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Future Approaches to Food Allergy

Anna Nowak-Wegrzyn, MD

ABSTRACT. Food allergy affects ~2% of the general
US population, and its prevalence seems to be increasing.
Despite the potential for a fatal outcome, no definitive
therapies are available for food allergy. This article re-
views novel approaches for the diagnosis and treatment
of food allergy. Improved diagnostic methods include
more precise in vitro and in vivo tests for immunoglob-
ulin E-mediated food allergies, in vitro assays for pre-
dicting development of oral tolerance, and novel nonin-
vasive tests for cell-mediated food allergies such as patch
testing, cytokine assays, and detection of eosinophil ac-
tivation markers. Several promising novel immuno-
modulatory approaches to food allergy are discussed,
including monoclonal anti-immunoglobulin E; probiot-
ics; traditional Chinese medicine; and immunotherapy
with modified food proteins, peptides, bacterial adju-
vants, and immunostimulatory sequences. Pediatrics
2003;111:1672-1680; food allergy, diagnosis, immuno-
modulatory therapy, probiotics, anti-IgE antibodies, im-
munotherapy, traditional Chinese medicine, patch testing.

ABBREVIATIONS. IgE, immunoglobulin E; IL, interleukin; IFN-v,
y-interferon; TNF, tumor necrosis factor; TGE-B, tumor growth
factor-B; TCM, traditional Chinese medicine; FAHF-1, food allergy
herbal formula-1; HKL, heat-killed Listeria; ISS-ODN, oligode-
oxynucleotide immunostimulatory sequences.

ulation, and its prevalence seems to be increas-

ing in concert with the increasing prevalence of
the extrinsic asthma and environmental allergies.!?
However, unlike other allergic diseases, food allergy
is the only disorder for which there is no specific
therapy, which is particularly troubling considering
the potential for severe reactions. In fact, food-in-
duced anaphylaxis is the single most common cause
of anaphylaxis evaluated in emergency departments
in the United States and the United Kingdom.3# Di-
etary avoidance is the current standard of care, but
accidental ingestions of food allergens are common
because of the ubiquitous presence of certain foods,
such as peanut, soy, milk, and egg, and compounded
by poor labeling practices and cross-contamination
during processing. Furthermore, in cases of multiple
food allergies, restricted diets may result in unbal-
anced nutrition and pose a considerable hardship to

I Tood allergy affects ~2% of the general US pop-
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the family of a food-allergic child. Therefore, accu-
rate diagnosis of food allergy is of utmost impor-
tance and currently relies on oral food challenges,
which are not without substantial risks. Considering
the severity of food allergy as well as its increasing
prevalence, improved diagnostic tests and definitive
therapies are desirable. This article reviews the re-
cent developments in the diagnosis and potential
treatments for food allergy.

NOVEL APPROACHES TO THE DIAGNOSIS OF
FOOD ALLERGY

Food-allergic disorders can be classified according
to the pathophysiological role of immunoglobulin E
(IgE) antibodies: immediate; IgE-mediated food al-
lergy (eg, peanut anaphylaxis); mixed mechanisms,
involving both IgE- and cell-mediated reactions (eg,
atopic dermatitis, allergic eosinophilic gastroenteri-
tis); and delayed onset, cell-mediated food allergy
(eg, food protein-induced enterocolitis syndrome).
Currently available diagnostic tests detect food-spe-
cific IgE, either in the skin (prick skin test) or in the
systemic circulation (serum IgE levels), but there are
no standard tests for the diagnosis of non-IgE-medi-
ated food allergies. New approaches to the diagnosis
of food allergy are aimed toward 3 areas: better
characterization of the clinical correlation of allergen-
specific IgE levels and prick skin tests, improved in
vitro assays for predicting the development of clini-
cal tolerance in IgE-mediated food allergy, and the
creation of in vivo and in vitro techniques for eval-
uating cell-mediated food allergies (Table 1).

Improved Interpretation of Food-Specific IgE Levels

Double-blind, placebo-controlled food challenges
are the gold standard for diagnosis of food allergy;
however, they are labor-intensive and carry risks
to the patient. A number of studies have correlated
serum food-specific IgE antibody levels (measured
by CAP-System Fluorescent Enzyme Immunoassay;
Pharmacia-Upjohn Diagnostics, Uppsala, Sweden) to
oral food challenge outcomes. Diagnostic decision
points of 95% or greater positive predictive value for
clinical reactivity to milk (15 kU, /L), egg (7 kU, /L),
peanut (14 kU, /L), and fish (20 kU , /L) were estab-
lished in a recent prospective study by Sampson,® in
which 100 children (median age: 3.8 years) were
evaluated. Food-specific IgE levels exceeding the
“diagnostic decision point values” indicate that the
patient is >95% likely to experience an allergic reac-
tion after the ingestion of the specific food, therefore
eliminating the need to perform the oral food chal-
lenge. Detectable food-specific IgE levels that are
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TABLE 1. Novel Approaches to Diagnosis of Food Allergy
IgE Mixed Non-IgE
Anaphylaxis Atopic dermatits FPIES
Urticaria Allergic eosinophilic Allergic enteropathy

gastroenteritis

Food-specific serum IgE levels

Prick skin tests

In vitro tests for predicting oral tolerance
Recombinant allergens

Patch testing

Peripheral T-lymphocyte proliferation assays

Cytokine release upon food stimulation

Inflammatory cytokines (IL-4, TNF-a) in serum
and stool

Markers of eosinophil activation in stool (ECP)

ECP indicates eosinophilic cationic protein.

