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Abstract

Background: Epidemiological evidence suggests that routsaecinations carhave non
targeted effects on susceptibility to infecsand allergic diseas&uch effects may depend
on age at vaccination, araddelay inpertussis vaccation has been linked tceduced risk of
allergic disease/Ve aimed ¢ test the hypothesis thdelay in vaccines containirdiphtheria-
tetanusacelullar/pertussis (DTaR$ associated witlmeduced risk of food allerggnd other
allergic disease

Methods: HealthNuts is a populatiebased cohort in Melbourne, Australia. 12 mealth
infants vere skin prick tested to canon food allergens, and sensgtizinfants were offered
oral food challengeto determine food allergy status. this data linkage study, geination
data for children in the HealthNuts cohort were obtained from the Austr@hgdhood
Immunisation RegisterAssociatios were examinedetweenage atthe first dose oDTaP
andallergic disease

Results:1090f 4433children (2.5%Yeceived the first dose @&fTaPone month late (delayed
DTaP) Overall,delayedDTaP was na associatedvith primary outcomes ofood allergy
(adjusted ‘odds<ratio (aOR).77 95% CIl 036-1.62 p=049) or atopic sensitation (aOR
0.66 95% (10:35-1.24, p=0.19)Among secondary outcomeselayed DTaP was associated
with reduced eczemaa@R 0.57 95% CI 0.34-0.97 p=0.094 andreduceduse ofeczema
medication(aOR 0.45 95% C10.24-0.83, p=0.01).

Conclusions:There was naoverall association betweedelayedDTaP and food allergy
however childrerwith delayed DTaP had less eczema and less use of eczema medication
Timing ofroutineinfant immunkations mayaffect susceptibility to allergic disease

Study registration: This observational study was registered WAINZCTR, trial ID
ACTRN12614001193662.
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I ntroduction

The prevalence of food allergy is risimgindustrialiZd countrieandMelbourne, Australia

has the highest.reported prevalencelifdhoodfood allergyin the world(1). While some
environmental_factors have been clearly associated with protection against food allergy,
including elder siblings, petewnership,timing of introduction of allergenic food2), and
vitamin D sufficiency(3), thecauses for thencreasng prevalence of food allgy arelargely

unknown.

Thereis evidencethat immuniations given early in life have the potential to deviate the
immune system‘toward a more, or less, allergic phenoBgalle CalmetteGuérin 8CG),

the live-attenuated tuberculosis@ccine, has been associated with protection agaliestic
diseasg4)/and randomized trials are ongoing to test this associéoin contraststudies

of the associations betwednactivatedpertussisvaccinesand allergic diseaskave shown
conflicting resultswith statistical heterogeneit{-9). The only randomised trial of pertussis
vaccine_and allergy compared both whole cell and acelullar pertussis vaccines against a
diphtheriatetanus control vaccine and found large differences ieczema or other allergic
diseases at age 2 % yeétf). However this study did not include an unvaccinated control
group. F other, components (diphtheria or tetanus toxoids or adjgyamntribute a
biological effect on allergic disease, takility of the randomised trial to detect differences

between vaccine groups may have been limitéy (

Two otherimportant issuemightimpact on these previoudbservationastudies of pertussis
vaccine. First, confoundingnay occur due to factors associated with receipt or refusal of
vaccination. Second, heterogeneity of vaccination timing may lead to heterogerstitgy
findings; as the age of exposure tbe immune modulaing effects of vaccinesnay be
important forthe resulting immune phenotyé?2). Five studies havenvestigatedage of
pertussis vaccation and allergic diseas€9, 13-16), with three suggesting that delayed
vaccination isprotective againsasthma(15), hay fever(13), and atopic sensitaion (14),

and two studies showing no association between timing of pertussis vaccination arad asthm
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(9, 16)or eczemg16). Fourof these studiemvestigated the whole cell pertussaccine no
longer used imost industrialized countrigd3-16),only one investigated eczeni®6), and

none investigated food allergy.

The HealthNutscohortis a mpulationsample ofone year oldinfants recruited to study
prevalence andsk factors for food allergy17). By linking with vaccination data from the
Australian“Childhood Immunisation Regist&CIR), the HealthNutsohortwas utilizd to
test the hypothesis that a delay in the first difsenacelullarpertussiscontainingvaccineis
associated_with reduced prevalence of food alleegzema, wheezer bronchiolitisin the
first year of life.

