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Abstract

Background: Food allergies can have serious physical, social, and financial conse-
quences. This systematic review examined ways to prevent the development of
food allergy in children and adults.

Methods: Seven bibliographic databases were searched from their inception to
September 30, 2012, for systematic reviews, randomized controlled trials, quasi-
randomized controlled trials, controlled clinical trials, controlled before-and-after
studies, interrupted time series studies, and prospective cohort studies. Experts were
consulted for additional studies. There were no language or geographic restrictions.
Two reviewers appraised the studies using appropriate tools. Data were not suitable
for meta-analysis due to heterogeneity, so were narratively synthesized.

Results: Seventy-four studies were included, one-third of which were of high qual-
ity. There was no good evidence to recommend that pregnant or breastfeeding
women should change their diet or take supplements to prevent allergies in infants
at high or normal risk. There were mixed findings about the preventive benefits of
breastfeeding for infants at high or normal risk, but there was evidence to recom-
mend avoiding cow’s milk and substituting with extensively or partially hydrolyzed
whey or casein formulas for infants at high risk for the first 4 months. Soy milk
and delaying the introduction of solid foods beyond 4 months did not have preven-
tive benefits in those at high or normal risk. There was very little evidence about
strategies for preventing food allergy in older children or adults.

Conclusions: There is much to learn about preventing food allergy, and this is a
priority given the high societal and healthcare costs involved.

Allergy 69 (2014) 581-5689 © 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 581



Preventing food allergy: systematic review

People with food allergies suffer symptoms that affect both
their health and lifestyle, so there is considerable interest in
ways to reduce the risk of developing a food allergy. The
causes of food allergy are likely related to both genetic fac-
tors and environmental exposure (1, 2). Genetic factors are
not modifiable so strategies to prevent food allergy have
focused on limiting early exposure to potential allergens ante-
natally or during breastfeeding, by changing what mothers
eat in the hope that this will limit allergen exposure to their
babies or boost protective mechanisms (3, 4). Prevention
strategies may also directly target the infant formula and
foods that babies and children consume (5). This review sum-
marizes evidence about the most effective ways to prevent
food allergy in children and adults.

The European Academy of Allergy and Clinical Immunol-
ogy (EAACI) is developing EAACI Guidelines for Food Allergy
and Anaphylaxis. This systematic review is one of the seven
interlinked syntheses undertaken to provide a state-of-the-art
synopsis of the evidence base in relation to the epidemiology,
prevention, diagnosis, management, and impact on quality of
life, which will be used to inform clinical recommendations.

Methods
Protocol and registration

The review was registered with the International Prospective
Register of Systematic Reviews. The protocol has been
published previously (6), so only brief details about the meth-
odology are provided here.

Search strategy

The following databases were searched: Cochrane Library;
MEDLINE, Embase, CINAHL, ISI Web of Science, TRIP
Database, and Clinicaltrials.gov. Experts in the field were
contacted for additional studies. Further details are included
in the review protocol (6).

Inclusion and exclusion criteria

This review focused solely on studies that were primarily con-
cerned with preventing sensitization to food(s) and/or the
development of food allergy. Studies seeking to prevent poten-
tial manifestations of food allergy such as atopic eczema/
dermatitis or asthma, but not including an explicit diagnosis of
sensitization to food or food allergy, were not included.

Systematic reviews and meta-analyses, randomized con-
trolled trials, quasi-randomized controlled trials, controlled
clinical trials, controlled before-and-after studies, interrupted
time series studies, and prospective cohort studies published
up until 30 September 2012, were eligible. No language
restrictions were applied and, where possible, relevant studies
in languages other than English were translated.

Study selection

The titles and abstracts of articles were checked by two inde-
pendent reviewers and categorized as included, not included,
and unsure (DdS and MGQG). Full-text copies of potentially
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relevant studies were obtained, and their eligibility for inclu-
sion was independently assessed by two reviewers (DdS and
MG). Any discrepancies were resolved by consensus or dis-
cussion with other reviewers (SH and AS).

Risk of bias assessment

Risk of bias was independently carried out by two reviewers
(DdS and MG) using adapted versions of the Critical
Appraisal Skills Programme (CASP) tool and the Cochrane
Effective Practice and Organisation of Care Group (EPOC)
Risk of Bias tools. An overall grading of high, medium, or
low quality was assigned to each study.

Analysis, synthesis, and reporting

Two reviewers independently used a customized data extrac-
tion form to obtain data from each study (DdS and MG). Dis-
crepancies were resolved by discussion. Experts in the field
checked all of the data extraction for accuracy and relevance
(SH and AH). Meta-analysis was not appropriate because the
studies were heterogeneous in focus, design, target popula-
tions, and interventions. Findings were synthesized narratively
by grouping studies according to intervention and target popu-
lation. These syntheses were checked by a group of methodolo-
gists and experts to ensure accuracy and relevance.

Results
Study selection and characteristics

Figure 1 shows the PRISMA flowchart. Seventy-four studies
were included, comprising 15 systematic reviews (20%), 32
randomized controlled trials (43%), nine nonrandomized com-
parative studies (12%), and 19 cohort studies (25%). Based on
the risk of bias assessment, 25 of the studies were deemed to
be of high quality (34%), 19 were of moderate quality (26%),
and 30 were of low quality (40%), often due to small sample
sizes or nonrandomized designs. Further details about each
study are available in the online Supporting Information.

