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Editor’s Note: This is a transcript of an audio webcast presented on July 9, 2019. It has been edited and condensed for clarity.

Dr. Jonathan Spergel: It's my
honor to do this presentation. We'll
go over what food allergies are
before  going over various
diagnostics. We will also discuss
what role the pediatrician or nurse
practitioner may have during diagnosis.

First, we need to define what food allergies are. Let's
start at the beginning: What is food? Food is
basically anything that you eat. A food allergy is an
adverse health event to a food, and a food allergen
is a specific food that causes that immune-mediated
reaction.

Defining Food Allergies

+ Afood is any substance—whether processed, semiprocessed, or
raw—intended or adapted for human consumption

+ Afood allergy is an adverse health effect arising from a specific
immune response that occurs reproducibly on exposure to a
given food

+ Food allergens are specific components of food recognized by
allergen-specific cells that elicit specific immune reactions

Slide 1 - Defining Food Allergies

When we think about food reactions, we break them
down into different types. There is food poisoning,
which is not really an allergic reaction. Instead, that
is an adverse reaction. If everyone at the table has
the same reaction to a food, it's unlikely that
everyone is allergic to the food. That's an important
distinction as we go through the patient's history to
figure out whether the reaction is food poisoning or
an allergy.

Adverse Reactions to Foods

Nontoxic Reactions

= Food poisoning

= Lactase deficiency
IgE-Mediated Non-IgE-Mediated

= Hives * Intestinal reactions
= Anaphylaxis
= Asthma

m IA3t2d from Cianferani A Spergel JM. Allergol nt. 200 5818 457-485.

Slide 2 - Adverse Reactions to Foods

Then there are the nontoxic reactions, such as food
intolerance. The classic food intolerance is lactose
intolerance, where a glass of milk causes bloating,
gas, or diarrhea. There are also nontoxic reactions
to pharmacologic agents. My favorite is caffeine
causing a stimulant effect. That is a reaction to a
food. It's not an allergic reaction, but it is a food
reaction.

Then there's food allergy, and food allergy gets
broken down into 2 broad categories, which we'll
discuss in greater detail as we go along. These are
IgE-mediated reactions and non-Ige-mediated
reactions.

We'll start with IgE-mediated reactions, which are
the most common, and this is the one that gets the
most press. It is the primary cause of anaphylaxis
(severe allergic reaction) in children. As with most
atopic diseases, the incidence of IgE-mediated
reactions has increased over the last 20-40 years
and is probably still increasing at this point."*3 We
used to think food allergies were about 1% of the
population, but now we know they occur in [about
3%-6%] of the population, depending on how you
define food allergy.*

The symptoms of IgE-mediated food reactions are
typically rapid onset, so that could mean seconds to
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about 2 hours after eating the food. If the symptoms
occur more than 2 hours after eating the food, it's
not an IgE-mediated reaction. IgE-mediated
symptoms can be local or generalized, and we'll go
over that in more detail in a few slides. Overall, the
most common allergenic foods are milk, egg,
peanuts, and tree nuts.

IgE-Mediated Food Allergy and Anaphylaxis

+ Primary cause of anaphylaxis in children’
+ Incidence has increased?#
- 1983-1987: 21/100,000 person-years annually
+ 1990-2010: 49.8/100 000 person-years annually

» Symptoms have rapid onset, may be localized or generalized, and
can be potentially fatal

+ Common severe allergens: peanuts, milk, and tree nuts
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Slide 3 - IgE-Mediated Food Allergy and Anaphylaxis

When we think about IgE-mediated food reactions,
reactions can be localized, like hives or itching, or
they can be more generalized. Examples include
coughing, wheezing, and shortness of breath. There
are 2 signs of anaphylaxis, which are hypotension
and difficulty breathing. Patients may also have a
“sense of doom.” When someone has an allergic
reaction, they may feel like something terrible is
going to happen.

Associated [symptoms], like nasal congestion and
sneezing, can occur during food allergy, but in the
absence of other symptoms, that is probably not a
food reaction. It may be an environmental allergy—
for example, to a cat or pollen. Furthermore, despite
what people might read on the web, food allergies
do not cause ear infections.

Symptoms of IgE-Mediated Food Allergy Reactions

Ocular: Pruritus, conjunctival erythema,
tearing, periorbital edema Upper respiratory: Nasal congestion,
Oral: Angioedema of the lips, tongue, or pruritus, rhinorrhea, sneezing, laryngeal

palate; oral pruritus; tongue swelling edema, hoarseness, dry staccato cough

cardi Tachyeardia (occasionally
bradycardia in anaphylaxis), hypotensian,

Lower respiratory: Cough, chest tightness,
dizziness, fainting, loss of consciousness

dyspnea, wheezing, intercostal retractions,
accessory muscle use

Gastrointestinal: Nausea, abdominal pain,
reflux, vomiting, diarrhea, irritability and food
refusal with weight loss over time

Cutaneous: Erythema, pruritus, urticaria,
marbilliform eruption, angi b
eczematous rash

Other: Uterine contractions, sense of
“Impending doom”

m /BMR B, Fenton ). Am Fom Physician. 201 Z86(1)43.50.

