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Abstract

Background

An Australian study including 4433 children fournét delayed Diphtheria—Tetanus—acellular
Pertussis containing vaccination was associatdu neduced risk of developing atopic dermatitis
(AD) before 1 year of age.

Objective

We assessed if delayed vaccination against diphathtetanus, acellular pertussis, polio, and
Haemophilus Influenzatype b(DTaP) was associated with a reduced risk of nese<af AD
before 1 year of age in Denmark.

Methods

We used nationwide registers to follow 883,160dreih born in Denmark from 1997 to 2012.
Binary regression models adjusting for potentiaifoanding factors were applied to estimate
relative risks (aRR) of developing AD among childkeith delayed DTaP vaccination (defined as

given 1 month or more after the recommended agepaced with timely vaccinated children.

Results
Among 143,429 children with a delayed first dos®®8P, 4847 (3.4%) developed AD between 4
months and 1 year of age, compared with 27,628¢Bafmong 739,731 children not having

delayed DTaP (aRR 0.94 (95% confidence interva): (C91-0.97)). The aRR was 0.94 (95% CI:
0.90-0.99) for children with a delayed second dasd,aRR=0.88 (95% CI: 0.2-0.93) comparing

children with delayed first and second dose withiaely vaccinated children.

Conclusion
The results support the hypothesis that delayedinaiton with DTaP is associated with reduced

risk of developing new cases of AD after 4 monthage. The dose-dependent relationship
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70  strengthens the evidence of a causal relationStmme countries are introducing maternal pertussis
71 vaccination and delaying the first dose of DTa®yfling a possibility for further testing the

72 hypothesis.

Highlights:

e 1. What is already known about this topic?
Vaccines can trigger non-antigen specific immurspoases. An Australian study of
approximately 4000 children, found that delayedcirsation with the non-live DTaP
vaccine was associated with reduced risk of atdprmatitis

* 2. What does this article add to our knowledge?
Delayed vaccination (at least 1 month) with thstfdose of DTaP was associated with 69
lower risk of developing new cases of more sevepiadermatitis between 4 months and 1
year of age in a cohort of nearly 900,000 Danistddn.

» 3. How does this study impact current managemeidegoes?
Many issues should be considered when designingjneten programmes. Maternal

=]




73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

Gehrt et al.

I ntroduction

Atopic dermatitis (AD) is the most common skin @ise in high income countries affecting up to
25% of children; up to 90 % have onset within thad:s first year of life (1, 2). The etiology is
largely unknown, but involves skin barrier dysfuant heritable and environmental factors, and

activation of immune responses (3).

Epidemiological studies show that vaccines in adidlito their disease-specific protection may have
so-callednon-specific effectgltering susceptibility towards diseases othen tha vaccine-

targeted infections (4-7). In 2014, WHO concludeat the live BCG and measles containing
vaccines reduce overall mortality more than wowddekpected through their effects on the vaccine-
targeted diseases (8). In contrast, the non-lightteria, tetanus, and pertussis vaccine (DTP) may
be associated with an increase in all-cause miyr(@&l), especially for girls (8, 9). Immunological
insights suggest that in addition to the specifia@ive immunity towards the vaccine-targeted
pathogen, vaccines also alter the responsivendbe ainate immune system (10, 11). It is likely
that vaccines capability to trigger non-antigenesiperesponses may affect development of other

childhood morbidities — such as allergy and atdpyle).

A cohort study, including 4433 children from theditbNuts Cohort (13) in Australia, scheduled to
receive the first dose of the non-live Diphtheriatanus—acellular Pertussis containing vaccine at 2
months of age found that delayed vaccination (sr8mared with < 3 months of age) was
associated with an adjusted odds ratio (aOR) af 5% confidence interval (Cl): 0.34-0.97) for
development of eczema (as an indicator of AD) withie child’s first year of life (14). Most
previous studies on associations between DTP-agontavaccines and subsequent development of

AD have not focused on the timing of vaccinatioB-({B); one study divided DTP vaccinated
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children into quartiles according to age at vadiimeand found no effect of timing of vaccination

on development of eczema (19).

In the present study, we tested the hypothesigiiaed vaccination with the non-liephtheria,
Tetanus, acellular Pertussis — Inactivated Poliasiae — Haemophilus influenzae typedzcine
(henceforward referred to as DTaP) reduces theofisleveloping new cases of AD between 4

months and 1 year of age in Danish children.
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M ethods

This cohort study is based on information from Bamationwide registers linked by a unique
personal identification number (ID) given at bitthall Danish residents (20-25). We included all
children born in Denmark from 1997 to 2012 who hexkived their first dose of DTaP within their

first year of life (for further inclusion criterisee Figure 1).

Vaccine information

In Denmark, all children born from 1997 until 20d42re recommended to receive three doses of
DTaP at 3, 5, and 12 months of age (26) (Figure |B13007, the Pneumococcal conjugated
vaccine (PCV) was introduced in Denmark (27). Wieestigated the effect of delayed vaccination

with DTaP irrespective of simultaneous administratf PCV.

In Denmark, the recommended childhood vaccinatawasadministered free of charge by the
general practitioners. For the purpose of reimbuesd, general practitioners report vaccinations
along with information on the ID of the recipiemidathe information is available from the Danish
National Health Service Register for Primary C&&)(Vaccinations are registered on a weekly
basis; we defined the vaccination date as Wednesididne respective week of vaccination. After
1996, registration of childhood vaccinations chahfyjem being registered with the ID of the
parent to being registered with the ID of the clt#8). However, childhood vaccinations were
occasionally reported for adults in the years folley 1996. In these rare cases, vaccinations were
assigned to that adult’s child who was closeshéorecommended age for that vaccine, as

previously described (29).

In our primary analysis, we investigated whethdayled versus not delayed vaccination with the
first dose of DTaP reduced the risk of developiriy Between 4 months and 1 year of age. We

categorized children as timely vaccinated if thegeived the first dose of DTaP before 4 months of
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age and as delayed if they received it at or dft@onths of age. In our second analysis, we
investigated if delayed vaccination with the secdode of DTaP reduced the risk of developing
AD between 6 months and 1 year of age among childrth a timely first dose. We categorized
children as timely vaccinated if they receivedédfdre 6 months of age and as delayed if they
received it at or after 6 months of age. Ipost hocanalysis we pursued the findings from the
above analyses and investigated the combined effestltiple delayed doses of DTaP (both doses
timely; first OR second dose delayed; or first AN&cond dose delayed) on the risk of developing

AD between 6 months and 1 year of age.

Atopic dermatitis

Based on insights from previous studies which egester information to identify AD among
children aged 0-17 years (30, 31), we developealgorithm, which identifies AD using

information on Anatomical Therapeutic Chemical siisation (ATC) codes of filled prescriptions
for treatment of AD registered at the Danish NadidPrescription Register (23) and International
Classification of Diseases version 10 (ICD-10) cofte hospital diagnosed AD from the Danish
National Patient Registry (25) (Online Repositoexi). The algorithm was adjusted in cooperation
with pediatricians with expert knowledge on childdaatopy (see acknowledgements) to better fit
the younger population in the present study to winwemny of the included contraindications for use
of prescription medicines for AD among the olderdstpopulations in previous studies (30, 31) do

not apply. Data is only available for filled pregtions and registered on the date of redemption.

