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may hasten the development of tolerance.

evaluation.

e Food allergies are a common problem in childhood. Lately, there has been a shift in the
management of food allergies towards a more active approach.

e Allergy testing, not only to the index food, but also to related allergens in high risk
patients, allows a more precise and prompt diagnosis and at the same time reduces the risk

e Early introduction of potentially allergenic foods may help reduce the risk of food allergy

¢ Recent evidence suggests that probiotics, as well as the introduction of baked milk and
baked egg into the diet of carefully selected children allergic to milk and egg respectively,

e Food immunotherapy is an emerging area of considerable interest, which has shown
promise as a form of active treatment for food allergies.

e This more active approach to managing food allergy significantly increases complexity,
as well as having a potentially large resource implication, particularly with regard to
increased number of food challenges. The health economics of this requires further

Food allergies are common in children and they can be severe. They result in dietary
restrictions and significantly affect quality of life. There is currently no cure for food
allergies and the mainstream approach to management consists of food avoidance and
provision of emergency medication. Recently, a more active approach to management
is being adopted, which includes anticipatory testing, early introduction of potential
food allergens, active tolerance induction and active risk management, all of which
are discussed at length in this review.
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Introduction

Food allergy is common, affecting 6-8% of
children, and is potentially severe. Its preva-
lence is increasing, a phenomena noted in other
atopic disorders in the western world over the
past few decades [12]. The prevalence of food
allergy is highest in infants and toddlers, with
2.5% of infants suffering from milk allergy
and up to 10% of 1-year olds suffering from
food allergies, including cow’s milk, egg, nuts,

soya, wheat and fish/shellfish [3-s].

Food allergies have a significant effect on
the quality of life of sufferers and their family.
Anxiety stems from fear of accidental inges-
tion and allergic children face various social
restrictions and school issues [¢].

Certain food allergies, such as cow’s milk,
soya, egg and wheat, are usually outgrown
after a few years and a period of dietary
exclusion. Fish, shellfish, peanut and tree nut
allergy, on the other hand, tend to be lifelong
and rarely resolve [7].
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There is no cure for food allergy. The traditional
approach is based on strict avoidance of the offend-
ing food (elimination diet) and prompt treatment of
adverse reactions, resulting from accidental exposure.
Children and families are provided with emergency
medication and a management plan on how to treat
allergic reactions [8].

Recently, based on numerous strands of research, a
more active approach towards the management of food
allergy is being adopted. This approach has many fac-
ets including: actively testing for related allergens in
high risk patients once a specific food allergy has been
identified (anticipatory testing); early dietary intro-
duction of potentially allergenic foods that are toler-
ated, as a means to prevent the development of allergy;
active induction of tolerance to known allergens; and
active risk management. These numerous approaches,
rely on an emerging evidence base and may signifi-
cantly increase the complexity of managing children
with food allergy. As our understanding of these new
approaches develops, we will be able to better identify
the children who are likely to benefit the most. In the
interim, these management strategies remain restricted
to specialist practice with limited applicability to pri-
mary care. However, as they have the potential to
significantly improve quality of life and reduce the
development of further allergies, they warrant further
study as to their precise place in future practice. This
article looks at each of these areas, in turn, focusing
exclusively on IgE-mediated food allergy.

Anticipatory testing
Children with allergy to one food are at risk of having
more food allergies (9]. Therefore, the initial presenta-
tion with one food allergy in high risk patients should
be used as a clear indicator that further assessment is
required. Failure to adopt this approach, will mean
that further food allergies will only be discovered when
the child unexpectedly reacts on exposure, with poten-
tially severe consequences. Alternatively, the child may
be unnecessarily restricted from consuming foods con-
sidered as ‘high risk’, for example, nuts, simply due to
fear of reaction, further adding to the burden of anxi-
ety and food avoidance. The diagnostic process in food
allergy involves taking an allergy-focused history, fol-
lowed by targeted allergy testing (either skin prick or
specific IgE testing), with cases where diagnostic doubt
remains being subject to oral provocation challenge [s).
However, recent food allergy diagnostic guid-
ance recommend allergy testing not only to the aller-
gen suspected of causing the index reaction, but also
known co-allergens i.e. allergens known to occur with
increased frequency in those with certain other aller-
gies [10,11]. Examples include, testing for peanut allergy

in children with egg allergy, where the estimated rate
of co-allergy in approximately 20-30% or sesame
allergy, in those with known peanut allergy (estimated
prevalence of 25%) [12,13]. Some common avoidance
patterns occur where there is no evidence of co-allergy,
for example, avoidance of shellfish, such as crustaceae
in children with fish allergy and hence appropriate
testing could provide reassurance for safe introduction.

