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    Food allergy is estimated to affect 2%–10% of the population, with higher rates among children than among adults.1 The prevalence of childhood food allergies has apparently increased, with the US Centers for Disease Control and Prevention reporting an increase from 3.4% to 5.1% between 1997 and 2011 in the United States.2
Food allergy is associated with a high morbidity, affecting day-to-day quality of life.3 A study involving 46 families of children with peanut allergy reported decreased overall quality of life (p < 0.05) and reduced quality of life within school (p < 0.01), as well as increased separation anxiety (p < 0.05).4
Self-reported rates of food allergy are much higher than the true prevalence.5 For example, a population-based cohort study involving 3623 children found that 35% of parents perceived food reactions in their children.5 Unnecessary food avoidance could have unintended consequences, including nutritional deficiency.3 Physicians play a pivotal role in ensuring food allergy is properly diagnosed and managed, both to ensure avoidance of causal foods and to prevent unnecessary food avoidance.
In this review, we focus on immunoglobulin E (IgE)-mediated food allergy and address key issues in its diagnosis and management, offering advice on how clinicians can avoid common pitfalls and improve patient care. Our search strategy is summarized in Box 1.
Box 1: Evidence used in this review
After identifying common issues facing primary care providers in the diagnosis and management of food allergies, we used recent Canadian, American and international practice parameters and guidelines as a primary basis to inform this review, supplemented with a search for systematic reviews for supporting information. Additional clinical points and examples are based on reviews, cohort and case–control studies, and surveys. We restricted our search to English-language articles. Where possible, we selected the most recent articles and the articles with the most robust level of evidence. We reviewed more than 100 citations, of which 54 are included in this review.

What is food allergy and how does it present?
Food allergy is defined as “an adverse health effect arising from a specific immune response that occurs reproducibly on exposure to a given food.”3 In contrast, other nonimmune adverse reactions may occur from foods and should be differentiated from food allergy. These include intolerance (e.g., lactose intolerance that could be differentiated by history or hydrogen breath test), illness following ingestion of contaminated food and pharmacologic effects (e.g., caffeine).6 Food allergy can be classified according to the nature of the immune response as IgE-mediated, non–IgE-mediated (cell mediated) or mixed IgE- and non–IgE-mediated (Table 1).6
View this table:	View inline
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Table 1: Classification of food allergy6



IgE-mediated food reactions occur when a food allergen binds allergen-specific IgE present on mast cells and basophils, which leads to the release of multiple mediators such as histamine. The reactions occur rapidly (within two hours) and may include one or more of cutaneous, respiratory, gastrointestinal or cardiovascular symptoms (Table 2).6 Symptoms resolve within hours and occur reproducibly with repeat exposure to the culprit food. An unusual exception to the otherwise rapid onset of symptoms is one form of allergy to red meat attributed to IgE antibodies against the sugar moiety galactose-α-1,3-galactose, where symptom onset is delayed two to six hours.7
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Table 2: Symptoms of IgE-mediated food allergy6