Most studies focused on preventing the development of
food allergy from an early age (i.e., in unborn children and
infants). Many studies focused on babies at high risk due to
having a family history of allergy or atopy. Throughout the
review, the term ‘at high risk’ is used as an abbreviation to
mean that infants had an increased risk of developing food
allergy or atopy due to a familial history of allergic disease.
Table 1 summarizes the key findings.

Prevention strategies in pregnant women

High-risk families

Unborn children may be sensitized to the foods their moth-
ers’ consume (7, 8). Investigations have therefore been under-
taken to establish whether avoiding particularly allergenic
foods during pregnancy has an impact on the development of
food allergy in their offspring, but the answer remains
unclear. A systematic review (9) and two randomized
controlled trials found no benefit from restricting common
food allergens among pregnant women (10, 11).
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Records identified through database
searching
(n=7340)

Duplicates
(n=214)

Records screened

(n=7197)

Full-text articles assessed for

eligibility
(n=298)

Preventing food allergy: systematic review

Additional records identified through
experts and other sources

(n=71)

Records excluded due to not meeting
inclusion criteria
(n = 6899)

Full-text articles excluded
(n=223

e Method not relevant (n = 46)
e Outcomes not relevant (n = 177)

Studies included in qualitative

synthesis

(n = 74 studies reported in 82

articles)

Figure 1 PRISMA flow diagram for selection of studies

Supplements to modulate the developing immune system
are another approach that has received interest. Fish oil sup-
plements may be worthy of further investigation because two
randomized controlled trials suggested trends toward reduced
sensitization to egg (12, 13), although there was no beneficial
impact demonstrated on the development of food allergy
(14).There was insufficient evidence about probiotics, with
just one inconclusive trial identified about this (15).

Normal-risk families

In unselected populations, one study with results from two
cohort studies suggested that what women eat during preg-
nancy may impact on food sensitization in infants. High
maternal celery and citrus fruit intake increased infant sensi-
tization to food (16, 17), but these studies have not been rep-
licated and did not focus on allergy development, so there is
no strong evidence to recommend changes to the diet of
pregnant women to prevent food allergy in infants.

Prevention strategies for breastfeeding mothers

High-risk families

It has been hypothesized that mothers may inadvertently sen-
sitize their children to certain foods through breast milk (18,
19), but there is little evidence that changing what mothers
consume when breastfeeding prevents food allergy in infants.
Two nonrandomized comparisons found that maternal die-
tary changes while breastfeeding may not prevent food aller-
gies in high-risk infants (20, 21), and one trial of probiotics
found no benefit (22).

Normal-risk families

One systematic review (23) and two randomized controlled
trials (24, 25) found no differences in most infant allergy out-
comes from fish oil supplements taken by unselected popula-
tions of breastfeeding women.

Prevention during infancy

High-risk families

More research has been published about preventive strategies
targeting infants. Although breastfeeding is widely promoted
and has many other benefits (26, 27), there is insufficient evi-
dence to draw conclusions about its impact on preventing
food allergies in high-risk infants. One systematic review
identified many studies suggesting a benefit from exclusive
and nonexclusive breastfeeding (1); in contrast, however, two
cohort studies suggested that extended exclusive breastfeeding
may increase the likelihood of sensitization or food allergy in
infants at high risk (28, 29).

There is more positive evidence about the benefits of alter-
natives to cow’s milk formula for babies at high risk. Two
systematic reviews and three randomized trials suggested that
extensively hydrolyzed whey or casein formula may have a
protective effect (1, 30-33) although the evidence was
conflicting (34).

Partially hydrolyzed infant formula also appears to have a
protective effect. Although a small number of studies failed
to find any benefit (35), two systematic reviews, two random-
ized controlled trials, and two nonrandomized comparisons
found that partially hydrolyzed formula may protect against
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Table 1 Summary of key evidence about prevention strategies

de Silva et al.

