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Abstract

@ CrossMark

Purpose of Review The goal of this review is to present an updated summary of'the various approaches to prevent childhood food
allergies and report recent advances in potential prevention trials for food allergy.
Recent Findings Several approaches related to maternal dietary supplementation as well as infant GI-based supplementation have

been tried and are the subject of ongoing clinical investigation.

Summary The prevalence of food allergy appears to be increasing but several, varied approaches to prevention are being actively
pursued such that an effective strategy may not be too far in the future.

Keywords Food allergy - Specific IgE - Primary prevention of food allergy - Childhood food allergy

Introduction

The Centers for Disease Control and Prevention (CDC) esti-
mates that food allergies among children increased approxi-
mately 50% between 1997 and 2011 [1]. This rise in food
allergy was initially noted in the early 1990s with an increase
in peanut allergy [2]. Food allergy now affects up to 8% of
young children and 5-8% of the entire US population [3-8].
Eight foods account for 90% of all reactions and, among
those, peanut allergy is particularly problematic as it is largely
a life-long disease and is the leading cause of fatal food ana-
phylaxis [9—12]. In fact, the prevalence of food allergy is
rising in developed nations throughout the world. The increase
in atopic diseases has been recognized as a pandemic, thus
emphasizing the need for effective allergy prevention [13].
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Prevention in Allergic Disease

Recently, the Learning Early About Peanut allergy (LEAP)
trial provided experimental evidence confirming that allergic
sensitization to food begins in the first few months of life and
progresses to production of elevated specific IgE and expres-
sion of clinical disease in a large proportion of infants [14e,
15-17]. In the LEAP trial, 9% of infants had a positive skin
test to peanut prior to any known oral peanut exposure, and
yet the same study clearly showed that oral exposure to peanut
by 12 months of life significantly reduced peanut allergy at
age 5 [14-]. Taken together, these observations suggest that an
event early in infancy (or in utero) triggers the production of
IgE to food and, at least for peanut, this event is not oral
exposure. Given the focus on infancy and that the fetus can
make immunologic responses to foods and other allergens,
dietary interventions instituted during pregnancy, lactation,
and the first year of life have been proposed [18]. These in-
clude maternal avoidance of allergenic foods and the addition
of certain supplements to the maternal diet [18].

There are three types of prevention related to allergic dis-
ease [18]:

1) Primary prevention—blocks the initial immunologic sen-
sitization (i.e., the development of allergen-specific IgE)

2) Secondary prevention—reduces the development of fur-
ther disease post-sensitization

3) Tertiary prevention—reduces symptoms after manifesta-
tion of disease
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The immune system of a newborn undergoes rapid changes
to transition to life ex utero. The most significant immunologic
event is the massive antigen exposure at birth, which initiates the
development of changes that afford the baby protection from
infection. Although stimulation for ex utero immune system
development occurs during parturition, it takes time for the im-
munologic transition to occur. Therefore, medications adminis-
tered and procedures performed in the immediate post-natal pe-
riod could be acting upon a fetal immune system. One relevant
example may well be immunization of a newborn baby with an
alum-absorbed vaccine. In fact, the ability of alum to enhance
IgE production is well-known as it is commonly utilized to
create the atopic mouse model [19]. Although designed to pro-
duce a protective immune response, such an early in life admin-
istration may not only be acting upon a fetal immune system but
also altering the development of the infant immune system. In
sum, transitioning from in utero immunity to ex utero immunity
is a process that occurs over a period of time in which the
tolerant fetal immune milieu wanes as adult immunity develops
and that time of transition may be a critical window for the
development of tolerance. This balance of immunity may be
altered by immunomodulation, such as changes initiated by im-
munizations, specifically through the adjuvant properties of alu-
minum hydroxide or through exposure to live organisms such as
OPV or BCG (see vaccination schedule, Fig. 1). Unfortunately,
the full potential for aluminum adjuvant to change the develop-
ing immune response in humans, specifically during the neona-
tal and infant periods, has not been thoroughly investigated.

Maternal Avoidance Diets

The best studies and the majority of publications support the
conclusion that maternal avoidance diets during pregnancy, lac-
tation, or both are not effective in preventing allergic disease. A
2012 systematic review including five randomized trials and
over 900 patients also reached this conclusion [20-25].

BIRTH (12 hours) 2 MONTHS 4 MONTHS
Hepatitis B Diphtheria, Tetanus,
Pertussis (DTP) DTP
Polio Polio
Haemophilus HIB
Influenzae Type B
(HIB) Rotavirus
Rotavirus PCV
Contains »
(or may contain) Hepatitis B

aluminum adjuvant Pneumococcal (PCV)

Fig. 1 Vaccines and aluminum-adjuvant: 1983 and 2018
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Certainly, studies of maternal and newborn diets are difficult
to perform and have been attempted without uniform scientific
rigor. Variables inherent to such study designs that are difficult
to control include length of breastfeeding, use of supplemental
formulas, and the introduction of solid foods to infants.

