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IMPORTANCE The reported prevalence of peanut allergy among children in the United States
has increased more than 3-fold in the last 20 years. Medical guidelines on the introduction of
peanut as well as other allergenic foods have evolved with the emerging evidence that an
early introduction to these foods is more beneficial than a delayed introduction. This review
highlights the studies that have led to the evolving guidelines on peanut introduction in
infants.

OBSERVATIONS The prevalence of peanut allergy has increased despite the publication of
guidelines from the American Academy of Pediatrics in 2000, which recommended a delayed

introduction of peanut. Since the 2000 guidelines, studies have provided evidence to Author Affiliations: Division of

Immunology, Allergy and

support an earlier rather than delayed introduction. As a result, the American Academy of
Pediatrics updated their guidelines in 2008 to promote peanut introduction during infancy.
Current evidence continues to support the benefits of an earlier rather than delayed
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introduction.

CONCLUSIONS AND RELEVANCE Over the years, guidelines on the introduction of peanut have
evolved, and recent literature suggests that an earlier rather than delayed introduction is

beneficial to prevent peanut allergies in infants.
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ood allergies constitute a major public health concern, and
the prevalence of food allergies over the past decade has
doubled. Foods that most commonly cause allergic re-
actionsinclude milk, eggs, peanuts, tree nuts, shellfish, fish, wheat,
and soy.?® Peanuts account for the most food-induced anaphy-
laxis and fatal reactions.*'®"" Furthermore, the reported preva-
lence of peanut allergy has nearly tripled in the last 10 years.2#®°
Peanut allergy occurs early in life, and based on published reports,
18.3% to 21.5% of children may outgrow their peanut allergy.'>"®
Thus, the persistence of peanut allergy is a concerning issue.
Since the 1990s, studies have provided evidence that led to
guidelines on the timing of peanut introduction. In1999 and 2000,
guidelines from the European Society for Pediatric Allergology and
Clinical Immunology, the European Society for Pediatric Gastroen-
terology, Hepatology, and Nutrition (ESPGHAN),'* and the Ameri-
can Academy of Pediatrics (AAP) Committee on Nutrition' sug-
gested delaying the introduction of peanut. However, because of the
increasing prevalence of peanut allergy, more studies, including the
more recent Learning Early About Peanut Allergy (LEAP)'® study and
the Effect of Avoidance on Peanut Allergy After Early Peanut Con-
sumption (LEAP-On)" study, report convincing evidence suggest-
ing that early peanut introduction can help reduce the incidence of
peanut allergy (Table). These studies highlight the potential of an
early peanut introduction to prevent peanut allergy and provide
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evidence to support recent recommendations on the timing of
peanut introduction.

This review discusses the earlier guidelines, highlights chal-
lenges to those guidelines, and reviews the new recommendations
on early peanut introduction.

. |
Previous Guidelines

The European Society for Pediatric Allergology and Clinical Immu-
nology and ESPGHAN' in 1999 and the Nutritional Committee of
the AAP'™® in 2000 provided recommendations for the prevention
of food allergies in infants, including those at high risk. The Euro-
pean Society for Pediatric Allergology and Clinical Immunology and
ESPGHAN'™ guidelines focused primarily on the treatment and pre-
vention of food allergies in the first 6 months of life. Based on pre-
vious prospective studies in high-risk infants (defined as having 1first-
degree family member with atopy). the European committees
recommended preventive dietary measures to reduce the cumula-
tiveincidence of atopic disease. This included exclusive breastfeed-
ing for the first 4 to 6 months of life, supplementation with exten-
sively hydrolyzed formula when breastfeeding was not possible, and
avoidance of complementary (ie, solid) foods and cow’s milk pro-
tein for infants 5 months and younger.2924
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Table. Evolution of Guidelines for the Introduction of Peanut

Intake of ESPGHAN (1999)'* ESPGHAN (2008)*8
Allergenic Foods® and AAP (2000)*° and AAP (2008)*° LEAP Guidelines (2015)°
Mother

During pregnancy Avoid consuming No restriction

peanuts

During breastfeeding Avoid consuming No restriction
peanuts, tree nuts,

and fish
Infant

When aged 4 to 6 mo Avoid consumption of
allergenic foods when

younger than 12 mo at4 to 6 mo

After 1y Avoid consuming milk
when younger than 1y,
eggs, 2y, peanuts,

tree nuts, and fish, 3 y

4 to 6 mo

Begin consumption
of allergenic foods

Consume allergenic
foods regularly after

No recommendation

No recommendation
Abbreviations: AAP, American

Academy of Pediatrics;

ESPGHAN, European Society for
Pediatric Gastroenterology,
Hepatology, and Nutrition;

LEAP, Learning Early About Peanut
Allergy.