lower than the diagnostic decision point value but
>0.35 kU, /L (lower limit of detection of the CAP
immunoassay) represent a decreasing risk with de-
creasing levels of food-specific IgE. Their clinical sig-
nificance requires ultimate determination by an oral
food challenge. Several studies observed that in in-
fants and young children, lower food-specific IgE
levels were associated with positive food challenge
outcomes, suggesting that lower IgE levels have
greater positive predictive value under the age of 2
years. For egg allergy, a level of 2 kU, /L or above in
children younger than 2 years had 95% positive pre-
dictive value, whereas for milk, a level of 5 kU, /L in
infants younger than 1 year had 95% positive predic-
tive value.®”

In Vitro Assays for Predicting the Development of
Clinical Tolerance in IgE-Mediated Food Allergy

The majority of children outgrow allergies to foods
such as milk, egg, soy, and wheat; in fact 75% to 80%

TABLE 2.  Immunomodulatory Therapies for Food Allergy

of milk-allergic children become clinically tolerant to
milk by 4 years of age.® Currently available diagnos-
tic methods for food allergy, such as prick skin tests
and serum food allergen-specific IgE levels, do not
distinguish between children who will achieve food
tolerance and those who will have persistent food
allergy. Previous studies aimed at the identification
of markers for tolerance showed that children with
long-lasting milk allergy, compared with those who
outgrew the allergy, have higher levels of milk-spe-
cific IgE and higher specific IgE to milk proteins
including casein- and B-lactoglobulin.”10

IgE binding sites (epitopes) on the allergenic pro-
tein may consist of segments of consecutive amino
acids (so-called sequential epitopes) or amino acids
from different parts of the protein sequence, brought
together by protein folding (nonsequential epitopes;
Fig 1). A study by Cook and Sampson!! suggested
that egg-allergic children who developed significant
amounts of IgE antibodies to “sequential” epitopes

Therapy Mechanism of Action

Effects Comments

Monoclonal anti-IgE

Probiotics

TCM

Conventional peanut
immunotherapy

Modified peanut
immunotherapy

Peptide
immunotherapy

Heat-killed bacteria
mixed with or
expressing modified
peanut proteins

Immunostimulatory
sequences (ISS-
ODN)

Binds to circulating IgE and
prevents IgE deposition on
mast cells (“disarms” mast
cells)

Possibly increased IgA, IL-10,
suppression of TNF-«, and
inhibition of T-cell activation

Downregulation of Th2 cytokines
(IL-4, IL-5), upregulation of
Th1 cytokines (IFN-v, IL-12),
decreased allergen-IgE

Altered T-cell responses,
upregulation of suppressor
cells

Binding to mast cells eliminated,
altered T-cell responses

Binding to mast cells eliminated,
altered T-cell responses

Potentiation of Th1l responses

Potent stimulation of Th1 via
activation of antigen-
presenting cells, natural killer
cells, and B cells; increased
Th1 cytokines

Improves symptoms of asthma
and allergic rhinitis, possible
protection against food
anaphylaxis

Improves severity of atopic
dermatitis in infants with milk
allergy, prevents development
of atopy in at-risk infants

Reverses allergic inflammation
in the airways, protects mice
from peanut anaphylaxis

Increased oral peanut tolerance

Protection against peanut
anaphylaxis in mice

Protection against peanut
anaphylaxis in mice

Protection against peanut
anaphylaxis in mice

Protection against peanut
sensitization in mice

Subcutaneous at monthly intervals,
unknown long-term
consequences of IgE elimination

Oral dietary supplement, generally
safe and well-tolerated

Oral, generally safe and well
tolerated

Subcutaneous injections of
gradually increasing doses of
allergen, unacceptably high rate
of serious adverse events

Improved safety profile compared
with conventional
immunotherapy, requires
identification of IgE binding sites

Improved safety profile compared
with conventional
immunotherapy, does not
require identification of IgE-
binding epitopes

Concern for toxicity of bacterial
adjuvants, excessive Th1l
stimulation, and potential for
autoimmunity

Not shown to reverse established
peanut allergy, concern for
excessive Th1l stimulation, and
potential for autoimmunity
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Sequential (continuous) epitope
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Enzymes

Sequential (continuous) epitope unchanged

Non-sequential (discontinuous) epitope

Non-sequential (discontinuous) epitope destroyed

Fig 1. Sequential and nonsequential allergen epitopes.

of ovomucoid (major allergen in egg) were more
likely to have persistent egg allergy, whereas the
children who developed predominantly IgE to “non-
sequential” epitopes were more likely to outgrow
their egg hypersensitivity (Fig 1). Subsequent studies
confirmed that ~50% of children who reacted to
freeze-dried egg white (conformational nonsequen-
tial epitopes preserved) tolerated cooked egg white
(conformational nonsequential epitopes destroyed
by high temperature).!? It was recently demonstrated
that children with persistent IgE-mediated milk al-
lergy have higher levels of IgE to sequential epitopes
from asl, as2, and k-casein and that specific IgE
binding to particular sequential epitopes in asl-ca-
sein may be a predictive factor for persistence of cow
milk allergy.!®1* These observations suggest that
perhaps differential epitope recognition is a general
feature of food allergy and additional studies should
elucidate the diagnostic utility of tests that detect
binding to conformational and sequential epitopes.