Cutaneous symptoms are by far the most common.3 Although respiratory symptoms are often observed during a food allergy reaction, isolated chronic respiratory symptoms (e.g., asthma and rhinitis) are not typically attributable to food allergy.6
Headaches, chronic abdominal pain and chronic behavioural symptoms are unlikely to represent food allergy. Food allergy only accounts for about 20% of all acute urticaria8 and is not a likely cause of chronic urticaria (defined as frequent daily hives for more than six weeks).8
Pollen–food allergy syndrome, also known as oral allergy syndrome, typically presents with isolated oropharyngeal symptoms (e.g., pruritus and mild angioedema) after ingestion of raw fruit or vegetables. The syndrome is due to protein cross-reactivity between heat-labile proteins in food and in pollens.8 Most patients can tolerate the cooked form of the food because the causal protein is degraded by heat.8 Common associations include birch tree pollen with pitted fruit (e.g., apple, peach and pear) and ragweed pollen with melons.8
Contact urticaria presents as isolated urticaria at the site of contact with a food allergen, such as on the hands of a cook upon contact with raw fruit or vegetables.6
Anaphylaxis is defined as a “serious allergic reaction that is rapid in onset and may cause death.”3 Anaphylaxis usually involves a combination of symptoms from multiple organ systems (e.g., cutaneous, respiratory, gastrointestinal and cardiovascular). Food-dependent exercise-induced anaphylaxis is a particular form of anaphylaxis that requires the temporal combination of exercise and ingestion of a trigger food.6 The reaction does not occur after ingestion of the food in the absence of exercise.6 The pathophysiology is uncertain but may involve increased systemic absorption of intact food allergens during exercise. Wheat, shellfish and celery are common triggers of food-dependent exercise-induced anaphylaxis.9
Table 3 describes common clinical features of several types of non–IgE-mediated and mixed IgE- and non–IgE-mediated food allergies.6 Although the focus of our review is on IgE- mediated food allergy, it is important to differentiate this from the other types of food allergy. In general, non–IgE-mediated food allergy presents with delayed or chronic, isolated gastrointestinal symptoms. For example, eosinophilic esophagitis presents with predominantly gastrointestinal symptoms that vary by age.6 In infants and children, it presents with aversion to feeding, abdominal pain and emesis. In adolescents and adults, it presents predominantly with food impaction and dysphagia. Patients with eosinophilic esophagitis are often sensitized to food allergens.6
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Table 3: Clinical presentation of selected non–IgE mediated, and mixed IgE- and non–IgE-mediated food allergies6




Is there a genetic disposition to food allergy?
Both genetic disposition and environmental influences predispose to food allergy. In a study involving 58 pairs of twins, the concordance rate of peanut allergy was significantly higher among monozygotic than among dizygotic twins (64.3% v. 6.8%; p < 0.0001), with an estimated peanut allergy heritability of 81.6%.10 Currently, the specific genetic mutations that confer risk for food allergy are being investigated. In a recent Dutch cohort, two single nucleotide polymorphisms were significantly associated with the development of cow’s milk allergy (p = 0.002 and 0.038) in 36 children.11
The apparent increase in the prevalence of food allergy over the past decades cannot be explained solely by genetics. There are also several environmental factors that are thought to contribute to food allergy and may partially explain the rise in prevalence. These factors include the “hygiene hypothesis” (which suggests that changes in the microbiome have altered immune responses), the effect of vitamin D deficiency on the immune response, and the notion that delaying ingestion of potent allergens may, especially in allergy-prone infants with atopic dermatitis, result in sensitization by non-oral routes (i.e., sensitizing skin exposure without the benefit of developing tolerance through oral exposure).12 A recent randomized prospective trial addressed the hypothesis that earlier introduction of an allergen, in this case peanuts, may prevent allergy in high-risk infants. Among infants aged 4–11 months at enrolment who had severe atopic dermatitis or egg allergy, a risk reduction of 86.1% for peanut allergy at five years of age was reported among infants with early versus late peanut introduction.13

How is food allergy diagnosed?
The approach to diagnosis begins with the patient’s medical history, which may identify food allergy as a possible cause of symptoms, provide details suggesting whether the reaction is IgE-mediated and determine the likely culprit allergen(s) (Table 4). Once the suspect food allergen has been identified, first-line diagnostic testing consists of skin testing or measurement of serum food-specific IgE levels, or both.
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Table 4: Useful components of the medical history