M ethods

1. The HealthNuts Cohort

The HealthNuts cohort is comprised 5276 infants who were recruited at imnzation

clinics acress Melbourne, Australia between 2007 and 2Q¥1 18). Parents provided
written informed consent, completed an extensive survey of demography and history of
allergic diseases, and their infants were examined for eczemadadvent a skin prick test
(SPT) ta common childhood food allergens (whole hen’s pggnut, sesame, and shellfish

or cow’'s milk)«(2). Children with a SPT reaction to any allergen (SPT>heai after
subtracting the negative control) were invited to attend the oral food challengé32i®iout

of 1089 (85%) sensitized children attended) along with a random sample of SPT negative
cortrols (n=218, approximately 19% of the cohort who received oral food challenges).
used 1mm as the criterion for invitation to the oral food challenge clinic to ensurddrerchi

with potential food allergy were missdd.the oral food challenge clinBPTs were repeated,
blood samples were taken for specific IgE, and infants were given oral food challétiges

each food'to.with they were sensitiz€d8).

2. Immunizatien exposur es and Data linkage

Over the_birth years of the cohort, the Australian National Immunisation Progtaedge
included a birth.dose of hepatitis B vaccine followed by diphtkietiausacelulbr pertussis
vaccine(DTaP)at two, four and six months of ggesually as part of Infanrix Hexa® (GSK,
Boronia, Victoria, Australia) also containing inactivated polio vaccine (IPV), hepatitis B

vaccine and Haemophilus influenzae type b vaccine (Supplementary Figérel3valent
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pneumococcal conjugate vaccine (PGWd oral rotavirus vaccinatiomas alsousually ce
administered. In Australiall childhood immuniations are recorded the ACIR

Children were eligible for the present study if they remained in the HealthNuts cohort with
up-to-date contact detaila May 2014 A letter was sent to the parents of all eligible children
outlining the details of the study. Unless parents opted outpdatautine vaccinationsere
sought from ACIR between October 2014 and March 2015. Children were matched on first
name, surname and date of birth with or without postcode; only definite matches were
included All children who received acelullar pertussis vaccine also received diphtheria and
tetanus components; thus the agérat dose of DTaP was considered frémary exposure
irrespective’ of other vaccines-administeredDelayed DTaP was defined as the first dose
given after 90"days of ag@®ne month latephs per the Australian National Immunisation
Program Children with missing data for the first dose of DTaP but with data for subsequent
doses (n=46) were excluded from the primary analyses, as it was likely these children
received prior doses of DTaP at an unknown time. Vaccination data was available from
personal records for eight of these 46 children as part of HealthNuts age six fpllow u
(currently underway), all of whom received a dose of DTaP prior to the first dasdedon

ACIR (sevenwere vaccinated-time and one @as delayed).

3. Allergic Disease Outcomes

Primary outcomes

Food allergy: Children were classified as food allergic if they had a SPT witeain (after
subtracting the negative control) or specific IgE > 0.3%/AkUat the oral food challenge
clinic visit and_any of the following within two hours of oral food ehdileage:

concurrent, noncontact urticaria lasting five minutes or more; perioral or periorbital
angioedema,..vomiting; or circulatory or respiratory compromise. Only children with
reactions toegg, peanut and sesame were considered food allergic for this analysis since
challenges:were not performed for cow’s milk and shellfish. Children were also deemed food
allergic (without performing oral food challenges) if they had a positive SPT amtfiared
reaction to egg,within the past one month, or to peanut or sesame within the past two months
(2). Children with a positive food challenge but negative SPT and specific IgE < 03B kU
(Figure 1) were excluded from the food aller@nalyses because it was unclear if they had

IgE mediated food allergy.
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163  Atopic senditization: All children with a SPT wheabmm (after subtracting the negative
164  control)to egg, peanut or sesame at the community clinic were classified as having atopic
165  sensitiation.

166

167  Secondary outcomes

168 Eczema: eczema was defineds established diagnosis by a doctor with associated use of
169 treatments (medications, topical steroids or moistusizor eczematous rash observed by a
170  trainednurse at the time of recruitmer@hildren who were diagnosed with eczema before
171 three months of age (prior to first scheduled vaccinations plus one month window period)
172  were excluded/as eczema in these children, wgsdefinition unrelated to vaccination

173 (n=313, 21%//f1474hildrenwho otherwise met criteria for eczema); thus onset of eczema
174  was between three and 12 months of age.

