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Nowadays, food allergies are considered as a wide spectrum of disorders that need different approaches. The “one size fits all” approach is giving way to a “targeted approach,” based on the identification of the patient's phenotype. Thus, the approach of nutritional management of food allergy has moved on from simply being “yes or no” to “how much?”, “in which form?” and “for which patients?” Different factors should be considered in order to make a patient-tailored nutritional plan in clinical practice. Tailored nutritional plans may help to reduce the nutritional, social and economic burden of food allergy.
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INTRODUCTION

While the mainstay treatment of food allergy remains allergen avoidance, food allergies are now considered as a wide spectrum of disorders that need different approaches (1–3).

The “one size fits all” approach is giving way to a “targeted approach,” based on the identification of the patient's phenotype. Actually, different factors should be considered in order to make a patient-tailored nutritional plan in clinical practice (Figure 1). Other factors, like genetics and microbiota signature are likely be taken into account in the future (4).


[image: Figure 1]
FIGURE 1. Factors to consider in order to make a personalized nutritional plan.


Tailored nutritional plans may help to reduce the nutritional, social and economic burden of food allergy.


Patient Sensitization Profile: Cross-Reactivity or Co-sensitization?

One of the main goals of the patient-tailored nutritional approach is to avoid unnecessary dietary restrictions.

The case of nuts is an example of how the approach to food allergy management has changed in recent years.

Until the last decade, the typical approach to children with tree nut or peanut allergy was exclusion from the diet of all types of nuts, in order to avoid risk of cross-reactivity or cross-contamination during processing (5). In 2014, the British Society for Allergy and Clinical Immunology (BSACI) recommended active inclusion in the diet of all types of tolerated nuts (6).

More recently, Couch et al. demonstrated that cross-reactivity among nuts, as proven by oral food challenge (OFC), may be lower than 30% (7). Thus, people who are allergic to one type of tree nut, such as cashews, may not be allergic to all other kinds of tree nuts.

From a nutritional standpoint, tree nuts per se represent a good source of energy, proteins, and minerals; thus, the reintroduction of certain types of nuts allows patients to include a wide range of foods and packaged products in their diet, which contributes to improving the patient's quality of life (8).

Fish allergy is another example of how hypersensitivity to one food within a species does not necessarily require the avoidance of the whole species.

Parvalbumin is the major fish allergen, responsible for more than 90% of IgE-mediated reactions and for more than 50% of clinical cross-reactivity among different fish species (9).

Two main isoforms have been identified: α-parvalbumin, which is not considered allergenic, and β-parvalbumin.

The clinical cross-reactivity between the two isoforms seems to be very low, both in cartilagineous and bony fish (10).

Parvalbumin content differs among various species of fish: in cartilagineous fish the α-isoform is predominantly expressed, while bony fish muscle mainly contains β-parvalbumin.

Also the concentration of parvalbumin can be very different among species: large migratory fish have a lower content than small sedentary ones.

For instance, tuna or swordfish parvalbumin content is <1 mg/g of fresh filet, whereas in cod and carp it is >2.5 mg/g (11).

This wide variability in parvalbumin content explains the different degrees of allergenicity: even children who are highly allergic to parvalbumin can tolerate one or more fish species with a lower content. Hence, fish allergy is not universal.

The implications for clinical practice are not to be neglected: consuming 2 portions of fish per week allows the child to introduce an adequate amount of EPA (eicosapentaenoic acid) and DHA (docosahexaenoic acid), without the need to use a dietary supplement (12).

Conversely, children who are not permitted to eat any type of fish should be supplemented with algal-derived omega-3 fatty acids (13).

The OFC remains the gold standard to confirm clinical reactivity, as it allows the allergist to test each single fish species and to provide personalized advices to the patient.

Also the approach to fruit and vegetable allergies can't be universal, since different sensitization profiles and clinical phenotypes exist.