Findings about preventive effects in

Findings for normal risk or

Strategies Studies % high quality those at high risk unselected populations
Antenatal strategies
Maternal diet 5 20 One systematic review (9) and two One study with results from two
randomized trials (10, 11) found no cohort studies found that
benefit different aspects of maternal
diet may be associated with
an increased risk of food
allergy. High maternal celery
and citrus fruit intake
increased sensitization to food
in infants (16, 17)
Maternal fish oil 2 50 Two randomized trials suggested a
supplements preventive effect against egg
sensitization (12, 13)
Maternal probiotic 1 100 One randomized trial found a benefit
supplements for sensitization, but was inconclusive
overall (15)
Strategies targeting breastfeeding mothers
Diet when breastfeeding 2 0 Two nonrandomized comparisons
found no evidence of a protective
effect for food allergy (20, 21)
Probiotics when 1 100 One randomized trial found no
breastfeeding protective effect (22)
Fish oil when 3 67 One systematic review (23) and
breastfeeding two randomized trials found
no good evidence of a benefit
(24, 25)
Strategies targeting infants
Breastfeeding 11 9 One systematic review found that One systematic review (1) and
most studies of breastfeeding in three cohort studies found
those at high risk identified a that breastfeeding was
protective benefit (1). Two cohort associated with a reduced risk
studies suggested no benefit and that of sensitization or food allergy
exclusively breastfeeding may even (58-60), three cohort studies
increase the risk of food allergy (28, suggested an increased risk
29) (61-63), and three cohorts
found no association (64-66)
Alternatives to cows’ 18 44 Two systematic reviews and four
milk formula randomized trials found a benefit
from extensively hydrolyzed whey or
casein formula, (1, 30-33) although
one study found no benefit (34).
Two systematic reviews, two
randomized trials, and two
nonrandomized comparisons found a
benefit from partially hydrolyzed
formula compared with cows’ milk
formula (36-41). One randomized trial
and one nonrandomized study found
no effect (34, 35).
One systematic review (36) and two
randomized trials found no benefit
from soy-based formula (43, 44)
Infant prebiotic 2 50 One systematic review found
supplements insufficient evidence (67), and
one trial found no benefits (68)
Infant probiotic 7 86 Four trials found no evidence of a Two systematic reviews (69, 70)

supplements

benefit (45-48)

and one trial (71) found no
evidence of a benefit.
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Table 1 (Continued)
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Findings about preventive effects in
those at high risk

Strategies Studies % high quality

Findings for normal risk or
unselected populations

Other supplements 2 0

Age at introduction 7 14
of solid foods

Exposure to 6 33
food allergens

Multifaceted strategies 9 33
combining changes to
environment and diet

Two cohort studies found no benefit
from delaying the introduction of solid
foods longer than 4 months (49, 50)

One randomized trial found no benefit
from withholding cows’ milk or foods
made with cow's milk during the first
4 months of infancy (51)

One trial and one cohort study

found no evidence to
recommend other
supplements
(72, 73)

One systematic review (17) and
two cohort studies found no
benefit of delaying the
introduction of solid foods
longer than 4 months (17, 75)
Two cohort studies found
reduced food allergy when
solids were introduced earlier
than 4 months (64, 76)

One systematic review and one
trial found that exposure to
cows’ milk protein the first

days of life did not alter the
risk, (66, 78) but one trial and
one cohort studies suggested
an increased risk of cows’

milk allergy (66, 78).

One cohort study found that
consumption of fish during
infancy may protect against
food allergy or sensitization

(80)

Two randomized trials, two
nonrandomized comparisons, and one
cohort study found a benefit from

combining dietary and environmental
strategies (63-57). Two systematic
reviews found insufficient evidence
to make firm recommendations about
preventive strategies (83, 84)

Strategies for older children and adults
Vaccinations 1 100

Supplements 2 50

One systematic review found
that BCG vaccinations had no
protective effect against food
allergy (80)

One review found no benefit
from fish oil supplements (81).

One cohort study found that
taking vitamins before age five
may protect against food
allergy (82)

food allergy compared with standard cow’s milk formula
(36-41). There appeared to be little difference between
whey- or casein-based formulations or between partially or
extensively hydrolyzed formulas.

There was no evidence to support soy-based formulas. One
systematic review (42) and two randomized trials (43, 44) found
that soy-based formulas may not protect against food allergies
compared with cow’s milk formula or other alternatives.

It is also unlikely that probiotic supplements confer pre-
ventive benefits during infancy. Four randomized controlled

trials found no benefit for preventing food allergy or sensiti-
zation (45-48).

Another strategy is to delay the introduction of solid
foods. Infants may not need, or may not be physiologically
ready to eat, solid foods until after the age of 4-6 months,
but two cohort studies found that delaying the introduction
of solid foods longer than 4 months did not seem to confer
any protective benefits (49, 50). Another cohort study found
that avoiding cow’s milk or foods containing cow’s milk for
4 months had no impact (51).
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Although the quality of evidence is low, there is some evi-
dence from six studies to suggest that combining dietary with
environmental modifications during infancy may be useful
(52-57). Further research in this area is needed because there
are few data about specific food allergy outcomes, and it is
difficult to differentiate cause-and-effect relationships.

Normal-risk families

The evidence about preventive strategies for infants in unse-
lected populations or those at normal risk is also mixed. One
systematic review (1) and three cohort studies found that
breastfeeding was associated with a reduced risk of food
allergy or sensitization in childhood (58-60), three cohort stud-
ies suggested an increased risk (61-63), and three cohort stud-
ies found no association in unselected populations (64-66).

There is no evidence to support prebiotics or probiotics to
prevent food allergy in unselected or mixed-risk populations.
One systematic review (67) found insufficient evidence, and
one trial found no benefits from prebiotics (68). Two system-
atic reviews (69, 70) and one randomized trial (71) found no
benefit from probiotics in unselected or mixed populations.
One randomized trial (72) and one cohort study found no
evidence to recommend other supplements (73).

One systematic review (74) and two cohort studies found
that introducing solid foods after 4 months did not protect
against food allergy in unselected populations (17, 75). Two
cohort studies found reduced food allergy when solids were
introduced earlier than 4 months (64, 76).

