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Abstract:
Background and Objective

As the rise in prevalence of allergic diseases worldwide corresponds in time with increasing
infant vaccination, it has been hypothesized that childhood vaccination may increase the risk
of allergic [disease. We aimed to synthesize the literature on the association between

childhood vaccination and allergy.
Design

We searched the electronic databases PubMed and EMBASE (January 1946- January 2018)
using vaccination'and allergy terms.

Methods

Two authors_selected papers according to inclusion criteria. Pooled effects across studies
were estimated” using random-effects meta-analysis. Due to inadequate number of
homogeneous publications on newer and underused vaccines, meta-analysis was limited to
allergic outeomes following administration of (Bacillus-Calmette-Guérin) BCG, measles or
pertussis vaccination. The review was prospectively registered in the PROSPERO systematic
review registry (NO: CRD42017071009).

Results

A total of 35 publications based on cohort studies and 7 publications based on randomized
controlled trials (RCTs) met the inclusion criteria. RCTs: From 2 studies, early vaccination
with BCG vaccine was associated with a reduced risk of eczema (RR= 0.83; 95% CI= 0.73 —
0.93; I = 0%) but not food allergy or asthma. No association was found between pertussis

vaccine and any allergic outcome based on a single RCT.

Cohort studies: Childhood measles vaccination was associated with a reduced risk of eczema
(RR= 0.65; 95% CI= 0.47 — 0.90, I’= 0.0%), asthma (RR= 0.78; 95% CI= 0.62 — 0.98, I>=
93.9%) and, with a similar, statistically non-significant reduction in sensitisation (RR= 0.78;

95% CI=0.61 — 1.01, I’= 19.4%).
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Conclusions

We found no evidence that childhood vaccination with commonly administered vaccines
were associated with increased risk of later allergic disease. Our results from pooled analysis
of both RCTs and cohort studies suggest that vaccination with BCG, and measles vaccines

were associated with a reduced risk of eczema.
Introduction

The global epidemic of allergic diseases in children and young adults is a major public health
issue that needs urgent attention'2. In addition to increase in prevalence, the common allergic
diseases, (asthma; eczema, allergic rhinitis and food allergy), have a substantial impact on the
quality of (life of affected individuals and families which often goes unrecognised.
Furthermore, they are responsible for a huge economic burden on the health care systems of
low and middle-income countries, as well as countries that are more affluent’>. According to
the Global Asthma Network, currently there are 334 million people living with asthma
worldwide®, whilst The World Allergy Association estimates that globally:10 to 30% of
people haveallergic rhinitis; 20% of children, and 2 — 10% of adults have atopic eczema; and
240-550 millionspeople have food allergies’. The increase in prevalence of allergic diseases
over the past few decades coincides with a global increase in the practice of mass
vaccination;.théreby leading to the hypothesis that childhood vaccination may increase the

risk of allergic diseases®-1°.

Allergic diseases.are characterised by an increased level of allergen specific Immunoglobulin
E (IgE) from™a Tihelper lymphocyte 2 (Ty2) response. The ‘hygiene hypothesis’ postulates
that decreasedwexposure to infectious diseases in early life due to improved hygiene or
vaccination; might cause suppression of the Tyl immune response (cell mediated immunity)
and lead to an over-active antibody-mediated Ty2 immune response (humoral immunity).
This Ty2 dominant response may increase the risk of allergen sensitisation and allergic

disease!!.

Escalation_ofreémerging infectious diseases, particularly zoonotic viral diseases in the last
decade has led to_introduction of novel vaccines at a rapid pace. Vaccination holds a pivotal
role in prevention of viral diseases where other medical options are almost non-existent.
Although evidence implicating vaccination in allergic disease is scarce and conflicting, the
suggestion that vaccinations increase risk of allergic disease has been used by anti-

vaccination lobbying campaigns, jeopardising the sustainability of vaccine programmes. A
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consequence of these campaigns is reduction in herd immunity, which has the potential to
increase the risk of serious outbreaks of previously vaccine-controlled infectious diseases,

undermining the work of global, evidence-based public health programmes.

Since the first published report on childhood vaccination and allergic outcomes by Odent et al
in 199412, several studies using original data and systematic reviews have been conducted on
this topic. However, the evidence remains inconsistent!'3!'4. The published systematic reviews
on this topiesare.quite outdated and are limited to studies on exposures of Bacillus-Calmette-
Guérin (BCG),. Measles-Mumps-Rubella (MMR) and/or Diphtheria-Tetanus-Pertussis (DTP)
vaccines'>12." The relationship between many other commonly used vaccines (e.g.
Haemophilus influenza type b (Hib) vaccine, Hepatitis B (Hep B), pneumococcal vaccine,
meningococ¢cal vaccine, newer conjugated vaccinesand other vaccines recommended for the
childhood peried): and allergic diseases have not been systematically reviewed. We were
unable to find.sstudies with any other vaccines evaluated for allergy development.
Furthermorg, previous systematic reviews have provided only low-quality evidence as they
included study“designs such as cross-sectional and case control, which cannot assess
temporality| of these associations?*2!. In addition, the existing systematic reviews are
methodologically heterogeneous to the inclusion of several study designs in a single review
without reference to the importance of each study design in contributing to the weight of

evidence?%

Having recognised the limitations and knowledge gaps of the existing literature, we aimed to
conduct a systematic review of the published randomized controlled trials and cohort studies,
which investigated the association between childhood vaccination and later development of

allergic outcomes.

Methods
Search strategy

We searched PubMed and Embase databases from January 1946 to January 2018. We
identified peer reviewed articles of original studies, published in English, using a
combination of two sets of search terms for the exposure (childhood vaccine) and the allergic
outcomes (Table S1). The search terms were developed by one author (SN) and reviewed by

other authors (NW, CL, and SD). The search was last updated on 22" January 2018. The
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review was prospectively registered in the PROSPERO systematic review registry (NO:
CRD42017071009).

Eligibility criteria

We restrictéd.our' review to randomised controlled trials (RCTs), prospective cohort studies
and retrospectiveicohort studies which had measured the exposure and outcome objectively.
Studies investigating childhood vaccines as the exposure were considered eligible
irrespective, of different timings, number of doses or whether they were compared to a
placebo, control vaccine or no vaccine. The allergic outcomes could have been reported at

any age. Studies where the outcome preceded the exposure were excluded.
Study Selection and Data Extraction

Title and abstract screening of all references identified from the literature search for
potentially eligible articles was carried out by two authors independently (SN, ME). Full text
article scregning was carried out by the same authors and any disagreement was resolved by

discussion with a third author (CL).

Data were extracted by one author (SN) into a standardised table format and cross checked by
a second author(ME). Any discrepancy was resolved by consensus. The information
extracted included: (i) first author, journal, year of publication and study design, (ii)
characteristics of study participants (including age, study setting, sex, socio-demographic
variables and study population size), (iii) type of exposure (including source of exposure
information, age at exposure, dose and frequency, comparator), (iv) allergic outcome
measured (and how defined), (v) relevant effect measure and the 95% confidence limits, (vi)

confounders considered in the analysis and (vii) author’s conclusion.
Study Variables:*Exposures and outcomes
The exposure of interest was any vaccine given in childhood (birth-18 years).

The primafy“outcomes considered were asthma/wheeze, rhinoconjunctivitis/ allergic
rhinitis/haysfever, atopic dermatitis/eczema, food allergy and allergic sensitisation. Where
outcomes were reported at multiple time points, the most suitable age for diagnosis of each
outcome was taken into consideration (e.g. asthma diagnosed after 6 years of age, eczema

and food allergy before 1 year)

Quality Assessment
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The quality of the included randomised controlled trials studies was appraised using the
Cochrane Collaboration Tool for assessing risk of bias, while the Newcastle Ottawa Scale
(NOS) was used for cohort studies(carried out by SN and checked by ME). Wherever
feasible, published study protocols and previous articles on the same study were sourced for
more insightvintoa particular study methodology. The DAGitty on-line tool was used to create a
Directed Acyclic Graph (DAG) to visualise the potential confounders for the relationship between
vaccination and“allergic disease. Based on this we identified socio-economic status, maternal age, age
of the child, family history of allergic diseases, having older siblings, neonatal antibiotic exposures,
child care attendance, environment tobacco smokeand period of gestation/ birth weight as
confounders! From /these a minimal set of confounders was identified and used as part of the study
quality assessment (Figure S1). The results of the NOS were converted into Agency for Health
Research and Quality (4HRQ) standards(good, fair and poor) accordingly??.

Qualitative analysis: In the qualitative synthesis, study characteristics, exposure variability,

outcome variability and study quality were the factors taken into consideration.

Meta-analysis:=Taking the heterogeneity of the outcome variables/ terms used into
consideration,  some outcomes were collapsed under one outcome variable/ term. The
umbrella terms such as ‘atopic outcomes’ and ‘allergic outcomes’ were analysed based on the
definition andwon the context in which they were reported by the original authors. Outcome
variables defined based on SPT and/ or IgE were first considered separately and then as one

variable by amalgamating into one group.

