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Abstract

Background

Assessment of sensitization at an isolated timatghiring childhood provides limited clinical
information. We hypothesized that sensitizationalleps as specific patterns with respect to age
at debut, development over time, and involved g#las, and that such patterns might be more

biologically and clinically relevant.

Objective
To explore latent patterns of sensitization dutimgfirst 6 years of life and investigate whether

such patterns associate to development of asttmmétjs, and eczema.

Methods

We investigated 398 children from the at-risk Cdpsgen Prospective Studies on Asthma in
Childhood 2000 birth cohort (COPSA¢g) with specific-IgE against 13 common food and
inhalant allergens at ages Y2, 1%, 4, and 6yrs.msaipervised cluster analysis for three-
dimensional data (NNS-PARAFAC) was used to exti@ent patterns explicitly characterizing
temporal development of sensitization, while cldstgallergens and children. Subsequently,
these patterns were investigated in relation tonaat rhinitis, and eczema. Verification was
sought in an independent unselected birth con&M8E, constituting 3051 children with

specific-IgE against the same allergens at 4 ansl 8y

Results
The NNS-PARAFAC analysis indicated a complex lastnicture involving seven age- and
allergen-specific patterns in the COPSfdgdata: (1) dog/cat/horse; (2) timothy grass/bi(&h;

molds; (4) house dust mites; (5) peanut/wheat flnugwort; (6) peanut/soybean; and (7)
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egg/milk/wheat flour. Asthma was solely associatgt pattern 1 (OR=3.3 [1.5-7.2]), rhinitis
with patterns 1-4 and 6 (ORs=2.2—-4.3) and eczertfapasitterns 1-3 and 5-7 (ORs=1.6-2.5). All

seven patterns were verified in the independent B&Mohort (R>0.89).

Conclusion
This study suggests the presence of specific seatsin patterns in early childhood
differentially associated to development of clihicatcomes. Using such patterns in future

research might provide more robust and clinicahgvant results.

Keywords: Sensitization, Patterns, Asthma, Rhipiszema, Specific-IgE, Children

Key Messages
e Sensitization is not a stable dichotomous traitdaut be described as 7 different
phenotypes defined by the allergen and temporé&padf sensitization.

e Association with asthma, rhinitis, and eczema ddp&m the sensitization pattern.

Capsule Summary
Sensitization in young children is a make-up ofesedistinct patterns defined by the allergens

and temporal profile and with different associatiorallergic disease.
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Abbreviations

BAMSE = Children Allergy Milieu Stockholm Epidemigy [in Swedish]
COPSAC = Copenhagen Prospective Studies on Astm@Gaildhood

HR = Hazard Ratio

OR = Odds Ratio

PARAFAC = PARAIllel FACtor analysis

NNS-PARAFAC = NonNegative Sparse PARAFAC

sIgE = specific Immunoglobulin E
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Introduction

We recently demonstrated an age-related associagivveen allergic sensitizations for both
inhalant and food allergens and clinical maniféstet of asthma and eczemlVe therefore
hypothesized that age at debut, temporal developraed type and number of allergen
sensitizations involved may reflect underlying pats of allergic sensitization that are closer
associated to disease and therefore more cliniceliyant.

Recent studies have also suggested the presesegarhl allergic sensitization patterns in
childhood™ however, the previous published methods for timarse pattern recognition in the
development of sensitization are based on prolstéibihidden Markow models. We wanted to
use a statistical model that estimates a low dimeasrepresentation of the observed data, with
minimal distributional assumptions. Furthermorejethod that entails the ability to model
higher ordered data structures without the neethtold data into a matrix, and thereby abide to
the nature of the data structure.

The aim of this study was to explore latent paterhsensitization during the first 6 years of life
using an unsupervised data driven cluster analfgiaNegative Sparse PARAIllel FACtor
analysis — NNS-PARAFAC). We analyzed measurememdpexific-IgE (sIgE) against 13
common inhalant and food allergens assessed |atigdlly at ages Y2, 1'%, 4, and 6 years in
children participating in the Copenhagen Prospeciitudy on Asthma in Childhood 2000
(COPSAGq birth cohort. We used the NNS-PARAFAC to extraset of patterns in the
complex multidimensional data pool that characeeripngitudinal sensitization patterns in
children, unbiased from pre-specified clinical hifpses. We then related those patterns to

development of asthma, rhinitis, and eczema. Tlethad explicitly models the temporal
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development of sensitization while clustering thergens and children, and as such proposes a
general framework for analysis of longitudinal nudtiate data structures.
Verification was sought in another independent 8iavian birth cohort, BAMSE where the

same sIgE assessments were performed at ages3dyaads.
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M ethods

Sudy Design

COPSACoypis a single-center, prospective clinical birth adlod children born to mothers with
a history of asthma enrolled during 1998-2081The children were closely monitored from
birth till age 7 with visits to the research climeery 6 months and additional visits at the onset
of airway or skin symptoms. Asthma, rhinitis, armdema were diagnosed and monitored at
these visits by the COPSAC pediatricians accortbregandard operating procedures. Diagnoses
were defined by exact start and finish dates sur#td from daily diary cards filled by the
parents.

The Copenhagen Ethics Committee (KIF289/96) and The Danish Data Protection Agency
(2008-41-2434approved the study, and informed consent was adddnom both parents at
enrolment.

BAM SE is a longitudinal population-based birth cohodiinling 4089 children born between
1994 and 1996 in different areas of StockiolnAt the 4- and 8-year-follow-up, blood samples
were taken for sIgE analyses. In this study, weighed 3051 children, who provided IgE data at

4 and/or 8 years.

Allergic Sensitization

Blood was sampled at ages Y2, 1Y%, 4, and 6 yearB$BG 09 and 4 and 8 years (BAMSE) for
measurements of sIgE levels (ImmunoCAP, Phadiattamt™, Pharmacia Diagnostics AB,
Uppsala, Sweden) against 8 inhaled allergens (diircothy grass, mugwort, dog, cat, horse,
molds, house dust mit®( pteronyssinus)) and 5 food allergens (egg, milk, peanut, soybean

wheat flour). Sensitization was defined as st35 kUy/L*°
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Clinical Outcomes

Asthma in COPSAgowas diagnosed at age 7 years based on an algonttuding 4
mandatory criteria: (1) five episodes of diary fied troublesome lung symptoms each lasting
minimum 3 days within a period of 6 months; (2) gyams judged by the COPSAC
pediatricians to be typical of asthma, e.g. exermguced symptoms, prolonged nocturnal
cough, recurrent cough outside common cold, symptoemising wakening at night; (3) need of
intermittent rescue use of inhalp@-agonist; and (4) response to a 3-month coursibf

inhaled corticosteroids and relapse after endexdrtrent.

