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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’.1,2 That said, food 
allergy itself has significant individual, household and 
societal costs.3,4 The interest in food allergy prevention 
strategies has also paralleled the observed increase in 
food allergy prevalence.5

The first allergy prevention measures were developed 
from epidemiological observations to do with how the 
infant was fed6,7 and serological observations from the 
fetus, newborn and infant.8-10 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,11-14 

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,15 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,16,17 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 pregnancy,18,19 while others focused 
on environmental factors20,21 and yet others on infant 
feeding strategies;22 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) pro-
teins was an active rather than a passive process23,24 
and the epidemiological observations that early intro-
duction to allergenic foods did not necessarily lead to 
sensitisation or allergic disease.25-27

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.28-31

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’.32,33 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),34,35 
resultant of the health concerns regarding the consump-
tion of saturated fats.36 This possible link is backed up 
by epidemiological observations37-39 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 
PGE2 and LTB4 strongly promote inflammatory respons-
es and play a role in allergic sensitisation,40 whereas the 

-3 LCPUFAs lead to production of PG and LT which 
inhibit allergic inflammation, such as PGE3 and LTB5.

40 
Consequently there have been studies looking at the 

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.
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role of LCPUFAs in allergic disease where the mother’s 
diet was supplemented with fish oils.41,42 While such 
studies demonstrated immunological changes in cord 
blood, they could only hint at an improved clinical out-
come.40 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,43 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.44-46 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.47-49 However, in the other study 
no effect on AD incidence was found.50 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.51

Vitamin D
The role of vitamin D in allergy development was first 
proposed in 199952 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 prevalence53,54 because 
of its effect on IL-12, IL-2 and interferon-gamma (IFN-
),55 others have since argued the protective effect of 

vitamin D56-58 because of its role in the development of 
regulatory T (Treg) cells, and the proliferation of toleris-
ing and anti-inflammatory cytokines such as IL-10.59 
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 disease60,61 whereas others have shown 
the reverse.62,63

As called for by researchers in the field,64 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.65 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 cells66 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 study66 and 
one using birth cohort data67) 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.68 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.32 

‘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.58,69 Willers et al.38 found an association between 
maternal fish and apple consumption and wheeze at 5 
years whereas Chatzi et al.70 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.71 found no association between any ma-
ternal dietary pattern (‘healthful’ or not) and childhood 
wheeze.71 A meta-analysis carried out by Nurmatov33 
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 
months72,73 because of its protective effect on 
gastroenteritis,74 wheeze,75 necrotising enterocolitis76 
and vomiting.77 However, the results of research look-
ing at the relationship between breastfeeding and al-
lergy development is contradictory with some reviews 
reporting beneficial effects78-80 and others reporting 
no such effect.81,82 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  (TGF- )  which has 
a positive association with infant wheeze83 and atopic 
eczema,84 IL-12 which promotes Th1 cytokine mileau85 
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.86  

Additionally, secretory IgA (sIgA) 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.87 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 introduction88 and that the infants 
of mothers with relatively low levels of milk IgA anti- 
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bodies to bovine proteins are more likely to develop 
cow’s milk allergy.89,90 

However, other researchers have not found any as-
sociation between breast milk cytokines and allergy 
outcome.91,92 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.93 
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.88,94

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 allergy95,96 and that gut matu-
ration and development of gut mucosal barrier is de-
layed with early cow’s milk feeding.26 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.97-99 
However, a meta-analysis carried out in 2004100 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.101

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 formulas102,103 while in another three studies, 
no difference was seen.104-106 Another study which 
followed up to age 7, showed no differences.16 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.107 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’.108 
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.109 
A Cochrane review on this topic conducted in 2006110 
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.108 This advice 
applies only to infants born into high-risk families, i.e.  
mother, father or sibling suffers from documented al-
lergic disease.79

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.111 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 allergy 
prevention and further trials have been called for.112,113

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.6 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.6 This 
association persisted to 10 years of age.95 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 life7 or at age 5.114 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.115

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 milk31 and egg30,116 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 IgE29 and researchers in Sweden have shown 
an association between the delayed introduction of fish 
and subsequent allergy.117,118 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.25,27,29-

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.119 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.101,108,120 
However, from a practical standpoint it seems prudent 
to introduce allergenic foods one at a time into the diet 
of high-risk infants.120

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.121,122

House-dust mite reduction measures have been shown 
to reduce sensitisation to house-dust mite at 1 year in 
high-risk infants123 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 child124-126 as 
has non-steroidal anti-inflammatory drug (NSAID) intake 
during lactation,127,128 and paracetomol and antibiotic 
use in infancy.129-132 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.101,108,120

All infants

pregnancy and lactation, including all major aller-
gens. 

nutrition until around the age of 6 months.

