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Abstract

PEANUT ALLERGY ACCOUNTS FOR THE MAJORITY of severe food-related
allergic reactions. It tends to present early in life, and affected in-
dividuals generally do not outgrow it. In highly sensitized people,
trace quantities can induce an allergic reaction. In this review, we
will discuss the prevalence, clinical characteristics, diagnosis, nat-
ural history and management of peanut allergy.
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and between 1% and 2% of adults."” They occur

most often in young children and in individuals with
a personal or family history of other atopic diseases.** The
majority of children outgrow their food allergies, and the
foods can safely be reintroduced when they are older.”

The perceived prevalence of food allergies is substantially
higher than the actual prevalence. Up to 30% of the general
population believe they have a food allergy,""" and up to 30%
of parents believe that their children have a food allergy.

Eight foods are responsible for more than 90% of food
allergies: cow’s milk, eggs, soy, wheat, peanuts, tree nuts
(walnuts, hazelnuts, almonds, cashews, pecans and pista-
chios), fish and shellfish.”>* All food allergies have the po-
tential to induce anaphylaxis, but some foods are more
likely than others to cause potentially life-threatening reac-
tions. The food allergies most commonly associated with
anaphylaxis (those to peanuts, tree nuts, fish and shellfish)
are the ones least likely to resolve.

Data on the prevalence of food-induced anaphylaxis are
limited because there is no requirement for mandatory re-
porting; however, of all emergency department visits be-
cause of anaphylactic events, food allergies account for the
greatest proportion, and peanuts and tree nuts are responsi-
ble for the majority of serious events.'*’

Peanut allergy deserves particular attention. It accounts
for the majority of severe food-related allergic reactions, it
tends to present early in life, it does not usually resolve, and
in highly sensitized people, trace quantities can induce an
allergic reaction.”*” In this review, we will discuss the
prevalence, clinical characteristics, diagnosis, natural his-
tory and management of peanut allergy.

F ood allergies affect between 4% and 8% of children

Prevalence

Several population-based studies have estimated the

prevalence of peanut allergy.”**** Tariq and colleagues®
followed a cohort on the Isle of Wight from birth undl the
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age of 4 years. Families were asked about allergic reactions
attributed to peanut or tree nut ingestion, skin prick tests
were conducted, and peanut-specific IgE was measured. At
age 4, 1.1% of the 1218 children were sensitized to pea-
nuts, and 0.5% had had an allergic reaction to peanuts. An
additional 1.2% of children were sensitized to tree nuts,
with 0.2% having experienced an allergic reaction. On the
basis of this and other studies that have reported similar
prevalences,? the estimated prevalence of peanut allergy
in developed countries is between 0.6% and 1.0%. Recent-
ly, a follow-up study”” demonstrated that the prevalence of
peanut allergy had increased to 1.5% on the Isle of Wight,
which suggests that the problem is growing.

Pathophysiology

Although many foods can cause clinical syndromes in
susceptible individuals, the allergic reaction provoked by
peanuts is strictly an IgE-mediated type I hypersensitivity
reaction. In such reactions, peanut-specific IgE antibodies
bind to high-affinity receptors on mast cells and basophils.
At least 7 peanut proteins have been identified that confer
allergy. When peanut allergens penetrate mucosal barriers,
cell-bound IgE and peanut allergens crosslink, which re-
sults in degranulation of preformed allergic mediators and
subsequent cell activation. These cells may then produce a
variety of cytokines and chemokines, which recruit other
inflammatory cells and contribute to the IgE-mediated
late-phase allergic response.”

Clinical characteristics

The clinical expression of peanut allergy is fairly pre-
dictable, and it has a tendency to be severe, although the
severity may vary with different episodes of ingestion.*'#*!
The first allergic reaction to peanuts develops in most chil-
dren between 14 and 24 months of age, and the first reaction
most commonly occurs at home.**" According to a voluntary
registry,” about half of all children with peanut allergy have
allergic manifestations in 1 target-organ system, 30% have
symptoms in 2 systems, 10% to 15% in 3 systems, and 1% in
4 systems. The systems affected are listed in Table 1.