Slide 4 - Symptoms of IgE-Mediated Food Allergy Reactions

When we do a history and physical exam, we discuss
the timing of the reaction, the type of food, and
other symptoms. [For example], Suzie went to the
diner and ate an ice cream sundae. Two minutes
later, she was sneezing, coughing, wheezing, and
vomited. If only Suzie had a reaction, that's probably
an allergic reaction. In contrast, if Bobby went to a
sushi restaurant, and everyone got sick and has
abdominal pain, that's probably bad sushi, right?

Clinical History and Physical Exam

+ Clinical history and physical examination are used to determine
testing strategies and interpretation of results

+ History can include timing of reactions, common culprit foods,
related allergic conditions, other known food allergies,
and symptoms

+ Physical examination can differentiate between acute presentation
and chronic symptoms

Slide 5 - Clinical History and Physical Exam

On a physical exam, unless you were present at the
time, you're not going to see the reaction. Most IgE-
mediated reactions resolve before presentation to
the clinic. For a non-lgE-mediated reaction,
symptoms can be more delayed and may be
chronic. Occasionally, you may see signs and
symptoms of non-Ige-mediated reactions during an
exam.
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When diagnosing allergies, obtaining a good clinical
history is critical. It will influence what to test, how
to test, and when to test. Those are all really critical
considerations. There are several questions to
consider. What food was it? Going back to the
example of Bobby, was it that sushi? Did only 1
person get sick, or did everyone get sick?

Questions to Ask: Food Allergen

What other foods were
ingested at the time?
Are all ingredients
known?

What food is suspected
of triggering
the reaction?

How much of the
suspected food
was ingested?

How was the food
prepared and served?

m

Slide 6 - Questions to Ask: Food Allergen

Another important question to ask is “how much
food was eaten?” For example, | told a patient that
he's not allergic to milk. He went home and ate a
half-gallon of ice cream to celebrate. Then he called
us back the next day and said he got sick. But, of
course, after eating that much ice cream, anyone
would be sick. Typically, patients who are allergic to
food usually react after exposure to a small dose.
They're not eating a half-gallon of ice cream. They're
taking a few licks of that ice cream or eating a bite
of that peanut butter cookie.

Additionally, we have to know what other foods
were ingested at the time. For example, an ice
cream sundae—is it the milk and the egg in the ice
cream? Is it the nuts in that sundae? Or is it the
cookie in the sundae?

You also have to ask, has the patient eaten the food
before? Because if they've eaten the food before
without reaction, they're probably not allergic to it.
Typically, once you've eaten a food more than 1 or
2 times, it's considered a safe food.

Another question to ask is, how was the food
prepared? Again, thinking about an ice cream
sundae, was that ice cream scooper used for peanut
ice cream before it was used for your sundae? Or
did a patient react to a food at a large buffet, where
foods were not separated?

We then want to know what symptoms were
happening in the reaction? This helps us figure out
whether the reaction is a food allergy or not. As |
mentioned before, if someone is only sneezing,
that's probably not a food reaction; however, if they
get hives everywhere and are coughing and
wheezing, that's probably an allergic reaction to
something. But then you need to consider, could it
have been the food? Yes. But also, could it have
been a drug allergy or an insect bite?

Questions to Ask: Symptoms

m

Slide 7 - Questions to Ask: Symptoms

You also want to know how the reaction was
treated. If a patient had 1 hive that got better by
itself, it may not be a true food allergy. A lot of foods
have a high amount of histamines in them. The
classic example is that many people think they are
allergic to strawberries. That's because strawberries
have histamines in them, and little kids are messy
eaters. When they eat the food, they wear it, and
they have irritant reactions along their mouths.
Typically, when we see reactions just around the
mouth or in areas of contact and nothing else, we
don't consider those allergic reactions. Those are



Pediatric Nutrition
CONTINUING EDUCATION FOR CLINICIANS

Diagnosing Food Allergies in Infants and Children

more likely to be contact reactions. We don't
typically worry about it.

We talked about the timing of exposure. If the
reaction occurs within seconds to about 2 hours,
that's possibly an allergic reaction. If the symptoms
occur after that, it's probably not an IgE-mediated
reaction. Food protein-induced enterocolitis (FPIES)
can lead to symptoms occurring anywhere from 2-
4 hours, and eosinophilic esophagitis is more of a
chronic condition, and it's really almost impossible
to correlate with timing of food ingestion.

