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Food allergy: Diagnosis, management & emerging therapies
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IgE-mediated food allergy is an important health concern with increasing prevalence worldwide.
Manifestations of IgE-mediated food allergy include urticaria, angioedema, pruritus, difficulty in
breathing, laryngeal oedema, vomiting, diarrhoea and/or hypotension within minutes to two hours of
the offending food’s ingestion. Diagnosis requires both a careful history and supportive testing with
laboratory studies and possibly oral food challenges. Current treatment of food allergy focuses on
avoidance of the allergen and prompt emergency management of reactions. Epinephrine autoinjectors
are provided to patients for the treatment of severe reactions. More research is needed to determine
the optimal timing with which to introduce common allergens into a child’s diet to possibly prevent
the development of food allergy. Novel therapies are under investigation given the difficulty of allergen
avoidance and the potentially fatal nature of reactions. Both allergen specific therapies such as oral,
sublingual and epicutaneous immunotherapy and allergen non-specific therapies such the Chinese
herbal formula FAHF-2 and omalizumab show promise though more data on efficacy and long-term

safety are needed before these therapies become mainstream.
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Introduction

A food allergy is an “adverse health effect
arising from a specific immune response that occurs
reproducibly on exposure to a given food'”. Food
allergy is an important health concern as it affects
both children and adults with increasing prevalence
worldwide. Estimates of food allergy’s true prevalence
have been difficult to establish as most studies are
based on self-report and not on established diagnosis
via skin or blood testing and food challenge. In a meta-
analysis by Rona et al, self-reported prevalence of
food allergy varied from 1.2 to 17 per cent for milk,
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0.2 to 7 per cent for egg, 0 to 2 per cent for peanuts
and fish, 0 to 10 per cent for shellfish, and 3 to 35 per
cent for any food. Prevalence in the United States
was recently estimated at approximately 2.5 per cent
for peanut, milk, egg, and/or shrimp when taking into
account food specific IgE levels finding an increased
association with childhood age, male sex, and non-
Hispanic black race/ethnicity’. Along similar lines,
a recent Australian study of challenge proven food
allergy in 12 month old children found a prevalence of
3 per cent for peanut, 8.9 per cent for egg and 0.8 per
cent for sesame allergy*. In Asia, prevalence figures
remain similar to those in the western world, despite
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the perception that allergy is less prevalent®. Given this
continued increase in prevalence, the potentially fatal
outcome of food-induced anaphylaxis and the lack of
standardized therapy, food allergy demands further
attention and study.

Though many adverse reactions to food exist,
this review focuses solely on immunoglobulin E
(IgE) mediated food allergy. Hallmark manifestations
of IgE-mediated food allergy include urticaria,
angioedema, pruritus, difficulty in breathing, laryngeal
oedema, vomiting, diarrhoea and/or hypotension.
While cutaneous symptoms are the most common
sign of reactions, up to 20 per cent of cases may not
present with skin findings, especially as the patient
ages, and, therefore, a lack of rash does not rule out
anaphylaxis®’. These symptoms typically develop
within minutes to two hours of ingestion of the food
allergen and are reproducible upon each ingestion.
The constellation of symptoms involving two or
more organ symptoms leading to anaphylaxis can be
fatal if not treated promptly. The goal of this review
is to highlight the diagnosis, current management and
evolving therapeutics for IgE-mediated food allergy.

World experience

Though food allergy has been noted in the
urbanized western world for sometime, it is becoming
increasingly prevalent throughout the world. However,
a few studies are published estimating prevalence data
and there appears to be a difference in which allergens
are more prevalent in each country.

In the western world, cow’s milk and egg are
the most common allergens in infants and young
children®. Typically these allergies are outgrown by
late childhood®'. Similar to the United States (US)
and the United Kingdom (UK), in most of Asia egg
and milk remain the most common allergens in young
children’>. However, in older children and adults,
shellfish is the most common food allergen''. Yet in
Korea, wheat and buckwheat are the most common
causes of food-induced anaphylaxis'?. Allergens that
may seem atypical in some areas of the world are
widespread in certain countries like Singapore where
the delicacy bird’s nest soup is the most common
food allergen. These differences likely are reflective
of differences in allergen exposure, handling and
processing, though differences may also be affected
by environmental levels of exposure or genetic
differences'.