-
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.

17 weeks and any solids introduced between 4 and 
6 months should be low-allergenic foods.

infant is still being breastfed.

foods, which would normally be suitable for a child 
of this age, should have been introduced into the 
diet. 

affect the normal dietary and developmental mile-
stones essential to establishing a good varied diet 
and may increase the risk of allergy development.

-
cy as well as to the infant after birth.

anti-reflux medication, paracetamol and NSAIDs to 
a minimum.

For high-risk infants

the first 4-6 months unless the child has other forms 
of cow’s milk in his/her diet.

-
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. 

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.

Declaration of conflict of interest
The author declares no conflict of interest.

REFERENCES 
  1.  Wahn U. What drives the allergic march? Allergy 2000;55(7):591-599.

  2.  Peroni DG, Chatzimichail A, Boner AL. Food allergy: what can be 
done to prevent progression to asthma? Ann Allergy Asthma Im-
munol 2002;89(6 Suppl 1):44-51.

  3.  Voordouw J, Fox M, Cornelisse J, Antonides G, Mugford M, Frewer 
L. Household costs associated with food allergy: an exploratory 
study. British Food Journal 2010; 112(11):1205-1215.

  4.  Sladkevicius E, Nagy E, Lack G, Guest JF. Resource implications and 
budget impact of managing cow milk allergy in the UK. J Med Econ 
2010; 13(1):119-128.

  5.  Allen KJ, Koplin JJ. The epidemiology of IgE-mediated food allergy 
and anaphylaxis. Immunol Allergy Clin North Am 2012;32(1):35-50.

  6.  Fergusson DM, Horwood LJ, Beautrais AL, Shannon FT, Taylor B. 
Eczema and infant diet. Clin Allergy 1981;11:325-331. 

  7.  Kajosaari M, Saarinen UM. Prophylaxis of atopic disease by six 
months’ total solid food elimination. Evaluation of 135 exclu-
sively breast-fed infants of atopic families. Acta Paediatr Scand 
1983;72(3):411-414.

  8.  Holt PG, Jones CA. The development of the immune system during 
pregnancy and early life. Allergy 2000;55(8):688-697.

  9.  Jones CA, Holloway JA, Warner JO. Does atopic disease start in 
foetal life? Allergy 2000; 55(1):2-10.

10.  Szepfalusi Z, Nentwich I, Gerstmayr M, et al. Prenatal allergen con-
tact with milk proteins. Clin Exp Allergy 1997;27(1):28-35.

11.  Zeiger RS, Heller S, Mellon MH, et al. Effect of combined maternal 
and infant food-allergen avoidance on development of atopy in early 
infancy: a randomized study. J Allergy Clin Immunol 1989;84(1):72-89.

12.  Lovegrove JA, Hampton SM, Morgan JB. The immunological and 
long-term atopic outcome of infants born to women following a 
milk-free diet during late pregnancy and lactation: a pilot study. Br J 
Nutr 1994;71(2):223-238.

13.  Hattevig G, Kjellman B, Sigurs N, Bjorksten B, Kjellman NI. Ef-
fect of maternal avoidance of eggs, cow’s milk and fish during 
lactation upon allergic manifestations in infants. Clin Exp Allergy 
1989;19(1):27-32.

14.  Arshad SH, Matthews S, Gant C, Hide DW. Effect of allergen 
avoidance on development of allergic disorders in infancy. Lancet 
1992;339(8808):1493-1497.

15.  Kleinman RE. American Academy of Pediatrics recommendations 
for complementary feeding. Pediatrics 2000;106(5):1274.

16.  Zeiger RS, Heller S. The development and prediction of atopy in 
high-risk children: follow-up at age seven years in a prospective 
randomized study of combined maternal and infant food allergen 
avoidance. J Allergy Clin Immunol 1995;95(6):1179-1190.

17.  Falth-Magnusson K, Kjellman NI. Allergy prevention by maternal 
elimination diet during late pregnancy - a 5-year follow-up of a ran-
domized study. J Allergy Clin Immunol 1992;89(3):709-713.

