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GRAPHICAL ABSTRACT

"HealthNuts; n = 5,300; 2 EarlyNuts; n = 860

Changes to infant feeding guidelines for allergy
prevention in 2016 were followed by a marked increase
in early peanut introduction

Less than 3 IN 10 INFANTS consuming peanut by 12 months in 2007-2011'...

PR RAA

«.to nearly 9 IN 10 INFANTS consuming peanut by 12 months in 2017-20182,
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Background: Randomized controlled trials demonstrate that
timely introduction of peanut to infants reduces the risk of
peanut allergy. However, much debate remains regarding how
to best achieve earlier peanut introduction at the population
level. Our previous study in 2007-2011 (HealthNuts, n = 5300)
indicated that few infants were consuming peanut in the first
year. Australian infant feeding guidelines were updated in 2016
to recommend introducing peanut before 12 months for all

From *Murdoch Children’s Research Institute, Parkville; "the Department of Paediatrics
and “the School of Population and Global Health, University of Melbourne, Parkville;
‘the Department of Allergy and Immunology and °the Melbourne Allergy Centre and
Children’s Specialists (MACCS) Medical Group, Royal Children’s Hospital, Park-
ville; and the Neuroepidemiology Research Group, Florey Institute for Neuroscience
and Mental Health, Parkville.

*Former affiliations when this work was undertaken. No current affiliations.

This work was supported by funding from the National Health and Medical Research
Council of Australia (NHMRC) and the Murdoch Children’s Research Institute.
Research at the Murdoch Children’s Research Institute is supported by the Victorian
Government’s Operational Infrastructure Program. V.X.S. is supported by a PhD
scholarship from the NHMRC-funded Centre for Food and Allergy Research (CFAR).

Disclosure of potential conflict of interest: K. P. Perrett’s institution, Murdoch Children’s
Research Institute, has received a research grant from DBV Technologies. K. J. Allen

infants. There were no data available on the subsequent effect
on peanut introduction or peanut reactions.

Objective: We sought to assess the consequences of a
nonscreening approach to allergenic food introduction in
a population-based sample of infants in their first year of
life.

Methods: EarlyNuts is a population-based, cross-sectional study
of 12-month-old infants in Melbourne, Australia, recruited by
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using an identical sampling frame and methods to HealthNuts
(72% response rate vs 73% response rate in HealthNuts). We
report here on the first 860 participants recruited between
November 2016 and October 2018.

Results: Most infants (88.6%; 95% CI, 86.1% to 90.7%) had
introduced peanut by 12 months (median age, 6 months), an
increase from 28.4% (95% CI, 27.2% to 29.7%) in the
HealthNuts study. By 12 months, the majority of these (76.4%)
had consumed peanut more than 4 times, and 28% were eating
peanut more than once per week. Preliminary results on parent-
reported reactions show that 4.0% of those consuming peanut
by 12 months had possible IgE-mediated reactions.
Conclusions: There has been a striking shift toward earlier
peanut introduction, with a 3-fold increase in peanut
introduction by age 1 year in 2018 compared with 2007-2011. (J
Allergy Clin Immunol 2019;144:1327-35.)

Key words: Infant feeding, early introduction, peanut, egg, food al-
lergy, guidelines, timing of introduction, weaning, infants,
observational

IgE-mediated food allergy affects up to 10% of Australian
infants.' Hospital admissions caused by IgE-mediated food al-
lergy have increased significantly over the past decades in the
United States, the United Kingdom, and Australia,2'4 creating
an urgent need to identify, implement, and evaluate effective
food allergy prevention strategies.

Early introduction of allergenic foods is currently the most
promising strategy for preventing food allergy. There is high-
quality evidence from randomized controlled trials that earlier
introduction of peanut and egg reduces the risk of allergy to these
foods.™ As a result of these recent trials, Australian infant
feeding guidelines were updated in 2016 to recommend
introduction of allergenic foods, including peanut and egg, by
age 12 months for all infants.” This represents a major change
to previous infant feeding advice and the second major change
to this advice since the 1990s. Around 2008, infant feeding
guidelines in Australia removed previous advice to delay
introduction of allergenic foods, without stating when or how
allergenic foods should be introduced.®” Previously, we
documented a small shift toward earlier introduction of peanut
and egg by age 1 year after this change. Overall, however, less
than 10% of the sample changed their practices between 2007
and 2011, and most parents still delayed introduction past age
1 year."”

