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Abbreviations used
AD- Atopic dermatitis
CI- Confidence interval
EAT- Enquiring About Tolerance
EIG- Early introduction group
EPE- Environmental peanut exposure
FA- Food allergy
LEAP- Learning Early About Peanuts
NASEM- The National Academies of Science, Engineering and
Medicine
NIAID- National Institutes of Allergy and Infectious Disease
OFC- Oral food challenge
RCT- Randomized controlled trial
SIG- Standard introduction group
SPT- Skin prick test

Peanut allergy affects 1% to 3% of the Western world,
usually begins in early childhood, is rarely outgrown, and
has no currently approved treatment. The identification and
application of prevention strategies is therefore essential. In
2015, the Learning Early About Peanuts study findings
found that early consumption of peanut protein was
effective in preventing peanut allergy in high-risk children
as compared with peanut avoidance. These findings resulted
in changes to allergy prevention guidelines and policy
across the world. There are country-specific variations to
guidelines, but, within these variations, feeding peanut to
children in infancy is a common theme. There are
numerous logistical challenges surrounding the imple-
mentation of contemporary guidelines at a population level.
In the United States, guidelines advise according to risk
level with prescreening recommended for high-risk children
(mod/severe eczema, egg allergy). Even though high-risk
children represent the minority of the childhood popula-
tion, there are still significant challenges associated with
identifying and screening such infants. The need for con-
ducting allergy testing before first giving peanut protein to
high-risk infants is debated; although adopting this
approach promotes safety, it is financially and logistically
challenging. Clinical trials that explore the real-life appli-
cation of these guidelines are needed as is an assessment of
guidelines (Australia, for example) that do not adopt the
approach of screening. © 2018 American Academy of Al-
lergy, Asthma & Immunology (J Allergy Clin Immunol
Pract 2019;7:367-73)

Key words: Peanut allergy; Food allergy; Allergy prevention;
Children

Peanut allergy is a potentially life-threatening condition that
affects 1% to 3% of the Western world."” Peanut allergy often
develops in early life, and children may experience allergic
symptoms during their first known exposure to peanut.”” It is
rarely outgrown, has no currently approved treatment, and is the
most common cause of food-related fatal anaphylaxis.” Peanut
allergy significantly influences quality of life of both peanut
allergy sufferers and their families®’; developing effective
prevention strategies is thus essential.
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ROUTES OF SENSITIZATION

Understanding how peanut sensitization occurs is key to
preventing peanut allergy. The National Academies of Science,
Engineering and Medicine (NASEM) convened an expert
committee to examine critical issues in food allergy (FA). The
committee considered many routes of sensitization and published
a comprehensive report.” NASEM found limited evidence of a
link between nutritional factors such as vitamin D, maternal
omega-3 fatty acid intake, and folate supplementation with food
allergic sensitization.® Environmental factors clearly influence
food sensitization and allergy.” This is illustrated in the
HealthNuts study, which found that children who were born to
Asian (defined as East Asia or India) mothers in Asia and
subsequently moved to Australia were 2 to 3 times less likely to
have nut allergy at age 5 than those born to Asian mothers in
Australia.” Furthermore, children born to Asian mothers who
later migrated to Australia from the United Kingdom or New
Zealand had no difference in risk.”

Skin barrier dysfunction also plays a role in allergic sensitiza-
tion. Because early work identified that atopic dermatitis (AD)
was associated with FA,'%'? many studies have examined this
relationship and there is now consistent evidence that skin barrier
dysfunction significantly increases the risk of FA.'”""> Environ-
mental peanut exposure (EPE) also increases the risk of peanut
sensitization and allergy.'® This risk intensifies with increasing
levels of EPE, is greater in children with AD, and is further
augmented in those with severe AD.'” There is now clear
evidence of a causal relationship between AD and FA.'® Research
examining whether early life interventions to improve skin
barrier function can prevent peanut and other allergies is now
underway."”

The “dual allergen exposure hypothesis” proposes that,
although allergic sensitization may occur through the skin,
tolerance may be induced via the gut.”’ In the preceding
paragraphs, we have demonstrated that there is good evidence to
support the first aspect of the hypothesis. In the remainder of the
paper, we describe the evidence for oral tolerance induction in
the prevention of peanut allergy and discuss the current guidance
and concerns regarding peanut allergy prevention in clinical
practice.