Serum food-specific IgE measurement identifies IgE antibodies to a food (i.e., sensitization).6,18 For skin testing, allergen is introduced into the epidermis using extracts and a device to scratch or puncture the skin. The presence of a wheal and flare indicates sensitization.19 Both forms of testing are highly sensitive in the diagnosis of IgE-mediated food allergy. The sensitivity is greater than 90% for skin testing and 70%–90% for serum food-specific IgE measurement.8,18,20 Wheal size and IgE level are associated with likelihood of allergy, but neither correlates well with reaction severity.21
Skin testing has benefits of lower cost and immediate results.18,21 Serum food-specific IgE measurement is more widely available in primary care and may provide an improved ability to address changes in results over time. Depending on the allergen and aspects of test development (e.g., extraction process, manufacture of reagents), one test or another may offer more sensitivity.
Diagnostic testing should be done only in the context of a convincing clinical history. The specificity of both tests is less than 50%.14 Sensitization often does not equate to clinical allergy and can lead to unnecessary food avoidance.21 In a recent retrospective chart review of 125 children, 80%–100% of foods avoided because of a positive skin test or serum food-specific IgE test result were avoided unnecessarily and could be reintroduced into the patients’ diets.22 Testing a prespecified “panel” without attention to the medical history and an understanding of the epidemiology and test characteristics can result in mismanagement.
A medically supervised oral food challenge is the diagnostic gold standard.3 The oral food challenge is generally conducted by specialists with expertise in food allergy and involves having the patient ingest incremental amounts of a food in a medically supervised environment.
The oral food challenge can be open, single-blind or a double-blind placebo-controlled challenge. In an open challenge, both the physician and the patient are aware of the food being ingested. In a single-blind challenge, the patient is unaware, and in a double-blind placebo-controlled challenge, both the physician and the patient are unaware of the food being ingested. Although the double-blind placebo-controlled challenge is the most specific test, it is time-consuming and less commonly used in clinical practice.18
The oral food challenge is a standard accepted procedure and is considered safe when undertaken by experienced personnel. However, it is time-consuming and allergic reactions, including anaphylaxis, may be induced. In a retrospective chart review of more than 700 food challenges in one clinic, 19% of patients reacted, including 2% who required epinephrine treatment.23
Component-resolved diagnostics is an emerging tool in the diagnosis of food allergy. It measures serum IgE levels against individual allergenic proteins within a food rather than a mixture of allergens.24 Reactivity of IgE against specific components may be related to the likelihood of clinical allergy. For example, patients with a peanut allergy sensitized to stable peanut proteins (e.g., Ara h 2) have a higher likelihood of reactivity than those solely sensitized to labile proteins (e.g., Ara h 8).24 In a study involving 144 children sensitized solely to Ara h 8, only 1 child had a reaction upon ingestion.25
Food-specific immunoglobulin G (IgG) testing is being increasingly used to identify food “sensitivities.” This testing has not been validated nor supported by research. In fact, food-specific IgG is to be expected, marking the presence of exposure and tolerance to a food. The Canadian Society of Allergy and Clinical Immunology released a position statement strongly discouraging the use of IgG testing to identify an adverse food reaction, echoing a similar sentiment expressed by the American Academy of Allergy, Asthma and Immunology.26,27 Additional tests that are not recommended include applied kinesiology and electrodermal testing.3
Until component-resolved diagnostics has been refined, skin testing and serum food-specific IgE measurement remain the first-line tools in the evaluation of food allergy. Both have strong diagnostic utility if correlated with clinical history. There is no standardized step-wise approach to testing. Skin testing, serum food-specific IgE testing or both may be used to evaluate IgE-mediated food allergies. However, they should not be relied on as the sole means of diagnosis, because the clinical history, and possibly the performance of medically supervised oral food challenges, are key additional components of the diagnostic regimen.