Introduce peanut to infants

aged 4 to 11 mo with

early-onset atopic disease

No recommendation

2 Allergenic foods defined as milk,
eggs, peanuts, tree nuts, fish, and
shellfish.

Similarly, the AAP strategy focused on the treatment and pre-
vention of food hypersensitivity, and this was published in the 2000
guidelines.’ In contrast to the European committees, the AAP defi-
nition for aninfant at high risk for atopic disease was defined as hav-
ing 2 family members with a strong history of allergic disease.® The
AAP recommendations were derived from previous studies, in par-
ticular the findings reported from a prospective randomized clini-
cal study performed by Zeiger et al*® that evaluated the develop-
ment of allergic disease, including food allergies, in high-risk infants
who were observed for 7 years. The study demonstrated that avoid-
ing milk, eggs, and peanuts during pregnancy and lactation and de-
laying solid food introduction until 6 months, cow’s milk until 1year,
eggs until 2 years, and peanuts, nuts, and fish until 3 years reduced
food sensitization and food allergy during the first year of life. How-
ever, the benefit was reduced at 2 years and absent by 3 to 4 years.*
Although the reduction of food sensitization was only significant in
the first year of life, the cumulative prevalence of food allergy re-
mained lower in the control group compared with the food avoid-
ance group at 7 years.?> Thus, while a slight decrease in incidence
in sensitization may have occurred in the study by Zeiger et al,? it
was a temporary effect at best.

Subsequent retrospective studies demonstrated that mater-
nal consumption of allergenic foods during pregnancy and lacta-
tion could be associated with the development of food sensitiza-
tion in infants.2%3° Given the possibility of at least a temporary
diminishment of food allergy and sensitization, the AAP recom-
mended avoiding peanuts during pregnancy and peanuts, tree nuts,
eggs, milk, and fish while nursing.” The AAP also recommended
breastfeeding for at least 12 months and supplementation with hy-
poallergenic formula when nursing was not possible in high-risk in-
fants. Furthermore, they recommended delaying solid food intro-
duction for infants until age 6 months, dairy until 1year, eggs until 2
years, and peanuts, nuts, and fish until 3 years." For nonhigh-risk
patients, no specific recommendations were provided regarding pro-
phylactic maternal or infant elimination of allergenic foods, unless
the infant became symptomatic. In 2006, the American College of
Allergy, Asthma, and Immunology provided a consensus document™'
to further support the 2000 AAP recommendations of adelayed in-
troduction of allergenic foods to infants. Despite the preventive mea-
sures outlined by the European and AAP guidelines, the incidence
of food allergies continued to rise.
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Challenges to Previous Guidelines

In contrast to the preventive measures suggested by the earlier Eu-
ropean and AAP guidelines, there was emerging evidence in the fol-
lowing years that suggested against maternal avoidance and a de-
layed introduction of peanut and rather suggested that maternal
peanut consumption during pregnancy and lactation was not asso-
ciated with an increased risk of peanut allergy in offspring. A study
by Tariq et al*? evaluated a birth cohort of 1218 children born on the
Isle of Wight between 1989 and 1990 to estimate the prevalence
of nut allergy and evaluate the routes of sensitization. They ob-
served that maternal peanut consumption during pregnancy and lac-
tationdid not increase the risk of peanut allergy in children. Further-
more, they demonstrated that there was no differencein the duration
of breastfeeding and the age at introduction to formula milk in
children with and without peanut sensitization.

Asubsequent study by Lack et al** was able to evaluate the risk
factors associated with the development of peanut allergy. The study
used a geographically defined cohort of 13 971 preschool children
in southwest England and identified children younger than 38
months with a convincing history of peanut allergy. A total of 49 chil-
dren with a diagnosis of peanut allergy were identified and under-
went a double-blind placebo-controlled peanut challenge, of which
23 were found to be positive for peanut allergy. Retrospectively, Lack
et al**found no significant difference between mothers of children
with and without peanut allergy and consumption of peanuts dur-
ing pregnancy and lactation. This observation suggested that ma-
ternal peanut consumption during pregnancy and lactation did not
increase the risk of peanut allergy in children. Furthermore, the study
also found that a positive family history, the presence of atopic ec-
zema, and the use of topical preparations containing peanuts and
soy could be contributing factors to the sensitization to peanut and
the development of peanut allergy.>3