EARLY CONSUMPTION OF PEANUT PREVENTS
PEANUT ALLERGY

There is evidence that infants who consume peanut in early
life have a lower risk of peanut allergy than those who avoid
peanut. An observational study compared the early diets and
allergic status of Israeli and UK primary school children, finding
that peanut was introduced earlier, and in greater quantities, in
Israeli infants’ diets than in UK infants” diets (7.1 g of peanut
protein per month vs 0 g P < .0001).”° In the same study, UK
children were almost 10 times more likely than Israeli children to
be peanut allergic (1.85% vs 0.17% [P < .001]; adjusted risk
ratio 9.8; 95% confidence interval [CI], 3.1-30.5).”° Subse-
quently, a randomized controlled trial (RCT) examined whether
early introduction of peanut was more effective than avoidance in
preventing peanut allergy in infants with severe eczema and/or
egg allergy. The Learning Early About Peanuts (LEAP) study
randomized infants aged 4 to <11 months either to consume 2 g
of peanut protein 3 times per week until 5 years of age, or to
avoid peanut.”’ In children with no skin prick test (SPT)
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sensitization to peanut at study entry, there was an 86% relative
reduction in risk of peanut allergy for children who consumed
peanut compared with those who avoided peanut during the
study (1.9% vs 13.7%).”' Children who were peanut sensitized
(SPT 1-4 mm) at study enrolment also had a reduced risk of
peanut allergy if they were assigned to the consumption arm;
10.6% of the consumption group were allergic compared with
35.3% of the avoidance arm, representing a 70.0% relative
reduction in peanut allergy.”'

The longevity of the effects of the intervention was tested in
the LEAP-On study. LEAP study participants (n = 556; 88.5%
retention rate from LEAP) were asked to avoid peanut protein for
12 months regardless of their assigned group in LEAP. Rates of
oral food challenge (OFC) proven allergy at the end of this
period were similar to those from LEAP (18.6% vs 4.8%); 3
participants in each arm developed de novo allergy during the
12-month period of avoidance.”” The cohort is now being
followed up at age 12, after a period of ad libitum peanut con-
sumption, to establish whether the early consumption of peanut
achieved permanent tolerance or transient desensitization
(ClinicalTrials.gov Identifier: NCT03546413).

One other study has examined the effect of peanut intro-
duction in early infancy. The Enquiring About Tolerance (EAT)
study enrolled 1303 exclusively breastfed infants at 3 months of
age and randomized half to follow UK Department of Health
guidance to exclusively breastfeed until approximately 6 months
of age after which time they introduced solid foods according to
parental preference (standard introduction group [SIG]); the
other half consumed 6 allergenic foods (peanut, cow’s milk, egg,
wheat, fish, and sesame) twice weekly from study enrolment
(early introduction group [EIG]). Adherence rates were lower in
the EIG than SIG, but per protocol analysis found the prevalence
of peanut allergy at 3 years of age to be significantly lower in the
EIG than the SIG (0% vs 2.5%, P = .003) and there was a trend
toward an effect in the intention to treat analysis.”” The cohort is
being followed up at 8 years of age to establish whether the early
intervention affects allergic outcomes in later childhood, and to
examine the effect of early weaning diet on child health more

broadly (ClinicalTrials.gov Identifier: NCT03495583).

TRANSLATING THE TRIALS INTO PRACTICE

In the past 2 decades, there has been a change in the guidance
regarding peanut consumption in infancy. In 2000, peanut
prevention strategies were based on identifying children who
were at risk of developing the disease and recommending the
elimination of all peanut products from the diets of pregnant and
breastfeeding mothers and children up to 3 years of age.”” In the
mid-2000s, many countries withdrew advice to avoid feeding
peanut protein to young children, replacing this with less didactic
guidance that parents may introduce peanut containing products
during weaning if they wished.

There is now high-quality evidence that peanut allergy may be
prevented by consumption of peanut protein in infancy, but the
translation of this evidence into clinical practice is garnering
significant debate. For example, a meta-analysis examining the
timing of solid food introduction and FA concluded that, as only
one RCT that has proven early introduction of peanut is an
effective strategy for the prevention of peanut allergy in an
intention-to-treat analysis, with another showing an effect only
in per protocol analysis, there is still insufficient evidence to
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make automatic changes to recommendations.”” Despite these
limitations, in 2015, a consensus statement was published by 8
national/international allergy academies that referenced the
LEAP study findings. The statement recommended that “high
risk” infants (defined according to the LEAP criteria of severe
eczema and/or egg allergy) be given peanut protein in early life
(around 4-11 months of age).Z(' The health authorities or soci-
eties of several countries have subsequently updated their
guidelines on the prevention of peanut allergy (examples shown
in Table I).