Recombinant Allergens

Many allergenic proteins have been identified, se-
quenced, and cloned. The recombinant allergens are
being investigated currently for their applicability in
the diagnosis of allergic diseases.!> Recombinant al-
lergens of high purity offer superior safety and spec-
ificity in allergy testing, although diagnostic sensitiv-
ity is generally lower than that of natural allergen
extracts.!®17 Recombinant allergens may be of special
value in diagnosing allergy to plant foods in subjects
with allergy to pollens. For instance, pure recombi-
nant lipid transfer proteins could identify patients at

1674 SUPPLEMEIB

higher risk for severe systemic reactions among the
patients whose symptoms are likely to remain con-
fined to the oropharyngeal mucous membranes (pol-
len-food allergy syndrome or oral allergy syn-
drome).18:19

DIAGNOSIS OF NON-IgE-MEDIATED FOOD
ALLERGY

A growing body of evidence supports the crucial
role of T lymphocytes in the pathophysiology of
non-IgE-mediated food allergy. As the majority of
the non-IgE-mediated food-allergic disorders affect
the gastrointestinal tract, endoscopy and biopsy are
the requisite diagnostic tools for the detection of
inflammatory cells or their products. For obvious
reasons, noninvasive diagnostic methods are desired
to assist in a tedious process of identifying the of-
fending foods through elimination diets and chal-
lenge procedures. Novel approaches to non-IgE-me-
diated food allergy include food allergy patch
testing, measurement of cytokine production by T
lymphocytes after stimulation with food allergen,
and measurement of cytokines and eosinophil mark-
ers in the stool. It should be noted that none of these
diagnostic methods has been evaluated rigorously,
and their clinical applicability remains to be deter-
mined in future studies.

Patch Testing

Patch testing is typically used for diagnosis of
delayed contact hypersensitivity reactions in which T
cells play a prominent role. Patch testing involves
prolonged contact of the allergenic extract with intact

gwnloaded from www.pediatrics.org at Biblioteca Area Medico-Bio on July 11, 2006


http://pediatrics.aappublications.org

skin under occlusion for 48 hours. The results are
evaluated 20 minutes after removing the patch and
again at 72 hours for final evaluation. Positive reac-
tions to patch tests consist of erythema and indura-
tion. Patch testing for the diagnosis of food allergy in
children with atopic dermatitis and allergic eosino-
philic esophagitis has been investigated in a number
of studies.?°~2¢ In young children with challenge-
proven milk allergy, prick skin tests were positive in
67% of the cases with acute-onset reactions (under 2
hours) to milk challenge, whereas patch tests tended
to be negative. Patch tests were positive in 89% of
children with delayed-onset reactions (25-44 hours),
although prick skin tests were frequently negative.2
In another study of children with atopic dermatitis,
the combination of a positive patch test with evi-
dence of specific IgE or with positive prick skin test
had the highest positive predictive value.?! These
results indicate that the combination of patch testing
and detection of IgE could enhance the accuracy of
diagnosing food allergy and may eliminate the need
for oral food challenges. However, at this time, atopy
patch testing remains an investigational method. Be-
fore incorporating atopy patch testing into clinical
practice, standardization of the reagents, timing of
reading results, and scoring system for the interpre-
tation of the results is necessary.

In Vitro Assays for Lymphocyte and Eosinophil
Activation

The in vitro tests for lymphocyte and eosinophil
activation have been investigated in a number of
studies. In general, lymphocyte proliferation assays
have been proved not to be helpful in distinguishing
between children with and without food allergy be-

Presentation

Differentiation

cause they primarily reflect exposure to the food in
the diet.?> However, the profile of cytokines pro-
duced by lymphocytes has been shown to differ in
food-allergic children, producing more Th2-type cy-
tokines (eg, interleukin [IL]-4), compared with non-
allergic children, producing predominantly Thl-cy-
tokines (eg, y-interferon [IFN-v]), after exposure to
food allergens.?¢ In milk-allergic children with gas-
trointestinal symptoms, peripheral blood lympho-
cytes were shown to produce significantly more tu-
mor necrosis factor (TNF)-a on stimulation with milk
than in nonallergic children.?” As children with food
allergy and atopic dermatitis frequently have chronic
allergic inflammation in their gastrointestinal tract, it
was hypothesized that acute-phase proteins, proin-
flammatory cytokines, or eosinophil secretory pro-
teins in the stool might be increased and reflect the
severity of the intestinal inflammation. Indeed, in
some studies, increased amounts of fecal al-antit-
rypsin, TNF-a, and eosinophil cationic protein were
recovered in children with atopic dermatitis and
food allergy compared with children without atopic
dermatitis.?®?° These findings suggest that such non-
invasive tests may be of value in monitoring the
severity of intestinal inflammation in children with
food allergy; however, more studies are necessary to
establish the usefulness of this approach.

IMMUNOMODULATORY THERAPIES FOR FOOD
ALLERGY

As first noted in murine studies, the Th1/Th2 par-
adigm is applied to human allergic diseases. It pos-
tulates that the type of immune response generated
to an antigen depends on the profile of cytokines
released by CD4* T-helper cells (Fig 2). Typical Th1l

Effector mechanisms

“Disarming mast cells”

Activated
dendritic cell

IL-12 (Tn1)

/)

Allergen

Altering T cell
responses

Conventional IT
Probiotics /
Traditional Chinese Medicine
Mutated allergens

Peptides

Bacterial adjuvants
Immunostimulatory Sequences

Anti-IgE

Anaphylaxis
Asthma
Food allergy

Fig 2. Food allergy immunomodulatory therapies.
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cytokines are IFN-y and tumor necrosis factor-g
(TNEF-B), whereas Th2 cytokines include I1L-4, IL-5,
and IL-13. In addition, regulatory cytokines such as
IL-12, IL-10, and TGF-B are of paramount impor-
tance in maintaining the state of dynamic balance
between Thl and Th2 responses. Allergic diseases
are characterized by relative predominance of Th2-
type responses to innocuous allergens. Most of the
immunomodulatory therapeutic approaches to food
allergy operate on the premise of restoring the Th1/
Th2 balance or activating regulatory T lymphocytes
(Fig 2).

