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ABSTRACT
Background:

Epidemiological evidence suggests delayed introdnaif egg may not protect against egg
allergy in infants at risk of allergic disease.

Objective:

To assess whether dietary introduction of egg betwlke6 months in infants at risk of allergy
would reduce sensitization to egg.

Methods:

We conducted a randomized controlled trial in itdamith at least one first-degree relative
with allergic disease. Infants with a skin pricktteo egg white (EW-SPT) <2mm were
randomized at age 4 months to receive whole-eggipoar placebo (rice powder) until 8-
months of age, with all other dietary egg excludaeis were liberalized at 8-months in both
groups. The primary outcome was EW-SFEBimm at age 12-months.

Results:

319 infants were randomized, 165 to egg and 1paiebo. Fourteen infants reacted to egg
within one week of introduction (despite EW-SPT «@rat entry) and were unsuitable for
intervention. 254 infants (83%) were assessed atdrths of age. Loss to follow up was
similar between groups. Sensitization to EW at taths was 20% and 11% in infants
randomized to placebo and egg, respectively (OR5:@8%CI 0.22-0.95, p=0.03, Chi-
Square test). The absolute risk reduction was 3% Cl: 8.2% to 18.9%) with a number
needed to treat of 11 (95%CI: 6 to 122). Jg&egg proteins and IgBYE ratios were higher
in those randomized to egg (p<0.0001 for eachpahanths. There was no effect on the
proportion of children with probable egg allergyagebo 13, egg 8).

Conclusions:
Introduction of whole-egg powder into the diethafh risk infants reduced sensitization to
EW and induced egg-specific IgG4. However 8.5%n&dnts randomized to egg were not

amenable to this primary prevention.

Key words- primary prevention, egg allergy, tolaeran
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Capsulesummary: In a RCT, dietary introduction of egg between d¢g&months was
associated with reduced sensitization and a marnkkattion of egg specific Ig&n infants
at risk of allergy.

Clinical Implications:

Epidemiological evidence suggests that delayeddioiction of dietary egg may promote
rather than protect from egg allergy in infantsisit of allergic disease, as has been recently
shown for peanut. We conducted a RCT, which dematest dietary introduction of egg
between 4-6 months of age was associated with egldsensitization to egg (SPT) and
resulted in marked induction of egg specific ig&6 12 months, in infants at high risk of

allergy.

ABBREVIATIONS:

AAP American Academy of Pediatrics

AE Adverse Event

AR Allergic Rhinitis

ASCIA Australasian Society of Clinical ImmunologgdAllergy

Cl Confidence Interval

ESPGHAN The European Society for Paediatric Gastevelogy Hepatology and
Nutrition

EW Egg White

FAS Full Analysis Set

FPIES Food protein induced enterocolitis syndrome

NHMRC National Health and Medical Research Council

OFC Oral Food Challenge
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OR Odds ratio

PP Per protocol

PPV Positive predictive Value
RCT Randomized Controlled Trial
SAP Statistical Analysis Plan
SPT Skin Prick Test

WHO World Health Organization

| ntroduction:

Egg allergy is common, with an estimated prevalaice9% around the world and the
leading cause of IgE-mediated food allergy in Aalsn children (1) (2) (3). Although
spontaneous resolution and tolerance occurs irb80-af egg-allergic infants by the time
they reach teenage years(4), the burden of thaghss significant in early childhood(5).

Early published cohorts examining early introductad complementary foods within the first
4 months of life suggested that early feeding nmayease the likelihood of developing
allergic disease, but did not specifically exanfimad allergy(11). Observational cohort data
have generally reported no protective effect ohget! introduction of foods such as wheat,
egg and milk, and no difference rates of othetapia disease (asthma, eczema and rhinitis)
(reviewed in (7)) or an association between eadtady introduction and reduced food
allergy. For egg specifically, two cohorts havealigged an association between early
introduction of egg and reduced egg allergy)(13) (Reduction of risk from peanut allergy
through early introduction of dietary peanut isongped by epidemiological association(14)
and now by robust randomized controlled trial (R@mglings from the Learning Early
About Peanut Allergy (LEAP) study (15). Evidencerir the recently published Enquiring
About Tolerance (EAT) study(16), with early intradion of multiple allergenic foods within
a short time frame, including egg, is less compglli

There are issues with reverse causation in obsenahicohorts, and several early egg
introduction RCTs nearing or just completed, wisist in determining whether early egg
introduction plays a role in egg allergy primargyention. These include STEP
(ACTRN12610000388011), HEAP (DRKS00005668) andawan current study.

We hypothesised that the introduction of regulay o the diet of infants who are at high
risk of developing allergic disease would resulaidecreased sensitization to egg, promoting
egg tolerance rather than sensitization in thofsenta who were not yet egg-sensitized at 4
months of age.
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METHODS:
Study design:

The BEAT study is a randomized, double-blind, stngite, parallel arm, controlled trial
conducted in Sydney, Australia (ACTRN-126110005359The study was powered to
determine whether introduction of dietary egg witthe first 8 months of life influenced
sensitization to egg at 12 months in infants withist degree relative with atopic disease.
The study was approved by the Sydney Children’spltals Network Human Ethics
Committee (HREC/10/CHW/4). Written informed conseras obtained from parents.

Enrollment and Study procedures:

Enroliment took place between December 2011 and 204¥. Mothers of newborn infants
were approached in postnatal wards after deliveEhealthy term infants. Infants with at
least one first-degree relative with a history 0y atopic disease (food allergy, asthma,
atopic eczema or allergic rhinitis (AR) were indt® attend for screening at 4 months of
age. Infants with a skin prick test (SPT) to contraregg white (Stallergenes, France)
>2mm (mean wheal diameter) by lancet method werkiézd.