Where the effeetsmeasures were reported as odds ratios, the results were converted to risk
ratios as degcribed by Zhang et al, the upper and lower limits of the confidence limits for the
risk ratio were“€alculated?**. Where the vaccine group was analysed as the reference group
in the original papers?>-%6, the effect measure and the respective 95% confidence limits were
inverted so that the control group became the reference group. Similarly, the inverse of the
risk estimate. was.considered where a protective effect was shown by delayed administration
of the vaccine?’. We meta-analysed studies (2 or more) with similar measures of effect where
there was homegeneity of exposures and outcome measurements. Heterogeneity across the
studies waswevaluated by the I statistic. As described by the original authors. cut off values
for low, moderate and high heterogeneity were set arbitrarily at 25%, 50% and 75%
respectively?®. Studies with similar exposure and outcome variables were pooled using the
statistical software Stata version14?°. Random-effect models were used to derive the pooled

estimates and the 95% confidence intervals. Possibility of publication bias was assessed by

This article is protected by copyright. All rights reserved



visually inspecting the funnel plots. Data analysis was carried out by SN and was cross

checked by CL and SD.

Results
Search Results

Our initial search generated 5622 references. After title and abstract screening, there were
187 potentially relevant articles for full text screening. From these, we identified seven
publicationssbased on RCTs and 35 publications based on cohort studies that satisfied our
eligibility criteria (Table 1 and Tables S2 and S5), giving 42 full text articles to be included in
the review. Of the publications based on cohort studies, 10 were from prospective study
designs, 10 from birth cohorts, 2 had a combination of retrospective and prospective study
components, and 13 were from retrospective cohort study designs. Seven publications
investigated BEG: (5 publications based on 3 RCTs; 12 cohort studies), 22 publications
investigated pertussis either alone or as DTP/ DPPT combined vaccine (3 publications based
one RCTs; 19°¢ohort studies), 8 publications (cohort studies) investigated MMR vaccination,
5 publications_(eohort studies) investigated measles vaccination, 4 publications investigated
Hib vaccination (cohort studies), whilst 2 publications (cohort studies) investigated smallpox
vaccination, Even though 2 publications based on a cohort study have mentioned TBE as an
exposure whilst 8 publications have mentioned polio (OPV, IPV or as a component of a
combined vaccine), the outcomes of these exposures have not been evaluated. Furthermore,
we did not identify studies investigating pneumococcal vaccine, yellow fever, Japanese
encephalitis, rubella, rota virus, HPV, Varicella, Hepatitis A or B, Typhoid, Cholera or any
other vaccifes_récommended by the WHO during the childhood period. The Preferred
Reporting Itemssfor Systematic Reviews (PRISMA) diagram is shown in Figure 1.

Study characteristics of the articles based on RCTs (Tables 1 and S5)

There were four included RCTs, reported in seven publications for different outcomes. These
studies were carried out in Guinea-Bissau?, Sweden3!32, Netherlands®? and Denmark34-3¢.

The numbers of participants in these studies ranged from 121 — 4262. Except for the RCT by
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Steenhuis et al3* which was carried out in a population of Caucasian high-risk newborns, all

other studies were population based (Tables 1 and S5).

Exposures (Table S2)

A. BCG

As shown insthexTable 1, of the seven publications based on four RCTs, five investigated (3
RCTs) the allergic outcomes following BCG vaccination out of which in 2 RCTs the vaccine
was given at the age of 6 weeks?*33 while in the other RCT the vaccine was given within 7

days of birth>*-3¢(On-line supplement tables S2 and S5).

The trial by Kiraly et al used a two-by-two factorial design, randomising low birth weight
infants in Guinea-Bissau to 4 groups based initially on early BCG (intervention) and usual
policy BCG timing (control) followed by Vitamin A (intervention) and placebo (control)°.
Three of the remaining four publications were based on Danish Calmette Study which had a
non-vaccinated..control group*#-3¢, whilst the other, carried out in the Netherlands, used

normal saline as‘ayplacebo control33.
B. Pertussis

Two publications“based on the other RCT reported allergic outcomes following pertussis

vaccination/at 2, 4 and 6 months of age3!-32,

Outcomes

There was substantial variability in the outcomes investigated in the seven RCT-based
articles. Two articles reported on the relationship between BCG vaccination and developing
asthma of wheeze3336 at the age of 4, 18 months* and 13 months®®; two reported on
associations with atopic dermatitis/ eczema®33> at the age of 4, and 18 months3? and 13
months?>; two reported on outcomes of food allergy3334, at the age of 4, and 18 months3? and
13 months?#; one on the development of rhinoconjunctivitis/ rhinitis/ hay fever?? at the age of

4 and 18 months, three reported on atopic / allergic outcomes based on SPT3*-32 at 3-9
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years3?, 7 months, 2.5 years®!' and 7 years32. The effect measures were reported as increase in

risk3!, odds ratios3?32 and relative risks33-3°,

Summary of RCT findings (Tablesl and S5)

None of the publications from the RCTs found evidence of an association between BCG or
pertussis vagceine, and allergic manifestations apart from a small reduction in the risk of
eczema in the first year of life found in 2 studies following BCG vaccination®333. Of these,
the study*by"Steenhuis et al’* was performed in a high-allergy risk population while the study
by Thostesenvetral?+-3¢ was population based. However, Thostesen et al®> carried out a post-
hoc analysis on a sample of children with atopic predisposition finding evidence of a further
reduction in the risk of developing eczema following BCG vaccination (from RR =0.9; 95%
CI = 0.80-1:00) to RR 0.84; 95% CI = 0.74-0.95).

Study quality(Table S3)

Overall, the quality of the included RCT studies, as assessed by the Cochrane collaboration
risk of bias tool revealed one study (three articles)’*3¢ to be of good quality, two studies

(three articles)?%3#to be of fair quality and one article/ study?? to be poor quality (Table S3).

Meta- analysis of the RCTs involving BCG (Figure 2)

As shown insEigure 2, BCG vaccination by 7 days — 6 weeks of age was associated with
reduced pooled risk of eczema (RR= 0.83; 95% CI= 0.73 — 0.93; I’= 0%) There were non-
significant reductions in risk of wheeze (RR= 0.93; 95% CI= 0.65 —1.34; I = 60%), and
parent-reported food allergy (RR= 0.93; 95% CI=0.73 — 1.19; = 0%)).

Study characteristics of the articles based on cohort studies (Tables 1 and S5)

A total of 35 publications based on 29 cohort studies (with multiple publications for some
cohorts) met,the inclusion criteria. One was a multinational study carried out in Turkey,
Thailand vandwArgentina®>. There were 9 studies from the United Kingdom!®37-44 5 from
Australia?”#*8 4 from Denmark*-2, 3 from Germany>3-3, 2 from Netherlands?%¢, 3 from
Sweden®’%and1 each from New Zealand®®, Poland®!, Canada®?, United States of America®?,

Korea®, Brazil®®, Guinea Bissau®, and Taiwan®’
Exposures (Tables 1, S2 and S5)

Of the 35 publications from a total of 29 cohort studies one prospective cohort?, 2 birth
cohorts’*>> and 9 retrospective cohorts!?4448,51,58,59.64-66 jnyestigated allergic outcomes

following BCG vaccination. Whereas most of the comparison groups in these studies did not
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receive any vaccine or placebo, 2 publications based on a retrospective cohort had a late BCG
(>12 months) control group!®*4, whilst another retrospective cohort study compared multiple

BCG doses against one BCG dose®.

Three publications examined allergic outcomes following a combination of DTP with other
vaccines?%%%67__10 publications looked at the allergic outcomes following DTP vaccination
alone?741:43:8.47,53,56,57,62.63  The study by Matheson et al reported the effect estimate for the
risk of develeping asthma following pertussis vaccination in addition to DTP combined
vaccine®. Five other publications based on 5 cohort studies investigated pertussis vaccine
alone as the exposure3’-3%42:46, Most of the studies except for Kiraly et al and Venter et al
compared pertussis vaccine versus no vaccine. In the study by Kiraly et al?’, the controls
received acellular pertussis vaccine in the form of DTaP later than the accepted schedule. In
the study by=Venter et al’’ the comparison group received a whole cell pertussis vaccine in
contrast to the usually scheduled DTaP vaccine and acellular pertussis vaccine received by

the cases.

Of the publications based on cohort studies, 7 investigated MMR as the
exposure*! 4714930335563 whilst 4 investigated measles vaccine alone**4261.66 Four studies
investigatedsHibsvaccine?0-3-63-67 out of which in the study by Wang et al®’, the cases received
DTP-Hib-OPV _im contrast to the control group that received DTP-OPV. Two articles
published onrthesFasmanian Longitudinal Health Study*>4¢ and the study by DeStefano et al®

looked at the allergic outcomes following small pox vaccination in childhood.
Outcomes (Table S2)

All cohorts exeept one prospective cohort?, one birth cohort*® and 2 retrospective cohorts>%-60
investigated either asthma and/or wheezing as an outcome. Similarly, most of the same
studies investigated eczema/ atopic dermatitis as another outcome!%26.27,37:41,42,46-49,53,56,58,60,67
In terms of other allergic outcomes, 2 prospective cohorts?’46, 6 birth cohorts37:40:42:49,33,54,
and 5 retrospective cohorts!%#8-3152.38 investigated rhinoconjunctivitis/ rhinitis/ hay fever as an
outcome measure; and 2 prospective cohorts?’#6, one birth cohort?’, and 2 retrospective

cohorts>®%% investigated the development of food allergy.

Outcome variables were reported as hazard ratios®415, risk ratios!%23-37.38,45.47:48,50.60.63 gpn(

odds ratios.

