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Abstract

Background: Food allergy naturally resolves in a proportion fobd allergic children
without intervention, however the underlying medBars governing the persistence or

resolution of food allergy in childhood are not ergtood.

Objectives: This study aimed to define the innate immune fesfiassociated with egg
allergy at one year of age, determine the phenotgipanges that occur with the development
of natural tolerance in childhood and explore tk&tronship between early life innate

immune function and serum vitamin D.

Methods: This study used longitudinally collected PBMC s&spgrom a population-based
cohort of challenge-confirmed egg allergic infamigh either persistent or transient egg
allergy outcomes in childhood to phenotype and tifyathe functional innate immune

response associated with clinical phenotypes ofadigay.

Results: We show that infants with persistent egg allerglileit a unique innate immune

signature, characterised by increased numbersradilating monocytes and dendritic cells
that produce more inflammatory cytokines both aeliae and following endotoxin exposure
when compared to infants with transient egg allefgyllow up analysis revealed that this
unique innate immune signature continues into bloiddl in those with persistent egg allergy
and that increased serum vitamin D levels correlatie changes in innate immune profiles

observed in children who developed natural tolezanagg.

Conclusion: Early life innate immune dysfunction may represekey immunological driver
and predictor of persistent food allergy in childdoSerum vitamin D may play an immune-

modulatory role in the development of natural tatere.
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Key Messages:

» Altered innate immune function in the first yearlid& is not only associated with
active food allergy in infancy but may represenkey immunological driver and
predictor of persistent food allergy outcomes iitdttood

* Infants with persistent food allergy show elevatesnbers of circulating monocytes
and dendritic cells that uniquely produce more f_ahd IL-8 at baseline and more
TNF-o and IL-8 followingin vitro endotoxin exposure when compared to infants with
transient allergy that resolves in childhood

* Increased serum vitamin D was associated with eniramune profiles during the

natural resolution of food allergy

Capsule Summary:ldentification of an early life innate immune sigua@ that may predict
persistent food allergy outcomes in childhood drelitnmunomodulatory role of vitamin D

during the development of natural tolerance.

Key words: Food allergy; innate; monocytes; persistent; ratuolerance; endotoxin;

cytokines; vitamin D; HealthNuts

Abbreviations:

ANOVA: analysis of variance
CBA: cytometric bead array
CD: Cluster of Differentiation
DCs: dendritic cells

HLA: Human Leukocyte Antigen
lg: Immunoglobulin

IL: Interleukin

LPS: lipopolysaccharide

MFI: Mean fluorescence intensity
sIgE: specific IgE

SPT: skin prick test

Th: T helper

TNF: Tumour Necrosis Factor
TLR: toll like receptor
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Introduction

The burden of food allergy is increasing globalparticularly during infancy and early
childhood® % Using gold standard oral food challenge outcoritesas recently shown that
3% of 12 month-old-infants were allergic to peaand! 9% to egd *. A proportion of these
naturally outgrew their food allergy in childhooaith immunological tolerance developing
in up to half of egg allergic children by 2 yearsda22% of peanut allergic children by 4
years of agé ® The immunological mechanisms underlying the ahitievelopment of food

allergy and the induction of natural tolerancehildhood are poorly understood.

Recent work suggests a role for the innate immuysées in the development of allergic
disease, including evidence that heightened inflatony innate immune responses to both
non-specific” ® and antigen specifit activation may be associated with the developroént
food allergy. Monocytes from cord blood of infamteo go on to develop food allergy were
recently shown to secrete higher levels of inflarona cytokines in response to
lipopolysaccharide (LPS). These inflammatory cytokines skewed naive T celisard an
allergic Th2 phenotype, suggesting a casual raleséoly life innate immune activation in
predisposing to food allergy in infancy. Howevedrrémained unclear if these responses
persisted into postnatal life and if innate immuamefiles were distinct between the clinical

phenotypes of persistent and transient food allergy

Furthermore, the development of natural tolerandead allergens is poorly characterised in
humans. Exposure to vitamin D has previously bdemngly associated with tolerogenic
immune function, acting through diverse immunolagipathways to skew the immune
response toward a regulatory phenotybén fact, infants with vitamin D insufficiency aBe
times more likely to have egg allergy and 11 timesre likely to have peanut allerdy,

suggesting that early life vitamin D plays an intpat role in immune tolerance. However,
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the mechanistic relationship between early lifawiin D and immune function in paediatric

food allergy is unclear

Using novel longitudinally collected samples fronp@pulation-based cohort of challenge-
confirmed egg allergic one year old infants witkther persistent or transient egg allergy
outcomes in childhood, we aimed to define the ienatmune profiles associated with egg
allergy at one year of age, determine the phenotgipinges that occur with the development
of natural tolerance in childhood and explore tk&tronship between early life innate

immune function and serum vitamin D.
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Materials and Methods
Subjects and study design

