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ABSTRACT

Food allergy has significant individual, household
and societal costs with the increasing prevalence of
allergic disease becoming a public health concern,
particularly in westernised, urbanised countries.
Consequently there is great interest in the aetiology
of food allergy in general, and the primary prevention
of food allergy in particular.

The infant's immune system first comes into contact
with food allergens as a fetus, continues being ex-
posed after birth via breast milk, and again when sol-
ids are introduced into the diet. It is unclear which, if
not all, of these exposure time points are important
in food allergy development; so food allergy preven-
tion strategies tend to focus on pregnancy and the
first year of life.

Recommendations around food allergy prevention
strategies have changed greatly in the last decade
from some quite detailed prescriptive recommenda-
tions to fewer more evidence-focused recommenda-
tions and a call for more research into the field.

This paper discusses the current evidence base
within a historical perspective and then outlines the
recommendations we can currently make to our pa-
tients from the available evidence.

BACKGROUND

Food allergy prevention has been of interest to research-
ers for a number of years, particularly since the preven-
tion of food allergy development may lead to reduced
prevalence of asthma and allergic rhinitis because of
the concept of the ‘allergic march’."? That said, food
allergy itself has significant individual, household and
societal costs®* The interest in food allergy prevention
strategies has also paralleled the observed increase in
food allergy prevalence.?

The first allergy prevention measures were developed
from epidemiological observations to do with how the
infant was fed®’ and serological observations from the
fetus, newborn and infant.81° This led to the situation
we now have where allergy prevention strategies focus
on pregnancy and the first year of life of the infant.

ALLERGY PREVENTION STRATEGIES

Historical perspective

The first intervention studies looking at allergy preven-
tion used multiple strategies to maximise the likelihood
of affecting allergy outcome. Some of these studies
showed some promising results in the short term,’" '
but it was not known whether these results were due
to all or just some of the interventions. Consequent-
ly allergy prevention advice based on these findings
recommended all the interventions included in the
studies,’® such as maternal avoidance during preg-
nancy and lactation and delayed introduction of solids
into the infant’s diet. Despite the long-term effects of

these interventions being subsequently shown to be
disappointing,'®'” these recommendations stayed in
place for a number of years.

Subsequent research focused on the different time
periods thought to be important in allergy prevention;
some focused on pregnancg,m'19 while others focused
on environmental factors?>?! and yet others on infant
feeding strategies;?? but the picture became no clearer.
There was still a question as to whether these strate-
gies were reducing allergy development.

In the first years of the 21st century new immunologi-
cal and epidemiological considerations were added to
the allergy prevention argument. Among these was the
concept that acquiring tolerance to foreign (food) Ero—
teins was an active rather than a passive process’>?*
and the epidemiological observations that early intro-
duction to allergenic foods did not necessarily lead to
sensitisation or allergic disease.?>?’

From 2004, a plethora of publications from birth cohort
studies added to the evidence base that delaying the in-
troduction of solids into the infants’ diet did not reduce
the risk of developing allergic disease.?®3'

The current evidence base

Strategies during pregnancy

It has been known for many years that the in utero envi-
ronment affects immunological development and that it
is affected by the maternal environmental and nutrition-
al experiences. As has been explained, the concept of
avoidance to influence the maternal environment was in
the forefront of people’'s minds, so environmental and
dietary avoidance strategies were the norm. However,
with the lack of evidence that these strategies were re-
ducing allergy risk, and the advance of knowledge con-
cerning the relationship between the maternal diet and
immune function, the emphasis moved from avoidance
of certain foods from the diet to the inclusion of certain
foods/nutrients into the diet. Maternal dietary factors
that have been considered to have an impact on allergic
outcome of an infant are polyunsaturated fatty acids,
probiotics, vitamins A, C, D and E, selenium, folate,
zinc, and a 'healthy diet’.3%%3 Those with a more robust
evidence base of involvement in allergy development
are examined in more detail in the following paragrahs.