Rhinitis in COPSAGyooWas diagnosed at age 7 years based on a pargetaiew on history of
symptoms performed at the COPSAC research unihifthwas defined as significant and
reoccurring sneezing, blocked, or runny nose sévaftecting the wellbeing of the child in the
past 12 months in periods without accompanying comoold or flu, and requiring congruence

between symptoms and relevant expasute

Eczema in COPSA4gowas diagnosed at scheduled and acute visits @-dggears according
to the Hanifin and Rajka critefiapturing both age of debut and remission as pusty
detailed. In this study we used age of debut as outcoriaitiefi for eczema.

For definition of the BAMSE outcomes see the OniRepository.

Satistical Methods
An unsupervised data driven multidimensional faetoalysis technique called the NonNegative
Sparse PARAFAC (NNS-PARAFAC) mod2lvas applied to analyze the COPS#dsdata

reflecting subjects, age, and type of allerdenEhe method does not entail exclusive

10
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partitioning of the children, but allows a childbdelong to several patterns. Similarly a single
allergen can contribute to several patterns.

The number of patterns was estimated based o®cfEe plot of variance explained; and (2)
pattern interpretability, where biological plausilgartitioning of the allergens and distinct
support of only a few allergens per pattern is svwgptimal. Optimization of the sparsity
constraint was done by Bayes Information Criteriofhe method handles missing data via
exclusion of these from the objective. Thus, cleifdwith missing sIgE assessments were
retained in the model if they had at least one sigiessment done to conserve maximum study
power. For further details please consult the @nRepository.

Primarily, the sensitization patterns were extrdidtem the COPSAg& oo data and subsequently
investigated in relation to asthma and rhinitiddmyistic regression and to eczema by Cox
regression, both by univariate one-by-one assoaigtias well as a multivariate model
regressing the outcome on all the sensitizatiotep®, eliminating non significanp & 0.05)
patterns by backward elimination. Prior to asdommeanalysis each pattern score were
dichotomized by setting all non-zero values to avigle leaving the zeros as zeros.

As a post hoc analysis, the estimated NNS-PARAFA@ehwas used to cluster the children at
each time point. This time-dependent clustering reérenced against the clinical outcomes
univariately to investigate the age of penetratmreach sensitization pattern.

Verification in the BAMSE cohort was conducted Ilsyimation of a NNS-PARAFAC model
with the exact same model settings as for the CAP®Adel, followed by comparison of the
allergen and time patterns and relative size ofrt&vidual patterns. Verification of the
sensitization pattern versus clinical outcome wagdacted by logistic regression for asthma,

rhinitis, and eczema at both 4- and 8 years of lagi, univariately and multivariately as

11
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described above. These comparisons were primanigucted on the subset of children of
asthmatic mothers in order to mirror the COPSf635tudy design, and secondly on the entire
BAMSE cohort. The robustness of the patterns weasitigated towards changes in population
due to maternal predisposition, missing sensitiratiata, and random changes. For details see

the Online Repository.

All statistical analyses were conducted in MatlaR®014b using am-house routine for
clustering and statistical toolbox v 8.1 for asation analysis between patterns and clinical

outcomes. The algorithm is freely available at wmadels.life.ku.dk/algorithms.
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Results

Baseline Characteristics

In the COPSAGy cohort, 398 of the 411 children had at least aradl@ble sIgE assessment at
one of the four age-points. At age %2yr, 361 (918bldeen completed sIgE measurements to all
13 allergens, 355 (89%) at age 1%2yrs, 319 (80%yrst, and 296 (74%) completed at age 6
years. Of the 17,420 sIgE registrations (398 padits x 4 time points x 13 allergens minus
3276 missing entries), 566 were positive (3.2%y.d&ails on the sIgE distributions degure
E1. The distribution of positive tests across theall@rgens at the four age-points in the
COPSAGqoo cohort is shown ifrigure 1.

In the BAMSE cohort, 3045 of the 4089 children laadkast one available sIgE assessment at
one of the two age-points. At age 4yrs, 2604 (866tpleted sIgE measurements to all 13
allergens and 2451 (80%) completed at age 8yrthé65,434 slIgE registrations, 4175 were
positive (6.4%).

Table 1 shows the baseline characteristics of childreh aitailable sIgE assessments in the two

cohorts.

Sensitization Pattern Analysis

The NNS-PARAFAC analysis in the COPSAgp birth cohort revealed a total of seven distinct
latent patterns: (1) cat/dog/horse (40 childrefofelthis pattern, which explains 16% of the
variation in the data); (2) timothy grass/birch @885 10% of the variation); (3) molds (N=12, 7%
of the variation); (4) house dust mites (N=39, 7Rthe variation); (5) peanut/wheat
flour/mugwort (N=45, 11% of the variation); (6) ped/soybean (N=61, 10% of the variation);

and (7) egg/milk/wheat flour (N=108, 8% of the aion). We labeled the patterns based on the

13
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nature of the allergens asimal (1), other airborne (2-3), mixed (5), andfood (6-7). The
patterns are unique and characterized by groupsilofren, who follow the same sensitization
pattern with respect to age at debut, developmesittime, as well as type of allergen specific
sensitizations. These characteristics are outiimé&digure 2, which shows both the allergen
loadings and the temporal development of the pegteks an exampl&igure 2A illustrates that
the allergens with the largest influence (higheatlings) in pattern 1 are cat, dog, and horse,
which exhibit the same overall profile with respgcparticipants and time. The time-effect of
each pattern is shown Figure 2B, where e.g. sensitivity towards the allergensatigon 1 is

first registered at 1%2yrs showing an increase et fbflowed by a slight increase at 6yrs.

Verification in the BAMSE Cohort

Figure 2 also shows the comparison of the seven patteBAMSE and COPSAgos Which
were in high agreement both in terms of allergesfiless (R>>0.89), development over time, and
clustering of children, however, with some ambigtigr pattern 3 olds) (see Online
RepositoryTable E1). In general, the patterns are robust towards lptipn changes due to
maternal predisposition. However, stratificatioads to lack of data support for especially low
abundant allergens, resulting in uncertain pattBynthese allergens. For details on robustness

of the pattern analysis see the Online Reposkogyre E2-7.