18.  Martindale S, McNeill G, Devereux G, Campbell D, Russell G, 
Seaton A. Antioxidant intake in pregnancy in relation to wheeze and 
eczema in the first two years of life. Am J Respir Crit Care Med 
2005;171(2):121-128.

19.  Vance GH, Grimshaw KE, Briggs R, et al. Serum ovalbumin-specific 
immunoglobulin G responses during pregnancy reflect maternal in-
take of dietary egg and relate to the development of allergy in early 
infancy. Clin Exp Allergy 2004;34(12):1855-1861.

20.  Wahn U, Lau S, Bergmann R, et al. Indoor allergen exposure is a risk 
factor for sensitization during the first three years of life. J Allergy 
Clin Immunol 1997;99(6 Pt 1):763-769.

21.  Custovic A, Simpson BM, Simpson A, Kissen P, Woodcock A. Effect 
of environmental manipulation in pregnancy and early life on respira-
tory symptoms and atopy during first year of life: a randomised trial. 
Lancet 2001;358(9277):188-193.

22.  Von Berg A, Koletzko S, Grubl A, et al. The effect of hydrolyzed 
cow’s milk formula for allergy prevention in the first year of life: the 
German Infant Nutritional Intervention Study, a randomized double-
blind trial. J Allergy Clin Immunol 2003;111(3):533-540.



22 Current Allergy & Clinical Immunology, March 2012 Vol 25, No.1

23.  Tsitoura DC, Blumenthal RL, Berry G, Dekruyff RH, Umetsu DT. 
Mechanisms preventing allergen-induced airways hyperreactivity: 
role of tolerance and immune deviation. J Allergy Clin Immunol 
2000; 106(2):239-246.

24.  Rotrosen D, Matthews JB, Bluestone JA. The immune tolerance 
network: a new paradigm for developing tolerance-inducing thera-
pies. J Allergy Clin Immunol 2002; 110(1):17-23.

25.  Grimshaw KE, Vance GH, Briggs R, Diaper ND, Warner JA, Warner 
JO. The effect of delayed introduction of solids on rates of ezcema 
and infant sensitisation to food aeroallergens at 1 and 3 years of 
age. J Allergy Clin Immunol 2004; 113(2):S145.

26.  Morgan J, Williams P, Norris F, Williams CM, Larkin M, Hampton S. 
Eczema and early solid feeding in preterm infants. Arch Dis Child 
2004; 89(4):309-314.

27.  Zutavern A, von Mutius E, Harris J, et al. The introduction of solids 
in relation to asthma and eczema. Arch Dis Child 2004; 89(4):303-
308.

28.  Zutavern A, Brockow I, Schaaf B, et al. Timing of solid food introduc-
tion in relation to atopic dermatitis and atopic sensitization: results 
from a prospective birth cohort study. Pediatrics 2006; 117(2):401-
411.

29.  Poole JA, Barriga K, Leung DY, et al. Timing of initial exposure 
to cereal grains and the risk of wheat allergy. Pediatrics 2006; 
117(6):2175-2182.

30.  Filipiak B, Zutavern A, Koletzko S, et al. Solid food introduction in 
relation to eczema: results from a four-year prospective birth cohort 
study. J Pediatr 2007; 151(4):352-358.

31.  Snijders BE, Thijs C, van RR, van den Brandt PA. Age at first intro-
duction of cow milk products and other food products in relation to 
infant atopic manifestations in the first 2 years of life: the KOALA 
Birth Cohort Study. Pediatrics 2008; 122(1):e115-e122.

32.  West CE, D’Vaz N, Prescott SL. Dietary immunomodulatory factors 
in the development of immune tolerance. Curr Allergy Asthma Rep 
2011; 11(4):325-333.

33.  Nurmatov U, Devereux G, Sheikh A. Nutrients and foods for the 
primary prevention of asthma and allergy: systematic review and 
meta-analysis. J Allergy Clin Immunol 2011; 127(3):724-733.

34.  Black PN, Sharpe S. Dietary fat and asthma: is there a connection? 
Eur Respir J 1997; 10(1):6-12.

35.  Hodge L, Peat JK, Salome C. Increased consumption of polyun-
saturated oils may be a cause of increased prevalence of childhood 
asthma. Aust N Z J Med 1994; 24(6):727.