There is currently much debate regarding how to best achieve
earlier peanut introduction at the population level.'' Some
countries, such as the United States, recommend prior screening
for food sensitization in high-risk infants'?; however, screening
poses logistical challenges, as well as a risk of delaying peanut
introduction because of screening delays.'™'* By contrast,
Australian guidelines do not recommend screening before peanut
introduction.”"'> There are no data on the subsequent effect of
either of these approaches on peanut introduction or peanut
reactions.

In light of recent international calls to assess the results of a
nonscreening approach to allergenic food introduction,'® we
present data from our new infant cohort, particularly on the
introduction of allergenic foods in a population-based sample of
infants in Melbourne, Australia, in their first year of life.
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Abbreviations used
IQR: Interquartile range
MCHN: Maternal and child health nurse

METHODS

Design

The EarlyNuts study is a population-based, cross-sectional, observational
study that aims to measure the prevalence of food allergy, document current
practices around dietary introduction of allergenic foods, and evaluate whether
changes to infant feeding practices at the population level have reduced the
population prevalence of food allergy. We have used the same sampling frame
structure and methods of recruitment and follow-up as the HealthNuts study in
2007-2011 to facilitate comparison between the 2 cohorts.'” One-year-old
infants and their families were recruited from council-run immunization
sessions in Melbourne, Australia. Recruitment commenced in November
2016 and is ongoing. Parents were unaware of the study until they attended
the immunization session to minimize selection bias.

We compared the feeding practices of the first 860 EarlyNuts study
participants (November 2016 to October 2018) with previously published data
from the HealthNuts study.'” The HealthNuts study cohort was further divided
into infants born before and after the September 2008 changes in the
Australasian Society of Clinical Immunology and Allergy infant feeding
guidelines and recruited at age 1 year between September 2007 to August
2009 (pre-2009) and September 2009 to August 2011 (post-2009).

Inclusion and exclusion criteria

All infants aged 11 to 15 months inclusive at council-run immunization
sessions in Melbourne were eligible for recruitment regardless of past history
of exposure or reaction to allergenic food. Participants were excluded only if
the parent or guardian could not provide informed consent, complete the
questionnaires in English, or both.

Interim analysis

We assessed the extent to which timing of allergenic food introduction of
peanut and egg has changed after introduction of the new infant feeding
guidelines in Australia in 2016. The sample size at the midpoint of recruitment
is large enough to estimate the relevant prevalences with high relative
precision (an assertion that we support with a formal power calculation in the
next section). We also report preliminary results on parent-reported reactions
to peanut, which were consistent with possible IgE-mediated reactions (skin
[hives, rash, and/or swelling of lips, eyes, or face], gut [vomiting or diarrhea],
and/or breathing [wheeze] problems within 1 hour of food consumption), and
compare these with data from the HealthNuts cohort.'® Egg reactions were not
reported because the proportion of infants consuming egg by 12 months
changed little between the 2 studies, as shown below. Data on challenge-
confirmed food allergy to egg and peanut will be available at the completion
of the study.

Sample size and power

Sample size calculations for the EarlyNuts study were based on food
allergy prevalence and infant feeding data from the HealthNuts study, a
population-based cohort of 5300 twelve-month-old infants.'” The intended
sample size of 2000 infants for the complete EarlyNuts study (2018-2019)
provides 81% power to detect a 40% decrease (from 3.0% to 1.8%) in peanut
allergy prevalence. Recruitment is ongoing. As of September 2018, we had
data from the first 860 participants recruited, and the results below are based
on these participants. A sample size of 800 infants in the current analysis
provides greater than 99% power to detect a 10% change in early peanut
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TABLE |. Baseline demographics for first participants of the EarlyNuts study population and comparison with the HealthNuts
study population and with Victoria’s Mothers, Babies and Children 2016 data

EarlyNuts study,

HealthNuts study,

Characteristic 2017-2018 95% ClI 2007-2011 95% ClI VPDC, 2016
No. 860 5276

Sex (% male) 51.8 48.4-55.1 50.8 49.5-52.2 51.3%
Mode of delivery (% vaginal) 65.0 61.7-68.2 66.8 65.5-68.1 66.0
Maternal age, mean (y) 334 SD, 0.2 33.0 SD, 4.8 31.1*
Mothers >34 y (%) 34.6 31.4-37.9 419 40.6-43.2 253
Preterm birth (<37 wk [%]) 7.3 5.7-9.3 6.1 5.4-6.8 8.3
Maternal country of birth (% Australia) 59.4 56.1-62.7 71.8 70.5-73.0 61.57
Family history of asthma (%) 31.3 28.2-34.6 30.7 29.4-31.9 NA
Family history of eczema (%) 30.0 27.0-33.3 30.5 29.3-31.8 NA
Family history of food allergy (%) 14.4 12.2-16.9 13.0 12.0-13.9 NA

NA, Not applicable; VPDC, Victorian Perinatal Data Collection by Consultative Council on Obstetric and Paediatric Mortality and Morbidity.