175

176  Eczema medication: Use of eczema medication was parent reported and included oral
177  medication.or topical steroidbut not moisturiers)to treat an itchy rasht any time in the

178  first year of.life/Similar to the eczema outcome, children diagnosed with eczema prior to
179  three months of age were excludeain eczema medication analydes224, 19% of 1209

180  children'who otherwise met criteriar use of eczema medicatjon

181

182  Wheeze: ‘Wheeze ever’ reported by parents at one year of age.

183

184  Bronchiolitis admission: Hospital admissions for bronchiolited any time in the first year of

185 life reported by parentst one year of age.

186

187 4. Statistical Analyses

188  Demographic variables were compared between groups using Chi square or-Krabisal

189  tests.The primary analyses were performed using logistic regression to produce odds ratios
190 (OR) for association between delayed DTaP and allergic disease outdduitgariate

191 analyses.were performed adjusting for prespecified potential confounderssex

192  (femak/male)antibiotic usgcategoried asyes/nodue to excess missing data on number of
193  antibiotic courses) daycare attendanc€yes/no) number of siblingq0, 1-2,>3), birth-

194  country of the parent$oth Australian, one or both parents born East Astagr parent born

195 elsewhere) presence of smokers at horfyes/no) and sociceconomic indexes for areas

196  (SEIFA; quintiles)(19). The SEIFA was used to estimate socioeconomic status on the basis
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of postcode(3, 19) due to incompletgparentalincome dataOther potential confounders
(listed and categoriegd in Table 1)were not includedin multivariate model$ecause their
inclusion did not alter angstimateby more than 10%. Aalyses were stratified by sex as-pre
specified in the analysis plan, and\&ld test for homogeneity of effects was performed on
all stratified=analysesA sensitivity analysis was performedesignatingchildren with
indeterminate food allergy status as +adlergic unlesshey hal a parent reported history
consistent'with IgE ediated food allergy at any age or a SPT wheal greater than the 95%
positive predictive valuér food allergy(>4mm to egg or >8mm to peanut or sesame) (20),

in which case they were designated as food alleAgisensitivity analyss for eczema as
performed by including all children regardless of age of eczeagmaisis. To investigate for
reverse causation between eczema and delayed DTaP, a Cox regression model was
constructed including time at risk from birth until age of DTaP vaccination, rachdding

time as exposed from the age of doctor diagnosed eczttreaproportional hazards
assumption was not violated (p=0.30, Schoenfeld residuals).

Children with-missing data on potential confounders were exclfided the multivariate
analysesPvalues less than 0.05 were comsadl statistically significanfThe population
sample siz&f 5000was derivedor recruitment into the originalohort (3).Given that DTaP
data wereavailablefor 4433 children and 102 (6%) had a one month delay in DTaP, the
study ultimately had a power of8l to detect a73% reduction in food allergpssociated
with delayed vaccinatiom the unadjusted analys Satistical analyses were conducted in

Stataversion 11(College StationTexas USA).

5. Ethics and Consent

The protocol for theriginal HealthNuts study was approved by the Human Research Ethics
Committeés.at.the Office for Children, Government of Victoria, the Department of Human
Services, "Government of Victoria, and at the Royal Children’s Hospital, Melbourne.
Approval ferslinkage with immunetion datawas granted by the Human Research Ethics
Committeesat the Royal Children’s Hospital, Melbourne. Writtdarmationwas provided

to parents of'participants with tloption to optout. The methodology, outcomes and analysis
plan for this observational study were registered prior to data linkage with ANZCTR (trial ID
ACTRN12614001193662).

Results
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1. Background and demography

Of the 5276 children included in the original cohort, vaccination data was sought for 4834
(92%)with current contact detajlandcomplete data on vaccinations were available 4&74
(85%) children Figure 1) There were differences between those wéhd without
vaccination=dataavailable including increased prevalence of food allergy and eczema
amongst thoseith availablevaccination data (Supplementary Table 1).