36.  Schaefer EJ, Levy RI, Ernst ND, Van Sant FD, Brewer HB jr. The 
effects of low cholesterol, high polyunsaturated fat, and low fat di-
ets on plasma lipid and lipoprotein cholesterol levels in normal and 
hypercholesterolemic subjects. Am J Clin Nutr 1981; 34(9):1758-
1763.

37.  Sausenthaler S, Koletzko S, Schaaf B, et al. Maternal diet during 
pregnancy in relation to eczema and allergic sensitization in the off-
spring at 2 y of age. Am J Clin Nutr 2007; 85(2):530-537.

38.  Willers SM, Devereux G, Craig LC, et al. Maternal food consump-
tion during pregnancy and asthma, respiratory and atopic symptoms 
in 5-year-old children. Thorax 2007; 62(9):773-779.

39.  Calvani M, Alessandri C, Sopo SM, et al. Consumption of fish, but-
ter and margarine during pregnancy and development of allergic 
sensitizations in the offspring: role of maternal atopy. Pediatr Allergy 
Immunol 2006; 17(2):94-102.

40.  Kremmyda LS, Vlachava M, Noakes PS, Diaper ND, Miles EA, Calder 
PC. Atopy risk in infants and children in relation to early exposure 
to fish, oily fish, or long-chain omega-3 fatty acids: a systematic 
review. Clin Rev Allergy Immunol 2011; 41(1):36-66.

41.  Dunstan JA, Mori TA, Barden A, et al. Fish oil supplementation in 
pregnancy modifies neonatal allergen-specific immune responses 
and clinical outcomes in infants at high risk of atopy: a randomized, 
controlled trial. J Allergy Clin Immunol 2003;112(6):1178-1184.

42.  Furuhjelm C, Warstedt K, Larsson J, et al. Fish oil supplementation 
in pregnancy and lactation may decrease the risk of infant allergy. 
Acta Paediatr 2009;98(9):1461-1467.

43.  Prescott SL, Bjorksten B. Probiotics for the prevention or treatment 
of allergic diseases. J Allergy Clin Immunol 2007;120(2):255-262.

44.  Kalliomaki M, Kirjavainen P, Eerola E, Kero P, Salminen S, Iso-
lauri E. Distinct patterns of neonatal gut microflora in infants in 
whom atopy was and was not developing. J Allergy Clin Immunol 
2001;107(1):129-134.

45.  Bjorksten B, Sepp E, Julge K, Voor T, Mikelsaar M. Allergy devel-
opment and the intestinal microflora during the first year of life. 
J Allergy Clin Immunol 2001;108(4):516-520.

46.  Penders J, Thijs C, van den Brandt PA, et al. Gut microbiota com-
position and development of atopic manifestations in infancy: the 
KOALA Birth Cohort Study. Gut 2007;56(5):661-667.

47.  Kalliomaki M, Salminen S, Arvilommi H, Kero P, Koskinen P, Isolauri 
E. Probiotics in primary prevention of atopic disease: a randomised 
placebo-controlled trial. Lancet 2001;357(9262):1076-1079.

48.  Abrahamsson TR, Jakobsson T, Bottcher MF, et al. Probiotics in 
prevention of IgE-associated eczema: A double-blind, randomized, 
placebo-controlled trial. J Allergy Clin Immunol 2007;119(5):1174-
1180.

49.  Wickens K, Black PN, Stanley TV, et al. A differential effect of 2 
probiotics in the prevention of eczema and atopy: a double-blind, 

randomized, placebo-controlled trial. J Allergy Clin Immunol 
2008;122(4):788-794.

50.  Kopp MV, Hennemuth I, Heinzmann A, Urbanek R. Randomized, 
double-blind, placebo-controlled trial of probiotics for primary pre-
vention: no clinical effects of Lactobacillus GG supplementation. 
Pediatrics 2008;121(4):e850-e856.

51.  Dotterud CK, Storro O, Johnsen R, Oien T. Probiotics in pregnant 
women to prevent allergic disease: a randomized, double-blind trial. 
Br J Dermatol 2010;163(3):616-623.

52.  Wjst M, Dold S. Genes, factor X, and allergens: what causes allergic 
diseases? Allergy 1999; 54(7):757-759.

53.  Milner JD, Stein DM, McCarter R, Moon RY. Early infant multivi-
tamin supplementation is associated with increased risk for food 
allergy and asthma. Pediatrics 2004;114(1):27-32.

