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Context: Food allergy is a growing health problem. Avoidance of the food allergen is the only accepted treatment. Because the major
food allergens are among the most commonly used foods including cow’s milk, egg, nuts, wheat, soya, fish, and seafood, avoiding them is
difficult and might negatively affect the patients’ and their families’ health.

Evidence Acquisition: This brief review concerns the prevalence, importance, definition, types, clinical symptoms, diagnosis, and
management of food allergy. The information were retrieved searching a wide range of published data, especially in PubMed, from
January 2000 through July 2014.

Results: Food allergies are mainly classified into IgE mediated and non-IgE mediated; the latter is classified into cell-mediated, and mixed
IgE-non-IgE-mediated food allergy. Medical history can provide detailed information essential to make the diagnosis. The current approach
to the management of food allergy substantially relies on allergen avoidance and prescriptions to treat allergic reactions.

Conclusions: The characteristic features of IgE-mediated food allergy are abrupt onset of clinical symptoms, which may result in a life-
threatening events, and positive results of the majority of the paraclinical tests that mainly trace the specific IgE to foods. Moreover, non-
IgE-mediated food allergies present as chronic diseases and due to lack of proper diagnostic tests the similarity of the clinical presentation
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with other chronic clinical conditions, the exact prevalence may remain underestimated.

1. Context

Food allergy (FA) is a growing health problem with many
important aspects. In one hand, it may have serious and
life-threatening course that may lead to anaphylaxis,
which imposes many health and psychologic problems to
the patients and their families. On the other hand, it may
present as a chronic illness, especially gastrointestinal
(GI) problems, which may interfere with the child growth
and development or mimic acute surgical conditions,
other chronic GI diseases, or even metabolic and endo-
crine diseases. The main food allergens are the most com-
monly used nutrients in family’s food baskets including
cow’s milk, egg, tree nuts, peanuts, wheat, soya, fish, and
seafood. All these nutrients have their unique roles in the
growth and development of children and facing FA can be
amajor challenge in the diagnosis and the management.

2. Evidence Acquisition

A broad scope of the literatures search, especially
PubMed and American and European databases were the
basis for this review. All recent published data includ-
ing review articles written by the authorities in FA, the
recently released guidelines, clinical trials, the epide-
miologic studies in FA, the United States Food and Drug
Administration’s guidance in food allergens, mostly se-

lected from January 2000 through July 2014, were investi-
gated. This review was predominantly retrieved from two
essential and recent guidelines in FA (1, 2)

3. Results

The FA is an unfavorable immunologic reaction that
cans repeatedly occur in response to the culprit food.
The FA is a growing general health problem, which in-
volves children and adults. It should be differentiate
from nonimmunologic reactions, namely, food intoler-
ance, which are mainly due to enzyme deficiency, meta-
bolic disease, pharmacologic agent in food, and unde-
fined mechanisms (3).

3.1. Prevalence

Recently, the prevalence of FA has been estimated at up
to 10% of the population (4) and at around 8% in children.
It is likely increased in the past decades (5). Food aller-
gens are typically protein component of food that stimu-
late immune system and cause clinical reactions. Food al-
lergens are mainly divided into class [, which can induce
allergic reaction in raw and baked form foods, and class
Il food allergens, generally fruit and vegetables, that may
result in hypersensitivity reactions when eaten raw (1).
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3.2. Major Food Allergens

All food may cause FA but Food and Drug Administration
considers milk, fish, egg, shellfish, tree nuts, peanuts, soy,
and wheat as the most important food allergens that ac-
count for 90% of reactions in young children (6). Of these,
2.2%,1.8%,1.7% are due to cow’s milk, peanut, and tree nuts,
respectively, are the most frequent allergens in children,
and shellfish (1.9%), fruits (1.6%), and vegetables (1.3%) are
the most prevalent food allergens in adults (1). Steinke et al.
reported milk as the most concerned allergen in children
and as the second most prevalent food allergen in adults
(7). Macdougall et al. cited milk as the cause of 10.9% of
mortal anaphylactic reactions in the United Kingdom (8).