Polyunsaturated fatty acids

The increased prevalence of allergic disease has been
linked causally with the increased consumption of ®-6
long-chain polyunsaturated fatty acids (LCPUFAs),34:3°
resultant of the health concerns regarding the consump-
tion of saturated fats.%® This possible link is backed up
by epidemiological observations®’2? and is mechanisti-
cally explained by the fact that LCPUFAs are precursors
for eicosanoid inflammatory factors including prosta-
glandins (PG) and leukotrienes (LT). These factors are
involved in modulating and controlling the immune re-
sponse and are generated from LCPUFAs. Eicosanoids
derived from ®-6 PUFAs (e.g. sunflower oil) such as
PGE, and LTB, strongly promote inflammatory respons-
es and play a role in allergic sensitisation,*® whereas the
®-3 LCPUFAs lead to production of PG and LT which
inhibit allergic inflammation, such as PGE; and LTB5.%°
Consequently there have been studies looking at the
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role of LCPUFAs in allergic disease where the mother's
diet was supplemented with fish oils.*'*? While such
studies demonstrated immunological changes in cord
blood, they could only hint at an improved clinical out-
come.*® Further intervention studies are being carried
out with details of clinical outcome at 6 months expect-
ed in the next year.

Probiotics

Probiotics are live micro-organisms with various, strain-
specific immunomodulatory effects which play an im-
portant role in the development of the mucosal and
systemic immune system,*® specifically the develop-
ment of oral tolerance. Observational studies show dif-
ferences in gut microbiota composition between atopic
and non-atopic infants. Generally, atopic infants have
fewer bifidobacteria and more clostridia than non-atopic
infants. These differences precede the development of
atopic disease since they already exist in the first few
weeks of life, suggesting a causal relationship.***¢ A
number of double-blind randomised placebo-controlled
trials have been performed to investigate the abil-
ity of probiotics to prevent allergic disease in high-risk
infants. These studies have mainly focused on atopic
dermatitis (AD) and not on food allergy and have con-
flicting results. In three studies the incidence of AD was
significantly reduced.*”*® However, in the other study
no effect on AD incidence was found.®® These conflict-
ing results can possibly be explained by differences in
study design, the use of different probiotic strains and
dosages and/or genetic characteristics of the popula-
tions studied. Also, all studies gave the probiotic to the
infant after delivery in addition to the mother taking it
while pregnant, so any observed effect may be due to
direct ingestion by the infant as opposed to via the ma-
ternal route. However, a more recent study has shown
an effect on allergic disease with maternal supplemen-
tation.%’

Vitamin D

The role of vitamin D in allergy development was first
proposed in 1999%? when its inhibitory effect on the
production of the T-helper 1 (Th1) cytokine interleukin
(IL)-12 was highlighted. Subsequently, epidemiological
observations such as the time course of the prevalence
of increase in allergic diseases and vitamin D supple-
mentation, and the clustering of disease in higher
socio-economic groups (who are more likely to follow
supplementation guidelines) were used to substanti-
ate the argument. Since that date the role of vitamin
D has been strongly debated. While the first papers
advocated that increased vitamin D supplementation
was the cause of rising allergy prevalence®*®* because
of its effect on IL-12, IL-2 and interferon-gamma (IFN-
7,%° others have since argued the protective effect of
vitamin D%%8 because of its role in the development of
regulatory T (Treg) cells, and the proliferation of toleris-
ing and anti-inflammatory cytokines such as I1L-10.°
The focus is not always on dietary vitamin D; the role
of sunlight exposure (assessed by degrees latitude) has
also been investigated. Again there are conflicting re-
sults with some papers demonstrating high levels of
sunlight (and therefore vitamin D) to be inversely relat-
ed to allergic disease®®' whereas others have shown
the reverse.5%63

As called for by researchers in the field,%* intervention
studies are currently looking particularly at the role of
maternal vitamin D exposure and food allergy in their
offspring to try to clarify the role of vitamin D in allergy
development.