54.  Hypponen E, Sovio U, Wjst M, et al. Infant vitamin D supplementa-
tion and allergic conditions in adulthood: northern Finland birth co-
hort 1966. Ann N Y Acad Sci 2004;1037:84-95.

55.  Cantorna MT, Zhu Y, Froicu M, Wittke A. Vitamin D status, 1,25-
dihydroxyvitamin D3, and the immune system. Am J Clin Nutr 
2004;80(6 Suppl):1717S-1720S.

56.  Gale CR, Robinson SM, Harvey NC, et al. Maternal vitamin D status 
during pregnancy and child outcomes. Eur J Clin Nutr 2008;62(1):68-
77.

57.  Erkkola M, Kaila M, Nwaru BI, et al. Maternal vitamin D intake dur-
ing pregnancy is inversely associated with asthma and allergic rhini-
tis in 5-year-old children. Clin Exp Allergy 2009;39(6):875-882.

58.  Miyake Y, Sasaki S, Tanaka K, Hirota Y. Dairy food, calcium and vita-
min D intake in pregnancy, and wheeze and eczema in infants. Eur 
Respir J 2010;35(6):1228-1234.

59.  Vassallo MF, Camargo CA  jr. Potential mechanisms for the hypothe-
sized link between sunshine, vitamin D, and food allergy in children. 
J Allergy Clin Immunol 2010;126(2):217-222.

60.  Camargo CA  jr, Clark S, Kaplan MS, Lieberman P, Wood RA. Re-
gional differences in EpiPen prescriptions in the United States: the 
potential role of vitamin D. J Allergy Clin Immunol 2007;120(1):131-
136.

61.  Mullins RJ, Clark S, Camargo CA jr. Regional variation in epine- 
phrine autoinjector prescriptions in Australia: more evidence for the 
vitamin D-anaphylaxis hypothesis. Ann Allergy Asthma Immunol 
2009;103(6):488-495.

62.  Weiland SK, Husing A, Strachan DP, Rzehak P, Pearce N. Climate 
and the prevalence of symptoms of asthma, allergic rhinitis, and 
atopic eczema in children. Occup Environ Med 2004;61(7):609-615.

63.  Asero R, Antonicelli L, Arena A, et al. EpidemAAITO: features of 
food allergy in Italian adults attending allergy clinics: a multi-centre 
study. Clin Exp Allergy 2009;39(4):547-555.

64.  Lack G. Epidemiologic risks for food allergy. J Allergy Clin Immunol 
2008;121(6):1331-1336.

65.  Vitamins. In: Thomas B, ed. Manual of Dietetic Practice, 3rd ed. 
London: Blackwell Science, 2001:165-174.

66.  Hollingsworth JW, Maruoka S, Boon K, et al. In utero supplementa-
tion with methyl donors enhances allergic airway disease in mice. J 
Clin Invest 2008;118(10):3462-3469.

67.  Haberg SE, London SJ, Stigum H, Nafstad P, Nystad W. Folic acid 
supplements in pregnancy and early childhood respiratory health. 
Arch Dis Child 2009;94(3):180-184.

68.  Matsui EC, Matsui W. Higher serum folate levels are associated 
with a lower risk of atopy and wheeze. J Allergy Clin Immunol 
2009;123(6):1253-1259.

69.  Seaton A, Godden DJ, Brown K. Increase in asthma: a more toxic en-
vironment or a more susceptible population? Thorax 1994;49(2):171-
174.

70.  Chatzi L, Torrent M, Romieu I, et al. Mediterranean diet in preg-
nancy is protective for wheeze and atopy in childhood. Thorax 
2008;63(6):507-513.

71.  Lange NE, Rifas-Shiman SL, Camargo CA jr, Gold DR, Gillman MW, 
Litonjua AA. Maternal dietary pattern during pregnancy is not as-
sociated with recurrent wheeze in children. J Allergy Clin Immunol 
2010;126(2):250-5, 255.

72.  World Health Organization (WHO). 55th World Health Assembly.
Infant and Young Child Nutrition.  Geneva: WHO, 2002.

73.  South African Department of Health. Infant and Young Children 
Feeding Policy.  Pretoria: DOH, 2007. 

74.  Howie PW, Forsyth JS, Ogston SA, Clark A, Florey CD. Protective 
effect of breast feeding against infection. BMJ 1990; 300(6716):11-
16.