Other register based information

We defined inclusion and follow-up with information births, deaths, and emigration from the
Danish Civil Registration System, which also comtaformation about a child’s parents, siblings,
and household (24). Information about maternal sngpluring pregnancy, maternal age, and birth

characteristics was obtained from the Danish Médua#h Register (20). Information on
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household income (21), and maternal educationy23)obtained from Statistics Denmark. We
obtained information on antibiotic use from the 3arNational Prescription Register (23) and
identified chronic diseases based on informatiomfthe Danish National Patient Registry (25) as

done elsewhere (32).

Statistical analysis

Primary analysis

We estimated the relative risk (RR) of developirig #lom 4 months of age until 1 year of age
among delayed vaccinated children with the firgedof DTaP compared with timely vaccinated
children in a binary regression model using STATALL The model was adjusted for all
predefined potential confounders listed in Tabd 4 months of age. We examined effect
modification by sex to investigate potential seffedential non-specific effects of delayed DTaP.
To investigate potential divergent effects of delhyaccination across the levels of the included
covariates and if the birth cohort was offered P@#,also performed an exploratory investigation
for effect modification as pre-specified in the lgse plan. Wald tests for homogeneity of effects

were performed on all stratified analyses.

Sensitivity analyses

Lag-time is expected from actual onset of AD uredemption of prescription medicine or hospital
contact; therefore, we performed an analysis wtate of onset of AD was set to one month prior
to fulfillment of the AD algorithm.

Children with older siblings may use prescriptioaditines for AD already in the household,
which will result in underreported use. We conddaesubgroup analysis only including first-born
children.

Finally, we investigated the association betweenpkidr to 3 months of age and subsequent

delayed vaccination to assess the possibility wénse causation.
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Secondary analysis

Among children with a timely first dose of DTaP, estimated the adjusted RR (aRR) of
developing AD from 6 months until 1 year of age agndelayed vaccinated children with the
second dose of DTaP compared with timely vaccinatéslinvestigated if the effect differed by

Sex.

Post hoc analysis

We estimated the aRR of developing AD from 6 monittd 1 year of age among children delayed
with both the first and second dose of DTaP contpaiiéh children delayed with either the first or
second dose, and children who received both daséme. We investigated if the effect differed

by sex.

Second, we performed a sensitivity analysis usimyg b prescription of corticosteroids for topical

use to fulfill criteria 2 in the algorithm for id#fication of AD.

Ethical aspects and registration

The protocol for this study has been preregistatedinicalTrials.gov (identifier: NCT03142139).
The study was based on already collected informdtmm nationwide Danish registers and such
studies do not require ethical permission in Detiawt permission was obtained from the Danish
Data Protection Agency and the subjects were anaeghaccording to the requirements from the

Danish Health Data Authority.
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Results

From 1 January 1997 to 31 December 2012, 1,02¢bi@&en were born in Denmark. After
exclusions, 883,160 children who had not develop@dy 4 months of age were included in the
primary investigation of the association betweelaykd vaccination with the first dose of DTaP
and subsequent development of AD from 4 monthd linygear of age (Figure 1). AD before
baseline was identified in 12,949 children exclufted the study which corresponds to 24.9 % of
all cases of AD before 1 year of age. Backgrouratatteristics of included and excluded children

are presented in Table E1.

Delayed vaccination

Among the children included for the primary invgation, 739,731 (83.8%) were vaccinated
before 4 months of age and 143,429 (16.2%) wemyddlvaccinated with the first dose of DTaP.
The median age at vaccination with the first ddseTaP was 96 days (interquartile range, 91-102
days) among timely vaccinated children and 150 diaysrquartile range, 133-165 days) among

delayed vaccinated children.

There were minor differences in the distributiorsoime baseline variables between timely and
delayed vaccinated children; children with delayadcination had higher number of other children
in the household, prematurity, low birth weightraitic disease, maternal smoking during
pregnancy, low household income and low maternat&tion than timely vaccinated children. The

analyses were adjusted for all baseline variallesgmted in Table 1.

Delayed vaccination with thefirst dose of DTaP and AD before 1 year of age

From 4 months until 1 year of age, 32,475 (3.7B@deen were identified with AD mainly by

fulfilling the criteria of receipt ob2 prescription medicines for treatment of AD (91;5Rable E2).
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214  Among children with no AD prior to 4 months of agéjldren vaccinated with the first dose of

215 DTaP after 4 months of age had an aRR of 0.94 (85%.91-0.97; Table 2; Figure E2) of

216 developing AD before 1 year of age compared wiildotn with a timely first dose of DTaP,

217  corresponding to the prevention of 1 case of ADefegry 281 delayed vaccinated children. Girls
218  had 7% lower risk of AD following delayed vacciratj compared with 5 % lower risk among boys
219  (test for interaction, P=0.46; Table 2).

220 The exploratory investigation for effect modificatiby other variables showed that the effect of
221  delayed vaccination was more pronounced amongrehilof families from the lowest household

222 income quintile (aRR=0.87; 95% CI: 0.82-0.92; Tabg).

223 Sensitivity analyses

224  The association between delayed vaccination andlolewment of AD remained when onset of AD
225 was re-categorized to one month prior to identifasaby the algorithm (aRR=0.95; 95% CI: 0.92-
226 0.98; Table E4). A similar association between yidavaccination and development of AD was
227 observed among the 369,884 firstborn children (alR86; 95% CI: 0.92-1.01; Table E5).

228 There was no association between AD before 3 marftage and subsequent risk of delayed

229  vaccination (aRR=1.01: 95% CI: 0.96-1.06).

230  When using the more sensitive measure of AD ordlugting 1 prescription of topical

231  corticosteroids, the association between delayedination with the first dose of DTaP and

232 development of AD persisted (aRR=0.94 (95% CI. @%5; Table EB)).

233  Delayed vaccination with the second dose of DTaP

234 Among 701,681 children vaccinated with the firssel@f DTaP before 4 months of age and no AD

235  before 6 months of age, delayed vaccination wighséecond dose (after 6 months of age) was



236

237

238

239

240

241

242

243

Gehrt et al.

associated with similar reductions in the risk ef@loping AD before 1 year as for the first dose of

DTaP (aRR=0.94; 95% CI: 0.90-0.99; Table 3).

Combined effect of delayed vaccination with thefirst and/or second dose of DTaP

Among 793,924 children with no AD before 6 montigage, delayed vaccination with both the
first and second dose was associated with an aREB8f(95% CI: 0.82-0.93; Table 4) of
developing AD from 6 months until 1 year of age pamed with children who were timely
vaccinated with both the first and second dose.adseciation was significantly stronger among

girls (aRR=0.83; 95% CI:0.76-0.92) compared witlpaRR=0.91; 95% CI. 0.84-0.99).
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Discussion

Main results

Among children who had not developed AD at 4 mowthage, we found that delayed vaccination
(after 4 months of age) with the first dose of D'veds associated with a 6% (95% CI: 3%-9%)
reduced risk of developing AD between 4 months agdar of age adjusted for potential
confounding factors. Delayed vaccination with teemd dose of DTaP (after 6 months of age)
was associated with similar risk reductions of digpig AD from 6 months until 1 year of age. In
apost hocanalysis, the combination of delayed vaccinatiath Wwoth the first and second dose was
associated with 17% (95% CI: 8%-24%) reducedais#teveloping AD from 6 months until 1 year

of age among girls and 9% (95% CI: 1%-16%) amongbo

Strengths and limitations

Use of nationwide population-based registers altbfoe inclusion of the entire Danish population
born from 1997 to 2012. This study thus has highsttcal power with the ability to detect small
differences while adjusting for multiple potentt@infounding factors. However, the observational
nature of the study entails an inherent risk oida confounding and the large sample size also
entails that even minor bias introduced in thenastion can lead to spurious effects being

significant.