What treatment is life-saving in food-induced anaphylaxis?
Multiple guidelines recommend intramuscular epinephrine as the first-line treatment of anaphylaxis.3,28 Epinephrine’s beneficial mechanisms of action include decreasing laryngeal edema, vasoconstriction (alleviating hypotension), increasing inotropic and chronotropic effects, bronchodilation and reducing release of inflammatory mediators from mast cells.3,28,29
Delay or lack of epinephrine administration has been associated with increased morbidity and mortality.30,31 Prompt administration of epinephrine was associated with lower rates of hospital admission in a study of 384 emergency department visits for food-induced anaphylaxis (17% v. 43% among patients given epinephrine late [in the emergency department]; p < 0.001).32 Death from food-induced anaphylaxis can occur quickly (within 30–60 min),24 and hence prompt treatment with epinephrine is required.3,28
Epinephrine autoinjectors are often underused. A survey of 1885 people who survived anaphylactic reactions found that autoinjectors were used in only 27% of the episodes. Of those who did not use an epinephrine autoinjector, 38% reported taking an antihistamine instead and 28% had no epinephrine prescription.33
Patients with potentially life-threatening food allergy should be prescribed an epinephrine autoinjector and educated in its use. Epinephrine autoinjectors are available in two fixed doses: 0.15 mg and 0.30 mg. Guidelines suggest using the 0.30-mg dose if the person’s weight is about 25 kg or higher.3,34
It is important to educate patients that epinephrine is both effective and safe. Although transient adverse effects (e.g., tremor, palpitations and anxiety) are common, more serious adverse effects (e.g., hypertension and angina) are rare and are usually attributable to overdose or incorrect administration caused by intravenous dosing rather than use of autoinjectors.35 A cohort study involving 573 patients (301 of whom received epinephrine) noted much higher rates of cardiovascular complications with intravenous than with intramuscular epinephrine administration (10% v. 1.3%; p = 0.006).35 Of note, cardiovascular disease is not a contraindication to epinephrine administration.28
Pending evaluation by an allergist, patients and their families may also be directed to websites for further information and support (Box 2).
Box 2: Resources for patients
	Food Allergy Canada: www.foodallergycanada.ca

	Food Allergy Research and Education: www.foodallergy.org

	Anaphylaxis Emergency Action Plan: https://www.aaaai.org/aaaai/media/medialibrary/pdf%20documents/libraries/anaphylaxis-emergency-action-plan.pdf



Adjunct treatments may include the use of H1-antihistamines, bronchodilators and corticosteroids. None of these interventions is life-saving, and none should be used in place of epinephrine when treating anaphylaxis.3,28
In addition to ensuring that patients at risk of life-threatening food allergy have an epinephrine autoinjector, there are patient-specific factors that can increase anaphylaxis severity and risk of death that should also be addressed. These include age (e.g., risk-taking behaviours of adolescents), comorbid conditions (e.g., asthma and cardiovascular disease) and concurrent medication use (e.g., β-blockers, which make it more difficult to treat anaphylaxis).29 Prudent management of comorbid conditions, regular review of medications and routine reinforcement of anaphylaxis treatment is recommended.29

Does allergy to a food require avoidance of related foods?
Rates of cross-reactivity vary extensively among the common food allergens (Table 5).36 Patients allergic to shellfish or finned fish (e.g., tuna, salmon and cod) may need to avoid that entire food group because of high rates of cross-reactivity.6,36 However, it is possible for individuals to have isolated food allergy as well, for example only to swordfish. Even among foods with high rates of cross-reactivity, there are nuances. For example, walnuts are related to pecans, cashews to pistachios, and almonds to hazelnuts.6,36 If there is a desire to eat a food from the same food group as the implicated allergen, diagnostic evaluation (e.g., skin testing or oral food challenge, or both) could be considered in the absence of prior tolerance.6,36 When selecting foods in this manner, patients must take care to avoid cross-contact or misidentification of the allergens.36 For example, a walnut brownie may appear safe for a person allergic to cashews and Brazil nuts, but it could cause a reaction if it contains or is unintentionally contaminated with other nuts the patient needs to avoid.
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Table 5: Rates of clinical cross-reactivity among food allergens36



Patients with latex allergy may also be cross-sensitized to food allergens because of homologous proteins. For example, as many as 35% of patients with latex allergy may be sensitized to fruits such as kiwi, avocado and banana, and as many as 11% of patients with these fruit allergies may be sensitized to latex.36

What is the prognosis of food allergy?
Allergies to milk, egg, soy and wheat will resolve during childhood in most instances,3 although age of resolution varies3,37–42 (Table 6). In contrast, allergies to peanuts, tree nuts, finned fish and shellfish tend to persist.3
View this table:	View inline
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Table 6: Rates of resolution of common food allergies during childhood