3.3. Risk Factors

The risk factors were as follows: sex (boys > girls and
women > men); ethnicity (more prevalent in Asian and
Africans); genetics; atopy; dietary fat content (intake of
omega-3, long-chain fatty acids, and aryl hydrocarbon
receptor (AHR) ligands suppress allergy; in contrast,
high-fat diet and medium-chain triglycerides promote
allergy); vitamins A and D insufficiency; antacid overcon-
sumptions (causes allergen pass through the gut without
digestion); diminished intake of antioxidants; obesity;
and exposure to food allergens through non-oral routes
(e.g. skin, particularly in the context of genetic barrier
defects or inflamed skin) (4, 9).

Moreover, improved sanitation and the timing and route
of exposure to food at first time (delaying introduction of
food possibly increases environmental sensitization), ge-
netic predispositions, infections, variations in the micro-
flora of gut, maternal diet, antigen spread during lactation
with breast milk, person’s temperament, and the rate of
antigen exposure are named as the important risk factors
predicting food tolerance or sensitization (10).

The consistency of intestinal wall plays a critical role in
directing the amount of allergens toward mucosal im-
mune system, where the specialized regulatory T cells
decide between oral tolerance development or hypersen-
sitivity reaction, as well as beginning of both the IgE and
non-IgE-mediated reactions (11, 12).

3.4. Classifications

The FA can be classified into three clusters of immuno-
logic reactions including: IgE-mediated, non-IgE-mediat-
ed, and mixed type reactions (3).

3.4.1. IgE-Mediated Food Allergy

A defect in development or in a formerly well-estab-
lished oral tolerance causes IgE-mediated FA. The synthe-
tized food-specific IgE binds to mast cell basophil recep-
tors and becomes in contact with the same offending
food allergen again. The cross linkage of two specific IgE
on these cells leads to release of histamine-like mediators,
prostaglandins, leukotrienes, and cytokines. These events

cause the immediate manifestations of FA. In the imme-
diate symptoms of FA, furthermore, a late-phase reaction
occurs in two to eight hours of the acute phase (13).

The FA is considered IgE-mediated reaction if the clini-
cal symptoms begin shortly (within minutes up to two
hours) after eating a given food with involvement of one
or more organ systems such as skin (e.g. urticaria and an-
gioedema), respiratory system (e.g. rhinitis and broncho-
spasm), GI tract, which may encompass the whole system
(e.g.nausea, vomiting, diarrhea, and abdominal cramps),
and cardiovascular system (e.g. cardiac arrhythmia or
hypotension). This type of FA can be life-threatening and
lead to anaphylaxis; therefore, collapse, syncope or incon-
tinence are the hallmarks of the most severe forms (14).

In addition to these symptoms, IgE-mediated FA can
present as following conditions:

i) Immediate GI hypersensitivity in which upper GI
symptoms may occur within minutes and lower GI symp-
toms may occur either immediately or with a delay of up
to several hours.

ii) Food-dependent exercise-induced anaphylaxis are
occurrence of allergic reactions in simultaneous con-
sumption of allergen food and doing exercise, usually
within two hours. If either of these conditions is absent,
the reaction will not happen.

iii) Oral allergy syndrome (OAS) is restricted symptoms
such asitching in lips, mouth, and throat after taking raw
fruits or vegetables with a structural homology to pol-
lens in patients who are allergic to pollen.

iv) IgE-mediated cutaneous reactions to foods such as
isolated urticaria, flushing, and angioedema, although
is not very common, can also develop. The various-sized
wheals establish rapidly after intake of the culprit food.
Chronic urticaria rarely has food origin. Typically, IgE-
mediated food-induced anaphylaxis is believed to in-
volve systemic mediator release from sensitized mast
cells and basophils (1).