A total of 54 subjects from the HealthNuts coHowere used in this study (n=36 one year
old infants who were egg allergic at one year a&;ag=18 one year old infants with no food
allergy at one year of age). Table 1 describeslémeographics and clinical characteristics of
the selected cohort. Egg allergic subjects (n=38) thallenge-confirmed egg allerdfyat
one year of age, follow up egg allergy status (age-four years), and blood samples
collected at both one year of age and at followfardongitudinal analysis. All egg allergic
subjects had negative SPT (<2mm) and sIgE (<0.33k)#& both peanut and sesame at one
year of age. Persistent egg allergic (n=14) orsieart egg allergic (n=22) subjects were
classified according to egg allergy status at feligp (positive at follow up, persistent egg
allergy; negative at follow up, transient egg aigr Only subjects with both a positive oral
egg challengé? and a skin prick test (SPT) wheal size of 2mm oreor a specific IgE level
of 0.35kUA/L or more were classified egg allerg8election criteria for non-food allergic
control one year old infants (n=18) were SPT whgaés of <2mm and specific IgE of
<0.35kUA/L to all foods at the clinic and a negatieral food challenge to egg or peanut at
one year of age. Oral food challenges were perfdrasedescribed previoust; and serum-
specific IgE was measured using the ImmunoCAP 8y§tEIA (Phadia AB). Eczema at one
year of age was defined as either a parent repaiaior diagnosed eczema requiring topical

steroid treatment or eczema observed by a trainesken
Blood collection and measurements of vitamin D

Blood was collected at clinic appointments 2 hoimtowing egg OFC for all subjects,
excluding a subset of n=10 egg allergic infants wiaal blood collected at a clinic

appointment that did not include an OFC (non-OF€§) dad were subsequently challenged
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to egg the following week. To determine whetherewmting blood immediately following
OFC influenced immune parameters investigated is $tudy, we compared results from
blood samples of egg allergic individuals takenoiwing OFC (n=26) with those taken on a
non-OFC day (n=10). There were no significant défeces in any innate immune parameter
between the bloods that were taken following OFQGhesbloods taken on a non-OFC day
(Supplementary Figure 1). Peripheral blood monaarctells (PBMCs) were isolated by
density gradient and cryopreserved using protos@siously describe’. Serum vitamin D
(25(OH)Ds) level was measured using liquid chromatographgéan mass spectrometry at
the Royal Melbourne Institute of Technology as fesly described*. Vitamin D

deficiency was defined as 25(OH)Bvel of<50nmol/L*°,
Preparation of PBMCs for cell sorting

PBMCs collected at age one and at follow up forhesbject were randomly selected to
avoid batch effects and thawed using warm RPMIr{@igAldrich) supplemented with 10%
heat-inactivated FCS (HyClone), centrifuged at %0@ and washed twice before viability
count. Mean PBMC viability after thawing as detared by trypan blue exclusion was 87%.
Cell pellets were resuspended at 130 in PBS and 0.5pl of fixable viability stain 5{BD
Biosciences) was added per ml of cell suspensiefis @ere incubated at room temperature
for 15 minutes protected from light, washed twicd=ACS buffer (2% FCS, 2mM EDTA in
PBS) and resuspended in 50ul FACS buffer for adgtsiaining. 50ul of antibody cocktails
made up at 2X (Supplementary Table 1) were addédtd.:the resuspended cells and
incubated on ice for 30 minutes. Cells were washed resuspended in 300ul of FACS
buffer for cell sorting. Live, CD8egative cells were sorted using an Influx Cellt&o(BD

Biosciences).