The rate of resolution varies depending on the presence of other atopic disease,37–40 the serum IgE level or size of wheal on skin testing,37–46 and the characteristics of the initial reaction.38
The prognosis of egg and milk allergies may be altered by the ingestion of baked products that contain egg or milk ingredients for people who can tolerate these forms.15,16 However, some patients may be unable to tolerate the extensively heated forms of these two foods and experience anaphylaxis from them. Patients with egg or milk allergy may be evaluated for potential tolerance to baked egg or milk (by skin testing or serum food-specific IgE measurement, and oral food challenge, as warranted). If tolerant, regular consumption is strongly encouraged.
Yearly re-evaluation with a clinical history or serum food-specific IgE measurement, or both, is often recommended for all food allergens, especially in young children.3 The frequency of testing depends on a number of variables, including the age of the child, the specific allergenic food and whether there have been any intervening exposures or reactions.3 The frequency can be reduced with age, especially for the allergens that are less commonly outgrown. Routine re-evaluation is also an opportunity to review food avoidance and emergency management.
Although prognosis is often favourable, food allergy is a risk factor for other atopic disease. Patients with food allergies are two to four times more likely than those without food allergy to have atopic dermatitis, asthma and rhinitis.3 Therefore, it is prudent to monitor for the development of other allergic disease.

Which vaccines are contraindicated in children with egg allergy?
Influenza and measles–mumps–rubella (MMR) vaccines are not contraindicated in children with egg allergy47 and should be administered according to the routine vaccination schedule.48
Influenza vaccines are cultured on embryonated chicken eggs, and MMR vaccine is grown in cultures of chick embryo fibroblasts.47 However, in 28 studies (n = 4315) of influenza vaccination in patients with egg allergy, no serious reactions occurred.49 In addition, multiple studies have shown the safety of MMR vaccination in patients with egg allergy.50,51 As a result, the Canadian Immunization Guide states that MMR, trivalent and quadrivalent inactivated influenza vaccines can be administered as a single dose without prior testing in patients with egg allergy.48
The American guideline on influenza vaccination in patients with egg allergy is slightly different. The American Academy of Allergy, Asthma and Immunology specifies that influenza vaccine should be administered in an allergist’s office if the patient’s reaction to egg was more than isolated hives.47 Both the American and Canadian guidelines recommend monitoring the patient after vaccination (for 30 minutes and for 15–30 minutes, respectively).47,48 Similar to the Canadian guideline, the American guideline states that influenza vaccine can be given as a single dose without prior testing.47
Live-attenuated influenza vaccine in the form of a nasal spray is not yet recommended in individuals with egg allergy because its use has not been extensively studied in this population.52 One recent study noted no systemic IgE-mediated reactions in 779 children with egg allergy given this form of influenza vaccine.53 Further studies are pending (ClinicalTrials.gov NCT01859039 and NCT02111512), and guidelines are likely to change.
As with all vaccines, MMR and influenza vaccines should be administered in a setting where anaphylaxis can be managed.48 Patients who have an IgE-mediated reaction to any vaccine should be evaluated by an allergist.47
Egg allergy is a relative contraindication to the administration of yellow fever vaccine, tick-borne encephalitis vaccine and one type of rabies vaccine (RabAvert), because these vaccines contain larger amounts of egg protein.48 If required, evaluation by an allergist is recommended because desensitization protocols have been described.54

Conclusion
Food allergy is prevalent, although self-reported rates are much higher than true prevalence. An understanding of the characteristic clinical presentation can help with diagnosis. Diagnostic testing is highly sensitive and often identifies clinically irrelevant sensitization. Testing therefore must be selected and interpreted in the context of the patient’s clinical history. Oral food challenge remains the gold standard in diagnostic testing. Patients with potentially life-threatening food allergy require an epinephrine autoinjector, as well as training on its use. Prognosis varies depending on the food allergen, and food allergy is a risk factor for other atopic diseases.
Key points	
Food allergy has a characteristic and reproducible clinical presentation.

	
Testing for food allergy is highly sensitive, but it has a low positive predictive value and often identifies clinically insignificant sensitization.

	
The only life-saving treatment for food-induced anaphylaxis is epinephrine.

	
Egg allergy is not a contraindication to influenza or measles–mumps–rubella vaccination.

	
Allergies to milk, egg, soy and wheat will resolve during childhood in most instances; allergies to peanuts, tree nuts and seafood tend to persist.
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