*Australian Institute of Health and Welfare.
12005-2006 data were 75.2%.

introduction (eg, increase in peanut introduction before 12 months of age from
30% in the HealthNuts study to 40% in the current study).

Assessment of internal and external validity of the
study

Parents who declined to participate were asked to complete a
nonparticipation survey, which was used to assess selection bias.'’
Demographic characteristics of the study participants were compared with
publicly available 2016 data on Victorian mothers and births from the
Consultative Council on Obstetric and Paediatric Mortality and Morbidity'®
and the Australian Institute of Health and Welfare®” to assess whether the
EarlyNuts cohort was representative of the Victorian population.

Data collection

At recruitment, parents completed 1 researcher-administered and 1
parent-completed questionnaire. Trained researchers also conducted skin
prick testing and an eczema assessment with infants within the advised 15- to
20-minute wait after immunization (data not reported here). The
parent-completed questionnaire assessed demographic characteristics and
known risk factors for food allergy, including family history of allergy, number
of siblings, pet ownership, season of birth, and parents’ country of birth,>'** as
well as information on breast-feeding and use of infant formula. The
researcher-administered questionnaire captured verbal parental reports of
infant feeding practices, including age of introduction of allergenic foods
(peanut products, hen’s egg, tree nuts, and cow’s milk), frequency and quantity
of allergenic food consumption, and any reactions. We also collected data on
parents’ source content and compliance with infant feeding advice, including
any reasons for not following this advice.

Outcome measure: Infant feeding practices relevant
to food allergy

The primary outcome measure for this analysis was the age of
introduction of peanut and egg. We categorized age of introduction of
peanut and egg into completed months until 12 months of age. Introduction
at less than 4 months was combined because of the low number of
participants in both the peanut and egg groups (n = 7 and n = 6,
respectively). Participants were categorized as greater than 12 months if
they reported introduction at an age greater than 12 months or not
introducing peanut or egg by recruitment (ie, at age 12 months). Peanut
introduction was defined as introduction of any food containing peanut (eg,
peanut butter, satay, or peanut-containing nut bars). Similarly, egg intro-
duction was defined as introduction of any food containing egg product,
including cooked egg (eg, scrambled, poached, boiled, fried, or omelet),
baked egg (eg, cakes, biscuits, or pancakes), meringue, or other forms of egg
(eg, custard or egg-based mayonnaise).

We also examined the quantity and frequency of consumption. Quantity of
peanut was defined as a bite/taste (eg, a lick or bite of peanut butter on toast),
small portion (eg, <1 teaspoon of peanut butter), or large portion (eg, >1
teaspoon of peanut butter). Quantity of egg was defined as a bite/taste (eg, 1
teaspoon of cooked egg or a lick/bite of baked egg), small portion (eg, half a
cooked egg or a few bites of baked egg), or large portion (eg, whole cooked egg
or a whole baked product, such as a whole biscuit/muffin/pancake). Cooked
and baked egg were analyzed separately. Frequency was initially defined as
once, 2 to 4 times, or more than 4 times from first introduction by age
12 months. Frequency categories were updated in June 2018 to include 3
additional categories accounting for greater frequency of consumption: once
per week, twice per week, and 3 or more times per week.

Statistical analysis

Prevalence estimates for demographic characteristics and other binary
measures were calculated as the observed proportion with a 95% CI based on a
binomial sampling distribution. Differences in 2-sample comparisons of
categorical data, such as the demographics of the study participants and
nonparticipants, were assessed by using the x* test for contingency tables or
the Fisher exact test when sample size was less than 5. Kaplan-Meier graphs
were used to depict the timing of dietary introduction of peanut and egg, and
comparisons of age of food introduction between the EarlyNuts (2018) and
HealthNuts (2007-2011) cohorts were compared by using the log-rank test.
All analyses were conducted with the Stata statistical software package
(release 15; StataCorp, College Station, Tex).

Ethics

Ethical approval for the EarlyNuts study was obtained by the Royal
Children’s Hospital Human Research Ethics Committee (reference no.
36160A). Parents or guardians provided written informed consent before
participation. The study was registered with the Australian New Zealand
Clinical Trials Registry (registration #ACTRN12618001990213).

