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Abstract

Adverse food reactions are abnormal responses to ingested foods. Reactions vary from immunologic
to nonimmunologic immune reactions and can be either immunoglobulin E (IgE) mediated or non-IgE
mediated. Food-induced IgE-mediated reactions range from localized urticaria to anaphylaxis and
have been well studied. However, in comparison, there has been significantly less research into non—IgE-
mediated food reactions. Non—IgE-mediated reactions can cause respiratory, gastrointestinal, and
cutaneous symptoms. The most recent evidence suggests that these reactions are probably T-cell
mediated as evidenced in lymphocyte proliferation assays. This review will explore the symptoms and
testing methods of the most common non—-IgE-mediated reactions.

An adverse food reaction is any abnormal response
to an ingested food, regardless of the pathophys-
iology. One classification scheme separates
immunologic from nonimmunologic entities. Non-
immune reactions include jitteriness from caf-
feine and metabolic disorders such as lactase defi-
ciency. Immune reactions are divided into those
that are immunoglobulin E (IgE)-mediated and
those that are not IgE mediated. IgE-mediated
reactions are the classic presentations of food
allergy, such as hives or anaphylaxis after inges-
tion of the offending food antigen. Non—IgE-medi-
ated food reactions have been described in the
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last several years and include food protein—induced
enterocolitis syndrome and allergic eosinophilic
esophagitis. Non—-IgE-mediated food reactions
are classified as negative skin test results or spe-
cific IgE to foods, with positive challenge to the
offending food. The reactions can vary by system,
from gastrointestinal (GI) to cutaneous to respi-
ratory; gastrointestinal reactions are the most com-
mon reactions (Table 1).

In regard to biology and documentation, food-
specific non—-IgE-mediated reactions are currently
not as well understood as IgE-mediated reactions
are. The greatest insight into their pathophysiol-
ogy comes from the identification of food-specific
T cells in atopic dermatitis (AD). Food-specific
skin-homing cutaneous lymphocyte antigen
(CLA*) T cells have been identified in the lesions
of milk-allergic patients who have AD.! These
patients have a flare of their AD when chal-
lenged by milk. Milk-sensitive patients with GI
symptoms on challenge or the control group
(nonmilk-allergic) patients did not have milk-
specific CLA* T cells.

Additional evidence of the role of T cells in
non—IgE-mediated food allergy is found in atopy
food patch testing of persons with AD. Atopy
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Table 1

Disorder

Symptoms

Diagnostic Testing

Food Involved

Cutaneous
Atopic dermatitis

Chronic relapsing pruritic rash

Skin testing and atopy
patch testing

Skin biopsy (IgA
deposition), IgA antigliadin

Milk, eggs, soy,
peanuts, wheat
Gluten

Dermatitis Marked pruritus;
herpetiformis papulovesicular rash over
extensor surfaces and
buttocks
Gastrointestinal
FPIES Vomiting, diarrhea, progressing
to shocklike state
Eosinophilic Gastroesophageal reflux
esophagitis symptoms, dysphagia, failure

to thrive
Weight loss, chronic diarrhea,
steatorrhea, abdominal

Celiac disease

distention
Respiratory
Pulmonary Recurrent pneumonia,
hemosiderosis pulmonary infiltrates, iron

deficiency anemia, failure
to thrive

and antitransglutaminase
antibodies; + endoscopy

Elimination diet, patch testing  Milk, soy, others

Elimination diet, skin testing ~ Multiple foods
and patch testing

IgA antigliadin and Gluten
antitransglutaminase
antibodies, endoscopy

Clinical history, peripheral Milk, eggs

eosinophilia, milk precipitins
(if caused by milk), + lung
biopsy, elimination diet

FPIES = food protein—induced enterocolitis syndrome; IgA = immunoglobulin A.

patch tests have a high specificity, and double-blind
food challenges indicate their reliability.>* These
patients often have IgE-negative disease as deter-
mined by skin testing or in vitro assay. Patch test-
ing is generally believed to reflect T cell-mediated
reactions because allergen-specific T cells can be
isolated from biopsy sites of patch-test reactions
to inhalant allergens.*> The isolated T cells are
skewed toward the T helper 2 (Th2) phenotype in
food-sensitive AD patients. In addition, most iso-
lated CLA* T cells have a Th2 phenotype.
Bellanti and colleagues examined T-cell phe-
notypes in a group of patients with GI food aller-
gies.® The symptoms were confirmed by dou-
ble-blind placebo-controlled food challenges.
These patients had non-IgE-mediated disease
as all 12 patients had negative results on imme-
diate-type skin testing and negative results on IgE
radioallergosorbent tests (RASTs). These patients
were compared with four patients with celiac
disease. Investigators found normal peripheral-
blood CD4 and CD8 lymphocyte distributions in