Folate
The human body requires folate to synthesise, repair
and methylate DNA.®° Consequently it has been a nutri-

ent of interest in the growing field of epigenetics. Re-
cent research has demonstrated that some epigenetic
processes can influence the expression of Th1, Th2
and Treg cells® and consequently affect resultant im-
mune function. Since folate supplementation is widely
advocated for pregnant women to protect against neu-
ral-tube defects, it is possible that this advice may be
leading to epigenetic changes in the offspring which
may increase the risk of the child developing an allergic
disease. To date three studies have looked at the action
of folate on the immune system (particularly allergic
mechanisms). Two studies (one an animal study®® and
one using birth cohort data®”) have shown a positive
relationship between increased folate intake and sub-
sequent allergic disease. The third study used serum
folate and total IgE levels from the National Health and
Nutrition Survey of the USA and demonstrated an in-
verse association.®® As is the case with vitamin D, fur-
ther research studies have been urgently called for into
the relationship between maternal folate intake and al-
lergy development.®?

‘Healthy diet’

In addition to the increased intake of LCPUFAs, the
observed increase in the prevalence of asthma and al-
lergic disease since the 1970s has also been proposed
to be due to the decreased ‘healthiness’ of dietary
intake.%8%% Willers et al.*8 found an association between
maternal fish and apple consumption and wheeze at 5
years whereas Chatzi et al.’® found an association be-
tween degree of adherence to a Mediterranean diet
and wheeze and atopy at 6.5 years of age. However,
Lange et al.”! found no association between any ma-
ternal dietary pattern (‘healthful’ or not) and childhood
wheeze.”! A meta-analysis carried out by Nurmatov®®
concluded that there was a (weak) protective effect of
fruit and vegetable intake in the development of asthma
and allergy and also a weak protective effect of a Medi-
terranean diet for asthma outcome, but more research
in this field is required.

Breastfeeding and allergy development

Exclusive breastfeeding is recommended for 6
months’?>7% because of its protective effect on
gastroenteritis,”* wheeze,”® necrotising enterocolitis’®
and vomiting.”” However, the results of research look-
ing at the relationship between breastfeeding and al-
lergy development is contradictory with some reviews
reporting beneficial effects’®®% and others reporting
no such effect.?82 Theoretically, breast milk would be
expected to be protective as a result of it containing
a number of immunomodulatory factors, such as ma-
ternal immunoglobulins, oligosaccharides, cytokines,
glycoproteins, LCPUFAs, lysozyme, nucleotides and
complement. Many of these factors are thought to have
a role in the modulation of the allergic response, in par-
ticular transforming growth factor B (TGF- B) which has
a positive association with infant wheeze®® and atopic
eczema,® 1L-12 which promotes Th1 cytokine mileau®®
and soluble CD14 (sCD-14), the levels of which in
breast milk have been shown to be negatively associ-
ated with eczema at 6 months of age.®®

Additionally, secretory IgA (slgA) in breast milk is
thought to shield the breastfed infant’s gut-associated
lymphoid tissue (GALT) from dietary allergens, thereby
reducing local immunostimulation and contributing to
the establishment of oral tolerance.®” Findings to sup-
port this theory are that breastfeeding has been shown
to significantly protect against the development of
coeliac disease in children, an effect that is unrelated to
the time of solid-food introduction® and that the infants
of mothers with relatively low levels of milk IgA anti-
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bodies to bovine groteins are more likely to develop
cow’s milk allergy.5%:%°

However, other researchers have not found any as-
sociation between breast milk cytokines and allergy
outcome.?'9? This has been explained by the fact that
levels of these cytokines differ vastly between breast
milk samples. When the level of cytokines in the milk is
taken into account in the analysis, a relationship is seen
between cytokine levels and allergy development.®
Another differing explanation for the apparent conflict-
ing findings of the role of breast milk on allergy develop-
ment is that the immunomodulatory role of breast milk
is only apparent when breast milk is still consumed dur-
ing exposure of the immune system to new foods.8894

Role of infant formula in allergy prevention

If a mother is unable to breastfeed, choosing the right
formula to minimise allergy risk can be difficult. It is
known that early exposure to cow’s milk can increase
prevalence of cow'’s milk allergy®®®® and that gut matu-
ration and development of gut mucosal barrier is de-
layed with early cow'’s milk feeding.?® Consequently it
is important that the risk of allergy development associ-
ated with infant formula use should be reduced. His-
torically this has been achieved by using an alternative
protein source to cow's milk such as soya or by the
modification of the cow’s milk protein in the infant for-
mula by hydrolysis to reduce its allergenicity. There has
been debate concerning the relationship between soya-
based infant formula use and allergy development.®’-%°
However, a meta-analysis carried out in 2004'%° con-
cluded that soya formula should not be recommended
for the prevention of milk allergy in infants and more re-
cently, the American Academy of Pediatrics supported
this recommendation. '’