The algorithm for identifying AD in the registemlies on information on hospital diagnosed AD
and redeemed prescription medicines for treatmieADo The algorithm has not been validated but
is derived from validated algorithms from two pr@ws studies which identify AD in children up to
17 years of age (31, 33), and adapted in coopersiith Danish pediatricians to better fit the
younger study population of children below 1 yelage in this study.

Including AD cases among children excluded fromdtugly, the algorithm identified AD in 5.1%
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267  of children before 1 year of age, which correspondi with the incidence observed in a previous
268  Danish register based study (30). Meanwhile, ABsismated to affect up to 25 % of children in
269  high income countries with up to 90% experiencinged within the first year of life (1, 2).

270  Concurrently a previous Danish trial diagnosed Adfobe 13 months of age in 24% of the study
271 population based on clinical examinations (34).

272 The algorithm relies on information on filled preption medicines for treatment of AD, however,
273  fatty moisturizers and mild topical corticosteroate available as over the counter drugs. Hence,
274  the low rates of AD observed in the present study nesult from underreporting of mild cases of
275  AD compared with studies which identified AD atnitial examinations, thus the reported

276  associations are likely to represent the potenffalct on more severe cases of AD.

277  Our analyses compare children vaccinated beforugeafter 4 months of age, whereby we avoid
278  Dbias related to reasons for non-vaccination. Treerfeowever, still a risk of bias related to reason
279  for delayed vaccination. Previous studies on tindhgaccination has pointed towards

280 ascertainment bias, where families who consult thigysician less often would be less likely to get
281 their children vaccinated on time and less likelyptesent their child with AD symptoms (35). This
282  bias would result in differential misclassificatiohAD due to different health care seeking

283  behavior among parents of timely and delayed vatethchildren and thereby an association

284  between delayed DTaP and lower risk of AD as fomrttie present study. If there was bias related
285 to health care seeking behavior, we would expegttdrirates of timely vaccination among children
286  who are diagnosed with AD prior to the date of rantended vaccination. We found no association
287 between AD before 3 months of age and timing otiation, which could indicate that bias

288 related to health care seeking behavior should besser concern in this study. Furthermore, we
289  also found reduced risk of AD following delayed e@ation with the second dose of DTaP, if

290 ascertainment bias is an expression of generalrlbeath care seeking behavior, then it is unlikely
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that this bias would be as strong in this subgmiughildren who all have a timely first dose of the
vaccine. We further found evidence of a graded@aason between number of delayed doses and
reduced risk of AD, which strengthens the assumpdica causal relationship. Multiple delayed
doses were especially beneficial for girls, whiglni line with previous epidemiological studies of
non-specific effects of DTP-containing vaccines (9)

Previous studies have raised concern for healtbginee bias (36-39), i.e. the healthiest children
receive vaccines first. We adjusted the analyseshimnic illness and receipt of antibiotics prior
baseline as proxies of health status to minimizdthg vaccinee bias. It is important to note that
healthy vaccinee bias would affect the estimatekaropposite direction of ascertainment bias i.e.
delayed vaccination should be associated with lenigsk of AD, which is opposite to the findings

from this study.

Comparisonswith other studies

The present study was inspired by an Australiadyshy Kiraly et al. that reported a 43% (95% CI:
3-66%) reduction in the odds of developing AD fallng delayed vaccination with DTaP (14),
which is considerably stronger than the 6% riskuotidn found in the present study. Several factors
may explain the different results. First, Kiralyatt minimize outcome misclassification as AD is
identified using doctor diagnosed AD during follays; or eczematous rash observed by a trained
nurse at end of follow-up (14). In contrast, thgister-based definition of AD in the present study
may have resulted in unsystematic misclassificatioAD, which may have biased our estimates
towards the null. Secondly, the children from thes#alian HealthNuts Cohort were selected
towards higher participation among children witbpat (14), with 29.9% of the children

developing AD during follow-up compared with 3.7%h@ng children in the present study, thus the
greater effect of delayed vaccination with DTaPtaonng vaccines in Australia may be interpreted

as effect modification by sensitization towardspgtorhird, the Australian vaccination programme
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prescribes vaccination with the first dose of DB&R months of age compared with vaccination at
3 months of age in Denmark. The timely vaccinatatticen in Denmark thus receive the vaccine at
ages corresponding to the delayed vaccinated ehildr Australia whereby the lower effect of
delayed vaccination observed in Denmark may résartt an already lower risk of AD in the

timely vaccinated group. However, we also founcadiicial effect of delayed vaccination with the
second dose of DTaP, which may indicate a morergeheneficial effect of delayed vaccination.
Finally, the vaccination program in Australia préses DTaP in combination with hepatitis B
vaccination (DTaP-IPV-Hib-HepB) as well as HepatBi vaccination at birth and the study by
Kiraly et al. did not consider co-administrationadther vaccines before or during the study period.
The rotavirus vaccine was introduced as part ofilrgtralian vaccination program the same year
as the study participants were recruited for thalti®luts cohort, with the first dose recommended
between 6-15 weeks of age (40) (Figure E1). Inrestitwe excluded children who had received
vaccines other than DTaP before one year of ageptissible that different vaccine combinations
affect the association between delayed vaccinatiinDTaP-containing vaccines and

development of AD differently.

Findings from other studies on an association betm&TP containing vaccines and development
of AD are inconsistent, displaying both higher r{gB, 19), lower risk (15, 16), and no association
(17). Important issues may have impacted theseredtsanal studies; first they compare vaccinated
versus non-vaccinated children and are herebytefidny bias related to reasons for non-
vaccination. Second AD was assessed at differargt agd sequencing of vaccines was not taken
into consideration. It is possible that sequencihgaccination may explain some of the
heterogeneity, as studies which assess AD at aljes may be distorted by a modifying effect of
subsequent vaccinations. Furthermore, the resolts this and previous studies (14, 35) illustrate

that timing of vaccination may explain some of tieerogeneity.
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I nter pretation and biological mechanisms

DTaP-IPV-Hib protects against five pathogens and adgministered with and without PCV over
the course of the study period, thus it is not jdsgo identify which component or combination of
components that is responsible for modifying tis& aof developing AD. There was no effect
modification by introduction of PCV into the vacation program (Table E3). Furthermore, as all
children eventually receive the vaccine, the resolitthe analyses only pertain to the modifying
effect oftiming of vaccination, and it is not possible to attribategy risk of AD to vaccination with

DTaP-IPV-Hib alone.

The non-live DTP vaccine has been found to be @ssacwith sex differential detrimental non-
specific effects on infectious disease mortalitgmdemiological studies (8, 9). There is no clear
biological mechanism that explains why delayed weaton with DTaP could be related to lower
risk of AD. One study randomizing 75 healthy femadieilt volunteers to receive DTaP in different
sequences found that DTaP vaccination resulteejgression of monocyte-derived cytokine
responses and T-cell reactivity to unrelated pathed@ months later (41). Skin barrier dysfunction
and multiple changes of the immune system are waebin the aetiology of AD (42). It is therefore
possible that alterations of inflammatory immungp@nses may affect development of AD (10,
43).

In comparison vaccination with the live BCG vaccimas associated with reduced risk of
developing AD in Danish and Dutch randomised tr{8% 44). Thus, it is possible that vaccines

affect the risk of developing AD differently depémgl on the type of vaccine administered.