This anticipatory approach could be taken a step
further, given the extensive evidence that the pres-
ence of eczema in infancy is an important risk factor
for the development of IgE-mediated food allergy. Hill
et al. showed that increasing severity of eczema dur-
ing infancy as well as earlier age of onset, are both risk
factors for development of allergy [14-18].

A recent study by Mailhol ez al., investigated the
point prevalence and risk factors for food allergy in
a cohort of 386 children with eczema. The authors
conclude that children below 2 years old, with early
onset or severe eczema, are at higher risk of food allergy
and may be candidates for food allergy evaluation [13].
Evaluation would include careful history and allergy
testing, ideally around the time of weaning, when
allergenic foods are to be encountered and would focus
on the common allergens known to be relevant for the
child’s ethnic background and household diet. For
example, while allergy to milk and egg are common
around the world, allergy to legumes such as chick-
pea or lentil is more common in families where a south
Asian diet is consumed [19].

Central to this anticipatory approach, however, is
the ability to differentiate between allergy and sensiti-
zation, especially in children with no clinical history of
consuming the suspect allergen. The ongoing improve-
ment in allergy diagnostics makes this approach more
practicable. Component testing is a recent develop-
ment that may have the potential to better differenti-
ate between clinical reactivity and sensitization, effec-
tively reducing the need for food challenges. Dang ez
al. have shown that the use of Ara h 2 in the diagnosis
of peanut allergy has the potential to reduce the num-
ber of patients requiring referral to specialist services
for confirmation of food allergy by using OFCs [20].
Proof of principle has been demonstrated for milk, egg,
peanut and various other allergens [21-27]. Dang ez al.
have demonstrated that the increased diagnostic value
of Ara h 2 over peanut specific IgE may decrease the
need for provocation challenges in clinical practice [20].
More studies are needed to confirm this, as it has been
noted that correlations are not fully established yet and
may differ, depending on the populations studied and
different geographical regions. For peanut allergy, for
example, a recent study reported different patterns of
immunological reactivity to peanut components, in

640

Clin. Pract. (2014) 11(6)

future science group



three different geographical regions. American patients
showed higher levels of IgE antibodies to Arah 1, Arah
2 and Ara h 3, whereas patients from Spain, had higher
rates of sensitization to Ara h 9 and Swedish patients,
had higher levels of IgE antibodies to Ara h 8 (the Bet
v 1 homolog) [28].

Despite the ongoing improvements in diagnostics,
anticipatory testing in children at risk of allergy to
foods they have yet to consume will inevitably lead
to diagnostic uncertainty, when there is evidence of
sensitization with no clinical history to help interpret
this. As a result, the more broadly testing is done, the
more supervised oral provocation challenges will be
required, and hence, there is a requirement for clini-
cal capacity to carry this out, if this approach is to be
adopted. Further evaluation to better understand the
health economics of this is required.

Another component of anticipatory testing is the
ongoing follow-up of known allergies. Food allergy
may resolve over time (except in most cases of nut and
seafood allergy). Milk allergy has been shown to resolve
in 79% by the age of 16 years [29], whereas 68—82%
of children outgrow their egg allergy by 16 years [30].
There is, therefore, a role for monitoring food-specific
IgE antibodies (decreasing levels are associated with an
increased chance of allergy resolution) to determine
when a food challenge should be repeated [31]. Repeat-
ing food challenges at regular intervals to check for
resolution can have important benefits for the allergic
child and the family [32]. Re-introduction of the food
would not only have nutritional benefits, but also the
potential to significantly improve quality of life if
results are favorable [33,34]. However, it is important to
note that food challenges are not without risk and have
a significant resource implication (8,35). This approach
will inevitably increase the number of food challenges
and if these are not performed rapidly, any delay may
increase the family’s anxiety with regards to food
allergy diagnosis and potentially, as discussed below,
result in a missed opportunity for tolerance induction.