Sensitization Patternsin relation to Clinical Outcomes
The seven longitudinal sensitization patterns veerapared with development of asthma,
rhinitis, and eczema by pairwise comparisons in S8E00 (Figure 3). Asthma was only

significantly associated with pattern 1 (cat/dog#ey: OR=3.3; 95% ClI, 1.5-7.2. Further, a trend

14



253  of association was observed between asthma aretpdt{house dust mites): OR=1.9; 95% ClI,
254  0.9-4.4, but pattern 1 remained the primary drbesed on the multivariate mod@&laple E2).

255  Rhinitis was significantly associated with pattetrd (cat/dog/horse; timothy grass/birch;

256  molds; house dust mites) and 6 (peanut/soy bedR3$£.2-4.3), of which pattern 2 (timothy

257  grass/birch) and pattern 4 (house dust mites) Yoenad as the primary drivers based on the

258 multivariate model (se€able E3). Eczema was found associated with patterns 1-3

259 (cat/dog/horse; timothy grass/birch; molds) and(peanut/wheat flour/mugwort; peanut/soy
260 bean; egg/milk/wheat flour) (HRs=1.6-2.5), from aihpattern 1-2 (cat/dog/horse; timothy

261  grass/birch) were the strongest drivétgy(ire 3, Table E4).

262  The association analysis was additionally run usisgnsitization free control group of n = 249
263  children without any positive sensitization reqsitons across all four time points. The results
264  are numerically slightly stronger, due to exclustdrsensitized children from the control group
265  (results not shown).

266  Results based on the entire BAMSE cohort (n = 3@hbjved that all patterns were positively
267  associated with all outcomes at both age of 4 ayeb8s Figure E8 in the Online Repository).
268 The associations between asthma and rhinitis amgltemtion patterns are strongest at 8 years of
269 age, whereas for eczema the association is strbatyég/ears of age. For the clinical outcome
270 eczema there is a fair agreement between the seshtttiined in COPSAfgy and BAMSE,

271  whereas for both asthma and rhinitis this is netdfise. Stratifying the BAMSE analysis to only
272  include children of asthmatic mothers (n = 282} Hrereby imitating the COPSAC2000 design,
273  changes the results towards higher agreement lemasand eczema, while rhinitis remains

274  unverifiable. For asthma, five out of seven pateshtain association results, where the estimate

275 based on COPSAfgodata at 6yrs is between the BAMSE estimates &t dyd 8yrsKigure 3).

15
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Of the three outcomes, only asthma and rhinitisaae®ciated 0.01) and hence possibly
confounds one another in the association anaW#en adjusting the association with rhinitis
for asthma the results are unaffected, whereagdatiern-wise association with asthma

attenuates when adjusting for rhinitis (Jeble E5 — based on COPSAG).

Age of penetration

Figure E9 shows the age dependent, and acatlssme points, cluster sizes for each pattern. In
accordance with the raw data, there are only v@mydhildren exhibiting sensitization in the first
five (non food related) patterns at age 6 monthd (a some extend at age 18 months). The
results from associating these clusters with threcell outcomes are shown figure 4 where
especially pattern 1 (cat/dog/horse) shows a grofilearly sensitization towards these allergens
being stronger associated with the clinical outcemeath a limited amount of cases. As an
example, asthma and early life (age 1%2y) sensiizgiromoted the strongest association with
an OR of 12.3 [2.2-69.8]. For pattern 6 (peanutigay), the opposite relation is observed,
where sensitization towards these allergens attagad 6 years exhibit the strongest association

with rhinitis and eczema.

16
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Discussion

Main Finding

This study revealed seven distinct patterns ofgiiesensitization during preschool age by a
NNS-PARAFAC cluster analysis. These seven noveepad, grouped aanimal pattern
(cat/dog/horse)ther airborne patterns (timothy grass/birch; molds; house dutsymixed
pattern (peanut/wheat flour/mugwort), aodd patterns (peanut/soy bean; egg/milk/wheat
flour), were unique and reproducible in an indemmdohort with high agreement.

The patterns associated differentially to clinidislease development supporting that they

represent biological meaningful sensitization pltgpes.

Strengths and Limitations of the Study

In our investigation of sIgE patterns during thstf6 years of life, the NNS-PARAFAC model
allows usage of development over time as a thimekdsion in the analysis. The model
“remembers” whether a child was sensitized at arpiine point, and takes that into account.
Since prior sensitization affects your risk of lgegensitized later, this information is an

important contribution to the pattern analysis.

In contrast to the previous published methodsifoe tcourse pattern recognition in the
development of sensitization which are based obaiitistic hidden Markow modété, the
PARAFAC model constitutes a different framework,endy instead of estimating a probabilistic
model, the PARAFAC model estimates a low dimendiog@aresentation of the observed data,
with minimal distributional assumptions, in a siamnifashion as principal component analysis for

data organized in a matrix. This means that thdityuad the resulting model is simply how good

17



315 a“picture” it is of the observed data, and howegafizable it is. The proposed clustering

316 framework entailsoft clustering, meaning that a single child can follow more thasingle

317 pattern, as well as an allergen can be describeggral patterns. For example, elevated sIgE to
318 peanut is described in both pattern 5 and patteamd thereby contributes to two distinct groups
319 of children; one with co-sensitization towards ity mugwort and wheat flour (pattern 5)

320 with primary data support at 6 years, and one wiHsensitization towards soybean, egg and
321 wheat flour (pattern 6) with support from all timppeints. Further, the power of the PARAFAC
322 model is in the ability to model higher orderedadstiructures without the need to unfold data
323 into a matrix, and thereby abide to the naturédhefdata structure. In the specific application this
324 has the upside of being able to estimate the tmnese directly, allowing for age dependent

325 sensitization structures.

326

327  Association studies are typically conducted viavitial comparison of all variables at all age-
328  points with all outcomés®23 In the COPSAC study that amounts to 13 (allergers(age-

329 points) x 3 (outcomes) tests. This traditional apgh has limited capability of bringing any

330 novel biological insight due to: (1) the uncertgimt the original data is preserved, (2) the

331 multiple testing issue, with a high probabilityfafse discovery, and (3) the question answered
332 by the statistical test, e.g. “is milk allergy agylrs of age related asthma at 7 years?” is of

333 limited biological relevance. The NNS-PARAFAC arg$ycircumvents these pitfalls by

334  extracting only the systematic variation acrossittimbe and participants. Furthermore, as

335 different types of allergens have similar mechasisifnsensitization, data driven grouping of

336 these in the NNS-PARAFAC model reduces the numbggsts without removing relevant

18
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variation. Last, the biological question of intérsswhether different sensitization patterns over

time relates to clinical outcomes as opposed tgisioross-sectional comparisons.

