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Abstract

Baked milk (BM) and baked egg (BE) diets are increasingly used in the management of milk and egg allergy, rather than
avoidance. Children with tolerance versus reactivity to BM and BE may have smaller skin prick test and lower specific IgE,
and BM-tolerant children have less basophil reactivity and more peripheral T regulatory cells. However, most milk- and egg-
allergic children tolerate BM and BE and an individual’s reactivity is unpredictable. Non-reactivity is due to conformational
changes in the allergens. Significant differences in the published advice about methods of introduction exist from graded
introduction at home to a medically supervised full dose. These approaches carry different risks and may have different immu-
nological effects. Reactivity to BM is a predictor of a severe milk allergy. Therefore, medical supervision for BM and BE
introduction is prudent. The baked diet allows dietary liberation. Most, but not all, BM- and BE-tolerant children continue eating
the baked foods. The prognosis of children who can eat BM and BE is favorable with likely resolution of their allergy over the
next few years. Murine models of BE diets demonstrate that heated egg can impart clinical protection against anaphylaxis and
cause immune changes. Most observational human studies of BM and BE diets demonstrate clinical resolution of allergy and
favorable immune changes versus regular care controls. However, the one randomized controlled trial for the BE diet in BE-
tolerant children did not support an immune-modifying effect of the BE diet. Another study of BE immunotherapy is expected to
be completed in 2018. There is currently no evidence for prevention of allergy with the baked diets. There may be a future role for
BM and BE in liberating the diets of individuals with non-IgE-mediated allergy given recent studies that a subset of these patients
can consume BM without a clinical reaction.
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Background

Milk and egg allergy are a significant problem in childhood.
While the exact prevalence of food allergies is difficult to state
[1], food allergies affect up to approximately 8% of children and
milk and egg are the among the most common causative foods
in the USA [2] and in Europe [3]. Food allergies impact the daily
lives of children and their families [4]. Milk and egg are
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contained in many foods children typically socially enjoy such
as pizza and cake and thus impact children in many aspects of
their lives. Additionally, parental perception of children’s quality
of life is affected by the duration of cow’s milk exclusion diets
[5]. For most food allergies, the standard of care is avoidance
and preparation for accidental exposure by carrying epinephrine
auto-injectors to be administered as first-line treatment for ana-
phylaxis [6]. There are significant potential nutritional deficien-
cies to restrictive diets, especially to milk [7].

Milk and egg allergy typically has the best prognosis of
food allergies, and in many children the allergy is outgrown
by school age [8]. However, it is now known that some chil-
dren have persistent milk [9, 10] and egg allergy [11].

There is an enormous need to treat food allergies, and mul-
tiple approaches are being investigated. One with great poten-
tial is oral immunotherapy (OIT). However, wide adoption of
OIT with intact foods had been hindered by the risk of allergic
reactions, limited ability to induce a long-term tolerance, high
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numbers of dropouts, and poor long-term results [12].
Specifically to milk, there was disappointment in the long-
term results of all 32 children who completed OIT to milk at
Johns Hopkins with only 31% of milk OIT clinical trial pa-
tients tolerating full-dose servings of milk after completing
immunotherapy [13].

For many years, it has been known that some egg-allergic
children can eat heated egg without allergic reaction [14, 15].
The same phenomenon was formally described for milk [16].
There is now no doubt that most egg- and milk-allergic chil-
dren can eat the baked form without an allergic reaction
[17-19]. Baked milk (BM) and baked egg (BE) diets are ac-
cepted clinical practice in the management of milk and egg
allergy [20, 21]. There are also now data that some children
with non-IgE-mediated allergy can tolerate baked diets as re-
ported for eosinophilic esophagitis (EoE) [22] and for food
protein-induced enterocolitis (FPIES) [23]. The uncertainty
remains about whether the prognosis of these children is al-
tered by consuming the baked diet.

This review will focus on hen’s egg (egg) or cow’s milk
(milk). We will discuss the molecular features of egg and milk,
which alter with heat and with baking into a matrix. We will
discuss the testing which predicts BM and BE tolerance. We
will review the immune effects of the baked diets in murine
models and humans. We will present the studies in which
baked diets were introduced, distinguishing between baked
diets in people known to tolerate the baked product and baked
diets in those reactive to the baked product. We will discuss
whether the modified food is driving immune changes or is
just a marker for a milder phenotype. We will also briefly
consider data on prevention of allergy with baked diets.

Allergenicity of Milk and Egg Is Altered
by Heat

Milk

Heat treatment has long been recognized to have the potential to
alter allergenicity of proteins. Guinea pig experiments dating
back to the 1970s recognized that heating milk could alter its
allergenicity [24], and it was postulated that heating whey may
reduce the allergenicity of infant formulas [25]. Now it is well
recognized that the processing of food proteins alters their struc-
ture and potential to induce allergy [26-28]. The allergenic
characteristics of a protein are determined by both the epitopes
formed by the sequential amino acids and epitopes arising from
the three-dimensional shape of the protein, called conforma-
tional epitopes. Heating causes a loss of the conformational
epitopes and largely preserves the sequential epitopes.

The predominant allergens in cow’s milk are caseins and
whey [29, 30]. Casein (Bos d 8) is the major protein in cow’s
milk, and it accounts for 80% of the total protein content.

Caseins are further subdivided into «S1-casein (Bos d 9),
«S2-casein (Bos d 10), 3-casein (Bos d 11), and k-casein
(Bos d 12). Whey proteins account for 20% of the total
amount of proteins present in cow’s milk. The major whey
proteins consist of -lactoglobulin (Bos d 5), «-lactalbumin
(Bos d 4), immunoglobulins (Bos d 7), bovine serum albumin
(Bos d 6), and lactoferrin. Casein is the major heat-stable
allergen, and it is detectable regardless of the time of heating
[26-28], whereas the whey proteins are altered by heat.
Typical commercially available milk is heated by pasteuriza-
tion (70-80 °C for 15-20 s), sterilization (110-120 °C for 10—
20 min), or ultra-high-temperature sterilization (135-145 °C
for 0.5—4 s) [31], or milk powders can be made by vacuum
evaporation and then spray-drying the milk with hot air for
20 seconds up to minutes. The powder is then reconstituted
with water to create a liquid milk product. These methods may
alter the allergenicity of milks, although human clinical stud-
ies are lacking and these commercially processed milks should
not be considered as equivalent to extensively heated/baked
milk in terms of allergenicity [28]. In this review, we will refer
to all of these liquid, non-cooked milks as liquid milk (LM).

Egg

Egg white (EW) and egg yolk differ in their protein constitu-
ents and allergenicity. EW is more likely to be the cause of
food allergies than the yolk. The major allergens in egg are
ovalbumin (OVA, Gal d 2) and ovomucoid (OVM, Gal d 1).
Other allergens in egg white are ovotransferrin (also called
conalbumin, Gal d 3) and lysozyme (Gal d 4). Alpha-livetin
(also called chicken serum albumin, Gal d 5) is the major
allergen in egg yolk relevant in the egg-bird syndrome [32].
OVM is the dominant allergen in egg white [33], even though
it is not the most abundant protein. OVM is heat stable while
the other major allergens are all heat labile [32]. It is worth
noting that brief heat treatment may not be enough to reduce
the allergenicity of EW. The time of cooking has a larger effect
on egg allergenicity than the temperature used, as measured
in vitro [34]. A separate clinical study has also shown that
brief heating is insufficient to reduce allergenicity. Forty pa-
tients were fed both raw EW and dehydrated EW, which is
heated for 59 °C and then spray dried with hot air at 80 °C for
1 min. Ten patients reacted to both forms of EW and 30
reacted to neither [35]. Powdered EW was therefore stated to
have the same clinical reactivity as raw EW.

The Milk and Egg Ladder and the Effect
of the Matrix

The properties of the allergenic proteins are more complex
than simply being heat labile or heat stable. There is an emerg-
ing understanding of the role of the matrix in which foods are
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baked. The various levels of allergenicity of milk according to
heat treatment and matrix incorporation have been referred to
as the “ladder” for both milk [27, 36] and egg [37, 38]. For
milk, the lowest level, or least likely to cause an allergic reac-
tion in milk-allergic individuals, is a product which contains
milk baked within a matrix such as wheat. The next level
includes cooked cheese such as pizza, and then the most al-
lergenic level includes uncooked cheese and liquid, non-
cooked milk. These empirically defined categories can be fur-
ther divided with milk products such as rice pudding being
placed between cheese and liquid, non-cooked milk [39].