Following screening, infants were randomized (bypater using a permuted block method
stratified by sex) to receive daily rice powderag@bo) or 350mg egg protein (given as
pasteurized whole egg powder, Farm Pride, Vict&kigtralia) from the successful
introduction of their first weaning food. With tleeception of two dieticians specifically
allocated to labelling the study treatments, dieotstudy staff were blind to the treatment
allocation. Rice or egg powder were dispensedentidal containers, and not opened by
assessing staff. Unblinding (e.g. due to an adwersat) was undertaken for one episode of
FPIES (rice) during the study, otherwise allocatiemained concealed until the end of study.

Parents were instructed to give their child a s&gyg-free diet over the intervention period
(4-8 months), and were provided with egg avoidatbaece and written instructions. A daily
diary was provided to record compliance and anyees#/events. Infants were assessed at 8
months and all study participants (except those dwreacted to study powder with IgE-
mediated symptoms during the intervention periodyith EW-SPT=5mm) were

encouraged to have diets liberalized and introegeg as per the Australian National Health
and Medical Research Council (NHMRC) Infant FeedthgdelinesThe study intervention
was continued until any form of lightly cooked duad been successfully incorporated into
the diet. Blinding allocation remained conceale8 atonths in all subjects.

Clinical assessments, including growth paramefgesence of atopic eczema on
examination (by modified Hanifin and Raijka criggi7)) and eczema severity scores
(objective SCORAD(18)) were performed at 4, 8 a@dribnths of age. All infants with a
history of reaction to the study intervention, egglietary introduction after 8 months and/or
EW-SPT=3mm at 12 months of age were invited to undergorahfood challenge (OFC) to
lightly-cooked whole egg (scrambled egg) under mwadupervision (cumulative dose 6



170
171
172

173

174
175

176

177
178

179

180
181
182
183

184
185
186
187
188
189

190
191

192

193

194
195
196
197
198
199
200
201
202

203
204
205
206
207

grams egg protein, equivalent to one egg, with slasmeasing semi-logarithmically at 20
minutely intervals). Staff conducting OFCs werandlio allocation and SPT. Blood samples
were collected at 12 months of age.

I mmune parameters:

lgG4 and IgE measurement were performed using ImmunZ#P(Thermo Fisher
Scientific) with F245, F1, F233 and F232 (PhadianunCAP).

Study Outcomes:

The primary study outcome was the proportion odmté$ in each group sensitized to egg
white on SPT at 12 months (defined as EW-SBmm) at 12 months of age.

Secondary outcomes were:

1. Egg allergy at open OFC at 12 months (performedralatg to international consensus
criteria) (19)

2. IgE (whole egg, ovalbumin, ovomucoid), IgG4 (EWatbumin, ovomucoid), IgG4/IgE
ratio

3. Probable egg allergy at 12 months (defined as)
Reacted to egg powder or introduction of egg withdal IgE-mediated symptoms
within one hour of ingestion and EW-SB3Imm at 12 months
OR reaction to egg OFC at 12 months
OR EW-SPT=5mm
4. Presence of eczema (as defined above) at 8 ansbdthsnof age

SCORAD at 8 and 12 months of age;
6. SPT=3mm at 12 months to commercial extracts for pearaw;s milk, soy and wheat

o

Statistical analysis:

The statistical analysis plan (Text E1-online reéfoog) was formulated prior to database lock
and study unblinding. The primary outcome was arelyaccording to randomized treatment
using chi-squared tests on all participants witailable data (Full Analysis Set- FAS), and

on all infants with outcome data whose parentsmtepgdaking the allocation on at least 80%
of days (per-protocol- PP). The FAS, is the analgst which is as complete and as close as
possible to the ITT ideal of having primary outcodata on all randomized subjects.
Absolute risk reduction was calculated as riskatfgensitized in egg arm — risk of non-
sensitized in placebo arm, and the number neededab(NNT) was obtained by calculating
reciprocals.

To attempt to account for missing outcome date2anhdnths, the primary outcome was also
analyzed using logistic regression weighted byirtkerse probability of having the observed
outcome data. The probabilities were derived frolmgsstic regression model where selected
pre-specified baseline characteristics were temsgatedictors of having observed primary
outcome data. An additional “pessimistic” sensiyianalysis was performed, in which
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missing outcome data were imputed by a random safrgoh a binomial distribution with
probability parameter equal to the sensitizatida nathe other treatment arm.

The safety population included all observed advewsats (AES) in all subjects according to
randomized allocation.

Secondary outcomes were analyzed according to naizeéd treatment in all participants
where the relevant outcome was available. Therenwasljustment for multiple statistical
comparisons. Comparisons between groups used Vditcank sum non-parametric tests for
continuous outcomes and chi-square tests for cateoutcomes. Missing data - baseline
characteristics of those infants with missing prynautcome data at 12 months were
compared with those in the FAS. Subgroup analysithe outcomes of EW-SPI3mm and
probable egg allergy at 12 months were performatusinary logistic regression to test for
any interaction between eczema at 4 months anenaizdd treatment. Pre-defined
exploratory analyzes were performed using binagystac regression to test for the effects of
selected baseline characteristics on the sameraetcand were adjusted for randomized
treatment. The planned sample size of 160 patmartgroup had 80% power at two-sided
5% alpha to detect a difference in sensitizationgufEW-SPT at 12 months from 15% in the
control group to 5% in the egg group with an allaeeaof 15% for loss to follow-up. All
analyzes were performed in SAS, version 9.3.

Study Design Rationale:

Introduction of egg between 4-8 months was chosehaintervention of interest because of
developmental readiness, harmonization (in termsred points) with other studies
investigating early introduction, and following ack from the ethics committee that to
prolong avoidance of egg past 8 months of age woalde acceptable. We did not perform
OFC at study entry at 4 months for a number ofaessFirst, a single large exposure to egg
may influence study outcome, and particularly seration. Second, it was considered that
an oral challenge at 4 months and/or an additibluald collection would be a significant
deterrent against participation, and in any eveag unlikely to receive ethics approval.