Finally, we found that the association betweenyalasaccination and development of AD was

driven by a strong association among children eflthvest household income quintile. It is
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possible that low socioeconomic status is assatiatd health and lifestyle related factors, which

may modify the effect of delayed vaccination.

Conclusion and implications

This nationwide register-based cohort study shatlvativaccination at or after 4 months of age
versus vaccination before 4 months of age witmtihre live DTaP vaccine was associated with a
slightly reduced risk of developing AD between 4mins and 1 year of age, suggesting prevention
of 1 new case of AD between 4 months and 1 yeageffor every 281 delayed vaccinated
children. The association was stronger with indrepgumber of delayed doses. Greater protective
effects of delayed vaccination with DTaP have Weend in previous studies with earlier DTP

vaccination and higher degree of atopic sensitimati

The algorithm identified AD in 5.1% of the totaldly population, considerably less than the up to
25% reported in previous studies (2, 34). The algaorwould tend to miss children with mild AD,
and thus the effect estimates should be interpitdtie potential effect of delayed DTaP on the
incidence of the more severe AD leading to hospibaltacts and prescriptions.

The clinical implications of delayed vaccinatiortlwDTaP on development of AD depends on the
actual underlying burden of AD as even small resttuctions may be noteworthy in frequent
outcomes.

If supported in other settings, the available ewvadesuggests that these non-live vaccines may be
one of many contributing factors in the developnwmD. Immunological studies of possible
pathways would be important as well as identifmatf factors which modify the association
including identification of risk-groups and whetlw-administration with other (live) vaccines can

reduce the risk of developing AD.
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Beneficial effects of delayed vaccination must &ersin relation to the benefits of timely
vaccination against serious childhood diseasesugh, the results are particularly interesting as
many countries start using pertussis vaccine igrmaecy. Children whose mother has been
vaccinated are already protected by maternal agigsdrom birth, thus e.g. The Netherlands has
accompanied maternal pertussis vaccination widr R aP vaccinations for their children (45,

46). With the high prevalence of AD and the totiikes on the children, their parents and the lhealt
economy, risk reductions by minor modificationssa€cination programs are worth pursuing under

appropriate consideration for the effects on tingeteed infections.
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Figure 1 Gehrt et al.
Figure 1: Flowchart of inclusion in the study
Background population
1,027,559 children born in Denmark between 1 January 1997 — 31 December 2012
: 13,836 children Excluded: :
IJ11 Ulb\.‘l ‘L}\./fUl\a asu > _y\aﬂlb Ul asu]
013,723 Jiving in Denmeskbaesoiaotars of are’ |
r-r—-—- -~ -~ -~ -~"~—"=—-"--""--""""-"-"""""""""""""”"/"7/""7”—/"”"”"" |
I 130,563 Excluded |
| - 24,743 did not receive first dose of DTaP, with or without PCV before 1 year of age. |
p—— - 28,157 received vaccines other than DTaP and PCV before 1 year of age. r—
I

Study population fot4pristaxynapsilesiewd timdéng if theifirst dose of DTaP
883,160 ¢hildren incldddd ix¢helstudhe to AD prior to baseline (4 months of age)*
- 739,731 (83.8%) Timely vaccinated (vaccination before 4 months of age)
- 143,429 (16.2%) Delayed vaccinated (vaccination at or later than 4 months of age)

Study population for secondary analysis of the effect of timing of the second dose of DTaP

701,681! rf’d%érﬁ?ﬁ%‘l‘ﬁ‘éfé@l
- 617, 878! g‘%g/‘j']fmy&gc&{ﬁ ?886(%9%&1011 before 6 months of ag{

- 83,803 5 %ﬁe at & e\lf‘é%éleﬁgped f&gc%gt%{loﬁ af orofa%%llt?l o Yn]c%% S (%fyear)Of age.

age
22? devel(med AD nrior to_baseline (6 months of age) &

N
| 89,236 Excluded
| - 78,942 did not receive second dose of DTaP, with or without PCV before 1 year of age.
I_ - 10,294 developed AD prior to baseline (6 months of age) |

793,924 children included
- 617,878 (77.8%) with timely first and second dose
- 122,311 (15.4%) with delayed 1% OR 2™ dose of DTaP
- 53,735 (6.8%) with delayed 13 AND 2™ dose of DTaP

Study population for the post hoc analysis of the combined effect of multiple delayed doses of DTaP

Abbreviations: DTaP=Diphtheria, Tetanus, acellular Pertussis - Inactivated Polio Vaccine - Haemophilus influenzae type b vaccine;
PCV=Pneumococcal Conjugate Vaccine; AD=Atopic Dermatitis') The algorithm for identification of AD (sAppendix 2) uses
information on prescriptions up until 1 year after the last age of outcome assessment (1 year of age in this study) to confirm a case.
Children must therefore be alive and living in Denmark until two years of age, representative of age at end of follow-up plus one

year.

%) Missing information on (note one child can have missing information on more variables): maternal smoking during pregnancy
(N=31,320); highest attained education for the adult female in household (N=28,412); income quintile (N=537); number of children
in the household, population density and area of residence (N=532); single parenthood (N=2372), prematurity (N=10,603),

birthweight (N=7301), parents origin at birth (N=16), maternal age at delivery (N=611).

9 AD before 1 year of age was identified in 19,542 of the 144,399 children excluded from the study of which 12,949 were excluded

ONLY due to AD before 4 months of age




Tables

Table 1: Baseline characteristics of the study population
Delayed? vaccinated with DTaP1

Timely' vaccinated with DTaP1

N
Total 739,731
Season of birth
Spring 185,385
Summer 201,084
Fall 182,231
Winter 171,031
Sex
Male 377,280
Female 362,451
Number of children in household
1 323,555
2 282,779
3 104,745
4 or more 28,652
Delivered by Ceasarean section
No 597,406
Yes 142,325
Gestational age
>= 37 weeks 696,819
<37 weeks 42912
Birth weight (g)
<2000 10,159
2001-2500 23,416
2501-3000 91,095
3001-3500 237,568
3501-4000 250,004
4001-4500 104,168
4501+ 23,321
Maternal smoking during pregnancy
No 613,136
Yes 126,595
Antibiotic use before baseline
No 725,081
Yes 14,650
Chronic disease® before baseline
No 715,790
Yes 23,941
Family history of AD*
No 543,097
Yes 196,634
Single parenthood
Lives with two adults 691,222
Lives with single parent 48,509
Population density
<50 47,191
50-499 416,272
500-1999 143,077
2000-4999 32,744

(%)

(25.1%)
(27.2%)
(24.6%)
(23.1%)

(51.0%)
(49.0%)

(43.7%)
(38.2%)
(14.2%)
(3.9%)

(80.8%)
(19.2%)

(94.2%)
(5.8%)

(1.4%)
(3.2%)
(12.3%)
(32.1%)
(33.8%)
(14.1%)
(3.2%)

(82.9%)
(17.1%)

(98.0%)
(2.0%)

(96.8 %)
(3.2 %)

(73.4%)
(26.6%)

(93.4%)
(6.6%)

(6.4%)
(56.3%)
(19.3%)
(4.4%)

N
143,429

37,243
35,595
37,008
33,583

73,698
69,731

46,329
60,230
26,891
9979

113,645
29,784

130,188
13,241

5722
5700

17,812
43,870
45,860
19,888
4577

114,354
29,075

139,296
4133

136,031
7398

104,300
39,129

130,872
12,557

10,434
80,940
27,088
6395

(%)