75.  Wilson AC, Forsyth JS, Greene SA, Irvine L, Hau C, Howie PW. 
Relation of infant diet to childhood health: seven year follow up 
of cohort of children in Dundee infant feeding study. BMJ 1998; 
316(7124):21-25.

76.  Lucas A, Cole TJ. Breast milk and neonatal necrotising enterocolitis. 
Lancet 1990;336(8730):1519-1523.

77.  Raisler J, Alexander C, O’Campo P. Breast-feeding and infant illness: 
a dose-response relationship? Am J Public Health 1999;89(1):25-
30.

78.  Gdalevich M, Mimouni D, Mimouni M. Breast-feeding and the risk 
of bronchial asthma in childhood: a systematic review with meta-
analysis of prospective studies. J Pediatr 2001;139(2):261-266.



Current Allergy & Clinical Immunology, March 2012 Vol 25, No.1 23

  79.  Muraro A, Dreborg S, Halken S, et al. Dietary prevention of al-
lergic diseases in infants and small children. Part III: Critical re-
view of published peer-reviewed observational and interventional 
studies and final recommendations. Pediatr Allergy Immunol 
2004;15(4):291-307.

  80.  Gdalevich M, Mimouni D, David M, Mimouni M. Breast-feeding 
and the onset of atopic dermatitis in childhood: a systematic re-
view and meta-analysis of prospective studies. J Am Acad Derma-
tol 2001;45(4):520-527.

  81.  Kramer MS, Kakuma R. The optimal duration of exclusive breast-
feeding: a systematic review. Adv Exp Med Biol 2004;554:63-77.

  82.  Friedman NJ, Zeiger  RS. Prevention and natural history of food 
allergy. In: Leung DYM, Sampson HA, Geha RS, Szefler SJ, eds. 
Pediatric Allergy. Principles and Practice. St. Louis: Mosby, 2003: 
495-509.

  83.  Oddy WH, Halonen M, Martinez FD, et al. TGF-beta in human 
milk is associated with wheeze in infancy. J Allergy Clin Immunol 
2003;112(4):723-728.

  84.  Rautava S, Kalliomaki M, Isolauri E. Probiotics during pregnancy 
and breast-feeding might confer immunomodulatory protec-
tion against atopic disease in the infant. J Allergy Clin Immunol 
2002;109(1):119-121.

  85.  Camporota L. Interleukin-12 and the development of atopy. Clin 
Exp Allergy 2001;31(10):1481-1484.

  86.  Jones CA, Holloway JA, Popplewell EJ, et al. Reduced soluble 
CD14 levels in amniotic fluid and breast milk are associated with 
the subsequent development of atopy, eczema, or both. J Allergy 
Clin Immunol 2002;109(5):858-866.

  87.  Brandtzaeg P. Nutrition and Immune Function. Frontiers in Nutri-
tion Science no 1. Oxon: CABI, 2002:273-320.

  88.  Ivarsson A, Hernell O, Stenlund H, Persson LA. Breast-feeding pro-
tects against celiac disease. Am J Clin Nutr 2002;75(5):914-921.

  89.  Savilahti E, Tainio VM, Salmenpera L, et al. Low colostral 
IgA associated with cow’s milk allergy. Acta Paediatr Scand 
1991;80(12):1207-1213.

  90.  Jarvinen KM, Laine ST, Jarvenpaa AL, Suomalainen HK. Does low 
IgA in human milk predispose the infant to development of cow’s 
milk allergy? Pediatr Res 2000;48(4):457-462.

  91.  Snijders BE, Damoiseaux JG, Penders J, et al. Cytokines and 
soluble CD14 in breast milk in relation with atopic manifesta-
tions in mother and infant (KOALA Study). Clin Exp Allergy 
2006;36(12):1609-1615.

  92.  Bottcher MF, Bjurstrom J, Mai XM, Nilsson L, Jenmalm MC. Aller-
gen-induced cytokine secretion in atopic and non-atopic asthmatic 
children. Pediatr Allergy Immunol 2003;14(5):345-350.

  93.  Oddy WH, Rosales F. A systematic review of the importance of 
milk TGF-beta on immunological outcomes in the infant and young 
child. Pediatr Allergy Immunol 2010;21(1 Pt 1):47-59.

  94.  Norris JM, Barriga K, Klingensmith G, et al. Timing of initial ce-
real exposure in infancy and risk of islet autoimmunity. JAMA 
2003;290(13):1713-1720.