RESULTS
EarlyNuts sample characteristics

Baseline demographic characteristics of the participants are
reported and compared with data from the HealthNuts study
(2007-2011) and the population of live births in Victoria in 2016
(Table I). The proportion of EarlyNuts participants with a family
history of asthma, eczema, and food allergy was similar to that
observed in the HealthNuts study. Our sample had a lower propor-
tion of mothers born in Australia compared with the HealthNuts
study. This is consistent with changes that occurred in the popu-
lation demographics of Victoria as the percentage of
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1194 infants approached
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334 declined

[

737 completed data
on peanut
introduction

736 completed data
on any egg
introduction

735 completed data
on cooked egg
introduction

]
663 completed data L
on baked egg

introduction

311 completed non-
participation questions

653 had introduced by
12-months

719 had introduced by
12-months

702 had introduced by
12-months

566 had introduced by
12-months

632 had data on
frequency

684 had data on
frequency

664 had data on
frequency

525 had data on
frequency

622 had data on
quantity

699 had data on
quantity

681 had data on
quantity

536 had data on
quantity

628 had data on
' parent-reported
reactions

FIG 1. Data flow of study participation until October 1, 2018.

TABLE Il. Comparison between study participants (n = 860) and those who chose not to participate but were willing to fill out a

short questionnaire (n = 311)

Participants Nonparticipants
Variable Percentage 95% ClI Percentage 95% Cl X° Test, P value
Child eating peanut 88.6 86.1-90.7 81.4 76.6 -85.3 .002
If eaten, child has reacted to peanut 4.0 2.7-5.8 3.6 1.9-6.8 792
Child has food allergies 6.6 5.1-8.6 8.5 5.8-12.2 316
Child has eczema 28.6 25.6-31.8 27.0 22.3-32.3 .585

Australian-born mothers decreased from 75.2% in 2005-2006 to
61.5% in 2016."” The majority of population parameters for all
births within Victoria fall within the 95% CI from our sample,
with the exception of a greater mean maternal age and a greater
percentage of mothers older than 34 years in our sample.

The results presented in the current article are from the first 860
participants recruited to the EarlyNuts study, with 72.0% (95%
CI, 69.4% to 74.6%) of those approached participating in the
study (Fig 1), which is similar to the 73.1% who participated in
the HealthNuts study.'” The majority (93.1%; 95% CI, 89.8%
to 95.6%) of parents approached at immunization sessions who
did not participate in the study completed a nonparticipation
questionnaire, which was similar to 94% in the HealthNuts
study.”* Participants and nonparticipants had a similar prevalence
of parent-reported eczema and food allergy, although fewer
nonparticipating children were eating peanut (81.4% vs 88.6%,
P =.002, Table II). Among those who had consumed peanut, a
similar proportion of participants and nonparticipants reported a
possible IgE-mediated reaction to peanut. The most common
reason given for not participating was that the child was already

eating all foods included in the study (31.4%, see Table El in
this article’s Online Repository at www.jacionline.org). Of
those who did not participate, 17% were from a non-English-
speaking background, and 3.6% reported that the child had a
food allergy.

Current timing of infant introduction to allergenic
foods

Among EarlyNuts participants, the median age of introduction
for both peanut and egg was 6 months of age (peanut interquartile
range [IQR], 6 to 8 months; egg IQR, 6 to 8 months; Fig 2). Of the
different forms of egg, the median of cooked egg introduction was
6 months (IQR, 6 to 8 months) of age, with 35.7% (95% CI, 32.2%
to 39.4%) introducing at 6 months and 95.5% (95% CI, 93.7% to
96.8%) of infants having had cooked egg by 12 months of age (Fig
2). The median age for baked egg introduction was 8 months
(IQR, 6 to 11 months), with fewer infants eating it at 6 months
(18.8%; 95% CI, 15.9% to 22.0%).
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FIG 2. Infant’s first exposure to allergenic food by month of introduction. A, Age of first peanut introduction
(n = 717). B, Age of first form of hen’s egg introduction (n = 705). C, Age of first cooked hen’s egg introduc-
tion (n = 689). D, Age of first baked hen’s egg introduction (n = 634). *Age greater than 12 months indicates
infants who had not been introduced to the food by 12 months of age. Error bars indicate 95% Cls.
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FIG 3. Comparison of age of first introduction of infants to allergenic foods in 2017-2018 in the EarlyNuts
(EN) cohort to the HealthNuts (HN) cohort before (2007-2009) and after (2009-2011) guideline changes. A,
Kaplan-Meier graph for peanut butter introduction by study cohort. B, Kaplan-Meier graph for egg introduc-
tion by study cohort. P values in graphs are derived by using the log rank test.