About 20% to 30% of food-induced anaphylactic events
are characterized by a biphasic response, in which allergic
symptoms recur 1 to 8 hours after the initial symptoms
have resolved.’’ Concomitant asthma and delay in adminis-
tering epinephrine are risk factors for poor outcome of
peanut anaphylaxis.'**
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One peanut contains about 200 mg of protein.” In most
people with peanut allergy, symptoms develop after substan-
tially less than 1 peanut is ingested, and highly allergic people
can react to trace amounts. In a study designed to determine
the minimum dose of peanut protein capable of eliciting an
allergic reaction in highly sensitized individuals, subjective
symptoms were reported with doses as low as 100 pg, and ob-
jective signs were evident at 2 mg.” Similar conclusions were
drawn from a recent consensus publication that identified
threshold doses of foods in people with allergies.”

In more than 70% of children with peanut allergy, symp-
toms develop at their first known exposure.”**?' Because
IgE-mediated allergic reactions require an initial exposure
to an allergen to induce immunologic sensitization, it seems
apparent that occult exposure occurs. Possible routes of oc-
cult sensitization include fetal exposure to allergens ingested
by the mother and infant exposure from breast milk.**¢ Al-
though prospective intervention studies have resulted in
conflicting reports about the role of breast milk in the ex-
pression of atopy, it seems prudent to recommend that
mothers who are breast-feeding infants at risk for atopy
avoid foods that could cause allergic reactions, particularly
peanuts.” An infant is deemed at risk for atopy if both par-
ents, or one parent and a sibling, have atopic features.

Diagnosis

The diagnosis of a suspected food allergy begins with a
medical history and a physical examination. It is confirmed

Table 1: Frequency of target system involvement
in first presentation of peanut allergy

% Of
Target system patients
Cutaneous 89
Urticaria, erythema, angioedema
Respiratory 42

Wheezing, stridor, cough, dyspnea, throat
tightness, nasal congestion

Gastrointestinal 26
Vomiting, diarrhea, abdominal pain

Cardiovascular 4
Hypotension, arrhythmia, cardiac arrest

with the detection of peanut-specific IgE, either by means
of a skin prick test or fluoroenzyme immunoassay (Pharma-
cia ImmunoCAP-FEIA). When there is doubt about the
diagnosis, oral food challenges can be performed. The
characteristics of diagnostic tests for peanut allergy are
listed in Table 2.

The medical history for a suspected IgE-mediated reac-
tion should focus on the type and quantity of food ingested,
the time of symptom onset, the severity and duration of
symptoms, and the medical treatment administered. Per-
sonal or family details of atopy are also useful. Because
most IgE-mediated reactions occur within 60 minutes after
ingestion but may take as long as 4 hours after ingestion,
symptoms occurring later than this are unlikely to have re-
sulted from food allergy.” Typically, minor allergic symp-
toms last less than 1 hour, but severe reactions may be pro-
tracted (Fig. 1).

IgE tests: in vivo and in vitro

Laboratory tests that identify specific IgE, such as the
skin prick test and the ImmunoCAP-FEIA, should be con-
ducted to confirm food allergy. A skin prick test with com-
mercially prepared food extracts is a convenient and inex-
pensive method (a $20 vial of peanut extract is enough for
100 tests) of detecting IgE bound to dermal mast cells. A
drop of glycerinated extract is placed on the forearm, and
the skin is pricked through the drop. Positive (histamine)
and negative (saline) controls are also tested. Results are
available in 15 minutes; a positive result is one in which the
wheal from the extract is at least 3 mm larger than that
from the negative control.”** There is no age limit for food
allergy skin testing, but very young and very old people are
less likely to produce adequate control wheals.”” These tests
are easily conducted and the results easily interpreted by
most physicians. Ideally, all patients who require evaluation
for food allergy should be seen by an allergist, particularly
if they require food challenges. The skin prick test is safe to
perform, but systemic reactions have been reported, espe-
cially when skin testing is performed at the time of active
wheezing or when foods are tested intradermally.* No fa-
tal reactions have been reported. In general, skin tests have
excellent sensitivity and negative predictive value but poor
specificity and positive predictive value.*

Table 2: Performance characteristics of diagnostic tests for peanut allergy

Positive predictive Negative predictive

Diagnostic test Sensitivity, %  Specificity, % value, % value, %
Skin prick test 295 30-60 <50 295
ImmunoCAP fluoroenzyme

immunoassay result 2 15 kUA/L

(95% predictive decision point) 57 100 100 36
Food challenge* ~100 ~100 ~100 ~100