Studies have investigated whether exposure to cow’s milk
proteins in the first 3 days of life may protect against sensiti-
zation to foods. Two randomized controlled trials found that
early exposure to cow’s milk protein did not alter the risk of
atopic symptoms (77, 78), but one cohort study and one ran-
domized controlled trial suggested an increased risk of cow’s
milk allergy if children in unselected populations were fed
cow’s milk protein early (28, 66).

There is little other evidence about avoiding potential food
allergens, although one cohort study found that consuming
fish during infancy may protect against food allergy or sensi-
tization (79).

Prevention during childhood and adulthood

Very little has been published about strategies to prevent
food allergy development in children and adults, and all
available studies are in unselected populations. One system-
atic review found that BCG vaccinations for children had
no protective effect against food allergy (80), and another
systematic review found no protective benefit from fish oil
supplements for children and adults (81). A cohort study
found that taking vitamins before age five may protect
against food allergy, but the quality of this type of evidence
is low (82).

Discussion
Statement of principal findings

This comprehensive and rigorously undertaken review indi-
cates that there is much still to learn about how to prevent
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the development of food allergy. Overall, the evidence is not
strong enough to recommend changing the diet or supple-
ments of pregnant or breastfeeding women at normal or
high risk. While breastfeeding may have many other benefits,
the evidence in relation to the prevention of food allergy is
not strong. This to a large extent reflects the ethical chal-
lenges of randomizing infants to a nonbreastfeeding arm.
There is more evidence about the benefits of alternatives to
cow’s milk formula for babies at high risk. Extensively
hydrolyzed whey or casein formula and partially hydrolyzed
formula may have a protective effect, but it appears that soy
formula does not protect against food allergies. Probiotics
do not seem to be protective in infants at high or normal
risk, and neither does delaying the introduction of solid
foods until later than the recommended minimum weaning
age. Combining dietary with environmental modifications
during infancy may be the best way forward for infants at
high risk.

Strengths and limitations

This review included the most up-to-date research about pre-
venting food allergy, with studies from Europe, North Amer-
ica, Asia, and Australasia. It was conducted using stringent
international standards and drew on a substantially greater
evidence base than previous reviews (83, 84).

However, the studies included were heterogeneous, and as
a result, it was not appropriate to quantitatively synthesize
this evidence. The inclusion criteria meant that studies about
manifestations of food allergy such as atopic eczema, derma-
titis, and asthma were not included unless food allergy or
sensitization was also studied as an outcome. Furthermore,
due to the mixed findings and small evidence base, we were
unable to draw conclusions about the comparative benefits
and risks of different prevention approaches, or to quantify
potential effects.

There are also limitations with the studies themselves. To
date, the focus of research has largely been on preventing
IgE-mediated food allergy rather than on non-IgE-mediated
food allergy. Many studies are small, short term and focus
on the surrogate measure of food sensitization rather than
food allergy. Sensitization may be a normal, harmless, and
transitory phenomenon, which does not necessarily correlate
with allergic disease.

Another issue is the extent to which research provides
meaningful information for clinical practice. For example,
many infants and young children grow out of their food
allergy, especially those who are allergic to cow’s milk pro-
tein during the first 3-5 years of life. To provide useful infor-
mation, studies should include follow-ups from birth at
regular intervals during the first years of life, as well as when
the children have symptoms suggestive of food allergy. This
would help to avoid claims that an intervention makes a dif-
ference when any change is merely a function of the natural
course of the condition’s progression.

Conclusions

Finding ways to prevent the development of food allergy would
significantly reduce morbidity and costs of managing this
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disorder (85). The evidence suggests that some interventions
are unlikely to be useful, such as changing the diet or supple-
ments of pregnant or breastfeeding women. However, other
strategies appear more promising. There is evidence to support
alternatives to cow’s milk formula for babies at high risk,
although changes to infant diet such as delaying the introduc-
tion of solid foods are unlikely to protect against food allergy.
Combining environmental with dietary changes is feasible, but
there is much work to be performed to identify the most effec-
tive strategies.

Acknowledgments

We would like to acknowledge the support of EAACI and
the EAACI Food Allergy and Anaphylaxis Guidelines
Group in developing this systematic review. We would also
like to thank the EAACI Executive Committee for their
suggestions.

Funding
EAACI.

Author contributions

AS, AM, DdS, and GR conceived this review. The review
was undertaken by DdS, MG, and colleagues at The Evi-

Preventing food allergy: systematic review

dence Centre. DdS led the drafting of the manuscript, and all
authors commented on the drafts of the manuscript and
agreed the final version. SH provided detailed feedback at
each stage. This review was undertaken as part of a series
managed by SSP and overseen by AS.

Conflicts of interest

K. Grimshaw has received payment for attending and pre-
senting at conferences hosted by Nutricia Ltd. L. O’Mahony
has been a consultant to Alimentary Health Ltd. C. Venter
has produced educational material for Danone, Mead John-
son and Nestlé and has received research funding from Ther-
mofischer, Danone and Mead Johnson. The other authors of
the paper declare no conflict of interest.

Supporting Information

Additional Supporting Information may be found in the
online version of this article:

Table S1. Studies included in the systematic review.

Table S2. Quality assessment of systematic reviews.