Eggs can be considered to be in various states of cooking
from raw egg, to lightly cooked egg, well-cooked egg, and
baked egg [37, 38]. Raw egg (RE) is the form of egg in foods
such as salad dressings, icing, and mayonnaise. Lightly
cooked egg (LCE) would include scrambled eggs, quiche,
and meringue. Similar to milk, the antigenicity of egg white
is also altered by wheat flour. For example, EW heated for
30 min in the presence of wheat flour has less antigenic activ-
ity as assessed by an inhibition ELISA assay after protein
separation with SDS-PAGE [40]. According to one published
egg ladder [37, 38], the well-cooked egg category includes
egg noodles, egg in processed meats such as sausages, and
BE in a matrix such as it would be found in muffins, waffles,
and cakes. These designations are partly based on in vitro
studies and partly empirical.

Throughout the literature, the terminology of BE and BM
differs, with some authors using the term extensively heated,
some using well-cooked, and others using baked for the same
product. In this review, we will use BM or BE to mean a
bakery good-style product such as a waffle, muffin, cookie,
or brownie, unless otherwise noted.

There may be differential effects on allergenicity in baked
goods with wheat versus non-wheat flours. A retrospective
review of 104 children reported that after adjusting for gender,
the odds ratio of reacting to BE in a muffin-containing wheat
replacer was 3.56 (95% CI 1.16, 11.69; p = 0.0264) compared
to BE in a muffin made with wheat flour [41]. This study is
observational and did not directly challenge wheat flour BM-
tolerant patients to muffins made with rice flour, and so further
evidence is needed as to whether there is a difference in toler-
ance to milk made in these two matrices.

The Baked Diet Is Not Just Simply
Underdosing the Antigen

BM and BE diets are tolerated not simply because of
underdosing the antigen. A BM muffin prepared according
to standard directions contains about 1.3 g of milk protein
whereas a glass of milk contains about 8-9 g of milk protein.
In the original Nowak-Wegrzyn et al. paper [16], the BM-
tolerant children could tolerate 1.3 g of BM protein in a muffin
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and then a few hours later tolerate a waffle with 1.3 g of
BM protein, and yet when they were exposed to regular milk
the median eliciting dose was 0.4 g milk protein. Furthermore,
a study of milk desensitization in children allergic to both BM
and LM showed that 8/13 children had a BM dose eliciting a
dose threshold more than double their individual eliciting dose
threshold to LM [42]. Therefore, in children allergic to both
forms, some may be able to tolerate more BM than LM.

The cautions required about avoiding undercooked milk
have been addressed in a few publications on how to practi-
cally include BM in diets [19, 43]. It is known that some BM-
tolerant individuals will react to the exact same amount of
milk they have tolerated when it is not as fully baked. This
observation supports that the milk allergenicity is changed by
the baking process in the muffin.

For egg, it has also been reported that children can eat more
egg in the baked form than in the regular form [44, 45]. Avery
recent study examined the thresholds for clinical reactivity in
children who had undergone clinical BM or LM or BE or
lightly cooked egg challenges. The data were collected from
different children having a BM or LM challenge, not individ-
ual children reacting to the baked form who then had a LM
challenge. The ED50, the eliciting dose predicted to cause a
clinical reaction in 50% of the population, was calculated. The
eliciting dose for positive challenges for cow’s milk were
found to be ED50 of 103-157mg to LM and the baked was
148-177mg. Similarly, in egg, the predicted ED50 for lightly
cooked egg was 296-360 mg and for BE was 332-384 mg
egg protein [46]. There are some limitations to using routinely
collected data for threshold analysis; for example, many chil-
dren reacted to the first dose, so the lowest threshold is not
possible to derive from these data. Overall, the conclusions
supported the prior studies that tolerance to baked goods is not
likely to be due simply to underdosing the antigen, but rather
to a thermal modification of the protein allergenicity.

Tolerance and Reactivity to Baked Milk
Informs Severity Prediction

Importantly, cow’s milk has been reported to be the most
likely food to cause anaphylactic death in children under
16 years old in the UK [47] as well as in Israel [48].
Biological markers are imperfect to predict who is at risk of
fatal allergic reactions [49], and therefore, all anaphylaxis is
considered potentially fatal with the advice to administer epi-
nephrine as first line [6, 50]. It has been shown that the chil-
dren who tolerate BM were far less likely to have anaphylaxis
requiring epinephrine when challenged with regular milk [16].
A recent review included an allergy to extensively heated
(baked) milk as a potential predictor of severe food allergy
[51]. There had been no reported fatality from clinical oral
food challenges until 2017 at which time a 3-year-old boy
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was reported to have died following a BM challenge [52].
Significant caution is required for all oral food challenges
(OFCs). For individuals found to be allergic to BM, they are
at risk of severe anaphylaxis upon milk exposure.

BE oral challenges have not shown this same ability to
predict severity [45]. Both BE-reactive and BE-tolerant indi-
viduals experienced anaphylaxis at similar rates (18.5 versus
23%). The pros and cons of a baked challenge are summarized
in Table 1.

How Do We Know Who Can Tolerate Baked
Milk and Baked Egg?

Some families have introduced BM or BE first and then later
discovered allergy to the raw or lightly cooked form. If toler-
ance to the baked form is clear from the history, then the
individual should continue eating the food as part of their
regular diet [53]. If the reactivity is unknown, the gold stan-
dard to diagnose food allergy is the double-blind, placebo-
controlled (DBPC) oral food challenge (OFC). However, this
procedure is time consuming and expensive and has a risk of
inducing anaphylaxis. Open challenges are often an accept-
able way to perform OFC but are still expensive and carry risk
[54, 55]. OFCs require precautions and procedures to ensure
the highest level of safety [56]. Laboratory testing can help
identify who may or may not tolerate baked goods, and for
whom to offer oral food challenges. Studies on BM or BE
have not found consistent historical clinical or laboratory in-
dicators of who will be able to tolerate BM or BE, as was
recently reviewed [17], although some trends have emerged.

The Role of Skin Prick and Laboratory Testing
in Predicting Baked Milk Tolerance

Multiple studies have found the size of the commercial cow’s
milk (CM) skin prick test (SPT) to be predictive of passing an
OFC to BM including the prospective study of 100 children
reported by Nowak-Wegrzyn et al. [16], and the retrospective
study of 35 children reported by Bartnikas et al. [57]. Both of
these studies found a good negative predictive value (NPV)
for the CM SPT with a NPV of 100% to 5 and 7 mm, respec-
tively. Uncuoglu et al. [23] and Ford et al. [58] also found the
size of the CM SPT to be predictive of BM tolerance.

However, the size of the CM SPT had no statistical difference
between BM-reactive or tolerant individuals in Agyemang
et al. [59] and Mehr et al. [60].

The specific IgE (sIgE) to milk has been reported to be
predictive of passing a challenge. Caubet et al. [61] had a total
of 225 prospectively enrolled children, including 100 patients
from Nowak-Wegrzyn et al. [16], aged 2.1-17.3 years, and
suggested a cutoff of 10 kU /L for CM sIgE. A low sIgE, less
than 1.21 kU /L, had high NPV (95% sensitivity). They also
suggested an optimal cutoff using molecular allergen analysis:
5 kUA/L for casein sIgE. In other studies, both sIgE to milk
and sIgE to casein have had discriminatory utility including in
Ford et al. [58], Bartnikas et al. [57], Caubet et al. [61], Kwan
et al. [62], Agyemang et al. [59], and Uncuoglu et al. [23].
Casein sIgE was also discriminatory in the study of Barbosa
et al. [63]. Furthermore, using a peptide microarray, Wang
et al. [64] showed that children with less IgE epitope diversity
and lower affinity were more likely to tolerate BM and that
these changes were similar to those who had outgrown their
milk allergy. The diagnosis of milk allergy using the molecu-
lar components of milk has recently been reviewed [65]. Other
allergens examined for predictive value include (3-
lactoglobulin and «-lactalbumin, but these have not been
found to discriminate BM reactivity.