the food-allergic patients, as compared to abnor-
mal CD4/CD8 ratios in the celiac disease group.
As compared with the celiac disease patients,
there was a predominance of CD4* cells with a
decreased intracellular Th1 cytokine pattern and
anormal Th2 intracellular cytokine pattern, indi-
cating arole of Th1 cells as a key mechanism in
non—IgE-mediated reactions. A similar abnor-
mal pattern of CD4/CDS8 ratio was observed in
intestinal biopsy specimens from the 12 patients.
Thus, both populations of CD4* cells may be
involved in non-IgE-mediated reactions (Thl
cells in GI reactions and the CLA* cells in AD
reactions).

Non-IgE-Mediated Skin Reactions:
Dermatitis Herpetiformis

Dermatitis herpetiformis presents as a chronic
blistering pruritic papulovesicular rash symmet-
rically distributed over extensor surfaces and over
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the buttocks. It can be associated with celiac dis-
ease with sensitivity to gluten. Dermatopatho-
logic examination of the skin reveals immunoglob-
ulin A (IgA) deposits in the dermo-epidermal
junctions whereas GI lesions resemble celiac dis-
ease.” Analysis of sera shows positive IgA
antigliadin and antitransglutaminase antibodies
consistent with celiac disease.®

Mixed IgE-Mediated and Non-IgE-Mediated
Skin Reactions: Atopic Dermatitis

AD is a chronic inflammatory skin disorder and
the most common childhood disease, having a
prevalence of 10 to 15% in the United States.
Unlike many other diseases, however, AD has no
single diagnostic feature or pathognomonic test.
The major features include pruritus, typical mor-
phology, and distribution of the lesions. In infancy,
the face and the extensor surfaces of the arms and
legs are most commonly affected. In older children
and adults, a scaly and lichenified dermatitis on
the flexor surfaces of the extremities, neck, and
upper trunk is observed.”!° The role of food allergy
in AD has been reviewed extensively, and food
allergy has been shown clearly to play a role in
pathogenesis in 10 to 30% of patients with mod-
erate to severe atopic dermatitis.!! Of interest,
foods can trigger AD by both IgE-mediated and
non—-IgE-mediated mechanisms. Clinical studies
have shown that skin test (sera-specific IgE or
atopy patch test) results correlate with flaring of
AD during double-blind food challenge.'>!?
Additional evidence for a mixed mechanism
has developed from clinical observation. Ninety
percent of patients with AD have markedly ele-
vated total IgE levels and high levels of specific
IgE. The clinical removal of the allergens that
react with the specific IgE of the patient can
decrease AD symptoms in the affected patient.'*
The role of T cells is confirmed by skin biopsy
specimens showing T cell-infiltrated lesions and
expression of CLA, a homing receptor for T lym-
phocytes to the skin. CLA interacts with E-selectin
expressed on activated vascular endothelium in
affected areas. Th2 cells predominate in the acute
lesions whereas Th1 and Th2 cells are found in the

chronic eczematous lesions." Several studies have
elucidated the role of food allergen—specific T
cells in the inflammatory process underlying AD.
The best evidence is that food allergen—specific T
cells have been cloned from active skin lesions and
healthy skin of patients with AD.'®!” Reekers and
colleagues found that T cells isolated from the
skin biopsy sites and peripheral blood react to
foods related to birch pollen, and clinical reactivity
was confirmed by double-blind placebo-controlled
food challenges.!” In addition, patients with milk-
induced AD were studied and compared with con-
trol subjects who had milk-induced GI reactions
without AD and with nonatopic control subjects.
Casein-reactive T cells from the children with
milk-induced AD had a significantly higher
expression of CLA than did other antigen-specific
T cells from the same patients or from the con-
trol groups.' Taken together, these studies exam-
ining the role of allergic responses to food in the
pathogenesis of AD indicate a mixed inflamma-
tory response involving T cells and IgE-mediated
reactions.