In summary, anticipatory testing for related co-
allergens, in carefully selected patients, would allow
more precise and prompt diagnosis and reduce the risk
of unnecessary avoidance of safe foods. However, this
approach increases the need for diagnostic food chal-
lenges and the economic impact of this requires further
study.

Early food introduction

In June 1998, the UK Department of Health published
recommendations aimed at halting the rising incidence
of peanut allergy. These stated that ‘Pregnant women
who are atopic or have an atopic partner may wish to
avoid eating peanuts during pregnancy and lactation.

Recent advances in the management of food allergy Review

Infants with a family history of atopy, should be exclu-
sively breastfed for 4—6 months and should avoid pea-
nuts until 3 years’ [36]. This, and broadly similar advice
from the American Academy of Paediatrics, were based
on the conclusion that peanut sensitization, occurring
as a result of exposure in utero or via lactation, was
mechanistically possible. This advice was withdrawn in
2009, as there was not sufficient evidence to support
that maternal avoidance has any benefits in prevent
ing the development of food allergy in infants [3738].
A recent prospective study examined the association
between peri-pregnancy consumption of peanuts and
tree nuts by non-allergic mothers. The authors reported
that higher consumption of peanuts and tree nuts by
the mothers during pregnancy was, in fact, associated
with a lower risk of peanut and tree nut allergy in the
offspring, while other studies report no significant
association [39,40].

For infants at increased risk of atopy, as a result of
their family history, the advice to delay introduction of
solid foods until 6 months of age and the introduction
of major food allergens until after 3 years of age has also
being challenged (37]. Prolonged, exclusive breastfeeding
after the age of 4 months has not been shown to have
any effect in reducing atopy. In fact, it has been associ-
ated with the development of asthma and eczema [41.42].

It is now suggested that early introduction of an aller-
gic food may actually play an important role in tolerance
induction.

Katz er al. have reported on a large cohort of over
13,000 infants in a prospective study investigating risk
factors for cow’s milk allergy. They found that infants
with exposure to cow’s milk protein in the first 2 weeks
of life had a significantly lower incidence of cow’s milk
allergy compared with those infants who introduced
cow’s milk after the age of 4-6 months. The investi-
gators concluded that early exposure to cow’s milk
protein may be protective against the development of
IgE-mediated cow’s milk allergy [43].

In a cross sectional study by Koplin ez al., it has been
suggested that early introduction of egg might have a
protective effect against egg allergy. The study included
2589 infants and examined the relationship between
timing of infant feeding and subsequent risk of food
allergy. Infants introduced to cooked egg at 4—6 months
had a lower risk of egg allergy than those introduced to
cooked egg after that time [44]. A birth cohort of 3781
children in Finland was studied by Nwaru ¢z al. Egg
introduction before the age of 11 months was inversely
associated with the development of asthma, allergic rhi-
nitis and atopic sensitization. By contrast, introduction
of a limited number of foods at the age of 3 months was
associated with an increase in atopic sensitization later
in life [45,46].
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Du Toit er al. studied the prevalence of peanut
allergy among Jewish children in the UK and Israel,
in relation to timing and amount of peanut consump-
tion. They found a tenfold higher prevalence of pea-
nut allergy in the UK compared with Israel (1.85 vs
0.17%). Since the participating children shared a
similar genetic background, the effect of genetics was
unlikely to account for the difference in prevalence.
Following assessment of peanut consumption in both
countries, results showed that peanut is introduced
earlier and is eaten more frequently in Israel than in the
UK. Israeli infants start consuming peanut-contain-
ing foods during early weaning, whereas UK infants
mostly avoid peanuts for the first 3 years of life. The
investigators concluded that early consumption of pea-
nuts in infancy, as well as consumption of frequent and
high doses of peanut protein is associated with a low
prevalence of peanut allergy, possibly due to induction
of oral tolerance [13].