(26.0%)
(24.8%)
(25.8%)
(23.4%)

(51.4%)
(48.6%)

(32.3%)
(42.0%)
(18.7%)
(7.0%)

(79.2%)
(20.8%)

(90.8%)
(9.2%)

(4.0%)
(4.0%)
(12.4%)
(30.6%)
(32.0%)
(13.9%)
(3.2%)

(79.7%)
(20.3%)

(97.1%)
(2.9%)

(94.8 %)
(5.2 %)

(72.7%)
(27.3%)

(91.2%)
(8.8%)

(7.3%)
(56.4%)
(18.9%)
(4.5%)

Gehrt et al.
Page 1 of 6
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>=5000

Maternal age at delivery
<=19

20-24

25-29

30-34

35-39

>=40

Parental birth countries
Denmark

Denmark and foreign
Foreign countries
Household income quintile
First (lowest)

Second

Third

Fourth

Fifth (highest)

100,447

9006
83,460
251,754
267,608
110,112
17,791

617,319
71,065
51,347

151,815
170,366
170,706
141,498
105,346

Highest educational level adult female

Primary school
High school exam
Vocational training
Bachelor acedemy
Master+

127,666
70,877
238,011
223316
79,861

(13.6%)

(1.2%)
(11.3%)
(34.0%)
(36.2%)
(14.9%)
(2.4%)

(83.5%)
(9.6%)
(6.9%)

(20.5%)
(23.0%)
(23.1%)
(19.1%)
(14.2%)

(17.3%)
(9.6%)

(32.2%)
(30.2%)
(10.8%)

18,572

2110
16,215
44,990
51,943
23,938
4233

116,379
14,910
12,140

39,285
34,797
30,014
22,648
16,685

31,655
13,760
44,396
39,981
13,637

(12.9%)

(1.5%)
(11.3%)
(31.4%)
(36.2%)
(16.7%)
(3.0%)

(81.1%)
(10.4%)
(8.5%)

(27.4%)
(24.3%)
(20.9%)
(15.8%)
(11.6%)

(22.1%)
(9.6%)
(31.0%)
(27.9%)
(9.5%)

Gehrt et al.
Page 2 of 6

Abbreviations: DTaP 1= First dose of Diphtheria, Tetanus, acellular Pertussis - Inactivated Polio Vaccine - Haemophilus
influenzae type b vaccine; AD=Atopic Dermatitis

D Vaccinated with first dose of DTaP with or without PCV before 4 months of age; ?Vaccinated with first dose of DTaP with
or without PCV at or after 4 months of age; * Identified according to algorithm from Kristensen et al. (31); ¥ Mother, father or
sibling with AD identified according to the algorithm in sAppendix 2 before baseline.
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Table 2: Delayed vaccination with the first dose of DTaP and development of

atopic dermatitis' before 1 year of age

Cases of AD/N (%)

All children

Timely* DTaP1 27,628/739,731(3.7 %)

Delayed® DTaP1 4847/143,429 (3.4%)
Boys

Timely* DTaP1 16,291/377,280 (4.3 %)

Delayed® DTaP1 2904/73,698 (3.9 %)
Girls

Timely* DTaP1 11,337/362,451 (3.1%)

Delayed® DTaP1 1943/69,731 (2.8%)

Test for interaction

RR? (95%CT)

1(ref)
0.90 (0.88-0.93)

1(ref)
0.91 (0.88-0.95)

1(ref)
0.89 (0.85-0.93)

aRR?* (95% CI)

1(ref)
0.94 (0.91-0.97)

1(ref)
0.95 (0.91-0.99)

1(ref)
0.93 (0.89-0.97)
P=0.46

Abbreviations: AD=Atopic Dermatitis; DTaP1=First dose of Diphtheria, Tetanus, acellular Pertussis - Inactivated Polio Vaccine -
Haemophilus influenzae type b vaccine; RR=Relative Risk; aRR=adjusted Relative Risk

! Atopic Dermatitis identified according to the algorithm in sAppendix 2; ?Relative risk estimated using a binary regression
model; ¥ Adjusted for season of birth, sex, number of children in the household, caesarean section, preterm birth, birthweight,
maternal smoking during pregnancy, antibiotic use, chronic disease, family history of AD, single parenthood, population density,
maternal age, parents origin at birth, income quintile, maternal education; “First dose of DTaP before 4 months of age; > First dose

of DTaP at or after 4 months of age.
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Table 3: Delayed vaccination with the second dose of DTaP (vaccination at or
after 6 months of age) and development of AD before 1 year of age

Cases of AD'/N (%) RR? (95%CI)

All children

Timely* DTaP2 15,498/617,878 (2.5%) 1(ref)

Delayed’ DTaP2 1864/83,803 (2.2 %) 0.89 (0.85-0.93)
Boys

Timely* DTaP2 8702/313,008 (2.8 %) 1(ref)

Delayed’ DTaP2 1093/43,458 (2.5 %) 0.90 (0.85-0.96)
Girls

Timely* DTaP2 6796/304,870 (2.2 %) 1(ref)

Delayed® DTaP2 771/40,345 (1.9 %) 0.86 (0.80-0.92)

Test for interaction

aRR** (95% CI)

1(ref)
0.94 (0.90-0.99)

1(ref)
0.96 (0.90-1.02)

1(ref)
0.91 (0.85-0.98)

P=0.3

Abbreviations: DTaP2=Second dose of Diphtheria, Tetanus, acellular Pertussis - Inactivated Polio Vaccine - Haemophilus

influenzae type b vaccine; AD=Atopic Dermatitis; RR=Relative Risk; aRR=adjusted Relative Risk

D Atopic Dermatitis identified according to the algorithm in sAppendix 2; ?Relative risk estimated using a binary regression
model; ¥ Adjusted for season of birth, sex, number of children in the household, caesarean section, preterm birth, birthweight,
maternal smoking during pregnancy, antibiotic use, chronic disease, family history of AD, single parenthood, population density,
maternal age, parents origin at birth, income quintile, maternal education; “Second dose of DTaP before 6 months of age; >

Second dose of DTaP at or after 6 months of age.
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Table 4: Association between number of delayed doses of DTaP (vaccination at
or after 1 months after date of recommended vaccination) and development of

AD between 6 months of age and 1 year of age

All children

Timely* DTaP1 and DTaP2
Delayed® DTaP1 or DTaP2
Delayed® DTaP1 and
DTaP2

Boys

Timely* DTaP1 and DTaP2
Delayed® DTaP1 or DTaP2
Delayed® DTaP1 and
DTaP2

Girls

Timely* DTaP1 and
DTaP2

Delayed® DTaP1 or DTaP2
Delayed® DTaP1 and
DTaP2

Test for interaction

Cases of AD'/N (%)

15,498/617,878 (2.5%)
2803/122,311145,869 (2.3 %)
1092/53,735 (2.0 %)

8702/313,008 (2.8 %)
1627/63,022 (2.6 %)
643/27,508 (2.3 %)

6796/304,870 (2.2 %)

1176/59,289 (2.0 %)
449/26,227 (1.7%)

RR? (95%CTI)

1 (ref)
0.91 (0.88-0.95)
0.81 (0.76-0.86)

1(ref)
0.93 (0.88-0.98)
0.84 (0.78-0.91)

1(ref)