Further studies also demonstrated that there was no evidence
of an association between maternal peanut consumption or avoid-
ance during pregnancy and lactation with the development of pea-
nutallergy inthe child.3#3” 1n 2012, a meta-analysis® evaluating food
allergies and maternal allergen avoidance during pregnancy and/or
lactation showed no significant evidence of a protective effect against
peanut allergy with amaternal exclusion diet. More recently, a study
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published by Frazier et al>® examined the association of peripreg-
nancy consumption of peanuts and tree nuts with the develop-
ment of peanut and tree nut allergy in 10 907 participants born be-
tween 1990 and 1994 in the Growing Up Today Study 2. The study
determined a higher peripregnancy consumption of peanuts and tree
nuts was associated with a lower risk of nut allergy in offspring (odds
ratio, 0.31; 95% Cl, 0.13-0.75; P = .004), thus supporting that early
allergen exposure increases tolerance and reduces the risk of child-
hood food allergy.3°

In addition to perinatal exposure, other prospective studies
demonstrated that delaying the introduction of allergenic food be-
yond age 6 months did not prevent the development of atopic dis-
ease ininfants. To evaluate the early introduction of peanut, Du Toit
et al*? conducted a comparison study on Jewish children living in
Israel and in the United Kingdom. The study evaluated the associa-
tion of peanut allergy with infant and maternal peanut consump-
tion, as it was known that peanuts were introduced earlier in in-
fancy and were consumed more frequently in Israel. Using a
questionnaire-based study, Du Toit et al*? showed that the rate of
peanut allergy in Jewish children in the United Kingdom was 1.85%
compared with 0.17% in Israel (P < .001), suggesting a protective
effect with an early introduction of peanut.

Two prospective German birth cohort studies, ** the German In-
fant Study on the Influence of Nutrition Intervention Plus Environ-
mental and Genetic Influences on Allergy Development and the In-
fluence of Lifestyle Factors on the Immune System and Allergies in
East and West Germany Plus the Influence of Traffic Emissions and
Genetics, which enrolled 9088 infants between 1995 and 1999, in-
vestigated the effects of feeding patternsin early life and the risk of
allergy development. The results of both studies supported that a
delayed introduction of solid foods or the avoidance of highly aller-
genic foods during the first year of life was not beneficial in the pre-
vention of allergies.*> However, the study authors concluded that
theintroduction of solid foods before age 17 weeks may increase the
risk of allergy.*®

These studies provided strong evidence against earlier recom-
mendations regarding delaying the introduction of allergenic foods
and led to the issuing of new recommendations by ESPGHAN and
the AAP in 2008.

40,41

|
Updates to Guidelines

Based on the evidence, the 2008 ESPGHAN'® and AAP'™ guide-
lines recommended exclusive breastfeeding for the first 4 to 6
months and stated that there was no evidence suggesting a protec-
tive effect against developing atopic disease by delaying solid foods
after 4 to 6 months. Furthermore, there was no evidence that ma-
ternal diet restriction during pregnancy or lactation prevented al-
lergy in offspring.'®° Soon after, the National Institute of Allergy and
Infectious Diseases (NIAID)** and the American Academy of Al-
lergy, Asthma, and Immunology*® published guidelines that fur-
ther supported the new AAP and ESPGHAN recommendations. The
NIAID and American Academy of Allergy, Asthma, and Immunol-
ogy highlighted that there were insufficient data to demonstrate that
delaying complementary foods, including allergenic foods, beyond
6 months could have a protective effect on the development of
atopic disease.*#4°
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Ultimately, the findings from the 2015 LEAP study'® provided
groundbreaking level 1evidence, highlighting perhaps the most sig-
nificant findings to date concerning the prevention of peanut al-
lergy ininfants. This single-site study from the United Kingdom was
anopen-labeled randomized clinical trial involving 640 high-riskin-
fants (ie, defined as having severe atopic dermatitis and/or egg
allergy)."® The study compared the effects of early (ie, aged 4 to 11
months) high-dose (ie, 6 g/wk) peanut protein consumption with
strict avoidancein children over a 5-year period. All children under-
went skin prick testing, and those with a skin wheal of 4 mm or less
wereincluded in the study. The small skin test inclusion criterion was
chosen to include patients with peanut sensitization but not clini-
cal allergy. Overall, the results demonstrated a significant reduc-
tion in the prevalence of peanut allergy among the consumption
group compared with the avoidance group.'® The prevalence of pea-
nut allergy for children aged 5 years who tested negative in the skin
test (ie, no wheals) was 13.7% in the avoidance group vs 1.9% in the
consumption group (P < .001), and the prevalence of peanut al-
lergy for those who tested positive (ie, a wheal sized 1to 4 mm) was
35.3% in the avoidance group vs 10.6% in the consumption group
(P<.004).®