The lack of protective effect in most studies could also be
due (in part) to reverse causation. Mothers who thought their
infants were at higher risk for atopic disorders might have
been more likely to avoid certain foods in their diet, even
when requested not to adjust their diet. Equally, mothers could
have breastfed and breastfed longer than they had initially
planned. For mothers who were going to feed/supplement
with formula, they might have been more likely to choose a
hypoallergenic formula. In each instance, if such an adjust-
ment was repeated by a sufficient number of participants, this
could have led to the observed lack of an effect.

Another issue is one of selection bias, as most of the studies
examining the effects of maternal avoidance diets during preg-
nancy and lactation have been performed in populations at
higher atopic risk. An infant’s risk for developing allergic dis-
ease is based upon the family’s atopic history. An infant is
defined as “high risk” if there is at least one first-degree relative
(parent or sibling) with documented allergic disease [26, 27].
However, this definition is quite broad and could include a
parent with allergic rhinitis (relatively benign) or multiple sib-
lings with severe asthma and/or food allergy (relatively signif-
icant). Thus, the general nature of this definition can make
application of results to specific patients more challenging.

During Pregnancy

The available studies suggest that maternal avoidance of aller-
genic foods during pregnancy does not reduce the risk of
allergic disease in the offspring, regardless of whether the
infant is high risk or not. Thus, the American Academy of
Pediatrics does not recommend maternal avoidance diets dur-
ing pregnancy [28].

6 MONTHS 7 MONTHS 12 - 18 MONTHS 2 - 6 YEARS
Influenza DTP
DTP DTP
Polio
Measles, Mumps, Polio
Polio Rubella (MMR) MMR
HIB HIB Varicella
Rotavirus PCV Influenza (5)
H. itis B
epatitis Varicella
PCV -
Hepatitis A (2)
Influenza
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During Lactation

It has been suggested for many years that the presence of food
antigens in breast milk might sensitize nursing infants. Results of
studies examining this hypothesis have been contradictory, and
the cumulative data are not sufficient to support recommending
food avoidance to breastfeeding mothers as a means of
preventing allergy. Alternatively, maternal elimination diets have
become a widely used intervention in breastfed infants with food
allergies [29]. Poorly supervised or broad-based maternal elim-
ination diets are not without nutritional risks for both mother and
infant [25]. The nutritional adequacy of the maternal diet should
be assessed and monitored by a pediatric dietitian [30¢]. Calcium
supplementation is generally recommended if cow’s milk prod-
ucts are eliminated from the maternal diet.

Supplementation of the Maternal Diet

Women may ask if there is any benefit to purposefully ingesting
allergenic foods during pregnancy or lactation for the purpose of
preventing food allergy or other allergic disorders in the child. If
a woman’s diet is nutritionally adequate, the decision can be
made on an individual basis since the relative importance of
maternal diet compared with genetic factors and other risk fac-
tors is not fully understood. Supplementation with vitamin D is a
common question, and although the evidence is low-quality, a
World Allergy Organization (WAO) guideline indicated there is
no evidence that vitamin D supplementation in the diets of preg-
nant women or breastfeeding mothers who had no other

Does the child have
atopy ?

No
—

} Yes

Does the child have
severe eczema* and/or
an egg allergy?

indications for vitamin D supplementation reduces the risk of
developing allergic diseases in children and suggested against
this intervention [31]. Another intervention that has been studied
for the prevention of childhood allergic disease is supplementa-
tion of the maternal diet with omega-3 (n-3) long-chain polyun-
saturated fatty acids. A 2015 Cochrane review of eight trials
concluded there was limited evidence to support a beneficial
effect [32].

Augmentation of Infant Diet

Modification of early gut colonization and fecal microbial
diversity in infancy may provide an avenue for preventive or
therapeutic strategies [33]. Probiotic or prebiotic supplemen-
tation has been shown to modify the risk of allergies, particu-
larly for atopic dermatitis in infancy [34-36]. The WAO
guidelines recommend the use of probiotics and prebiotics
for the prevention of eczema and allergies, but caution that
the available evidence is of very low certainty [37, 38]. Early
introduction of selective, highly allergenic foods can also be
considered an augmentation of the infant diet and a strategy
for such related to peanut is included (see Fig. 2); however,
this review will focus on gut supplementation.

Probiotics

Infants with allergies have been shown to have significantly
lower counts of some fecal species, such as Bifidobacteria,

Home introduction at
age appropriate time.