Subjects with pollen-food syndrome (PFS) are primarily sensitized to pollen allergens (e.g., Bet v 1 homologs and profilins). In PFS, the ingestion of fresh fruits and vegetables often results in a mild clinical phenotype consisting of local and self-limiting reactions in the oropharynx, characterized by itching of the lips, mouth and throat with or without local angioedema, the so called oral allergic syndrome (OAS) (14).

In contrast, subjects with lipid-transfer protein (LTP) syndrome show a primary sensitization to plant food allergens (e.g., peach Pru p 3) (15).

Clinical expression of LTP sensitization can be variable: symptoms may range from mild local reactions (e.g., OAS) to severe systemic reactions, including anaphylaxis.

Symptoms of LTP hypersensitivity are often elicited when the assumption of the culprit food is concomitant with one or more cofactors, like fasting, exercise or drugs (e.g., non-steroidal anti-inflammatory drugs) (16).

In PFS, processed fruits, such as jam or cooked fruits, are well-tolerated and can be safely introduced into the child's diet as an important source of minerals, vitamins and dietary fiber.

LTPs are stable allergens that resist heat treatment and enzymatic digestion; thus, in case of LTP clinical relevant allergy, also processed forms of the culprit food should be strictly avoided (15).

Allergy to one or more LTP vegetable sources does not imply an allergy to other existing LTPs. Thus, only LTP-containing foods eliciting reactions must be excluded from the diet (16).

Component-resolved diagnostics can help the clinicians to distinguish between primary food allergy and OAS due to cross-reactivity to plant pollen and LTP clinical relevant allergy (17).



Type of Allergen and the “Matrix Effect”: The Lesson From Milk and Egg

A large percentage of children who are allergic to cow's milk and hen's egg (70–75%) can tolerate the allergen if it is in an extensively heated form (18, 19).

Baked milk and egg are generally more tolerated not just because the antigen is underdosed (20).

Heat treatment reduces the allergenicity of many food proteins, probably by destructing the conformational epitopes of heat-labile proteins, increasing the effect of enzymatic digestion, and reducing intestinal absorption and basophil stimulation (21). However, the interactions between milk proteins and some components of the food matrix during heating seem to play the most important role in the reduction of allergenicity, thus limiting the accessibility of peptides to the immune system (22, 23).

“Baked” milk or egg refers to cookies, cakes, muffins, waffles, or other bakery products that contain cow's milk or hen's egg as an ingredient.

While it is well-accepted that some patients may tolerate baked egg and/or milk, there is no consensus yet about how to reintroduce baked products, meaning the setting in which to reintroduce them (e.g., at home or in hospital), and which food matrix is preferable (24).

In the last decade, allergen-component resolved diagnostics (CRD) has become increasingly used in the diagnostic work-up, aiding the clinicians to optimize decisions about if, when and how to perform OFC (25). In clinical practice, component resolved diagnostics (CRD) may be useful for evaluation of reactivity to baked milk, helping to identify different clinical phenotypes on the basis of molecular patient specific IgE profile. Patients who exhibit higher levels of casein-specific IgE are more likely to react to baked milk (26).

In turn, specific IgE diagnostic decision points for cow's milk allergy diagnosis (regular milk and heated milk, respectively) have been proposed (27–29). As well as the above, IgE for ovomucoid (Gal d 1) seems more predictive of reactivity to baked egg than sIgE to other epitopes (30). It is important to point out that positive and negative cut-offs are population specific; for this reason, they may not be relevant to all (31, 32).

In clinical practice, the use of decision points, combined with the patient clinical history, may allow the physician to identify optimal candidates to undergo OFC with baked milk. It is not possible at the moment to really predict which patients are able and which are unable to successfully pass challenges with baked milk and/or egg.

Generally, it is advisable to perform the oral provocation test under medical supervision, as the ingestion of cow's milk or hen's egg, even in baked form, can trigger symptoms, including severe and potentially life-threatening reactions (33).