RESULTS:
Study population

The study population is outlined in the consorgdian (Figure 1). Approximately 4000
families were approached, of whom 1434 indicatedesmterest and 332 attended the initial
screening visit. Of the 332 infants screened, 1&w&cluded on the basis of EW-SPT
2mm, with a median EW-SPT of 6mm (IQR 3.5-9) anfl Bifants (166 males) underwent
randomization, at a median age of 3.8 months (IR, range 2.7-6.0 months). 26% of
infants had eczema evident on examination at rarmigion. Overall 44% of infants had at
least one parent born outside Australasia, witkemarborn in Greater Asia (South East Asia,
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India, China) representing the largest group o$¢hwith non-Australasian region of birth.
24% of infants had both parents born outside Aledtia. The median age at delivery was 39
weeks, (39.0 egg, 39.1, placebo) and median bietight 3.4kg (egg-3.3kg, placebo- 3.4kg).
Forty-five percent of the cohort was receiving obnigast milk at randomization. The
baseline demographics of each group are shownhbteTa

228 (71%) infants had a mother with a history obgt AR (45%), asthma (32%), eczema
(24%) and food allergy (18%). 197 (62%) infants laddther with a history of atopy: AR
(39%), asthma (24%), eczema (19%) and food all€r@%o). In 41% of infants, both parents
had a history of asthma, eczema, food allergy amsiRo 39% of infants had one or more
sibling with a history of atopic disease.

The median age of introduction of intervention wWa® months (IQR 4.0-4.5) and 4.0 months
(IQR 4.0-4.8) for egg and placebo groups respdgtivath 75% of infants successfully
taking the intervention by 5 months of age. Commu&(>80% of days of intervention from
introduction until 8 months) was similar acrosstive groups: 81% for egg powder and 89%
for placebo, in those attending for the assessate®imonths.

27 infants were randomized but did not receivertervention at any stage because their
parents decided not to participate further (13 éggplacebo). There were 30 infants
randomized to receive placebo and 35 infants tof@gghom no data were available at 12
months of age. Baseline characteristics of comulases (FAS) compared to those lost to
follow up/withdrawn/without primary outcome datameenot different, except with respect to
region of birth of mother and father, where birtlisiade Australasia of the father (p<0.001)
or mother (p< 0.02) was associated with greater togollow up at 12 months. All 15 infants
who were lost to follow up between the 8 and 12 tinasit had EW-SPT of Omm at the 8
month visit.

13 infants were excluded during screening priaatadomization. Of these 13 excluded
infants, 70% had eczema evident on examination.

Study outcomes

Primary outcome: 244/319 infants had primary outcome data avasléd analysis. There
was a reduction in the proportion of infants seresit to EW at 12 months in those receiving
egg (10.7%, 13/122), compared with placebo (20284122) with an odds ratio of 0.46
(95%CI: 0.22-0.95) (FAS, p=0.03) (Fig 2). The refatrisk reduction was 48% (95%CI: 3%
to 72%) and the absolute risk reduction (risk dfsensitized in egg arm — risk of non-
sensitized in placebo arm) was 9.8% (95%CI: 8.2%8t8%) with a number needed to treat
(NNT) of 11 (95%CI: 6 to 122). There was also andigant difference between groups by
PP analysis in the 208 infants who had consumety stawder on at least 80% of days and
had outcome data available (OR=0.24, 95%CI: 0.69;(»=0.0015).

The primary outcome analysis was also significaitth vmverse probability weighted analysis
(OR=0.48, 95%CI: 0.26-0.89, p=0.02). The only fatkat remained after backward
selection was father’s region of birth (Australid/Horn versus elsewhere), where 172/207
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(84%) of infants with father born in Aus/NZ hadrmpédry outcome data, compared to 74/109
(64%) of infants with fathers born elsewhere (fathesgion of birth was missing for 3
babies). The sensitivity analysis was performethe?43 cases with outcome data and
known father’s region of birth and weighted by theeiprocal of the probability of having
outcome data. This gives additional weight in thalgsis to babies with fathers born
overseas as they are under-represented in theetlakae results of this analysis (OR=0.48,
95%CI1 0.26 to 0.89, P=0.02) were comparable taitiveeighted analysis (OR=0.46, 95%ClI
0.22 to 0.95, P=0.03).

Secondary Outcomes. Outcome for probable egg allergy determinatios aaailable on 253
infants at 12 months (egg, 129 and placebo 124\ 1). 21 infants were assessed as
having probable egg allergy at 12 months (8.5%gr&hvas no evidence of a difference in
probable egg allergy between placebo and egg gratup2 months when analyzed using
FAS (13/124 (10.5%) compared with 8/130 (6.2%)migarespectively, p=0.20). By PP
analysis there was a reduction in probable eggggllat 12 months in those infants receiving
egg (11 compared with 2, p=0.013) however thidtribatable, at least in part, to the
exclusion from the PP analysis of those infantsloamzed to receive egg who reacted to the
intervention within the first weeks and did nogttkfore, receive ongoing treatment. Of the 8
infants randomized to receive egg with probableabtgygy at 12 months, 6 had reacted to
the intervention (and were unable to continue whekir allocated treatment), and 2 infants
were compliant.

Of the 21 infants classified as having probable@tgygy at 12 months of age, 7 had
confirmed allergy at OFC and 13 had a convincirsgdny of allergic reaction to egg, with an
EW-SPT > 3mm. One infant had no exposure; the farefused OFC due to an EW-SPT of
6.5mm at 12 months (Table E1-online repositorydetailed characteristics of probable egg
allergy). At 12 months, 205/253 infants had susfigly incorporated lightly cooked egg
into their diet, while 16 were only having productsitaining baked egg and 32 were
avoiding all egg. We invited parents of all 48 dnéin not regularly ingesting lightly cooked
egg at 12 months (irrespective of EW-SPT), or withistory of reacting to the study
intervention from 4-8 months or egg on introductadr8 months to have their infants
undertake an egg OFC, but only 21 agreed to tHith&3e 48 infants who were not classified
as probable egg allergic and/or who did not und€@§€& only 3 had EW-SPT >1mm, and
none reported a subsequent reaction at home.