No | Home introduction at

! Yes

slgE | Peanut sIgE* or skin

prick testing suggested

around 6 months

Low risk of allergy and
early introduction at 4-6

SPT

! }

Peanut IgE <.35 | [ slge235 |

| l

Low probability of
allergy and early
introduction at 4-6
months at home or in
the clinic***
suggested.

| Proceed to SPT testing ‘—» —>| Wheal 3-7mm**

I Wheal £2mm** —>

months at home or in
the clinic*** suggested

Moderate to high allergy
risk and supervised
}—» feeding or graded OFC
challenge by specialist
recommended

High likelihood of

| Wheal 28 mm**
peanut allergy

*Serum IgE testing can be used to minimize delay of peanut introduction in certain settings  SPT: Skin prick testing

**Greater than saline control
***Based on the provider and parental preference

slgE: Serum IgE
OFC: Oral food challenge

Fig. 2 Sample strategy for possible early introduction of peanut-containing food (Adapted from Greenhawt and Fleisher) [39+¢]
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compared to healthy infants [40]. Allergy prevention via sup-
plementation with probiotic bacteria would be a reasonable
approach to pursue. The effects of probiotics appear to be
primarily mediated via the innate immune system, resulting
in the promotion of T-helper 1 differentiation, production of
regulatory cytokines (IL-10 and TGF-[3), and enhancement of
intestinal IgA responses [41]. Several studies have demon-
strated that perinatal administration of probiotics to mothers
in the last weeks of pregnancy and to infants in the first few
months of life was associated with a significant reduction in
atopic eczema [42—44]. Nevertheless, results have been var-
ied, depending on the probiotic strain, dose, timing, and food
matrix used. In fact, a study using Lactobacillus acidophilus
even showed a slight increase in allergic sensitization [45].
The discrepant and inconsistent results highlight the complex-
ity of probiotic supplementation and that clinical outcomes
depend on the specific probiotic strains used. Clearly, the role
of probiotics in allergy prevention requires further study [46].

Prebiotics

Human milk oligosaccharides (HMO) promote colonization
of the gut with Bifidobacteria, which—as with probiotics—is
thought to promote mucosal tolerance via interaction with
regulatory T-lymphocytes and Toll-like receptors. HMO are
non-digestible glycans with prebiotic properties in breast milk
that provide a specialized substrate for Bifidobacteria. In the
past, infant formulas were devoid of prebiotic oligosaccha-
rides [47]. More recently, several manufactured prebiotics
have been added to infant formula, including plant-based
long-chain fructo-oligosaccharides (FOS) and short-chain
galacto-oligosaccharides (GOS). GOS and FOS have been
shown to increase numbers of fecal Bifidobacteria in
formula-fed infants [48, 49]. A randomized study examined
the effects of a FOS/GOS-supplemented hydrolyzed formula
on atopic eczema in formula-fed infants during the first
6 months of life [SO]. The results showed that FOS/GOS sup-
plementation was associated with significantly lower rates of
eczema compared to the placebo group. Notably, eczema se-
verity was similar for both treatment arms. A more recent
multi-center, randomized controlled trial in Europe assessed
the effect of prebiotics in healthy, low-risk infants from
8 weeks to 12 months [51]. Prebiotics reduced the incidence
of atopic dermatitis by 44% at 12 months. Interestingly, ecze-
ma severity was again not affected. Further studies are needed
to assess the role of oligosaccharide supplementation in pre-
vention of allergic disease [36].

Partially Hydrolyzed Formula

The role of hydrolyzed formula in allergy prevention has been
studied for many years. The German Infant Nutritional

Intervention (GINI) study is the largest, semi-randomized trial
to date that examined the role of hydrolyzed formula in the
prevention of allergies [52]. Infants with a family history of
allergies were randomized to receive cow’s milk-based formula,
whey-based PHF, whey-based extensively hydrolyzed formula
(EHF), or casein-based EHF at the time of weaning. The results
of GINI showed a sustained protective effect against atopic
eczema for whey-based PHF and casein-based EHF, even until
10 years of age [52, 53]. A Cochrane review of hydrolyzed
formula in allergy prevention found a beneficial effect, albeit
limited, in infants at high risk for atopy [54]. Two other meta-
analyses also confirmed a preventive effect, mainly for atopic
dermatitis [55, 56]. On the contrary, a meta-analysis by Boyle
et al. found no support for a preventive effect of PHF against
allergic disease [57]. A more recent meta-analysis that did not
pool data from various PHF products and only included studies
using 100% whey PHF found a preventive effect for all aller-
gies and eczema [58]. The current Allergy Prevention
Guidelines by the European Academy of Allergy and Clinical
Immunology (EAACI) recommend the use of PHF with a doc-
umented preventive effect in infants at high risk of atopy if
breastfeeding is insufficient or not possible [59].

Conclusions

Although rates of food allergy continue to rise, novel ap-
proaches and research related to prevention and treatment
are gaining ground. Further research is needed to inform the
most effective food allergy prevention strategies at the pop-
ulation level. As this research yields new strategies for pre-
vention, there is potential to reverse the rising prevalence
trends for food allergies. Certainly one consideration is to
address the timing and use of vaccine adjuvants that may
skew infant immune responses toward atopy. Although not
discussed here, the beginnings of approved food allergen
immunotherapy interventions may provide better health
outcomes and improved quality of life for families affected
by food allergies (Table 1).
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