Only in a few selected cases, characterized by undetectable or very low IgE levels toward heat stable epitopes, mild symptoms on accidental ingestion and no recent reaction, patients may be advised to gradually introduce baked milk at home (34).

A strict egg or milk-free diet causes important dietary restrictions, including the need for careful reading of labels (ingredients, trace allergens, hidden allergens) and the exclusion of numerous packaged foods (5).

Milk and egg are also contained in foods that are typically socially enjoyed by children, such as biscuits, cake and pizza; thus, the avoidance diet implies the difficulty of managing social events (20).

Indeed, liberalizing the diet- if possible- to baked products is associated with patients' and their families' improved quality of life, lower levels of stress and anxiety, and lower risk of an unhealthy approach to food (18).



Individual Threshold Dose

Deriving patient threshold dose is necessary to personalize the nutritional advice. The true patient threshold lies between the No Observed Adverse Effect Level (NOAEL), the highest dose that will not produce any adverse effect in that person, and the Lowest Observed Adverse Effect Level (LOAEL), the lowest dose that produces an adverse effect (35). OFC actually remains the unique tool to determine individual threshold dose (36).

Although standardized protocols regarding the starting dose, the incremental doses and the intervals between doses exist (37, 38), it is important to remember that OFC is a diagnostic procedure and its design may be adapted, considering OFC indication and patient history (39).

Type of allergen, single or multiple allergy, age, sIgE/total IgE ratio and presence of comorbidities should be considered when performing OFC: for instance, a history of asthma or high values of allergen specific IgE are associated with a significantly higher risk of a severe reaction (37, 39–41).

Other factors might contribute to reaction severity, some of which have been termed augmentation or co-factors, such as exercise, infections, alcohol and medication (42).

In real life, the patient threshold level can be influenced by all these factors, as the case of gluten-induced anaphylaxis shows.

This clinical entity can be elicited during gluten challenge with high allergen doses, in the absence of cofactors, or with lower allergen doses in the presence of exercise and other augmentation cofactors, like acetylsalicylic acid or alcohol (43). In other words, augmentation factors might be necessary in order to achieve a reaction threshold, which would not otherwise be reached with a normal diet. From a nutritional standpoint, this means that the amount of gluten needed to elicit a reaction in real life may be much lower than the dose eliciting reaction during OFC, due to the presence of other factors, which are as yet only partially recognized.

A negative OFC test allows the tested food to be gradually reintroduced into the patient's diet at home.

However, even in the case of a positive OFC outcome, different practical indications may be provided to the child's family. If a reaction occurs after the ingestion of a very-low dose, the patient should be advised to follow a strict avoidance diet.

Conversely, if a clinical reaction occurs after the ingestion of a medium-high cumulative dose (which is allergen-specific), and all previous doses have been tolerated, the patient may be reasonably allowed to eat not only products containing traces of the allergen, but also foods that contain a lower amount of allergen than the one that elicited the symptoms.

Thereby, the role of the dietitian is crucial to calculate the exact amount of allergen ingested, and to advise parents which specific foods they can introduce into the child's diet.

For instance, in the case of a mild-moderate reaction occurring after the ingestion of hazelnuts (e.g., cumulative dose 5 g) during OFC, children and/or their parents may gradually introduce packaged products into the diet, such as biscuits or snacks, that contain hazelnut as an ingredient in a dose much lower than the dose eliciting symptoms during OFC (e.g., 1 or 2 g). For each packaged product, a careful reading of the ingredients on the label allows for quantifying the exact amount of hazelnut contained, and therefore to determine the portion that can be safely consumed by the child.

Even in the case of baked egg or milk, once the individual safe dose has been determined with OFC, the baked products of various brands may be compared with each other regarding the amount of egg and/or milk contained. Thus, the different quantities of “allowed” products are established, and the family may be advised to choose which to consume, alternating them.