Ford et al. [58] described 132 children who were grouped
into BM-reactive, BM-tolerant, or outgrown milk allergy and
then further assessed the BM-tolerant group by whether they
could tolerate muffins, pizza, or rice pudding. They reported
that in addition to CM SPT and sIgE to casein and milk, the
milk-specific basophil reactivity and spontaneous basophil
activation could discriminate between phenotypes of milk-
allergic children. Interestingly, this study highlighted that
some measures, such as casein IgE/IgG4 and the ratio of
milk-specific basophil reactivity to non-specific (anti-IgE) ba-
sophil activation, did not discriminate between milk-allergic
children who have outgrown their milk allergy and those who
are BM-tolerant, suggesting that the immune response to milk
in BM-tolerant individuals is progressing toward resolution of
their allergy. The basophil findings support an earlier work by
Wanich et al. [66] which showed that basophils from BM-
tolerant children were less responsive to milk allergen stimu-
lation than from BM-reactive children.

Differences in T regulatory cells (Tregs) have been de-
scribed between BM-tolerant and BM-reactive children.

Table 1 Pros and cons for a
baked challenge Pros

Cons

Discover severity of milk allergy
Discover prognosis

Reduce dietary restrictions
Possibly hasten tolerance for milk

Risk of reaction to the challenge
May have trouble following the diet
May have mild reactions after known to tolerate
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Shreffler et al. [67] showed that Tregs were present in a higher
frequency in the circulation in children with BM-tolerance
than in children reactive to BM.

In recognition of the importance of the matrix to BM reac-
tivity, a few studies have utilized skin prick testing with a
muffin slurry to predict BM OFC results. In a retrospective
analysis of children with positive (>3 mm) CM SPT milk
tests, a negative muffin slurry was predictive of BM tolerance
[68]; however, the prevalence of BM allergy in this population
was unknown because these patients were not offered chal-
lenges unless the muffin test was negative. Kwan et al. [62]
enrolled 30 children with milk SPT between 8 and 14 mm to
enrich the group for BM-reactive children and offered OFC to
all children. They found that a negative muffin slurry test (<
3 mm) was predictive of passing the OFC. However, Mehr
et al. [60] did not find a muffin slurry to be predictive of BM-
tolerance.

In summary, children with BM-tolerance versus reactivity
may have smaller CM SPT, lower sIgE to milk and casein, less
basophil reactivity, and more peripheral Treg cells.
Additionally, the immunological parameters in patients with
BM-tolerance approach the parameters seen when naturally
outgrowing milk allergy, and in some cases are indistinguish-
able from those seen when outgrowing milk allergy. Despite
these trends, the testing to predict BM reactivity is imperfect
and not consistent across the studies, which are not directly
comparable due to different populations and methodology. As
an example, low casein sIgE is statistically predictive of BM
tolerance and yet it has been documented that a child even
with <0.35 kU /L casein sIgE can react to BM [57]. Given
that the testing for BM tolerance is variable and because reac-
tions to BM can be so severe, the most prudent approach is for
medically supervised challenges to BM [17].

The Role of Skin Prick and Laboratory Testing
in Predicting Baked Egg Tolerance

The studies using laboratory testing to predict BE tolerance
have had varying results, as was recently extensively reviewed
[17, 32]. Multiple studies have attempted to define predictors
for BE reactivity [44, 45, 68-76]. The commercial EW SPT
has been reported to have good NPV in some studies. For
example, in a retrospective study of 52 egg-allergic children
reported by Cortot et al. [69], all 9 children with an EW SPT
less than 10 mm passed the BE OFC. In Bartnikas et al. [70], a
retrospective review of 169 OFC to BE, the >90% predictive
value for passing the challenge was an 11-mm wheal [70]. In
95 children undergoing OFC to BE reported by Clark et al.
[76], BE OFCs were usually successful when the SPT was less
than 5 mm. The EW SPT to consider excluding a challenge
has been high. For example, in Cortot et al. two thirds of the
children passed the BE OFC even with an EW SPT > 30 mm
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[69], although in another study 25 mm was reported to have
95% specificity [70].

The decision points suggested for sIgE to EW have also
varied. For example, for sIgE to EW, Caubet et al. [73] found
the >95% specificity for predicting BE reactivity to be
26.2 kU /L, whereas Bartnikas et al. [70] found > 95% spec-
ificity for predicting BE reactivity to be 9.65 kU/L, and
Lieberman et al. [71] reported that an EW sIgE of 10.0 kU 4/
L had a specificity of 94% and showed that the EW sIgE was
superior to the EW SPT to predict the outcome of BE
challenges.

The sIgE to OVM also differs between BE-reactive and
BE-tolerant individuals; however, a consistent decision point
has not been found and the OVM sIgE does not offer diag-
nostic utility above SPT and sIgE to EW [32]. The >95%
specificity for sIgE to OVM has been reported as 3.38 kU 5/
L [70], and Lemon-Mule et al. [45] found that OVM sIgE at
high levels (> 50 kU /L) had a high positive predictive value
(PPV). Caubet et al. also found OVM to be predictive of BM
reactivity: OVM sIgE of 12.8 kU /L had a sensitivity of >
95%. Tan et al. [77] found OVM SPT > 11 mm wheal to have
a high PPV. The PPV will change with the prevalence of
allergy in the study, and they are not directly comparable.

OVM may have better ability to discriminate RE-allergic
children who can tolerate cooked egg products than children
who can tolerate BE products. It is postulated that the wheat
matrix in BE products reduces the allergenicity of OVM to the
point that OVM is not more informative than regular EW SPT
and sIgE [32]. Overall, it is difficult to rule in or out who will
be BE reactive or BE-tolerant, and therefore, OFC to BE may
be best suited to a medically observed setting.

How Is BM or BE Introduced?

The interpretation of how to introduce a baked diet varies. In
the original descriptions of the BM diet, the patients had un-
dergone OFC to full servings of BM prior to including BM in
their diets. The research participants ate both a muffin contain-
ing 1.3 g of milk protein followed by a waffle, also containing
1.3 g milk protein [16]. Current suggestions for clinical use
from the Jaffe Food Allergy Institute suggests one muffin
(1.3 g of milk protein) to be used for a physician-supervised
BM oral food challenges and then, if there is no reaction to the
whole muffin, to incorporate BM goods at home [17].
However, these recommendations of the challenge material
and dichotomous assignment to a status of BM-tolerant or
BM-reactive are not universal. The British Society guidelines
recommend that a BM challenge can be performed with a
malted biscuit containing 1 g of milk [36]. If the individual
is deemed appropriate for a home challenge (young children
who have had a previous mild reaction to milk [e.g., mild rash,
gastroesophageal reflux]) with no concerning features



Clinic Rev Allerg Immunol (2018) 55:118-138

123

(previous cow’s milk allergy which affected breathing, the
gut, or circulation, asthma requiring a preventative inhaler or
uncontrolled asthma, multiple or complex allergy, no signifi-
cant reduction in SPT wheal since diagnosis, high milk sIgE
levels without any previous milk exposure, parents who are
unable to comprehend or adhere to the protocol), they suggest
that a milk-allergic individual start with the small biscuit and
then slowly build the dose over 5 weeks before moving up the
next step of the ladder. If a few days are missed, they recom-
mend going back down to a smaller amount and not to in-
crease the amount when the child is unwell and, if symptoms
are seen then, to reduce the dose to a previous dose which was
well tolerated. Once eating BM in the form of a biscuit, the
recommendations are that each step up the ladder be intro-
duced in trace amounts and, if there is a reaction, to go down
to a previous stage on the ladder. Whether graded introduc-
tions up the milk ladder are performed at home or in the office
is decided by prior severity of reaction and co-morbidities.

For baked egg challenges, it has been recommended to use
a muffin containing 2.2 g of egg protein [19] under medical
supervision. The British Society recommends home chal-
lenges for children without asthma and, if their prior reaction
was very mild (such as just redness around the mouth), to a
significant exposure (for example, a mouthful of scrambled
egg) and no ongoing asthma. The protocol suggests a fairy
cake made with one egg and 4 oz. of flour to be introduced at
home over days and, if there is any reaction, to stop and try
again 6 months later after a discussion with their physician
[37]. Both of these approaches aim to have only individuals
who tolerate a serving of BE include it in their diet.