Changes in timing of introduction of allergenic
foods over the last 10 years

Infants were introduced to both peanut and egg earlier in the
EarlyNuts study (2017-2018) compared with the HealthNuts
study (2007-2011) (log rank test: peanut, P < .0001; egg,
P <.0001; Fig 3). In the EarlyNuts study the majority of parents
had introduced peanut by 12 months of age (88.6%, 95% CI,
86.1% to 90.7%) compared with only 28.4% (95% CI, 27.2% to

29.7%) in the HealthNuts study. The change was less marked
for egg, with 97.6% (95% CI, 96.2% to 98.6%) of infants
consuming egg by 12 months of age in the EarlyNuts study
compared with 95.7% (95% CI, 95.1% to 96.3%) in the Health-
Nuts study; however, introduction has shifted toward introduction
by 6 months (57.9% vs 25.0%).

We performed a sensitivity analysis restricted to Australian-
born mothers in both cohorts to examine the potential
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TABLE Ill. Source of advice family received on introduction of
solid and allergenic foods

Source Percentage* 95% Cl
MCHN 68.1 64.9-71.2
Lactation consultant 0.6 0.2-14
General practitioner 4.1 2.9-5.6
Pediatrician 5.2 3.9-6.9
Allergist 1.6 1.0-2.7
Friend 4.7 3.4-6.3
Family member 9.4 7.6-11.6
Previous child 8.4 6.7-10.4
Online 9.1 7.3-11.2
Other 2.1 1.3-3.3
Missing 0.8 0.4-1.7

*These are not mutually exclusive. The questionnaire permitted multiple answers,
with the exception of the “other” source, which was excluded if families answered any
alternative option.

contribution of the previously mentioned differences in the
population demographics of Victoria between the 2 studies to
our findings. Among Australian-born mothers, 93.1% (95% ClI,
90.4% to 95.1%) were introducing peanut by 12 months
compared with 81.5% (95% CI, 76.6% to 85.6%) of non-
Australian-born mothers. Introduction of egg by 12 months was
similar in Australian-born and non—Australian-born mothers
(98.7% vs 96.2%). Accordingly, the overall increases in early
egg and peanut introduction in the EarlyNuts study compared
with the HealthNuts study reported above was even more marked
when restricting to Australian-born mothers (see Fig E1 in this ar-
ticle’s Online Repository at www.jacionline.org). Peanut and egg
introduction was high across the sample, irrespective of socioeco-
nomic status (see Table E2 in this article’s Online Repository at
www.jacionline.org).

When families were asked where they received information on
infant feeding, 68.1% (95% CI, 64.9% to 71.2%) reported
maternal and child health nurses (MCHNs) as their primary
source of information (Table III). Of these, 10.9% received advice
from medical doctors (general practitioners, pediatricians, or
allergists), but almost 10% were receiving advice from family
members or online, although it is important to note that these
categories are not exclusive, and each participant could check
multiple options.

Timing of peanut introduction in high-risk infants

The overall proportion of infants who had been introduced to
peanut before 12 months in the EarlyNuts study was similar in the
subgroup of high-risk infants (infants with eczema diagnosed by
age 6 months and requiring use of topical steroids, n = 97/637).
The majority of these high-risk infants (83.5%; 95% CI, 74.6% to
89.7%) had introduced peanut before 12 months, which was
similar to the low-risk population (89.6%, n = 540).

Reported reactions to peanut under early
introduction guidelines

Of the infants introduced to peanuts, parents reported reactions
within 1 hour of consumption in the EarlyNuts study more often
than in the HealthNuts study (4.0% vs 2.4%, P = .054; Table 1V),
likely because of the increase in peanut introduction by 12 months
of age in high-risk infants in the EarlyNuts study compared with

J ALLERGY CLIN IMMUNOL
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the HealthNuts study. Most reactions in both studies only
involved skin symptoms; however, there were 2 cases of wheezing
combined with skin reactions in the EarlyNuts study, with no ev-
idence of a difference in the proportion of reactions with reported
wheeze in the EarlyNuts study compared with the HealthNuts
study. Of the 25 infants with reported reactions in the EarlyNuts
study, 12 participants tried peanut on a subsequent occasion,
and 5 of these reported tolerating peanut on further ingestion,
whereas 7 reported repeated reactions. Of the 13 who did not
eat peanut again, 8 parents reported the reaction was on first taste
of peanut before 9 months of age.

