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Food allergy is a rising public health concern, especially among children. It is estimated that up to 8% of children
are afflicted with food allergy [1]. In young children, milk and egg allergy are common culprits. There are no
US FDA approved treatments for food allergy and the current standard of care is strict avoidance and treatment
of reactions. Unfortunately, this strategy has significant negative impacts on quality of life due to anxiety about
accidental ingestions and also due to the central role that food plays in our society [2].

Various forms of immunotherapy are currently under investigation to treat food allergy, with the most promising
being oral immunotherapy (OIT). However, a limit of OIT is the high rate of adverse reactions, although reactions
are largely mild [3,4]. There has been increasing interest in the use of modified forms of allergenic proteins in OIT.
In the field of milk and egg allergy, extensively heated products, such as baked muffins, have shown promise as an
alternative form for OIT.

Prospective studies have shown that about 60–70% of milk and egg allergic children can actually tolerate the
protein when consumed in a baked good [5,6]. Previous clinical trials have suggested that patients who consume
baked milk and egg products are more likely to outgrow these respective allergies. One study evaluating 88 milk
allergic children found that the 65 children who were baked milk tolerant and consumed it regularly for a median
of 37 months were 16-times more likely to outgrow their milk allergy as compared with patients who were not
challenged to baked milk products [6]. Another study evaluating 79 egg allergic patients found that the 70 patients
who were baked egg tolerant and consumed it regularly for a median of 37.8 months were 14.6-times more likely
to outgrow their egg allergy as compared with patients who strictly avoided egg [5]. Furthermore, this study found
that the patients who consumed baked egg regularly had a faster time to resolution of their allergy at 50 months as
compared with 78.7 months.

However, not all studies have been as promising. A recent randomized controlled trial evaluated 21 children
between the 1 and 5 years of age who were instructed to eat baked goods containing 1.3 g of egg protein two-
to three-times per week for 6 months as compared with 22 children who consumed similar but egg free baked
goods [7]. They found that consuming baked egg did not affect raw egg tolerance as compared with the control
group as determined by a raw egg oral food challenge 1 month after discontinuation of the baked goods. Both
groups showed decreased egg specific IgE levels and decreased whole egg specific IgE/IgG4 ratios. Of note, this
study was limited by a short intervention period of 6 months and also a small sample size. Furthermore, the end
point of this study was tolerance to raw egg, which is rarely consumed and less clinically applicable.

There are subsets of patients with more severe phenotypes who will likely not tolerate baked milk OIT. One study
evaluated the use of baked milk immunotherapy in 15 patients who failed milk OIT [8]. Patients were challenged
with baked milk, up to 120 mg of muffin and then started on OIT at less than half the dose that elicited a reaction.
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This dose was then given daily for 1 month at home and then the dose was increased by 50% at each following
month. They found that only three out of 14 patients were able to achieve the primary end point of tolerating
1.3 g of milk protein in baked milk at the end of 12 months. Eight patients were unable to achieve this primary
end point due to IgE-mediated reactions. The patients in this study likely had a more severe form of food allergy
as most had a history of anaphylaxis and had required epinephrine. Given these patients initially reacted to doses
lower than 1.3 g of baked milk protein, they would have been categorized as baked milk reactive in other baked
milk studies, as previous studies have largely used 1.3 g of milk protein as the initial challenge dose.

Additional, ideally prospective, controlled studies would be elucidating in regards to whether regular consumption
of baked goods truly accelerates resolution of milk and egg allergy. It is possible that children who tolerate baked
forms of these proteins may have less severe disease and would be more likely to outgrow their allergies regardless.
An ideal control group would be of patients who are baked milk or egg tolerant but who continue to avoid baked
products. However, given the increase in quality of life and expanded dietary options that ingestion of baked goods
offer patients and families, it would be difficult to recruit patients to such a control group for an extended period
of time.

The mechanism that allows children to tolerate baked but not raw or less heated forms of these proteins have
been proposed. Extensively heating these proteins is thought to destroy conformational epitopes and interaction
with a food matrix may play a role. The major allergenic protein in cow’s milk is casein while the major allergenic
protein in egg is ovomucoid. Both casein and ovomucoid have been shown to be relatively resistant to denaturation
with heat. On the other hand, whey proteins in milk and ovalbumin in egg are heat labile. Patients with higher
specific IgE levels for casein and ovomucoid are less likely to tolerate these baked goods, respectively [9,10]. Baking
milk and egg in a wheat matrix has also been shown to decrease IgE reactivity [11].

Previous studies have found that the consumption of baked milk and egg products on a regular basis is associated
with immunologic changes that are similar to alterations seen with traditional OIT. Clinical trials have shown
decreases in milk and egg white skin prick test wheal size, as well as a decrease in milk specific IgE reactivity and
basophil reactivity and decreases in ovalbumin specific and ovomucoid specific IgE levels [8,12–14]. Studies have also
shown an increase in casein specific, ovalbumin specific and ovomucoid specific IgG4 levels [6,12,13].