*False-negative and false-positive results have rarely been reported with double-blind, placebo-controlled food challenges. The majority of false-negative
results may occur because of ingestion of inadequate doses of food required to provoke an allergic reaction. False-positive results may be recorded if the
challenge is terminated after only subjective symptoms (e.g., oral pruritis or itchiness) have been reported.
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The measurement of specific IgE antibodies in serum is
useful for determining allergen-specific IgE in vitro. The
ImmunoCAP-FEIA is a newer, preferred method and mea-
sures allergen-specific IgE bound to standardized allergens.
Results are reported semiquantitatively, ranging from
< 0.35 to > 100 kUA/L; values correlate with the probabil-
ity of clinical reactivity but not with the severity of the re-
action. Compared with the skin prick test, ImmunoCAP-
FEIA is slightly less sensitive but may have a greater
positive predictive value. Predictive values of 95% have
been established for 4 foods: peanuts, eggs, milk and fish.
For example, at a value of 15 kUA/L, 100% of subjects sus-
pected of having peanut allergy had allergic symptoms after
ingesting peanuts. According to published data, the positive
and negative predictive values of InmunoCAP-FEIA to
peanuts at a level of 15 kUA/L or greater are 100% and
36%.7-" A serum peanut-specific IgE exceeding this cutoff
level would be considered positive, and an oral food chal-
lenge would not be warranted. Similar cutoff values have
been established for a limited number of foods.

ImmunoCAP-FEIA can be performed when traditional
skin prick testing is not possible, for example, when antihis-
tamines have been taken or if severe skin conditions pro-
hibit skin testing. Limitations of ImmunoCAP-FEIA in-
clude cost (about $10 to $15 per allergen), availability, lack
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of age-specific norms, limited data for the interpretation of
results for foods other than those described above and a
sensitivity of less than 100%. ImmunoCAP-FEIA is useful
in determining which patients are best suited for food chal-
lenges and in diagnosing food allergy when the likelihood
of reaction is high.**

Food challenges

Food challenges are the “gold standard” for diagnosing
food allergies. These tests are performed when the medical
history does not suggest an IgE-mediated reaction but the
skin prick test result or ImmunoCAP-FEIA result is posi-
tive, when the history suggests an allergic reaction but con-
firmatory test results are negative, or when patients are
evaluated for possible resolution of a known food allergy.
Because the positive predictive value of a skin prick test is
about 50%, food challenges are sometimes needed for final
diagnosis. Increasingly, the InmunoCAP-FEIA is being
used to determine the best candidates for food challenges.
Food challenges can be open, single blind or double blind.
The most rigorous and least subjective method is the dou-
ble-blind placebo-controlled food challenge, which is rou-
tinely used for research purposes.”

During a double-blind placebo-controlled food chal-

History of peanut-induced allergic reaction

'

Symptoms suggestive
of IgE-mediated reaction

v

Skin prick test

¥ N

Negative result Positive result

v v

Pharmacia ImmunoCAP
fluoroenzyme immunoassay

' N

<15 kUA/L 215 KUA/L

v v

Consider food challenge;
assume peanut allergy until
food challenge is performed

Peanut
allergy
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allergy

Y

Symptoms not suggestive
of IgE-mediated reaction

v

Skin prick test

¥ N

Negative result Positive result

v v

No peanut
allergy
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¥ N
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Positive result

v

Negative result

v
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Positive result

v
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v
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allergy
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allergy

Fig. 1: Algorithm for the diagnosis of peanut allergy.
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lenge, a person ingests incremental portions of food or
placebo, hidden in a masking vehicle or gelatin capsule, at
15- to 30-minute intervals.”” Signs and symptoms of allergic
reactions are documented before each dose. If unequivocal
signs of an allergic reaction occur, the challenge is stopped
and the necessary treatment administered. If no signs ap-
pear, the challenge continues until all portions of both the
placebo and the suspect food are ingested. If all portions
are ingested without an adverse reaction, the patient con-
sumes a normal portion of the food to confirm tolerance.
Because there is a risk of inducing a severe allergic reaction,
the food challenge must be performed in a hospital by ap-
propriately trained professionals, where access to emer-
gency care and medications are readily available.™

Although the double-blind placebo-controlled food
challenge is the “gold standard” to diagnose food allergy, it
is time-consuming, requires close supervision by medical
personnel and carries a risk of inducing a severe allergic re-
action. Therefore, it is essential that patients are appropri-
ately selected for the challenge, based on their clinical his-
tory and specific IgE test results.