Since these policy changes, many countries are now proac-
tively encouraging parents to feed their children peanut during
infancy. The universality of these changes has been questioned
by Levin et al,*® who point out that, to date, all studies have been
conducted in developed countries where the risk of malnutrition
and HIV is low. They caution against universal changes to
weaning guidelines and recommend that advice be both country
and family specific.”” Some reassurance may be offered with
respect to concerns regarding the effect of early weaning on
breastfeeding; in LEAP and EAT, the introduction of peanut/
other allergenic foods was not deleterious to breastfeeding rates
or duration.””*

In countries where allergy prevention guidelines have been
updated, the practicalities of translating these changes into
practice are now being discussed with debates including “is
testing before peanut introduction either necessary or
practicable?” and “who should be tested?”

IDENTIFYING CHILDREN “AT RISK” OF PEANUT
ALLERGY

The LEAP intervention targeted children who were “at risk” of
developing peanut allergy (defined as having severe eczema and/or
egg allergy). However, it is estimated that approximately 25%
infants with peanut allergy do not meet these criteria,”” and
previous attempts at targeting public health allergy interventions at
allergic high-risk groups have failed.”® Whether to aim public
health messages at allergic high-risk infants, and how to identify
that group, remains controversial and does not take into account
the substantial proportion of children who develop peanut allergy
despite not meeting the allergic high-risk criteria. The arguments
for broad-based introduction of peanut in infancy include
evidence that early peanut introduction may help prevent peanut
allergy in unselected populations (the EAT study); findings from
both the EAT and LEAP studies that the early introduction of
peanut did not have negative effects on overall nutritional status or
the duration of breastfeeding; and the concept that broad-based
public health messages are more effective than targeted messages.
On the other hand, arguments against universal recommendations
for early peanut introduction include the lack of evidence in other
populations that early peanut introduction is effective, and ques-
tions regarding the cultural and other unintended impacts of such
recommendations.”” In arguing for caution against prioritizing
allergy prevention over broader health concerns, especially
malnutrition, Levin et al’” call for a unified protocol that addresses
allergy prevention in the context of wider causes of child mortality,
particularly within resource constrained settings. Although the
cost-benefit analysis of universal early peanut introduction has also
been questioned, health and economic benefit modeling found
that early peanut introduction is cost effective when compared
with delaying peanut introduction beyond 12 months of age.’



TABLE I. Specific country guidelines for peanut allergy prevention

Recommends testing before peanut

Country Organization Year Guidance introduction in high-risk infants?
USA/Canada®’ National Institute of Allergy and Infectious 2017 Introduce peanut containing foods at 4-6 mo In children with severe eczema, egg allergy,
Diseases in children with severe eczema, egg or both, strongly consider evaluation with
allergy or both skin prick test, and/or spIgE and proceed
Introduce peanut containing foods around 6 to oral food challenge if necessary
mo in children with mild-to-moderate
eczema
Introduce peanut containing foods according
to family preference and cultural practices
in children with no eczema or food allergy
United Kingdom”**’ Scientific Advisory Committee on Nutrition/ 2017 Weaning at around 6 mo, peanut need not be In children at high risk of allergy referral for
Committee on Toxicity 2018 differentiated from other solid foods. testing should be considered against the
British Society for Allergy and Clinical Deliberate exclusion of peanut beyond potential for delayed introduction as a
Immunology 12 mo may increase the risk of allergy result of the referral®
Japan® Committee for Japanese Pediatric Guideline 2016 Weaning at 5-6 mo of age; no foods should No recommendation
for Food Allergy, The Japanese Society of be excluded
Pediatric Allergy and Clinical
Immunology, The Japanese Society of
Allergology
Australia®' Australia Society of Clinical Immunology 2017 For all children, introduce peanut with other No guidance regarding testing but ASCIA
and Allergy (ASCIA) solid foods around 6 mo, not before 4 mo recommendations suggest all infants are
and in the first 12 mo fed peanut first in a graded manner
stopping and treating allergic reactions as
appropriate:
Initially infants should have peanut butter
rubbed on the inside of their lip, then a few
minutes later feed 1/4 of a teaspoon and 30
min later 1/2 teaspoon of peanut butter.
This may be performed at home or under
medical supervision
Europe’” European Academy of Allergy and Clinical 2014* There is no need to avoid introducing No recommendations

Immunology

complementary foods beyond 4 mo, and
currently, the evidence does not justify
recommendations about either withholding
or encouraging exposure to potentially
allergenic foods after 4 mo once weaning
has commenced, irrespective of atopic
heredity

*These guidelines predate the WAO recommendations but are currently being updated.
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The emerging guidelines reflect the current debates: the US
guidelines on peanut introduction differ depending on risk status
of the infant, whereas all other guidelines published thus far give
uniform recommendations for the whole population. All guide-
lines caution against the intake of whole nuts in young children
due to the risk of choking and aspiration.