In practice, this evidence supports the view that even
in children with known food allergy, allergenic foods
should not be delayed and where there is an increased
risk of co-allergy, for example, for peanut among egg
allergic children, the use of anticipatory testing can
help support the early introduction of peanut into the
diet. This also helps broaden the dietary repertoire
of the infant and reduces the number of foods being
avoided. The above approach is particularly useful as
increasing number of food avoidance has been shown
to increase the risk of nutritional compromise and
abnormal feeding patterns [47.48).

However, further data from ongoing interventional
studies such as LEAP are required, to better understand
if early food introduction can actively help reduce the
risk of food allergy [12].

Active tolerance induction

Recent studies investigating the natural history of
cow’s milk and egg allergy have shown that resolution
rates are not as high as considered previously, with the
majority of milk and egg allergic children developing
tolerance in late childhood [2930]. Persistence of both
allergies into late childhood years can affect not only
nutritional status but also quality of life. It would,
therefore, be beneficial to find ways that would accel-
erate tolerance development. Once a food allergy has
been diagnosed, the traditional approach has been care-
ful avoidance, yet more recently, evidence has started
to emerge relating to new strategies to help tolerance
develop more quickly [8.49]. Three areas have been of
particular interest — the use of probiotics in infants
with milk allergy, the role of baked egg and milk intro-
duction in children with milk or egg allergies and the
role of desensitization to food.

There has been long-standing interest in the poten-
tial role of probiotics in modulating the allergic
response in food allergy [s0]. There is recent evidence
that maternal probiotic supplementation during preg-
nancy and breastfeeding has been shown to reduce
the risk of eczema in high-risk infants [51]. Canani ez
al. investigated the role of Lactobacillus GG (LGG)
on acquisition of tolerance in infants with cow’s
milk allergy. A total of 80 infants (age 1-12 months)
were randomly assigned to receive either an exten-
sively hydrolysed casein formula (EHCF) or EHCF
with LGG. Participants were challenged to milk at 6
months and 12 months in both groups and the authors
showed that the infants receiving EHCF with LGG
had a higher probability of acquiring tolerance to cow’s
milk than those receiving ECHF alone. In conclusion,
supplementation of ECHF with LGG was shown to
accelerate the development of tolerance in infants with
cow’s milk allergy [s2.

Further evidence of an effect has come from a multi-
center study observing the development of tolerance in
milk allergic children who had been started on a num-
ber of different hypoallergenic formulas (53]. Among
the 260 children with IgE (111 children) or non-IgE
mediated milk allergy, the rate of acquiring oral toler-
ance after 12 months, was significantly higher in the
groups receiving EHCF (43.6%) or EHCF + LGG
(78.9%) compared with the other groups: rice hydro-
sylate (32.6%), soy formula (23.6%) and amino acid
formula (18.2%). Logistic regression analysis revealed
that tolerance induction was influenced by the mecha-
nism of allergy (IgE vs non-IgE) and also formula
choice. The authors concluded that EHCF appeared
to accelerate tolerance acquisition compared with other
formula choices and that this effect is augmented by
LGG [s3]. However, the study was neither randomized
nor interventional and hence open to selection bias,
with more severe cases of milk allergy, most likely to
run a prolonged course, more likely to have been pre-
scribed amino acid formula. Interventional studies,
which are underway, are required to clarify this effect
of probiotics on tolerance induction.

Many parents had recognized that despite a diag-
nosis of milk or egg allergy, their children could toler-
ate the allergen when extensively heated, such as baked
in cakes, waffles or muffins. Studies revealed that
70-75% of milk and egg allergic children can tolerate
the allergen when extensively heated [s4,55]. This can
make dietary restriction much easier, but potentially
also help develop tolerance more quickly.

Kim ez al. reported on the outcome of a group of
children who incorporated baked milk products into
their diet. In total, 59% of subjects developed tolerance
to milk in the baked milk-consuming group compared
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with only 22% in the comparison group, who followed
strict milk avoidance. Overall, subjects who incorpo-
rated baked milk into their diet were 16 times more
likely to become tolerant to all forms of milk than the
comparison group. The investigators concluded that
the addition of baked milk into the diet of milk aller-
gic children appears to accelerate resolution of cow’s
milk allergy [s6].