In summary, the British methods for BM and BE introduc-
tion triage some BM and BE introductions to home. Their
BM protocol is likely to have many more children eating
small amounts of BM, even those who may react at higher
amounts and who would be considered BM-reactive to a full
muffin, versus the method of ensuring that a full serving is
tolerated in a medically observed setting. These two ap-
proaches differ significantly clinically and potentially im-
munologically. Avery slow OFC, such as one recommended
over days at home, may act as a form of desensitization and
not prove tolerance to an entire serving [ 54, 55]. Considering
the range of practices, when studying whether baked diets
have an immunological effect, it is important to distinguish
baked diets in those who can tolerate the product from baked
diets in those who cannot. Finally, in view of the recent fatal-
ity caused by an OFC to BM, triaging for home introduction
is associated with considerable risk. Therefore, studies to
define the very mild phenotype of milk allergy on the basis
of clinical characteristics and laboratory test results are nec-
essary to validate the proposed criteria for home introduc-
tion. In the authors’ opinion, an initial assessment of reactiv-
ity to BM is best suited for a supervised setting, e.g., office
under the physician supervision.

Tolerability of Baked Diets

Once BM and BE are introduced, they tend to be well toler-
ated as has been reviewed previously [17, 53]. Children eating
baked diets have had no negative effect on growth parameters
and intestinal permeability and for atopic conditions such as
atopic dermatitis. EoE was reported in a BM study in one child
with strict avoidance of milk and in one eating BM [78]. The
BM-tolerant child initially stopped and then re-introduced BM
after it was demonstrated that avoidance of BM lead to no
clinical improvement in their EoE. One child in the strict
avoidance group of the Netting et al. trial of BE OIT devel-
oped EoE [79]. Therefore, there has not been a strong associ-
ation with baked diets and the development of EoE.

Not all children introduced to the baked foods have contin-
ued the diet. In a follow-up questionnaire (median 12 months
after OFC) of their patients having undergone BM and BE
challenges, Lee et al. [80] reported that 8/75 (10.7%) of chil-
dren stopped eating any BM and 2/23 (8.7%) stopped eating
any BE. More recently, Weinbrand-Goichberg et al. [81] de-
scribed that 51/70 (81%) who passed a BM OFC were still
eating BM. Both studies noted that some children had mild
reactions and gastrointestinal symptoms and some disliked the
taste of BM and BE. In many of these patients, mild symptoms
can be attributed to mistakes during baking, e.g., not adhering
to the temperature and time of baking. Another common mis-
take is not baking individual servings, e.g., muffins versus
cake or bread rolls versus a loaf of bread. The original recipes
for BM and BE have been developed in individual servings to
ensure baking throughout, and baking a larger amount in-
creases the risk of not sufficiently baked and soggy middle
parts of the product. In the author’s experience (ANW), the
development of reactivity to BM or BE is an uncommon phe-
nomenon that has been seen in less than 5% of the patients
participating in clinical trials of baked diets at Mount Sinai.
However, baked diets add layers of complexity to the avoid-
ance of the allergenic food and require detailed instructions
and possibly a consultation with a registered dietician to facil-
itate adherence. Additionally, there has been a patient who
was eating BE and developed food protein enterocolitis
(FPIES)-like symptoms after eating RE [82].

Immunotherapy

The Merriam-Webster definition of immunotherapy is the
treatment or prevention of disease that involves the stimula-
tion, enhancement, suppression, or desensitization of the im-
mune system.

Food OIT has had multiple successes and clearly causes an
immune change to the food in many people. The remaining
controversies about food immunotherapy with the intact food
are predominantly concerning the safety and the longevity of
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the response [13]. Given that most milk- or egg-allergic chil-
dren can eat BM and BE respectively without allergic reac-
tions, it would be safe and convenient to use as OIT.

Immunotherapy to Milk and Egg

Before considering the immunotherapy effect of the baked
diets, it is helpful to consider the immunotherapy effect of
other forms of OIT to milk and egg. Table 2 compares and
contrasts the baked diets to regular OIT. In OIT, there are
characteristic immune changes [30] of an increase in slgG4,
an initial increase and then decrease in sIgE, basophil signal-
ing changes, and a reduction of the T cell proliferative re-
sponse to the food allergen. However, there are marked vari-
ations in OIT protocols for native foods, which result in dif-
ferent levels of efficacy, safety, tolerability, and long-term re-
sults [83].

Milk

A meta-analysis of randomized controlled trials (RCTs) for
milk OIT [84] summarized that desensitization was 10.3 times
more likely in children undergoing milk OIT versus those who
are not. The success if measured as the percent of patients
achieving desensitization has ranged from about 50% up to
90%. The safety, as measured by the use of epinephrine,
ranged from 6.7 to 30.8%. The immune changes showed an
increase in sIgG4, although sIgE was not statistically different
in treated and untreated groups. The form of milk used for OIT
has varied. Non-fat powdered milk [85] has been used, as has
pasteurized milk. The long-term result [13] for the Skripak
et al. trial [85] showed that the long-term efficacy may be poor
with only 31% of subjects tolerating a full serving of milk after
a median of 4.5 years from the start of OIT.

Egg

As was recently reviewed for egg OIT [86—88], the success rate
in terms of desensitization ranged from 27 to 92.5%. The use of
epinephrine ranged from none in some studies to 18 uses in 13
of 50 children during the buildup phase of OIT. There is enor-
mous variability in egg OIT protocols. The substance used for
desensitization has varied markedly across studies and has in-
cluded lyophilized egg, dehydrated egg white, pasteurized raw
egg white, or various forms of the natural egg such as RE white,
scrambled eggs, or hard-boiled egg. Most egg OITs have been
performed with some form of RE [86]. However, there are
some other forms which have been used which may help to
inform whether immune changes could occur with BE. A study
of egg OIT in children aged 1-8 years showed that a 3-month
OIT protocol with hard-boiled egg, a form of egg some consid-
er “lightly cooked” on the egg ladder [37, 38], followed by

3 months of daily intake of creamy deserts and flans
desensitized 69% of participants to 7 g of RE white, versus
51% of control participants [89]. There has also been a pilot
study of a placebo-controlled protocol with a hypoallergenic
egg product, hydrolyzed egg powder [90], in which 29 children
1-5.5 years old were given up to 9 g of hydrolyzed egg powder
over a 6-month period and then had an OFC with one boiled
egg. The children in the interventional group passed the OFC at
a rate of 36 versus 21% in the placebo group, which was not
statistically significant. There were significant immunological
findings. Specific IgG4 levels increased, and the CD203c+ and
CD63+ basophils decreased more in the treatment versus the
placebo group. These studies are illustrative because they dem-
onstrate that a protocol with one form of egg may have some
effect on the immune system response to another form of egg.
These marked protocol variations also mean that there is not a
clear comparator to BE OIT.

Sustained Unresponsiveness to Milk and Egg OIT

A recent review [91] evaluated the studies evaluating whether
OIT can alter the disease course and allow a person to eat the
food after a period of avoidance, called “sustained unrespon-
siveness (SU).” For milk and egg, Staden et al. [92] described
45 children who had a median of 21 months of OIT or an
elimination diet and then another OFC was performed after
2 months of stopping therapy, and there was no difference in
the rate of SU between the groups at 36 and 35%, respectively.
This study is consistent with Buchanan et al. [93] for egg OIT
and Keet et al. [13] for milk OIT. However, other studies have
found higher rates of SU, such as Vickery et al. [94] who
reported that six out of six children had SU after 1 month of
discontinuing an individually dosed egg OIT regimen for a
median time of 33 months.