Flow cytometry analysis and cell culture



161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

The CD3 negative cell fraction was then used toddantify and phenotype innate cell
populations in peripheral blood and (2) quantify thsting and stimulated cytokine responses
to lipopolysaccharide (LPS) in cell culture sup¢and To assess innate cell populations,
6x10 CD3 negative cells were washed in FACS buffer pregpared for flow cytometry as
described above. Count bright beads (Thermo FiSkamtific) were added to stained cells
prior to sample acquisition on an LSR Il X-20 Fega (BD Biosciences) to allow
enumeration of absolute cell numbers. For all faytometry experiments, compensation was
performed at the time of sample acquisition usioggensation beads (BD Biosciences) and

all results analysed using FlowJo Version 10 saiw&lowJo LLC).

For innate cell phenotyping, lineage negative (COB19 CD20 CD56) cells were first
excluded by appropriate gating analysis. Classitahocytes (HLADRCD14 CD16), non-
classical monocytes (HLADRD14°"CD16"), intermediate monocytes (HLADRD14"
CD16), myeloid dendritic cells (DCs) (HLADRD14CD16CD11¢CD123) and
plasmacytoid DCs (HLADRCD14CD16CD11¢CD123) were quantified using the innate

cell antibody cocktail described in Supplementaafpl€ 1.

Where cell number permitted, remaining freshlyesi€D3 negative cells were resuspended
at 5x10/ml in RPMI supplemented with 10% FCS. Cells wérent cultured in duplicate in
96 well plates with media alone or LPS (1ng/ml) fth at 37°C, 5% COCell culture
supernatants were harvested and frozen at -80°Gter quantification of 1L-12p70, TNF,
IL-6, IL-1B, IL-8 and IL-10 by cytometric bead array (CBA).|C=ulture supernatants were
thawed and prepared for CBA analysis using the Hum#ammatory Cytokine bead array
Kit (BD Biosciences) according to manufacturer’stiactions. CBA data was acquired on an
LSR Il X-20 Fortessa (BD Biosciences) and analysming LEGENDplex software

(BioLegend).
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Satistical analysis

Results are presented as box and whisker plotsrémie box represents the'28 75"
percentiles, the line in the box represents theiamed@dnd the whiskers extend to minimum
and maximum values) or mean = SEM. For cross-seattianalysis, a Mann-Whitney U-test
(two tailed) was performed to compare between twaugs and a Kruskal-Wallis test with
Dunn’s multiple comparisons test was performedampare between more than two groups.
For all cytokine and longitudinal analyses, diffezes between groups and within each group
over time were calculated with a two-way repeatehsnred ANOVA using a Holm-Sidak
post-test to correct for multiple comparisons. Eorrelations, a two-tailed Spearmen test
was performed. To determine significance betweepgtions in two populations, a 2-
proportionz test was used. Significance was determined asOp<@ll statistical analyses

were performed using GraphPad Prism, version 6.01.
Ethics

Approval to conduct the HealthNuts study was olgdiftom the Victorian State Government
Office for Children (reference no. CDF/07/492), ¥ietorian State Government Department
of Human Services (reference no. 10/07), and theaRohildren’s Hospital Human Research

Ethics Committee (reference no. 27047).
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Results
Characterising the innate immune response of egg allergy in infancy

To determine the innate response of egg allergichaalthy one year old infants, multiplex
flow cytometry was performed to quantify monocytdasgsical, intermediate and non-
classical) and dendritic cell (DC; myeloid and phagytoid) subsets (Figure 1A) in PBMCs
from all one year old infants. Multiplex cytometbead arrays were also used to quantify the
production of TNF, IL-6, ILB, IL-8, IL-12p70 and IL-10 in CD3-depleted monoresn cells

following 24h resting in culture or stimulated withg/ml of LPS.

Cross-sectional analysis revealed a significaneise in the numbers of circulating classical
monocytes (7.9xT@ells/ml vs 2.9x1fcells/ml, p=0.0015), intermediate monocytes
(5.6x10cells/ml vs 2x1fcells/ml, p=0.035) and myeloid DCs (1.2%t6élls/ml vs
9.4x10cells/ml, p=0.048) in egg allergic one year oldairs compared with non-allergic
controls (Figure 1By). Significantly increased expression of HLA-DR waso observed on
monocytes from egg allergic infants when comparétl won-allergic controls (Figure 1C).
Mean fluorescence intensity (MFI) of HLA-DR was @ssed in classical monocytes (6.4%10
vs 3.7 x16, p=0.04), non-classical monocytes (6.7%1®s 3.1x16, p=0.019) and
intermediate monocytes (13x18s 5x16, p=0.012) from egg allergic infants compared with
non-allergic controls. HLA-DR expression on myel@€s was comparable between groups

(10.8x16 vs 9.4x168, p=0.33) (Figure 1C).