Natural history

Until recently, peanut allergy was believed to persist in-
definitely. In a longitudinal study of the natural history of
peanut allergy, Bock” contacted 32 of 46 eligible patients 2
to 14 years after their peanut allergy had been confirmed

by a double-blind placebo-controlled food challenge: 75%
had had an allergic reaction to accidentally ingested
peanuts in the 5 years preceding contact (50% in the year
preceding contact), and the remaining 25% had managed
to completely avoid peanuts and had not experienced sub-
sequent reactions. None of the people was known to be
able to tolerate peanuts.

In an attempt to determine the severity of subsequent ac-
cidental peanut ingestion, Vander Leek and Bock™ con-
ducted a prospective study on the natural history of peanut
allergy. The parents of 83 children with peanut allergy were
contacted annually and asked about accidental exposure to
peanuts and the details of the ensuing reaction. Sixty chil-
dren (72%) experienced allergic reactions during the study.
"The majority experienced potentially life-threatening reac-
tions after accidental exposure, regardless of the nature of
their initial reaction. However, 4 children did not have a re-
action to accidental exposure, had low peanut-specific IgE
levels and became tolerant to peanuts.”

From these studies, we can see that the majority of chil-
dren with peanut allergy remain allergic indefinitely and
are at high risk for accidental ingestion. The severity of
their reactions can vary.

The possibility that peanut allergy can resolve has
gained acceptance over the past several years. In 1998,
Hourrihane and colleagues® described the resolution of
peanut allergy in 18% of people who had participated in
oral peanut challenges. Using a case—control design, 15

Management of an allergic reaction to peanuts

v

v

v

allergic symptoms develop in
> 1 target-organ system (Table 1)
or if allergic symptoms are
progressive

* Administer diphenhydramine
(1 mg/kg)

 Transport to emergency facility

0.3-0.5 mL

for 4-8 h

At home In the emergency department Before discharge
¢ Administer self-injectable ® Assess airway, breathing and e Educate about peanut allergy,
epinephrine (e.g., EpiPen) if circulation how to avoid products

Administer the following:

¢ Supplemental oxygen

¢ Epinephrine intramuscularly
(0.0TmL/kg, in 1:1000 dilution)
every 10-20 min; maximum dose

¢ Antihistamine (orally,
intramuscularly or intravenously)

e Nebulized salbutamol, if indicated

e Intravenous fluid, if indicated

¢ Glucocorticoids: prednisone
(1-2 mg/kg orally) or
methylprednisolone (2 mg/kg
intravenously) or hydrocortisone
(5 mg/kg intravenously)

® Observe in emergency department

containing peanuts and how to
recognize early signs of allergic
reactions

Prescribe self-injectable
epinephrine and demonstrate
its use

* Refer patient to an allergist

Fig. 2: Approaches to the management of peanut allergy.
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children in whom peanut allergy had resolved were com-
pared with 15 children matched for age and sex in whom
peanut allergy persisted. There were no differences be-
tween the groups with respect to age at the time of initial
reaction, severity of initial reaction or peanut-specific IgE
levels. However, those whose allergies had resolved had
smaller wheals on skin prick test at the time of reassessment
and had fewer allergies to other foods. Although clinical
and laboratory data were limited for many of the children,
this study challenged the previously held belief that peanut
allergy persists indefinitely in all patients.

Other groups have similarly concluded that peanut al-
lergy can resolve in some people.?**" Skolnick and co-
authors* reported on the frequency and characteristics of
peanut allergy resolution in 223 people who were selected
for an oral challenge because they had not had an allergic
reaction to peanuts during the preceding year, they had low
peanut-specific IgE levels or they met both criteria. Forty-
eight (21%) of the children had no reaction from the chal-
lenge, which suggests that the peanut allergy had resolved.
The children who outgrew their peanut allergy were more
likely to have had a mild initial reaction, to have a signifi-
cantly lower peanut-specific IgE level and to have a smaller
wheal on skin prick test at the time of reassessment.