With regard to dairy products, if during OFC the child tolerates the amount of 50 ml of regular milk as a cumulative dose, at home he will be advised to choose from the different dairy products with equivalent milk protein content (e.g., a teaspoon of aged cheese, 1/3 jar of yogurt, etc.).



Dietary Habits and Preferences

To plan a personalized nutritional treatment for children with food allergies, it is also essential to investigate the eating habits of the children and his family.

The evaluation of dietary patterns provides more reliable data on real food intake than the assessment of single nutrients considered separately (44).

Actually, in recent years innovative food patterns are on the rise: vegetarian or vegan diets, consumption of exotic foods and “novel foods.”

The choice of a dietary style could have clinical implications, as it could lead to exposure to uncommon/atypical allergens.

For instance, lupine flour is frequently used in products intended for vegetarian and vegan nutrition, as it increases their protein content, or as a gluten substitute in baked goods.

Lupin is considered a major allergen in the EU and the UK, but not in the USA (5).

The consumption of exotic or typical oriental foods could increase exposure to seeds such as sesame, flaxseed, poppy seeds and mustard seeds, which are not considered as major allergens worldwide.

A careful investigation of eating habits is essential to understand if the food allergic child may be exposed to the risk of eating these foods (5).

Moreover, the child's food preferences should always be taken into account.

First, it should be considered that, in food allergic children, food habits develop in the context of their chronic pathology.

A higher risk of fussy eating and feeding difficulties has been reported in children who have followed an exclusion diet, compared to healthy children (45). In addition, it is not infrequent that, after a negative food challenge, food fear persists and the child remains reluctant to introduce the food that he has long been used to avoiding (46). For this reason, children and their parents should be encouraged to consume the tolerated foods after a negative challenge.

On the other side, a careful patient history should be taken before dietary interventions, as sensitization can be without clinical relevance.



Nutritional Assessment and Patient—Tailored Nutritional Plan

The nutritional assessment of children with food allergies should include different steps, starting from the measurement of anthropometric parameters, followed by the estimation of the child's total energy expenditure [which is determined by resting energy expenditure (REE) and physical activity level], and an accurate collection of patient diet history.

The gold standard for the measurement of REE is indirect calorimetry (47).

Very few data exist on REE in food allergic children, since indirect calorimetry is time- consuming and requires specialized personnel (48). For this reason, in clinical practice REE is often estimated using predictive equations, easier to use but less specific (49).

To estimate the child's total energy expenditure (TEE) during the day, REE should be multiplied by a factor known as the Physical Activity Level (PAL).

Three levels of habitual physical activity are commonly considered, according to the child's lifestyle: light, moderate or vigorous (50).

The collection of a detailed diet history in allergic patients is the crucial step required to formalize patient-tailored advice (see Table 1).


Table 1. Focused diet-history in allergic patients.
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To investigate the eating habits and the nutrient intake of the child, the number of daily meals and how they are distributed throughout the day should be recorded.

In addition, the child or his family should be asked which foods he has a preference or an aversion for and how a typical meal is composed.

Parents are asked to fill in a 3 or 7 day diary, recording all the foods and beverages consumed within the selected days, time of consumption, quantity consumed, and details about each food item (recipe and ingredients used, cooking method or brand name of a packaged product) (48).

Taking into account all this information, the dietitian is able to make a personalized nutritional plan which best fits the patient's needs.

Afterwards, food allergic children should be periodically re-evaluated, as an appropriate follow-up allows the practitioners to assess compliance to the diet and to ensure optimal growth (13). Following patients over time is also important to assess if natural tolerance to triggering food has been reached (4).




DISCUSSION

Important progress has been made in the understanding, diagnosing and treatment of food allergy in the last decade. The approach of nutritional management of food allergy has moved on from simply being “yes or no” to “how much?”, “in which form?” and “for which patients?”