Baked Milk Diets: Immunotherapy or a Marker
of Spontaneous Resolution of Milk Allergy
Baked Milk Diet

Murine Model

Murine models of food allergy have recently been reviewed
[95]. Mouse models of casein and whey allergy have contrib-
uted to our understanding of allergenicity of proteins.
Human Studies

Studies on BM have looked for clinical and laboratory chang-
es during the BM diet as summarized in Table 3. When com-

pared to historical controls who were avoiding milk, the chil-
dren eating BM became LM-tolerant at a much higher rate

@ Springer
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[78]. BM-tolerant patients consuming BM show immune
changes of decreased casein and o-lactoglobulin sIgE and
increased casein sIgG4 versus their own baseline [16] and
versus individuals avoiding milk [78]. Criticisms of these
studies include that they were all undertaken at a tertiary chil-
dren’s hospital without a randomized control group, without
blinding, and the historical controls were treated differently in
terms of phenotyping of their milk allergy and in terms of
access to OFC [98]. Therefore, the favorable outcomes seen
for BM-tolerant children may be because they have a better
prognosis than BM-reactive children, not because they are
eating BM. A long-term follow-up of the children ingesting
BM has been reported in abstract form by Nowak-Wegrzyn
et al. [96]. Over a median of 83 months, more than 70% of
BM-tolerant children became LM-tolerant versus < 10% BM-
reactive children.

Given the difficulty in recruiting BM-tolerant children to
enter trials of avoidance of BM, a different study design was
undertaken. In Nowak-Wegrzyn et al. [39], the children were
allocated to q6-month or ql2-month sequential OFC
progressing up the milk ladder from muffin to pizza to rice
pudding and finally to LM. There was no evidence that the
every 6-month challenges helped the children to acquire tol-
erance any earlier than the every 12-month challenges.

A systematic review was recently published analyzing the
studies on the immunological effect of BM and BE diets
which concluded that without a randomized controlled trial
(RCT), distinguishing between tolerance of BM as a marker
of being more likely to outgrow their milk allergy versus a
clinical and immunological effect of ingesting BM will not be
possible [98]. There has been no RCT for the BM diet.

It is important to note that most of these studies are in LM-
allergic children who could clearly tolerate BM. There is a
study assessing BM OIT in BM-reactive individuals. A cohort
of 15 patients who failed LM OIT underwent open-label BM
OIT as reported by Goldberg et al. [42]. This trial showed that
the introduction of BM to BM-allergic individuals might
slightly increase the threshold at which they react to LM,
however, there was no comparison group so it is not possible
to say if these patients would have had those changes with
avoidance. It is important to note that only three patients were
able to reach 1.3 g of BM and side effects were common. The
patients in this trial likely represent the most severe milk al-
lergy phenotype, given that they failed LM OIT. This trial is
also important to think about when considering how to convey
advice about progressing up the milk ladder. According to this
study, in terms of achieving LM tolerance, a BM-allergic per-
son may have limited results by increasing the amount of BM
in their diet.

A very recent study compared a milk OIT protocol starting
with BM to a milk OIT protocol starting with LM. Forty-one
children over 3 years old (average 6 years old) with DBPCFC-
proven LM allergy were randomized to a typical milk OIT

@ Springer

protocol with LM with a goal to reach maintenance
(2720 mg of milk protein) in 5 months, or an OIT protocol
starting with commercially available BM cookie followed by
a commercially available milk chocolate bar and then LM
OIT, with a goal to reach maintenance in 9 months. The ratio-
nale was that starting with BM may be safer [97]. There were
no differences in clinical or immunological outcomes between
the groups. The authors noted that the highly sensitive chil-
dren, those with a threshold of reactivity to milk protein rang-
ing from 3.4 to 17 mg, experienced the least increase in reac-
tivity with the highly sensitive children achieving only 104
versus 1802 mg for the others (p = 0.02). It was concluded that
severe events can occur in milk OIT even with slow protocols
with BM, and therefore, highly sensitive children need careful
evaluation and supervised updosing even with BM.

Overall, the studies for BM are quite persuasive that the
ability to ecat BM without an allergic reaction is an excellent
prognostic sign for the subsequent development of tolerance to
LM. Whether the BM itself is having an immune effect is not
clear from these studies. Additionally, there are no studies ad-
dressing outcomes for SU to BM after a period of avoidance.

Baked Egg Diets: Immunotherapy or a Marker
of Spontaneous Resolution of Milk Allergy

Murine Models

Murine models have examined the effect of heated OVA in OIT.
A murine model of anaphylaxis has shown that heated OVA and
heated OVM do not cause anaphylaxis when fed to sensitized
mice orally; however, these heated antigens still cause anaphy-
laxis when given systemically [99]. Subsequently, the same
group demonstrated that heated OVM was as efficacious as
native OVM [100]. After OIT with heated OVM, the sensitized
mice were protected more to an OFC than to a systemic chal-
lenge (intraperitoneal injection). The investigators did not dem-
onstrate any changes in peripheral blood basophil activation or
on peritoneal mast cell activation. Instead, they reported that
protection was localized to the gastrointestinal tract and was
associated with gene expression changes in the jejunum. These
results suggest that the heated form of egg could retain the ability
to cause immune changes and yet have less systemic side effects
when used for OIT. It also suggests that evidence of successful
immunotherapy may need to be sought locally in the GI tract,
rather than by systemic markers.

Jimenez-Saiz et al. [101] have described a murine model of
egg OIT using heated and ovomucoid-depleted egg white
(HOMEW). HOMEW was the precipitate prepared from
pH-adjusted EW heated to 95 °C for 30 min and centrifuged.
The OVM was removed by centrifuge due to the property that
OVM is retained in the supernatant. Mice were sensitized to
EW and then treated with HOMEW in two different doses or
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placebo three times a week for 6 weeks and then underwent
food challenge with EW at week 13. The outcomes were his-
tamine release on food challenge and immunological param-
eters. The HOMEW-treated mice had significantly less hista-
mine release on EW challenge, lower EW sIgE, and lower IL-
4 levels, as well as higher IL-10 and IFN-y, than the untreated
mice. Treated mice also demonstrated increased fecal IgA
than did untreated mice. This study showed that the
HOMEW OIT resulted in many immunological changes sug-
gestive of successful OIT and that HOMEW may have poten-
tial to be used for OIT.

Human Studies

Studies of BE immunotherapy are summarized in Table 4.
Some observational trials have shown the speed of resolution
of egg allergy after BE introduction has been remarkable. For
example, in the report of their clinic patients by Konstantinou
et al. [102] in which they challenged the children referred to
their clinic for egg allergy, they found that most of the referred
patients could tolerate 0.63 mg of BE protein in cake, and after
6 months of gradual increase to 1.5 g of egg protein in BE,
almost all of their patients could tolerate RE. These patients
were very young with a median age of 24 months and they
were not challenged to RE at baseline, so this population may
have had many children who were not allergic to RE at base-
line. Allen et al. [103] performed a retrospective questionnaire
study of their clinic patients to discover their dietary advice
(from allergy specialists, dieticians, pediatricians, and general
practitioners) and whether the advice or diet influenced the
prevalence of egg allergy years after they were initially seen
in clinic. There was no statistical difference in the rate of egg
allergy resolution by dietary exposure to egg, although more
children eating BE than not outgrew their allergy. The studies
by Lemon-Mule et al. [45] and Leonard et al. [82] are the
initial and long-term follow-up, respectively, of a prospective
cohort of RE-allergic children in whom BE was introduced to
their diets after passing a BE OFC, or avoided if they were
reactive to BE. The children had serial OFC to RE if they were
BE-tolerant, and to BE if they were BE reactive. BE-tolerant
group were evaluated for multiple outcomes including chang-
es in their own immune evaluation, as well as a comparison to
the BE-reactive group and historical controls in rates of pass-
ing OFC to LCE. Overall, these prospective studies showed
that the BE-tolerant participants tolerated LCE at a much
higher rate than BE-reactive participants or the historical con-
trols and that there were significant immune changes from
baseline. These studies suggested that the ingestion of BE
may be hastening tolerance.

Immunological changes with ingestion of BE including
increases in sIgG4 and decreases in sIgE [45, 82] have been
documented in observational cohorts. However, a study by
Tey et al. [104] reported that eating BE did not appear to cause

immunological changes. In this retrospective cohort of 125
children who were OFC positive to RE, the EW SPT was
examined for children grouped by their BE exposure. There
was no difference in the rate of decline of the size of the EW
SPT based on BE ingestion.