3.4.2. Non-IgE-Mediated and Cell-Mediated Food
Allergy: Gaterointestinal Symptoms

These conditions have delayed onset or presentas a chron-
ic disease and are mostly confined to GI tract. The allergic
symptoms develop two hours following eating the culprit
food. The results of allergic test such as skin prick test and
serum specific IgE to food are often negative; hence, they
are considered cell-mediated allergy (15). These belated GI
manifestations may indicate four groups of clinical symp-
toms:

i) Food protein-induced enterocolitis (FPIES): Clinical re-
actions present with projectile and persistent vomiting, co-
pious diarrhea consisted of blood, abdominal distention,
lethargy, and weight loss, which may cause severe dehydra-
tion and shock in 20% of cases and maybe misdiagnosed
as septicemia. The FPIES appears in the first month of life.
The infantlooks ill. The disease is mainly provoked by cow’s
milk and soy but cereals and poultry are also implicated.
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In these situations, breast milk and extensively hydrolyzed
casein formula are recommended. It seems that an imbal-
ance between the responses of tumor necrosis factor alpha
(TNF-0.) and transforming growth factor beta (TGF-) to food
allergen plays a role in the pathogenesis. Although clinical
manifestation is very sever in FPIES, physicians unaware-
ness of the disease often causes extensive and unnecessary
evaluation leading to the delayed diagnosis.

ii) Food protein-induced proctocolitis syndrome: Typical-
ly appears in the first two to four months of life in a healthy-
appearing breastfed infant. Stool contains streaks of blood.
Biopsies of the rectum and sigmoid indicate eosinophilic
infiltration in the tissue. Cow’s milk and soy protein have
the etiologic role in the disease. The bleeding is ceased
three to four days after avoidance of the offending food.

iii) Food protein-induced enteropathy syndrome is intes-
tinal inflammation triggered by cow’s milk that presents
with protracted diarrhea and sometimes vomiting and
results in malabsorption syndrome and failure to thrive.

iv) Celiac disease: (gluten-sensitive enteropathy) is an
extensive enteropathy leading to malabsorption. Total
villous atrophy and an extensive cellular infiltrate are as-
sociated with sensitivity to gliadin. Patients present with
diarrhea or sever steatorrhea, abdominal distention and
flatulence, failure to thrive, and sometimes nausea and
vomiting. Oral ulcers and other extra-intestinal symp-
toms secondary to malabsorption also occur (16).

3.4.2.1. Non-IgE-Mediated and Cell-Mediated Food
Allergy: Non Gaterointestinal Symptoms

ia) Heiner’s syndrome has been described as a rare dis-
ease in infant and young children, which depends on
cow’s milk ingestion, causing occult GI blood loss, ane-
mia, pulmonary hemosiderosis, and failure to thrive.
The condition is associated with the evidence of non-
IgE-mediated immune responses, such as precipitat-
ing antibodies to milk protein. Combined cellular and
immune-complex reactions are supposed to play a role
in the pathogenesis of the disease (1).

ib) Asthma: With exception of accompanying of respi-
ratory symptoms, asthma might present with an IgE-
mediated food reaction, which may take place along
with other allergic manifestation (skin, cardiovascular,
and GI tract involvements). The correlation between
FA and asthma is a matter of debate. It is believed that
asthma and FA have some associations. First, poorly con-
trolled asthma is a risk factor for fatal food-induced ana-
phylactic reactions (17). Second, FA may induce airway
hyper-reactivity in sensitized subjects (18). Finally, food
allergyis considered as a major risk factor for severe life-
threatening asthma in children (19).

3.4.3. Mixed IgE- and Non-IgE-Mediated Food Allergy

This concept has also a delayed or chronic onset. It might
present as atopic dermatitis (AD) and as eosinophilic gas-
troenteropathy (14).
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i) AD: Skin barrier dysfunction in a complex associa-
tion with the environmental factors such as irritants,
microbes, and allergens, plays a critical role in the patho-
genesis of the illness. Null mutations of the skin barrier
protein filaggrin triggers transcutaneous allergen sensi-
tization and the evolution of food allergy (1). About 35%
of children with moderate to severe AD have FA (20). Egg,
milk, and peanut constitute 75% of food allergens, which
may lead to AD (13).