Summary of findings from cohort studies (Tables 1 and S5)
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A. BCG

There was conflicting evidence about the effect of BCG vaccination on allergic outcomes.
Five studies demonstrated a reduced risk of developing allergic outcomes following BCG
vaccination, whilst one study showed an increase in the risk of allergic outcomes®® and 6

other studies found no evidence of association!9:48:51.54.58.65
B. Pertussis

In terms of pertussis exposure, the overall evidence contributed by all the cohort studies
suggested nesstrong evidence of association. The study by Bernsen et al’¢ found evidence of a
reduced risk‘efiallergic outcomes following whole cell pertussis vaccination. In contrast, the
study by Farooqi*? found an increased risk of allergic outcomes with the same vaccine. The
control group in the former’® was very small representing only 2% of the population,
compared with 25% in the latter*?. Four other studies failed to show any significant

association between pertussis vaccine and allergic outcomes3’-3%43
C. Measles

Apart from ‘the studies by Farooqi et al*? (weak higher risk) , and Mckeever et al 4! (higher
risk estimatesfor‘asthma and eczema given as hazard ratios and adjusted hazard ratios), all
the other studies showed a protective effect?749-5033.35.61.63 or a null effect*®%® following
measles/ MMR vaccine. It was not possible to ascertain the individual effect of measles
vaccination ,on allergic outcomes in the study by Bernsen et. Al ¢ as the ultimate protective

effect represented the combined effect of several vaccines.
Study quality (Table S4)

The results( for the quality assessment using the NOS are given in Table S4. Usually, by
design the evidence from the prospective cohorts is better than the retrospective cohorts.
However, we_found that two prospective cohorts were of poor quality?>-®® whilst 6 of the

retrospective cohorts were of good quality!?:44-56,62,64.66
Meta-analysis of the cohort studies

A: BCG (Figure 3)
Pooling the effect estimates of 4 studies**#8-164 that investigated the relationship between

BCG vaccination in the neonatal period and development of asthma at 6 years found no
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evidence of an association with asthma; re RR=0.92,95% CI= 0.59 — 1.46. However, the
heterogeneity was high (I’= 82.9%) indicating that the pooled estimate was unreliable.
There was no evidence of a protective effect from BCG vaccination for allergic sensitisation
(SPT); re RR=0.97, 95% CI= 0.89 — 1.05, I’= 0%. Similarly, there was no evidence of
associatiofrforthe risk of hay fever following vaccination with BCG; re RR=1.08, 95% CI =
0.83 — 1.4, P=42.9%.

B1. Acellular pertussis (Figure 4)

There was ne.evidence of any association for vaccination with acellular pertussis on the
development of wheeze/asthma, eczema, or sensitisation. The pooled effect estimate of three
studies exploring the association between childhood vaccination with acellular pertussis and
development of wheeze/ asthma?’3737 showed no evidence for an association (RR= 0.96,
95% CI= 0:82:=+1.13, P= 26.6%). Similarly, three studies?’>7-%¢ exploring the association
between childhood vaccination with acellular pertussis and development of sensitisation
measured asg'detected by the skin prick test failed to demonstrate a significant association as
95% CI included'the null (RR= 1.34, 95% CI=0.83 — 2.17, I’= 49.4%).
B2. Whole cell pertussis (Figure 5)

We foundsnesevidence for an association between vaccination with whole-cell pertussis
vaccine and allergic disease. Pooling effect estimates of 5 cohort studies investigating the
effect lofwwschildhood  whole-cell pertussis vaccine and  development  of
asthma?38:43-46.56.63showed no evidence of association: RR= 0.98, 95% CI= 0.88 — 1.08, I =
33.9%.
C. Measles (Figure 6)

There was evidence of a protective effect of measles vaccination for development of all
allergic outcomes from all studies except for the study by Farooqi et al*? which used ‘allergy’
as the outcome measure. Pooling of the estimates from 4 cohort studies*®->%-61-63investigating
the association between measles vaccination and development of asthma showed a protective
effect; RR=0.78,/95% CI = 0.62 — 0.98. However, the heterogeneity was unacceptably high
for the pooled.estimate to be reliable; = 93.9%. This may be due to the differences in age of
outcome measurement which would affect the definitive diagnosis of asthma, and exposure
being a multi-component vaccine (MMR) in 3 studies**-%63 in comparison to measles only
vaccine in the other®'. In contrast, the pooled estimate from 2 studies (3 risk estimates for
different populations?®-33investigating the association between measles vaccination and

eczema was protective; RR= 0.65; 95% CI= 0.47 — 0.90; P = 0.0%. Pooling of 3
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studies*?->3-66also showed modest evidence of a reduced risk of allergic sensitisation; RR=
0.78; 95% CI= 0.61 — 1.01, with low heterogeneity; I = 19.4%. However, the confidence

interval included the null value.

There was no clear evidence of small study effects, as shown by visual inspection of the

funnel plot (Figure S2).
Discussion

Our systematic review and meta-analysis found no evidence of an increase in the risk of
allergic outcomes,following childhood immunization with commonly administered childhood

vaccines.

Pooling estimates from RCTs indicated some evidence for protection from development of
eczema but'notfor asthma or parent-reported food allergy following BCG vaccination in
infancy whilst:pooling estimates from cohort studies found that childhood vaccination did not
significantly influence development of any allergic diseases later in life. However, we found
some low quality evidence from cohort studies that measles vaccination may be associated
with less risk (of development of eczema (low quality of the studies according to NOS),
asthma (high heterogeneity of the pooled estimate)and sensitisation (confidence interval

included the null.value).
Interpretation of the findings in the context of international literature

It has been proposed that an immunogenic agent such as a vaccine administered in infancy to
protect againstinfection might also confer altered risk of later allergic sensitisation or allergic
disease. This_hypothesis was fuelled by the publication of a non-peer reviewed letter by
Odent et all?"suggesting a possible cross-sectional link between vaccination with whole-cell
pertussissvaceinerand increased risk of asthma. Further cross-sectional studies from New
Zealand®?"and the UK*?added to concerns that early life vaccination might increase the risk of
later atopic disease. There was some theoretical support for this proposition with specific IgE
antibody to Tetanus and Diphtheria toxoids detected in about 50% of immunised
infants,%%and that proportion rose to 90% after booster injections®. This Th2 mediated

response seemed more common in atopic children®®,

However, other systematic reviews on atopic risk reported contrary results. A systematic

review!’published in 2004 concluded that there was no evidence that infant vaccination
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resulted in an increase in later atopic disease. However, non-existence of RCTs on the topic

at that time limited their review to observational studies of varying quality and heterogeneity.

The evidence uncovered through previous systematic reviews and meta-analyses suggests
that BCG yaccination is unlikely to be protective against development of eczema and
sensitisation'8, whilst it may offer some protection over development of asthma!®1°, Lack of

data from RCTs was a limitation identified in those reviews.

Undoubtedly, pooling estimates from RCTs in the current review made way to better
synthesis of evidence. We found some evidence for protection from development of eczema
following BCG vaccination in infancy. The pooled estimate from two RCTs examining the
effect of BCGgvaccination on eczema after the first year of life in high-risk populations
showed a clinically important and statistically significant 17% risk reduction. One of the
trials was of poor quality and the calculated pooled estimate should be regarded with
caution?3. Further, the nature of the populations studied renders generalizability of the results

doubtful.

Furthermorej'¢ontrary to Arnoldssen et al'® and Linehan et al'® we did not find any evidence
suggesting a'protéction against development of wheeze/ asthma following BCG vaccination
by pooling-effect estimates of both RCTs and cohort studies separately through our review.
Even thoughgages of outcome are not suitable to arrive at a definitive diagnosis of asthma in
both RCTs considered for risk of development of asthma following BCG vaccination in this
review, the gonsistency of the findings made by pooling of the effect estimates from 4 cohort
studies in which the age of outcome is suitable for a definitive diagnosis of asthma, adds

more weight in this regard.

In all, 35 publications based on 29 cohort studies from 16 individual countries were included
in this review and the study quality varied considerably. Only 50% of the studies were rated
“good”, 18% were “fair” and 32% were “poor” based on the Newcastle-Ottawa Scale.
Common vaccines were studied, often co-administered, inevitably leading to difficulty in

teasing out the effect of one vaccine from another.

In the present review, with the exception of a significant reduction in eczema risk with
administration of measles vaccine, the cohort studies examining the effect of vaccination on
later allergy risk found no evidence for an association between vaccination and common

childhood allergies.
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The pooled estimate from 2 cohort studies (3 estimates, as one study had risk estimates for
high and low risk samples) shown in Figure 6 indicated a clinically important 35% risk
reduction for eczema following measles vaccination. The estimate was obtained from studies
that were classed as poor quality based on the NOS. Additionally, the pooled estimate was
clearly driven™by the results from one study performed in a high-risk population so that
methodological heterogeneity will have influenced the estimate which must be interpreted
with caution. Again, the pooled estimate from 4 cohort studies indicated an important 22%
risk reduction for asthma from measles vaccination. While 3 of the 4 studies were classed as
good qualitysthere was strong evidence for heterogeneity with an I exceeding 90%. Three of
the said studies®?%% considered MMR to be the exposure whilst it was measles only in the
other study®!” In addition, age of diagnosis of the outcome is an issue here in 2 studies’*3 as
definitive diagnosis of asthma may not be possible prior to 5 years of age’’!. Consequently,

the pooled estimate must be regarded as unreliable.

The pooledsestimate from the cohort studies exploring the effect of whole cell pertussis
vaccine on ‘eczema is in the same direction as that of measles vaccine. However, it is of
interest that' the pooled estimates from the cohort studies exploring the effect of acellular and
whole-cell vaccines on eczema were in the opposite directions, but these estimates should be
regarded withegcaution given the quality of the studies, high heterogeneity of pooled estimate
of whole-eell vaccines and the probable methodological differences in the studies on acellular

pertussis vaccines.

