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