Peters et al. recently investigated 140 infants with
challenge-confirmed egg allergy at age 1 year. A year
later, egg allergy had resolved in 66 (47%) infants. Res-
olution was found to be lower in children with baked
egg allergy at age 1 year compared with baked egg tol-
erance (13 and 56%, respectively) Also, frequent inges-
tion of baked egg (=5 times per month) compared with
infrequent ingestion (0—4 times per month) increased
the likelihood of tolerance [57]. A similar study evalu-
ated the role of baked egg in the development of toler-
ance to regular egg. Of the 70 subjects who regularly
consumed baked egg, 53% were tolerant of regular egg
by the end of the 37-month study period, compared
with only 28% (of the 47 subjects) in the compari-
son group (strict avoidance of all forms of egg). Sub-
jects who were consuming baked egg products were
14 times more likely to develop tolerance to regular
egg compared with the comparison group. It was also
noted that subjects in the group that regularly con-
sumed baked egg developed tolerance to regular egg
earlier. The median time to regular egg tolerance was
50 months in the baked egg-consuming group versus
78.7 months in the comparison group [s8]. Unfortu-
nately, it can be difficult to separate out those chil-
dren who can and cannot tolerate the allergen in the
extensively heated form and allergy testing, includ-
ing using components tests, is relatively unhelpful
(59]. Given that reactions to baked egg or milk may be
severe, it remains necessary to use oral food challenges
under medical supervision to definitively delineate the
allergic status of each child [44.60).

Another area of intense research interest is food
oral immunotherapy (OIT) and has shown promise
as a form of active treatment for food allergies. The
administration of small, but increasing doses of an
allergenic food to children that are allergic to the food,
has been shown to increase their threshold of reactivity
(desensitization), induce clinical tolerance and enable
them to eat varying amounts of the allergenic food
without reactions. Food oral immunotherapy studies
have been conducted for various allergens, but mostly
concentrated on milk, egg and peanut.

Skripak et al. conducted a double-blind placebo-
controlled study of OIT for cow’s milk allergy in 20
subjects 6-19 years of age. After OIT, the median

cumulative dose inducing a reaction in the active treat-

Recent advances in the management of food allergy Review

ment group was 5140 mg compared with 40 mg pre-
OIT. There was no change in the median threshold in
the placebo group. Although reactions were common
during the study, nearly 90% were transient and did
not require treatment [61].

A recent double-blind placebo-controlled, random-
ized egg oral immunotherapy study of 55 children,
5-18 years old, with egg allergy, resulted in a 55% rate
of desensitization in the active group after 10 months
of therapy. No subjects in the placebo group were
desensitized. Once maintenance was discontinued
for 6-8 weeks, however, only 28% of children were
desensitized at 24 months [62].

A two-step, Phase II, randomized-controlled cross-
over trial of peanut OIT in 99 children aged 7-16
years, investigated the role of peanut oral immuno-
therapy in peanut allergic children inclusive of all
severities of peanut allergy. Among OIT participants,
84% were desensitized to 800 mg, the equivalent of
five peanuts. In the active group, 24 of 39 (62%) OIT
participants were desensitized to 1.4 g of peanut pro-
tein, compared with zero of 46 participants in the con-
trol group. When compared with control participants,
those successfully completing the study’s OIT proto-
col, had a significant 25-fold increase of their threshold
level of reactivity to peanut over baseline. A significant
improvement in the quality of life was reported for
both participants and their caregivers. Despite most
of OIT participants reporting adverse events, reactions
were mild and mostly treated with oral antihistamines
and b2-agonists [63].

Oral desensitization to foods appears to require
regular consumption of the relevant allergen in order
to maintain clinical tolerance. Discontinuation of
oral immunotherapy even for short periods of time (a
few weeks) has so far resulted in loss of desensitiza-
tion [62.64]. Families contemplating such therapy will
need to balance the benefit of increased clinical toler-
ance with the risk of allergic reactions, compared with
a strategy of complete avoidance. Phase III studies are
required to further investigate long-term effects of this
intervention. Future research will further improve
safety and efficacy of this form of treatment.