Frequency and quantity of peanut and egg
consumption

In the EarlyNuts study most participants had eaten both peanut
and egg more than 4 times (peanut, 76.3% [95% CI, 72.8% to
79.4%]; egg, 89.6% [95% CI, 87.1% to 91.7%]) by 12 months of
age from the first introduction and were eating large portion sizes
(peanut, 53.7% [95% C1, 49.8% to 57.6%]; egg, 70.8% [95% CI,
67.3% to 74.1%]), with a greater percentage of infants eating egg
more frequently and in larger portions than peanut (Table V). Pre-
liminary results, including additional frequency categories, indi-
cate almost 30% of infants were eating peanut 2 or more times a
week, and almost 45% were consuming egg that often (see Fig E2
in this article’s Online Repository at www.jacionline.org).
Cooked egg was consumed more frequently and in larger portions
than baked egg (Table V). The majority of infants who had eaten
peanut or egg once had only a bite or taste, and most infants who
had eaten peanut or egg more than 4 times had large portions (see
Fig E3 in this article’s Online Repository at www.jacionline.org).

DISCUSSION

This is the first evaluation of infant feeding practices after the
adoption of changes in feeding guidelines internationally in 2016
recommending early introduction of a range of allergenic
foods.”'* We report that there has been a dramatic shift toward
earlier introduction of peanut and egg in 2018 after guideline
changes compared with a similar sample in 2007-2011. In
2018, the vast majority of parents had introduced peanut and
egg in the first year of life, with both foods most commonly intro-
duced by 6 months of age. This is in contrast to data from the same
population in 2007-2011 that showed most parents (71.6%) had
avoided peanut introduction until after 12 months of age, and
those that did introduce peanut usually did so after 10 months
of age.'” Although the proportion of infants eating egg by
12 months of age was similar between the cohorts, we also
observed a shift toward earlier egg introduction in 2018, with a
peak at 6 months of age. The majority of parents gave their
children cooked egg rather than baked egg in accordance with
guideline recommendations to introduce in the cooked form
and to minimize sugar consumption in the infant’s diet.>>2°
Although infants were likely to eat large portions of peanut and
egg on multiple occasions by 12 months, most were still
consuming peanut and egg less than the twice a week
recommended in Australasian Society of Clinical Immunology
and Allergy guidelines.”® Tey et al'” previously reported a gradual
small shift toward earlier introduction of allergenic foods by
2009-2011 after removal of advice to delay their introduction
from infant feeding guidelines in 2008 (eg, peanut introduction
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TABLE IV. Parent-reported reactions to peanut within 1 hour of consuming food (possibly IgE-mediated) in high- and low-risk
infants who had consumed peanut by 12 months of age

EarlyNuts study HealthNuts study

Reactionin 1 h No. Percentage 95% Cl No. Percentage 95% CI P value
Any reaction 25 4.0 2.7-5.8 32 24 1.7-34 .054
Skin/gut* 23 3.7 2.5-5.5 31 2.3 1.6-3.3 .093
Wheezef 2 0.3 0.1-1.3 1 0.2 0.0-0.5 239

P values were measured by using a x> test and the Fisher exact test (when n < 5).

*#Skin reactions include hives, rash, and/or swelling of the lips, eyes, or face. Gut reactions include vomiting, diarrhea, or both. Two of 23 and 2 of 31 infants reported both skin and
gut reactions in the EarlyNuts and HealthNuts studies, respectively. Two infants reporting skin-only reactions in the EarlyNuts study, but missing a reaction time, were included. An
additional 2 infants in the EarlyNuts study had a reported skin-only reaction 1 to 4 hours after ingestion.

fCases of wheeze (n = 2) also involved skin reactions and occurred at 6 and 8 months on first introduction. There was 1 case of suspected food protein—induced enterocolitis
syndrome in the EarlyNuts study caused by reactions, including vomiting and becoming pale and floppy to peanut, oats, rice, coconut, and cow’s milk.

TABLE V. Frequency and quantity of peanut and egg consumption in infants introduced to peanut and egg by 12 months of age

Frequency at 12 mo Maximum quantity*

No. Once 2-4 Times >4 Times No. Bite/taste Small Large
Peanut 632 5.5% 18.2% 76.3% 622 12.7% 33.6% 53.7%
Egg 684 1.9% 8.5% 89.6% 699 7.3% 21.9% 70.8%
Cooked egg 664 2.1% 11.6% 86.3% 681 12.0% 22.0% 65.2%
Baked egg 525 9.9% 23.2% 66.9% 536 17.5% 47.9% 34.5%

*Quantity of peanut was defined as a bite/taste (eg, a lick or bite of peanut butter on toast), small portion (eg, <1 teaspoon of peanut butter), or large portion (eg, >1 teaspoon of
peanut butter). Quantity of egg was defined as a bite/taste (eg, 1 teaspoon cooked egg or a lick/bite of baked egg), small portion (eg, half a cooked egg or a few bites of baked egg),

or large portion (eg, whole cooked egg or a whole baked product, including biscuit, muffin, or pancake).

after 12 months decreased from 73.9% to 69.8%), suggesting a
small change in community behavior that was not due to changes
in population demographics.