OFC is changing from a reintroduction procedure to a more personalized one, aiming to identify the clinical reactivity of each patient. Thus, physician expectation is not simply to confirm or to exclude the diagnosis of food allergy, but also to determine which is the patient threshold dose and to establish if the child is able to tolerate baked products or low dose allergen.

In the age of precision medicine, tailored management of food allergy should be always targeted in clinical practice. To this purpose, the role of the dietitian is crucial to give patient tailored advice, considering patient threshold dose, dietary habits and preferences and baseline nutritional assessment.

In the near future it will be expected that other factors, like patient genetic information and microbiota signature could be taken into account in order to make a personalized nutritional plan.



AUTHOR CONTRIBUTIONS

ED: conceptualization. ED and EP: writing—original draft. GZ: review and editing. All the authors read and approved the final version of the manuscript.



REFERENCES

 1. Sicherer SH, Sampson HA. Food allergy: epidemiology, pathogenesis, diagnosis, and treatment. J Allergy Clin Immunol. (2014) 133:291–307. doi: 10.1016/j.jaci.2013.11.020

 2. Deschildre A, Lejeune S, Cap M, Flammarion S, Jouannic L, Amat F, et al. Food allergy phenotypes: the key to personalized therapy. Clin Exp Allergy. (2017) 47:1125–37. doi: 10.1111/cea.12984

 3. Arasi S, Mennini M, Valluzzi R, Riccardi C, Fiocchi A. Precision medicine in food allergy. Curr Opin Allergy Clin Immunol. (2018) 18:438–43. doi: 10.1097/ACI.0000000000000465

 4. D'auria E, Abrahams M, Zuccotti GV, Venter C. Personalized nutrition approach in food allergy: is it prime time yet? Nutrients. (2019) 11:E359. doi: 10.3390/nu11020359

 5. Venter C, Groetch M, Netting M, Meyer R. A patient-specific approach to develop an exclusion diet to manage food allergy in infants and children. Clin Exp Allergy. (2018) 48:121–37. doi: 10.1111/cea.13087

 6. Stiefel G, Anagnostou K, Boyle RJ, Brathwaite N, Ewan P, Fox AT, et al. BSACI guideline for the diagnosis and management of peanut and tree nut allergy. Clin Exp Allergy. (2017) 47:719–39. doi: 10.1111/cea.12957

 7. Couch C, Franxman T, Greenhawt M. Characteristics of tree nut challenges in tree nut allergic and tree nut sensitized individuals. Ann Allergy Asthma Immunol. (2017) 118:591–6.e3. doi: 10.1016/j.anai.2017.02.010

 8. Dantzer JA, Wood RA. The impact of tree nut oral food challenges on quality of life and acute reactions in nut allergic patients. J Allergy Clin Immunol Pract. (2019) 7:698–700.e1. doi: 10.1016/j.jaip.2018.09.031

 9. Mourad AA, Bahna SL. Fish-allergic patients may be able to eat fish. Expert Rev Clin Immunol. (2015) 11:419–30. doi: 10.1586/1744666X.2015.1009896

 10. Kourani E, Corazza F, Michel O, Doyen V. What we know about fish allergy at the end of the decade? J Investig Allergol Clin Immunol. (2019) 29:414–21. doi: 10.18176/jiaci.0381

 11. Valverde-monge M, Pastor-vargas C, Rodríguez del rio P, Escudero C, Sánchez-García S, Mendez Brea P, et al. Anaphylaxis by exclusive allergy to swordfish and identification of a new fish allergen. Pediatr Allergy Immunol. (2018) 29:563–5. doi: 10.1111/pai.12916

 12. The British Dietetic Association (BDA) (2017). Available online at: https://www.bda.uk.com/foodfacts/omega-3 (accessed October 16, 2019).