Table S3. Quality assessment of primary studies.

mulas. Pediatrics 2008;121:183-191.

Allergy 69 (2014) 581-589 © 2014 John Wiley & Sons A/S.

SL, Heddle R, Gibson RA et al. Effect of

Published by John Wiley & Sons Ltd

References
1. van Odijk J, Kull I, Borres MP, Brandtzaeg 6. de Silva D, Panesar SS, Thusu S, Rader T, n-3 long chain polyunsaturated fatty acid
P, Edberg U, Hanson LA et al. Breastfeed- Halken S, Muraro A et al. Preventing food supplementation in pregnancy on infants’
ing and allergic disease: a multidisciplinary allergy: protocol for a rapid systematic allergies in first year of life: randomised con-
review of the literature (1966-2001) on the review. Clin Transl Allergy 2013;3:10. trolled trial. BMJ 2012;344:¢184.
mode of early feeding in infancy and its 7. Kemp AS, Ponsonby AL, Dwyer T, Cochra- 13. Denburg JA, Hatfield HM, Cyr MM, Hayes
impact on later atopic manifestations. ne JA, Pezic A, Jones G. Maternal antenatal L, Holt PG, Sehmi R et al. Fish oil
Allergy 2003;58:833-843. peanut consumption and peanut and rye sen- supplementation in pregnancy modifies
2. Muraro A, Dreborg S, Halken S, Host A, sitization in the offspring at adolescence. neonatal progenitors at birth in infants
Niggemann B, Aalberse R et al. Dietary pre- Clin Exp Allergy 2011;41:224-231. at risk of atopy. Pediatr Res 2005;57:276—
vention of allergic diseases in infants and 8. Chatzi L, Torrent M, Romieu I, Garcia- 281.
small children. Part II. Evaluation of meth- Esteban R, Ferrer C, Vioque J et al. Medi- 14. Dunstan JA, Mori TA, Barden A, Beilin
ods in allergy prevention studies and sensiti- terranean diet in pregnancy is protective for LJ, Taylor AL, Holt PG et al. Fish oil
zation markers. Definitions and diagnostic wheeze and atopy in childhood. Thorax supplementation in pregnancy modifies neo-
criteria of allergic diseases. Pediatr Allergy 2008;63:507-513. natal allergen-specific immune responses
Immunol 2004;15:196-205. 9. Kramer MS, Kakuma R. Maternal dietary and clinical outcomes in infants at high-
3. Agostoni C, Decsi T, Fewtrell M, Goulet O, allergen avoidance during pregnancy or lac- risk of atopy: a randomized, controlled
Kolacek S, Koletzko B et al. Medical posi- tation, or both, for preventing or treating trial. J Allergy Clin Immunol
tion paper. Complementary feeding: a Com- atopic disease in the child. Cochrane Data- 2003;112:1178-1184.
mentary by the ESPGHAN committee on base Syst Rev 2012;9:CD000133. 15. Huurre A, Laitinen K, Rautava S, Kor-
nutrition. J Pediatr Gastroenterol Nutr 10. Lilja G, Dannaeus A, Foucard T, Graff- keamiki M, Isolauri E. Impact of maternal
2008:;46:99—110. Lonnevig V, Johansson SG, Oman H. atopy and probiotic supplementation during
4. Fox AT, Sasieni P, du Toit G, Syed H, Effects of maternal diet during late preg- pregnancy on infant sensitization: a double-
Lack G. Household peanut consumption as nancy and lactation on the development of blind placebo-controlled study. Clin Exp
a risk factor for the development of peanut IgE and egg- and milk-specific IgE and 1gG Allergy 2008;38:1342-1348.
allergy. J Allergy Clin Immunol antibodies in infants. Clin Exp Allergy 16. Sausenthaler S, Koletzko S, Schaaf B, Leh-
2009;123:417-423. 1991;21:195-202. mann I, Borte M, Herbarth O et al. Mater-
5. Greer FR, Sicherer SH, Burks AW. Effects 11. Félth-Magnusson K, Kjellman NI. Allergy nal diet during pregnancy in relation to
of early nutritional interventions on the prevention by maternal elimination diet dur- eczema and allergic sensitization in the off-
development of atopic disease in infants and ing late pregnancy - a S year follow-up of a spring at 2 y of age. Am J Clin Nutr
children: the role of maternal dietary restric- randomized study. J Allergy Clin Immunol 2007;85:530-537.
tion, breastfeeding, timing of introduction of 1992:89:709-713. 17. Sausenthaler S, Heinrich J, Koletzko S.
complementary foods, and hydrolyzed for- 12. Palmer DJ, Sullivan T, Gold MS, Prescott Early diet and the risk of allergy: what can

we learn from the prospective birth cohort

587



Preventing food allergy: systematic review

18.

19.

20.

21.

22.

24.

25.

26.

27.

28.

29.

30.

studies GINIplus and LISAplus? Am J Clin
Nutr 2011;94:2012S-2017S.

Gamboni SE, Allen KJ, Nixon RL. Infant
feeding and the development of food aller-
gies and atopic eczema: an update. Australas
J Dermatol 2013;54:85-89.