Hence, it is noteworthy that the aim of Kiraly et al?’was to examine the effect of the timing of
vaccine administration on allergic outcomes, not the effect of acellular pertussis vaccine
compared to either whole-cell vaccine or no vaccine. From the same study, it was not
possible to fattribute the observed reduction in eczema risk to the use of acellular pertussis
vaccine which was but one component of a combined DTaP vaccine. Venter et al’’ found an
18% reductiongingeczema risk when comparing the effect of acellular pertussis which is a
component of a combined diphtheria/tetanus/pertussis vaccine to whole cell pertussis vaccine
at 1 year of agerIn the latter scenario, any effect from the diphtheria and tetanus components
should havesbeen common to each multi-component vaccine, lending more weight to the
findings on reduced eczema risk. Nonetheless, the methodological differences are important
and must cast some doubt on the reliability of the pooled estimate. A reduced risk is
biologically plausible in that the lack of some cell wall components in the acellular pertussis

vaccine could down-regulate the atopic response>>.
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Similarly, the pooled estimate from three cohort studies that used a whole-cell pertussis
vaccine showed no effect on eczema risk. Bernsen et al**found evidence of a reduced risk of
allergic outcomes following whole cell pertussis vaccination. In contrast, Farooqi found an
increased risk of allergic outcomes with the same vaccine*’. These contradictory findings
may havewarisen from study differences including different populations, and different
methods for determining allergic outcomes. The Bernsen study used very sensitive but not
highly specific measures as opposed to the Farooqi study where highly specific but not
sensitive measures were employed. Perhaps the most important difference is that the control
group in the Bernsen study represented only 2% of the study population (compared with 25%
in Farooqi) ‘raising the question of the appropriateness of this comparison group that may

have differed for a range of other exposures.

Overall, resultssfrem the cohort studies in this review did not support the view that early-life
vaccination was.associated with an increased risk of allergic disease. While not definitive, the
pooled estimates from the cohort studies tend towards the opposite view, that is, that early-
life vaccination"with measles vaccine could be associated with a reduced risk of eczema.
However, more methodologically homogeneous studies are needed to conclude on this

regard.
Strengths, limitations, and Implications for Policy, Practice and Research

A systematic review with meta-analyses of this nature, offers a strong evaluation of the
available ewidence, while inherently limited by what evidence is available. The main
strengths of this study are our attempt to encompass all the eligible articles with a systematic
search strategy, independent screening of the articles for eligibility and quality by two
authors, andginelusion of only randomised controlled trials and cohort studies due to their
inherent ability,to establish the temporal relationship between exposure and outcome. In
contrast all thesprevious reviews examining the association between childhood vaccination
and allergic outcomes were limited to observational studies!>-!7 except for Arnolessen et al'®
and Linehan et al® which had one single blinded RCT in their review. There is a scarcity of
RCTs addressing the issue as it is often unethical to withhold the vaccines from a control
arm. In this current review, pooling the effect estimates separately for RCTs and cohort
studies and the consistency from both RCTs (BCG) and cohort studies (measles) in finding
possible beneficial effects from infant vaccination on the risk of eczema is important in this

regard. Similarly, there was consistency of evidence from both RCTs and cohort studies with
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regards to finding no association between BCG vaccination and wheeze/ asthma outcomes.
Even though meta-analysed separately, the heterogeneity in the outcome variables is note-
worthy, i.e. allergic outcome in the 2 RCTs is wheezing at 1 — 2 years of age whilst in the 4
cohort studies it was asthma above 6 years of age. However as noted above, in cohort studies
where thé"exposure and outcome were measles vaccination and asthma respectively, even
though a statistically significant protective effect was denoted by the pooled estimate, the
inappropriate age for a definitive diagnosis of asthma seen in 2 of the meta-analysed studies
should be taken into consideration when interpreting the results. Similarly, there were
differences in the control groups in the studies where the exposure was acellular pertussis.
Hence, methodological heterogeneity and questionable generalizability in many of the

included studies is\a limitation of the available evidence.

In summarysgthisereview and meta-analysis found no evidence of an adverse effect from
common childheood vaccinations on allergic outcomes but showed some evidence of a

beneficial effect'on eczema risk with BCG and measles vaccines.

Large population-based cohort studies in future may provide additional evidence of an effect,
either beneficial or adverse, on allergic outcomes. It would be interesting to further evaluate
whether thissfaveurable effect of BCG and measles vaccines on eczema is a specific effect or a more
generalized Tyl €ffect, pointing to the role of bacteria and viruses towards the pathogenesis
of eczema."Given'the overwhelming evidence in favour of infant vaccination as a protection
against infectious diseases and the voluminous evidence against development of allergy
following childhood vaccinations, it is doubtful that further RCTs using placebo or no
vaccination/could be justified where BCG, measles and pertussis vaccination and allergic
outcomes are concerned. As such, further studies on these vaccines will need to either
measure the impact of timing of vaccination or compare the impacts of different forms of
vaccines. It;is crugial to study the comparatively newer and underused vaccines such as Rota
virus, HPV pneumococcal, meningococcal, influenza, varicella, JE, cholera etc. that may
precipitate allergic outcomes. Emergent of novel zoonotic viral diseases in the recent past
have led to thesfapid development of newer and novel vaccines with newer antigens and/or
adjuvants suech as SARS, MERS and COVID-19 (SARS-CoV-2. Continuation of research on
these novel vaccines is obligatory. Meanwhile, it is imperative to promote the importance of
continuing childhood vaccines for prevention of vaccine preventable diseases, maintenance
of the herd immunity to protect vulnerable sub-groups, and sustainability of the vaccination

programmes.

This article is protected by copyright. All rights reserved



Acknowledgements: .This work was [partially] supported by funds from the NHMRC-
funded Centre for Food and Allergy Research (CFAR)

Conflict of Interest Statement: Dr. Navaratna has nothing to disclose.Dr. Estcourt has
nothing to disclose.Dr. Burgess has nothing to disclose.Dr. Waidyatillake has nothing to
disclose. Dr. Enoh has nothing to disclose.Dr. Lowe reports grants from National Health and
Medical Research Council, during the conduct of the study. Dr. Peters reports grants from
National Health.& Medical Research Council , outside the submitted work.Dr. Koplin has

nothing to disclose.Dr. Dharmage has nothing to disclose.Dr. Lodge has nothing to disclose.

References

1. Weinberg EG. The WAO white book on allergy 2011-2012. Current Allergy & Clinical
Immunology 2011;24:156-7.

2. Pawankar R, Canonica GW, Holgate ST, Lockey RF. Allergic diseases and asthma: a major
global healthseconcenn. Current opinion in allergy and clinical immunology 2012;12:39-41.

3. Bousquet JpBullinger M, Fayol C, Marquis P, Valentin B, Burtin B. Assessment of quality of
life in patientsswithrperennial allergic rhinitis with the French version of the SF-36 Health Status
Questionnaire. Journal of allergy and clinical immunology 1994;94:182-8.

4, WalkemSpkhan-Wasti S, Fletcher M, Cullinan P, Harris J, Sheikh A. Seasonal allergic rhinitis is
associated with a detrimental effect on examination performance in United Kingdom teenagers:
case-control study. The Journal Of Allergy And Clinical Immunology 2007;120:381-7.

5. Gupta R, Sheikh A, Strachan DP, Anderson HR. Burden of allergic disease in the UK:
secondary analyses of national databases.

6. The Global Asthma Report, 2014. In. Auckland, New Zealand: Global Asthma Network; 2014.
7. Pawankar R CG, ST Holgate ST, Lockey RF, Blaiss M. . The WAO White Book on Allergy
(Update. 2013). 2043.

8. McKeever TM, Lewis SA, Smith C, Hubbard R. Vaccination and allergic disease: A birth cohort
study. American Journal Of Public Health 2004;94:985-9.

9. Gruber C. Childhood immunisations and the development of atopic disease. Arch Dis Child

2005;90:553-5.

This article is protected by copyright. All rights reserved



10. Gruber C, Warner J, Hill D, Bauchau V. Early atopic disease and early childhood
immunization--is there a link? Allergy 2008;63:1464-72.

11. Sheikh A, Strachan DP. The hygiene theory: fact or fiction? Current opinion in otolaryngology
& head and neck surgery 2004;12:232-6.

12. Odent:MR; Culpin EE, Kimmel T. Pertussis vaccination and asthma: is there a link? JAMA: The
Journal Of Thé American Medical Association 1994;272:592-3.

13. Krishna®MT,Salvi SS. BCG vaccination and prevention of allergic disease. Pediatrics
2002;109:346-7.

14. Demicheli'V, Rivetti A, Debalini MG, Di Pietrantonj C. Vaccines for measles, mumps and
rubella in children. Cochrane Database Syst Rev 2012:Cd004407.

15. Balicer RB;,Grotto I, Mimouni M, Mimouni D. Is childhood vaccination associated with
asthma? A meta-analysis of observational studies. Pediatrics 2007;120:e1269-77.

16. El-Zein'M, Parent ME, Benedetti A, Rousseau MC. Does BCG vaccination protect against the
developmentiofichildhood asthma? A systematic review and meta-analysis of epidemiological
studies. Int JIEpidemiol 2010;39:469-86.

17. Koppen'S, de Groot R, Neijens HJ, Nagelkerke N, van Eden W, Rumke HC. No epidemiological
evidence forinfant waccinations to cause allergic disease. Vaccine 2004;22:3375-85.

18. Arnoldussen DL, Linehan M, Sheikh A. BCG vaccination and allergy: a systematic review and
meta-analysis. JAllergy Clin Immunol 2011;127:246-53, 53.e1-21.