 13. Giovannini M, D'Auria E, Caffarelli C, Verduci E, Barberi S, Indinnimeo L, et al. Nutritional management and follow up of infants and children with food allergy: Italian society of pediatric nutrition/Italian society of pediatric allergy and immunology task force position statement. Ital J Pediatr. (2014) 40:1. doi: 10.1186/1824-7288-40-1

 14. Egger M, Mutschlechner S, Wopfner N, Gadermaier G, Briza P, Ferreira F. Pollen-food syndromes associated with weed pollinosis: an update from the molecular point of view. Allergy. (2006) 61:461–76. doi: 10.1111/j.1398-9995.2006.00994.x

 15. Ebisawa M, Ballmer-Weber BK, Vieths S, Wood RA. Food allergy: molecular basis and clinical practice. Chem Immunol Allergy. (2015) 101:162–70. doi: 10.1159/isbn.978-3-318-02341-1

 16. Asero R, Piantanida M, Pinter E, Pravettoni V. The clinical relevance of lipid transfer protein. Clin Exp Allergy. (2018) 48:6–12. doi: 10.1016/S0091-6749(03)02016-5

 17. Matricardi PM, Kleine-tebbe J, Hoffmann HJ, Valenta R, Hilger C, Hofmaier S, et al. EAACI molecular allergology user's guide. Pediatr Allergy Immunol. (2016) 27(Suppl. 23):1–250. doi: 10.1111/pai.2016.27.issue-S23

 18. Lee E, Mehr S, Turner PJ, Joshi P, Campbell DE. Adherence to extensively heated egg and cow's milk after successful oral food challenge. J Allergy Clin Immunol Pract. (2015) 3:125–7.e4. doi: 10.1016/j.jaip.2014.08.013

 19. Nowak-wegrzyn A, Bloom KA, Sicherer SH, Shreffler WG, Noone S, Wanich N, et al. Tolerance to extensively heated milk in children with cow's milk allergy. J Allergy Clin Immunol. (2008) 122:342-7:347.e1-2. doi: 10.1016/j.jaci.2008.05.043

 20. Upton J, Nowak-wegrzyn A. The impact of baked egg and baked milk diets on IgE- and non-IgE-mediated allergy. Clin Rev Allergy Immunol. (2018) 55:118–38. doi: 10.1007/s12016-018-8669-0

 21. Huang F, Nowak-wegrzyn A. Extensively heated milk and egg as oral immunotherapy. Curr Opin Allergy Clin Immunol. (2012) 12:283–92. doi: 10.1097/ACI.0b013e3283535bc3

 22. D'auria E, Salvatore S, Pozzi E, Mantegazza C, Sartorio MUA, Pensabene L, et al. Cow's milk allergy: immunomodulation by dietary intervention. Nutrients. (2019) 11:E1399. doi: 10.3390/nu11061399

 23. Bavaro SL, De Angelis E, Barni S, Pilolli R, Mori F, Novembre EM, et al. Modulation of milk allergenicity by baking milk in foods: a proteomic investigation. Nutrients. (2019) 11:1536. doi: 10.3390/nu11071536

 24. Dupont C. How to reintroduce cow's milk? Pediatr Allergy Immunol. (2013). 24:627–32. doi: 10.1111/pai.12131

 25. D'auria E, Mameli C, Piras C, Cococcioni L, Urbani A, Zuccotti GV, et al. Precision medicine in cow's milk allergy: proteomics perspectives from allergens to patients. J Proteomics. (2018) 188:173–80. doi: 10.1016/j.jprot.2018.01.018

 26. Caubet JC, Nowak-wegrzyn A, Moshier E, Godbold J, Wang J, Sampson HA. Utility of casein-specific IgE levels in predicting reactivity to baked milk. J Allergy Clin Immunol. (2013) 131:222–4.e4. doi: 10.1016/j.jaci.2012.06.049

 27. Sampson HA. Utility of food-specific IgE concentrations in predicting symptomatic food allergy. J Allergy Clin Immunol. (2001) 107:891–6. doi: 10.1067/mai.2001.114708