Diagnosis

A detailed and careful patient history is of
utmost importance in the diagnosis of food allergy.
This history should include manifestations, timing,
and reproducibility of all past reactions. A focused
physical examination should be performed though is
often unrevealing outside of reactions, asides from
manifestations of potential co-morbid atopic conditions
such as rhinitis and atopic dermatitis. All reports of food
allergy should be confirmed as recommended by the
National Institute of Allergy and Infectious Diseases
(NIAID) Expert Panel Report published in 2010' as
multiple studies demonstrate that much of presumed
food allergy is in error'.

Physicians have several tests available at hand
for the diagnosis of food allergy. Should the history
be suggestive of a typical food reaction, confirmation
with in vivo/in vitro testing is recommended. Both skin
prick testing (SPT) and in vitro serum IgE testing are
used routinely in practice to confirm a food allergy
once reported. Unproven tests for food allergy include
serum [gG4 testing which can be performed to many
foods, however, its presence is not known to play a role
in the immunology of food allergy!'c.

SPT: SPTinvolves the introduction of the food protein in
the superficial layer of the skin and requires the patient
to be free of antihistamines. The testing is inexpensive
and results are immediately available while the patient
is in the office. Intradermal testing is not advised for
testing of food allergy. Positive testing alone by skin
or blood testing, however, does not confirm food
allergy as neither mode of testing has a high predictive
value. Though skin testing is quite sensitive, it is not
very specific'”. A negative test mostly confirms a lack
of IgE-mediated allergy if performed correctly with
histamine and saline control tests'®. Presence of food
specific IgE without a suspicious reaction indicates
sensitization, but is not always representative of a true
allergy. However, larger wheal size on skin testing has
been correlated with an increased likelihood of clinical
allergy upon open food challenge®.

Serum specific-IgE testing: In vitro serum IgE testing
quantifies the amount of IgE to the food-specific
protein via an enzymatic assay. Serum testing is readily
available and does not require that the patient be free
of antihistamines; however, there is a higher cost and
the need to obtain a blood sample. Several commercial
assays are available however, significant differences
in the measured IgE levels have been found between
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assays using identical serum samples?. Therefore, the
assays are not interchangeable. Analogous to the trends
noted with skin prick testing, largely positive food-
specific IgE levels have been found to correlate with a
likelihood of clinical reaction'®?!. Specialists have data
at hand with levels that are >95 per cent predictive of
reaction among children for common allergens such as
egg, peanut and milk?" 22,

In an effort to distinguish true allergy from
sensitization new testing, termed component-resolved
diagnostics (CRD), has been established. This testing
targets individual, pure allergen proteins?. Thus far,
component testing has been noted to be particularly
helpful in differentiating between asymptomatic
sensitization and peanut allergy. Positivity to storage
proteins rAra h 1, rAra h 2, and rAra h 3 are more
associated with immediate, clinical reactions to peanut,
whereas positivity to rAra h 8 (a Bet v 1, or birch
pollen, homologue) is more associated with a milder
birch pollen related oral allergy syndrome?. However,
the clinical relevance is not yet well established for
other food proteins and some studies show increase
specificity with testing, but decreased sensitivity when
compared to traditional testing?. CRD testing will
likely become more prevalent once its full utility is
understood.