19. Linehan MF, Nurmatov U, Frank TL, Niven RM, Baxter DN, Sheikh A. Does BCG vaccination
protect against childhood asthma? Final results from the Manchester Community Asthma Study
retrospective cohort study and updated systematic review and meta-analysis. J Allergy Clin Immunol
2014;133:688-95te14.

20. Demicheli.V, Rivetti A, Debalini MG, Di Pietrantonj C. Vaccines for measles, mumps and
rubella in children:"Evidence-Based Child Health 2013;8:2076-238.

21. Arnoldussen DL, Linehan M, Sheikh A. BCG vaccination and allergy: A systematic review and
meta-analysis.

22. Wells GA, Shea B, O'Connell D, et al. The Newcastle-Ottawa Scale (NOS) for assessing the
quality of nonrandomised studies in meta-analyses. In. The Ottawa Hospital, Research Institute.

23. Odds'Ratio to Risk Ratio Conversion. ClinCalc. 2017. (Accessed March 5, 2018., at

http://clincalc.comy/stats/convertor.aspx.)

24, Zhang J, Kai FY. What's the relative risk?: A method of correcting the odds ratio in cohort

studies of common outcomes. Jama 1998;280:1690-1.

This article is protected by copyright. All rights reserved


http://clincalc.com/stats/convertor.aspx

25. Townley RG, Barlan IB, Patino C, et al. The effect of BCG vaccine at birth on the development
of atopy or allergic disease in young children. Ann Allergy Asthma Immunol 2004;92:350-5.

26. Kummeling I, Thijs C, Stelma F, Huber M, Van Den Brandt PA, Dagnelie PC. Diphtheria,
pertussis, poliomyelitis, tetanus, and Haemophilus influenzae type b vaccinations and risk of eczema
and recurrent:.wheeze in the first year of life: The KOALA birth cohort study. Pediatrics
2007;119:e367-e73:

27. Kiraly'N;Koplin JJ, Crawford NW, et al. Timing of routine infant vaccinations and risk of food
allergy and eczema at one year of age. Allergy 2016;71:541-9.

28. Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses.
BMJ 2003;327:557-60.

29. StataCorpsStata Statistical Software: Release 14. In. College Station, TX: StataCorp LP; 2015.
30. Kiraly,N, Benn CS, Biering-Sorensen S, et al. Vitamin A supplementation and BCG vaccination
at birth may affect atopy in childhood: long-term follow-up of a randomized controlled trial. Allergy
2013;68:1168-76.

31. Nilsson L, Kjellman NI, Bjorksten B. A randomized controlled trial of the effect of pertussis
vaccines on atopic disease. 734 1998;152:734-8.

32. Nilsson L, Kjellman NI, Bjorksten B. Allergic disease at the age of 7 years after pertussis
vaccination in infancy: results from the follow-up of a randomized controlled trial of 3 vaccines. Arch
Pediatr Adolesé®Med 2003;157:1184-9.

33. Steenhuis TJ, van Aalderen WM, Bloksma N, et al. Bacille-Calmette-Guerin vaccination and
the development of allergic disease in children: a randomized, prospective, single-blind study. Clin
Exp Allergy 2008;38:79-85.

34. ThestesemLM, Kjaer HF, Pihl GT, et al. Neonatal BCG has no effect on allergic sensitization
and suspected.food allergy until 13 months. Pediatric Allergy and Immunology 2017.

35. Thestesen'tM, Kjeergaard J, Pihl GT, et al. Neonatal BCG vaccination and atopic dermatitis
before 13mimonthsiof age: A randomized clinical trial. Allergy 2018;73:498-504.

36. Thostesen LM, Stensballe LG, Pihl GT, et al. Neonatal BCG vaccination has no effect on
recurrent wheeze in the first year of life: A randomized clinical trial. Journal of Allergy and Clinical
Immunology 2017;12.

37. Venter C, Stowe J, Andrews NJ, Miller E, Turner PJ. No association between atopic outcomes
and type of pertussis vaccine given in children born on the Isle of Wight 2001-2002. Journal of
Allergy and Clinical Immunology: In Practice 2016;4:1248-50.

38. Henderson J, North K, Griffiths M, Harvey |, Golding J. Pertussis vaccination and wheezing

illnesses in young children: Prospective cohort study. British Medical Journal 1999;318:1173-6.

This article is protected by copyright. All rights reserved



39. Spycher BD, Silverman M, Egger M, Zwahlen M, Kuehni CE. Routine vaccination against
pertussis and the risk of childhood asthma: a population-based cohort study. Pediatrics
2009;123:944-50.

40. Lewis SA, Britton JR. Measles infection, measles vaccination and the effect of birth order in
the aetiology of:hay fever. Clin Exp Allergy 1998;28:1493-500.

41. McKeever TM, Lewis SA, Smith C, Hubbard R. Vaccination and allergic disease: a birth cohort
study. Am J Public’Health 2004;94:985-9.

42. Faroogqi IS, Hopkin JM. Early childhood infection and atopic disorder. Thorax 1998;53:927-32.
43, Maitra A, Sherriff A, Griffiths M, Henderson J. Pertussis vaccination in infancy and asthma or
allergy in later childhood: Birth cohort study. British Medical Journal 2004;328:925-6.

44, Linehan MF, Frank TL, Hazell ML, et al. Is the prevalence of wheeze in children altered by
neonatal BCGywaccination? J Allergy Clin Immunol 2007;119:1079-85.

45, Matheson MC, Haydn Walters E, Burgess JA, et al. Childhood immunization and atopic
disease into middle-age--a prospective cohort study. Pediatr Allergy Immunol 2010;21:301-6.

46. Nakajima K, Dharmage SC, Carlin JB, et al. Is childhood immunisation associated with atopic
disease from age 7 to 32 years? Thorax 2007;62:270-5.

47. Thomson JA, Widjaja C, Darmaputra AA, et al. Early childhood infections and immunisation
and the development of allergic disease in particular asthma in a high-risk cohort: A prospective
study of allergy=prone children from birth to six years. Pediatr Allergy Immunol 2010;21:1076-85.
48. Marks GB, Ng K, Zhou J, et al. The effect of neonatal BCG vaccination on atopy and asthma at
age 7 to 14 years: an historical cohort study in a community with a very low prevalence of
tuberculosis'infection and a high prevalence of atopic disease. J Allergy Clin Immunol 2003;111:541-
9.

49, Timmermann CA, Osuna CE, Steuerwald U, Weihe P, Poulsen LK, Grandjean P. Asthma and
allergy in children"with and without prior measles, mumps, and rubella vaccination. Pediatr Allergy
Immunol 2045;26:742-9.

50. Hviid A,"Melbye M. Measles-mumps-rubella vaccination and asthma-like disease in early
childhood. Am J Epidemiol 2008;168:1277-83.

51. Bager P, Rostgaard K, Nielsen NM, Melbye M, Westergaard T. Age at bacille Calmette-Guerin
vaccinationsand risk of allergy and asthma. Clin Exp Allergy 2003;33:1512-7.

52. Bager P, Westergaard T, Rostgaard K, Nielsen NM, Melbye M, Aaby P. Smallpox vaccination
and risk of allergy and asthma. Journal of Allergy and Clinical Immunology 2003;111:1227-31.

53. Gruber C, llli S, Lau S, et al. Transient suppression of atopy in early childhood is associated

with high vaccination coverage. Pediatrics 2003;111:e282-8.

This article is protected by copyright. All rights reserved



54. Gruber C, Kulig M, Bergmann R, Guggenmoos-Holzmann |, Wahn U. Delayed hypersensitivity
to tuberculin, total immunoglobulin E, specific sensitization, and atopic manifestation in
longitudinally followed early Bacille Calmette-Guerin-vaccinated and nonvaccinated children.
Pediatrics 2001;107:E36.

55. Grabenhenrich LB, Gough H, Reich A, et al. Early-life determinants of asthma from birth to
age 20 years:;/A German birth cohort study. Journal of Allergy and Clinical Immunology
2014;133:979-88re3:

56. Bernsen RM, de Jongste JC, van der Wouden JC. Lower risk of atopic disorders in whole cell
pertussis-vaccinated children. Eur Respir J 2003;22:962-4.

57. Vogt H, Braback L, Kling AM, Grunewald M, Nilsson L. Pertussis immunization in infancy and
adolescent asthma,medication. Pediatrics 2014;134:721-8.

58. Alm JS,Lilja G, Pershagen G, Scheynius A. Early BCG vaccination and development of atopy.
Lancet 1997;350:400-3.

59. Alm JS;'Sanjeevi CB, Miller EN, et al. Atopy in children in relation to BCG vaccination and
genetic polymorphisms at SLC11A1 (formerly NRAMP1) and D251471. Genes Immun 2002;3:71-7.
60. Kemp T, Pearce N, Fitzharris P, et al. Is infant immunization a risk factor for childhood
asthma or allergy? Epidemiology 1997;8:678-80.

61. Jedrychowski W, Maugeri U, Jedrychowska-Bianchi I. Prospective epidemiologic study on
respiratory dis€ases in children and immunization against measles. Int J Occup Med Environ Health
2004;17:255-61.

62. McDonald KL, Hug SI, Lix LM, Becker AB, Kozyrskyj AL. Delay in diphtheria, pertussis, tetanus
vaccination is.associated with a reduced risk of childhood asthma. J Allergy Clin Immunol
2008;121:626-31:

63. DeStefano, Gu D, Kramarz P, et al. Childhood vaccinations and risk of asthma. Pediatr
Infect Dis J 2002;217498-504.

64. Park:SSyHeo EY, Kim DK, Chung HS, Lee CH. The Association of BCG Vaccination with Atopy
and Asthma'in‘Adults. Int J Med Sci 2015;12:668-73.