 28. Sicherer SH, Morrow EH, Sampson HA. Dose-response in double-blind, placebo-controlled oral food challenges in children with atopic dermatitis. J Allergy Clin Immunol. (2000) 105:582–6. doi: 10.1067/mai.2000.104941

 29. Perry TT, Matsui EC, Conover-Walker MK, Wood RA. Risk of oral food challenges. J Allergy Clin Immunol. (2004) 114:1164–8. doi: 10.1016/j.jaci.2004.07.063

 30. Ando H, Movérare R, Kondo Y, Tsuge I, Tanaka A, Borres MP, et al. Utility of ovomucoid-specific IgE concentrations in predicting symptomatic egg allergy. J Allergy Clin Immunol. 122:583–8. doi: 10.1016/j.jaci.2008.06.016

 31. Cuomo B, Indirli GC, Bianchi A, Arasi S, Caimmi D, Dondi A, et al. Specific IgE and skin prick tests to diagnose allergy to fresh and baked cow's milk according to age: a systematic review. Ital J Pediatr. (2017) 43:93. doi: 10.1186/s13052-017-0410-8

 32. Calvani M, Arasi S, Bianchi A, Caimmi D, Cuomo B, Dondi A, et al. Is it possible to make a diagnosis of raw, heated and baked egg allergy in children using cut-offs? A systematic review. Pediatr Allergy Immunol. (2015) 26:509–21. doi: 10.1111/pai.12432

 33. Nowak-Wegrzyn A, Groetch M. Let them eat cake. Ann Allergy Asthma Immunol. (2012) 109:287–88. doi: 10.1016/j.anai.2012.09.008

 34. Luyt D, Ball H, Makwana N, Green MR, Bravin K, Nasser SM, et al. BSACI guideline for the diagnosis and management of cow's milk allergy. Clin Exp Allergy. (2014) 44:642–72. doi: 10.1111/cea.12302

 35. Taylor SL, Crevel RWR, Sheffield D, Kabourek J, Baumert J. Threshold dose for peanut: risk characterization based upon published results from challenges of peanut-allergic individuals. Food Chem Toxicol. (2009) 47:1198–204. doi: 10.1016/j.fct.2009.02.011

 36. Blom WM, Vlieg-boerstra BJ, Kruizinga AG, Van der heide S, Houben GF, Dubois AE. Threshold dose distributions for 5 major allergenic foods in children. J Allergy Clin Immunol. (2013) 131:172–9. doi: 10.1016/j.jaci.2012.10.034

 37. Sampson HA, Gerth van wijk R, Bindslev-jensen C, Sicherer S, Teuber SS, Burks AW, et al. Standardizing double-blind, placebo-controlled oral food challenges: American Academy of Allergy, Asthma & Immunology-European Academy of Allergy and Clinical Immunology PRACTALL consensus report. J Allergy Clin Immunol. (2012) 130:1260–74. doi: 10.1016/j.jaci.2012.10.017

 38. Boyce JA, Assa'ad A, Burks AW, Jones SM, Sampson HA, Wood RA, et al. Guidelines for the diagnosis and management of food allergy in the United States: report of the NIAID-sponsored expert panel. J Allergy Clin Immunol. (2010) 126(Suppl. 6):S1–58. doi: 10.1016/j.jaci.2010.10.007

 39. Muraro A, Werfel T, Hoffmann-sommergruber K, Roberts G, Beyer K, Bindslev-Jensen C, et al. EAACI food allergy and anaphylaxis guidelines: diagnosis and management of food allergy. Allergy. (2014) 69:1008–25. doi: 10.1111/all.12429

 40. Comberiati P, Spahn J, Peroni DG. Anaphylaxis in adolescents. Curr Opin Allergy Clin Immunol. (2019) 19:425–31. doi: 10.1097/ACI.0000000000000572