1%1 conventional allergen immunotherapy for aller-
gic rhinitis and asthma, gradually increasing doses of
allergen are injected subcutaneously. This results in
decreased symptoms attributable to a variety of im-
munologic alterations, including a decline in aller-
gen-specific IgE levels, an increase in allergen-spe-
cific IgG4 antibodies, decreased basophil histamine
release, decreased lymphocyte proliferation, genera-
tion of allergen-specific suppressor T cells, increased
production of IFN-v, and decreased production of
Th2 cytokines such as IL-4 and TNF-a.3° Conven-
tional subcutaneous allergen immunotherapy has
been attempted for peanut allergy. In a double-blind,
placebo-controlled trial of rush (rapidly increasing
doses) peanut immunotherapy, increased tolerance
to oral feeding with peanut was observed in 4 of 6
patients who received the active immunotherapy but
in none of the 6 control patients. However, the rate of
serious adverse reactions was unacceptably high,
even during the maintenance phase of immunother-
apy (39%).3! This important clinical study suggested
that immunomodulation could be used successfully
to induce oral tolerance in food-allergic subjects if
activation of mast cells by allergen were eliminated
and safety were improved.

Better characterization of allergen processing, pre-
sentation, and binding led to development of new
immunomodulatory approaches to food allergy. In
addition, characterization and cloning of major pea-
nut allergens (Ara hl, Ara h2, and Ara h3) has made
recombinant protein- and DNA-based peanut aller-
gen gene therapy possible. Finally, testing of the

investigational therapies for food allergy in vivo be-
came possible when well-characterized mouse mod-
els of peanut and cow milk anaphylaxis were estab-
lished (Fig 3).3233

Humanized Monoclonal Anti-IgE

Allergen-specific IgE antibodies play a central role
in the pathophysiology of atopic disorders, including
food allergy, and are an excellent target to interrupt
the allergic process. IgE antibodies bind to high-
affinity receptors (FceRlI) on the surface of mast cells
and basophils. Cross-linking of IgE molecules on the
surface of mast cells by allergen leads to the release
of preformed mast-cell mediators (early phase of
allergic reaction) as well as synthesis of proinflam-
matory cytokines and chemokines that result in a
late-phase reaction (Fig 4).3* Humanized monoclonal
anti-IgE antibodies have been engineered to disrupt
this process. They bind to the constant region (third
domain of the Fc region) of IgE molecules, the point
at which IgE binds to the FceR. This prevents IgE
from binding to both high- (FceRI) and low-affinity
(FceRII) IgE receptors. With the decrease in available
IgE antibody molecules, anti-IgE leads to a down-
regulation of FceRI receptor expression on mast cells
and basophils and to decreased histamine release.
In clinical trials of anti-IgE for the treatment of
asthma and allergic rhinitis, symptomatic improve-
ment was observed when circulating levels of IgE
antibodies were significantly reduced.?¢37 A multi-
center, randomized, double-blind, placebo-con-
trolled clinical trial recently evaluated humanized
monoclonal anti-IgE antibody in the treatment of
peanut anaphylaxis. Patients with peanut allergy
were orally challenged with peanut protein (double-
blind, placebo-controlled food challenge) at the entry
and after 4 monthly subcutaneous injections of anti-
IgE or placebo to determine the amount of peanut
protein required to induce anaphylaxis. Preliminary
reports indicate that anti-IgE therapy significantly
increased the amount of peanut protein necessary to
induce allergic symptoms. If confirmed, then anti-
IgE may be used to treat patients with any IgE-
mediated food allergy, although the protection

C3H/HeJ strain of mice

Sensitization Increasing Peanut

. Peanut-IgE
5 mg peanuti. g. » challenge
Day 0,7, and 14 Day 21

Clinical symptoms of anaphylaxis
Increased serum histamine levels
Boosting of peanut-IgE levels
Allergic inflammation in the
airways, skin, and gut

—

AR N NN

Fig 3. Mouse model of peanut anaphylaxis.
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Histamine Leukotriens
Tryptase Chemokines
= Cytokines

Early Late
Allergic Reaction Allergic Reaction

Pruritus Inflammatory cell infiltration
Vasodilation Chronic inflammation
Angioedema

Bronchospasm

TG motility

A J

4

Decreased density of the receptors for IgE on the mast cell
No IgE present on the mast cell

Allergen can’t cross-link IgE and activate mast cell

No mast cell degranulation

Early and late allergic reactions abrogated

A SN Y

Fig 4. Mechanism of anti-IgE therapy.

against anaphylaxis would require continued ther-
apy at regular time intervals indefinitely.

Traditional Chinese Medicine

Traditional Chinese medicine (TCM) has been
used successfully in Asia for centuries for treatment
of diverse diseases, including asthma and environ-
mental allergies. TCM, based on herbal remedies, is
generating increased interest because of its reported
effectiveness, favorable safety profile, and low
cost.383% Despite extensive clinical experience with
TCM in Asia, the mechanism of action is largely
unknown and TCM has not been studied rigorously
in randomized clinical trials. Li et al*® investigated
the effect of TCM in a murine model of allergic
asthma and showed reversal of allergic airway hy-
perreactivity. Recently, the same group used a mix-
ture of several herbs, designated food allergy herbal
formula-1 (FAHEF-1), for the treatment of peanut al-
lergy in mice. FAHF-1 significantly reduced mast-
cell degranulation and histamine release and com-
pletely prevented peanut anaphylaxis. FAHF-1
decreased peanut-IgE levels; peanut-induced lym-
phocyte proliferation; and IL-4, IL-5, and IL-13 pro-
duction, whereas it did not affect IFN-y synthesis.
Importantly, FAHF-1 was well tolerated and had no
apparent toxic effects on kidney or liver function.*!