  95.  Fergusson DM, Horwood LJ. Early solid food diet and eczema in 
childhood: a 10-year longitudinal study. Pediatr Allergy Immunol 
1994;5(6 Suppl):44-47.

  96.  Host A. Importance of the first meal on the development of cow’s 
milk allergy and intolerance. Allergy Proc 1991;12(4):227-232.

  97.  Bhatia J, Greer F. Use of soy protein-based formulas in infant feed-
ing. Pediatrics 2008;121(5):1062-1068.

  98.  Fine BR, Sehgal S. Caution with committee recommendations for 
soy protein-based formulas. Pediatrics 2008;122(5):1156.

  99.  Bhatia J, Greer F. Caution with committee recommenda-
tions for soya protein-based formulas: in reply. Pediatrics 
2008;122(5):1156.

100.  Osborn DA, Sinn J. Soy formula for prevention of allergy and 
food intolerance in infants. Cochrane Database Syst Rev 
2006;(4):CD003741.

101.   Greer FR, Sicherer SH, Burks AW. Effects of early nutritional inter-
ventions on the development of atopic disease in infants and chil-
dren: the role of maternal dietary restriction, breastfeeding, timing 
of introduction of complementary foods, and hydrolyzed formulas. 
Pediatrics 2008;121(1):183-191.

102.   Vandenplas Y, Hauser B, Van den Borre C, Sacre L, Dab I. Effect 
of a whey hydrolysate prophylaxis of atopic disease. Ann Allergy 
1992;68(5):419-424.

103.   Vandenplas Y, Hauser B, Van den Borre C, et al. The long-term 
effect of a partial whey hydrolysate formula on the prophylaxis of 
atopic disease. Eur J Pediatr 1995;154(6):488-494.

104.   Mallet E, Henocq A. Long-term prevention of allergic diseases 
by using protein hydrolysate formula in at-risk infants. J Pediatr 
1992;121(5 Pt 2):S95-100.

105.   Oldaeus G, Anjou K, Bjorksten B, Moran JR, Kjellman NI. Exten-
sively and partially hydrolysed infant formulas for allergy prophy-
laxis. Arch Dis Child 1997;77(1):4-10.

106.   Lowe AJ, Hosking CS, Bennett CM, et al. Effect of a partially hy-
drolyzed whey infant formula at weaning on risk of allergic disease 
in high-risk children: a randomized controlled trial. J Allergy Clin 
Immunol 2011;128(2):360-365.

107.   Von Berg A, Filipiak-Pittroff B, Kramer U, et al. Preventive effect of 
hydrolyzed infant formulas persists until age 6 years: long-term re-
sults from the German Infant Nutritional Intervention Study (GINI). 
J Allergy Clin Immunol 2008;121(6):1442-1447.

108.   Host A, Halken S, Muraro A, et al. Dietary prevention of allergic 
diseases in infants and small children. Pediatr Allergy Immunol 
2008;19(1):1-4.

109.   Brand PL, Vlieg-Boerstra BJ, Dubois AE. Dietary prevention of aller-
gic disease in children: are current recommendations really based 
on good evidence? Pediatr Allergy Immunol 2007;18(6):475-479.

110.   Osborn DA, Sinn J. Formulas containing hydrolysed protein for 
prevention of allergy and food intolerance in infants. Cochrane Da-
tabase Syst Rev 2006;(4):CD003664.

111.   Grimshaw KE, Allen K, Edwards CA, et al. Infant feeding and allergy 
prevention: a review of current knowledge and recommendations. A 
EuroPrevall state of the art paper. Allergy 2009;64(10):1407-1416.

112.   Osborn DA, Sinn JK. Prebiotics in infants for prevention of allergic 
disease and food hypersensitivity. Cochrane Database Syst Rev 
2007;(4):CD006474.

113.   Osborn DA, Sinn JK. Probiotics in infants for prevention of allergic 
disease and food hypersensitivity. Cochrane Database Syst Rev 
2007;(4):CD006475.

114.   Kajosaari M. Atopy prophylaxis in high-risk infants. Prospec-
tive 5-year follow-up study of children with six months exclu-
sive breastfeeding and solid food elimination. Adv Exp Med Biol 
1991;310:453-458.