ii) Allergic eosinophilic esophagitis and gastroenteri-
tis: the disease is defined by infiltration of GI tract with
eosinophils. Depending on the location of eosinophils,
symptoms may vary. Gastroesophageal reflux, emesis,
dysphagia, abdominal pain, and food impaction indicate
esophageal involvement. About one half of patients with
allergic eosinophilic esophagitis (AEE) and allergic eosin-
ophilic gastritis (AEG) have peripheral eosinophilia, and
patients with severe AEG might have anemia, blood in the
stool, and decreased serum protein, albumin, and IgG lev-
els. The pathogenesis has not been defined; however, food
and aeroallergens are implicated and elimination diets
lead to clinical improvements. Failure to thrive, anemia,
and protein-losing enteropathy are among other clinical
manifestations related to GI tract involvement (2, 21).

3.5. Diagnosis

The guidelines of National Institute of Allergy and In-
fectious Diseases (NIAID) and clinical guideline 116 of Na-
tional Institute for Health and Care Excellence (NICE) rec-
ommend that FA should be considered in any individual
presenting with anaphylaxis or any immediate combina-
tion of symptoms that occur after ingestion of food (IgE-
mediated FA) (1). FA can also be considered when each of
the symptoms contained in the right column of Table 1
develops in a chronic condition (Non-IgE-mediated FA).

Medical history can provide detailed information essen-
tial to make the diagnosis. A physician should get a thor-
ough medical history including information regarding
suspected food triggers, the quantity of foods needed to
provoke reactions, the spectrum of observed symptoms,
the interval between eating the contaminated food and
the onset of symptoms, reproducibility of reactions, and
accompanying cofactors such as alcohol use, exercise, or
drug consumption (22).

i) The laboratory tests that trace the specific IgE to food
include skin prick test, radioallergosorbent test (RAST),
enzyme-linked immuno assay (ELISA), food-specific IgE
antibodies (e.g. catabolite activator protein (CAP) system,
fluorescent enzyme immunoassay (FEIA), a specific IgE
(sIgE) microarray (Phadia Isac) allowing the detection of
sIgE for a whole batch of food and aeroallergens (23), or
an indirect approach to sensitization by a basophil acti-
vation test using flow cytometry, which assesses the per-
centage of basophils bearing sIgE activation and express-
es CD63 marker after in vitro stimulation with allergens
(24, 25).All the test are developed along with medical his-
tory to validate or invalidate an IgE mediated FA.
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Table 1. Signs and Symptoms of Possible Food Allergy (21)

Alergy Organ IgE-Mediated Non-IgE-mediated
The skin
Pruritus Pruritus
Erythema Erythema

Acute urticarial (localized or generalized)

Atopic eczema

Acute angioedema, most commonly of lips, face, and
around eyes

The gastrointestinal system

Angioedema of the lips, tongue, and palate
Oral pruritus
Nausea
Colicky abdominal pain
Vomiting

Diarrhea

The respiratory system ?

Oral pruritus

Loose or frequent stools

Blood and/or mucus in stool

Colicky abdominal pain
Infantile colic

Food refusal or aversion
Constipation

Perianal redness
Pallor and tiredness

Growth faltering in conjunction
with at least one or more of the
above gastrointestinal symptoms
(with or without significant
atopic eczema)

Upper respiratory tract symptoms (nasal itching, sneezing,
rhinorrhea, or congestion [with or without conjunctivitis])

Lower respiratory tract symptoms (cough, chest tightness,
wheezing, or shortness of breath)

Others

Signs or symptoms of anaphylaxis or other systemic al-
lergic reactions

@ Usually in combination with one or more of the above symptoms and signs.