Management

Approaches to the treatment of an allergic reaction to
peanuts are presented in Fig. 2. The mainstay of manage-
ment is to educate people with peanut allergy and their fam-
ilies to avoid products containing peanuts, to recognize
early signs of allergic reactions and to administer self-
injectable epinephrine when indicated. Completely avoiding
foods that contain peanuts is often difficult, as evidenced by
the frequency with which accidental ingestion occurs, and
the psychological burden weighs heavily on families.***

People must be instructed to carefully read all ingredient
labels when purchasing prepackaged foods and to ask about
the risks of cross-contamination at restaurants and other
public eateries. Children should be discouraged from shar-
ing food at school or parties and should be encouraged to
wash their hands after meals. School personnel should be
made aware that a child has a food allergy and should be
provided with photo identification of the child and a list of
known allergies. Children with food allergies should always
wear MedicAlert bracelets.

There is a considerable amount of resource material avail-
able to the public from Canadian information and advocacy
groups, for example Anaphylaxis Canada (www.anaphylaxis
.org) and the Allergy/Asthma Information Association
(www.aaia.ca). Box 1 lists potential sources of peanut where
exposure might not be readily anticipated.

The principal treatment of acute allergic reaction is epi-
nephrine. Because delay in administering epinephrine is as-
sociated with poor outcome in anaphylactic reactions, and
because the benefits of epinephrine far outweigh the risks

Peanut allergy

in otherwise healthy people, prompt administration is rec-
ommended." People with peanut allergy should be pre-
scribed self-injection devices such as EpiPen, EpiPen Jr and
Ana-Kit, and they should be instructed to carry it with
them at all times."**?' In a survey of 101 families of chil-
dren with food allergy, Sicherer and colleagues® found that
only 71% of the children had a self-injection epinephrine
device available, 10% carried epinephrine devices beyond
the expiration date, and only 32% were able to demon-
strate its correct use. Patients, family members and care-
givers should be instructed on the life-saving properties of
self-injectable epinephrine.

Antihistamines can be used to treat food allergies, but
they should serve as an adjunct to, not a replacement for,
epinephrine. People with food allergies should be provided
with an appropriate dose of a short-acting, first-generation
antihistamine, such as diphenhydramine (1 mg/kg) or hy-
droxyzine (0.5 mg/kg).

After epinephrine is administered, all patents should be
transported to a medical facility, where additional treatment
can be administered if required. Because up to 30% of ana-
phylactic reactions have a biphasic component that can oc-
cur 1 to 8 hours after the onset of symptoms, patients
should be observed for 4 to 8 hours after the onset of aller-
gic symptoms in a facility that can provide emergency care.”

Future treatments

Therapeutic interventions are actively being pursued to
prevent and manage food allergies. Humanized anti-IgE
monoclonal antibody therapy and various modified im-
munotherapy regimes are under investigation, including
cytokine modulation, plasmid-DNA immunotherapy, bio-

Box 1: Sources of hidden peanut allergens

e Formulation mistake

e Product reuse (e.g., leftover chocolate used
for a peanut-containing product is reused for
a peanut-free product)

¢ Inadequate cleaning of shared equipment

e Cross-contamination from shared utensils
(e.g., scoops in ice-cream parlours; kitchen
utensils in Asian or African restaurants, which
frequently use peanuts)

e Artificial nuts originating from deflavoured
and reflavoured peanuts

¢ Confectionaries imported from countries with
less stringent labelling regulations than those
in Canada

* Protein hydrolysates containing incompletely
hydrolyzed soy, wheat, peanut, or milk
protein
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engineered proteins and peptide immunotherapy.

Humanized monoclonal IgE antibodies bind to natural
IgE and prevent their binding to Fce receptors on mast
cells and basophils. When studied in people with allergic
asthma, circulating IgE levels were reduced, and clinical
improvement was reported.” Studies involving individu-
als with food allergies are underway, and preliminary re-
sults are encouraging. In a recent study involving 84 adults
with peanut allergy, promising data with the use of human-
ized monoclonal IgG1 antibody directed against IgE were
reported; a significant increase in the threshold dose of
peanut flour required to provoke allergic symptoms was
demonstrated.”

Traditional immunotherapy has been attempted for
peanut desensitization, but an unacceptably high rate of
systemic reactions has limited its clinical application.””
The potential role for immunotherapy rests with modifica-
tions of the peanut protein, specific peptides or cytokine
milieu. With the identification, sequencing and characteri-
zation of the main peanut proteins, new therapies are on
the horizon.”” Until then, vigilance and the availability of
self-injectable epinephrine remain the cornerstones of the
management of peanut allergy.
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