0.89 (0.84-0.95)
0.77 (0.70-0.84)

aRR?* (95% CI)

1 (ref)
0.96 (0.92-1.00)
0.88 (0.82-0.93)

1(ref)
0.98 (0.93-1.03)
0.91 (0.84-0.99)

1(ref)

0.94 (0.88-1.00)
0.83 (0.76-0.92)

P=0.03

Abbreviations: DTaP1=First dose of Diphtheria, Tetanus, acellular Pertussis - Inactivated Polio Vaccine - Haemophilus influenzae
type b vaccine; DTaP2=Second dose of Diphtheria, Tetanus, acellular Pertussis - Inactivated Polio Vaccine - Haemophilus

influenzae type b vaccine; AD=Atopic Dermatitis; RR=Relative Risk; aRR=adjusted Relative Risk

D Atopic Dermatitis identified according to the algorithm in sAppendix 2; ?Relative risk estimated using a binary regression
model; * Adjusted for season of birth, sex, number of children in the household, caesarean section, preterm birth, birthweight,
maternal smoking during pregnancy, antibiotic use, chronic disease, family history of AD, single parenthood, population density,
maternal age, parents origin at birth, income quintile, maternal education; ¥Second dose of DTaP before 6 months of age; ¥
Second dose of DTaP-IPV-Hib at or after 6 months of age.



Figure E1

Danish vaccination schedule Australian vaccination schedule
Age in months Age in months
|
[ 1 r A |
3 5 12 15 Birth 2 4 6 12
Jan DTaPPV+  DTaP-IPV + DTaP-IPV + MMR Nov  HepB DTaP-IPV-  DTaPIPv-  DTaP-IPV+ MMR +
o7 Hib Hib Hib 05 Hib-HepB  Hib-Hep8  PCV13 HepB-Hib
+PCV13 +PCV13 +Men C
Jul DTaP-IPV- DTaP-IPV- DTaP-IPV- MMR
i i Hib
0z Hib> Hib l o hepn DTaPIPV-  DTaPIPV-  DTaP-IPV+ MMR + .
Oct DTaP-IPV- DTaP-IPV- DTaP-IPV- MMR 07 Hib- HepB  Hib - HepB PCV1Z + HepB-Hi
07 Hib+ PCV7!  Hib + PCV7 Hib + PCV7 +PCVI3+  +PCVI3+  Rotavirus +Men C
Rotavirus Rotavirus
Apr DTaP-IPV-Hib DTaP-IPV- DTaP-IPV- MMR
10 +PCV132 Hib + PCV13 Hib + PCV13 Mar  Hep B DTaP-IPV-  DTaP-IPV- DTaP-IPV- MMR +
08 Hib-HepB  Hib-HepB  Hib-HepB Hib + Men C
+PCVI3+  +PCVI3+  +PCV13+
Rotavirus Rotavirus Rotavirus

Abbreviations: D=Diphteria; T=Tetanus; aP=acellular Pertussis; IPV=Inactivated Polio Vaccine; Hib=Heamophilus influenzae type
b; MMR=Measles-Mumps-Rubella; PCV7=seven-valent Pneumococcal Conjugate Vaccine; PCV13=thirteen-valent Pneumococcal
Conjugate Vaccine; HepB= Hepatitis B vaccine; Men C= meningococcal type C vaccine. Red color= non-live vaccines; Green
color=live vaccines.

! Children born after April 30" 2006 was offered PCV7 in a phase-in program. 2Children who have received PCV7 prior to the
introduction of PCV13 could freely shift to PCV13 for future vaccination. PCV13 was gradually phased in as the stock of PCV7
was used first.
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Table E1: Baseline characteristics of included and excluded children

Included
Study population 883,160
Season of birth
Spring 222,628
Summer 236,679
Fall 219,239
Winter 204,614
Missing 0
Sex
Male 450,978
Female 432,182
Missing 0
Number of children in household
1 369,884
2 343,009
3 131,636
4 or more 38,631
Missing 0
Delivered by Ceasarean section
No 711,051
Yes 172,109
Missing 0
Gestational age
>= 37 weeks 827,007
<37 weeks 56,153
Missing 0
Birth weight (g)
<2000 15,881
2001-2500 29,116
2501-3000 108,907
3001-3500 281,438
3501-4000 295,864
4001-4500 124,056
4501+ 27,898
Missing 0
Maternal smoking during pregnancy
No 727,490
Yes 155,670
Missing 0
Antibiotic use before baseline
No 864,377
Yes 18,783
Missing 0
Chronic disease' before baseline
No 851,821
Yes 31,339
Missing 0
Family history of AD?
No 647,397
Yes 235,763

Missing 0

(%)

(25.2%)
(26.8%)
(24.8%)
(23.2%)

(51.1%)
(48.9%)

(41.9%)
(38.8%)
(14.9%)
(4.4%)

(80.5%)
(19.5%)

(93.6%)
(6.4%)

(1.8%)
(3.3%)
(12.3%)
(31.9%)
(33.5%)
(14.0%)
(3.2%)

(82.4%)
(17.6%)

(97.9%)
(2.1%)

(96.5%)
(3.5%)

(73.3%)
(26.7%)

Excluded
144,399

35,543
36,432
35,966
36,458
0

75,890
68,509
0

60,418
49,576
20,276
9464
4665

116,292
28,107
0

120,242
10,138
14,019

3587
5058
18,023
43,599
42,858
16,958
4054
10,262

88,769
19,507
36,123

140,393
4006
0

137,452
6947
0

110,290
34,109
0

(%)

(24.6%)
(25.2%)
(24.9%)
(25.2%)

(52.6%)
(47.4%)

(43.2%)
(35.5%)
(14.5%)
(6.8%)

(80.5%)
(19.5%)

(92.2%)
(7.8%)

(2.7%)
(3.8%)
(13.4%)
(32.5%)
(32.0%)
(12.6%)
(3.0%)

(82.0%)
(18.0%)

(97.2%)
(2.8%)

(95.2%)
(4.8%)

(76.4%)
(23.6%)

Gehrt et al.
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Single parenthood
Lives with two adults
Lives with single parent
No parents

Missing

Population density
<50

50-499

500-1999

2000-4999

>=5000

Missing

Maternal age at delivery
<=19

20-24

25-29

30-34

35-39

>=40

Missing

Parental birth countries
Denmark

Denmark and foreign
Foreign countries
Missing

Household income quintile

First (lowest)
Second

Third

Fourth

Fifth (highest)
Missing

822,094
61,066
0

0

57,625
497,212
170,165
39,139
119,019
0

11,116
99,675
296,744
319,551
134,050
22,024
0

733,698
85,975
63,487
0

191,100
205,163
200,720
164,146
122,031
0

Highest educational level adult female

Primary school
High school exam
Vocational training
Bachelor acedemy
Master+

Missing

159,321
84,637
282,407
263,297
93,498
0

Abbreviations: AD=Atopic Dermatitis
! Identified according to algorithm from Kristensen et al. (31); > Mother, father or sibling with AD identified according to
the algorithm in sAppendix 2 before baseline.