Oral food challenges: A food allergy diagnosis is
supported when reaction symptoms and testing
correlate. To confirm the diagnosis of food allergy in
some instances or to determine if tolerance to an allergen
has been achieved (i.e. a food allergy outgrown), an
oral food challenge (OFC) may be performed.In an
OFC, the offending food allergen is given to the patient
in escalating doses either in an open or blinded fashion.
Typically, the challenge occurs in the clinic setting
under direct observation so that possible reactions may
be treated promptly. For the gold standard diagnosis of
food allergy, the challenge should be performed in a
double-blind placebo controlled fashion though this is
costly and often difficult in practice. Therefore, many
allergy specialists choose to employ open feeding
challenges.In a survey of American Academy of
Asthma, Allergy& Immunology members practicing in
the US, 85.5 per cent of allergists reported that they
perform challenges, however, a very small number
of allergists (5.6%) performed more than 10 OFCs
per month, while 70 per cent performed only 1 to 5
OFCs per month®. The decision to have a patient
undergo an OFC may be dependent on several factors
including severity of past reactions, patient age, disease

comorbidities and patient anxiety?®. These OFCs have
been determined to be safe when performed on selected
patients in the hands of experienced personnel and
biphasic, or delayed/late phase reactions, have been
noted to be rare in these instances”.

Management

Avoidance: Once the diagnosis of a food allergy
is established the patient should be instructed to
completely avoid the allergen. Unfortunately, avoidance
is easier said than done and as hidden allergens pose a
possible fatal risk, the patient should be provided with
an emergency plan for medications and actions to be
given should accidental ingestion occur. In a study of
peanut allergic children in Quebec, an annual incidence
rate of accidental exposure was found to be 14.3 per
cent with the majority of ingestions occurring at the
patient’s home or at the home of a friend or relative®.
This was followed by a nationwide survey in Canada
finding an annual peanut accidental ingestion incidence
of 12.5 per cent when excluding recently diagnosed
individuals®.

While cutaneous contact with some allergens such
as peanut can cause reactions, the majority of severe or
systemic reactions must come from direct ingestion of
the allergen®”3'. Therefore, the US has strict labelling
laws for the eight most common food allergens when
present as ingredients. However, reporting use of
allergens on shared equipment and in processing are
at the discretion of the manufacturer. Among items
declaring these advisory statement labels in the US,
Ford et al* found that 5.3 per cent contained detectable
residues of allergenic food (ranging in concentration
from 3-222 ppm) versus 1.9 per cent among products
that lacked a precautionary statement.

Treatment of acute reactions: Prompt administration of
intramuscular epinephrine is the first-line therapy for
management of food-induced anaphylaxis. Epinephrine
is classified by the World Allergy Organization
(WAO) as an essential medication for the treatment
of anaphylaxis®. Injection of a dose of 0.01 mg/kg of
1:1,000 (1 mg/ml) solution to a maximum of 0.5 mg in
the lateral thigh (vastus lateralis muscle) is preferred
and has been shown to achieve a faster, higher serum
medication peak when compared to the administration in
the deltoid muscle intramuscularly and to subcutaneous
administration®. Milder, isolated, non-progressive
cutaneous reactions may be treated simply with H1-
receptor antagonists. These medications may help to
relieve pruritus, hives, angioedema and conjunctivitis,



808 INDIAN J MED RES, JUNE 2014

yet in an anaphylactic reaction, these do not aid with
upper airway obstruction, hypotension or shock
and are, therefore, not a substitute for epinephrine®.
However, H1- and H2-receptor antagonists may be
used as adjunctive medications during anaphylaxis.
Inhaled beta-2 adrenergic agonists have been used
for the relief of cough, wheezing and shortness of
breath in conjunction with epinephrine, but once again
are not a substitute for epinephrine®. Other adjuncts
include supplemental oxygen and fluids which may
be considered after the administration of epinephrine
depending on the patient’s symptoms.

Oral or intravascular corticosteroids are often
administered during an acute reaction with the
intent of preventing protracted or biphasic episodes
of anaphylaxis. Biphasic reactions are defined as
a recurrence of reaction symptoms after the initial
anaphylactic reaction has appeared to resolve and
occur in 5-7 per cent of all anaphylactic reactions®*-¢,
However, retrospective studies are discrepant in whether
there is a difference in the rate of biphasic reaction with
or without steroid dosing*3¢. A Cochrane review was
unable to identify any quality, relevant studies with
evidence for the use of corticosteroids in anaphylaxis
and felt unable to either recommend or refute the use
of corticosteroids in this instance®’. It has been noted
that the time between onset of symptoms and the initial
dose of epinephrine was significantly longer for those
patients who did have biphasic reactions*®.