We explored whether the age at introduction ofitikervention had any impact on
compliance. There was no difference between teeaafjrst introduction of the intervention
between those infants deemed compliant in the B&#pgimedian age 119 days, IQR 112-
124) and those deemed non compliant (median agddys® IQR 114-124), who had
outcome data at 12 months.

At 12 months, of the 14 infants randomized to neeeigg and who initially reacted to the
egg powder (and thus unable to continue with thention): 4 (29%) were egg tolerant, 7
(50%) were probably egg allergic, 2 (14%) were dig and 1 (7%) was lost to follow up.



325  Thirty two percent and 37% of infants had eczemaxamination at 8 months and 12

326 months, respectively. There was no differencééprevalence or severity of eczema
327 between groups at 8 (p=0.57, p=0.98) or 12 momth8.62, p=0.77) respectively. Most
328 eczema was mild, with a median SCORAD at 12 mointt®th groups of 7.4 (range 1-31)
329 (Table 2).

330 The rate of overall sensitization to peanut (SBYin the combined cohort at 12 months was
331 high at 8.6%, but there was no difference in peapusitization between the two intervention
332 groups (p=0.49). 4.5% of infants had a peanut SBihm at 12 months. There were no

333  differences between the intervention groups witjards to sensitization to cow’s milk,

334 wheat or soy at 12 months, but absolute numbers waaty small (n=6, 3 and 1 respectively).
335 There was no significant difference in EW- SPT leswinfants receiving egg or placebo at

336 8 months of age, directly following the intervemtiperiod (p=0.69).

337 Infants in the egg intervention group (n=91) haghler IgG and higher Ig@IgE ratios to

338  egg, ovalbumin and ovomucoid, when compared toetihfants receiving placebo (n=93) (p
339  <0.0001 for all analyzes, Figure 3). There wasignificant difference in egg specific IgE at
340 12 months (Figure E1-online repository).

341 In our pre-specified subgroup analysis we explevbdther having eczema at 4 months of
342  age was associated with any treatment modificaftect. Eczema at 4 months was highly
343  associated with both EW-SPT3mm and probable egg allergy at 12 months (p<(;001

344 however there was no treatment modification eff8pecifically, there was no interaction
345 Dbetween treatment and eczema at 4 months on &WeSPT> 3mm or probable egg allergy
346 at 12 months (p=0.6 and p=0.17 respectively,).

347 We explored whether there were any predictors ehbath outcomes, based upon known
348 baseline characteristics, adjusted for randomimstinent. Eczema at 4 months was the only
349  strong predictor of EW-SPX 3mm (Table 3) or probable egg allergy (Table ERren

350 repository).

351  Safety

352 No SAEs occurred during the study. All IgE-mediateactions occurred within one hour of
353 ingestion and consisted of urticaria, angioedentbeaythema, rhinorrhea, and one instance
354  of vomiting, with no cardiorespiratory involvemeartd no adrenaline required.

355 15 infants (4.7%) reacted to allocated treatmetttiwione week of commencing the

356 intervention. 14 (4.4%) were mild to moderate IgEemated reactions in infants randomized
357 toreceive egg (urticaria, angioedema, vomitingnHies of these infants were advised to
358  stop intervention and continue an egg-free dieeyTimderwent further clinical assessment
359 and repeat EW-SPT following reaction. One infand@mized to placebo (rice powder) had
360 an FPIES-type reaction (delayed, recurrent, profwseiting) and was advised stop the

361 allocated treatment.

362
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Discussion

We have demonstrated that the introduction of daglg into the diets of infants at risk of egg
allergy, from 4 to 6 months of age, was associati¢gll a reduction in egg sensitization on
skin testing, and induction of a significant lgeésponse to egg and the major egg protein
components, ovalbumin and ovomucoid at 12 monttagef This suggests a tolerogenic
effect for those infants who were able to toleedg introduction without having an allergic
reaction.

Despite excluding infants who already had evidesfceensitization to egg (on SPT) at study
entry (4-6 months), nearly 10% of infants randomiiereceive egg powder were already
allergic to egg, albeit some transiently, and tfegeenot amenable to this form of early
intervention. For the remainder, there was a beirafffect in induction of immunological
markers of tolerance, although our study size posd us demonstrating a definitive effect
on clinical egg allergy. Whilst infants randomizedegg were less likely to have probable
egg allergy at 12 months by per-protocol analysescontend that this is a distortion caused
by the removal of infants who had early allergiaatons to intervention in the PP analysis,
and therefore cannot be used to conclusively shaivegg allergy was reduced through early
dietary introduction of egg. Importantly the treatmh effect was not influenced by presence
of eczema at 4 months, which was the strongestqtoedn our study for egg sensitization
and probable egg allergy at 12 months. This sugdkat where tolerated, early egg
introduction is likely to be as beneficial in thaséants with existing eczema.

Our findings of a significant increase in Ilgénd IgG/IgE are consistent with those of the
smaller STAR study, where infants with moderateese\eczema underwent early egg
introduction, irrespective of baseline SPT(20). ¥#dance this knowledge by demonstrating
a similar phenomenon in infants with predominamijd or no eczema, and by extending the
observations to the major egg protein componentpamin and ovomucoid. Additionally,
our findings are consistent with those reportedfierintroduction of other allergenic foods,
such as peanut(15).

Importantly, there was no significant harm asseclatith the introduction of egg in our
study. Early introduction of egg was not associatét higher rates of eczema at 8 or 12
months of age, or higher rates of sensitizatiooth@r foods at 12 months. No infant had a
serious allergic reaction, either at home, or duf@C to egg, despite the use of pasteurised
whole egg powder as the intervention. This is intiast to the STAR study, where several
episodes of anaphylaxis were reported. This mayeaab the highly atopic study population
in the STAR study, where all participants had matieto severe eczema. In contrast,
although the prevalence of eczema at 4 monthsristody was high at 26%, it was mostly
mild. Moreover, we used lightly-cooked egg as callenge substance at 12 months of age,
in contrast to the STAR study which used raw egg.