Most food allergies are due to ingestion. Cutaneous
reactions can occur, but usually it's just a contact
reaction. Inhalation reactions are almost unheard
of. There are a few exceptions. For example, if
you're allergic to milk, and you go to a coffee shop,
inhaling the steam of the milk can cause an allergic
reaction. For inhalation reactions to occur, the
protein has to be aerosolized and cooked. It
happens with milk, egg, and fish. Rarely, there are
inhalation reactions to peanuts. You actually have to
soak up the peanut protein in the air. Unless
someone is roasting peanuts, you do not commonly
see inhalation reactions to peanuts.

Interestingly, most children who are allergic to a
food will avoid the food. For example, a kid who is
allergic to egg, may refuse to eat the eggs, cookies,
and cakes. Kids have a good amount of self-
preservation and will avoid the foods that they are
allergic to.

We also ask patients about contributing factors.
There are a few things that will make allergic
reactions worse, and some food allergies only occur
in conjunction with certain conditions. The big one
is exercise. There's something called food-induced
exercise anaphylaxis that can happen with wheat
and celery. People with this condition will be able to
eat wheat without exercising, or exercise without
eating wheat, but the combination can cause a
reaction.

Questions to Ask: Contributing Factors

Was the patient
exercising prior
to reaction?

Has the patient recently

undergone a blood
transfusion or

organ transplant?

Are there other
variables that may
influence severity
(eg, pollen levels,
heat)?

Were any medications
ingested around the
same time?

m

Slide 8 - Questions to Ask: Contributing Factors

Other things that can make allergies worse include
NSAIDs or menses will make people more sensitive.
If patients have a minor sensitivity to the food, but
they're sick, menstruating, or using NSAIDs, that can
exacerbate allergies. Similarly, if there are high
pollen levels and high heat, allergies can get worse.
The effect of high heat or exercise is related to core
body temperature, which will make patients who
have had minor reactions in the past, more
sensitive.

For the rare patients who've gone under organ
transplant, that can actually induce a new food
allergy. Patients might be nonallergic to something
and become allergic, or a bone marrow transplant
can actually cure food allergies. It's a little extreme,
but there have been case reports of curing a food
allergy.

We're going to be focusing most of this talk on IgE-
mediated reactions. We'll briefly mention the 2 non-
IgE-mediated reactions. There have been separate
webinars that went over those in much greater
detail. But we'll go over those just to be complete.
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Evaluation of Suspected Food Allergy

Symptoms consistent with IgE-mediated food allergy

Obtain history of reaction severity
|

¥

Severe reaction
Has eaten the food multiple times before without issues
|
)

I
Refer to No Yes
specialist * ‘

Allow food to
continuein diet

Positive Test to individual food(s)

m fBiyee et al, | Allergy Clin (mmuncl 2010:126(611105-1118.

Slide 9 - Evaluation of Suspected Food Allergy

Negative

When we think someone has a food allergy, we
obviously begin with a history. These are the
guidelines that were written by the NIAID [National
Institute of Allergy and Infectious Diseases] on food
allergy guidelines about 10 years ago now.* If
someone had a severe reaction (anaphylaxis), you
should probably just refer them to a specialist to
make an evaluation.

If someone had a mild reaction but has eaten the
food multiple times before, it's probably okay to
recommend allowing the food to continue in the
diet. For example, if someone said, "lI've eaten bread
multiple times, but the last time, my stomach felt a
little funny," it's probably okay to continue eating
wheat. However, if it's the first time a person has
eaten the food, and the signs and symptoms are
characteristic of food allergy, then you probably
need to test for allergies.

At that point, you want to test for allergies to
individual foods. We don't like people ordering the
panels. The panels, as we will go over in a few
minutes, create a lot of business for us as allergists,
but they also create a lot of unnecessary avoidance,
which is not good for the families.

For differential diagnosis, we have to think about a
few other things that could be causing the
symptoms. | mentioned that insect stings can cause
anaphylactic reactions, as well as medications.
Some foods with high histamine levels may cause

reactions. Or some people get a flushing reaction
from spiciness in foods, but that's not really an
allergic reaction. We also have to consider food
poisoning.

Differential Diagnosis of Food Allergy

Acute Symptoms

Other allergens (eg. medications,
insect stings or bites)

Cutaneous Symptoms

Eczematous flares in children with
atopic dermatitis

Gastrointestinal Symptoms

Reflux

Chemical effects or irritant effects
of foods (eg, capsaicin in
spicy foods)

Infection (eg, parasitic, bacterial)

Anatomic or metabolic

Gustatory flushing syndrome abnormalities

Food poisoning

m Ve BP. Fenton M). Am Fam Physician. 2012851743 50

Slide 10 - Differential Diagnosis of Food Allergy

If someone presents with vomiting, there are two Gl
diseases that can cause that, which we'll talk about
soon. But, most commonly, this is just plain reflux
or viral gastroenteritis. You need to rule these
things out.