Szajewska H. Early nutritional strategies for
preventing allergic disease. Isr Med Assoc J
2012;14:58-62.

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;71:223-238.

Hattevig G, Kjellman B, Sigurs N, Bjorkstén
B, Kjellman NI. Effect of maternal avoid-
ance of eggs, cow’s milk and fish during
lactation upon allergic manifestations in
infants. Clin Exp Allergy 1989;19:27-32.
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;357:1076-1079.

3. Klemens CM, Berman DR, Mozurkewich

EL. The effect of perinatal omega-3 fatty
acid supplementation on inflammatory
markers and allergic diseases: a systematic
review. BJOG 2011;118:916-925.

Manley BJ, Makrides M, Collins CT,
McPhee AJ, Gibson RA, Ryan P et al.
High-dose docosahexaenoic acid supplemen-
tation of preterm infants: respiratory and
allergy outcomes. Pediatrics 2011;128:
e71-e77.

Furuhjelm C, Warstedt K, Fageras M,
Filth-Magnusson K, Larsson J, Fredriksson
M et al. Allergic disease in infants up to

2 years of age in relation to plasma omega-3
fatty acids and maternal fish oil supplemen-
tation in pregnancy and lactation. Pediatr
Allergy Immunol 2011;22:505-514.

Robinson S, Fall C. Infant nutrition and
later health: a review of current evidence.
Nutrients 2012;4:859-874.

Faucher MA. An updated scientific review of
the benefits of breastfeeding with additional
resources for use in everyday practice. J Mid-
wifery Womens Health 2012;57:422-423.
Saarinen KM, Juntunen-Backman K,
Jarvenpdd A-L, Kultunen P, Lope L, Renl-
und M et al. supplementary feeding in
maternity hospitals and the risk of cows’
milk allergy: a prospective study of 6209
infants. J Allergy Clin Immunol
1999;104:457-461.

Wetzig H, Schulz R, Diez U, Herbarth O,
Viehweg B, Borte M. Associations between
duration of breast-feeding sensitization to
hens’ eggs and eczema infantum in one and
two year old children at high-risk of atopy.
Int J Hygiene Env Health 2000;203:17-21.
Hays T, Wood RA. A systematic review of
the role of hydrolyzed infant formulas in
allergy prevention. Arch Pediatr Adolesc
Med 2005;159:810-816.

588

31.

32.

33.

34.

36.

37.

39.

41.

42.

43.

Halken S, Hansen KS, Jacobsen HP, Est-
mann A, Faelling AE, Hansen LG et al.
Comparison of a partially hydrolyzed infant
formula with two extensively hydrolyzed for-
mulas for allergy prevention: a prospective
randomized study. Pediatr Allergy Immun
2000;11:149-161.

Halken S, Host A, Hansen LG, Osterballe
O. Preventive effect of feeding high-risk
infants a casein hydrolysate formula or an
ultrafiltrated whey hydrolysate formula. A
prospective, randomized, comparative clini-
cal study. Pediatr Allergy Immunol
1993:4:173-181.

Oldaeus G, Anjou K, Bjorkstén B, Moran
JR, Kjellman NI. Extensively and partially
hydrolysed infant formulas for allergy pro-
phylaxis. Arch Dis Child 1997;77:4-10.
Mallet E, Henocq A. Long-term prevention
of allergic diseases by using protein hydroly-
sate formula in at-risk infants. J Pediatr
1992;121:595-S100.

. de Seta L, Siani P, Cirillo G, Di Gruttola

M, Cimaduomo L, Coletta S. The
prevention of allergic diseases with a hypoal-
lergenic formula: a follow-up at 24 months.
The preliminary results. Pediatr Med Chir
1994;16:251-254.

Osborn DA, Sinn JKH. Formulas contain-
ing hydrolysed protein for prevention of
allergy and food intolerance in infants.
Cochrane Database Syst Rev 2006;(4):
CD003664.

Szajewska H, Horvath A. Meta-analysis of
the evidence for a partially hydrolyzed whey
formula for the prevention of allergic dis-
eases. Curr Med Res Opin 2010;26:423-437.

. von Berg A, Filipiak-Pittroff B, Krdmer U,

Link E, Bollrath C, Brockow I et al. Preven-
tive effect of hydrolyzed infant formulas per-
sists until age 6 years: long-term results from
the German Infant Nutritional Intervention
Study (GINI). J Allergy Clin Immunol
2008;121:1442-1447.

Vandenplas Y, Hauser B, Van den Borre C,
Clybouw C, Mahler T, Hachimi-Idrissi S

et al. The long-term effect of a partial whey
hydrolysate formula on the prophylaxis of
atopic disease. Eur J Pediatrics
1995;154:488-494.

. Chirico G, Gasparoni A, Ciardelli L, De

Amici M, Colombo A, Rondini G. Immuno-
genicity and antigenicity of a partially
hydrolyzed cow’s milk infant formula.
Allergy 1997;52:82-88.

D’Agata A, Betta P, Sciacca P, Morano C,
Pratico G, Curreri R et al. Role of dietary
prevention in newborns at risk for atopy.
Results of a follow-up study. Pediatr Med
Chir 1996;18:469-472.