There are several useful additional observatioasdbme from our cohort. We confirm a
high rate of probable egg allergy and egg sensiizan Australian infants, first documented
by the Melbourne-based HealthNuts cohort(1), batelsewhere. The HealthNuts cohort was
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a population-based cohort, whilst we included anfgnts at high risk, i.e. all participants
having at least one first-degree relative withsidry of atopy. One would therefore expect
higher rates of sensitization and egg allergy englacebo arm in our cohort, which is indeed
the case. In that context, the intervention co@diewed as reducing the overall rate of egg
sensitization and allergy burden of a high-riskarbldown to approximately that of the
Australian “general” infant population(1). Peanensitization, which has significant
relevance given current discussions about the eaiiod extent of possible screening for
peanut sensitization in infants at risk of pearlergy, was 8.7% at 12 months of age, with
4% of infants above the reported 95% PPV for peahetgy in infants under 2 years of age
(=5mm)(21, 22).

Infant weaning is an emotionally charged area, witny rigid views of “when, what and
how” being delivered to parents by family eldet&ic nurses, mother support groups and
the like. As such, intervention studies, which seeinterfere with what parents had
otherwise planned for early infant weaning — esgdcdirectly after the first successful solid
food introduction — are difficult. Recruiting tocustudies is difficult, and the large number
of families we needed to approach during recruitnpdiase illustrates this. The intervention
requires significant encouragement and supponpdaticipating families; the commitment
required from parents make it unlikely to be easglylicated for each different food
allergens, across different regions of the woklMithin this context, despite our best efforts,
we had 20% loss to follow up over the study peridtere are several points worth noting.
The largest loss, at nearly 10%, occurred betwaedamization and commencement of
study intervention, where no powder at all was giteethe randomized infant. This loss was
similar between the two study groups, and it magdresidered that these infants were lost at
random, unrelated to their allocated treatment,thacefore unlikely to have affected study
outcomes. The baseline characteristics of thode wissing data and those who completed
the 12-month follow up were similar except for mgbf birth mother and particularly father.
This is potentially useful in planning future intention studies, where additional support and
more frequent follow-up may be helpful. Losses dgithe intervention period and after 8
months were equal between the study groups; spee#isons for this are speculative. Infants
who were EW-SPT negative at 8 months and who wereessfully eating egg at home
thereafter may have been less likely to attenddhew-up visit at 12 months, leading to an
over-estimate in the rates of sensitization an@émezin both groups at 12 months. Indeed all
infants lost to follow up between 8-12 months WeW-SPT negative.

There are several potential weaknesses of thiy shikke other primary prevention studies,
the parents most attracted to participate may egepresentative of the general population,
with a higher proportion of well education, middigth socio-economic bracket parents in
this study. These traits, however, are also assatisith higher rates of allergic disease,
which confounds any attempt to assess the degmehith this skewing might affect the
generalizability of the study findings. We weregsed to recruit a relatively high proportion
of non-Caucasian infants, which differentiates twhort in some respects from other studies.

Although the pre-specified sample size was notforehe 12-month primary outcome, this
did not affect our primary outcome because of iiga hate of sensitization to egg in this
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high-risk cohort. We used a relatively small amoofndietary egg, and asked parents to give
it daily, rather than only once or twice a weekyasild be the likely natural exposure to
dietary egg at 4-8 months. The dose was choseppi@@amate %2 a small egg/week, which
would be in line with recommended daily intakesthaligh 350mg of egg protein is
relatively small, it is over 5 times higher thae fhublished dose at which 50% of egg-
allergic subjects are estimated to react (ED50), (@Bich suggests that the active
intervention was not acting as de-facto oral imnmhbempy at this dose. Moreover, the
reactions we observed within the first week ofadtrction suggest that this is unlikely.
Reassuringly, we did not see any serious alleeactions due to introduction of pasteurised
whole egg, unlike reports from the West AustralBarAR study and other (as yet)
unpublished studies, such as HEAP, where a mudtehdpse of egg were used. Whilst egg
consumption once-twice weekly may reflect actual liée, we felt that compliance with the
intervention would be improved with daily dosindiéfmajority of parents were able to
maintain compliance at >80% of daily doseslwere able to introduce the intervention
within the first month of solids introductioi@5% of infants in this study had the intervention
successfully introduced before 5 months of agepmirast to 55% in the EAT study. EAT,
however, required 5 foods to be incorporated (astcbne) and used larger amounts of food
rather than blinded powder, so the two studieatealirectly comparable.

We were unable to challenge all infants with pdssélgg allergy at 12 months, as many
parents declined a further challenge having regetftserved an obvious IgE-mediated
allergic reaction to egg in their child. It is pidse that some infants labelled as “probable egg
allergic” may have been able to tolerate egg atltthenonths OFC; however clinical egg
allergy was not the predetermined primary outcoamnelfis study. Not all participants agreed
to have blood collected at the 12 month visit, éfene the 1IgG4 and IgE data may not be
entirely representative of the whole cohort, howelie differences identified between the
two groups were very marked.

There is no perfect study design to assess eatgrgliintroduction of allergenic food, which
can circumvent the fact that some infants will athg be allergic to the food in question. One
possible solution could be for all study infantsitalergo randomization only after tolerance
has been demonstrated (say) to daily egg for om&kwéowever, this degree of exposure to
egg could be sufficient for those who are subsetiyieandomized to placebo to alter
tolerance (and thus such infants could not thecobsidered as early egg avoidant), or more
concerningly, might increase sensitization andriieof subsequent clinical allergy. This
issue should be kept in mind in designing futuienpry prevention intervention studies.