2. Vaccination exposur e and predictors of delayed vaccination

Overall, 4433 out of 4487 (9%6) childrenwere recorded as having receivedirst dose of

DTaP. Of thesechildren, all received at least two doses, and 4402 (99.3%) received all three
doses.Thefirst dose of DTaP was eadministered witHPV in 4415 children (99.6%), with
hepatitisB vaccéine in 4400 (99.3%), with Hib in 44169(8%) (usually aspart of Infanrix
Hexa®), with PCV in 4396 (99.2%) and with rotavirus vaccine in 4173 (94).1

109 children(2.5%) receivedhefirst doseof DTaPone montHhate (delayed DTaR)Median

age of DTaP.was 63 days in the-ttome group and 103 days in the delayed DTaP group
(Table 1).Maccine timeliness improvedomewhatover the period of the study:0/2378
(2.9%) 'of childrenborn before 1/1/2009 had delayed DTaP, whereas 39/2055 )(1bB%
children born.after 1/1/2009 had delayed DTB&ctors associated withelayedDTaP were
older age at recruitmeniack of attendance at chidare, having siblings, smokers at the
home, and never havirftad artificial formula(Table 1) Of these factors, only siblingsas
also associated with food allerggn(inverse associatiop=0.04for 1-2 siblings and p8.001

for >3 siblings) (2)and only smokers at the home was associated with ecammavérse

association, p=0.02)

3. Primary outcomes

There was™norsignificant association betwdelayedDTaP and food allergyadjusted odds
ratio (EOR)=0:77% 95% CI 0.36-1.62 p=049, Table 3. There was naverall association
between_delaye®TaP and atopic sensisiion (Table 3. In the preplannedsexstratified
analysesfemalesterded to have less atopic sengition if they haddelayedDTaP (aOR
0.25 0.061.04, p=0.06, and this association tended to diferent from the association in
males(p for interaction=0.09Table 2).In a sensitivity analysis assuming food allergy status

on the basis of skin prick wheal size amongst those with indeterminate food alléugytista
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264  association between delayed DTaP and food allergy sirmgdar (2OR 0.87 045-1.68,
265 p=0.69).

266

267 4. Secondary outcomes

268  Childrenwith-delayedDTaP had reduced odds of eczema compared to those vaccorated
269 time (aOR0.57;0.340.97, p=0.Q1, Table 3, with a similar magnitude of association in boys
270 and girls (Supplementary Table Zjmilarly there was massociation between delayed DTaP
271  and redueed usef eczema medicationaDR 045, 0.24-0.83 p=0.a, Table 3) In a
272 sensitivity analys, including all children regardless of the age of eczema diagmasie
273  minimal differenceto these estimategeczema:aOR 0.60; 0.370.96 p=0.03 eczema
274  medication” @R 0.47 0.27-0.82 p=0.0@). In post hoc analyses, there were no large
275 differences in "the association between delayed DTaP and eczema amongst subgroups
276 (Supplementary Table 3Yhere was no association betwedoctor-diagnose@czema and
277  subsequent delayed DT¢Razard Ratio 0.98; 0.86.11 p=0.7Q, giving no suggestion of
278 reverse causationThere were no significant associations between delayed DTaP and
279  bronchiolitis.admissionsr wheeze (Table 3).

280

281 Discussion

282  Overall we _found no significant associations betweelelayed DTaP and our primary
283 outcomes of food allergpr atopic sensitiation at one yearf age However wefound
284  children with their first dose ofDTaP containing vaccinedelayed byone-month had
285  significantly reducedeczema andeduceduse of eczema medicatiogven afteraccounting
286 for a varietyof potential confounding factorgdditionally, there was some evidence of a
287  differential associatiorby sex, where@irls with delayed DTaP tended to have reduced atopic
288  sensitization whereas boys did n@ther vaccinations were invariably -edministered
289 including. diphtheria, tetanusPV, hepatitis B, Hib, PCV, rotavirughus if the observed
290 associabnsTare-causal, it is uncleamhether DTaP, another vaccine @combinationof
291  vaccinessrresponsible.

292

293  This study ighe most comprehensivavestigation intovaccinatios and food allergy to date,
294 andthe lack ofoverall association between DTaP tirgirand food allergy is reassuring.
295 Howeverthis study was limited by statisticpower as oly 2.5% of children hadlelayed
296 vaccination considerably fewer than 4.9%und in a 2001Australian cohort (21).This

297 improvement in timelinesmay be specific to the HealthNuts population or may reptesen
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trend over time, especially given that the recent introduction of rotavirasinea has
apparently increased timeliness of otheiadministeredraccineq22).