Egg allergy was also characterised by significarftlgher baseline production of the
inflammatory cytokine IL-8 and significantly lowdraseline production of Thl associated
(IL-12p70) and regulatory (IL-10) cytokines in unstilated CD3-depleted cells relative to

non-allergic infants (Figure 2). LPS-stimulated C@&pleted cells from egg allergic one year

10
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old infants produced significantly more TNFHL-6, IL-18, IL-8 and IL-10 when compared

with non-allergic controls (Figure 2).

Persistent egg allergy is associated with a distinct innate immune signature in infancy and at

follow up

We next sought to determine if the altered innajeagures observed in egg allergic one year
old infants were associated with allergy outconmelster childhood. To do this, we stratified
the egg allergic infants by their subsequent efgragt status at follow up and performed
cross-sectional analysis comparing immune respoasesne year of age. Infants with
subsequent persistence of egg allergy exhibitedifigntly higher numbers of classical
monocytes (p=0.0004), non-classical monocytes (@D, intermediate monocytes
(p=0.035) and myeloid DCs (p=0.021) relative to 4adlergic one year old controls (Figure
3A.v). In contrast, infants with subsequent transigu allergy (clinical tolerance to egg at
follow up) showed significantly higher numbers afcalating classical monocytes only (not
other monocyte subsets or myeloid DCs) relativadn-allergic controls at one year of age

(p=0.027) (Figure 3A.

Reduced baseline production of IL-12p70 by unstated CD3-depleted cells at one year of
age was a common feature of both persistent amdiérat egg allergy when compared to
healthy controls (p<0.01), however higher baselawels of IL-8 and IL-B were unique to
infants who go on to develop persistent egg all¢p0.05) (Figure 3B-C). Following LPS
stimulation, CD3-depleted cells from infants witbthy persistent and transient egg allergy
produce significantly more IL-6 and ILB.when compared with healthy controls (Figure 3B).
However, increased production of TNFand IL-8 were unique to infants who go on to
develop persistent egg allergy when compared tb bon-allergic controls (p<0.001 and

p<0.001, respectively) and infants with transidigrgy (p<0.001, and p<0.05, respectively)

11
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(Figure 3B). Both phenotypes of egg allergy werarahterised by reduced production of IL-
12p70 following LPS stimulation, however increaggdduction of LPS-induced IL-10 was
unique to persistent egg allergy when comparedoto-ailergic controls (p<0.01) (Figure

30).

Immune cell profiles and cytokine production welsodongitudinally analysed in matched
samples at one year of age and at follow up froffdi@n with persistent or transient egg
allergy (Figure 4). We observed that children widmsient egg allergy showed a significant
increase in the numbers of myeloid DCs from basetin follow up (1.5x10 cells/ml vs
2.2x10 cells/ml p=0.033) but this was not seen in thog yersistent egg allergy (Figure
4A). At follow up, children with persistent egg aligr continued to show significantly
more IL-6, IL-13 and IL-8 from unstimulated CDdepleted cells compared to children who
developed tolerance to egg at follow up (p=0.0020.9p06, and p=0.026, respectively),

whilst no difference was seen in TNF, IL-12p70 dnd 0 (Figure 4B-C).

Serum vitamin D levels are uniquely associated with innate cell profiles in children with

transient egg allergy

Given that vitamin D has previously been shown tlutate the allergic immune respori&e
7 and is a key regulator of innate immune céflswe next sought to investigate the
relationship between serum vitamin D concentratiomate responses and the clinical
phenotypes of egg allergy. In Table 1, we show tthaldren with persistent egg allergy
demonstrate higher rates of vitamin D deficiens0hmol/L) at follow up compared to
children with transient egg allergy (54% vs 13%0027). Serum vitamin D levels at follow
up inversely correlated with proportions of claasimonocytes (r = -0.709, p=0.027) and

positively correlated with proportions of myeloidC® (r = 0.806, p=0.007) in children with

transient egg allergy; however, these associatwase not observed in children with

12
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persistent egg allergy (Figure 5A-B). No significatorrelations were observed between
serum vitamin D and cytokine production at basetinéollowing LPS stimulation at either

time point (data not shown).