Following the Learning Early About Peanut (LEAP) study,” a
consensus communication by leading international allergy,
immunology, and pediatric bodies in 2015 recommended that
peanut-containing products should be introduced between 4 and
11 months of age and that high-risk infants might benefit from
a clinical evaluation before peanut introduction.”” This was fol-
lowed by multiple international feeding guidelines in 2016-
2017 recommending early introduction of a range of allergenic
foods, although some countries, including the United States,
recommend screening high-risk infants before introducing pea-
nut.”'*!>-?® Challenges have emerged for screening implementa-
tion, including delays in screening and concerns about low
compliance to early introduction among parents.'>'* There has
also been confusion as to the definition of “high-risk infants,”
as well as what is categorized as a positive test result if screened.”’
Health economic analyses of screening high-risk infants for pea-
nut and egg allergy indicate that screening before introduction of
peanut could cost US$654,115,322 or even more if egg screening
is included, and recommend a no-screening approach.”'

Our results show that parents in Australia are undertaking early
introduction of peanut without prior screening for peanut allergy.
Even among high-risk infants, early introduction was common;
the majority had introduced peanut before 12 months of age, a
much greater proportion than seen in the HealthNuts study, in
which almost 80% of those with eczema were avoiding peanut.'®
We observed a greater proportion of parent-reported reactions
among those who had introduced peanut compared with the
HealthNuts study but no increase in severe reactions with wheeze
as a symptom. This is likely to be due to the increase in the pro-
portion of high-risk infants introducing peanut by 12 months in
the EarlyNuts study compared with the HealthNuts study.'®

Further analysis of different high-risk subgroups is planned at
the conclusion of the study, when we have additional statistical
power, because we are currently underpowered for less common
outcomes.

The majority of parents reported receiving information on
infant feeding from MCHNs. MCHNs are part of the services
offered by the Australian Department of Education, and they
provide support and information to all families with children less
than 6 years of age free of charge.}z'33 In the state of Victoria, the
MCHNSs see new parents 10 times in the first 3%2 years, 5 of which
are before 4 months of life, and total up to 5 hours of time per fam-
ily.**** State-wide participation rates at the 4-month consulta-
tion, at which food introduction is discussed, was 93.8%
(nonaboriginal and Torres Strait islander population) in 2016-
2017.°° During these visits, nurses provide information on a range
of topics, from breast-feeding and weaning to sleeping and
development.

The demographics of our sample were similar to those in
Victoria, providing the EarlyNuts study with external validity in
its representation of the general population. Mothers in our study
were older than the average population in Victoria; however, we
saw similar demographics in the HealthNuts study, with older
mothers more likely to participate.’’ The percentage of
Australian-born mothers decreased from 2007-2011 to 2017-
2018, which is consistent with changes in Victorian demographics
over the last decade'”; however, we showed in a sensitivity anal-
ysis that this did not explain the increase in early introduction of
peanut and egg. Participation rates in the EarlyNuts and Health-
Nuts studies were similar (72% and 73%), as were nonparticipa-
tion questionnaire completion rates (93% vs 94%). In the
EarlyNuts study nonparticipating children had a similar preva-
lence of parent-reported food allergy and eczema as participants.
Lower rates of peanut consumption in nonparticipants (89% vs
81%) could be attributed to these families being less aware of
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the risks of food allergy and the importance of early introduction,
which would have also contributed to their nonparticipation.

The strengths of the EarlyNuts study include that it shares an
identical sampling frame and protocol as the HealthNuts study,
allowing a comparison of the same population over 2 time points
by using the same methodology. We are gathering information
on the natural history of infant feeding practices in the general
population, with relatively high participation rates caused by
low participant burden, which is essential to minimize bias in
prevalence estimates, and a nonparticipation questionnaire,
which allows us to assess potential selection bias. By collecting
cross-sectional data at 12 months of age rather than longitudinal
data, we avoid possible bias because of changes in participant
feeding behavior caused by the awareness of being studied®®;
however, we increase the chance of potential recall error or
recall bias.