(93.1%)
(6.9%)
(0.0%)

(6.5%)
(56.3%)
(19.3%)
(4.4%)
(13.5%)

(1.3%)
(11.3%)
(33.6%)
(36.2%)
(15.2%)
(2.5%)

(83.1%)
(9.7%)
(7.2%)

(21.6%)
(23.2%)
(22.7%)
(18.6%)
(13.8%)

(18.0%)
(9.6%)

(32.0%)
(29.8%)
(10.6%)

120,160
17,483
2091
4665

7178
68,616
29,274
6954
27,712
4665

4285
19,500
47,396
47,328
20,746
4092
1052

86,993
21,992
35,378
36

53,349
29,590
22,944
18,136
15,706
4674

24,014
12,084
32,164
28,263
10,498
37,376

(86.0%)
(12.5%)
(1.5 %)

(5.1%)
(49.1%)
(20.9%)
(5.0%)

(19.8%)

(3.0%)
(13.6%)
(33.0%)
(33.0%)
(14.5%)
(2.9%)

(60.3%)
(15.2%)
(24.5%)

(38.2%)
(21.2%)
(16.4%)
(13.0%)
(11.2%)

(22.4%)
(11.3%)
(30.0%)
(26.4%)
(9.8%)

Gehrt et al.
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Table E2: Distribution of AD cases by first criteria fulfilled according to the
algorithm
Criteria 1: >1 prescription with— 1646 (5.1 %)

ATC: D11AH “Agents for dermatitis, excluding corticosteroids”
Criteria 2: >2 prescription within 12 months with 29,725 (91.5 %)

ATC: D07 “Corticosteroids for topical use” or ATC: D11AH “Agents

for dermatitis, excluding corticosteroids”
Criteria 3: Hospital contact with ICD10: L20 “atopic dermatitis” 1104 (3.4 %)

Abbreviations: AD=Atopic Dermatitis; ATC=Anatomical Therapeutic Chemical Classification System, ICD10=
International Classification of Disease version 10



E-tables

Gehrt et al.
Page 4 of 7

Table E3: Effect modification by the included baseline variables of the association
between delayed vaccination with the first dose of DTaP and development of AD1

before 1 year of age

aRR? (95% CI) for development of AD comparing

delayed’ DTaP1 with timely* DTaP1

Delayed DTaP1
Season of birth
Spring 0.95(0.90-1.01)
Summer 0.94(0.88-0.99)
Fall 0.92(0.86-0.97)
Winter 0.97(0.91-1.03)
Sex
Male 0.95(0.91-0.99)
Female 0.93(0.89-0.97)
Number of children in household
1 0.96(0.91-1.00)
2 0.95(0.90-0.99)
3 0.92(0.85-1.00)
4 or more 0.84(0.73-0.96)
Delivered by caesarean section
No 0.93 (0.90-0.96)
Yes 0.98 (0.92-1.05)
Gastational age
>37 weeks 0.95 (0.92-0.98)
<37 weeks 0.88 (0.79-0.99)
Birth weight
<=2000g 0.94(0.78-1.14)
2001-2500g 0.99(0.85-1.16)
2501-3000g 0.94(0.86-1.03)
3001-3500g 0.93(0.88-0.98)
3501-4000g 0.96(0.91-1.01)
4001-4500g 0.94(0.87-1.02)
4501g or more 0.91(0.77-1.06)
Maternal smoking during pregnancy
No 0.95 (0.92-0.98)
Yes 0.92 (0.86-0.99)
Antibiotic use before baseline
0 0.94 (0.91-0.97)
1 0.93 (0.79-1.09)
Chronic disease®before baseline
No 0.94 (0.91-0.97)
Yes 0.92 (0.80-1.05)
Family history of AD’
No 0.93(0.90-0.97)
Yes 0.96(0.91-1.01)
Single parenthood

Lives with two adults
Lives with single parent
Population density
<50 0.92 (0.82-1.03)
50-499 0.94 (0.90-0.98)

0.95 (0.92-0.98)
0.86 (0.78-0.96)

Timely DTaP1

1 (ref)
1 (ref)
1 (ref)
1 (ref)

1 (ref)
1 (ref)

1 (ref)
1 (ref)
1 (ref)
1 (ref)

1 (ref)
1 (ref)

1 (ref)
1 (ref)

1 (ref)
1 (ref)
1 (ref)
1 (ref)
1 (ref)
1 (ref)
1 (ref)

1 (ref)
1 (ref)

1 (ref)
1 (ref)

1 (ref)
1 (ref)

1 (ref)
1 (ref)

1 (ref)
1 (ref)

1 (ref)
1 (ref)

Walds test for
interaction®

P=0.63

P=0.46

P=0.32

P=0.17

P=0.24

P=0.97

P=0.48

P=0.83

P=0.68

P=0.45

P=0.08

P=0.03
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500-1999
2000-4999
>=5000

1.02 (0.96-1.09)
0.86 (0.74-1.00)
0.88 (0.80-0.96)

Maternal age at birth of the child

<=19
20-24
25-29
30-34
35-39
>=40

Parental birth countries

Denmark

Denmark and foreign

country

Foreign countries
Household income quintile

First (lowest)
Second

Third

Fourth

Fifth (highest)

0.84(0.66-1.07)
0.88(0.81-0.95)
0.99(0.94-1.04)
0.96(0.92-1.01)
0.87(0.80-0.95)
0.95(0.79-1.15)

0.95(0.92-0.98)
0.90(0.82-0.99)

0.93(0.86-1.01)

0.87(0.82-0.92)
0.97(0.91-1.03)
0.96(0.90-1.03)
0.98(0.91-1.05)
0.98(0.90-1.07)

Highest educational level adult female

Primary school

High School exam
Vocational training
Bachelor academy

Master +

PCYV recommended at 3

months of age

No PCV?® recommended
PCV7” recommended
PCV13'9 recommended

0.89(0.84-0.95)
0.91(0.83-1.01)
0.95(0.90-1.00)
0.99(0.93-1.05)
0.94(0.85-1.05)

0.94 (0.90-0.97)
0.92 (0.85-0.99)
0.98 (0.91-1.07)

1 (ref)
1 (ref)
1 (ref)

1 (ref)
1 (ref)
1 (ref)
1 (ref)
1 (ref)
1 (ref)

1 (ref)
1 (ref)

1 (ref)

1 (ref)
1 (ref)
1 (ref)
1 (ref)
1 (ref)

1 (ref)
1 (ref)
1 (ref)
1 (ref)
1 (ref)

1 (ref)
1 (ref)
1 (ref)

Gehrt et al.
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P=0.05

P=0.53

P=0.03

P=0.21

P=0.44

Abbreviations: DTaP1=First dose of Diphtheria, Tetanus, acellular Pertussis - Inactivated Polio Vaccine - Haemophilus
influenzae type b vaccine; AD=Atopic Dermatitis; aRR=adjusted Relative Risk; PCV=Pneumococcal Conjugate Vaccine.
DAtopic Dermatitis identified according to the algorithm in sAppendix 2; ? Relative risk calculated using a binary
regression model, adjusted for season of birth, sex, number of children in the household, caesarean section, preterm
birth, birthweight, maternal smoking during pregnancy, antibiotic use, chronic disease, family history of AD, single
parenthood, population density, maternal age, parents origin at birth, income quintile, maternal education; ¥ First dose
of DTaP at or after 4 months of age; ¥ First dose of DTaP before 4 months of age; ¥ P-value (Wald test for homogeneity);
9 Identified according to algorithm from Kristensen et al. (31); ” Mother, father or sibling with AD identified according
to the algorithm in sAppendix 2 before baseline. ® Children recommended to receive the first dose of DTaP before
October 1°°2007. * Children recommended to receive the first dose of PCV7 Oct 1 2007, '"PCV13 recommended from