Non-IgE-Mediated
Gastrointestinal Disorders

Food Protein-Induced Enterocolitis Syndrome

Food protein—induced enterocolitis syndrome
(FPIES), whose symptoms include vomiting, diar-
rhea, lethargy, and dehydration, can progress to a
severe shocklike state.'®!” Most patients with
FPIES present in the first months of life, and the
disorder typically resolves by 2 years of age but
can persist (in rare cases) into later childhood.
Most patients with FPIES have negative reactions
to the offending food on skin and/or nonreactive
food-specific IgE tests. As opposed to the imme-
diateness of IgE-mediated reactions, the onset of
the symptoms of FPIES is delayed from 1 to 10
hours, with a median of 2 hours after the inges-
tion of food. Symptoms typically start with eme-
sis that often is followed by diarrhea.'” As with IgE-
mediated reactions, cow’s milk and soy proteins
are the antigens most commonly responsible for
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FPIES in infants.”® Recently, FPIES has been
reported from grains (rice, oats, and barley), veg-
etables (sweet potatoes, squash, string beans, and
peas), and poultry (chicken and turkey).*!

The only reported laboratory findings in FPIES
are an increase in peripheral-blood neutrophil
counts during a positive challenge, an alteration
in levels of tumor necrosis factor-a in the feces,
and the secretion of peripheral-blood mononu-
clear cells.'®?? The pathophysiology of FPIES is
incompletely understood.?® FPIES is thought to be
a T cell-mediated disease because most of these
patients have negative skin test reactions to the
offending antigen. Evaluation for T-cell function
has shown that antigen-specific T cells prolifer-
ate to milk and soy in patients with FPIES induced
by milk and soy,? but this response can also be seen
in healthy individuals. In a case report of FPIES
from rice, Gray and colleagues found that the
results of in vitro lymphoproliferative assays for
rice were positive.?* In addition, there was
increased cytokine synthesis of interferon-v, inter-
leukin (IL)-10, tumor necrosis factor-a, and IL-5
in the patient with rice FPIES. Finally, the authors
isolated and expanded duodenal explant T cells
with rice and IL-2 stimulation for 2 days. After a
2-day rest, the lymphocytes were re-stimulated
with rice for 7 days; increased interferon-y and IL-
5 synthesis were revealed, indicating a Th1- and
Th2-cell response to rice. This study provides
evidence for a T-cell mechanism in FPIES.

We have found that atopy patch tests pro-
vided a highly specific way to identify children
with FPIES. In our preliminary studies of 15 chil-
dren, all children with negative atopy patch-test
results had negative results on food challenge
whereas 90% of the positive patch-test results
correlated with positive results on challenge (data
in press). The exact mechanism of FPIES is
unknown; it is clearly not IgE. Most evidence
suggests a T cell-driven process.

Celiac Disease

Celiac disease is a specific food protein—-induced
autoimmune enteropathy in which the body reacts
to gliadin, the alcohol-soluble portion of gluten
found in wheat, oats, rye, and barley.’ It is the most

common intestinal disorder of Western populations
and occurs in genetically susceptible individuals
carrying the human leukocyte antigen (HLA)-
DQ2 or HLA-DQS8 haplotype. Typical symptoms
include weight loss, chronic diarrhea, steatorrhea,
and associated abdominal distention and oral
ulcers. Diagnosis is made by documentation of typ-
ical abnormalities (villous atrophy and cellular
infiltrate) that are reversed by the elimination of
gliadin from the diet. Most patients produce IgA
antigliadin and antiendomysial antibodies.” Of
interest, the early introduction of wheat into the
diet (before the age of 3 months, compared to 6
months) was associated with fivefold higher risk
of celiac disease as based on HLA phenotype in
a prospective study of 1,560 high-risk infants in
Denver, Colorado. This finding indicates that the
early introduction of offending foods in high-risk
populations can increase disease prevalence.?

In terms of pathogenesis, celiac disease rep-
resents a unique model because both an external
trigger (the gluten peptides) and the autoantigen
(the ubiquitous enzyme tissue transglutaminase)
have been identified. Furthermore, the gluten pep-
tides behave with two different mechanisms in the
disease process, some fragments being “toxic”
and others being “immunogenic.”” The “toxic”
peptides are able to induce mucosal damage while
the “immunogenic” peptides are able to specifi-
cally stimulate HLA-DQ2-restricted or HLA-
DQS8-restricted T-cell clones. These peptides trig-
ger two immunologic pathways: (1) a rapid effect
on the epithelium, involving the innate immune
response, and (2) an adaptive immune response
involving CD4* T cells in the lamina propria that
recognize gluten epitopes processed and presented
by antigen-presenting cells.