Other important limitations exisThere was a bias towarg@articipation amongst those with
food allergy-and eczentaus populationisk of allergic diseasewere slightly overestimated

(1). However the overall participation rate was high, and there is no reason to suggest that
this participation bias would have affectedr analysis of vaccination timin@ver 20% of
eczema cases were excludiee to having a diagnosis of eczema prior to age of scheduled
vaccination, thus theczemaesults presented here pertainly to eczema between three and
12 months,of agelmportantly,our primary objective was to study timing of the acelullar
pertussis vaccindyut the almost invariable cadministration ofother vaccinationgneans

that we are unable tdeterminewhich component may be responsible for modifying risk of
eczema Furthermore our findings are unable to attribute any risk of allergic disease to
vaccinationper se asall included children were vaccinated.

By comparing.early versus late vaccination, we have eliminated confounding assodiated wi
reasons famreceipt or refusal of vaccination. However our results have potential to be
confounded by reasons for delayed vaccination. Febrile episodes are associated with
vaccination _delay but fever only after six months of age is linked to protection against
allergic diseasd23, 24),and it is unlikely that vaccination would be delayed by one month
due to fever in many children. Rotavirus vaccine is often withheld when vaccination is
delayed because of strict upper age limits for its (@23, but there was no evidence that
differential vaccination with rotavirus vaccine affected the results. We investigated many
other factors associated with vaccination d€f) and found no evidence that confounding

was responsible for the findings; however we are unable to exclude residual confounding due
to the observational design of the stuhd therefore causation cannotdseribed We have

not identified=any sources of bias that could explain these findings and wasreno
association=between early doectbagnosed eczema and subsequent vaccination delay

indicaing.thatreverse causatias unlikely.

The rationale behind this investigation was evidence that delagedinistration of
diphtheria-tetanus¢hole cell pertussis (DTwP)accination in infancy might reduce
subsequentisk of asthma(15), hay fever (13), and possiblyatopic sensigation (14).

Additionally, delayedDTwP vaccination providea survival advantagéor girls in a high
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mortality setting(26), while DTaRIPV-Hib vaccinationwas a risk factor fornfectious
diseasehospital admissiain a low mortality setting27). The World Health Orgamation
has recently acknowledged the importance of ribatargeted (also calledon-specifi
effects of vaccinations and has called for further research into the epidemiological and

underlying immunological mechanismatsuch effect$28).

Various observational studies of pertussis vaccination and atopic disease onade f
protectiongno association, or increased risk associated with receipt of viacc(6a®, 29).
One international study reported reduction irczemaseverity associated with pertussis
vaccinationswith an apparent dosesponse to total number of vaccinations rece{3&}
Many of these studies did not report age of vaccinagiod thusheterogeneity in vaccination
timing may have led to conflicting resulis studies of pertussis vaccination versus no
vaccination No previous studies have examined timing of pertussis vaccination and food
allergy, and_only one studgxamined eczemél6). In a large UK cohort, n@ssociation
between DWP-PV timing and eczema was four{d6); however vaccination timing was
divided into.quartiles and age of vaccination was notrtegdpthus it is unclear if there was
any practical difference in vaccination timing between grodpee association between
delayed DTaP and eczema in the present study resemlpesvious observatiomvhere
delayedDTwPwasassociated witlheduced risk of childhood asthma (15).

Thesefindings need to be considered in the context of pertussis disease. In the USA, pertussis
has a case fatality of 0.6% two-month old infants(31), anda single dosef acelullar
pertussis vaccing highly protective against pertussis disease and pertussis mof3dlity

32). There is_a movement to advance the age of the first pertussis vaccine topedusss
morbidity ‘and mortality ininfants (33) and the primary immun&ion series is now
encouraged.from six weeks of age in Australia. If delayed vaccination is proven beneficial for
allergic disease; such benefits would need to be carefully measured against the specific
advantage=of=early vaccination in the relevant populgdn 33) while considering impact

on other_vaccines in the schedy®?). It should also be noted that Victoria hasently
introduced a'maternglertussismmunization program recommended in the third trimester of
pregnancy (34)which may have implications on the immune response to the infant dose of