Atopic dermatitis is another consideration. Many
parents show up at my clinic and think that eczema
was due to a food, but most eczema is not caused
by food. It can be, but that's a rare occasion. When
we think about eczema, 90% of the time it's just due
to improper skincare. That 10% can be due to a food
allergy. That percentage increases as your eczema
is more severe. Someone with severe eczema,
maybe it's [20% to 30%].> Typically, testing is only
recommended when a patient is not controlled with
good skincare, such as proper bathing and
moisturizing, intermittent use of topical steroids, or
the new topical PDE4 inhibitors. If someone is not
well controlled with these interventions, then it's
probably worth being evaluated by a specialist for
allergies. | probably would not recommend
pediatricians, nurse practitioners, or family practice
folks doing that because there is a high rate of false
positives due to a high IgE baseline in atopic
dermatitis.
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If you do not have a specialist nearby, which is true
in parts of the United States and elsewhere in the
world, then you can think about screening by
specific IgE, but | would only test for a few foods that
arein the diet, and typically, it's most likely milk, egg,
and wheat. | would not screen for anything else—
only the most common foods in their diet.

We worry about over-testing because of the issue of
positive predictive value, negative predictive value,
sensitivity, and specificity. I'm just going to do a brief
overview, going back to basic statistics. Positive
predictive value is the probability that a patient with
a positive screen test is really allergic. And negative
predictive value is the probability that a patient with
a negative test is truly negative. Basically, is a
negative truly a negative, and is a positive truly a
positive?

Understanding Positive Predictive Value (PPV) and
Negative Predictive Value (NPV)

« Positive predictive value (PPV)is the probability that patients
with a positive screen test are truly positive for allergy

+ Negative predictive value (NPV)is the probability that patients
with a negative screen test are truly negative for allergy

Slide 11 - Understanding Positive Predictive Value (PPV) and
Negative Predictive Value (NPV)

Sensitivity is the rate at which true positive patients
are positive on testing. Do you miss people?
Specificity is looking at the proportion of true
negative tests. Are you missing negative tests?

Understanding Sensitivity and Specificity

+ Sensitivity refers to the proportion of true positive patients that
are correctly identified in testing
+ Also known as true positive rate

- Specificity refers to the proportion of true negative patients that
are correctly identified in testing
+ Also known as true negative rate

Slide 12 - Understanding Sensitivity and Specificity

When we think about allergy testing, specifically for
IgE-mediated food allergy, we think about skin prick
testing. The skin prick test, as you can see in this
photo here [Slide 13], is the little mosquito bite in
the picture. The positive control is a histamine, and
the negative control is saline. [If] some patients are
so sensitive that the saline is positive, then you
know the testing is not useful. Or, patients forgot to
stop their antihistamines, and everything is
negative. You need a good positive and negative
control.

Testing for IgE-Mediated Food Allergy:
Skin Prick Testing

+ Skin testing options
+ Skin prick
+ Intradermal
+ Atopy patch

+ Testing results
+ Wheal size

+ Recommended for use in assistance
of identification of provoking food,
but not as a routine diagnostic’

Photo with permission from Allergy Media Ki. 2005,
@ 1. Bayce A =t al. | Am Acad Dermatal, 2011 68(11175-192.

Slide 13 - Testing for IgE-Mediated Food Allergy:
Skin Prick Testing

Typically, we measure the wheal size. The wheal is
the little white bump that you see that looks like a
mosquito bite. The redness is the flare, which we
measure, but it really has not been useful as a
predictive value. There are other allergy testing
options, such as intradermal testing, which is used

8
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primarily for pollens. No one does intradermal
testing for food. It is not a validated test. There are
too many false positives.

There's also atopy patch testing, which is really used
more for non-IgE-mediated food allergy, and we'll
go over that in a few slides. But again, it's not as
accurate a test.

This is the data validating skin prick testing [Slide
14], which is almost 20 years old, and, interestingly,
hasn't changed in 20 years. This is a study that was
published by [Philippe] Eigenmann and Hugh
Sampson many years ago when they were at
Hopkins.® We've been doing skin prick tests for
allergies for the last 100 years or so, and the data's
been pretty consistent.