Overall, we can conclude that there is evidence to
suggest that probiotics, as well as introduction of baked
milk and baked egg into the diet of children allergic to
cow’s milk and egg, respectively, may have a role in
active induction of tolerance. Furthermore, for those
who do not naturally outgrow their allergies in early
childhood, OIT is being seen as an increasingly realis-
tic option, albeit still not in widespread clinical prac-
tice. Over time, management of food allergy has thus
become a balancing act between avoiding allergens and
promoting acquisition of tolerance [6s].
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Active risk management (advisory labels)

In many countries around the world (including in
European countries), specific food allergens must be
disclosed when they are ingredients in pre-packed
foods, according to existing law. There are currently
14 food allergens, which are part of this legal require-
ment. In addition, manufacturers can choose to add
advisory statements, although these are currently
voluntary. Current legislation does not cover cross-
contamination of food products [66,67]. It is important
to note however, that there are different legal require-
ments and significant variations between countries
regarding mandatory labeling of food allergens. A
recent review suggests that a globally agreed frame-
work on food labeling would ensure that foods pro-
duced around the world can be safely ingested by con-
sumers irrespective of allergy status. Legislation would
be required to introduce uniformity among manu-
facturers in conducting a risk assessment for allergen
content and then communicating that risk in an easily
understandable way to the allergic consumer [68].

Despite the fact that most foods with advisory labels
do not contain sufficient amounts of allergen to trig-
ger a reaction in an allergic individual, the risk is not
trivial, particularly for confectionery items [¢6]. On
the other hand, since advisory statements are volun-
tary and thus not present on all at-risk products, there
is also a risk that unlabelled foods could be contami-
nated with allergen, thus it is difficult for a consumer
with food allergy to know which foods may contain
‘traces’ of allergen with the current labeling systems
[69-71].

The widespread use of advisory labels, and the vari-
ability in wording employed (such as ‘may contain....,
‘may contain traces of...” or ‘made in a factory....),
causes considerable confusion and anxiety to people
with allergies and their carers [67]. Avoidance of foods
with advisory labels, places an additional burden on
the allergic consumer, with a survey reporting that
shoppers avoiding products with advisory labels,
spending 39% more time identifying suitable foods,
and paying on average 11% more than their non-aller-
gic counterparts [67]. Many patient-support groups
understandably recommend complete avoidance in
an attempt to minimise the risk of reactions, but a
large proportion of allergic patients disregard advisory
labels, without seemingly experiencing adverse effects
(72]. When questioned, labels including ‘this product
does not contain any nuts but is made in a factory
that uses nuts’, ‘cannot guarantee is nut free’ and ‘may
contain traces of nuts’ were avoided by only approxi-
mately 50% of parents of nut-allergic children. Previ-
ous allergic reaction to nut products had no bearing on
outcome [72]. A recent survey of 239 British healthcare

professionals revealed that only 38% of health profes-
sionals recommended complete avoidance of foods
with advisory labels, to nuts (but no nut listed in the
ingredients), while 22% advised no avoidance was
necessary. The majority recommended avoidance only
in certain circumstances, such as if they were unwell
or didn’t have their emergency medication. A history
of asthma or anaphylaxis increased the likelihood that
complete avoidance was recommended [73].

While there remains no clear evidence base to
inform how patients should be advised, an individual
approach remains best practice whilst more data is
required to better understand what, if any, additional
risk results from less stringent avoidance. It is impor-
tant to note that allergen dose thresholds for reactions
vary between individuals and that this might affect
their likelihood of reaction to products containing
‘trace’ amounts of allergen.

Conclusion

For many years, management of food allergy con-
sisted of allergen avoidance and emergency treatment
while waiting for allergies to be outgrown. However, a
more active approach to management, drawing on the
emerging evidence base, is helping to improve qual-
ity of life, prevent development of new allergies and
actively attempt to induce tolerance. The health eco-
nomic impact of these new approaches remains largely

undefined.

Future perspective

An active approach to the management of food aller-
gies has many advantages for food allergic children,
including the possibility of tolerance induction and
a significant improvement in their quality of life. We
believe, that in the next few years, this approach will
be adopted by the majority of clinician allergists and
allergy centres around the world.

Food immunotherapy is an emerging area of consid-
erable interest, which is showing considerable promise
as a form of active treatment and is also expected to
evolve in the near future.
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