April 12010
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Table E4: Association between delayed vaccination with the first dose of DTaP and
development of AD' before one year of age — Date of AD set one month prior to

registration date’

All Children Cases of AD/N (%)
Timely’ DTaP1 25,653/734,828 (3.5%)
Delayed® DTaP1 4,542/142,568 (3.2%)

Boys
Timely’ DTaP1 14,693/374,142 (3.9%)
Delayed® DTaP1 2,634/73,132  (3.6%)

Girls
Timely® DTaP1 10,960/360,686 (3.0%)
Delayed® DTaP1 1,908/69,436  (2.8%)

Test of interaction

RR® (95%CI)

1(ref)
0.91(0.88-0.94)

1(ref)
0.92(0.88-0.96)

1(ref)
0.90(0.86-0.95)

aRR**(95% CI)

1(ref)
0.95 (0.92-0.98)

1(ref)
0.96 (0.92-1.00)

1(ref)
0.94 (0.90-0.99)
P=0.68

Abbreviations: DTaP1=First dose of Diphtheria, Tetanus, acellular Pertussis - Inactivated Polio Vaccine - Haemophilus influenzae
type b vaccine; AD=Atopic Dermatitis; RR=Relative Risk; aRR=adjusted Relative Risk

D Atopic Dermatitis identified according to the algorithm in sAppendix 2; ? 5764 less children included compared to the primary
investigation, as more children are registered with AD prior to baseline; * Relative risk estimated using a binary regression model;
9 Adjusted for season of birth, sex, number of children in the household, caesarean section, preterm birth, birthweight, maternal
smoking during pregnancy, antibiotic use, chronic disease, family history of AD, single parenthood, population density, maternal
age, parents origin at birth, income quintile, maternal education. ¥ First dose of DTaP before 4 months of age; © First dose of DTaP

at or after 4 months of age.
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Table ES: Association between delayed vaccination with the first dose of DTaP and
development of AD before 1 year of age among firstborn children only'
All Children Cases of AD? RR* (95%CI) aRR>* (95% CI)

Timely* DTaP1 14,103/323,555 (4.4 %) 1(ref) 1(ref)

Delayed® DTaP1 1940/46,329 (4.2 %) 0.96(0.92-1.01) 0.96 (0.92-1.01)
Boys

Timely’ DTaP1 8160/165,260 (4.9 %) 1(ref) 1(ref)

Delayed® DTaP1 1152/23,822 (4.8 %) 0.98 (0.92-1.04) 0.98 (0.92-1.04)
Girls

Timely® DTaP1 5943/158,295 (3.8 %) 1(ref) 1(ref)

Delayed® DTaP1 788/22,507 (3.5 %) 0.93(0.87-1.00) 0.93 (0.87-1.01)
Test for interaction P=0.33

Abbreviations: DTaP1=First dose of Diphtheria, Tetanus, acellular Pertussis - Inactivated Polio Vaccine - Haemophilus influenzae
type b vaccine; AD=Atopic Dermatitis; RR=Relative Risk; aRR=adjusted Relative Risk

D Of the 883,160 children included for the primary investigation, 369,884 (41.9 %) children are firstborn; ? Atopic Dermatitis
identified according to the algorithm in sAppendix 2; *Relative risk estimated using a binary regression model; ¥ Adjusted for
season of birth, sex, number of children in the household, caesarean section, preterm birth, birthweight, maternal smoking during
pregnancy, antibiotic use, chronic disease, family history of AD, single parenthood, population density, maternal age, parents
origin at birth, income quintile, maternal education; >First dose of DTaP before 4 months of age; © First dose of DTaP at or after 4
months of age.

Table E6: Association between delayed vaccination with the first dose of DTaP and
development of AD before 1 year of age — sensitive AD identification’

All Children Cases of AD' RR?* (95%CI) aRR** (95% CI)

Timely* DTaP1 69,189/725,252 (9.5 %) 1(ref) 1(ref)

Delayed® DTaP1 12,217/141,011 (8.7 %) 0.91 (0.89-0.93) 0.94 (0.93-0.96)
Boys

Timely* DTaP1 39,164/369,907 (10.6 %) 1(ref) 1(ref)

Delayed® DTaP1 7023/72,400 (9.7 %) 0.92 (0.89-0.94) 0.95 (0.93-0.98)
Girls

Timely* DTaP1 30,025/356,345 (8.4 %) 1(ref) 1(ref)

Delayed® DTaP1 5194/68,611 (7.6 %) 0.90 (0.87-0.92) 0.93 (0.91-0.96)
Test for interaction P=0.32

Abbreviations: DTaP1=First dose of Diphtheria, Tetanus, acellular Pertussis - Inactivated Polio Vaccine - Haemophilus influenzae
type b vaccine; AD=Atopic Dermatitis; RR=Relative Risk; aRR=adjusted Relative Risk

" Atopic Dermatitis identified according to the algorithm in sAppendix 2, but using only 1 prescription of corticosteroids for
topical use to fulfill criteria 2; ?Relative risk estimated using a binary regression model; ¥ Adjusted for season of birth, sex,
number of children in the household, caesarean section, preterm birth, birthweight, maternal smoking during pregnancy, antibiotic
use, chronic disease, family history of AD, single parenthood, population density, maternal age, parents origin at birth, income
quintile, maternal education; “First dose of DTaP before 4 months of age; ¥ First dose of DTaP at or after 4 months of age.
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Cumulated incidence of atopic dermatitis

5 6 7 8 9 10 11 12
Age in months

— Timely DTaP1— —Delayed DTaP1

Timely DTaP1: vaccination with first dose of DTaP-IPV-Hib before 4 months of age
Delayed DTaP1: vaccination with first dose of DTaP-IPV-Hib at or after 4 months of
age
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Online Repository Text — Algorithm to define children with atopic dermatitis

A child is defined as having atopic dermatitis from the first date' when any of the below criteria are fulfilled:
Criteria 1:

>1 redeemed prescription with Tacrolimus/picremolimus: D11AHO01, D11AH02

Criteria 2:

>2 redeemed prescriptions, with at least two weeks between redemption of prescriptions and a maximum of
12 months-between redemption of prescriptions with below ATC-codes:_

- Glucocorticoids for external use, weak, moderately potent, potent or very potent (group
1,2, 3 and 4): DO7AA, D07AB, D07AC, D07AD)

- Glucocorticoids for external use with antiseptics, weak, moderately potent, or potent
(group 1, 2, 3, and 4): DO7BA, D07BB, DO7BC, D07BD

- Glucocorticoids for external use with antibiotics, weak, moderately potent, or potent
(group 1, 2, 3, and 4): DO7CA, D07CB, D07CC, D07CD

- Tacrolimus/picremolimus: D11AH01, D11AH02

(The criteria is fulfilled both if two prescriptions with the same ATC-code are redeemed and if two
prescriptions with different ATC-codes are redeemed. The date of atopic dermatitis diagnosis will be defined
as the date when the first prescription is redeemed in the series defining atopic dermatitis)

Criteria 3:

>1 hospital contact® with a diagnosis’ of ICD10-codes: L20 (atopic dermatitis) including all sublevels

': For prescriptions, the date is the date of redemption of the prescription (not the date the prescription was
made).

?: Any hospital contact will be included irrespective of whether it is coded as inpatient, outpatient, day
patient or emergency room patients.

3: Any diagnosis will be included irrespective of the ordering of the diagnosis, e.g. both main diagnosis and
all other diagnoses will be used to define atopic dermatitis.
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