Skin Prick Testing

Pediatric Allergy and Immunology
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Slide 14 - Skin Prick Testing

Immunol. 1998:9(4):186-191

The wheal size is on the y-axis, and on the x-axis, we
have the positive patients who are allergic to the
food and the negative patients who are not. As you
can see, we consider a 3-mm wheal a positive result.
Many of the patients with negative food challenge,
who are not allergic to the food, have positive skin
tests by that criteria.

The main point is that very few of the positive
patients have skin prick test results less than 3 mm.
Particularly for egg and milk, there are zero positive
patients with wheal sizes less than 3 mm. There was
1 patient each for [peanut], soy, and wheat who had
a negative skin prick test and still reacted to the
food. But if you look at soy and wheat, the negatives

and positives are almost identical. There's almost
no way to differentiate skin prick test results for
those 2 foods. For milk, egg, and peanut, the skin
prick test is pretty reliable, and usually we say that
when the wheal's greater than 8 mm, the patient is
probably allergic to the food.

We've come up with these criteria [Slide 15], to
determine the likelihood that a patient is allergic to
a food. It varies from food to food and by age.
Typically, we say that 8 mm or more, the patient is
probably allergic to the food. But note that this is
not screening the general population. These criteria
are for screening in patients who we think have had
an allergic reaction. For example, this can be used
in patients who ate a sundae, and they don't eat
much milk or egg. So, without testing, we can't tell
which food is causing the allergy. However, this is
not a general screening test for any patient from the
street. This is specifically for patients who we think
had an allergic reaction, or for patients who have
atopic dermatitis, and we're screening to see if they
have food allergies. And as you can see, as the
millimeter wheal increases, the likelihood they're
going to have an allergic reaction does increase.

Skin Prick Testing: Predictive Value

Likelihood Ratios of
Positive Food Challenge

Wheal
Diameter

(mm) Cow’s Milk - Peanut

31 14 20
31 17 2.0
38 28 3.4
5.8 341 6.3
7.3 73 18.0
13.2 125 16.7
16.2 = L

=6mm =8mm

25mm z7mm

=4 mm =8mm

(Yo v s wN =

"
2
@
L

Slide 15 - Skin Prick Testing: Predictive Value

Again, when the wheal is greater than 8 mm, the risk
for allergic reaction is probably real. In patients who
present with a typical clinical history, most allergists
will not recommend a food challenge wheal greater
than 8 mm because the patient is probably going to

9
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react. Our goal when we do food challenge is not to
make people sick but to see what they truly are
allergic to.

The other way to test for allergies is with in vitro
testing. This is looking for specific IgE in the blood.
The advantage of the in vitro test is that you can use
it in a patient when they're on antihistamines.
People used to call them RAST tests. No one really
does RAST tests anymore. The RAST test was the
original assay, and it's a radioactivity-based assay,
which no one really does anymore. Most people do
what's [known as] ImmunoCAP (CAP) testing, or FEIA
testing, or Immulite, which are very similar assays,
which is an amino-based test looking for specific IgE.

Testing For IgE-Mediated Food Allergy:
In Vitro Testing

« Immunoassays identify food-specific IgE antibodies in blood serum

+ RAST: Radioallergosorbent test (not frequently used; term commonly used
incorrectly for in vitro testing in general)

+ FEIA: Fluorescent enzyme immunoassay (commonly known as ImmunoCAP,
or simply CAP)

» Results are reported as food-specific IgE levels (kUa/L: kilounits of
allergen per liter)

Slide 16 - Testing For IgE-Mediated Food Allergy: In Vitro Testing

It's done with an isoplate, like a plate or a mesh,
depending on exactly what test you're doing, and
the lab looks for changes in color. The test results
are reported as specific IgE levels in kUa/L for these
tests.

The main advantage of in vitro testing is that it's
widely available, and anyone can do it. It's just
ordering a test in a lab. Again, it's not affected by
antihistamines, and you can do it on patients who
have bad atopic dermatitis who you can't skin test.

The issue is that they're more expensive. | know in
our institution, specific IgE tests run about $80 per
test, and skin testing runs about $20 per test. Every
place is a little bit different, but the skin prick test is
cheaper, and you get results within 10-15 minutes,

whereas blood tests take at least a day to run in the
lab. That depends where you get the results.
Additionally, in vitro tests tend to be less sensitive
than skin prick tests, and interpreting the results
can be difficult, and we'll go over that in a second to
show you why.

Advantages and Disadvantages of In Vitro Tests

Advantages Disadvantages

» Widely available to clinicians + Generally less sensitive than skin

N . prick tests!
- Unaffected by antihistamines or other

medications in the system + More expensive than skin prick tests

- Unaffected by other dermatological
conditions which may confound skin
prick tests

+ Results are not immediately available

+ Interpreting results may be difficult
for nonspecialists

_ Fammilion RG. et 1. Allergy Clin Immunoi. 2004;114(25213-225.