Both the COPSAg o0 and the BAMSE studies are strengthened by thordagg management
and quality control procedures including externahitoring, online data collection into a
dedicated database, and locking of data afterwdatfication. A further advantage is that both
studies longitudinally measured slgE levels agdimstsame diverse panel of common inhalant
and food allergens. The almost exact replicatiothefseven latent sensitization patterns
discovered in COPSAfGoin the independent BAMSE cohort improves reliapitif the

findings.

A limitation of the study is the at-risk naturetbé COPSAGoq participants, i.e. children born

to mothers with asthma, as this population mayediifom unselected populations with regard to
allergen exposures (house cleaning, pets in thedhatc.), which may impact sensitization in
childhood*?°. However, the replication of the patterns in thealected BAMSE cohort argues
against such inference. Further, replication ificed by the differences in study design
between BAMSE and COPSA&g, including age of assessment of sensitizatiom{#&years

in BAMSE and Y%, 1 %2, 4, and 6 years in COPS#§, and age of assessment and diagnosis of

clinical outcomes.

Interpretation
We discovered and verified seven distinct pattefralergic sensitization during childhood,

where groups of allergens follow a similar pattewer both time and participants. The grouping

19
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was purely data driven and unbiased from prior Kedge on how allergens normally cluster
(e.g. cross reactions) or which clinical outcomesmally associate with specific allergen
sensitization.

The verification of the patterns in an independsaftort and the distinct association between the
patterns and clinical outcomes are suggestiveaddgical meaningful sensitization trajectories.
Recent studies have also suggested the presesegerhl allergic sensitization patterns in
childhood™. sIgE measurements from almost 13,000 childred &g&7 years found seven
patterns very similar to ours (dog/cat/horse, halust mites, molds, birch/apple, food/mugwort,
timothy grass/rye and egg/milk). Although theseadaére cross-sectional and lacked the third
dimension of temporal development in the statistiwadel, the similarity of the seven patterns
supports our findings.

The association between eczema and all patterhsthétexception ofther airborne pattern 4
(house dust mite) aligns with previous studies shgwssociation between eczema and allergic
sensitization in genef#**! Our finding that asthma was associated waftimal pattern 1
(dog/cat/horse) in COPSAC and in children with asdtic mothers in the BAMSE study is in
line with other studies examining cat and dog s&agion independentfy*® however, the study
of Stoltzet al (2013} found the strength of association between doggattima to increase from
age 1 year to 3 years, whereas our study suggesgsst association at age 1% year. Many
previous studies have reported that sensitizatidrotise dust mite is related to asthma and
wheezing**#?* We only find a non-significant trend of assocatbetween pattern 4(
pteronyssinus) and asthma, and in the multivariate model, patewas not driving the

association between sensitization and asthma either
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A British study of 1,053 unselected 8-year-old dieh (Manchester Asthma and Allergy Study
— MAAS)? found a highly significant association betweersgération to house dust mites and
asthma with an almost double effect size comparexnit findings. We speculate that this
discrepancy originates from COPSAC being a higk-czhort with children from atopic
mothers, as the association between pattern 4sthcha based on all data in BAMSE yields
results on par with the ones reported in MAAS.

When examining the patterns revealed in our sttigyre is a striking biological resemblance
between the allergens with respect to componeatstinstitute the allergens and the common
protein-groups represented in each pattern. Tleegalhs in pattern 1 (cat/dog/horse) comprise
components that are both lipocalins (Can f 1, B;4£qu c 1, 2 and Fel d 4) and albumins (Can f
3, Equ ¢ 3 and Fel d 2). Similarly, the allergampattern 2 (timothy grass/birch) comprise both
profilins (Bet v 2 and Phl p 12) and polcalcins {Bel and Phl p 7). Allergens of pattern 5
(peanut/wheat flour/mugwort) comprise componerss éine nsLTPs (Art v 3; Arah 9 and Tri a
14), pattern 6 (peanut/soybean) comprises both@RAra h 8 and Gly m 4), legumins (Ara h 3
and Gly m 6), and vicilins (Ara h 1 and Gly m 5ahe allergens in pattern 7 (egg/milk/wheat
flour) comprise components that are aloumins (B6sadd Gal d 5) except for wheat flour.
Although the components have biological resemblameach pattern, this cannot alone explain
the clustering of the allergens, since they neextdes-react to explain the patterns. The
lipocalins that could be part of pattern 1 (cat/tiogse) are known to cross-reéctvhich is also
apparent for polcalcins and profilins that couldstitute pattern 2 (timothy grass/birthy’. PR-
10s are highly cross-reactifavhich could explain the clustering in pattern 6gput/soy bean).

Some nsLTPs also cross-rédcbut the albumins of pattern 7 (egg/milk/wheatifioare not
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known to cross-react. This biological interpretatad the patterns is only speculative, and would
need verification by component resolved diagnostics

The association between rhinitis and all patteritls imhaled allergens was expected, whereas
the association between rhinitis dodd pattern 6 (peanut/soybean) might also be expldiyed
cross-reactions as the Bet v 1 (from birch) reléoed allergen components in soy (Gly ni%)
and peanut (Ara h are all PR-10 proteins.

We propose the existence of a common epitope apaiterns of different allergens, which most
likely can be enlightened by examining allergen poments. However, not all the patterns we
found can be explained by cross-reactions andgalfecomponents suggesting that other host,
genetic, or environmental factors could also infleee clustering of allergen specific sensitization

during early childhood.

Conclusion

This study utilized a clustering method for thremehsional data structures to extract distinct
temporal patterns of sensitization while clustemtigrgens and children. These results suggest
the presence of several distinct sensitization ptyges during childhood defined by type and
number of involved allergens, age at debut, angteadl development. The latent patterns
showed differential associations with disease ssigjggthey represent biological meaningful

and clinically relevant sensitization phenotypes.
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Figures

Figure 1: Positive registrations in relative frequencyluf L3 allergens at the four age-points

Figure 2: Pairwise comparison of latent patterns betweerQ®PSAGq,data (grey) and the
BAMSE data (black), showing groups of specific mkn patterns that follow a similar profile in
both time and participanté. (upper panel): unit norm sensitization patterrdings (x-axis
describes loading magnitud®) (lower panel): time-development pattern loadingsXis

describes loading magnitude).

Figure 3: Association between sensitization patterns aimitel outcomes for COPSAgy, data
(n = 398) (black) and for children of asthmatic het for BAMSE data (n = 282) at 4 years
(light grey) and at 8 years (dark grey). For asttamé rhinitis the comparison is done with
logistic regression and for eczema in COPS#éby Cox regression and in BAMSE by logistic

regression.