ii) Skin prick tests (SPTs), when the results are positive,
provide a rapid mean to detect sensitization for IgE-me-
diated disorders. A positive result for SPT, with specific-
ity of 100%, does not necessarily verify that the food is the
causative agent. In contrast, a negative result of SPT, with a
negative predictive value of 90%, suggests the absence of
IgE-mediated allergic reactivity. Consequently, with con-
sideration of medical history, a clinician might conclude
that an allergen-sIgE level, which has 60% positive predic-
tive value, is sufficient to make the diagnosis of clinical
FA. Allergens eliciting a wheal at least 3 mm larger than
the one produced by the negative control are considered
to have positive results, indicating the possibility that the
patient has symptomatic reactivity to the specific food,
with strongly positive results. Recent studies suggest the
contribution of a free light-chain immunoglobulin fluo-
rescent enzyme immunoassay in addition to IgE in the
allergic reaction to cow’s milk proteins (CMP) (26). In ad-
dition, a number of studies have refined the method of

using available tests including the next generation of sIgE
tests, which evaluate “components” or specific proteins
within foods, often termed component-resolved diagnos-
tics (CRD) (4).

iii) Atopy patch test is performed by placing foods under
fin chambers for 48 hours, then removing the chamber
and reading the skin modifications 24 hours later. The
atopy patch test seems promising, particularly in iden-
tifying foods that might be eliciting non-IgE-mediated
reactions; however, there are currently no standardized
reagent, method of application, or interpretation (27).

Endoscopy and biopsy are the most definitive approach-
es for diagnosing many GI hyper sensitivities. Greater
than 15 to 20 eosinophils per 40x high-power field in the
esophagus is diagnostic of AEE, especially if the pH probe
is within normal limits and there is a lack of response to
anti-reflux medication. Eosinophils are normally present
in the gastric and intestinal mucosa; therefore, eosino-
phil numbers must be greater to make the diagnosis of

Arch Pediatr Infect Dis. 2015;3(3):e22470



Mansouri M

AEG. In patients with suspected celiac disease, the pres-
ence of serum IgA anti-tissue transglutaminase (anti-
endomysium) and antigliadin antibodies of greater than
90% are predictive of celiac disease (2).

iv) Oral food challenge (OFC): The double-blind place-
bo-controlled food challenge (DBPCFC) is the gold stan-
dard in diagnosis of FA; however, a single-blind or an
open-food challenge may be considered diagnostic if
the objective symptoms correlate with medical history
and are supported by laboratory tests results. During
the OFC, the offending food is given under strict medi-
cal supervision in order to determine tolerance or clini-
cal reactivity. There is a risk of severe reaction; thus, the
medical staff must be properly trained with medications
and equipment to treat anaphylaxis on hand, according
to validated and well-known procedures (28). Since, food
challenges in an IgE mediated setting can elicit severe,
and even life-threatening reactions they should be per-
formed by qualified personnel (29). Patients with history
of life-threatening anaphylaxis should be challenged
only when the history and laboratory testing cannot con-
clusively determine the causative food or the patient is
believed to have developed clinical tolerance (2). To avoid
performing challenge test as a troublesome and time-
consuming procedure, quantitative measurement of
food-specific IgE antibodies (e.g. CAP System FEIA, Phar-
macia-Upjohn Diagnostics) is more predictive of symp-
tomatic IgE-mediated FA. The cutoff points of the specific
IgE for egg, cow’s milk, peanut, fish, and tree nuts have
been established and are related to clinical symptoms
with predictive value greater > 95% (2).

3.6. Diagnosis of Non-IgE-Mediated Food Allergy

Generally, non-IgE allergies are underrepresented in
the FA dialogue (30). Based on the results of the allergy-
focused clinical history, if non-IgE-mediated FA is sus-
pected, trial elimination of the suspected allergen (nor-
mally between two and, six weeks) and reintroduction
after the trial will follow. The therapist must seek advice
from a dietitian with appropriate competency about
nutritional adequacies, timings of elimination and re-
introduction, and follow-up (21). The afore mentioned
screening tests, e.g. SPTs, sIgE tests, and atopy patch
tests (APTs), lack specificity and sensitivity (31).

Diet diaries can be a useful supplement to medical his-
tory, especially in chronic disorders. Many young children
with AEE and all of patients with AEG have multiple food
allergies and consequently, it is necessary to administer an
elemental formula (i.e. Neocate or Ele Care) for four to six
weeks before initiating the challenges. An open or single-
blinded food challenge are often used to screen potential
allergens in AEE and AE.G. especially because it might take
repeated feedings over few days to elicit symptoms (2).