TO TEST OR NOT TO TEST?

Whether children who are at high risk of developing peanut
allergy require SPT and/or specific immunoglobulin E (spIgE)
testing before eating peanut protein is strongly debated in the
literature. Although some countries make no recommendation in
this regard, the UK Scientific Advisory Committee on Nutrition/
Committee on Toxicity and National Institutes of Allergy and
Infectious Disease (NIAID) recommend that clinicians consider
testing for children with severe eczema, egg allergy, or both, the
entry criteria of the LEAP study. Despite this guideline, 44%
(35/79) of pediatricians who responded to a survey regarding
adherence to the NIAID guidelines reported not testing high-risk
children before introducing peanut.”” Two studies have investi-
gated the logistics of implementing the LEAP intervention using
these screening criteria at a population level. Koplin et al’” used
the HealthNuts study cohort to establish that, if the LEAP study
criteria were to be applied to the Australian population, 16% of
the population would need to be screened, of which 29% would
require clinical follow-up; yet this screening program would still
miss almost a quarter (23%) of peanut allergy cases. They
highlight the financial and logistical challenges of such a program
against the additional finding that there were no life-threatening
events among either low- or high-risk infants who were fed
peanut protein at home in the first year of life.”> O’Connor
et al'” draw similar conclusions from their calculations of the
effect of implementing the LEAP protocol in the Irish
population. They found that 348 cases of peanut allergy could be
prevented every year in Ireland (a 71% relative reduction in the
high-risk population and 29% relative reduction at a population
level), but caution that community implementation would
demand huge additional resources at all levels of health care.
Shaker et al”® also modeled the health and economic benefits of
testing before early peanut introduction finding that, when
compared with no testing, testing by any method (SPT or spIgE)
incurs increased costs without improvement in quality adjusted
life years.

In their pro/con debate, and arguing against the need for
testing, Tang et al' point out that for most children, even
high-risk children, testing is unnecessary and may actually be
detrimental: 87% of high-risk children would unnecessarily delay
peanut introduction while waiting for specialist review and this
delay might, paradoxically, increase their risk of developing
peanut allergy. Turner and Campbell** point out that the risk of
severe reaction to first exposure of peanut is low; there have been
no known fatalities related to peanut exposure within the first
year of life. Furthermore, they caution against “screening creep”
where children are tested unnecessarily because of parental
anxiety or overcautious health care providers.’

The main argument for testing high-risk infants before them
consuming peanut is to ensure the safe introduction of peanut.
Children with an SPT of >4 mm were excluded from LEAP and
the EAT study enrolled children from the general population.
The safety of peanut introduction in a whole cohort of young
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high-risk infants is thus unknown, although HealthNuts data
showed that 80% (95% ClI, 73.0-87.4) of high-risk infants with
an SPT wheal size of >4 mm had challenge confirmed peanut
allergy at 12 months of age35 (but these children were slightly
older than the LEAP cohort who were assessed between 4 and 11
months of age). Testing may also be beneficial if a negative SPT
provides reassurance for parents who would otherwise be too
concerned to feed their children peanut.41 In this context testing
may act as an additional tool in the prevention of peanut allergy
because it gives confidence to parents who would otherwise be
too fearful to give their children peanut protein, and thus
potentially prevents them from developing peanut allergy. It
should be noted however that it is not known whether children
excluded from LEAP with SPT >4 mm were allergic or sensi-
tized. Although approximately 80% of children with an SPT of
>5 mm will be peanut allergic,” one fifth of children may still
tolerate peanut and thus other factors, including whether an
OFC is appropriate, should be considered before sensitized
children are given an allergic diagnosis.

ADHERENCE TO GUIDELINES

The publication of evidence-based guidelines is only the first
step in preventing peanut allergy. Successful implementation is
also essential. There is little data regarding the use of the new
peanut allergy prevention guidelines in practice, although a 2017
survey of US-based pediatricians found that only 11% adhered to
the NIAID guidelines of early peanut introduction, and those
who saw food allergic patients more frequently described greater
guideline adherence.”” Reasons for nonadherence to these
specific guidelines have not been investigated, but a broad
systematic meta-review found that barriers to implementation of
clinical guidelines are usually multifactorial and include
simplicity of the guidance, the characteristics of professionals
who the guidance is targeted at, and the support, time, and
financial resources available to the professionals.”” Bearing this in
mind, implementation of the peanut allergy prevention guide-
lines by health care professionals is likely to be enhanced when
questions such as “should testing be conducted by allergists or
trained community health care professionals?,” “should testing
programs prioritize SPT or spIgE testing?,” and “should testing
focus only on peanut or include other common food allergens?”
have been answered. In all scenarios, additional resources would
be required to facilitate the additional demand on health services,
and, if testing on a large scale is deemed necessary, there will be a
significant delay while additional allergist/specialist community
practitioners are trained.