Figure 4: Age dependent associations between patternslianchtoutcomes shown as OR / HR
(black line) with Cp o5 (dotted line) in COPSA%500 Some estimates for pattern 1-5 at age Y2y
and 1%2y are omitted due too low number of postimesitization registrations for the particular
pattern. Included are the association results basele clustering from all time points (black

star with error bars).
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Tables

Table 1: Baseline characteristics in the COPSAgand BAMSE cohorts.

Gender, male (%)
Smoking (last trimester), yes (*

SOCIOECONOMIC FACTORS
Household income
High/Average/Low

(% Low)

Mother’s education in COPSA
University/Medium/At most college
(% At most college)

Mother’s education in BAMSI
Higher and Medium white/Lower white/Blue collar
worker

(% At most Blue collar worker)
ATOPIC PREDISPOSITION
Mother

Asthma, yes (¥
Allergic rhinitis, yes (%
Atopic dermatitis, yes (%

ATOPIC PREDISPOSITION
Father

Asthma, yes (¥

Allergic rhinitis, yes (%
Atopic dermatitis, yes (%
ALLERGEN EXPOSURES
Dog in the home, yes (¢

Cat in the home, yes (¢

COPSAC

BAMSE ast”

BAMSE all

N=398

199 (50%)
59 (15%

90/183/11!
(30%)

52/100/24
(62%)

NA

398 (100%
310 (78%
192 (48%

74 (19%
142 (37%
54 (14%

52 (13%
60 (15%

N=282
156 (55%)
31 (11%

NA

NA

126/57/6E
(26%)

282 (100%
181 (64%
92 (33%

18 (6.5%
44 (16%
25 (9.1%

17 (6.0%
20 (7.1%

N=3045
1554 (51%)
280(9.2%

NA

NA

1408/683/67
(24%)

282 (9.3%
550 (18%
521 (17%

239 (7.9%
518 (17%
362 (12%)

147 (4.8%
296 (9.7%

*Children born to mothers with asthma in the BAMSEart
* High is defined as a total income > €80,000, agerfrom €50,000 to 80,000, low is < €50,000
~ Lower white=2 years or less at a higher educafibedium and High white=At least 3 years at a highe

education
$> 1 cigarette/week
€ First year of life
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M ethods

Clinical Outcomesin BAMSE

Asthma in BAMSE was diagnosed by questionnaire arthan 3 episodes of
wheeze in the last 12 months and/or; at leastdodpiof wheeze in the last 12
months, combined with prescription of inhaled st#sdor symptoms of asthma for

both the 4- and the 8yrs data.

Rbhinitis in BAMSE was diagnosed by questionnairgeyaptoms from eyes/nose
(suspected or evident) after exposure to furred pepollen (after age 2yrs) and/or
doctor’s diagnosis of allergic rhinitis after 2 yeand up to age 4 years for 4yrs data,
and symptoms of sneezing, a runny or blocked ras&hy, red and watery eyes
after exposure to furred pets or pollen (from agedrs) and/or doctor’s diagnosis of

allergic rhinitis from 4 years and up to age 8 gdar 8yrs data.

Eczema in BAMSE was diagnosed by questionnairgyaskin in combination with
itchy rash for 2 weeks or more at typical localizat(face or arms/legs extension
surfaces or arms/legs flexures or wrists/ankleaufles) in the last 12 months and/or
doctor’s diagnosis of eczema after age 2- or 4syeprto age 4- or 8 years for

diagnosis at 4yrs and 8yrs respectively.
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Data Analysis

Nonnegative Sparse PARAllel FACtor analysis

Let X be a tensor of sizey(m, p), wheren is the number of samples (childrem)js

the number of time points ampds the number of allergens. TNennegative Sparse
PARAIllel FACtor analysis (NNS-PARAFAC) method aimsapproximating the
observed datax() with a sum of rank-one tensors in a similar fashas principal
component analysis for data organized in a mativat leads to the main objective in

equation E1
miny g (||X - ACCOB)T[") (E1)

WhereX (n, mp) is an unfolded version of, A (n, k) is a factor matrix related to the
samplesB (m, k) is a factor matrix related to the time points &h(p, k) is a factor
matrix related to the allergen®) is the so called Khatri-Rao product of two matice
and||-||2 is the squared frobenius norm (sums of squaresaail the matrix
elements). The main objective (E1) can be modtieefilfill certain constraints on
the parameterg\, B andC). In our case, that amounts to non-negativityalbfactor
matrices, as well asla sparsity constraint on the columnsfThis leads to the

constrained problem in equation E2.
. T _ T 2
min (|I% - acOB[l;)
subject to (E2)
Aj=20Vij;B;=0Vij; Cj=0Vij

|Ci.|1 SK'l'Vi = 1,..,k
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Where|C; |, = Z§?=1|Cl-j| is the so-calledl; norm or Manhattan norm anmgl is a

scalar tuning parameter.

Factorization and bi-/co-clustering

The incorporation of sparsity via non-negativityahelL; norm constraint yields a
sparse solution. The samples corresponding todimponent wise non-zero elements
of A forms a cluster, as these samples actively suggstirhation of the datay,

while the samples with elements equal to zero dogsand are therefore acting as a
reference cluster. Further, as each componentde mja from ingredients reflecting
both samplesX), time-points B) and allergens), where the latter is also sparse,
clustering is obtained on both samples and allergenultaneously leading to the
notion of co-clustering, where a subset of the dasfchildren) are active (non-
negative score values &) with respect to a subset of the allergens (nayatiee

loading values irC).

Algorithm

Estimation of the factor matrices is done by aking least squares, where each
factor matrix (sayA) is updated conditioning on the current estiméti® other

factor matrices (sag andC). This procedure is repeated until the parameter
estimates remain stable. In contrast to otherraterg procedures, the algorithm
optimizes the entire set kicomponents, as opposed to one component at a time
followed by deflation of the data. The main objeet(E1) is not convex, and as such

a solution might not necessarily be the globalropth. Therefor a range of models
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with different initial parameter guesses are prediuand compared. The one with the
lowest error that is found several times from 1&@dom starts is considered as the

solution. The algorithm is available through wwwadets.life.ku.dk/algorithms

Prediction of a new sample

Let X* be a new sample (a matrix of sizg, ), wheremis the number of time points
p is the number of allergens), andBe{m, k) andC (p, k) be estimated factor
matrices. Then a corresponding new set of parastéd, k) is estimated by

solving the following objective.
. fy> _ T 2
min (||%* - a*(COB)"|[,)
subject to (E3)
a*i >0Vi= 1,..,k

WhereX* (1, mp) is an unfolded version o¢*. Similarly, if B (the time profile factor
matrix) is not fixed, and hence should be estimagskd on the new data, this matrix
is left as variable within the objective. The algan for this procedure follows from

the above, excluding update of fixed factor magice

Data Preprocessing
The data are initially scaled across allergenshbyirtverse of the square root of the
sum of the number of positive registrations. Tloalieg up weights allergens with

few positive registrations and down weights thogt& wany positive registrations.