Innate signatures of egg allergy are not driven by eczema at one year of age

Given early eczema is a strong risk factor for diegelopment of egg allergy, we sought to
determine if the immune profiles observed in egtprgic one year old infants were
influenced by the presence of eczema. We found 48 of infants with persistent egg
allergy, 40% of infants with transient egg alleagyd 25% of non-allergic infants had eczema
at one year of age (Table 1). Significant incredsesirculating innate cell numbers were
observed only in infants with egg allergy withoazema and not observed in infants with
both egg allergy and eczema (Supplementary Figurénfants with persistent egg allergy
without eczema had elevated numbers of classicad.(903), non-classical monocytes
(p=0.02) and intermediate monocytes (p=0.027), mgdloid DCs (p=0.002) relative to no
egg allergy no eczema controls. This was also gbdein infants with transient egg allergy
without eczema who had elevated numbers of cldssicaocytes when compared to no egg
allergy no eczema controls (p=0.02) (Figure 5A). $iignificant differences in numbers of
monocyte and dendritic cell subsets were obsemvameé year old infants with eczema alone
(without egg allergy) compared with non-egg alleygio eczema controls (Supplementary

Figure 2).
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Discussion

This is the first study to investigate the innateriune response of infants and children with
carefully defined clinical phenotypes of egg aller§ve show that altered innate immune
function in the first year of life is not only assated with active food allergy in infancy but

may represent a key immunological driver and ptediof a persistent food allergy outcome
in childhood. Infants with persistent food allergiyowed heightened inflammatory cytokine
responses both at baseline and followiimgitro endotoxin (LPS) exposure when compared
to infants with transient egg allergy. Follow upabsis revealed that elevated baseline
production of inflammatory cytokines continues ictdldhood in those with persistent food

allergy and is not observed in children whose gllenad resolved by this time. We also
showed that innate immune profiles observed indcarl who resolve their food allergy

significantly correlate with their serum vitamin IBvels, revealing a relationship between

serum vitamin D and the development of naturak&wiee in childhood.

Previous work has revealed that an inflammatory ddood environment is associated with
the development of food allergy in the first ye#iife 8. Here, we extend these findings to
show that innate immune dysfunction is also obskmeostnatal life of one-year-old infants
with egg allergy, characterised by increased numbérirculating monocytes that express
higher levels of HLA-DR and elevated productioniéfF-a, IL-6, IL-18 and IL-8 following

in vitro endotoxin exposure relative to non-allergic heaittiants. To our knowledge we are
the first to report these findings in the conteixtloallenge-confirmed paediatric food allergy,
however a similar monocyte-driven innate profileswacently observed in older asthmatic
children. A study comparing the innate profilesbildren from two genetically similar U.S.
farming populations — the Amish and the Hutteriteshowed that monocytes from Hutterite

children, who show strikingly higher rates of ast#hmexhibited a pro-inflammatory

14
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phenotype that included increased HLA-DR expressietuced expression of the regulatory

receptor ILT-3 and heightened cytokine productioifofving LPS stimulatiort®.

We additionally show that early life innate immufwnction differs between the clinical
phenotypes of food allergy, with infants whose rgjepersists into childhood exhibiting
significantly elevated number of monocytes and wigeIDCs at one year of age, that
uniquely produce more ILgland IL-8 at baseline and more TNhFand IL-8 followingin
vitro endotoxin exposure when compared to infants wihsient allergy that resolves in
childhood. A recent study showed that genes agsacigith monocyte and toll-like receptor
4 (TLR-4) activation were upregulated in childrehonare raw egg allergic and also reactive
to baked egd. Interestingly, we have previously shown that mgawith both raw and baked
egg allergy are less likely to resolve their aljelry 2 years of age compared with infants
who are raw egg allergic but tolerant to the bafach °. Our current findings add to the
small but growing body of evidence implicating mowyie function, TLR-4 activation and
heightened inflammatory responses in the developnaenl maintenance of childhood

allergic disease, including food allergy.