One challenge in the field has been identifying patients who are likely to tolerate baked forms of milk and egg
and identifying patients who are unlikely to tolerate these extensively heated proteins. Although skin testing and
the measurement of specific IgE have been shown to help identify patients with these respective allergies, studies
have not found these tests to be predictive of which children can tolerate baked forms of these allergens. Various
studies have suggested different cutoffs for milk and egg skin prick tests and milk, casein, egg white and ovomucoid
specific IgE levels; however, there has been significant variability in how studies are conducted with respect to
preparation of the baked goods, selection of patients and the inclusion of controls [15]. A recent study suggests that
patients with negative skin prick-prick (prick of food followed by prick of patient) with a baked milk muffin slurry
may predict those who are likely to tolerate baked milk [16].

Oral food challenges (OFC) to baked milk and egg products are generally safe. However, severe reactions
requiring epinephrine have been reported along with one recent fatal reaction and therefore these challenges are
most safely performed in the physician’s office. The British Society for Allergy and Clinical Immunology does allow
for patients who have only had mild reactions to substantial amounts of allergen to attempt introduction of baked
products at home [17,18]. Consumption of baked milk and egg products have been reported to have no consequences
on BMI, intestinal permeability, or the development or worsening of other allergic conditions [12,13].

Instructions for patients and their families on baking methods are important for ensuring proper adherence to
the ongoing consumption of baked forms of these products at home. Baked egg studies have largely been conducted
with 2.2 g of egg protein baked at 350◦F for 30 min [5], although a study has used up to 3.8 g of egg protein [19].
Baked milk studies have largely used 1.3 g of milk baked at 350◦F for 30 min [6,20]. Some cases have been reported
where patients pass their initial OFC to baked muffins in the office but then react to products at home raising
concern for improperly baked products at home. Previous studies have suggested that patients eat one to three
servings of the baked form of the protein per day at home, although practically, consumption three-times per week
may be more feasible [5,6].

Although the goal of introducing baked milk and egg products into the diet is to open up dietary options and
hopefully accelerate the resolution of the allergy, studies have demonstrated that passing initial baked milk or egg
challenges does not ensure ongoing consumption. Recently, a prospective trial from Israel followed 85 children
with milk allergy for a median of 29 months and assessed the tolerability and adherence to a baked milk diet [21].
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The investigators found that 70 children (82%) initially tolerated the initial baked milk challenge. They reported
that 13 patients (19%) eventually stopped consuming baked milk products due to reactions that included mild skin
rash, oropharyngeal symptoms, rhinorrhea, gastrointestinal (GI) symptoms, and three patients reported aversion
and/or emotional distress. These patients refused an in-office rechallenge, raising the question of improperly baked
goods at home. In the study, 45 children subsequently underwent a baked cheese challenge; 38 children (84%)
passed this challenge. Seven patients (18%) who initially passed the baked cheese challenge subsequently stopped
regular consumption due to symptoms, including GI and oropharyngeal reactions. Previous studies have found
higher rates of ongoing consumption [20,22].

The majority of children with milk and egg allergies tolerate baked milk and egg products. Although relatively
safe, baked milk and egg oral food challenges are ideally conducted in a physician’s office given reports of adverse
reactions requiring the use of epinephrine and one fatal reaction. Once tolerance to these products is demonstrated,
regular consumption may have potential benefits, including increased quality of life due to expanded dietary options
and also potential use as OIT with hopes of accelerating resolution of the milk and egg allergy.

Financial & competing interests disclosure

This work was supported by NIH grant T32 AI 007469. The authors have no other relevant affiliations or financial involvement

with any organization or entity with a financial interest in or financial conflict with the subject matter or materials discussed in the

manuscript apart from those disclosed.

No writing assistance was utilized in the production of this manuscript.

References
1 Gupta RS, Springston EE, Warrier MR et al. The prevalence, severity, and distribution of childhood food allergy in the United States.

Pediatrics 128, e9–e17 (2011).

2 Walkner M, Warren C, Gupta RS. Quality of life in food allergy patients and their families. Pediatr. Clin. North Am. 62, 1453–1461
(2015).

3 Jones SM, Burks AW, Keet C et al. Long-term treatment with egg oral immunotherapy enhances sustained unresponsiveness that persists
after cessation of therapy. J. Allergy Clin. Immunol. 137,1117.e10–1127.e10 (2016).

4 Keet CA, Seopaul S, Knorr S, Narisety S, Skripak J, Wood RA. Long-term follow-up of oral immunotherapy for cow’s milk allergy. J.
Allergy Clin. Immunol. 132, 737.e6–739.e6 (2013).

5 Leonard SA, Sampson HA, Sicherer SH et al. Dietary baked egg accelerates resolution of egg allergy in children. J. Allergy Clin. Immunol.
130, 473.e1–80.e1 (2012).
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