Model tuning
This model has tuning parameters in relation tosfasity constraintsc() and the

number of components. The sparsity constraintestismated by Bayes Information
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Criterion for each component separately, balantitr{ghain loss as in equation E1)
and degrees of freedom, which is set to the nummbeon-zero parameters. The
number of components is selected based on compawadgls with varying numbers
of components, and judging i) additional variatexplained from inclusion more

components as well as ii) component interpretabilit

Post hoc clustering at each time point

The NNS-PARAFAC model reveals clusters of childcemnering the entire age span.
However, as we are interested in the age whersahsitization penetrates with
respect to the clinical outcome, the model is usexuster the children at each time

point. This is done by estimating the objectivequation E3.
min(l|X; — AC"lI7)
subject to (E3)

Ay=0Vij

WhereX; (t =2y, 1%y, 4y, 6y) corresponds to data from titvidual time points,
A is the corresponding factor matrix a@ds the estimated factor matrix from the
NNS-PARAFAC model as described in equation E2.this. model estimates the

clustering of the children in accordance with thedefined allergen profiles.

Script
Below is shown the code for preprocessing the @aid running the NNS-PARAFAC
model with multiple random starts. Be aware theg fleript works generically for

both datasets.
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% INPUT: X (n,p,q) - threeway data structure with d icotomized (0,1) sIgE
registrations

% for q = 13 allergenes, across p = 4 timepoints wi th n = (398 /3051)
% children

% 1) scale data
% Scale to equal sum across all variables!
sumX = nansum(reshape(permute(X.data,[3 1
2]),size(X,3),size(X,2)*size(X,1))");
Xsc = X;
for i=1:size(X,3);
scl(i) = (L/sqrt(sumX(i)));
Xsc.data(:,:,I) = X.data(:,:,i)*scl(i);
end

% 2) model settings

[1,3,K] = size(X);

sumabs = [sqrt(l) sqrt(J) -1];
nonneg = ones(3,1);

orth = zeros(3,1);

% 3) multiple starts

for i=1:100;
m = nnsparafac(Xsc.data,7,sumabs,nonneg,orth);
M{i} = m;
SSE(i) = m.sse;

end

% 4) Check model convergens
hist(SSE)

% 5) select best model
[~, id] = min(SSE);
model = M{id},

Verification

The NNS-PARAFAC model is an unsupervised singleblimodel, meaning that the
model is build without focus on predicting an outw® and is consequently not prone
to over fitting. In this application, we utilizegHact that the NNS-PAFARAC model
is mathematically unique (up to component permaitdtivhich implies that two
models obtaining the exact same loss in equatigreéisequently has the same
parameter estimates. We use this to validate thegah patterns by estimation of a
model on independent data (BAMSE) followed by &clicomparison of the
parameter estimates. Further, the comparison witltal endpoints is done using
similar methodology between the two cohorts. Adudiélly, we also used the
estimated model based on the COPg#¢tlata to individually predict the clustering

of each child from the BAMSE data by the methodcdbesd above ifPrediction of a



158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

new sample and reference this clustering towards the clusjeoesed on the BAMSE

data alone using Cohen’s kappa as measure of agntem

Robustness testing

In order to access the robustness of the pattsuitseowards random and specific
changes in study population as well as compliancéhie sensitization data three
strategies were pursued. 1) Based on maternalgpesition towards asthma, rhinitis
and eczema the cohorts were split into all possiblebinations revealing four
groups in COPSAC and eight groups in BAMSE. Eacthe$e stratums was used for
building a seven-component pattern model with Hraessettings as for the model
based on all data. These models were comparedivétmodel based on all data. I1)
The results were tested for robustness towardomanmkrturbations of the study
population by applying a bootstrap scheme for ramdelection of children followed
by model estimation and comparison with model bardhe entire dataset. Ill) In the
COPSAC cohort n = 252 children has complete follgpawith respect to sensitization
data. Based on these samples a model was estiaredezbmpared with a model
based on the entire dataset. The comparisons watkicted using pairwise

Pearson’s correlations between allergen loadings.

Multivariate regression

In addition to associating the extracted sensibngbatterns one-by-one towards the
clinical outcomes, a multiple regression modehigestigated. Initially, all the seven
dichotomized pattern scores are used in one mdded.model is modified by

backward elimination to only include the signifitgm< 0.05) patterns.
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Results

Compliance

Of the 398 children included in this sty@®p (6.3%) only contributed with data from
a single time point, while 51 (12.8%) and 70 (17)&#ntributed with data from two-
or three time points respectively. 252 (63.3%)dreih have complete follow up from
6 month to 6 years with respect to specific IgEad#thile the longitudinal trends
demands longitudinal data, clustering of the adesyobtain support from all
measured information including cross sectional gatats. Therefor all data (n =

398) were included in the further analysis.

Specific IgE data
The registered levels of sIgE in the COPSfgcohort are shown iRigure EL. In
total 4653 samples (out of 17,420 registrationgygPobtained a value larger than

Zero.

Abundance of allergens in COPSAC,00 and BAMSE

In an allergen wise comparison of abundances betieeCOPSAgyand BAMSE
cohorts at age 4yrs, the only significant diffeefhevere sensitization agairit
pteronyssinus (higher relative abundance in COPS#Aég p<0.0001), cat (lower
relative abundance in COPSAfs p=0.02) and molds (higher relative abundance in

COPSAGuo0 p=0.01) Figure E2).

Abundance of Sensitization Patternsin COPSAC,0 and BAMSE
The abundance of the seven sensitization pattetrecéed from COPSAfg. and
BAMSE are shown ifrigure E3. In general, a higher abundance is registered in

BAMSE, especially when stratifying on maternal aséh Pattern 3, 5 and 7 in
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COPSAGoeand BAMSE respectively are, however, not signifibadifferent (p >

0.06) in abundance when stratifying on materndiraat

Pattern verification in BAMSE

Table E1 shows the Cohen’s kappa agreement for each &fethen patterns between
clustering of the children based on a model buldCOPSAGqy, data and a model
build on BAMSE data. Pattern 1, 2, 4, 5 and 7 argaod agreement between the two
clustering procedures ¢ 0.74), whereas especially pattern\Blds) is in poor
agreementi = 0.36). This lack of agreement derives from the BAMSodel having

a total of nine allergens active for this componastopposed to the COPSA6

model with only a single allergeMplds) which results in a 4 fold higher number of

cases.