Mutated Allergen Protein Immunotherapy

The major safety concern regarding food allergen
immunotherapy has been addressed by engineering
“hypoallergenic” forms of major allergenic food pro-
teins. These mutated (“engineered”) major food pro-
teins have lost their ability to bind to IgE but retained
the ability to interact with T cells.#? The 3 major

Downloaded from www.pediatrics.org at Biblioteca Area Medico-Bio on July 11, 20%

peanut proteins (Ara hl, Ara h2, and Ara h3) were
isolated and purified; IgE-binding and T-cell
epitopes were mapped; and the DNA encoding these
proteins was isolated, sequenced, and cloned.*® En-
gineered DNA encodes proteins that differ by a sin-
gle amino acid within each of IgE-binding epitopes
(Fig 5A). The engineered recombinant proteins bind
little IgE antibodies from peanut-allergic patients but
promote T-cell proliferation that is comparable to
native peanut proteins. In vivo efficacy of the engi-
neered recombinant proteins was tested in the mu-
rine model of peanut anaphylaxis. Mice were sensi-
tized to whole peanut and then desensitized by both
subcutaneous and intranasal administration of mod-
ified Ara h2 (3 doses a week for 4 weeks). Desensi-
tization with the modified Ara h2 protein suppressed
synthesis of Ara h2-IgE and resulted in significantly
decreased symptoms on oral peanut challenge com-
pared with a control group treated with native Ara
hD 44,45

Bacterial adjuvants are being used to increase effi-
cacy of modified peanut vaccines. Bacteria are potent
stimulants of Thl immune responses and increase
IEN-y production. Heat-killed Listeria (HKL) has
been shown to reverse established allergic airway
hyperreactivity in mice.* In a dog model, a single
subcutaneous treatment with a mixture of HKL,
milk, and wheat significantly reduced immediate
skin test reactions and prevented anaphylactic symp-
toms after oral food challenge.*” Li et al*® recently
tested the efficacy of a mixture of HKL and modified
peanut proteins (Ara hl, Ara h2, and Ara h3) in a
murine model of peanut anaphylaxis. Immunother-
apy was initiated 10 weeks after sensitization (once a
week for 3 weeks) and was shown to reduce peanut-
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Fig 5. Modified recombinant allergens and peptide immunotherapy. A, Modified recombinant allergen. The substitution of a single
amino acid within the IgE-binding epitope results in abrogation of IgE binding. B, Peptide immunotherapy. The sequence of a protein is
represented by the overlapping peptides (10—20 amino acids long) that provide all possible T-cell epitopes, but binding to IgE antibody

is eliminated.

specific IgE synthesis as well as anaphylactic re-
sponses to oral peanut challenge. Heat-killed Esche-
richia coli expressing modified peanut proteins is
being investigated in the same model. Although
lower doses for desensitization were required using
HKL and Heat-killed E coli, the safety of these ther-
apeutic approaches need additional evaluation.

Peptide Immunotherapy

The effect of eliminating IgE binding can also be
achieved with vaccines that consist of overlapping
peptides (10-20 amino acids long) that represent the
entire sequence of a specific protein (Fig 5B).#* The
antigen-presenting cells are provided with all possi-
ble T-cell epitopes, but mast cells are not activated
because the short peptides are of insufficient length
to cross-link 2 IgE molecules. Peptide immunother-
apy allows for formulation of vaccines against any
food in which major allergenic proteins are known
because IgE binding sites for each food protein do
not have to be mapped, allergen-specific DNA does
not need to be mutated, and engineered recombinant
proteins are not required. Major peanut protein Ara
h2 peptide mixture is currently being evaluated in a
mouse model of peanut allergy.*® Pretreatment with
2 doses of the major peanut protein Ara h2 peptide
mixture before peanut challenge has been shown to

1678 SUPPLEMEIB

prevent anaphylactic reactions in peanut-sensitized
mice. More extensive desensitization protocols are
being investigated.

Immunostimulatory Sequences

Certain portions of bacterial DNA designated as
oligodeoxynucleotide = immunostimulatory  se-
quences (ISS-ODN) are potent stimulators of Thl
responses. These bacterial DNA components activate
antigen-presenting cells, natural killer cells, and B
cells and upregulate Thl cytokine production (eg,
IFN-v). ISS-ODNSs have been shown to prevent air-
way allergic inflammation in the murine models of
asthma.®® Li and colleagues®! studied the prophylac-
tic use of ISS-conjugated peanut protein Ara h2 in
mice later sensitized with peanut allergen. Mice were
immunized intradermally with ISS-conjugated Ara
h2 or control ISS. Four weeks later, mice were orally
sensitized with peanut and challenged with Ara h2 5
weeks later. Mice that were immunized with ISS-Ara
h2 conjugate did not develop severe anaphylactic
symptoms after peanut challenge, and their postchal-
lenge plasma histamine levels were significantly
lower than in sham-treated mice, which developed
anaphylactic symptoms. These data suggest that an-
tigen ISS-ODN immunotherapy may prevent the de-
velopment of food allergy; however, its potential to
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reverse established food allergy remains to be deter-
mined.