Long-term outpatient recommendations: Itis the current
recommendation that once diagnosed with food allergy
the individual avoids all traces of the offending food as
well as possible contamination. Patient education should
focus on preventing accidental exposures and reading
labels to aid in identifying allergenic foods. Given that
foods are the most common trigger of anaphylaxis in
children, adolescents, and young adults®, patients must
receive instruction on emergency medications and
managing home reactions. An emergency healthcare
planin a useful tool to relay this information if presented
in a simple, clear manner*. Each patient diagnosed
with a food allergy should be prescribed self-injectable
epinephrine for use in an anaphylactic reaction. In
addition, proper device use must be reviewed as one
study indicated that although 86 per cent of parents of
food allergic children carried the device, only one third
were able to correctly administer the medication®.
In a prospective study of 122 food allergic children
prescribed epinephrine, 69 per cent of parents were

unable to use the device, did not have it available, or did
not know when it should be administered*'. Families
were six times more likely to have received a practical
demonstration on epinephrine autoinjector use if the
prescribing doctor was a specialist as compared to a
general practitioner and 17 times more likely if the
physician was an allergy specialist*'.

As reaction severity cannot be predicted from
prior reactions or testing, the importance of having
self-injectable epinephrine on hand at all times must
be imparted to the patient. Risk factors for fatal and
near fatal anaphylactic reactions include failure to
have epinephrine available, history of prior severe
reactions, known food allergy, adolescent age and most
importantly asthma®®. Comorbid asthma, especially
poorly controlled asthma, is most often linked to
severe reactions*?. Multiple studies have demonstrated
food allergy’s effect on quality of life (QoL) measures.
In particular, females with food allergy, those with
a larger number of food allergies, history of more
previous reactions and those with co-existing atopic
diseases report poorer QoL*. It is to be noted that
the prescribing of epinephrine autoinjectors has been
found to reduce anxiety in both parents and children
though this improvement in anxiety does not improve
adherence in carrying the autoinjector**.

Prevention and treatment

Prevention: The American Academy of Pediatrics
(AAP) published updated recommendations in 2008
reviewing nutritional choices in pregnancy, lactation
and in the first year of life which may affect development
of atopic disease in infants and children®. No definitive
conclusions have been found regarding maternal
dietary exposures during pregnancy and lactation
contributing significantly to the development of food
allergy in the infant. Therefore, no adjustments to the
maternal diet are recommended at this time. While
current evidence does support exclusive breastfeeding
in high risk infants for at least four months to decrease
atopic dermatitis and cow milk allergy in the first two
years of life, overall there is little literature supporting
the role of breastfeeding in either preventing or
delaying the onset of specific food allergies*#. The
recommendations note that there is modest evidence
that atopic dermatitis may be delayed or prevented by
the use of extensively or partially hydrolyzed formulas,
compared with cow milk formula, in children unable
to be breastfed for the first 4 to 6 months of life®. Yet,
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the data have not been impressive for the use in the
prevention of food allergy.

Timing of the introduction of complementary or
solid foods has also been pursued as a factor in the
prevention of food allergy in children. However, there
is no evidence supporting that delaying introduction
beyond 4 to 6 months of age will affect atopy or
development of food allergy. Studies looking at early
weaning and the development of food allergy in children
have actually found a potential protective effect in
early weaning. In one study, children introduced to
solids at or after 16 wk of age were more likely to have
food hypersensitivity and sensitization at one year of
age than those weaned prior to 16 wk*. More recent
data also suggest that delaying the introduction of
foods considered highly allergenic may in fact increase
the incidence of allergy to these foods**#°. The most
convincing evidence for early introduction of highly
allergenic food proteins and possible oral tolerance
comes from a study of the prevalence of peanut
allergy in Jewish children in the UK and Israel. Jewish
children in the UK were found to have a 10-fold higher
prevalence of peanut allergy than those in Israel (1.85
and 0.17%, respectively) where 69 per cent of children
ingest peanut by the age of 9 months*. The safest way
recommended to introduce foods thought to be highly
allergenic is at home, in gradually increasing amounts
with a rate of introduction of one new food every 3 to
5 days™.