Robustness of Sensitization Patterns

The effect of maternal predisposition (asthma, e@and rhinitis) was investigated
on the sensitization prevalence, as well as th®lsyeof the patternsFigure E4

shows the sensitization frequency as function lefgén, and maternal predisposition.
Obviously, predisposition boosts the prevalenceeoisitization, where especially
dermatitis promotes sensitizatidfigure E5 shows the pattern agreement between a
model estimated on the entire data (within eaclodpland models stratified for
maternal predisposition. In general, the agreensegmwod (medianr = 0.75 —
BAMSE, medianr = 0.65 - COPSAC), however, fotgrat 3 in BAMSE

(dominated by molds) there is in general poor agesg. Molds is also one of the
least frequent allergens the children were seesitia (~1%), and reducing sample
size therefore severely reduces data support fuudag this pattern. In conclusion,

the sensitization patterns seem robust towardsgeisain population, such that

10
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maternal predisposition induce a change in seasibiz prevalence, but not in the
patterns of co-occurrencé&he only requirement for model estimation is adarg

enough sample size in order to have data suppotthédeast common allergens.

Figure E6 shows the robustness of the sensitization pattemards random changes
in the study population, as pattern wise corretegtibetween the bootstrapped models
and original model estimated on both cohorts. TR#*SAC model reveals on
average the model is very robustefan> 0.94 for all patterns). However the
estimation of pattern 2, 5 and 6 are prone to casungpopulation as up to 10% of the
bootstrapped models obtain r < 0.8 for these patemhe larger BAMSE cohort is
very robust in terms of random population changess>a0.90 for all patterns, all

repetitions.

Figure E7 shows the robustness of the sensitization patfesnsan analysis only
including children with complete follow up from 6amths to 6 years with respect to
sIgE data (n = 252). These results indicate rolasstiowards changes in inclusion
criterion. The association results between therspatterns and the three clinical
outcomes are likewise robust towards this changecinsion criteria (results not

shown).

Multivariate regression models

Based on the COPSAgodata, a multivariate model with asthma at sevemnsy@as
reduced to only include pattern 1. A multivariatedel predicting rhinitis at seven
years consisted of two significant patterns, narpalyern 2§ = 0.03) and pattern 4
(p = 0.005). For time to onset of eczema, the signitipatterns were found to be
pattern 119 = 0.02) and pattern 2E 0.006) (sed able E2-4). Results based on

BAMSE data confirms pattern 1 as important for prg asthma and eczema, and

11
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pattern 4, and to some extend pattern 2, relewargrédicting rhinitis. However,
especially the BAMSE models based on all availdbala 6 = 2604) suggest

additional patterns to be important.

Adjustment for comorbidity

Of the three outcomes, only asthma and rhinitisaaseciatedp(= 0.01) and hence
possibly confounds one another in the associataiyais towards the sensitization
patterns. When adjusting the association towantgichfor asthma the results are
unaffected, whereas the pattern-wise associatitmagthma attenuates when

adjusting for rhinitis (se@able E5 — based on COPSAg0).

Figures

Figure E1: Registered levels of sIigE in the COPSAdgcohort (log transformed).

The green line indicates the dichotomization thoés0.35 kUL/L.

Figure E2: Relative abundance of 13 allergens matched at#syof age from the

COPSAGo cohort (n=296) and the BAMSE cohort (n=2604).

Figure E3: Abundance (relative number of children) in eaattgrn. BAMSE (all)
refer to the total cohort (n=3051) and BAMSE (ma&érasthma) refer to the strata

with children of asthmatic mothers (n=282)
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Figure E4: Prevalence of sensitization as a function of nmalepredisposition. The
frequencies are any positive registration acrostttire time course divided by the

total number of children within each subgroup.

Figure E5: Pattern agreement (Pearson’s correlations) betaewodel build on all
samples and models build on samples defined byrnateredisposition. Numbers in
parenthesis refer to total n within strata and nemnadb samples with at least a single

positive (>0) slgE registration.

Figure E6: Bootstrap results based on the COPgf¢lata. Each of 100
bootstrapped models is compared to the model basatl data, by assessing the

correlation between the individual patterns.

Figure E7: Comparison of COPSAfGo NNS-PARAFAC models based on children
with complete follow up (black - n = 252) and chhédd with at least a single
sensitization data point (grey - n = 398).Allergen profiles-, and: age trajectories

for the seven patterns.

Figure E8: Association between sensitization patterns amicel outcomes for
COPSAGqdata (n = 398) (black) and BAMSE (n = 3051) ddté gears (light
grey) and at 8 years (dark grey). For eczema flieetedize is registered as hazard

ratios in COPSA&y0and odds ratios in BAMSE.

13
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298 FigureE9: Size of clusters at each time point, as welllesnae points.
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299

Tables

300 TableEl: Agreement (Cohen’s kappa + SE) between clusterirghildren in

301

302

303

304

305

306
307
308

309

310

BAMSE based on either COPSAdg model or BAMSE model.

N (COPSAGgemodel) N (BAMSE model)| Cohens kappa#{ SE)
Pattern 1 505 (17%) 429 (14%) 0.90£0.01
Pattern 2 577 (19%) 649 (21%) 0.92+0.01
Pattern 3 69 (2%) 289 (9%) 0.36 £ 0.04
Pattern 4 121 (4%) 121 (4%) 1.00 £0.00
Pattern 5 442 (14%) 463 (15%) 0.74 £0.02
Pattern 6 504 (17%) 345 (11%) 0.58 +0.02
Pattern 7 489 (16%) 556 (18%) 0.87 £0.01