65. Sarinho E, Kunz FC, Bellesi N, de Mascena Diniz Maia PFC, Rizzo JA, Silva AR. Can multiple
doses of BCG vaccine protect against asthma? Jornal Brasileiro de Pneumologia 2010;36:281-5.

66. Aaby'P, Shaheen SO, Heyes CB, et al. Early BCG vaccination and reduction in atopy in Guinea-
Bissau. Clin Exp Allergy 2000;30:644-50.

67. Wang lJ, Huang LM, Guo YL, Hsieh WS, Lin TJ, Chen PC. Haemophilus influenzae type b
combination vaccines and atopic disorders: a prospective cohort study. ] Formos Med Assoc

2012;111:711-8.

This article is protected by copyright. All rights reserved



68. Dannemann A, van Ree R, Kulig M, et al. Specific IgE and IgG4 immune responses to tetanus
and diphtheria toxoid in atopic and nonatopic children during the first two years of life. Int Arch
Allergy Immunol 1996;111:262-7.

69. Mark A, Bjorksten B, Granstrom M. Immunoglobulin E responses to diphtheria and tetanus
toxoids after booster with aluminium-adsorbed and fluid DT-vaccines. Vaccine 1995;13:669-73.

70. van Aalderen WM. Childhood asthma: diagnosis and treatment. Scientifica (Cairo)
2012;2012:674204-.

71. Australia NAC. Australian Asthma Handbook. In: Australia NAC, ed. Melbourne: National
Asthma Council Australia Ltd. ACN 058 044 634; 2019.

This article is protected by copyright. All rights reserved



Table 1: Characteristics of the publications used for the qualitative synthesis (Details on control group for cohort studies, sources of

information etc given in Table S5)

Randomised controlled Trials

Kiraly et al. 2613?0, Guinea- Guinea-Bissau Health Project BCG & Vit A (2x2 Atopy (based on positive SPT, None
Bissau (West Africa) (N=289) » | factorial), asthma, eczema, food allergy)

(N=281) » | DTP, Extra measles

vaccine vs no extra
vaccine

Nilsson et al:1998%!, Sweden Infants from the Swedish pertussis vaccine trial Pertussis 2-c, 5-c, Any atopic disease None

(N=669) WC vs. DT
Nilsson et al. 2003%2, Sweden Infants from the Swedish pertussis vaccine trial Pertussis Pa2, Pa5, Asthma, AD, allergic disease, AR, None;

(N=667) WC vs. DT SPT
Steenhuis et/al. 200833, Newborns from high risk families BCQG vs saline Asthma, AR, Eczema, Food allergy Eczema and use of eczema
Netherlands (N=121) placebo drugs: weak protective effects
Thostesen et al=201 83, Danish Calmette Study, (N=4,262) BCG vs none AD Protective, NNT=21
Denmark
Thostesen et'al. 201734, Danish Calmette Study, (N=4,262) BCG vs none Allergic sensitisation and food None
?hgg;egén etal. 20173, Danish Calmette Study, (N=4,262) BCG vs none l{]ecllnent wheeze None
- ] p— Birth cohorts

—

Grabenhenrich et al. 20145 German atopy risk enhanced sample from MAS-90, | BCG, TBE vaccine, Asthma Protective*
Germany 20 year follow up (N=941/1,314) MMR
Griiber et al®200333, Germany German atopy risk enhanced sample from MAS-90, DTP, MMR, OPV, AD, Allergic sensitisation, Asthma, Protective#

5 years follow up(N=1,131/1,314) Hib, TBE allergic rhinitis, total serum IgE
Griiber et al, 2001°*, Germany German atopy risk enhanced birth cohort sample BCG AD, recurrent wheezing, allergic None
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from MAS-90, 2 years follow up, (N=1,314) rhinitis

Kummeling ¢t al.20072°, Infants in the KOALA birth cohort, (N=2,764/ DPPT, Hib Eczema, recurrent wheeze None*

Netherlands 2,834)

Lewis and Britton. 199840, UK British Birth Cohort (N=6,350) Measles Allergic rhinitis Protective*

McKeever etfal. 20044, UK West Midlands General Practice Research Database. | DPPT, MMR Eczema, asthma Higher risk *
L0020\

Timmermannseta@ly 20154, Faroe | Faroe Islands Birth cohort, (N=555) MMR Asthma hypersensitivity, ARC, Protective*

Islands Eczema, SPT, Total IgE

Venter et al, 20167, UK Isle of Wight (FAIR) birth cohort(N=819) aP vs wP Food allergy (IgE), SPT None*

Farooqi et al; 199842, UK Oxfordshire Family practice Birth Cohort: wP , Measles Atopy, asthma, eczema, allergic Weak higher risk*
(N=1,934) rhinitis

‘F. Population based prospective cohort studies

Henderson et al,"19993%%, UK Avon longitudinal study of pregnancy and Pertussis Wheezing illness None*

Jedrychowski et al, 200461, 9l};le:;rs ol‘d écflé;l children in 12 primary schools Measles Chronic respiratory symptoms, Protective*

Poland N= 1,005 asthma and allergy

Kemp et al, 19970, NZ Christchurch Health and Development Study OPV+DTP Asthma, eczema and other allergic Higher risk*
N=1265 measles disease

Kiraly et al, 2016%7, Australia

HealthNuts study, (N=4856)

DTaP On-time vs late

Food allergy (SPT or IgE), eczema

Delayed DTaP- Protective for

and eczema medication eczema*
Maitra et al. 200443, UK Avon longitudinal study of pregnancy and Pertussis Asthma, Wheeze, atopy (SPT) None*
childhood. N= 13,810/ 13,971
Matheson etal”2009%°, Australia | Tasmanian Longitudinal Health Study (TAHS). Diphtheria, Tetanus, Asthma, eczema, food allergy, None*

(N=5,729)

Pertussis, Polio

Smallpox, DTP

hay fever
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Nakajima et.al-20074, Australia | Tasmanian Longitudinal Health Study (TAHS). DTP, Polio, Small Asthma, Eczema, Food allergies None*
(N=8,443) pox Hay fever

Spycher et al.2009°°, United Population based Cohort Study Leicestershire, UK. Pertussis vaccine Asthma None*

Kingdom (N=6,048/ 6,811)

Thomson et al} 200047, Australia | Infants in the Melbourne Atopy Cohort Study DTP, CDT, Sabin Asthma, AR, Sabin- protective for asthma
(MACS) (N=620) vaccine, MMR eczema CDT- higher risk for asthma*

Townley et al, 20042
Turkey, ThailandyArgentina

Multinational sample N=1,704

BCG

PPD test, SPT for common allergens,

atopy and allergy

Protective

Wang et al, 201297, Taiwan

Taiwan Birth Cohort Study. (N=19,968)

DTP-Hib & OPV

AD, recurrent wheezing

Hib combination vaccines:

DTP-Hib-IPV Minimal risk for AD *
h— Population based cohort studies with prospective and retrospective components
Destefano et r200263, USA Children enrolled in HMO from birth to at least 18 DTP, OPV, Hib, Asthma DTP, OPV, MMR- None*
months. (N=167, 240) MMR, Hep B Hib, Hep B- higher risk (weak)*
Hviid and Melbyey2008>° Danish Nation-wide cohort study, (N=871,234) MMR In patients with asthma or status Protective*

Denmark

asthmaticus, anti-asthma medication

Population based retrospective cohort studies

Aaby et al. 2000%° Population based, N=400 BCG, Measles Atopy (SPT) BCG vaccine given early maybe
Guinea-Bissau (West Africa) DTP/OPV protective™®
Alm et al. 199758 "Sweden Nordic children born in 1989-1992 with atopic BCG Asthma, AD, rhino conjunctivitis, None
heredity vs controls N=1,196 (Cases- 216 controls- urticaria, food allergy, SPT, IgE
980)
Alm et al. 2002%°, Sweden Same cohort of 3-8 years old children with atopic BCG SPT, atopic disease, IgE, Genotyping | Higher risk
heredity Vs controls N=574 (Cases- 216 Controls- of LC11A1 (formerly NRAMP1)
358) gene
Bager et al. 200331, Denmark Pregnant women living in Copenhagen, identified BCG Asthma, allergic rhinitis, IgE None*

through Danish National Birth Cohort; (N=2,176)
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Bager et al.2003°% Denmark

Pregnant women living in Copenhagen identified

through Danish National Birth Cohort; (N=2,181)

small pox

Asthma, allergic rhinitis, IgE

Weak higher risk*

Bernsen et al. 2003%,

Children born in 1988, 1989 or 1990 in Zwijndrecht

DTP (WC), MMR

any type of allergy, asthma, eczema

Whole cell Pertussis may be

Netherlands (N=1,724) Booster DT, Polio protective *

Linehan et alg2007#, UK Manchester Community asthma study: MANCAS BCG wheeze Protective*
(N=2,414)

Linehan et al. 2014'°, UK Manchester Community asthma study 2: MANCAS | BCG Wheeze, hay fever, AD None*
2 (N=1,608)

Marks et al. 20034¢| Australia Children born to mothers with South Asian origin in | BCG Wheeze, hay fever, AD, SPT, IgE, High risk Subgroup: Protective*
Sydney spirometry, TST reaction size, ¥IFN
Cases: 309 (locality A) Controls: 442 (locality B) to PPD