Combined IgE-Mediated and T
Cell-Mediated Gastrointestinal Disorders:
Eosinophilic Esophagitis

Eosinophilic esophagitis (EE), primary or idio-
pathic, occurs in both adults and children.?” Patients
with EE present with symptoms similar to those
of gastroesophageal reflux disease (GERD) but are
unresponsive to anti-reflux medication and have
normal hydrogen ion concentration (pH) probe
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study results. Vomiting and abdominal pain are the
most common symptoms?®; other common symp-
toms include anemia (occult blood loss), weight
loss,? achalasia,*® and failure to thrive.
Published case series that examined EE in
children have indicated that food allergy can play
a causative role. Kelly and colleagues examined 23
children with classic symptoms of GERD whose
symptoms did not improve with standard treat-
ment for 6 to 78 months.’! Eosinophil counts in
esophageal biopsy specimens were elevated at 15
to 100 eosinophils per high-power field (HPF),
compared with standard GERD eosinophil levels
of < 5 eosinophils per HPE. Seventeen patients
were offered an elemental diet with an enteral
nutritional supplement (Neocate or EleCare); 12
patients completed dietary treatment, and all 12
patients reported symptom improvement. Repeat
esophageal biopsies in 10 patients revealed
decreased eosinophil counts (5-30 eosinophils per
HPF). Eight patients had normal biopsy speci-
mens (< 5 eosinophils per HPF). The remaining two
patients had improvement but not a complete res-
olution (repeat eosinophil counts of 10 and 30
eosinophils, respectively, and improvement from
20 and 90 eosinophils per HPF, respectively).
Foods were introduced into their diets at home. Milk
was identified as causing symptoms in 7 patients;
soy, in 4 patients; wheat, in 2 patients; peanuts, in
2 patients; and eggs, in 1 patient. Interestingly, 3
of the 10 patients had negative skin-prick test
results for foods. In addition, 7 of the 10 patients
denied experiencing any IgE-mediated symptoms
or immediate reactions to foods, which suggests a
role for non—IgE-mediated food reactions.
Orenstein and colleagues?’ tried to link food
allergies to EE more definitively. They studied 30
patients with EE retrospectively on the basis of ele-
vated eosinophils in biopsy specimens. The patients
were subsequently divided into two groups: 9
patients with 5 to 20 eosinophils per HPF and 21
patients with > 20 eosinophils per HPE. The 21
patients with > 20 eosinophils per HPF had symp-
toms that were similar to those of patients in other
studies, including recurrent esophageal food
impactions, vomiting, pain, and dysphagia. This
select population had a strong atopic background;
62% of the patients had a history of allergy. Food
allergy testing was done in 19 children by skin test-

ing, by RAST, or by both methods. Six children
had negative results with both methods. Twelve of
13 patients with documented food allergies were
given an elimination diet; 2 patients were non-
compliant, but 10 patients showed symptom
improvement, and 7 of the 10 patients received
other treatments.”” This study highly suggests that
food allergies can play a significant role in EE in
this group. The nine children with 5 to 20
eosinophils per HPF had similar results: 3 of 5
tested patients had positive results on food testing.
One of the three children had a good response to
diet, one was noncompliant, and the final child had
a poor response. In both Kelly and colleagues’ and
Orenstein and colleagues’ studies, about 30% of
the patients had negative responses to food test-
ing for IgE-mediated reactions but complete
responses to diet elimination, suggesting a
non—IgE-mediated mechanism. The concept of
foods as causative agents was confirmed in the
work by Markowitz and colleagues, who found that
all of their study’s 51 patients with EE improved
on an elemental diet.

The concept of a mixed IgE and non-IgE
mechanism was confirmed in our work. We per-
formed skin testing as well as atopy patch testing
with 26 patients in our first published series** and
with 154 patients in our most recent series.*
Ninety-six percent (135 of 140) of the patients who
completed the diet regimen improved on a restric-
tion diet, clearly indicating that foods cause EE.
About one-third of the patients had negative skin
test results for all foods, and 18% had negative
patch-test results for all foods; there was little
overlap in the groups as less than 4% of patients
had negative results on both skin tests and atopy
patch tests. In 90% of the cases, foods identified
by skin testing (IgE mediated) were different from
foods identified by atopy patch testing (non-IgE
mediated). These results indicate a mixed mech-
anism for food-induced reactions in EE.

Non-IgE-Mediated Respiratory Reactions:
Food-Induced Pulmonary Hemosiderosis

Food-induced pulmonary hemosiderosis (Heiner’s
syndrome) is a rare disorder, typically associated
with milk or egg. It is characterized by pulmonary
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infiltrates associated with hemosiderosis, GI blood
loss, anemia, and failure to thrive.® The immune
mechanisms underlying food-induced pulmonary
hemosiderosis are unknown. What suggests a
non—IgE-mediated process is that patients have
negative results on skin tests and in vitro IgE
analysis, but in an isolated report of pulmonary
hemosiderosis from buckwheat, the patients had
positive patch-test results.**3” These patients had
T-cell proliferation from the offending antigens
(including milk, eggs, and other foods),** sug-
gesting a T-cell pathophysiology similar to that of
other non-IgE-mediated reactions.