Table E2: Multivariate models (OR [Gh2s Clo.g7q) of asthma in COPSAGooo

children of asthmatic mothers in BAMSE, and alldren in BAMSE estimated by

backward elimination.
COPSAGqm0 BAMSE
Asthmatic
mothers Asthmatic mothers (n = 282) All (n = 2604)
(n =398)
Age 7 yrs Age 4 yrs Age 8 yrs Age 4 yrs Age 8 yr
Pattern 1 3.32 ns 5.28 2.15 3.91
[1.53;7.20] [2.42;11.50] | [1.49;3.10] | [2.71;5.62]
Pattern 2 ns ns ns ns ns
Pattern 3 ns ns 3.76 1.69 2.65
[1.55;9.11] | [1.14;2.51] | [1.80;3.89]
Pattern 4 ns ns ns ns ns
Pattern 5 ns ns ns ns ns
Pattern 6 ns ns ns ns ns
) 2.25 1.67
Pattern 7 ns 2.89 [1.02,8.113] ns [1.38:3.66] | [1.00:2.79]

Pattern 1= cat/dog/horse, pattern 2= timothy gbass$y, pattern 3= molds, pattern 4=
house dust mites, pattern 5= peanut/wheat flounmoug pattern 6= peanut/soybean,

pattern 7= e

gg/milk/wheat flour.

ns = marginal non-significanp & 0.05)
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311 Table E3: Multivariate models (OR [Gh2s Clo.o79) of rhinitisin COPSAGooo,
312 children of asthmatic mothers in BAMSE, and allldtegn in BAMSE estimated by

313 backward elimination.

COPSAGqn0 BAMSE
Asthmatic
mothers Asthmatic mothers (n = 282) All (n = 2604)
(n =398)
Age 7 yrs Age 4 yrs Age 8 yrs Age 4 yrg Age 8 yrs
7.19 2.98 3.81
Pattern 1 ns 4.18[1.85:9.42] 3 »8.15 76] | [1.99:4.45] | [2.69:5.40]
Pattern 2 2.92 ns 3.05 ns 1.44
[1.51;5.64] [1.36;6.80] [1.03;2.02]
Pattern 3 ns ns ns 194 1.42
[1.16;2.24] | [1.01;1.99]
Pattern 4 349 ns ns 1.68 /.06
[1.62;7.51] [1.15;2.47] | [4.83;10.33]
Pattern 5 ns ns ns ns ns
Pattern 6 ns 2.47 [1.03;5.95] ns [1_423'?20_81] [1_212';7;52]
Pattern 7 ns ns ns ns 0.49
[0.30;0.81]

314 Pattern 1= cat/dog/horse, pattern 2= timothy gbass$y, pattern 3= molds, pattern 4=
315 house dust mites, pattern 5= peanut/wheat flounmouty pattern 6= peanut/soybean,
316 pattern 7= egg/milk/wheat flour.

317 ns = marginal non-significanp & 0.05)

318 Table E4: Multivariate models (HR / OR [Gb2s Clo.97q) of eczema in COPSAGooo,
319 children of asthmatic mothers in BAMSE, and alldten in BAMSE estimated by
320 backward elimination in a cox model (COPS#4$9 and logistic regression model

321 (BAMSE).

COPSAGq BAMSE
Asthmatic
mothers Asthmatic mothers (n = 282) All (n = 2604)
(n = 398)
Cox model Age 4 yrs Age 8 yrs Age 4 yrs Age 8 yrs
Pattern 1 1.60 ns 2.17 1.58 1.74
[1.00;2.55] [1.16;4.04] | [1.14;2.19] | [1.22;2.50]
1.66
Pattern 2 [1.11:2.50] ns ns ns ns
1.49
Pattern 3 ns ns ns ns [1.09:2.04]
1.89 1.49
. D
Pattern 4 ns 2.37[1.37;4.12] ns [1.43:2.50] | [1.08:2.06]

16



322
323
324

325

327

328

329

326

Pattern 5 ns ns ns ns ns
Pattern 6 ns ns ns 1.56 ns
[1.16;2.10]
Pattern 7 ns ns ns ns ns
Pattern 1= cat/dog/horse, pattern 2= timothy gbass$y, pattern 3= molds, pattern 4=
house dust mites, pattern 5= peanut/wheat flounmou pattern 6= peanut/soybean,
pattern 7= egg/milk/wheat flour.
ns = marginal non-significanp & 0.05)
Table E5: Association between the different patterns okgeation and clinical
outcomes in COPSAfge The outcome by pattern frequency is relativéhertumber
of children within the sensitization pattern witlitcome registration.
PATTERNS®
Entire 1 2 3 4 5 6 7
cohort
Animal Other airborne Mixed Food
N (%) 398 40 (10%) | 57 (14%) | 12 (3%) | 39 (10%)| 45 (11%) | 61 (15%) | 108 (27%)
Asthma 7yrs
n (%) 47 (14%) | 12 (32%) | 11 (20%) | 3 (25%) | 9 (24%) | 9 (21%) | 8(14%) | 15 (16%)
OR, CI 33 1.5 2.0 1.9 1.6 0.9 1.1
[1.5;7.2] [0.7;3.3] [0.5;7.5] | [0.9;4.4] | [0.7;3.7] | [0.4;2.1] | [0.6;2.2]
aOR* Cl 2.2 0.9 0.9 1.1 1.5 0.7 0.8
: [0.9;52] | [0.4,21] | [0.2;4.7] | [0.4;2.8] | [0.7;3.7] | [0.3;1.7] | [0.4;1.6]
Rhinitis 7yrs
n (%) 105 (36%) | 23 (66%) | 30 (61%) | 7 (70%) | 24 (67%)| 20 (50%) | 26 (52%) | 38 (45%)
OR, CI 4.0 35 43 43 1.9 2.2 1.7
[1.9;8.6] [1.8;6.6] [1.1;17] [2.0;9.0] | [1.0;3.8] [1.2;4.1] [1.0;2.8]
aORA™. ClI 3.7 3.7 4.3 4.1 1.9 2.3 1.8
' [1.7;8.1] [1.9;7.2] [1.0;18] [1.9;8.7] | [0.9;4.0] [1.2;4.4] [1.0;3.1]
Eczema7yrs | 177 (52%)
n (%) 27 (71%) | 39 (70%) | 9 (75%) | 18 (50%)| 27 (64%) | 36 (62%) | 59 (60%)

17




HR, CI 2.3 2.3 2.5 1.1 1.6 1.7 1.6
[1.5;3.4] | [1.6;3.3] | [1.3;4.8] | [0.7;1.8] | [1.1;2.4] | [1.2;2.5] | [1.1;2.1]
330 °®Pattern 1= cat/dog/horse, pattern 2= timothy doash, pattern 3= molds, pattern 4= house dust
331 mites, pattern 5= peanut/wheat flour/mugwort, paté= peanut/soybean, pattern 7= egg/milk/wheat
332 flour
333  * Adjusted for rhinitis 7yrs
334  ~ Adjusted for asthma 7 yrs
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