McDonald et'al 20082, Canada | Children born in Manitoba in 1995 DPT whole cell asthma Delay in administering 1 dose-
N=13,980 vaccine timing Protective*

Park et al. 2045%, Korea Pulmonology clinic attendees, (N=200) BCG (scar) SPT, Lung function tests and BCG scar- protective™®

methacholine/ mannitol challenge

Sarinho et al. 2010, Brazil High socio-economic group with health insurance BCG (frequency) asthma None
from Para (N=2,311)

Vogt et al. 201437 Sweden Cases: N=79,705- from RCT DTaP Asthma medication None*

Controls: N=21,485- from the population
(Link&ping)

* Adjusted forrasminimum set of Confounders

# Adjusted only for age and sex

AbbreviationsiVit.- Vitamin; 2-c¢/ Pa2- two component acellular pertussis vaccine; 5-c¢/ Pa5- five component acellular pertussis vaccine; ¥IFN- ¥ interferon; Hib-

Haemophilussinfluenza type b; Hep B- Hepatitis

This article is protected by copyright. All rights reserved




Figure 1: PRISMA flow Diagram
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BCG and Allergy in Randomised Controlled Trials

Risk

FirstAuthor ~ AgeOut Ratio (95% Cl)
Asthma
Steenhuis 18 months — T 0.73 (0.47, 1.13)
Thostesen 13 months —_—— 1.07 (0.89, 1.28)
Subtotal (I-squared = 60.0%, p = 0.114) <:> 0.93 (0.65, 1.34)
Eczema
Steenhuis 18 months —_— 0.72 (0.51, 1.02)
Thostesen 13 months = 0.84 (0.74, 0.95)
Subtotal (l-squared = 0.0%, p = 0.412) < 0.83 (0.73, 0.93)
Foodallergy
Steenhuis 18 months - > 1.77 (0.48, 6.48)
Thostesen 13 months — 0.91 (0.71, 1.16)
Subtotal (I-squared = 0.0%, p = 0.323) <:> 0.93 (0.73, 1.19)
NOTE: Weights are from random effects analysis

T T T

5 1
Risk Ratio

Figure 2: Forest plot showing RRs and 95% ClIs for the association between BCG
vaccinationfand“Childhood allergy measured as wheeze/asthma, eczema, and food allergy for

the Randomised Controlled Trials
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Figure 3: Forest plot showing RRs and 95% Cls for the association between BCG
vaccination and childhood allergy measured as asthma, eczema, sensitisation and hay fever

for the cohort studies
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Figure 4: Forest plot showing RRs and 95% ClIs for the association between Acellular
Pertussis vaccination (Control groups: Kiraly et al- delayed DTaP; Venter at al- whole cell
vaccine) and childhood allergy measured as Wheeze/ asthma, eczema, food allergy

sensitisation (SPT and IgE) and hay fever for the selected cohort studies
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Figure 5: Forest plot showing RRs and 95% Cls for the association between Whole Cell
Pertussis vaccination and childhood allergy measured as asthma, eczema, food allergy

sensitisation (SPT ‘, hay fever and allergy as an umbrella term for the selected cohort studies
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Figure 6: Measles and Allergy Forest plot showing RRs and 95% Cls for the association
between Measles vaccination and childhood allergy measured as asthma, eczema, food

allergy sensitisatii’n and hay fever for the selected cohort studies
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Table 1: Characteristics of the publications used for

information-€tc given in Table S5)

Randomised controlled Trials

the qualitative synthesis (Details on control group for cohort studies, sources of

(N=667)

WC vs DT

SPT

Kiraly et arZO?SO, Guinea- Guinea-Bissau Health Project BCG & Vit A (2x2 Atopy (based on positive SPT or | None
Bissau (West Africa) (N=289) » | factorial), asthma, eczema or food allergy)
(N=281)— —» | DTP, Extra measles
vaccine vs no extra
vaccine
Nilsson et"al.1998, Sweden Infants from the Swedish pertussis vaccine trial | Pertussis 2-c, 5-c, Any atopic disease None
(N=669) WC vs DT
Nilsson et.:al=200%3, Sweden Infants from the Swedish pertussis vaccine trial | Pertussis Pa2, Pa5, | Asthma, AD, allergic disease, AR, | None;

Steenhuis et al. 2088

Newborns from high risk families

BCG vs saline

Asthma, AR, Eczema, Food allergyf

Eczema and use of eczema

5 years follow up(N=1,131/1,314)

Hib, TBE

allergic rhinitis, total serum IgE

Netherlands (N=121) placebo drugs: weak protective effects
Thostesen et.al. 2038 Danish Calmette Study, (N=4,262) BCG vs none AD Protective, NNT= 21
Denmark
Thostesen et'al. 203%7 Danish Calmette Study, (N=4,262) BCG vs none Allergic sensitisation and food None
Danmark allaron
Thostesen etwalr 2035 Danish Calmette Study, (N=4,262) BCG vs none Recurrent wheeze None
Daonmarl
ﬁ Birth cohorts
Grabenhenrich'et al. 2094 German atopy risk enhanced sample from MAS{ BCG,TBE vaccine, | Asthma Protective*
Germany: 20 year follow up (N=941/1,314) MMR
Griber et al. 2008, Germany German atopy risk enhanced sample from MAS{ DTP, MMR, OPV, AD, Allergic sensitisation, Asthma, | Protective#
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Griber et/al,.200%, Germany | German atopy risk enhanced birth cohort sampld BCG AD, recurrent wheezing, allergic None
from MAS-90, 2 years follow up, (N=1,314) rhinitis
Kummeling et al.200%, Infants in the KOALA birth cohort , (N=2,764/ DPPT, Hib Eczema, recurrent wheeze None*
Netherlands 2,834)
Lewis andBritten. 1998, UK British Birth Cohort (N=6,350) Measles Allergic rhinitis Protective*
McKeever etal. 2004, UK West Midlands General Practice Research DPPT, MMR Eczema, asthma Higher risk *
Datohoca (N-20 220\
Timmermann et al, 2018 Faroe Islands Birth cohort, (N=555) MMR Asthma hypersensitivity , ARC, Protective*
Faroe Islands Eczema, SPT, Total IgE
Venter et al;:2018, UK Isle of Wight (FAIR) birth cohort(N=819) aP vs wP Food allergy (IgE), SPT None*

Faroogi et'al, 1998, UK

Oxfordshire Family practice Birth Cohort:
(N=1,93)

wP , Measles

Atopy, asthma, eczema, allergic

rhinitis

Weak higher risk*

Population based prospective cohort studies
HenderSon-et-al, 1999 UK Avon longitudinal study of pregnancy and Pertussis Wheezing illness None*
Jedrychowski et al, 2004 QL)-/Ie‘;rs c;ldnsncnhnool children in 12 primary schooly Measles Chronic respiratory symptoms, Protective*
Poland N= 1,005 asthma and allergy
Kemp et aly199%, NZ Christchurch Health and Development Study OPV+DTP Asthma , eczema and other allergid Higher risk*
N=1265 measles disease

Kiraly et al, 20187, Australia

HealthNuts study, (N=4856)

DTaP On-time vs

Food allergy (SPT or IgE), eczema

Delayed DTaP- Protective for

Australia

(N=5,729)

Pertussis, Polio

hay fever

late and eczema medication eczema*
Maitra et al=200%, UK Avon longitudinal study of pregnancy and Pertussis Asthma, Wheeze, atopy (SPT) None*
childhood. N= 13,810/ 13,971
Matheson et al,,2009 Tasmanian Longitudinal Health Study (TAHS). | Diphtheria, Tetanus,| Asthma,, eczema,, food allergy, None*
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Smallpox, DTP

Nakajima ét al. 2007, Tasmanian Longitudinal Health Study (TAHS). | DTP, Polio, Small Asthma, Eczema, Food allergies None*

Australia (N=8,443) pox Hay fever

Spycher et al.2039, United Population based Cohort Study Leicestershire, | Pertussis vaccine Asthma None*

Kingdom (N=6,048/6,811)

Thomson et'al, 2019 Australia | Infants in the Melbourne Atopy Cohort Study DTP, CDT, Sabin Asthma, AR, Sabin- protective for asthma
(MACS) (N=620) vaccine, MMR eczema CDT- higher risk for asthma*

Townley et'al;200%
Turkey, Thailand, Argentina

Multinational sample N=1,704

BCG

PPD test, SPT for common allerger

atopy and allergy

Protective

Wang et al, 201%, Taiwan

Taiwan Birth Cohort Study.(N=19,968)

DTP-Hib & OPV
DTP-Hib-1PV

AD, recurrent wheezing

Hib combination vaccines:
Minimal risk for AD *

Population based cohort studies with prospective and r etr ospective components

Denmark

Destefano.et.al, 2062 USA Children enrolled in HMO from birth to at least 1§ DTP, OPV, Hib, Asthma DTP, OPV, MMR- None*
months. (N=167, 240) MMR, Hep B Hib, Hep B- higher risk (weak)3
Hviid and"Melbye, 2008 Danish Nation-wide cohort study, (N=871,234) | MMR In patients with asthma or status Protective*

asthmaticus, anti-asthma medicati

Population based r etr ospective cohort studies

heredity Vs controls N=574 (Cases- 216 Control
358)

Aaby et al;,200¢F Population based, N=400 BCG, Measles Atopy (SPT) BCG vaccine given early mayh
Guinea-Bissau(West Africa) DTP/OPV protective*
Alm et al. 1997, Sweden Nordic children born in 1989-1992 with atopic BCG Asthma, AD, rhino conjunctivitis, None
heredity vs controls N=1,196 (Cases- 216 contrg urticaria, food allergy, SPT, IgE
980)
Alm et al. 2009°, Sweden Same cohort of 3-8 years old children with atopiq BCG SPT, atopic disease, IgE, Genotypi] Higher risk

of LC11A1 (formerly NRAMP1)

gene
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through Danish National Birth Cohort;, (N=2,181