The role of hydrolysed formula in allergy prevention
has been examined in a number of intervention studies
on high-risk infants. They compared both partially and
extensively hydrolysed cow’s milk formulas to formu-
las based on intact cow’s milk in respect of the devel-
opment of cow’s milk allergy. Two studies showed a
protective effect of extensively and partially hydrolysed
infant formulas'®?% while in another three studies,
no difference was seen.'%'% Another studY which
followed up to age 7, showed no differences.'® To try
to finally clarify the situation the GINI study looked at
three different hydrolysed infant formulas and standard
infant formula, comparing different allergy outcomes
between the groups. They found the extensively hydro-
lysed casein formula and partially hydrolysed whey for-
mula were shown to have a preventative effect on both
physician diagnosis of allergic manifestation and AD,
but this was not seen for the extensively hydrolysed
whey formula.’®” It is because of these somewhat con-
tradictory findings that current recommendations spec-
ify that for allergy prevention a formula should be used
but that it should be of ‘proven reduced allergenicity’."%®
Despite the fact that all these studies have often been
conducted as randomised, controlled trials, they have
frequently been characterised by a number of method-
ological shortcomings, including problems with blind-
ing, inadequate outcome assessments, and inability to
distinguish true prevention from delaying symptoms.'%®
A Cochrane review on this topic conducted in 2006''°
concluded that ‘there is no evidence to support feed-
ing with a hydrolysed formula for the prevention of al-
lergy compared to exclusive breastfeeding. In high risk
infants who are unable to be exclusively breastfed,
there is limited evidence that prolonged feeding with a
hydrolysed formula compared to a cow's milk formula
reduces infant and childhood allergy and infant cow's
milk allergy.’

EAACI have recently stated that for high-risk infants
who are not breastfed a formula with documented
reduced allergenicity should be used.’® This advice
applies only to infants born into high-risk families, i.e.
mother, father or sibling suffers from documented al-
lergic disease.”®

In an endeavour of infant formula companies to further
reduce the allergenicity of their infant formulas and
make their composition more comparable to breast
milk, they have started to include pre- and/or probiotics
into their infant formulas. A number of double-blind ran-
domised placebo-controlled trials have been performed
to investigate the ability of probiotics and prebiotics
to prevent allergic disease in high-risk infants but they
have conflicting results.”’ Meta-analyses into the role
of pre- and probiotics in allergy have been carried out. In
both cases the conclusion was that there was currently
insufficient evidence to determine their role in aller%/
prevention and further trials have been called for.!?

Role of infant feeding and allergy development

The age at which solids should be introduced into
the infant diet for allergy prevention is also an area of
controversy. The first studies in the field were obser-
vational and carried out in the 1980s. First to publish
were Fergusson et al.® who looked at both the tim-
ing and rate of introduction of solids into an infant diet
with the later development of eczema. They found that
solid food introduced before 4 months of age and the
number of foods introduced was associated with an in-
creased incidence of physician-reported eczema.® This
association persisted to 10 years of age.®® Secondly,
Kajosaari compared the early introduction of allergenic
foods (3 months of age) with that after 6 months of age
and showed no differences in the prevalence of food
allergy, either in the first year of life” or at age 5."* A
number of similar studies followed and a systematic
review looking at complementary feeding and allergy
development could find few data linking the introduc-
tion of solids into the diet before 4 months of age and
allergic conditions, other than an association with early
solid introduction and persistent eczema."®

As a result of the new epidemiological and immuno-
logical findings suggesting that early exposure of the
immune system to allergens may help establish im-
munological tolerance, researchers used existing data
from birth cohort studies to further investigate the rela-
tionship between solid introduction and the later devel-
opment of allergy. No study found any benefit on aller-
gic outcome by delaying the introduction of solids and
three found an association between the delayed intro-
duction of milk®" and egg®®''® and increased incidence
of eczema and atopic sensitisation. More recently it has
been suggested that children exposed to cereal grains
before 6 months of age (as opposed to after 6 months
of age) are protected from the development of wheat-
specific IgE?® and researchers in Sweden have shown
an association between the delayed introduction of fish
and subsequent allergy.”'”""® All these studies collect-
ed feeding data retrospectively which makes the find-
ings vulnerable to both recall bias and reverse causality.
Nevertheless these findings have raised the possibility
that delaying the introduction of foods into an infant's
diet (particularly delaying the introduction of allergenic
foods) is not beneficial and may actually increase the
risk of the child developing allergic diseases.?%27:2%
31.116 However, before we recommend the introduction
of allergenic foods before 6 months these study find-
ings need to be replicated in additional studies.