pertussis vaccine and any future evaluationgamtination timingand atopic disease.
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365 While trained innate immunity and T cell cragactivity may explain some ndargeted
366  effects of accination in relation to susceptibility to infecti(8b, 36),mechanisms to explain
367 alteredrisk of allergic disease are unknown. HoweVerhelper (Ty) 2 stimulation by
368 vaccinations could theoretically offer an explanatias acellular pertussis vaccirgeare
369 strong T§2 stimulans 32, 37, 38) ad Ty2 polarization isassociated with develognt of
370 food allergy andatopiceczemaComponents of th8ordetella pertussis cell wall may have
371 aninhibitory role on the development of IgE in relation to other vaccine compo(89)is
372 suggesting that DTaP, which lackise cellular components, hagreaterpotential to be
373 allergenic thapn, DTwP Also promoting a §2 response to newaccine antigens are
374  pnaumococcal wvacciree 40) and aluminium adjuvant(41), used in both DTaP and
375 pneumocaccal vaccineShereforemultiple components of the primary immaation series
376  are theoreticallyapable of initiating a generadid T2 bias.

377

378  Saphylococcus aureus colonization is implicated in th@athogenesis of infant eczenss
379 infants with eczemaave excessive 2 cytokine responsdo staphylococcasuperantigens
380  (42). Thus d.is-possiblethat a T2 stimulant such as DTa#t another vaccine component
381 givenduring a.critical window in infancy could haaebystander effect whereby predispos
382 infants whoare colonied with S. aureus becomesensitized to staphylococcauperantigens
383 and develop.eczemavithout having the strongery® bias required to cause other allergic
384 disease$4?).

385

386 In conclusion, dlayed DTaP vaccination was not associated with food allergy or atopic
387  sensitzation overall but was associated witbss eczemand les use of eczema medication
388  Additionally there was a borderline association between delayed DTaP and redojoied
389  sensitization amongst girl§his finding is consistent with the observation that the -non
390 targeted effects/of vaccines tend to be deferential with females generally being more
391  susceptiblethan malgg3). These results warrant further investigatidmming d routine
392 immunizatienss=in inncy mayaffect susceptibility to allergic disease

393
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553  Figurelegends

554  Figure 1 — HealthNuts cohort and participant flow for analysis of vaccination timing

555  ACIR=Australian Childhood Immunisation Register. *Unable to determine foaargsll
556  status due to failure to attend food challenge clinic28® inconclusive food challenge
557  (n=18), incomplete food challenge to all foods to which infant was seedit(n=22), or
558  positive food challege in absence of atopic senstipn (n=27).
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560  Supplementyskigure 1- Australian National Immunisation Program Schedule over the birth
561 Yyears of the.HealthNuts cohort. Hep B=hepatitis B vaccine, DTaP=diphtatmas-
562 acelullar _pertussjsiPV=inactivated polio vadoe; Hib=Haemophilus influenzae type B
563 vaccine; PGV=1alent pneumococcal vaccine; MMR=measiasmpsrubella vaccine; Men
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567  Table 1 — Comparison of demography between children with on-time and delayed 1* dose of DTaP

1** dose DTaP

n p
4433 <1 month late > 1 month late
(n=4324) (n=109)
Sex Female 4433 2155/4324 (50%) 45/109 (41%) 0.08
SEIFA median 4428 1057 1057 0.79
(10'"-90"" centile) (987-1108) (987-1108)
Ever had antibiotics 4289 2136/4183 (51%) 51/106 (48%) 0.55
Attends child care 4338 1231/4231 (29%) 18/107 (17%) 0.006
Siblings None 4386 2150/4278 (50%) 20/108 (19%)
1-2 4386 1418/4278 (33%) 46/108 (43%)
3 or more 4386 710/4278 (17%) 42/108 (39%) <0.001
Parent country of Any parent East | 4308 469/4201 (11%) 17/107 (16%)
birth Asia
Both parents 4308 2557/4201 (61%) 67/107 (63%)
Australia
Any parent other | 4308 1175/4201 (28%) 23/107 (21%) 0.16
country
Smoker at the home 4403 905/4296 (21%) 38/107 (36%) <0.001
Maternal smoking 4311 183/4207 (4%) 8/104 (8%) 0.10
during pregnancy
Atopic family 4433 2942/4324 (68%) 77/109 (70%) 0.57
history
Birthweight (grams) Median 4349 3420 3432 0.39
n=4349 (10"-90™ centile) (2730-4060) (2855-4150)
Premature (<37 4163 244/4066 (6%) 6/97 (6%) 0.94
weeks gestation)
Born in winter 4433 1107/4324 (26%) 27/109 (25%) 0.84
months
Breastfed > 6 4229 2436/4129 (59%) 55/100 (55%) 0.42
months of age
Ever had artificial 4114 3197/4011 (80%) 73/103 (71%) 0.03