 41. Gupta RA, Lau CH, Hamilton RG, Donnell A, Newhall KK. Predicting outcomes of oral food challenges by using the allergen-specific IgE-Total Ige Ratio. J Allergy Clin Immunol Pract. (2014) 2:300–5. doi: 10.1016/j.jaip.2013.12.006

 42. Niggemann B, Beyer K. Factors augmenting allergic reactions. Allergy. (2014) 69:1582–7. doi: 10.1111/all.12532

 43. Brockow K, Kneissl D, Valentini L, Zelger O, Grosber M, Kugler C, et al. Using a gluten oral food challenge protocol to improve diagnosis of wheat-dependent exercise-induced anaphylaxis. J Allergy Clin Immunol. (2015) 135:977–84.e4. doi: 10.1016/j.jaci.2014.08.024

 44. De toro-martín J, Arsenault BJ, Després JP, Vohl MC. Precision nutrition: a review of personalized nutritional approaches for the prevention and management of metabolic syndrome. Nutrients. (2017) 9:E913. doi: 10.3390/nu9080913

 45. Maslin K, Dean T, Arshad SH, Venter C. Fussy eating and feeding difficulties in infants and toddlers consuming a cows' milk exclusion diet. Pediatr Allergy Immunol. (2015) 26:503–8. doi: 10.1111/pai.12427

 46. Van erp FC, Boot J, Knulst AC, Pasmans SG, Van der ent CK, Meijer Y. Reintroduction failure after negative peanut challenges in children. Pediatr Allergy Immunol. (2014) 25:580–5. doi: 10.1111/pai.12266

 47. Bursztein S, Elwyn HE, Askanazi J, Kinney JM. Energy Metabolism, Indirect Calorimetry, and Nutrition. Baltimore, MD: William & Wilkins (1989).

 48. D'auria E, Fabiano V, Bertoli S, Bedogni G, Bosetti A, Pendezza E, et al. Growth pattern, resting energy expenditure, and nutrient intake of children with food allergies. Nutrients. (2019) 11:212. doi: 10.3390/nu11020212

 49. Da rocha EE, Alves VG, Silva MH, Chiesa CA, Da fonseca RB. Can measured resting energy expenditure be estimated by formulae in daily clinical nutrition practice? Curr Opin Clin Nutr Metab Care. (2005) 8:319–28. doi: 10.1097/01.mco.0000165012.77567.1e

 50. World Health Organization. Energy and Protein Requirements, Report of a Joint FAO/WHO/UNU Expert Consultation. Geneva: WHO (1985).

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2020 D'Auria, Pendezza and Zuccotti. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Personalized Nutrition in Food Allergy: Tips for Clinical Practice



		Introduction



		Patient Sensitization Profile: Cross-Reactivity or Co-sensitization?



		Type of Allergen and the “Matrix Effect”: The Lesson From Milk and Egg



		Individual Threshold Dose



		Dietary Habits and Preferences



		Nutritional Assessment and Patient—Tailored Nutritional Plan







		Discussion



		Author Contributions



		References

















OPS/images/cover.jpg
’ frontiers
in Pediatrics

Personalized Nutrition in Food
Allergy: Tips for Clinical Practice





OPS/images/fped-08-00113-g001.gif
Clinical history

Physical activity ‘ Type of allergen and
matoly offextn

5"

Personalized

nutritional
e
Dietary habitsand 01 W sensitization
e —. ' profile

Individual
g’ﬁ thresholddose T saw






OPS/images/fped-08-00113-t001.jpg
Single or muliple food allergy
Food amount provoking reactions

Symptoms every time food is eaten

Cultural and religious factors affecting dietary habits

Details and reasons for any avoided foods

Suspected allergen triggering reactions, other than those already known
Any current or previous treatment

Presence of any chronic condifion that may further impair dietary intake
Any fortified foods or nutritional supplements being taken









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Pediatrics