The study by Netting et al. [79] is notable because they
performed a RCT with a double-blind, placebo-controlled
(DBPC) methodology of BE introduction in BE-tolerant, like-
ly RE-allergic children. In this study, the eligibility was chil-
dren aged 6 month to 5 years who had a recent clinical reac-
tion to egg (within 12 months) and positive SPT to EW, or
high likelihood SPT tests (SPT >5 mm if 6 months—2 years
old or> 8 mm if 2-5 years old). They performed BE OFC with
10 g of egg baked in a muffin (1.3 g egg protein). An OFC
with RE confirmed RE allergy in those children whose SPT to
egg was small (SPT <5 mm if 6 months—2 years old or <
8 mm if 2-5 years old) if they did not have a clinical history of
reaction to raw egg in the last 12 months. The study investi-
gators supplied the baked products containing 1.3 g egg pro-
tein or placebo for home consumption two to three times a
week for 6 months. The children then had an OFC to RE
unless there was a recent clear accidental exposure with a
resulting allergic reaction. They had to screen more than 200
children for eligibility to offer 83 children BE OFC, 43 of
whom passed. These children were randomized to the inter-
vention (21) or placebo (22). The enrolled children had a
median age of 2 years. Two children withdrew from both
groups due to failure to eat the study product or illness. One
was lost to follow-up in the control group, and three (two in
intervention and one in control) did not have a RE OFC.
Therefore, 35 had open OFC 1 month after stopping interven-
tional diet. There was no difference between groups in the rate
of passing the RE OFC (4/17 (23%) intervention and 6/18
(33%) placebo) or in terms of immunological outcomes.
One child in the control group was diagnosed with EoE; the
method of diagnosis not specified. The authors concluded that
there was no evidence that short-term, regular consumption of
BE products in this selected population of BE-tolerant young
children modified tolerance acquisition.

Overall, although the initial retrospective and prospective
cohort studies suggested that the introduction of BE quickly
results in immune changes and tolerance acquisition, the
DBPC RCT [79] did not support that BE has a clinical effect
as measured by OFC to pasteurized RE. Although the num-
bers were small, there did not appear to be any reduction in
severity of egg allergy in the BE group either, as evidenced by
the epinephrine use in two of the intervention group versus
one in placebo. This study used a very small amount of BE in
the diet when compared to the Lemon-Mule et al. [45] and the
Leonard et al. [82] studies which recommended a daily intake
of one to three servings of baked egg, a dose of 2.2 g of egg
protein per serving. It is not known if a higher dose or longer
duration of treatment may have had more efficacy in

@ Springer



Clinic Rev Allerg Immunol (2018) 55:118-138

130

J1 189]0 joU Jnq ‘UONISINboe 20ULIA0) IUOW/SIUIT) QIOW IO oUOU UOTJUOAIIU]
T NI POJRIOOSSE SeM (Tpuowt G Suned £ [1/78 pue yuowy/xy—] g Apmys [BUONBAIISQO
/xS <) A9 Jo uonsagdur yjuanbaig pauodarjoN Sunes /11/67 ‘g Suneajoudrom £]11/9  ‘@andaedsoid e jo sisAjeue dnoidqns v
LdS MH 24} JO 9ZIs :awodm(Q [edrul[s
(douepIoA®
'sdnoi3 uoaMIoq JOUIQIP OU SeM QI ], 1oLs 10 ‘ren3ar ‘yuenbaiy) uonsosul
‘(reak/wu () 1—6°0 1D %S6) 389 £q paredwos sdnois :1ojereduwo))
uonsoSur gg 0} paje[orun TedK /ity /() SeA USIP[IYD [[& UI dZIS QUOU UOTIUSAIU]
sem [ JS JO ouI[oop Jo ey 359} youd urys S50 ur ouI[dap Jo el UBSA PISSasse 10U d0ULIS[O], Apmnys 110409 9A10adsonoy
syyuowr 71b

HOT 01 D40 -eAndeal-gg 104
saueyd sunuwwl pue g
0} sqpuowt 9b D 1O uRIL0-H 104
:uWoNQ [ed1UID)
(9° oFe uerpaw) syuaned o131o[e

syiuowt ¢°/9 --330 padfjousyd-uou /4 Jo jonuod
Jo uerpaw € J0ye gg paIeId[o) //9 TeowIoIsIy oAndadsonar e oy pared
‘T ParRId[0} //¢] :dnoi3 uosuredwo) — -WOO PUB JIFIO[[B-H/QANORAI-H| 0}
JURIS[0)-TY ‘ourjeseq J1oy) 0) :siojyeredwo))
QUIE02q JUBIA0}-F dUIeseq (uado) s1eak 9 03 dn pamorjoy
A4 Sunsadur syoa[qns ur surfoseq (997) £7/9 ‘WeId0}-Jg dWed9q Kep e s3urazes ¢—] (uryo1d 330
WOIJ PAseaIddp ApueoyIusis QATIORQI-F{ Qulaseq (%19) €7/41 S 7'z Suturejuod) g 1ed [UOHUSAIIU]
90UBPIOAE JOLNS 0} paredwod e #D31/d31 INAO PUB VAO JUBIO[0) Y QWEddq Aprys [eUONEAIOSqO A10ddS0I]
00uBIR[0} Y JO Juotudojarsp H818 INAO VAO MA ueId]0l-g¢ dureseq (%+9) 95/9¢ [sv]
AU} SOIRID[O09E JOIP H © JO uoneniu| 1dS md SHIdA ed1dAre padofoAdp pIyd | [e 10 d[NJA-UOWT 0} Aprys dn-moj[[o]

A310[1e 339 MaI3INO :PWOAN() [BIIUID)
(queoyruSis A[eonsne)s Q01Ape A1e)a1p Aq padnoid :10jeredwo))

20uBI2[0) JO uonIsboe Ay dduAN[JuI jou) A31o[1e 332 1A MaIFINO sisougerp

03 readde jou pip 335 Jo uonsasur 830 SuIpIoA® UAIP[IYD JO 9,77 SNSIOA A310[[e 830 00uIs JIqey AIRIOIp puB
[eluaprooe pue 339 Jo 9OUBPIOAE JOLNS pauodar JoN 339 pax00o Junes udIP[IYd JO 9%7E  OIAPE AIejRIp JO A9AINS 9AN0ddsonoy
(@V @1 surdouoo [ejuared | pue SOSUBYO SUNUIWT :QW0dINQ) [edTUI]D)
T ‘g 911 10U I [ “J 189 0) pANUNUOD aurjaseq o) :1ojeredwo)

0} 20URI[0} JO JUSWIAO[OAID THIM TS PaseaIoop INQ ‘90ULIUIATOIUI 10 9T) Apm)s (uodo) sypuour 71 10§ Aep e sowm
9SO} 0} JBJILUIS dIE YOIYM SASueyd  onel $H3I[/FS] INAO PUB VAQ ‘Paseardur Y} WL MAIPYIM Juesd[ol-gg +9/81 ¢ (uaroxd 830 § 7z Suureiuod) gg
QUNUWILUT ()IM PAJRIOOSSE PUE POJRIS[O) D3] INAO PUB VAQ ‘Pasearoap PIsSasse JoU 20URID[0} Y UONUAIN]
oM sem g Jo uonsoSuy A5 VAO ‘Pasea1ddp 1dS MA JURID[O)-F{ AIoM L][/49 1oqe] uado ‘aanadsorg

g9 Sunes

JO sqpuou 9 Je D), :PWodINQ [edr)
suou :1ojeredwo))

JURID[0)-( APrys SINNYIBSH Y} WOIf
syuejur 131911~y £ 11 Jo dnoiSqns v
[s01] "[e 10 s1912d

Pplo S1BA 1°G

D40 e 93k uerpaw ‘A31o[[e 339
Me1 uoA01d-D) JO YA TLIP[IYD ST T
[+01] e 30 Lor,

(uerelo1-ag 6£/95) e 0} pasuR[[eyd
ITe ‘pIO SIBA §'G 9Fe uerpowr

‘TRUIS JUNOJA] WOIJ PYINIdAI s}oa(qns
J131911e-7y ueaoid 10 pawnsaid g/,
[28] e 10 preuooy

Pp1o s1eak 99 o5k uedw
‘A3101e 330 WIM PasOUFeIp UAIP[IYD [97

[co1] Te 30 uoY

SIBOA G7—G"() PaSe oAnoRAI-TY

(6€) uoaoid 10 (g7) pawnsard arom

oym queId[0)-gg 49 ul Sunmsar gg
0} POSUR|[BYD [[B “DISI[[e-OFY AION L11
[St] Te 10 oIMIA-uOWST