Parental willingness to feed peanut protein to their infant is
also critical to the successful implementation of the peanut
allergy prevention guidelines, and 2 studies have examined
parental knowledge and behaviors after changes to infant feeding
guidelines for peanut introduction. HealthNuts study data were
used to examine the history of peanut consumption before and
after the changes to Australian infant feeding guidelines in 2008,
which removed previous advice to delay the introduction of
allergenic foods. The study found that mothers who were born
outside Australia were more likely to adhere to the changed
guidelines than those born inside Australia.** Perhaps counter-
intuitively, families with a history of FA were less likely to adopt
the new guidelines and were more likely to delay introducing
allergenic foods compared with those with no family history of
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FA.** More recently, US caregivers’ response to the publication
of NIAID’s recommendation that infants at risk of peanut allergy
should be given peanut protein in early infancy has been
explored. A study (conducted only a few months after imple-
mentation of the new guidelines) showed that 31% of expectant
mothers or parents of young infants were willing to introduce
peanut before or around 6 months of age.”’

To date, no study has investigated the reasons why parents did
not wish to give peanut protein to young infants. Studies are
needed that explore these attitudes, particularly with respect to
the views of groups who may be harder to reach and less likely to
engage with health promotion guidance such as those from lower
socioeconomic groups and ethnic minorities.”****” In developed
countries at least, recent changes to guidelines may mean that,
rather than following previous advice to avoid peanut in early
childhood, feeding peanut to young infants will become part of
the natural weaning process. Health care providers should
consider health promotion strategies that promote this. Such
campaigns would empower parents and primary caregivers to
view peanut as food that can be safely fed to most children
at home. This would further assist in the prevention of
peanut allergy.

PROVIDING SUPPORT TO PARENTS WHO FEED
THEIR CHILDREN PEANUT IN INFANCY

Families who took part in the LEAP study received a high
level of dietetic support throughout the intervention (weekly
telephone calls until 12 months of age; fortnightly untl 30
months; and monthly until 60 months of age). The need for, and
feasibility of, providing this level of input to high-risk infants has
been highlighted as both essential for efficacy and difficult to
replicate at a population level.”® The differing levels of dietetic
support and rates of adherence in the LEAP and EAT studies
have been cited as evidence for this,*® but this argument over-
looks differences in the designs of the study (1 food compared
with 6 foods, high-risk vs general population) and definitions of
adherence between the studies. These differences suggest that
prevention of peanut allergy may not be dependent on intensive
dietetic support; post hoc analysis of LEAP data shows that
participating families required an average of only 3 phone calls
before they were able to feed their children peanut 3 times per
week.”* Studies that explore the amount and type of support
required by families who feed peanut protein to their high-risk
infant are required. Until these data are available, clinicians
may be reassured that, in the EAT study, children who were
nonadherent in the early introduction arm did not have an
increased risk of peanut allergy compared with those in the
standard introduction arm.”” Encouraging families to feed their
high-risk infant peanut in infancy, without intensive dietetic
follow-up, is thus unlikely to increase the child’s risk of peanut
allergy.

CONCLUSION

Since late 1990s/early 2000s guidance that peanut allergy was
best prevented through avoidance of peanut,”* the field of allergy
has seen a paradigm shift. There is now good evidence that
peanut sensitization occurs through the skin, that feeding peanut
protein to young children reduces the risk of peanut allergy in
high-risk children, and that, in the general population,
noncompliance with regular consumption of peanut in early
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infancy presents no greater risk than the previous guidance of
peanut avoidance.

How the early introduction of peanut can be achieved at a
population level is the subject of debate and requires more
research. Although national and international bodies have pro-
duced guidelines, the effective dissemination and implementa-
tion of these guidelines requires considerable work. Convening
country- and/or region-specific committees made up of
stakeholders from all relevant professional groups, from both
community and hospital settings, and from patient advocacy
groups to agree the most appropriate method of implementation
will be critical if peanut allergy prevention is to be achieved at a
population level. Until additional data and consensus are
available, the strategic use of testing in children with the greatest
risk of developing peanut allergy is a safe approach but the
practicalities and costs of testing should also be considered.
Furthermore, strategies and campaigns that seck to destigmatize
peanut may also be beneficial in the prevention of peanut allergy.
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