Probiotics

Probiotics are live bacteria or their components
that are reported to have beneficial effect on the
health of the host by improving its intestinal micro-
bial balance. The major sources of probiotics are
dairy products that contain Lactobacillus and Bi-
fidobacterium species. Although the concept of probi-
otic foods was introduced more than a century ago
by Fuller, only recently were probiotics evaluated by
randomized, double-blind, controlled clinical trials
in the treatment of food allergy. In infants and young
children with cow milk hypersensitivity, 2-month
treatment with L rhamnosus GG and B lactis along
with a milk elimination diet decreased the severity of
atopic dermatitis symptoms.5> Another study evalu-
ated the prophylactic potential of probiotics. A total
of 159 expectant mothers who had at least 1 first-
degree relative (or partner) with history of atopic
disease (atopic dermatitis, asthma, or allergic rhini-
tis) were randomized to receive either Lactobacillus
GG supplementation or placebo.>® Treatment was
continued during breastfeeding and also was given
to the infants for 6 months, starting on the first day of
life. At 2 years of age, 23% of children were reported
to have atopic dermatitis in the probiotic-treated
group compared with 46% in the placebo group,
indicating that Lactobacillus GG had some effect on
the prevention of early atopic disease in infants at
high risk. However, this study raises several ques-
tions. The prevalence of atopic dermatitis in the pla-
cebo-treated group was considerably higher than
that reported in other studies, and the severity of
atopic dermatitis was very low (geometric mean
SCORAD index of 10.4 out of maximum 103) and not
different from the probiotic-treated group (geometric
mean SCORAD index of 9.8). Furthermore, there was
no difference between the 2 study groups in any of
the objective markers, such as the prevalence of pos-
itive prick skin tests to selected food and environ-
mental allergens, total serum IgE, or serum allergen-
specific IgE levels to milk, egg, cat, and house dust
mite.>4-56

CONCLUSIONS

Improved interpretation of in vivo and in vitro
tests for IgE-mediated food allergy, in vitro assays
for predicting development of oral tolerance, and
tests for non-IgE-mediated food allergy will facilitate
diagnosis of food allergy and eliminate unnecessary
oral food challenges. Novel approaches to the treat-
ment of IgE-mediated food allergy such as anti-IgE,
probiotics, and food allergy vaccines will hopefully
provide definitive therapy for food-allergic patients
and prevent development of food allergy in at-risk
infants. However, these immunomodulatory thera-
pies will have to be evaluated carefully for potential
side effects such as toxicity, overstimulation of the
Thl immune responses, priming for autoimmunity,
and long-term effects of suppression of circulating
IgE antibodies. Nevertheless, these new approaches
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bring real hope to the patients for whom no specific
therapy is currently available.

REFERENCES

1. Sampson HA, McCaskill CC. Food hypersensitivity and atopic
dermatitis: evaluation of 113 patients. | Pediatr. 1985;107:669—675
2. Holt PG, Macaubas C, Prescott SL, Sly PD. Primary sensitization to
inhalant allergens. Am | Respir Crit Care Med. 2000;162:591-594
3. Bock SA, Munoz-Furlong A, Sampson HA. Fatalities due to anaphylac-
tic reactions to foods. | Allergy Clin Immunol. 20021;107:191-193
4. Yocum MW, Butterfield JH, Klein JS, et al. Epidemiology of anaphylaxis
in Olmested County: a population-based study. | Allergy Clin Immunol.
1999;104:452-456
5. Sampson HA. Utility of food-specific IgE concentrations in predicting
symptomatic food allergy. | Allergy Clin Immunol. 2001;107:891-896
6. Garcia-Ara C, Boyano-Martinez T, Diaz-Pena JM, et al. Specific-IgE
levels in the diagnosis of immediate hypersensitivity to cow’s milk
protein in the infant. | Allergy Clin Immunol. 2001;107:185-190
7. Boyano MT, Garcia-Ara C, Diaz-Pena JM, et al. Validity of specific IgE
antibodies in children with egg allergy. Clin Exp Allergy. 2001;31:
1464-1469
8. Host A, Halken S. A prospective study of cow milk allergy in Danish
infants during the first 3 years of life. Allergy. 1990;45:587-596
9. James JM, Sampson HA. immunologic changes associated with the
development of tolerance in children with cow milk allergy. | Pediatr.
1992;121:371-377
10. Sicherer SH, Sampson HA. Cow’s milk protein-specific IgE concentra-
tions in two age groups of milk-allergic children and in children achiev-
ing clinical tolerance. Clin Exp Allergy. 1999,29:507-512
11. Cooke SK, Sampson HA. Allergenic properties of ovomucoid in man.
J Immunol. 1997;159:2026-2032
12. Urisu A, Ando H, Morita Y, et al. Allergenic activity of heated and
ovomucoid-depleted egg white. | Allergy Clin Immunol. 1997;100:
171-176
13. Chatchatee P, Bardina L, Sampson HA. Identification of IgE and IgG
binding epitopes of alpha sl-casein in cow’s milk allergic patients. |
Allergy Clin Immunol. 2000;105:5185
14. Vila L, Beyer K, Jarvinen KM, Chatchatee P, Bardina L, Sampson HA.
Role of conformational and linear epitopes in the achievement of toler-
ance in cow’s milk allergy. Clin Exp Allergy. 2001;31:1599-1606
15. Wiederman U, Herz U, Baier K, et al. Intranasal treatment with a
recombinant hypoallergenic derivative of the major birch pollen aller-
gen Bet v 1 prevents allergic sensitization and airway inflammation in
mice. Int Arch Allergy Immunol. 2001;126:68-77
16. Pauli G, Purohit A, Oster JP, et al. Skin testing with wild-type recom-
binant birch pollen allergens and hypoallergenic modified molecules.
Arb Paul Ehrlich Inst Bundesamt Sera Impfstoffe Frankf A M. 1999;93:
203-210
17. Niederberger V, Stuebner P, Spitzauer S, et al. Skin test results but not
serology reflect immediate type respiratory sensitivity: a study per-
formed with recombinant allergen molecules. | Invest Dermatol. 2001;
848-851
18. Scheuer S, Pastorello EA, Wangorsch A, Kastner M, Haustein D, Vieths
S. Recombinant allergens Pru av 1 and Pru av 4 and a newly identified
lipid transfer protein in the in vitro diagnosis of cherry allergy. | Allergy
Clin Immunol. 2001;107:724-731
19. Asero R, Mistrello G, Roncarolo D, et al. Lipid transfer protein: a
pan-allergen in plant-derived foods that is highly resistant to pepsin
digestion. Int Arch Allergy Immunol. 2001;124:67-69
20. Isolauri E, Turnjanmaa K. Combined skin prick and patch testing en-
hances identification of food allergy in infants with atopic dermatitis. |
Allergy Clin Immunol. 1996,97:9-15
21. Roehr CC, Reibel S, Ziegert M, et al. Atopy patch test, together with
determination of specific IgE levels, reduce the need for oral food
challenges in children with atopic dermatitis. | Allergy Clin Immunol.
2001;107:548-553
22. Kekki OM, Turnjanmaa K, Isolauri E. Differences in skin-prick and
patch-test reactivity are related to the heterogeneity of atopic eczema in
infants. Allergy. 1997;52:755-759
23. Majamaa H, Moisio P, Holm K, Kautiainen H, Turnjanmaa K. Cow’s
milk allergy: diagnostic accuracy of skin prick and patch tests and
specific IgE. Allergy. 1999;54:346-351
24. Spergel JM, Beausoleil JL, Mascarenhas M, Liacouras CA. The use of
skin prick tests and patch tests to identify causative foods in eosino-
philic esophagitis. | Allergy Clin Immunol. 2002;109:363-368
25. Hoffman KM, Ho DG, Sampson HA. Evaluation of the usefulness of