(uado) syIuowW §7 958 URIPIN
sypuow 9 10§ (ed) gg ur urjord ((6€) pazmisuas isnf 10 (GG)
s[eLn 830 J0 3 ¢'1 03 dn )y uonuaAI] (5S¢0 < IS MH 10 LdS MH 2anisod)
PI[[OTUOO UI Pajen[eAd 9q p[noys g Jo sqpuowt 9 1oge DJO I ureyoxd 830 Swr ¢9°() Surureiuos axed paznisuas snjd A10)s1y [esruro)
pue uonismboe 2oueIR[0) 10J [Nyd]ay A4 Jo sypuouwr 9 passed g Suned uaIp[yo (%56) £8/€8 A Pm DJO passed oym synsuodo A31011e 832 payoadsns yym uIP[IYd 46
9q Aewr gg jo uondwnsuo)) SNSIOA QuI[aseq J0j paprodar JoN A4 189 p[Nod (9%¢€6) 16/L8  A31o[e 839 Jo sisA[eue aAnoddsonay [201] Te 3@ nounueisuoy|
syuoned jueld[ol-gg ur g
uoIsnjouo)) QWO0oINO [eoIF0[oUNUI] QUIOONO [BITUI[) A3ojopoyioN uonendog

SUJUOW ¢ ISEA] J& JO JAIP g © UO PAAISSqo saSueyd [eorSojountuwul pue [esrur)  § |qel

pringer

Qs



131

Clinic Rev Allerg Immunol (2018) 55:118-138

‘339
Pa[10q d[0yM J8d 01 9[qe dIoM [0 b
oy paye[duiod oym udIP[IYd oy} JO [y
J0Ip 901-339 UB UO PaUTBWAI puL
9SOp [eNIUI AU} 9}Id[0) JOU P[NOD G1/T
£0SOP IOMO[ B UO PIUTEWIAI
pue ¢ SWos d)eId[0) P[Nod G1/S
'skep 0LZ
pue (g ue0mjoq O oy} pa[dwiod G/
‘sAep (09 urgm jooojo1d
LIO 2 pajoduwod uaIpliyd g1/
d3uoyreyd
o3ueyo ou pamoys I JS-MA Sunreme ¢ ‘uonesrqnd jo swm oy
pue gS[s urunqeAo pue ploonwoA() Je Sypuoul 7 Je gy passed (¢°¢¢) T/
A 03 USIP[IYD OISIofe (€000=4)
-339 AJo10A9s SOZNISUASAP IO A9 9°L1 01 0°8€ WOl pasea1ddp g3[S MH UeJA

1IO Se pasn

9q 0} [enuajod aaey 3w g pajodar suoN

Qouer[dwod-uou 0} ONP MAIPYNM Z[/9

JI1310[[e A[2I0AdS
jsowr a 10j d[qrssod s1 uonsagur 4g

D40 9y passed
pasea1dap g3] pue 1dS MA /9 pue Aderoyy pajojdwod s1olqns 71/L

oqaoeyd

ur g1/1 pue sutiydourds papsou dnoid
UOHURAIRIUL Y UL /7 “DJO HY WV

0gooe[d (%¢£¢€)
81/9 pue passed uonuoAIl (%€7) L1/
:sdno18 ueom10q 9oULIIPIP ON

040 uado pey ¢

sadKouoyd

1199 1, 10 SQUDY0)AD ZYL/TYL Ul

SOOUAIQPIP JUBOHIUSIS ON "onel $03]/qS]

HM 10 ‘VAO ‘MH ‘HM 01 AS]S ueIpow
ur suononpar jueoyudis pey sdnoid yjog
sdnoi13 ueom)9q SOOUAIIYIP ON

A4 Jo uonsoSur 0} paje[oIun SeM
330 me1 0} 9oueId[0} Jo Juowdofosod

sisougoxd 10130q Jo JosewW € Isnf
J0 90uL19[0} SuneIo[eook SI uonsagur

‘332 pagroq 03 DJO uado 10818y
LIO YoBaI :owodn() [edmr)))
quou :10jeredwo))

uroyoxd 330 Jo 3

67’9 Jo 1051¢)

© 0] SAEp ()9 J9A0 WOy e AJ1ep

pasealoul JInosiq Jedym e ul (uejord
832 Jo 81 ¢z1) A9 :uonudAIU]

Ad 01 DA 2anisod € 10 syuour 9
JSB] oY) Ul gg 03 2Insodxo [ejudPIode
ue 0) UoPOEAI € pue 1S MH danisod
© se poulyop se AS1o7[e 330 juvysisiod
a1 958 ueIpau ‘UQIP[IYO UYL

110709 dAndadsoId [801] 34nT pue uiaelg
D40 dY sypuowt ¢
‘S[EMBIPIIM :UWIOA)NO [BITUI]D)
surjaseq :1ojeredwo))
[901] T 10 yres uI se :uonuaAIU] (10ensqe)

110409 9A1dadso1g

44 8 §'¢ 0) sypuour 7| Je
D40 ‘LIO 991dwod :owoono [esrur)
ourjeseq :1ojeredwo))

3 g'¢ 01 dn (uado) syjuow ¢ pue

‘9 ‘c pue syPoM  pue g Je Suisopdn
owoy yIm Jg Sw G7[ [UOHUIAINU]
110400 9A1dddso1g

[£01] ‘Te 30 uewIOQ

TN 0§ < H8I INAO 10 J1819[[e-d [
(oensqe) [901] e 10 yres
syuoned oAnoRAI-IE Ul g

soSueyo sunwwl
pue 301p [euonuoAIur Surddos
Ioyge yuow | gy pazuna)sed
0} DO uado :woNno [eorur))
jonpoid payeq oqaoeyd :10jeredwo))
(papurfq) sypuow 9 10§ y2om
& sown ¢—g uonsaSur urejoxd 4g S ¢'|
TUOTUSAINU]
pajjonuoo-oqaderd
‘puI[Q-9]qNOP ‘PIZIIOPUEI ‘DANIdS0I]
yodai [eyuared 10 HJO Aq 189K |
1e JURID[0}-Y :QWO0dINQ) [BIUID
A4 Jo uonsadur :103eredwo))

PIO SIEA 7 oFe UeIpaW ‘SILdA G—
pase uaIpiyo o1319[[e-dy uaoid 10
poumsaxd pue juers[ol-gqg ¢f
l6L] T2 32 SumaN

uodor eyuored
10 DJ0 Aq 183K | JB

uoIsnjouo)) QWO2INO [edISojounuUI] 2WO9INO [BIIUI[D)

K3ojopoyio]N uonendod

(ponunuoo) ¢ d[qe],

pringer

Qs



132

Clinic Rev Allerg Immunol (2018) 55:118-138

promoting tolerance to RE. Additionally, this study does not
address whether there could be local immune changes in the
GI tract.

The studies above are in BE-tolerant, RE-allergic children.
Reported only in abstract form currently, there is a study of
using BE OIT in BE-allergic individuals [106]. This open,
observational study suggested that BE was well tolerated in
BE allergy and may help to achieve BE-tolerance. They re-
ported that 7/12 (58 %) children who were BE-allergic by OFC
or presumed BE-allergic by OVM > 50 kU /L were able to
complete BE OIT and 6/7 passed an OFC to BE at 12 months.
Additionally, Dorman et al. [107] further reported that after
24 months of BE OIT, four children passed a RE challenge
and two more were awaiting challenge. Therefore, in the over-
all cohort 4/12 (33.3%) had passed RE at 24 months at the
time of publication. Another study of BE OIT in BE-allergic
children was recently published [108]. Fifteen children, medi-
an age 11, who had persistent egg allergy defined as a positive
EW SPT and a reaction to an accidental exposure to BE in the
last 6 months or a positive OFC to BE were recruited. They
were given a dose of BE (125 pg of egg protein) in a wheat
biscuit which was then increased daily at home over 60 days
to a target maximum dose of 6.25 g of egg protein, at which
point the subjects had an open OFC to boiled egg. They found
that 4/15 children easily completed the OIT protocol within
60 days and another 4/15 completed the OIT between 80 and
270 days. Five out of 15 could tolerate some but not all doses
of OIT, and 2/15 could not tolerate the initial dose and
remained on an egg-free diet. All of the children who com-
pleted the BE OIT were able to eat whole cooked egg.
RE-tolerance was not assessed, and there was no comparator
group.