Slide 17 - Advantages and Disadvantages of In Vitro Tests

This is data looking at the positive predictive value
of in vitro tests for different foods [Slide 18]. These
were a bunch of studies done in patients who we
thought had food allergies. This was work primarily
done by Hugh Sampson and his colleagues, and
completed by groups out of Spain and elsewhere,
looking at patients who had food allergy, looking at
different levels.”®°

PPV of In Vitro Testing

Specific
IgE Level PPV IgE Level NPV
(KU/L) (kU/L)

6 95% <06 90%

Specific

31 90% 0.59 100%
32 95% <0.8 95%

5 95% 0.35 81%
15 95% <0.35 85%
20 95% <0.9 95%

100 75% <5 95%

65 50% <2 95%

1997:100[)444-851

Slide 18 - PPV of In Vitro Testing

As you can see, the 95% predictive value varies from
food to food. For egg, it's as low as 6 kUa/L, but for
wheat, we never get a 95% predictive value. Same
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with soy. Specific IgE levels range from just 0.35 up
to 100 KUA/L. At that point, they usually stop and say
greater than 100 kUa/L. For someone who has a
wheat-specific IgE of 100 kU4/L or a soy-specific IgE
of 100 kUA/L, the predictive value is just above
50%—not much better than flipping a coin.

And there's also a variation by age. For milk, the
younger you are, it's more predictive. Egg happens
to be the opposite, which is an odd thing, but you
really have to look [at] each individual food. And the
numbers only really exist for these few major
allergens. You can't get specific IgE to everything.
The implications of specific IgE levels for chicken, or
tomato, or banana—it's really unknown. No one
really knows what those values mean because no
one's compared the results with the outcomes of
challenges to all these foods. We have done many
challenges, as well as groups from Sinai, Hopkins,
and Denver, and we find that the patients who pass
food challenges—outside the top 8 foods, it's about
95% pass—most of those patients are probably not
allergic to the food. The top 8 food allergens are
milk, egg, soy, wheat, peanut, tree nuts, fish, and
shellfish. Those are the main allergens. When you
go outside of that, you have to wonder if someone
is really allergic.

But the good thing about these foods with negative
predictive value is that if you're negative on either
the skin test or blood test, you're probably not
allergic to it. They're pretty good for that, with the
exception of milk in little kids and peanut for all
ages. There is about a 10% to 15% false negative
rates in those foods.

Now, if we were to screen a general population, the
numbers get really bad. This is just screening a
general population [Slide 19]. This was a huge study,
and you can see, for egg, instead of being 6 kUa/L,
now it's up to 12 kUa/L. You get a negative predictive
value of 95%. For wheat, they never even got to the
95% positive predictive value. At 100 kUa/L, the
predictive value was about 60%. Soy, at 100 kUa/L,

the positive predictive value was 40%. Less than half
the people with soy-specific IgE of 100 kUA/L are
allergic to the food. You've got a huge number of
false positives. Even for milk, you get about 90%
predictive value at 100 kUa/L. To reach 50%
predictive value, you need about 10 to 20 kUa/L.

Predicted Probabilities of Showing a Positive Oral
Food Challenge at a Given sIgE Value

>
;; 95% PPV ;; ‘ 95% PPV
2 12,6 KUx/L = 7] | notreached
g e
= &
= 3
= g
£ 7 1.
Tl 3
Hen's Egg sIgE (kU/L) Cow's Milk sigE (kUIL)
z z
Z 1] 5% pev Z 95% PPV
E 11| not reached K not reached
8 2
3 /- =
¥ H
2. s 3 e =]
i . 3 et
& ]

Wheat sIgE (kUIL) Soy slgE (KU/L)

m dapid from Celik-Bilil . et . Cin Exp Allerzy. 2005,35(3)258-273.

Slide 19 - Predicted Probabilities of Showing a Positive Oral Food
Challenge at a Given sIgE Value

They're not a great screening tool. A lot of patients
are carrying specific IgE to a food that's currently not
significant. | really want to emphasize not doing
screening tests, because it creates problems.