We believe our study differs sufficiently from tB& EP and HEAP studies, and provides
additional useful information about the relativeritseof early introduction of egg into the
diet of infants and subsequent egg allergy. Wgetad those infants not yet significantly
sensitized to egg at 4 months, but most at risubSequent egg allergy, by deliberately
including infants with eczema and with a familytbry of allergic disease(24). Unlike the
STEP trial, we excluded individuals who were sensit to egg at 4 months, but importantly
included infants with eczema. Given that eczensrangly associated with the development
of egg allergy and potentially more severe reastionegg (20) we feel this is a very
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important population in which to offer an interviemt, if tolerated. The HEAP trial did not
assess egg SPT prior to intervention, and usedgdater amount of egg protein (2.5g thrice
weekly) as the study intervention. In additionjgngicant proportion of infants in our study
had one or both parents born in Asia, a likely fettor for food allergy in Australian
infants(25, 26).

Overall our data suggest that, for infants at okkgg allergy and who are able to tolerate it,
introduction of regular egg immediately followingcsessful first weaning solids, at a low
dose, may be beneficial, with no evidence of harm.
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Figure Legends
Legends
Figure 1

Screening, enroliment and participant flow: Scragniisits occurred at 4 months of age. All
infants had at least one first degree relative waithstory of asthma, eczema, allergic rhinitis
or food allergy. Infants with a skin prick testeégg white=2mm were excluded. All other
infants were randomized 1:1 to receive daily placebpasteurized whole egg powder (egg
protein 350mg) from the first successful introdantof solids until 8 months of age. Diets
were liberalized at 8 months of age. Infants waseased at 12 months with examination,
skin prick test (egg white, peanut, cow’s milk, saneat) and open oral food challenge.

Figure 2.

The proportion of participants in the placebo agd #eatment groups who had Egg White
SPT>3mm at 12 months of age. Graph includes all obsedata available at 12 month
follow up. A total of 144 participants had EW-SPatalat 12 months (122 placebo and 122
egg groups). P value is based upon chi-squaregsasal

Figure 3

The upper panels shows levels of egg-specific IfGHL) and the lowers panels show ratio
of egg specific IgG4/IgE in serum at 12 months friafants who were randomized to
received placebo and egg and include all availabservations (93- egg, 91 placebo).
Results for Egg white/whole egg, ovalbumin and ouwoaid are shown. Wilcoxon rank sum
non-parametric tests were used for analysis.

Figure E1

The panel shows levels of whole egg-specific Ig&B/() in serum at 12 months from
infants who were randomized to received placeboemgdand include all available
observations (93- egg, 91 placebo). Wilcoxon ramk son-parametric tests were used for
analyzes.



Legends
Figure 1

Screening, enrollment and participant flow: Screening visits occurred at 4 months of age. All infants
had at least one first degree relative with a history of asthma, eczema, allergic rhinitis or food
allergy. Infants with a skin prick test to egg white 22mm were excluded. All other infants were
randomized 1:1 to receive daily placebo or pasteurized whole egg powder (egg protein 350mg) from
the first successful introduction of solids until 8 months of age. Diets were liberalized at 8 months of
age. Infants were assessed at 12 months with examination, skin prick test (egg white, peanut, cow’s
milk, soy, wheat) and open oral food challenge.

Figure 2.

The proportion of participants in the placebo and egg treatment groups who had Egg White SPT
23mm at 12 months of age. Graph includes all observed data available at 12 month follow up. A total
of 144 participants had EW-SPT data at 12 months (122 placebo and 122 egg groups). P value is
based upon chi-squared analysis.

Figure 3

The upper panels shows levels of egg-specific IgG, (KU/L) and the lowers panels show ratio of egg
specific 1IgG4/IgE in serum at 12 months from infants who were randomized to received placebo and
egg and include all available observations (93- egg, 91 placebo). Results for Egg white/whole egg,
ovalbumin and ovomucoid are shown. Wilcoxon rank sum non-parametric tests were used for
analysis.
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Figure 3- Egg specific IgG4 and IgE at 12 months
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E1-Online repository
BEAT (Beating Egg Allergy Trial) study
statistical analysis plan

Study design

Randomised double-blind parallel arm study

* Population: babies 4 months old, negative to egg white on skin prick test, who have a first
degree relative with atopic disease

* Intervention: freeze-dried whole raw pasteurized egg powder (0.35g egg protein )per day
mixed with water, breast milk or first weaning food daily from 4-6 months of age

*  Control intervention: rice powder per day mixed with water, breast milk or first weaning
food daily from 4-6 months of age

e Outcome: IgE sensitisation to egg white measured by skin prick test 23 mm at 12 months of
age

Outcomes

Primary outcome
Reaction to egg white defined by skin prick test greater than or equal to 3 mm diameter at 12
months of age

Secondary clinical outcomes
Clinical egg allergy at 12 months: at least one of the following

e Reacted to study egg powder or egg (parent report, IgE mediated as decided by CHW staff)
e Reacted to oral food challenge in the clinic

Probable egg allergy at 12 months: at least one of the following

e Reacted to study egg powder or egg (parent report, IgE mediated as decided by CHW staff)
e Reacted to oral food challenge in the clinic
e Skin prick test greater than or equal to 5mm at 12 months of age

Egg white skin prick test 22 mm at 8 months of age
Presence of eczema at 8 months of age
Eczema severity (SCORAD) at 8 months of age

Egg white diameter of skin prick test at 12 months of age



Milk, wheat or peanut skin prick test 23 mm diameter at 12 months of age
Presence of eczema at 12 months of age

Eczema severity (SCORAD) at 12 months of age

Tertiary and other outcomes
Immunological markers

Safety outcomes/ adverse events
Allergic reaction to powder (egg or rice)

Reaction to oral food challenge

Diary reported outcomes: diarrhoea, eczema flare

Statistical considerations

Analysis principles
All analyses will be performed in SAS Version 9.3.

There will be no adjustment for multiple statistical comparisons.