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

Lowe AJ, Hosking CS, Bennett CM, Allen
KJ, Axelrad C, Carlin JB et al. Effect of a
partially hydrolyzed whey infant formula at

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

de Silva et al.

weaning on risk of allergic disease in high-
risk children: a randomized controlled trial.
J Allergy Clin Immunol 2011;128:360-365.
Kjellman NI, Johansson SG. Soy versus
cow’s milk in infants with a biparental his-
tory of atopic disease: development of atopic
disease and immunoglobulins from birth to
4 years of age. Clin Allergy 1979;9:347-358.
Morisset M, Aubert-Jacquin C, Soulaines P,
Moneret-Vautrin DA, Dupont C. A non-
hydrolyzed fermented milk formula reduces
digestive and respiratory events in infants at
high-risk of allergy. Eur J Clin Nutr
2011;65:175-183.

Kukkonen AK, Savilahti EM, Juntunen-
Backman K, Korpela R, Poussa T, Tuure T
et al. Ovalbumin-specific immunoglobulins
A and G levels at age 2 years are associated
with the occurrence of atopic disorders. Clin
Exp Allergy 2011;41:1414-1421.

Kuitunen M, Kukkonen K, Juntunen-
Backman K, Korpela R, Poussa T, Tuure T
et al. Probiotics prevent IgE-associated
allergy until age 5 years in cesarean-delivered
children but not in the total cohort.

J Allergy Clin Immunol 2009;123:335-341.
Marschan E, Kuitunen M, Kukkonen K,
Poussa T, Sarnesto A, Haahtela T et al. Pro-
biotics in infancy induce protective immune
profiles that are characteristic for chronic
low-grade inflammation. Clin Exp Allergy
2008;38:611-618.

Kajosaari M. Atopy prevention in child-
hood: the role of diet. Prospective S-year fol-
low-up of high-risk infants with six months
exclusive breastfeeding and solid food elimi-
nation. Pediatr Allergy Immunol 1994;5
(Suppl 6):26-28.

Poysa L, Korppi M, Remes K, Juntunen-
Backman K. Atopy in childhood and diet in
infancy. A nine-year follow-up study. I.
Clinical manifestations. Allergy Proc
1991;12:107-111.

Merrett TG, Burr ML, Butland BK,
Merrett J, Miskelly FG, Vaughan-Williams
E. Infant feeding and allergy: 12-month
prospective study of 500 babies born into
allergic families. Ann Allergy 1988;61(6 Part
1I):13-20.

Halmerbauer G, Gartner C, Schier M,
Arshad H, Dean T, Koller DY et al. Study
on the prevention of allergy in Children in
Europe (SPACE): allergic sensitization in
children at 1 year of age in a controlled
trial of allergen avoidance from birth.
Pediatr Allergy Immunol 2002;13(Suppl
15):47-54.

Arshad SH, Bateman B, Sadeghnejad A,
Gant C, Matthews SM. Prevention of allergic
disease during childhood by allergen avoid-
ance: the Isle of Wight prevention study. J
Allergy Clin Immunol 2007;119:307-313.
Halken S, Host A, Hansen LG, Osterballe
O. Effect of an allergy prevention pro-
gramme on incidence of atopic symptoms in
infancy. A prospective study of 159 “high-
risk” infants. Allergy 1992;47:545-553.

Allergy 69 (2014) 581-589 © 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



de

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Silva et al.

Bardare M, Vaccari A, Allievi E, Brunelli L,
Coco F, de Gaspari GC et al. Influence of
dietary manipulation on incidence of atopic
disease in infants at risk. Ann Allergy
1993;71:366-371.

Marini A, Agosti M, Motta G, Mosca F.
Effects of a dietary and environmental pre-
vention programme on the incidence of aller-
gic symptoms in high atopic risk infants:
three years’ follow-up. Acta Paediatr Suppl
1996;414:1-21.

Bruno G, Milita O, Ferrara M, Nisini R,
Cantani A, Businco L. Prevention of atopic
diseases in high-risk babies (long-term fol-
low-up). Allergy Proc 1993;14:181-186.

Kull I, Melen E, Alm J, Hallberg J, Svarten-
gren M, van Hage M et al. Breast-feeding in
relation to asthma lung function and sensiti-
zation in young school children. J Allergy
Clin Immunol 2010;125:1013-1019.

Saarinen UM, Kajosaari M. Breastfeeding
as prophylaxis against atopic disease: pro-
spective follow-up study until 17 years old.
Lancet 1995;346:1065-1069.

Matheson MC, Erbas B, Balasuriya A, Jen-
kins MA, Wharton CL, Tang ML et al.
Breast-feeding and atopic disease: a cohort
study from childhood to middle age.

J Allergy Clin Immunol 2007;120:1051-1057.
Saarinen KM, Savilahti E. Infant feeding
patterns affect the subsequent immunological
features in cow’s milk allergy. Clin Exp
Allergy 2000;30:400-406.