The strengths of this study include the longitutljnaollected samples from a population-
based cohort of clearly phenotyped persistent eantsient egg allergic children, with food
allergy outcomes confirmed via both SPT and oratifohallenge at age one and follow up. It
should be taken into account, however, that aipedibod challenge could influence some of
the innate immune parameters investigated in thislys Indeed, IgE cross-linking on
monocytes enhances monocyte proinflammatory presessicluding increased CD14
expression and secretion of TNFand IL-6*°. Here, we showed no differences in innate
activation or cytokine production in egg allergidants that had bloods taken on a non-
challenge day vs an active challenge day, congistéh a previous report by our group
showing no changes in plasma TMFand IL-6 levels pre or post oral food challed@en
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addition, the similar levels of TN&-and IL-6 in unstimulated cell culture conditioretWween
egg allergic and non-allergic infants argues adgdgis-dependent monocyte activation post
challenge as an explanation for our study findiige to limited cell numbers, we could not
perform allergen-specific co-culture experimentslébermine if activated monocytes and/or
DCs from our egg allergic one year old infants directly responsible for the Th2 allergic
immune skew associated with food allergy. Theseim@ortant experiments that will be
required to determine if these cells can be tadyieeduce inflammation for the prevention

of allergic disease.

Reduced vitamin D in early life has also been daged with increased risk of eczerfia
asthma® and food allergy"* ** However, due to limited studies that collect wisfined
clinical measures of allergy, serum vitamin D measwents and detailed immunological
responses, the relationship between early lifemitaD and immune function in paediatric
food allergy is unclear. We found that increasetursevitamin D was associated with
circulating numbers of monocytes and myeloid DCsrduthe natural resolution of egg
allergy, suggesting that these innate cell typeg oeatargets of early life vitamin D immune-
modulation. A previous study has shown that infattéigh risk of allergy with increased
serum vitamin D at birth produced less inflammatoyyokines followingin vitro allergen
stimulatiort®. However, follow up studies are required to deteenif vitamin D can directly
act on innate cells to reduce inflammatory cytokpr@duction in egg allergic infants.
Randomised controlled trials of postnatal vitamins@pplementation are also required to

confirm if vitamin D plays a causal role in the ener resolution of early life food allergs:

In conclusion, we show that infants with persisteid allergy demonstrate a unique innate
immune signature in the first year of life, chaesisted by increased numbers of circulating
monocytes and dendritic cells that produce modanminatory cytokines both at baseline and
following endotoxin exposure when compared to itdawith transient egg allergy. This
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371

could have important implications for current patieare, assisting in the early identification
of high risk infants whose food allergy is likelg persist into childhood. Our results also
reveal a novel relationship between the early difeulating innate immune profile, serum

vitamin D and the natural resolution of food allerg
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454  Table 1.Demographics and clinical characteristics of stcolyort
455
Non-Allergic Persisten't Transient' p-value
Egg Allergic | Egg Allergic

Total number n=18 n=14 n=22

Sex: male (%) 42 52 46 ns

Both parents born in Australia (%) 76.2 70.5 60.7 ns

Any siblings (%) 60 41.2 46.4 ns
®ns

Family history of allergy” (%) 57.1 824 96.4 ®0.0008
‘ns

Sensitised to peanut or sesan(&o) 0 0 0

Eczema at age one yed(%) 25 47 40 ns

Egg SPT (mm) (mean * SD) #<0.0001

Age one year 0.1+0.3 52+22 3.9+23 b <0.0001

Follow up 31+24 05+1.0 ‘ns
4<0.0001

Egg sIgE (kUA/L) (mean = SD) 4<0.0001

Age one year 0.1+0.1 8.8+13.9 12+1.2 <0.0001

Follow up 5.2+14.9 0.2+£0.39 €0.0471
40.0002

Serum vitamin D (nmol/L) (mean + SD)

Age one year 77.4 +26.2 63.5+29.9 67.3+20.6 ns

Follow up 53.26 + 18.67 | 61.71 + 14.47

Vitamin D deficient (€50nmol/L) (%) ®ns

Age one year 19 29.4 21.4 Phs

Follow up 54 13 ‘ns
40.0276

“asthma, allergic rhinitis, eczema or food allergy
" doctor diagnosed eczema requiring topical stereatment or eczema observed by a trained nurse

ns; not significant

2p value (age one persistent vs non aller§ig)value (age one transient vs non allerdig)value (age one
persistent vs transienf)p value (follow up persistent vs transient)
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Figure 1. Circulating innate immune profiles in one year ety allergic and healthy infants.
(A) Representative flow cytometry gating strategiesene CD14 and CD16 were used to
identify the three circulating monocyte subsets (MGn-classical, Int; intermediate and C;
classical), and CD11c and CD123 used to identifgloig (mDC) and plasmacytoid (pDC)
dendritic cell populationgB,.,v) Classical monocytes, non-classical monocytes, medrate
monocytes, and myeloid DCs expressed as cell nupdeml in egg allergic (n=36) and
non-allergic (n=18) one year old infant&) Representative flow cytometry histogram
showing HLA-DR expression on classical monocyt@s)-alassical monocytes, intermediate
monocytes and myeloid DCs in egg allergic (red) and-allergic (grey) infants. *p<0.05,

+*p<0.01.