115.   Tarini BA, Carroll AE, Sox CM, Christakis DA. Systematic review 
of the relationship between early introduction of solid foods to 
infants and the development of allergic disease. Arch Pediatr Ado-
lesc Med 2006;160(5):502-507.

116.   Zutavern A, Brockow I, Schaaf B, et al. Timing of solid food intro-
duction in relation to eczema, asthma, allergic rhinitis, and food and 
inhalant sensitization at the age of 6 years: results from the pro-
spective birth cohort study LISA. Pediatrics 2008; 121(1):e44-e52.

117.   Alm B, Aberg N, Erdes L, Mollborg P, Pettersson R, Norvenius SG 
et al. Early introduction of fish decreases the risk of eczema in 
infants. Arch Dis Child 2009;94(1):11-15.

118.   Kull I, Bergstrom A, Lilja G, Pershagen G, Wickman M. Fish con-
sumption during the first year of life and development of allergic 
diseases during childhood. Allergy 2006;61(8):1009-1015.

119.   Paediatric group of the British Dietetic Group. Position Statement 
on breastfeeding and weaning onto solid foods.  2004. http://www.
bda.uk.com/publications/statements/PositionStatementWeaning.
pdf (accessed February 2012)

120.  Food Allergy and Intolerance specialist group of the BDA. Practi-
cal dietary prevention strategies for infants at risk of developing 
allergic diseases. 2010. http://members.bda.uk.com/downloads/
allergy_consensus_statement/pdf (accessed February 2012).

121.   DiFranza JR, Aligne CA, Weitzman M. Prenatal and postnatal envi-
ronmental tobacco smoke exposure and children’s health. Pediat-
rics 2004;113(4 Suppl):1007-1015.

122.   Kramer U, Lemmen CH, Behrendt H, et al. The effect of environ-
mental tobacco smoke on eczema and allergic sensitization in chil-
dren. Br J Dermatol 2004;150(1):111-118.

123.   Halmerbauer G, Gartner C, Schierl M, et al. Study on the Preven-
tion of Allergy in Children in Europe (SPACE): allergic sensitization 
at 1 year of age in a controlled trial of allergen avoidance from 
birth. Pediatr Allergy Immunol 2003;14(1):10-17.

124.   Untersmayr E, Scholl I, Swoboda I, et al. Antacid medication inhibits 
digestion of dietary proteins and causes food allergy: a fish allergy 
model in BALB/c mice. J Allergy Clin Immunol 2003;112(3):616-623.

125.   Pali-Scholl I, Herzog R, Wallmann J, et al. Antacids and dietary 
supplements with an influence on the gastric pH increase the risk 
for food sensitization. Clin Exp Allergy 2010; 40(7):1091-1098.

126.   Shaheen SO, Newson RB, Henderson AJ, et al. Prenatal paraceta-
mol exposure and risk of asthma and elevated immunoglobulin E 
in childhood. Clin Exp Allergy 2005; 35(1):18-25.

127.   Moore ML, Peebles RS jr. Update on the role of prostaglandins in al-
lergic lung inflammation: separating friends from foes, harder than 
you might think. J Allergy Clin Immunol 2006;117(5):1036-1039.

128.   Park GY, Christman JW. Involvement of cyclooxygenase-2 and pros-
taglandins in the molecular pathogenesis of inflammatory lung dis-
eases. Am J Physiol Lung Cell Mol Physiol 2006;290(5):L797-L805.

129.   McKeever TM, Lewis SA, Smith C, et al. Early exposure to infec-
tions and antibiotics and the incidence of allergic disease: a birth 
cohort study with the West Midlands General Practice Research 
Database. J Allergy Clin Immunol 2002;109(1):43-50.

130.   Beasley R, Clayton T, Crane J, et al. Association between paraceta-
mol use in infancy and childhood, and risk of asthma, rhinoconjunc-
tivitis, and eczema in children aged 6-7 years: analysis from Phase 
Three of the ISAAC programme. Lancet 2008;372(9643):1039-1048.

131.   Wickens K, Beasley R, Town I, et al. The effects of early and late 
paracetamol exposure on asthma and atopy: a birth cohort. Clin 
Exp Allergy 2011; 41(3):399-406.

132.   Droste JH, Wieringa MH, Weyler JJ, Nelen VJ, Vermeire PA, van 
Bever HP. Does the use of antibiotics in early childhood increase 
the risk of asthma and allergic disease? Clin Exp Allergy 2000; 
30(11):1547-1553.