There will be no direct imputation of missing data but the primary analysis will be performed on the
complete cases alone, and on the complete cases with an inverse probability weighting (see details
below).

Analysis populations

Full Analysis Set (FAS) - observed data - population
All patients for whom there is primary outcome data (SPT egg white at 12 months), analysed
according to their randomised treatment groups.

Per-protocol population

All patients who adhered to study treatment (consumed study treatment on at least 80% of days
during the intervention period (4month to 8 month)) and for whom outcome data are available,
analysed according to their randomised treatment groups.

Safety population
All randomised patients — all observed adverse events will be described according to randomised
treatment



Analysis plan

Baseline characteristics

Baseline characteristics will be described separately in the safety population (all randomised
patients) within in each randomised treatment group. Categorical variables will be described by
frequency and percentage, continuous variables will be described by median and interquartile range.

No comparison of baseline characteristics between randomised treatment arms is planned.

Comparison of key* baseline characteristics and randomised treatment between randomised
patients who have primary outcome data at 12 months versus those without will be performed using
chi-square tests or Wilcoxon rank sum (Mann-Whitney) non-parametric tests.

*Baby Eczema, family history food allergy, birth order, region birth father, region birth mother,
duration exclusive breastfeeding up to 4 months, SPT egg white diameter at 4 months, gender

Categorical variables:

e Child’s gender
e Region of birth of father and mother
0 Australasia, Greater Asia, Europe/US, Middle East, Other
e Highest level of education of father and mother
e Annual income range
* Presence of smokers in the household
¢  Mode of delivery
e Maternal smoking during pregnancy
e Current feeding
e If formula-fed
0 type of formula,
* Ever-breastfed
*  Ever formula-fed
e If ever formula-fed but not currently formula-fed
0 Formula type
e Any food avoidance during breastfeeding
e Introduction of solids
e Diagnosis of reflux
*  On thickened formula for reflux
*  On anti-reflux medication
e Other children, and if so
0 Number of other children
e Birth order of study participant
* Maternal allergy/atopy
e Paternal allergy/atopy
* Sibling allergy/atopy
e Catsathome
e Dogs at home



* Reaction to food introduced

e IgE-mediated allergy reaction to any food, and if so
0 List of foods

e Diagnosis of FPIES, and if so
0 List of foods

* Had scheduled immunisations

0 Birth
0 2 months
0 4 months

¢ Other medicalillness, and if so
0 specify
e On regular medications, and if so
0 List names
e Eczema evident on examination, and if yes
0 SCORAD>0
e SPT Egg white 2 2mm (note should be excluded)

Continuous variables

e Gestational age (weeks)
e Birthweight (kg)
* If formula-fed
0 age (months) when started
e If ever breastfed but not currently breastfed
0 Duration (months)
0 Duration (months) exclusive breastfeeding
0 Age (months) when stopped breastfeeding
e If ever formula-fed but not currently formula-fed
0 Age (months) when started
0 Duration (months)
* Ifsolids introduced
0 Age at introduction
* If on anti-reflux medication
0 Age (months) when medication started
*  Weight (kg) — overall and separately by clothed/bare
e Length (cm)
e Head circumference (cm)
* If eczema evident on examination
0 SCORAD
e SPT Egg white (mm)



Categorical baseline variables that will be tabulated in their raw form but may require recoding or
collapsing of categories for publication or analysis

* Postcode

e Country of birth of father, mother and child

e Type of formula (current and ever given)

e Foods avoided during breastfeeding

e  First weaning solid

* Other solids introduced

* Name of anti-reflux medication

e Reflux diagnosed — entered as text — needs tidying up
e On thickened formula — entered as text — needs tidying up
*  Medication details

e Medical illness specify

Analysis of outcome data

Primary analyses
The primary analysis of sensitisation to egg white at 12 months (SPT greater than or equal to 3mm)
will be performed on the FAS by two methods:

e All patients in the FAS will have their primary outcome analysed according to randomised
treatment using a chi-square test

* Aninverse probability weighted logistic regression analysis will be performed on the FAS
population according to randomised treatment.

0 The weights will be the inverse of the probability of having a 12 month egg white
SPT value.

0 The probabilities will be obtained from a logistic regression analysis of the binary
outcome of having a 12 month egg white SPT value with the “key” baseline
characteristics listed above (Baby Eczema, family history food allergy, birth order,
region birth father, region birth mother, duration exclusive breastfeeding up to 4
months, SPT egg white diameter at 4 months, gender) and randomised treatment as
candidate predictors.

0 Candidate predictors will be tested in univariable logistic regression models and all
candidates having p-values less than 0.1 will be included in a multivariable logistic
regression with backward selection.

0 The final model after backward selection will be used to generate the predicted
probabilities and the area under the ROC (receiver operating characteristic) curve
will be calculated.

and on the per-protocol population according to randomised treatment using a chi-square test. The
difference in prevalence between treatments will be described by the odds ratio for sensitisation in
the active treatment group relative to controls and a 95% confidence interval. A p-value of <0.05 will



be considered significant. Absolute risk reductions and confidence intervals will also be calculated
from the chi-square tests to enable comparisons with published studies.

Other clinical outcomes

All other clinical outcomes will be analysed where observed outcome data are available according to
randomised treatment. Binary clinical outcomes (all except SPT diameter and SCORAD eczema
severity) will be analysed using chi-square tests. SPT diameter and SCORAD will be analysed by the
Wilcoxon rank sum (Mann-Whitney) non-parametric test.

Sensitivity analysis population

All randomised patients analysed according to their randomised treatment groups. For patients who
are not also in the ITT population (those with missing or unavailable outcome data) the outcome will
be imputed according to the with the rate from the other randomised treatment group:

¢ those missing from the control (rice) group will have their outcome imputed by a random
sample from a binomial distribution with probability parameter equal to the observed rate
in the active (egg) group

¢ those missing from the active (egg) group will have their outcome imputed by a random
sample from a binomial distribution with probability parameter equal to the observed rate
in the control (rice) group

Other outcomes

Blood parameters at 12 months (whole egg IgE, ovalbumin IgE and IgG4, ovomucoid IgE and IgG4,
egg white IgG4)where available will be analysed on the FAS (observed) population and the per-
protocol populations according to randomised treatment.