Figure 2. Innate cytokine production from FACS-sorted C@B8Ils in egg allergic and
healthy one year old infants. CD&ells from egg allergic (n=11) and non-allergic18)
infants were cultured for 24h in the presence oflimelone or LPS. Following culture,
supernatants were harvested and produ¢dymNF-a, (B) IL-6, (C) IL-18, (D) IL-8, (E) IL-
12p70and (F) IL-10 was assessed by cytometric bead array, *@&snsignificance between
groups, “denotes significance from baseline (media), *p<0.8%H<0.01, ***p<0.001,

#1p<0.01,""p<0.001.

Figure 3. Circulating innate immune phenotype and functiorome year old infants when
stratified by their persistent or transient footkmy outcome at follow upgA..v) Classical
monocytes, non-classical monocytes, intermediateatyies, and myeloid DCs expressed as
cell number per ml in egg allergic one year olcinis, stratified by their persistent (n=14) or
transient (n=22) outcome at follow up compareddn-allergic control infants (n=18(B,.,v)
FACS sorted CDZells from infants with persistent (n=5) or tramsién=6) allergy and non-
allergic healthy infants (n=13) were cultured fah2n the presence of media alone or LPS.
Following culture, supernatants were harvestedpaioduction of TNFe, IL-6, IL-1B and IL-
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8, along with(C)y IL-12p70 andC;;) IL-10 were assessed by cytometric bead array, *@sno
significance between groupsdenotes significance from baseline (media), *p<p.05

**p<0.01, ***p<0.001, “p<0.05,"p<0.01,"p<0.001.

Figure 4. Longitudinal analysis of circulating innate immupeofiles in matched samples
collected at age one and at follow up in childrethyersistent or transient egg aller@sx,-

iv) Classical monocytes, non-classical monocytes, nmgdrate monocytes and myeloid DCs
expressed as cell number per ml in matched samaplage one and follow up from children
with persistent (n=14) and transient (n=22) egegrgll. (B) FACS sorted CD3cells were
cultured for 24h in the presence of media alond.P& and production of inflammatory
cytokines TNF, IL-6, IL-B and IL-8, (C; Thl inducing cytokine IL-12p70 an@C)
regulatory IL-10 were assessgdmatched samples at age one and follow up froihalrem
with persistent (n=5) and transient (n=6) egg gllerdenotes significance between groups,
*denotes significance from baseline (media), *p<0.0%<0.01, ***p<0.001, *p<0.05,

#1p<0.01,""p<0.001.

Figure 5. Correlations between serum vitamin D level anchime profiles at follow up in
children with persistent and transient egg alle@yB) Classical monocytes and myeloid
DCs at follow up in persistent (n=7) and transigrt10) two-year-old children. A Spearman

test with two-tailed p-value was performed, *p<Q.09<0.01.
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Supplementary Figure 1. Comparison of innate parametersin egg allergic infants that had
blood collected on a non-OFC day with egg allergic infants that had blood collected following
OFC. No statistical difference was observed between (A) circulating innate cell subsets and (B)
cytokine production between the post OFC blood collection and no OFC blood collection.

Supplementary Figure 2. Circulating innate immune profiles in one year old egg allergic and
non-egg alergic infants when stratified by eczema status at one year of age. (A) Classica
monocytes, (B) non-classical monocytes, (C) intermediate monocytes, and (D) myeloid DCs
expressed as cell number per ml in persistent egg alergic one year old infants (n=8 with eczema,
n=6 no eczema), transient egg alergic one year old infants (n=11 with eczema, n=10 no
eczema), and non-egg allergic infants (n=5 with eczema, n=12 no eczema).
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Supplementary Table 1. Flow cytometry antibody cocktail and dilutions.

Antibody cocktail for phenotyping
monocyte and DC subsets
Dilution (2X)

HLADR BB515 1:50

CD123 PerCPCy5.5 | 1:20

CD11c PE-Cy7 1:200

Lineage APC-H7 1:100

CD14 V450 1:200

CD16 BUV 395 1:200
Live/dead V500