3.7. Natural Course of Food Allergy
Typically, childhood food allergies to milk, egg, wheat,
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and soy resolve during childhood, whereas allergies to
peanut, tree nuts, fish, and shellfish are persistent (4).
Prognosis also varies by disorder; e.g. Food-related AEE
seems to have relatively poor chance of resolution (32).
However, there is evidence of further delay in occurring
natural tolerance to foods comparing the previous re-
ports (4). Factors that are significantly associated with
tolerance development include mild to moderate reac-
tion history, early lower sIgE levels, having only one FA,
presenting with only AD, having a white versus black
ethnicity, and presenting at younger age with the first re-
action. It is beneficial for a patient that has food allergy
and who met the above conditions, to re-enter the culprit
food (after a period of avoidance of course) every other
time, rather than the avoidance for a long period of time
without re-trying the food (33).

3.8. Management/Treatment

The current approach to manage FA substantially relies
on allergen avoidance, preparations to promptly treat al-
lergic reactions, prescription of self-injectable epineph-
rine, and education about prehospital treatment of re-
actions and allergen avoidance (1). If a food-elimination
dietis advised as part of the diagnostic process, the physi-
cian should consider the socioeconomic status, cultural,
and religious issues of the child or young person and
their parent or caregiver in offering information on what
foods and drinks to avoid, how to interpret food labels,
alternative sources of nutrition to ensure adequate nutri-
tional intake, the safety and limitations of an elimination
diet, the proposed duration of the elimination diet, and
when, where, and how an oral food challenge or food re-
introduction procedure may be undertaken (21).

There has been an increased emphasis on developing
immunotherapeutic approaches to treat FA in past de-
cade. Traditional standard subcutaneous immunother-
apy used to treat pollen and insect allergies was found
to provoke severe adverse reactions with food (34). Oral
immunotherapy (OIT) has been most intensively investi-
gated over the past decade and in small, mostly uncon-
trolled, trials has been shown to induce “desensitiza-
tion”. Although OIT shows promise as an effective form of
therapy, the high rate of adverse reactions and doubt of
long-term outcome mandate further study (35).

According to evidences, a majority of children with al-
lergy to egg or cow’s milk protein allergy (CMA) can ex-
tensively tolerate heated forms of these allergens such
as bakery forms, and ingestion of these products might
speed recovery. Although not initially considered an
immunotherapeutic approach, it is a major progress in
management of allergic disorders (2).

4. Conclusions

Reviewing all subtopics in FA, from definition to man-
agements, the lack of studies in this field in Iran became
more obvious. The mechanism of FA is categorized into
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IgE-mediated and non-IgE-mediated; these mechanisms
are different in the interval between the entrance of the
culprit food and the beginning of clinical presentation as
well as the type of clinical reactions. The elapsing time is
within two hours after taking the meal in IgE-mediated
reactions while in non-IgE-mediated reactions, it may
take four hours or even several days after ingestion of the
allergenic food to happen. The clinical symptoms are also
different in these two kinds of allergic reactions to food.
In the IgE-mediated reactions, the clinical presentations
have abrupt onset and can be life threatening, whereas in
the non-IgE-mediated reactions, the clinical symptoms
are often limited to the GI tract or even mimic other clini-
cal conditions such as metabolic disorders and surgical
conditions; moreover, they may cause malnutrition and
failure to thrive. Due to the lack of the proper diagnostic
tests regarding the non-IgE-mediated FA and prolonged
interval between food entrance and the clinical presenta-
tions, the diagnosis seems difficult and mostly relies on
physician index of suspicion and trying the avoidance of
suspected foods for at least six to eight weeks and follow-
ing the consequent clinical responses.

As a result, one can draw a conclusion that since non-
IgE-mediated FA is more difficult to diagnose than IgE-
mediated one, the prevalence of the non-IgE-mediated
FA might be underestimated. Finally, another important
aspect of FA is that the major food allergen are the food
that are most commonly used including cow’s milk, egg,
nuts, soya, wheat, and sea products, which makes them
very hard to avoid; therefore, the management of the
condition is challenging.
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