Additional derived parameters will be the ratio of IgG4 divided by IgE for egg (egg white IgG4/whole
egg IgE), ovalbumin and ovomucoid.

Descriptive statistics will be median, interquartile range, minimum and maximum values for each
parameter in each treatment and plotted using histograms and scatterplots.

Comparisons between groups will use Wilcoxon rank sum (Mann-Whitney) non-parametric tests.

Subgroup analyses

SPT 12m >=3mm and Probable egg allergy outcomes will be analysed in the FAS (observed)
population with “Eczema present at 4 months” as a subgroup using binary logistic regression to test
for randomised treatment, baseline eczema and their interaction. If an interaction found then
treatment effects will be calculated separately according to baseline eczema status using chi-square
tests.

Exploratory analyses

Predictors of allergy outcomes: binary logistic regression analyses will be used in the FAS (observed)
population to explore the effect of maternal education, presence of smokers in the household,
presence of pets in the household and ethnicity on the outcomes of SPT reaction and allergy. These
analyses will be adjusted for randomised treatment.



Table- E1- Characteristics of infants classified as probable egg allergic at 12 months of age.

Gender | Tx Reaction to possible | Sibling | Other egg exposure Eczema | EW OFC Other food Other
intervention cofactor | with FA at4 SPT sensitization | clinical
mth 12 at 12 mth food
mth allergy
(mm)
' | | |
F rice no no avoiding no 4 Yes- no
reacted
M rice no yes avoiding yes 7 Yes- no yes
reacted
M rice no Anti- yes reaction on exposure | yes 6 Yes- cows milk, yes
reflux cooked egg- reacted peanut
med generalised
M rice no yes Tolerated 1 teaspoon | no 7 Yes- peanut
of cooked egg prior reacted
to challenge
M rice no no Generalized reaction | yes 4.5 Yes- peanut yes
to eggon reacted
introduction at 8
months
M rice no no avoiding yes 1 Yes- no
reacted
M rice no no yes 9 Yes- Cows milk, yes
reacted wheat,
peanut
F rice no no Lip and eye no 5 Not no
angioedema, facial performed
urticarial and
erythema after 1tsp
scrambled egg at 13
months. tolerated
baked egg in cake
F egg Slight peri-oral Anti- yes facial angioedema yes 6 Not peanut
erythema on initial reflux and widespread performed
doses med urticaria at 8 months
F egg Widespread no no yes 7 Not no
erythema and facial performed




Table- E1- Characteristics of infants classified as probable egg allergic at 12 months of age.

angioedema on first
powder exposure

M egg

Immediate facial
and trunk urticarial
after first dose egg
powder

no

no

yes- generalised
allergic reaction to
subsequent cooked
egg exposure

yes

8.5

Not
performed

cows milk

yes

M rice

no

Anti-
reflux
med

no

11 months- egg
containing pancake-
immediate erythema,
urticarial and
angioedema.

no

8.5

Not
performed

Wheat,
peanut

M rice

Mild perioral
erythema

no

10 months of age-
ingested small
amount meringue-
urticarial and
angioedema.

yes

Not
performed

M rice

constipation

no

Reaction to small
amount of cooked
egg white at 10
months with facial
urticaria.

no

8.5

Not
performed

peanut

no

M rice

no

yes

Accidental exposure
to cooked egg at 7
months- lip and eye
angioedema, facial
erythema, itch and
urticaria. Reaction to
egg baked in cake 12
months- similar
symptoms

no

7.5

Not
performed

no

M egg

no

yes

Urticaria and
angioedema and
cough on
introduction of small
amount scrambled
egg at 8 months.
Tolerated baked egg
in cake. Subsequent

yes

5.5

Not
performed

peanut




Table- E1- Characteristics of infants classified as probable egg allergic at 12 months of age.

generalised allergic
reaction to
undercooked egg in
pudding.
M rice no no yes 6.5 Not cows milk, yes
performed | wheat
M egg Facial urticaria with no Tolerates baked egg no 7 Not cows milk yes
first exposure to performed
intervention, more
extensive
widespread
urticaria following
day 2 exposure
M egg Generalized no Tolerates baked egg yes 7 Not no
urticaria and in cake performed
erythema after first
exposure, repeated
with same reaction
after second and
third exposure
M egg Facial urticaria with | Anti- no yes 5.5 Not no
first exposure to reflux performed
intervention, med
generalized
urticaria following
one week of
ingestion
M egg Peri-oral reaction no Reacted to one yes 2 Not peanut yes
on first exposure. whole cooked egg at performed
Continued but after home with facial
2 weeks-generalized urticaria and
urticaria erythema angioedema at 12
and itch. months




Table E2- Online repository- Effect of baseline characteristics on probable egg allergy at 12 months
from multivariable binary logistic regression.

Baseline Characteristic Value (reference level) OR(95% Cl) P-value
relative to
reference level

Highest Education High School (reference 1.00 0.52
Mother level)

Certificate/diploma 0.61 (0.09 - 4.34)

University 1.34(0.26 - 6.79)
Smokers in Household | Any smokers in household

(versus none) 1.27 (0.35-4.52) 0.72
Pets Dogs or cats in household

(versus neither) 2.41 (0.89 - 6.53) 0.084

Parents’ region of birth | Both parents born outside
Australasia (versus either
or both parents born

within Australasia) 1.27 (0.39-4.14) 0.69
Eczema at 4 months Eczema observed at 4

months (versus not

observed) 6.62 (2.52-17.4) 0.0001

Randomized treatment | Egg (versus Placebo) 0.58 (0.22 - 1.58) 0.29