Furthermore, tests to find immunoglobulin levels associated
with allergen-specific tolerance (ie, IgG4 levels) as well as allergic sen-
sitization (ie, IgE levels) were performed, and the results demon-
strated higher peanut-specific 1gG4 levels and lower peanut-
specific IgE levels in the consumption groups. The authors concluded
that a larger skin prick wheal response to peanut and a lower ratio
of peanut-specific IgG4:IgE levels was associated with peanut
allergy.'® An additional observation was that peanut IgE levels in pea-
nut-tolerant infants were more likely to be positive compared with
skin testing. Therefore, using peanut IgE levels alone as opposed to
skin testing to determine sensitization could lead to numerous un-
necessary oral peanut challenges. Furthermore, they concluded that
an early introduction of peanut significantly reduced the risk of de-
veloping peanut allergy among children at high risk and modulated
the immune responses.'®

The LEAP study'® precipitated yet another update to the food
allergy guidelines in 2015. Based on the results of the LEAP study, a
consensus guideline*® on the early introduction of peanut and pre-
vention of peanut allergy in high-risk infants was published, high-
lighting evidence on the potential benefits of an early rather than
delayed peanutintroduction during a period of complementary food
introduction in high-risk infants. The interim guidance provided by
this report*® recommended infants with early-onset atopic dis-
ease (eg, infants with severe atopic eczema and/or egg allergy) aged
4 to 11 months might benefit from an early evaluation for food al-
lergies by an allergist. Evaluation would include skin testing and may
include an oral food challenge in the clinical setting, which could be
performed to confirm whether the patient demonstrated clinical re-
activity to peanuts before the introduction of peanut at home
(Figure).

Although noted to be an excellent study, the consensus repor
highlighted that the LEAP study had limitations and did not ad-
dress the alternative doses of peanut that could be consumed to
maintain tolerance, the minimal duration of therapy necessary to
achieve tolerance, and the potential risks of premature discontinu-
ation or sporadic feeding of peanut. Additionally, the study did not
address whether the children with evidence of mild to moderate
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Figure. Suggested Algorithm for the Introduction of Peanut

peanut exposure

Children younger than 1y with history of severe
eczema and/or other food allergy and no prior

|

severity of eczema

Obtain history for other food allergies and

[ ] Pediatrician

|

[ ] Allergist

‘ Refer to allergist for skin prick testing

!

‘ Peanut skin prick testing ‘

|

}

0-mm Wheal

<4-mm Wheal

>4-mm Wheal

!

|

|

Introduction at home or at the pediatric office

Oral food challenge in clinical setting with
skin testing on day 1 of challenge

Peanut avoidance

!

|

i ‘ Obtain peanut IgE level®

‘ Positive results

‘ ‘ Negative results ‘

!

|

‘ Peanut avoidance ‘

‘ Regular peanut intakeP ‘

A suggested algorithm derived from the Learning Early About Peanut Allergy
consensus guidelines'® outlining an approach for pediatricians and allergists to
use to evaluate for peanut allergy in infants with atopic disease (ie, severe
eczema and/or egg allergy).

2 Yearly trends in peanut IgE levels can help determine whether the patient

develops a peanut tolerance in the future.

bTo prevent a choking hazard, thin out peanut butter and avoid whole peanuts
until older than 4 years.

atopic eczema could benefit from a similar protocol. The study de-
fined severe eczema as having an eczematous rash with a Scoring
of Atopic Dermatitis of 40 or greater and requiring the application
of topical creams, ointments, or both containing corticosteroids or
calcineurin inhibitors as well as skin manifestations lasting at least
12 of 30 days on 2 occasions. Overall, the consensus report pro-
vided updated recommendations based on the scientific evidence
found in the LEAP study, still emphasizing that the forthcoming
extensive guidelines by the NIAID and the European Academy of
Allergy and Clinical Immunology would consider all supporting evi-
dence to clarify and provide the best guidelines on preventive
strategies for the population at large (Table).