Several trials underway are addressing this gap in
the literature as to whether food introduction plays a
role in primary prevention of food allergy including the
Starting Time for Allergy Reduction (STAR), Learning
Early About Peanut (LEAP), Preventing Peanut
Allergy in Atopic Dermatitis (PEAAD), Starting Time
for Egg Protein (STEP) and Beating Egg Allergy Trials
(BEAT)™®. Early results from the STAR trial indicate
that a high proportion of high risk infants with eczema
already have sensitization to foods as well as clinical
reactivity prior to the introduction of solid foods at 4
to 5 months of age indicating the possible need for
interventions prior to the introduction to solid foods to
prevent food allergy®'.

Emerging therapeutics: The possibility of severe
fatal reactions with accidental ingestions and lack of
standard treatment has led to a strong push to find a
viable therapy option for patients. Therapy can be
separated into allergen-specific and allergen non-
specific immunotherapy. Several small studies have
previously been published and now larger, multi-center

trials are underway. However, caution must be used
when interpreting study results as there is a difference
in the outcomes of desensitization and tolerance.
Desensitization is a change in the threshold or amount
of the allergen needed to induce a reaction whereas
tolerance is achieved when one can ingest the allergen
on an ad lib basis without reaction. Tolerance is a long
lasting immunity while with desensitization one must
continue to ingest the allergen daily or the immunologic
changes may be lost. Induction of tolerance would be
considered curative for the food allergy.

Allergen  specific therapies include oral
immunotherapy (OIT), sublingual immunotherapy
(SLIT) and epicutaneous immunotherapy (EPIT). OIT
involves introducing the food allergen in initial quite
low oral doses, and typically escalating the dose over a
day or two of rapid dose increase, followed by a slower
incremental dose increase over weeks and months.
Varying OIT protocols have been used in several
small trials showing promise for desensitization to
food allergens®**. A multi-center double-blind,
randomized, placebo controlled study of OIT in egg
allergic children showed both safety and efficacy
with a desensitization rate of 75 per cent in the OIT
receiving subjects after 22 months of therapy?. Peanut
OIT has been a particular focus given that peanut is
a major cause of food-induced anaphylaxis. However,
a recent Cochrane review of peanut OIT trials found
only one randomized control trial that resulted in
desensitization, yet with a risk of clinically-significant
adverse reactions™. Though many adverse events
have been noted in the studies, especially in the more
rapid dose escalation phases, no life threatening event
or death has been reported thus far*®. However, a
proportion of patients (~10-20%) in each study appear
to be unable to tolerate desensitization due to the side
effects of therapy®’. The Cochrane review authors note
that due to the risk of adverse events and current lack
of evidence of long-term benefits, peanut OIT cannot
currently be recommended without further study>.

An alternative form of oral therapy exists for cow
milk and egg allergy. Subsets of children who are
reactive to unheated or lightly cooked egg and milk
have been noted to have tolerance of items containing
these allergens that are extensively heated. The food
protein is thought to be denaturated, with the heat
labile protein undergoing a conformational change
secondary to the high heat of cooking rendering it to
be non allergenic to some patients. Studies have shown
that introduction of extensively heated milk and egg
appears to hasten the development of tolerance to the
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unheated food protein®*. Introduction of extensively
heated egg and milk in tolerant children may have
immunomodulatory benefit and may potentially be
safe in inducing tolerance in the traditional OIT®!.