The rapid change in infant feeding practices that we observed
only a year after publication of the new infant feeding guidelines
in Australia is perhaps surprising. There is often a significant lag
in changes to culture/clinical practice after new clinical guide-
lines are published, particularly if they introduce opposing
recommendations from prior held beliefs. One contributing factor
to this rapid uptake might be the ongoing relationship and
communication between food allergy researchers in Melbourne
and MCHNSs, who provided most of the infant feeding advice to
parents. Several of the authors of this article have presented
regularly about food allergy research at MCHN meetings and
conferences since the HealthNuts study started in 2007, as well as
hosting the National Summit on Food Allergy Introduction in
2016, where experts in the field of infant feeding and food allergy,
state and federal health care agencies, expert specialist bodies,
consumer groups, and patient advocacy and support groups
reached consensus to update the guidelines.’” Because of obser-
vational evidence, there was already talk of the possible benefits
of introducing allergenic foods early, even before the LEAP re-
sults and guideline changes. This might have helped to “set the
scene” to contribute to the receptiveness of MCHNSs and others
to the new guidelines when these were released in 2016. In addi-
tion, there has been substantial media coverage on food allergy in
Melbourne, likely because of our high food allergy prevalence
rates and community awareness of and interest in food allergy.
This means that new research findings and guideline changes in
food allergy are rapidly communicated to the community through
the media.

In conclusion, we report that the recent implementation of new
Australian infant feeding guidelines in 2016, which do not
recommend screening before peanut introduction, were followed
by a striking shift toward earlier peanut introduction in the
population. Most parents are now introducing their infants to
peanut and egg by 12 months of age, which is much earlier than a
decade ago. We will be able to assess the important question of the
effect of earlier introduction of allergenic foods on challenge-
proved food allergy prevalence in the population at completion of
the current EarlyNuts study.

‘We thank the children and parents who participated in the EarlyNuts study,
as well as the staff of Melbourne’s Local Government Areas, for access to the
community immunization clinics. We thank the additional EarlyNuts
team members Anita Hubbard, Claire Buchanan, Deborah Anderson,
Natalie Schreurs, Carrie Service, Kirsty Bowes, Helen Czech, and Hannah
Elborough.
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Clinical implications: Revised infant feeding guidelines in
Australia released in 2016 have been associated with a substan-

tial increase in peanut introduction by age 1 year at a population
level.
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FIG E1. Comparison of age of first introduction of infants to allergenic foods between Australian- and non-
Australian-born mothers in 2017-2018 in the EarlyNuts (EN) cohort and the HealthNuts (HN) cohort before
(2007-2009) and after (2009-2011) guideline changes. A, Kaplan-Meier graph for peanut butter introduction
by Australian-born mothers by study cohort. B, Kaplan-Meier graph for egg introduction by Australian-born
mothers by study cohort. C, Kaplan-Meier graph for peanut introduction by non-Australian-born mothers
by study cohort. D, Kaplan-Meier graph for egg introduction by non-Australian-born mothers by study
cohort. Pvalues in graphs are derived by using the log rank test.
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FIG E2. Percentage of infants consuming allergenic foods at different frequencies, including additional
frequency categories added to the questionnaire (June 2018). A, Peanut consumption by frequency
(n = 210). B, Any hen’s egg consumption by frequency (n = 232).
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FIG E3. Percentage of infants consuming differently sized portions of allergenic food by frequency of
consumption. A, How often and how many infants are consuming peanut? B, How often and how many in-
fants are consuming egg?
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TABLE E1. Nonparticipants’ reasons for not participating

Reason* No. Percentage
Non-English-speaking background 57 17.1
Child has food allergy 12 3.6
Child eating all foods being tested 105 314
Family too busy/not interested 104 31.1
Child upset after immunization 37 11.1
Otherf 19 5.7
Total 334 100

*Categories are mutually exclusive and were ranked by importance in the order seen

in the table.

FOther reasons include mother or father not being present to provide consent for the
child, family not waiting after immunization, and child being asleep/breast-feeding.
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TABLE E2. Peanut and egg introduction by 12 months of age
by socioeconomic status, divided into quintiles within the
study population

Not introduced Introduced
SES quintile* No. Percentage No. Percentage P value
Peanut .886
Quintile 1 16 11.8 120 88.2
Quintile 2 13 9.0 132 91.0
Quintile 3 16 10.8 132 89.2
Quintile 4 18 11.9 133 88.1
Quintile 5 18 12.6 125 87.4
Egg .598
Quintile 1 4 2.9 132 97.1
Quintile 2 5 3.5 138 96.5
Quintile 3 3 2.0 145 98.0
Quintile 4 2 1.3 149 98.7
Quintile 5 2 1.4 141 98.6

*Socioeconomic status (SES) was assigned on the basis of home postcode by using

Socio-Economic Indexes for Areas measures derived from the 2016 Australian census,
which assessed relative socioeconomic advantage/disadvantage, economic resources
(income, assets, and expenditure), and educational and occupational characteristics.

Quintiles 1 to 5 indicate least advantaged to most advantaged, respectively.
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