To further supplement the LEAP study, the LEAP-On study"
demonstrated that the prevalence of peanut allergy did not in-
crease following a 12-month period of peanut avoidance in all par-
ticipants of the LEAP study. The LEAP-On trial demonstrated that
the overall prevalence of peanut allergy was 74% lower in the group
that consumed peanuts compared with the group that avoided
peanuts,”” suggesting that an early introduction of long-term pea-
nut exposure can have a clinically significant and durable effect.

In addition to determining whether similar findings as seen in
the LEAP studies could also be observed with other foods, the
Enquiring About Tolerance Trial*’ observed infants aged 3 months
who were introduced early to 6 allergenic foods alongside contin-
ued breastfeeding as well as control infants aged 6 months and com-
pared food allergy prevalence rates. Infants participatingin the study
were randomized into an early introduction group (EIG) or a stan-
dard introduction group (SIG). Parents of infants in the EIG who

JAMA Pediatrics Published online November 7, 2016

tested negative on skin testing or tested positive but had negative
results on food challenge were asked to introduce 6 allergenic foods:
cow's milk (yogurt) first, followed (in random order) by hard-boiled
hen's egg, peanut, sesame, and whitefish, with wheat being intro-
duced last.*” The infants consumed 2 g of the food protein twice a
week. Infants in the SIG were exclusively breastfed and did not
consume allergenic foods before age 6 months. The infants were
observed until aged 3 years.

Overall, the intention-to-treat analysis demonstrated that the
efficacy of the early introduction of allergenic foods was not signifi-
cant and did not significantly reduce the prevalence of food allergy
compared with a standard introduction (EIG, 5.6% vs SIG, 7.1%;
P = .32).*” However, only 42.8% of participants adhered to the early
intervention protocol and thus were accounted for in the primary
outcome of the study, whereas 92.9% of the SIG were adherent to
the protocol. Thus, the per-protocol analysis, which analyzed those
who adhered to the protocol, demonstrated that infants in the EIG
had a significantly lower prevalence of any food allergy than those
inthe SIG (EIG, 2.4% vs SIG, 7.3%; P = .01), suggesting a 67% lower
relative risk of food allergy. Furthermore, in the per-protocol analy-
sis, a significantly lower relative risk of peanut allergy (EIG, 0% vs
SIG, 2.5%; P = .003) and egg allergy (EIG, 1.4% vs SIG, 5.5%;
P = .009) were also observed in the EIG vs SIG comparison.*’ Al-
though the per-protocol analysis demonstrated significant find-
ings, the authors of the study stated that the results of the per-
protocol analysis should be interpreted with caution, as the
differences in results could have been due to biological effects or
hidden bias.
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. |
Conclusions

As guidelines have changed, we can anticipate that results from cur-
rent and future studies will provide additional insights into the pre-
vention and treatment of food allergies and encourage future in-
vestigations that will facilitate their understanding. Furthermore, with
additional studies, it will remain imperative for a consensus to be
achieved concerning the safe introduction of allergenic foods into
infants' diets. At this time, the current guidelines on food allergy pre-
vention no longer suggest mothers avoid peanut consumption dur-
ing pregnancy or lactation, and recent studies have provided evi-
dencetosupport the updated recommendations on the introduction
of allergenic foods for infants aged 6 months without delayed
introduction.

The LEAP and LEAP-On trials provided new insights and con-
sensus recommendations on the early introduction of peanut in high-
risk infants. Based on the evidence from LEAP, consensus recom-
mendations suggest that infants with severe atopic eczema and/or

Review Clinical Review & Education

egg allergy should undergo a food allergy assessment by an aller-
gist to determine whether they may benefit from an early introduc-
tion of peanut.*® A suggested algorithm derived from the LEAP con-
sensus guidelinesin the Figure outlines an approach that can be used
by pediatricians and allergists evaluating infants for peanut allergy.
Based on the recent recommendations, it is anticipated that an ex-
panded consensus document from the NIAID-sponsored Working
Group and the European Academy of Allergy and Clinical Immunol-
ogy will be published and provide further guidance in this area.
The changes anticipated as a result of current and future stud-
ies will provide additional insights into the development and pre-
vention of food allergies. Furthermore, research from these stud-
ies will provide more clarity about the underlying immune
mechanisms that regulate the development of food hypersensitiv-
ity and tolerance in infants. The reported rising prevalence of food
allergies has facilitated current knowledge about risk factors for
disease, and there is great potential for future investigative studies
to elucidate methods to reduce the incidence of allergies and
increase allergen tolerance through preventive measures.
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