Consequently the advice should remain that if it is nec-
essary to introduce solids into an infant’s diet before
the age of 6 months then that food should be of low
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allergenicity."® However, from 6 months there is no
reason to further delay the introduction of allergenic
foods (e.g. wheat, egg, peanut, cow's milk products,
fish) into the diet since delaying the introduction of sol-
ids into the diet to prevent the development of allergic
disease has not been shown to be beneficial.'®!-198.720
However, from a practical standpoint it seems prudent
to introduce allergenic foods one at a time into the diet
of high-risk infants.'?°

Other (non-food) strategies

An important allergy prevention measure is to avoid
smoking during pregnancy and to ensure the baby is
not exposed to tobacco smoke, since passive smoke
exposure has been associated with development of
asthma and allergic disease in the infant.'?'-1%2
House-dust mite reduction measures have been shown
to reduce sensitisation to house-dust mite at 1 year in
high-risk infants'?® and research is currently being un-
dertaken to establish if they lead to reduced allergic dis-
ease. In the meantime anti-dust mite procedures such
as covering the mattress, ventilation of the infant's
room, regular vacuuming and cleaning with a damp
cloth seem prudent for high-risk infants.

The intake of paracetomol (acetaminophen) and anti-
reflux medication during pregnancy has been linked to
the development of allergic disease in the child'?*1?6 as
has non-steroidal anti-inflammatory drug (NSAID) intake
during lactation,'?”"'?8 and paracetomol and antibiotic
use in infancy.'?®"32 However further work is needed
in all these areas to substantiate any possible associa-
tions.

RECOMMENDATIONS

Although more research needs to be carried out for us
to be able to offer definitive allergy prevention advice,
a number of recommendations can be made from the
evidence base at this time.'01:108.120

All infants

e Mothers should eat a healthy, balanced diet during
pregnancy and lactation, including all major aller-
gens.

e |deally, breastfeeding should be the sole source of
nutrition until around the age of 6 months.

e Milks other than standard cow'’s milk formula, includ-
ing soy, goat milk formulas, or non-formula off-the-
shelf cow, goat, sheep, soy or rice milk, must not be
given as they are unproven in allergy prevention.

e \Weaning should never commence before the age of
17 weeks and any solids introduced between 4 and
6 months should be low-allergenic foods.

¢ \Weaning foods should ideally be introduced while an
infant is still being breastfed.

e By the age of 12 months all the major allergenic
foods, which would normally be suitable for a child
of this age, should have been introduced into the
diet.

e Delaying weaning beyond 6 months could adversely
affect the normal dietary and developmental mile-
stones essential to establishing a good varied diet
and may increase the risk of allergy development.

e Avoid exposure to cigarette smoke during pregnan-
cy as well as to the infant after birth.

e During pregnancy and lactation, keep the use of
anti-reflux medication, paracetamol and NSAIDs to
a minimum.

For high-risk infants

e Standard cow's milk formula should not be given for
the first 4-6 months unless the child has other forms
of cow'’s milk in his/her diet.

e Recommended alternatives to breast milk are par-
tially or extensively hydrolysed formula milks. Infants
at highest risk should be given extensively hydroly-
sed casein formula milk. These hydrolysed formulas
should be used for 4-6 months or until the time that
cow'’s milk in any form has been introduced into the
infant’s diet.

e \When allergenic foods such as wheat, egg and milk,
are commenced, introduce each allergenic food cat-
egory singly, starting with a small amount, e.g. half
a teaspoon. No more than one new allergenic food
group should be introduced at a time.

e Avoid exposure to high levels of house-dust mite.
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