Here [we have] a bunch of different studies that
look at in vitro tests [Slide 20]. It's important to look
at this because you see some differences. The
original Sampson study, which enrolled patients
with atopic dermatitis and a history of food allergy.
For egg and milk, they reported a 95% predictive
value of 7 and 15 kU4/L, respectively.'®

In Vitro Testing: Comparison of RAST Studies

Boyano-Martinez Osterballe &
et al (2001)2 Bindslev-Jensen (2003

Number of Patients 81 56
Median Age 3.8 years
% Atopic Dermatitis 43%
Egg
PPY

SpecificIgE Level
(kU,/L)
Milk

Celik-Bilgili et al
1

Sampson (2001) (2005)
501
13 months

88%

16 months 2.2 years

100%

Slide 20 - In Vitro Testing: Comparison of RAST Studies
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The Boyano-Martinez study looked at infants, and
they found a predictive value of just 0.35 kUa/L for
egg."" This was the same in the Osterballe and
Bindslev-Jensen study.'? Again, it was much lower.
But when you look at the general population, which
was that large population of 501 patients in the
same age group, the predictive value was much
higher."® It really goes all over the place, so you have
to be careful when you use these tools because
there is a slight difference between the Immulite
assay, ImmunoCAP assay, and others. You need to
be very aware what test you order and why.

The other thing people always ask is, "I have a
specific Ige of 100 kUa/L. On my skin test, | have a
wheal of 20 mm. Does that mean my reaction will
be fatal or more severe?" Unfortunately, we have no
way to predict who's at risk for severe reaction and
who's at risk for a mild reaction. And there have
been several studies that looked at this. We
evaluated skin prick test results in patients when
we've done food challenges. And we compare the
results of patients who have different reactions—
those who had severe reactions and needed
multiple doses of epinephrine, patients who had
hives and vomiting, patients with just wheezing,
those with skin reactions, and those with Gl
reactions. As you can see [Slide 21], the wheal size
is about the same in all of them.* It's nonpredictive.
Patients with small wheal sizes can have bad
reactions. Patients with large wheal sizes can pass
or just have mild reactions. Wheal size is not
predictive of severity.

Are Skin Prick Tests or CAP Predictive of Severity?

Skin Prick Test Results, By Presentation of Reaction to
Food Challenge

uuuuuuuuuuu

Mean Wheal Size (mm)
o

Slide 21 - Are Skin Prick Tests or CAP Predictive of Severity?

And that's the exact same thing for ImmunoCAP, as
shown in this Sampson study published over 20
years ago.’” Every study since then has found the
exact same results. This has been done multiple
times. This is one of the big things in the allergy
world, who do we really worry about? We can't tell
at this time. In this study, they rated reactions as
mild, moderate, severe. As you can see [Slide 22],
for egg, there's really no difference based on
specific IgE levels. Peanut specific IgE levels rose a
little as severity increased. For soy, the more severe
reactions had lower specific IgE levels. Wheat
specific IgE levels did go up with severity. For milk, it
goes up and down.

Are Skin Prick Tests or CAP Predictive of Severity?

Wheat

CAP Test Results, By Severity of Reaction to Foed Challenge

=B I I I I
Egg Milk

Peanut
Mild W Moderate W Sever

2w oo
888383

Median sIgE (kU/L)
oW

o 3 B

=
Soy
e

CAP and skin prick tests are not predictive of the severity of reaction, though
they do play a role in predicting which patients may develop tolerance to a food.

m e

Slide 22 - Are Skin Prick Tests or CAP Predictive of Severity?

mumol. 1997;100(4)444-451

Again, it's completely nonpredictive. We cannot
predict who is at risk or who is not, so we tell
patients, if you are allergic to the food, you need to
avoid it. If we're not sure based on your history, skin
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test results, or specific IgE levels, we do a food
challenge to find out whether you're allergic or not.

A positive skin test or ImmunoCAP just indicates the
presence of IgE to the food. It doesn't indicate that
you're allergic to it. There's a very high false positive
rate depending on the age and the food, anywhere
from 20%-60% or more, depending on the exact
test, the allergen, and the age."®

Negative skin prick test results or ImmunoCAP
results basically means you don't have IgE to the
food. And the false negative rate is less than [5%] for
most of the foods. The highest is about 15%.”° Most
of the time, if you're negative on specific IgE to a
food, you're not going to react. There are a couple
exceptions. Sometimes, patients react only to the
fresh food. The classic one is shrimp. Patients can
be negative to the commercial shrimp extract, but
when they eat shrimp, they react. The protein can
be a little labile, meaning it breaks down when you
eat it. That is a case when we will do testing to fresh
foods to confirm the allergy in many of our patients.

The other big issue about testing is the issue of
cross-reactivity, and this is why there's a high false
positive rate. An example of cross-reactivity that's
been worked out well is cross-reaction between
peanut and birch. Birch pollen cross-reacts with
peanut. Another common example is grass pollen,
right? Grass pollen cross-reacts with wheat. A lot of
patients who appear wheat allergic on skin tests are
really allergic to wheat pollen, not to wheat as food.
They may have seasonal allergies to grass pollen.

Cross-Reactivity

Common glycoproteins between plants and invertebrates can lead to IgE
antibody cross-reactivity among vegetable foods, pollen, and—to a lesser
extent—insect venoms.