Similar to OIT, SLIT uses small escalating doses of
the food allergen; however, doses are given under the
tongue via an extract vehicle. Studies have shown SLIT
thus far to be quite safe®?, yet concerns for its efficacy
exist as SLIT is unable to achieve the high doses that
appear to be necessary in OIT to induce desensitization.
The first multi-center, randomized, placebo-controlled
study of peanut SLIT showed a modest desensitization
at OFC after 44 wk of therapy with 14 of 20 subjects
receiving peanut SLIT being able to consume at least
a 10-fold increase in the amount of peanut powder
they were able to consume when compared to their
baseline OFC®. The majority of adverse reactions to
doses involved the oral-pharyngeal mucosa with only
one subject receiving epinephrine at home for oral-
pharyngeal symptoms that progressed to cough after
antihistamine dosing®. In a direct comparison study
of SLIT versus OIT for cow milk allergy, systemic
reactions were more common with OIT, however, OIT
was more efficacious than SLIT alone®. However,
SLIT remains an appealing therapy to study given it is
less likely to cause serious adverse reactions.

Fewertrials so far, have evaluated the administration
of allergen via the skin in a patch form in EPIT. In a
pilot study using EPIT for the treatment of cow milk
allergy, a trend to improvement was noted, but there
was no significant increase in the cumulative total dose
of cow milk tolerated after three months of therapy
with only local reactions being noted®. Peanut EPIT
has shown promise in mice models of allergy®-’. A
Phase Ib trial of peanut EPIT in humans showed mostly
local, cutaneous adverse events with no significant
difference in systemic reactions between the EPIT and
placebo groups®®. Phase II trials are ongoing (Clintrials.
gov identifier:NCT01675882). Available from: Attp://
clinicaltrials.gov/show/NCT1675882 NLM Identifier:
NCT1675882.

Therapies for food allergy in general that are not
directed to a specific allergen are also in the midst of
study. The food allergy herbal formula-2 (FAHF-2) is
a capsule containing a Chinese herbal formula found
to abolish anaphylaxis in mice with peanut allergy®.
Subsequent extended phase I trials in humans showed
dosing of the nine herb formula to be both safe and
well tolerated over a 6 month period”. Phase II
efficacy studies are nearing completion. (Clintrials.gov

identifiers:NCT00602160, NCT01197053). Available
from: http://clinicaltrials.gov/show/NCT00602 160
NLM IdentifierNCT00602160.

The monoclonal anti-IgE antibody omalizumab has
also been found to be a potential non-specific allergen
therapy. A multi-center, randomized, double-blind,
placebo-controlled phase II trial using omalizumab
in the treatment of peanut allergy completed 14 of the
planned 150 subjects prior to early discontinuation
due to severe anaphylactic reactions during the
qualifying OFCs’. Of the 14 completing the study,
subjects receiving omalizumab trended in tolerating an
increased amount of peanut protein following the 24
wk of therapy when compared to placebo’. While the
data are limited on using omalizumab as a single agent
for the treatment of food allergy, focus has shifted to
study if omalizumab has a role in OIT, as an adjunct to
limit side effects seen in OIT dose escalation. A pilot
study using omalizumab as an adjunct to cow milk OIT
demonstrated that omalizumab permitted rapid milk
dose escalation in a majority of subjects’™. Multiple
centers have elected to study this further. (Clintrial.

gov identifiers:NCT01781637, NCT01290913,
NCT00932282,NCTO01157117).  Available  from:
http.//clinicaltrials.gov/show/NCT01781637 NLM
IdentifierNCT01781637.  Available from: http://

clinicaltrials.gov/show/NCT00932282NLM Identifier
NCT00932282. Availablefrom: http://clinicaltrials.gov/
show/NCT01157117 NLM IdentifierNCT01157117.

Conclusion

Food allergy remains an important health concern
due to increasing prevalence worldwide, potentially
fatal reactions and current lack of curative therapy.
Importance must be placed on proper diagnosis which
may at times be difficult given the limitations of
current available testing. Avoidance of the offending
allergen and prompt treatment of acute reactions are the
current mainstays of food allergy management. Present
data indicate that there is no benefit in delaying the
introduction of allergenic foods to the diet of children.
However, much still must be elucidated to understand
the optimal timing of allergenic food introduction.
While little headway has been made in the prevention
of food allergy, multiple therapeutic options including
both allergen specific and non-specific therapies are
in human efficacy trials. Though the initial results are
promising, no single therapy is considered ready for
common use until further data on optimal dosing and
long-term safety are available.
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