Pesonen MM, Kallio JT, Ranki A, Siimes
MA. Prolonged exclusive breastfeeding is
associated with increased atopic dermatitis: a
prospective follow-up study of unselected
healthy newborns from birth to age 20 years.
Clin Exp Allergy 2006;36:1011-1018.
Mihrshahi S, Ampon R, Webb K, Almqvist
C, Kemp AS, Hector D et al. The associa-
tion between infant feeding practices and
subsequent atopy among children with a
family history of asthma. Clin Exp Allergy
2007;37:671-679.

Venter C, Pereira B, Voigt K, Grundy J,
Clayton CB, Higgins B et al. Factors associ-
ated with maternal dietary intake, feeding
and weaning practices and the development
of food hypersensitivity in the infant. Pediatr
Allergy Immunol 2009;20:320-327.

Kramer MS, Matush L, Bogdanovich N,
Aboud F, Mazer B, Fombonne E et al.
Health and development outcomes in 6.5-y-

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

old children breastfed exclusively for 3 or 6
mo. Am J Clin Nutr 2009;90:1070-1074.
Host A, Husby S, Osterballe O. A prospec-
tive study of cow’s milk allergy in exclusively
breast-fed infants. Incidence, pathogenetic
role of early inadvertent exposure to cow’s
milk formula, and characterization of bovine
milk protein in human milk. Acta Paediatr
Scand 1988:77:663-670.

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

Griiber C, van Stuijvenberg M, Mosca F,
Moro G, Chirico G, Braegger CP et al.
Reduced occurrence of early atopic dermati-
tis because of immunoactive prebiotics
among low-atopy-risk infants. J Allergy Clin
Immunol 2010;126:791-797.

Tang LJ, Chen J, Shen Y. Meta-analysis of
probiotics preventing allergic diseases in
infants. Zhonghua Er Ke Za Zhi
2012;50:504-509.

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

Prescott SL, Wiltschut J, Taylor A, Westcott
L, Jung W, Currie H et al. Early markers of
allergic disease in a primary prevention
study using probiotics: 2.5-Year follow-up
phase. Allergy 2008;63:1481-1490.
Zachariassen G, Faerk J, Esberg BH, Feng-
er-Gron J, Mortensen S, Christesen HT

et al. Allergic diseases among very preterm
infants according to nutrition after hospital
discharge. Pediatr Allergy Immunol
2011;22:515-520.

Kull I, Bergstrom A, Melén E, Lilja G, van
Hage M, Pershagen G et al. Early-life sup-
plementation of vitamins A and D in water-
soluble form or in peanut oil and allergic
diseases during childhood. J Allergy Clin
Immunol 2006;118:1299-1304.

Tarini BA, Carroll AE, Sox CM, Christa-
kis DA. Systematic review of the relation-
ship between early introduction of solid
foods to infants and the development of
allergic disease. Arch Ped Adol Med
2006;160:502-507.

Schoetzau A, Filipiak-Pittroff B, Franke K,
Koletzko S, Von Berg A, Gruebl A et al.
Effect of exclusive breast-feeding and early
solid food avoidance on the incidence of ato-

Allergy 69 (2014) 581-5689 © 2014 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Preventing food allergy: systematic review

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

pic dermatitis in high-risk infants at 1 year
of age. Pediatr Allergy Immunol
2002;13:234-242.

Joseph CL, Ownby DR, Haversustad SL,
Woodcroft KJ, Wegienka G, MacKechnie
H et al. Early complementary feeding and
risk of food sensitization in a birth cohort.
J Allergy Clin Immunol 2011;127:1203—
1210.

de Jong MH, Scharp-Van Der Linden VT,
Aalberse R, Heymans HS, Brunekreef B.
The effect of brief neonatal exposure to
cows’ milk on atopic symptoms up to age 5.
Arch Dis Child 2002;86:365-369.

Lindfors A, Danielsson TL, Enocksson E,
Johansson SG, Westin S. Allergic symptoms
up to 4-6 years of age in children given cow
milk neonatally. A prospective study. Allergy
1992;47:207-211.

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

Arnoldussen D, Linehan LM, Sheikh A.
BCG vaccination and allergy: a systematic
review and meta-analysis. J Allergy Clin
Immunol 2011;127:246-253.

Anandan C, Nurmatov U, Sheikh A. Omega
3 and 6 oils for primary prevention of
allergic disease: systematic review and
meta-analysis. Allergy 2009;64:840-848.
Marmsjo K, Rosenlund H, Kull I, Hakans-
son N, Wickman M, Pershagen G et al. Use
of multivitamin supplements in relation to
allergic disease in 8-y-old children. 4m J
Clin Nutr 2009;90:1693-1698.

Schneider Chafen JJ, Newberry SJ, Riedl
MA, Bravata DM, Maglione M, Suttorp MJ
et al. Diagnosing and managing common
food allergies: a systematic review. JAMA
2010;303:1848-1856.

Schneider Chafen JJ, Newberry S, Riedl
MA, Bravata DM, Maglione M, Suttorp MJ
et al. Prevalence, Natural History, Diagnosis,
and Treatment of Food Allergy. A Systematic
Review of the Evidence. Santa Monica:
RAND, 2010.

Papadopoulos NG, Agache I, Bavbek S,
Bilo BM, Braido F, Cardona V et al.
Research needs in allergy: an EAACI
position paper, in collaboration with EFA.
Clin Transl Allergy 2012;2:21.

589