PPLEMENT 1679


http://pediatrics.aappublications.org

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.
39.

40.

41.

1680

lymphocyte proliferation assays in the diagnosis of cow’s milk allergy.
J Allergy Clin Immunol. 1997;99:360-366

Schade RP, Van Leperen-Van Dijk AG, Van Reijsen FC. Differences in
antigen-specific T-cell responses between infants with atopic dermatitis
with and without cow’s milk allergy: relevance of Th2 cytokines. |
Allergy Clin Immunol. 2000;106:1155-1162

Heyman M, Darmon N, Dupont C, et al. Mononuclear cells from infants
allergic to cow’s milk secrete tumor necrosis factor alpha, altering
intestinal function. Gastroenterology. 1994;106:1514-1523

Majamaa H, Aittoniemi J, Mettinen A. Increased concentration of fecal
alpha 1-antitrypsin is associated with cow’s milk allergy in infants with
atopic eczema. Clin Exp Allergy. 2001;31:590-592

Majamaa H, Miettinen A, Laine S, Isolauri E. Intestinal inflammation in
children with atopic eczema: fecal eosinophil cationic protein and tu-
mor necrosis factor-alpha as non-invasive indicators of food allergy.
Clin Exp Allergy. 1996;26:181-187

Durham SR, Till SJ. Immunologic changes associated with allergen
immunotherapy. | Allergy Clin Immunol. 1998;102:157-164

Nelson HS, Lahr J, Rule R, Bock SA, Leung DYM. Treatment of ana-
phylactic sensitivity to peanuts by immunotherapy with injections of
aqueous peanut extract. | Allergy Clin Immunol. 1997;99:744-751

Li XM, Serebrisky D, Lee SY, et al. A murine model of peanut
anaphylaxis: T- and B-cell responses to a major peanut allergen mimic
human responses. | Allergy Clin Immunol. 2000;106:150-158

Li XM, Schofield B, Huang CK, et al. A murine model of IgE-mediated
cow milk hypersensitivity. | Allergy Clin Immunol. 1999;103:206-214
Fahy JV, Fleming HE, Wong HH, et al. The effect of an anti-IgE mono-
clonal antibody on the early and late phase responses to allergen
inhalation in asthmatic subjects. Am | Respir Crit Care Med. 1997;155:
1828-1834

MacGlashan DWJ, Bochner BS, Adelman DC, et al. Down-regulation of
Fe(epsilon)RI expression on human basophils during in vivo treatment
of atopic patients with anti-IgE antibody. ] Immunol. 1997;158:1438-1445
Milgrom H, Fick RBJ, Su JQ, et al. Treatment of allergic asthma with
monoclonal anti-IgE antibody. rhuMAb-E25 Study Group. N Engl | Med.
1999;341:1966-1973

Casale TB, Bernstein IL, Busse WW, et al. Use of an anti-IgE humanized
monoclonal antibody in ragweed-induced allergic rhinitis. ] Allergy Clin
Immunol. 1997;100:121

Bielory L, Lupoli K. Herbal interventions in asthma and allergy. |
Asthma. 1999;36:1-65

Ziment I, Tashkin DP. Alternative medicine for allergy and asthma. |
Allergy Clin Immunol. 2000;106:603-614

Li XM, Huang CK, Zhang TF, et al. The chinese herbal medicine formula
MSSM-002 suppresses allergic airway hyperreactivity and modulates
TH1/TH2 responses in a murine model of allergic asthma. | Allergy Clin
Immunol. 2000;106:660-668

Li XM, Zhang TF, Huang CK, et al. Food allergy herbal formula-1

SUPPLEMElB

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

55.