There is an ongoing CoFAR7 study (NCT01846208) on
BE or RE OIT in children with egg allergy. In this study,
children who are BE-tolerant and RE-allergic have been ran-
domized to the ingestion of BE or OIT with commercially
available egg white solid, and children who are BE-allergic
have been allocated to OIT with EW solid. The primary out-
come is sustained unresponsiveness as assessed by the ability
to tolerate a 10-g egg OFC and open feeding of egg 8—
10 weeks after OIT. The number of children who can achieve
desensitization to 5 g or more of egg white solid at 1 and
2 years of treatment, side effects, and safety will also be eval-
uated. The study has completed recruitment and is ongoing
with results expected in 2018.

It is possible that the observational results suggesting BE
introduction is tolerogenic was reflective of the better progno-
sis of BE-tolerant individuals. OVM is the dominant heat-
stable antigen in egg, and it has been established in multiple
studies that the children who react to OVM are more likely to
have persistent egg allergy. In Urisu et al. [109], 30 children
underwent OFC to EW challenges and those who were reac-
tive were challenged again at mean intervals of 32 months.

@ Springer

They found that the children with high IgE binding to pepsin-
treated OVM were the least likely to outgrow their allergy.
Additionally, children with persistent egg allergy were found
to have sIgE to sequential epitopes of OVM [110, 111].

A recent review highlighted the challenges of clinical stud-
ies of baked diet immunotherapy [98]. People who know they
are tolerant to baked forms may not want to enter a study to
continue to avoid the food. So far, the Netting et al. RCT [79]
provides the highest level of evidence and it supports that BE
does not have an effect on tolerance acquisition in young
children. Additionally, currently there are no studies formally
assessing whether SU will be achieved after avoidance for BE.

Prevention of Allergy to Milk and Egg with Baked Milk
and Baked Egg Diets

The strict avoidance of milk in non-IgE conditions has been
reported to be followed by new-onset milk allergy in some
patients. The avoidance of milk due to atopic dermatitis and
the subsequent development of IgE-mediated allergy were
reported back in 1984 [112] and then in retrospective case
series [113, 114]. These reports warned of the dangers of an
elimination diet with respect to the development of IgE-
mediated allergy. This concern was recently evaluated in a
retrospective chart review of 298 children from 2002 to
2010 with atopic dermatitis suspected to be food-triggered
[115]. Tt was reported that the risk of developing an IgE-
mediated allergy in this population is 18.9% with a strict elim-
ination diet and that most common foods to which the children
became allergic were milk and egg.

The LEAP trial [116] has been transformative in the way
we think about the relationship of foods to allergies. The in-
troduction of peanut to the diets of infants at risk for peanut
allergy (severe eczema and or egg allergy) markedly reduced
the subsequent development of peanut allergy at 5 years of age
(86.1% relative risk reduction in the group of infants with
negative peanut SPT and 70% relative risk reduction in the
infants with positive peanut SPT). Currently, it is not clear if
the early introduction of LM is preventative toward milk al-
lergy [117], as was recently reviewed. The early introduction
of BM as prevention for milk allergy has not been formally
studied.

For egg allergy prevention, the results of early introduction
have recently been reviewed [117, 118] and an additional
study has been published [119]. These trials differed in their
patient populations and in the results of prevention. One no-
table issue, which arose from these early introduction egg
trials, is that infants can already be allergic to raw egg at 4—
6 months of age. Therefore, it is worth considering whether
BE may be a safer and efficacious way to prevent egg allergy.

There is a retrospective analysis of the HealthNuts study in
which Koplin et al. [120] categorized infants into age of in-
troduction of egg and whether the egg was cooked (boiled,
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scrambled, fried, or poached) or BE. The definition of egg
allergy in this cohort was by OFC or parental-confirmed aller-
gy at age 1 year. They reported that the infants who had been
introduced cooked egg at 4-6 months had the lowest risk of
egg allergy, and that this risk was significantly lower than the
infants who had BE introduced at the same age.

There is one study evaluating a heated egg powder
(Kewpie corporation, Japan), which is stated to be equivalent
to a whole egg boiled for 15 min [121]. In this study, 100
infants aged 4-5 months with eczema were enrolled in a
placebo-controlled RCT of 50 mg of heated whole egg powder
(25 mg egg protein) from 6 to 9 months, with a medically
supervised up-dose at 9 months to 250 mg a day. Then
250 mg/day continued until 12 months, with aggressive ecze-
ma control for all participants. The outcome was an open OFC
to 7 g heated whole egg powder with a blinded assessor. They
found that 43/47 passed OFC from the intervention group and
only 29/47 passed OFC from the control group with a risk
ratio of 0.222 (95% CI 0-081-0-607, p=0-0012). The im-
mune evaluation found that the ovomucoid sIgE was lower
and IgGl, IgG4, and IgA were higher in the intervention
group. The study was stopped early due to the high degree
of allergy prevention in the intervention group. They conclud-
ed that a stepwise intervention of heated egg white powder, in
the context of aggressive eczema control, was safe and effica-
cious to reduce egg allergy in infants.

Non-lgE-Mediated Allergy and Baked Milk and Baked
Egg Diets

There is limited information about the tolerability or the
therapeutic value of baked diets in the non-IgE-mediated
allergies. It is generally assumed that in food-allergic dis-
orders of mixed and cell-mediated pathophysiology, the
reactivity is directed predominantly against sequential epi-
topes. Therefore, the expected rates of tolerance to baked
proteins are lower than in IgE-mediated food allergy and
the current standard of care for mixed and cell-mediated
food-allergic disorders is that of strict dietary elimination
of all forms of milk and egg. In eosinophilic esophagitis
(EoE), strict milk avoidance is commonly recommended
for its therapeutic effect [122, 123]. However, there are
now multiple reports of strict milk avoidance for EoE
followed by development of IgE-mediated allergic reac-
tions [124-126]. It is known that some children with EoE
can tolerate BM diets. Leung et al. [22] reported the en-
doscopy results of 15 children (age 6-17 years) with
milk-implicated EoE who had ingested sufficient BM
products for at least 6 weeks. Eleven patients had main-
tained disease remission, and four had disease recurrence
as defined by histological criteria of > 10 eosinophils per
high-powered field. It is not known if continuing BM in
the diet could prevent the development of IgE-mediated

allergy seen in some children with EoE on a milk-
restricted diet.

A study of young children [23] with non-IgE-mediated
cow’s milk protein allergy (CMPA) as defined by the
DRACMA guidelines [127] showed that of 16 children under
2 years old with challenge-proven non-IgE-mediated allergy
to milk, 11 were able to tolerate fermented milk and all 16
could tolerate BM in the form of a muffin with 1.3 g of milk
protein. This study suggested that milk avoidance may not
need to be absolute in FPIES, although there are case reports
of marked sensitivity and the current expert advice is for strict
avoidance [128]. There is evidence that some individuals with
FPIES to milk and other foods may develop IgE-mediated
allergy [129]. It has not been studied if keeping BM in the diet
would prevent this development of potentially anaphylactic
allergy.

Conclusions

The BM and BE diets are mostly well tolerated in milk- and
egg-allergic children and allow dietary restrictions to be re-
laxed. The methods of BM and BE diet introduction vary
widely. Reactions can be very severe to baked milk and egg
proteins, and medical supervision for OFC evaluating BM and
BE tolerance is recommended. At this time, the evidence for
BM and BE diets as a form of immunomodulation is derived
from murine models and observational trials which support
that children eating baked diets have faster resolution of their
allergy and immune changes similar to outgrowing allergy
and similar to those seen in OIT. The single-center 6-month
RCT of a BE diet of two to three small serving sizes/week in
BE-tolerant children did not support the observational find-
ings. Another study of BE immunotherapy is expected to be
completed in 2018. There is currently no evidence for preven-
tion of allergy with the baked diets. There may be a future role
for BM and BE in liberating the diets in a subset of individuals
with non-IgE-mediated food allergy.
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