formula
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Early introduction of | <6 months of age | 4248 1007/4142 (24%) 39/106 (37%) 0.003
egg into diet
Cat at the house No 4427 3585/4318 (83%) 88/109 (81%)
Outside 4427 134//4318 (3%) 4/109 (4%)
Inside 4427 599/4318 (14%) 17/109 (16%) 0.82
Dog at the house No 4430 2945/4321 (68%) 84/109 (77%)
Outside 4430 459/4321 (11%) 5/109 (5%)
Inside 4430 917/4321 (21%) 20/109 (18%) 0.07
Date of recruitment Median 4433 07/12/09 23/09/09 0.15
(dd/mm/yy); (10™-90" centile) (07/10/08-24/03/11) (21/10/08-24/03/11)
Age at recruitment Median 4433 378 391 <0.001
(days) (10"-90" centile) (365-411) (352-4438)
Age of 1* dose of Median 4433 63 103 <0.001
DTaP (days) (10"-90™ centile) (56-73) (91-216)
568
569  DTaP=diphtheria-tetands-acelullar pertussis vaccination; SEIFA = Socio-Economic Indexes for Areas (17), included in
570  multivariate models as quintiles. Atopic family history defined as any 1* degree relative eczema, asthma, hay fever. Data
571 are n/N (%) unless otherwise specified. n indicates number of participants with complete data.
572  Table 2 — Associatién between timing of 1* dose of DTaP, food allergy and atopic sensitisation
1* dose DTaP OR (95% Cl) P n aOR (95% Cl) p
Food allergy
All children
<1 month late 463/4041 (11%)
> 1 month late 9/103 (9%) 0.74 (0.37-1.48) | 0.39 | 3846 | 0.77(0.36-1.62) | 0.49
Females
<1 month late 206/1998 (10%)
> 1 month late 1/41 (2%) 0.22 (0.03-1.59) | 0.14 0.23(0.03-1.73) | 0.15
Males
<1 month late 256/2027 (13%)
> 1 month late 8/62 (13%) 1.02 (0.48-2.18) | 0.95 1.15(0.50-2.63) | 0.74
P for same effect in males and females 0.15 0.15
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Atopic
sensitisation
All children
<1 month late 734/4175 (18%)
> 1 monthrlate 13/107 (12%) 0.65(0.36-1.16) | 0.15 3971 | 0.66(0.35-1.24) | 0.19
Females
<1 month late 348/2070 (17%)
> 1 month late 2/44 (5%) 0.24 (0.06-0.98) | 0.05 0.25(0.06-1.04) | 0.06
Males
<1 month late 385/2087 (18%)
> 1 month late 11/63 (17%) 0.94 (0.48-1.81) | 0.84 1.00 (0.49-2.05) | 0.99
P for same effect innmales and females 0.09 0.09
573
574 DTaP=diphtheria-tetanus-acelullar pertussis vaccination; OR=univariate odds ratio; aOR=odds ratio adjusted for sex, SEIFA
575 quintile, siblings, antibioetic use, child-care attendance, smokers at the home, parent country of birth.. n indicates number
576 of participants included in multivariate analyses. Results in bold indicate p<0.05.
577
578
579  Table 3 — Association between timing of 1* dose of DTaP and secondary outcomes
1* dose DTaP OR (95% Cl) p n aOR (95% Cl) p
</1 month late | =1 month late
Eczema 1127/3735 (30%)| 19/99 (19%) | 0.55(0.33-0.91) | 0.02 3550 | 0.57(0.34-0.97) | 0.04
Eczema medication 961/3838 (25%) | 12/99 (12%) | 0.41(0.22-0.76) | 0.004 | 3725 | 0.45(0.24-0.83) | 0.01
Bronchiolitis admission.|...112/4160 (3%) 4/105 (4%) 1.43 (0.52-3.96) 0.49 4038 | 1.17(0.41-3.33) | 0.77
Wheeze ever 677/3786 (18%) | 20/100 (20%) | 1.15(0.70-1.89) | 0.59 3691 | 1.16(0.69-1.95) | 0.57

580

581
582
583
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DTaP=diphtheria-tetanus-acelullar pertussis vaccination; OR=univariate odds ratio; aOR=odds ratio adjusted for sex, SEIFA

quintile, siblings, antibiotic use, childcare attendance, smokers at the home, and parent country of birth. n indicates
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