Patient Characteristics Test Results (median [range])

ImmunoCAP
Peanut SIgE,
KU,/L

92 (1.4 10 >100)
49 (3.3 to >100)

Immulite Peanut
sIgE, kKUp/L

Peanut Pollen Peanut SPT,

Symptoms mm

Food Challenge
Threshold, mg

Allergy

8 100
10 265

>100 (1.1 to >100)
2100 (3.1 to >100)

o ND <0.35 (<0.35-0.35) | <0.10(<0.10-0.91)

o ND 0.68 (<0.35-53) 0.11 (<0.10-14)

Slide 23 - Cross-Reactivity

But again, the example that's been worked out the
best is this issue with peanut and pollen. This is a
study that looked at 2 different tests, the
ImmunoCAP and the Immulite, as well as skin prick
test results in patients who were allergic to pollen
or not allergic to pollen. As you can see [Slide 23],
there were some differences in the 2 tests. The
Immulite test tends to run a little bit higher for the
pollen-allergic patients.

Patients who are not allergic, they all tend to be
negative. Patients who are pollen allergic, but not
peanut allergic, don't react to peanut on a skin prick
test. However, as you can see, some of the
ImmunoCAP patients were all the way up to 53
kUA/L here, which is pretty high.

Cross-reactivity between peanut and birch is caused
by the Bet V1 protein, which is a major birch pollen
allergen that cross-reacts with the protein Ara HS,
which is part of the peanut protein. Ara is the Latin
name for peanut, and the letter H was used for all
the allergens. Ara H8 is one of the allergens that
cross-reacts with birch. This is why we now use
component testing. You can order component
testing for lots of foods, but peanut is probably the
best characterized at this point.
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Testing for IgE-Mediated Food Allergy:
Component Testing

+ Component testing breaks down traditional extract samples into
single proteins such that reactivity to individual components
are resolved

» Component testing may help to differentiate between
cross-reactivity

+ Example: Peanut allergy

+ Ara H8 reacts with Bet V1

+ Ara H2/3 is a more sensitive marker for peanut allergy than whole
peanut sigE

Slide 24 - Testing for IgE-Mediated Food Allergy: Component
Testing

You can split things out and say, "Hey, my patient
who | thought was allergic to peanuts, is really more
birch allergic, so he doesn't have to worry about
peanuts." Or a patient can be allergic to both peanut
and birch. In that case, test results for both
components would be positive. The component test
that tends to be a little more sensitive is for Ara H2
and Ara H3, which tend to be a better marker of
peanut allergy, compared with testing for whole
peanut- specific IgE."

For egg, we can look at egg white and egg
ovomucoid, which is one of the proteins in egg.
Unfortunately for that one, it doesn't work as well
as it does with peanut. In this one, you can see the
orange dots for the patients who were negative, and
the blue dots are the patients who were positive
[Slide 25]. There's a pretty large overlap if you're
positive to both. In the upper right-hand corner,
you're allergic to both things. And if you're negative,
you're negative to both. There are a few patients
who are egg white positive but ovomucoid negative
who react to a food challenge—it's that line at the
bottom. But there are almost no patients who are
ovomucoid negative who react.’® Some people are
trying to figure out whether this is useful or not.

Component Testing - Ovomucoid

100

+ Challenge-Negative
- Challenge-Positive

Ovomucoid sIgE (kU,/L)
-

0.1 1 10 100
Egg White sIgE (kU,/L)

m -

Slide 25 - Component Testing - Ovomucoid

Y, ot al.f Allergy Clin Immemol. 2012:129(6): 16811282

There is also some work now trying to figure out the
issue of baked egg. This is true for milk and egg:
when you cook the food, the food breaks down, so
a lot of patients who are allergic to milk and egg
react to scrambled eggs but can eat eggin a cake, or
react to milk or ice cream, but can eat a cookie that's
been baked with a cup of milk in it. When you bake
a food, you denature the protein. For some patients
who are less sensitive to the food, they can tolerate
baked food, and this is something you can't right
now figure out by any blood test or a skin test; you
have to figure it out by challenge.

When we think about component testing in the
future, peanut is the one that we really like the best
at this point, and it tends to be more informative for
patients who have birch pollen sensitization, those
who had smaller skin prick test results, or those who
had a mild reaction. But if someone ate a peanut
and went into anaphylaxis, the component testing
is probably not necessary. That's pretty clear. You
probably don't need any other tests.
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Peanut Component Testing: Considerations

Factors that make component testing
less likely to be informative

Factors that make component testing
more likely to be informative

- Arecent convincing clinical reaction - Mild reactions or no reaction history

+ Remote clinical reaction with
development of birch sensitization
over time

= Aremote significant clinic