Clinical Tests for
Non-IgE-Mediated Reactions

The general history and examination will lead to
a list of suspected foods (if any) and determine the
likelihood for non-IgE-mediated or T cell-medi-
ated processes. Obtaining an accurate clinical his-
tory is more difficult in the case of non-IgE-medi-
ated reactions as compared to IgE-mediated
reactions because of the delay in the onset of
symptoms after ingestion of the food. IgE-medi-
ated reactions typically occur seconds to 2 hours
after ingestion of the food and have a clear clini-
cal pattern. In the case of non—-IgE-mediated reac-
tions, the onset of symptoms after ingestion of food
can be delayed, from hours to a day after inges-
tion. Also, symptoms can vary, from severe symp-
toms in FPIES patients to subtle reactions in EE
patients, with gradual worsening of dysphagia
over weeks.

In addition, fewer laboratory diagnostic tools
exist for non-IgE-mediated disorders than for
IgE-mediated reactions. Food patch testing has
been studied for AD, EE, Heiner’s syndrome, and
(recently) FPIES, with some encouraging results.
Although the atopy patch test shows promise for
identifying foods that might elicit non-IgE-
mediated reactions, there are no standardized
reagents at this time, making results difficult to
interpret. Nonspecific irritation is a common find-
ing in standard patch testing and therefore requires
skill in interpretation.*® However, progress in stan-
dardization is occurring; the typical application is
for 48 hours, and results are read 24 hours later.

The European Task Force on Atopic Dermatitis has
developed standard reading methods with good
reproducibility.* As additional work is being done
in standardizing the reagents, atopy patch tests may
be a useful tool for identifying food-induced
non-IgE-mediated reactions.

Some preliminary studies measuring T-cell
proliferation from food antigens have shown
encouraging results in selected patients,!7-243%40
One of the major drawbacks is that lymphocyte
proliferation can occur in normal controls under
certain conditions. Measurement of immunoglob-
ulin G has not been helpful in most non-IgE-
mediated food reactions.

In celiac disease and dermatitis herpetiformis,
antibodies to TTG and IgA antigliadin and antien-
domysial antibodies correlate with expression of
the disease. However, diagnosis is often confirmed
by biopsy while the patient is on and off a gluten-
free diet; typical changes of villous atopy will be
noted in biopsy specimens obtained during the
gluten phase of the diet.

Oral Food Challenges

Since there is no predictive or diagnostic test, oral
food challenge remains the “gold standard.” The
most rigorous method is double blind and placebo
controlled, but single-blind (ie, the patient) and
open-label challenges can be performed. Double-
blind placebo-controlled challenges are indicated
when the endpoints are subjective complaints (ie,
bias is possible) or when there are specific research
objectives. The challenge procedure involves giv-
ing increasing doses at intervals during constant
observation. The starting dose is sufficiently low
to avoid triggering a severe reaction (eg, = 100—
500 mg). Intervals are shorter (= 20 minutes)
when testing for IgE-mediated processes rather
than for T cell-mediated processes (hours, for
example, for FPIES). Once the top dose is reached,
the observation period varies: 2.5 hours for IgE-
mediated reactions and 4 hours for T cell-medi-
ated processes (eg, FPIES). Longer periods and
multiple doses may be required to elicit a reaction
in patients with some disorders (eg, EE). For EE
cases, biopsies are needed to confirm the results
making food challenges. Therefore, definitive
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diagnostic procedures are more time consuming
in cases of non—IgE-mediated reactions than in
cases of IgE-mediated reactions. When a food
challenge is unsuccessful, repeat challenge is rec-
ommended every 6 months to 2 years, depending
on the clinical severity of the reaction.

Conclusion

Non-IgE-mediated food reactions are being
reported with increasing frequency. Reactions can
vary from flaring of atopic dermatitis (AD) to
food-induced protein enterocolitis syndrome
(FPIES). The exact mechanism is unknown, but
most studies suggest a T cell-mediated patho-
physiology, as food-specific T cells can be iden-
tified in FPIES and AD patients. One of the most
difficult problems in identifying and treating
non—IgE-mediated reactions is the lack of stan-
dardized testing protocols and the difficulty of
obtaining an accurate clinical history. Atopy patch
testing may be a promising method for identify-
ing causative foods and has shown progress in EE
and AD cases. Additional clinical and transla-
tional research is needed in this field to further our
knowledge of non-IgE-mediated food reactions.
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