56.

(FAHEF-1) blocks peanut-induced anaphylaxis in a murine model. |
Allergy Clin Immunol. 2001;108:639 - 646

Ferreira F, Ebner C, Kramer B, et al. Modulation of IgE reactivity of
allergens by site-directed mutagenesis: potential use of hypoallergenic
variants for immunotherapy. FASEB ]. 1998;12:231-242

Rabjohn P, Helm EM, Stanley JS, et al. Molecular cloning and epitope
analysis of the peanut allergen Ara h 3. | Clin Invest. 1999;103:535-542
Sampson HA. Immunological approaches to the treatment of food
allergy. Pediatr Allergy Immunol. 2001;12(suppl 14):91-96

Srivastava KD, Li XM, King N, et al. Inmunotherapy with modified
peanut allergens in a murine model of peanut allergy [abstract]. |
Allergy Clin Immunol. 2002;109:5287

Yeung VP, Gieni RS, Umetsu DT, DeKruyff RH. Heat-killed Listeria
monocytogene as an adjuvant converts established murine TH2-
dominated immune responses into TH1-dominated responses. | Inmu-
nol. 1998;161:4146-4152

Frick OL, Bachanan BB, Delval G, Umetsu DT. Allergen immunother-
apy with heat-killed Listeria monocytogenes as adjuvant prevents aller-
genic reactions in highly sensitized dogs [abstract]. | Allergy Clin Immu-
nol. 2001;107:5232

Li JH, Li XM, Srivastava KD, et al. Investigation of efficacy of co-
administration of heat-killed Listeria with modified peanut proteins for
the treatment of peanut-induced hypersensitivity in a murine model
[abstract]. ] Allergy Clin Immunol. 2002;109:593

Li S, Li XM, Burks AW, Sampson HA. Modulation of peanut allergy by
peptide-based immunotherapy [abstract]. ] Allergy Clin Immunol. 2001;
107:5233

Kline JN, Waldschmidt TJ, Businga TR, et al. Modulation of airway
inflammation by CpG oligodeoxynucleotides in a murine model of
asthma. J Immunol. 1998;160:2555-2559

Srivastava K, Li XM, Bannon GA, et al. Investigation of the use of
ISS-linked Ara h2 for the treatment of peanut-induced allergy [abstract].
J Allergy Clin Immunol. 2001;107:5233

Majamaa H, Isolauri E. Probiotics: a novel approach in the management
of food allergy. | Allergy Clin Immunol. 1997;99:179-185

Kalliomaki M, Salminen S, Arvilommi H. Probiotics in primary preven-
tion of atopic disease: a randomised placebo-controlled trial. Lancet.
2001;357:1076-1079

. Isolauri E, Juntunen M, Rautanen T, Sillanaukee P, Koivula T. A human

Lactobacillus strain (Lactobacillus casei sp strain GG) promotes recovery
from acute diarrhea in children. Pediatrics. 1991;88:90-97

Sutas Y, Hurme M, Isolauri E. Downregulation of antiCD3 antibody-
induced IL-4 production by bovine caseins hydrolysed with Lactobacil-
lus GG-derived enzymes. Scand | Immunol. 1996,43:687-689

Pessi T, Sutas Y, Hurme M, Isolauri E. Interleukin-10 generation in
atopic children following oral Lactobacillus rhamnosus GG. Clin Exp
Allergy. 2000;30:1804-1808

gwnloaded from www.pediatrics.org at Biblioteca Area Medico-Bio on July 11, 2006


http://pediatrics.aappublications.org

Future Approachesto Food Allergy

AnnaNowak-Wegrzyn

Pediatrics 2003;111;1672-1680
DOI: 10.1542/peds.111.6.52.1672

Thisinformation iscurrent as of July 11, 2006

Updated Information
& Services

References

Citations

Subspecialty Collections

Permissions & Licensing

Reprints

including high-resolution figures, can be found at:
http://www.pediatrics.org/cgi/content/full/111/6/S2/1672

This article cites 54 articles, 10 of which you can access for free

at:
http://www.pediatrics.org/cgi/content/full/111/6/S2/1672#BIBL

This article has been cited by 2 HighWire-hosted articles:
http://www.pediatrics.org/cgi/content/full/111/6/S2/1672#othera
rticles

This article, along with others on similar topics, appearsin the
following collection(s):

Allergy & Dermatology
http://www.pediatrics.org/cgi/collection/allergy_and dermatolog

y

Information about reproducing this articlein parts (figures,
tables) or in its entirety can be found online at:
http://www.pediatrics.org/misc/Permissions.shtml

Information about ordering reprints can be found online:
http://www.pediatrics.org/misc/reprints.shtml

American Academy of Pediatrics

DEDICATED TO THE HEALTH OF ALL CHILDREN"™

Downloaded from www.pediatrics.org at Biblioteca Area Medico-Bio on July 11, 2006



http://www.pediatrics.org/cgi/content/full/111/6/S2/1672
http://www.pediatrics.org/cgi/content/full/111/6/S2/1672#BIBL
http://www.pediatrics.org/cgi/content/full/111/6/S2/1672#otherarticles
http://www.pediatrics.org/cgi/collection/allergy_and_dermatology
http://www.pediatrics.org/misc/Permissions.shtml
http://www.pediatrics.org/misc/reprints.shtml
http://pediatrics.aappublications.org