Bager et.al..2003, Denmark Pregnant women living in Copenhagen, identifieq BCG Asthma, allergic rhinitis, IgE None*
through Danish National Birth Cohort; (N=2,176)
Bager et al. 2008, Denmark Pregnant women living in Copenhagen identified small pox Asthma, allergic rhinitis, IgE Weak higher risk*

Bernsen etral."200%
Netherlands

Children born in 1988, 1989 or 1990 in Zwijndre
(N=1,724)

DTP (WC), MMR
Booster DT, Polio

any type of allergy, asthma, eczem

Whole cell Pertussis may be
protective *

methacholine/ mannitol challenge

Linehan et al. 2007, UK Manchester Community asthma study: MANCAY BCG wheeze Protective*
(N=2,414)
Linehan etal2014, UK Manchester Community asthma study 2: MANCA BCG Wheeze, hay fever, AD None*
2 (N=1,608)
Marks et al..200%, Australia Children born to mothers with South Asian origin BCG Wheeze, hay fever, AD, SPT, IgE, | High risk Subgroup :
in Sydney spirometry, TST reaction sizelFN | Protective*
Cases: 309 (locality A) Controls: 442 (locality B) to PPD
McDonald.etal. 2008, Canada| Children born in Manitoba in 1995 DTP whole cell asthma Delay in administering®dose-
N=13,980 vaccine timing Protective*
Park et al201%, Korea Pulmonology clinic attendees, (N=200) BCG (scar) SPT, Lung function tests and BCG scar- protective*

Controls: N=21,485- from the population
(Linkdping)

Sarinho et al=201 Brazil High socio-economic group with health insuranc{ BCG (frequency) asthma None
from Para (N=2,311)
Vogt et al.:201#, Sweden Cases: N= 79,705- from RCT DTaP Asthma medication None*

* Adjustedsfor a minimum set of Confounders

# Adjusted only for age and sex

Abbreviations: Vit.- Vitamin; 2-c/ Pa2- two component acellular pertussianecs-c/ Pa5- five component acellular pertussis vacelR&l- ¥ interferon; Hib-

Haemophilus influenza type b; Hep B- Hepatitis
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A total of 35 publications based on cohort studies and 7 publications based on
randomized controlled trials (RCTs) met the inclusion criteria for this systematic
review. We found no evidence that childhood vaccination with commonly
administered vaccines were associated with increased risk of later allergic
disease"Our results from pooled analysis of both RCTs and cohort studies
suggest that vaccination with BCG, and measles vaccines were associated with
a reduced risk of eczema. In addition, childhood measles vaccination was

associated with a reduced risk of asthma.
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Figure 1: PRISMA flow Diagram
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BCG and Allergy in Randomised Controlled Trials

Risk

FirstAuthor,  AgeOut Ratio (95% Cl)
Asthma
Steenhuis 18 months —_— 0.73 (0.47, 1.13)
Thostesen 13 months N 1.07 (0.89, 1.28)
Subtotal (I-squared = 60.0%, p = 0.114) T 0.93 (0.65, 1.34)
Eczema
Steenhuis 18 months —_— 0.72 (0.51, 1.02)
Thostesen 13 months — 0.84 (0.74, 0.95)
Subtetal fl-squared = 0.0%, p = 0.412) < 0.83 (0.73, 0.93)
Food. allergy
Steenhuis 18 months * > 1.77 (0.48, 6.48)
Thostesen 13 months —— 0.91 (0.71, 1.16)
Subtotal (I-squared = 0.0%, p = 0.323) <:> 0.93 (0.73, 1.19)
NQTE! Weights are from random effects analysis

T T T

.25

85 1
Risk Ratio

Figure 2: Forest plot showing RRs and 95% Cls for the associagbmden BCG vaccination
and Childheed allergy measured as wheeze/asthma, eczemafoad allergy for the

Randomised Controlled Trials
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BCG and Childhood Allergy

First Year Age Risk

Author  Published Out Ratio (95% Cl)
Asthma

Bager 12003 >18 years * 1.63 (0.93, 2.85)
Marks /2003 7-14 years N L 1.26 (0.92, 1.73)
Linehan 2007 6-11 years —— 0.73 (0.61, 0.87)
Parksms2015 18-86 years * 0.43 (0.21, 0.88)
Suibtotal (I-squared = 82.9%, p = 0.001) = === 0.92 (0.59, 1.46)
Eczema

Marks 2003 7-14 years — 0.92 (0.71, 1.19)
Subtotalf (I-squared = .%, p = .)N.A. <] 0.92 (0.71, 1.19)
Sensitization: SPT

Aaby 2000 3-14 years * 0.95 (0.54, 1.68)
Marks___2003 7-14 years ™~ 0.97 (0.89, 1.05)
Park 12015 18-86 years * 0.93 (0.50, 1.75)
Subtotal/(l-squared = 0.0%, p = 0.989) 0.97 (0.89, 1.05)
Sensitization: IgE

Bager 2003 >18 years — T 0.87 (0.50, 1.51)
Stbtotal (I-squared = .%, p = .)N.A. —_— 0.87 (0.50, 1.51)
Hay fever

Bager /2003 >18 years s 1.34 (0.88, 2.04)
Marks___2003 7-14 years —— 0.99 (0.85, 1.15)
Subtotal (I-squared = 42.9%, p = 0.186) 1.08 (0.83, 1.41)

NOIE=Weights are from random effects analysis

.25 5 1
Risk Ratio

Figure 3: Forest plot showing RRs and 95% Cls for the associagbmden BCG vaccination
and childhooed allergy measured as asthma, eczema, seiositsad hay fever for the cohort

studies
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Acellular Pertussis and Childhood Allergy

First  Age Risk
Author _ Out Ratio (95% Cl)
Asthma
Vogt 15 years . 0.99 (0.95, 1.03)
Kiraly < 1 year — 0.72 (0.48, 1.08)
Venter 3 years — 1.13 (0.71, 1.80)
Subtotal (I-squared = 26.6%, p = 0.256) 0.96 (0.82, 1.13)
Eczema
Kiraly®y, 1 year —— 1.61 (1.02, 2.54)
Venter | 1 year — 0.82 (0.60, 1.13)
Subtotal (I-squared = 82.3%, p = 0.018) — 1 1.13 (0.58, 2.18)
i=ood allergy
Kiralye™ 1 year — T 1.28 (0.64, 2.57)
Subtetal (I-squared =.%, p = .)N.A. 1 1.28 (0.64, 2.57)
Sensitization: SPT
Aaby  3-14 years — 1.84 (1.13, 2.99)
Kiraly 1 year T 1.45 (0.81, 2.58)
Venter 1,2,3 and 10 years — 0.76 (0.37, 1.57)
Subtotal (I-squared = 49.4%, p = 0.139) < 1.34 (0.83, 2.17)
Sensitization: IgE
Venter® 1,2,3 and 10 years — 1.16 (0.46, 2.95)
Subtotal (I-squared =.%, p =.)N.A. e 1.16 (0.46, 2.95)
i—|ay fever
Venter 10 year - 0.88 (0.68, 1.13)
Subtotal (I-squared =.%, p =.)N.A. 0.88 (0.68, 1.13)
NOTE: Weights are from random effects analysis

I I I

.05

5 1
Risk Ratio

Figure 4: Ferest plot showing RRs and 95% Cls for the associagbmeen Acellular Pertussis
vaccinations(Control groups: Kiraly et al- delayed DTaP; ¥emt al- whole cell vaccine) and
childhood allergy measured as Wheeze/ asthma, eczemaalleogly sensitisation (SPT and

IgE) and hay fever for the selected cohort studies
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Whole-cell Pertussis and Childhood Allergy

First Age Risk
Author Out Ratio (95% Cl)
Asthma ‘
Henderson 31-42 months - 0.95 (0.84, 1.07)
Bernsen 6 years %—F 0.43 (0.11, 1.62)
Destefano 18 months -6 years . 0.92 (0.83, 1.02)
Maitra 91 months —4— 0.98 (0.66, 1.46)
Nakajima 7 years i 1.15 (0.96, 1.37)
Subtotal (I-squared = 33.9%, p = 0.195) 0.98 (0.88, 1.08)
Eczema
Bernsen 6 years — 0.29 (0.12, 0.68)
Gruber. 3/12,6/12,12/12,18/12, 2,3, 4, 5 - 0.64 (0.46, 0.90)
Nakajima 7 year . 1.41 (1.09, 1.82)
Subtotal (I-squared = 90.9%, p = 0.000) 0.70 (0.33, 1.50)
i:ood allergy
Nakajima 7 year B 1.36 (1.01, 1.83)
Subtotal (I-squared =.%, p = .)N.A. 1.36 (1.01, 1.83)
éensitization: SPT
Maitra 7 years 3w 1.14 (0.74, 1.74)
Subtotal (I-squared =.%, p =.)N.A. 1.14 (0.74, 1.74)
i—lay fever
Nakajima 7 year < 1.08 (0.89, 1.32)
Subtotal (I-squared =.%, p =.)N.A. 1.08 (0.89, 1.32)
Allergy
Faroogqi Not mentioned * 1.38 (1.23, 1.55)
Bernsen 6 years — 0.25 (0.08, 0.80)
Subtotal (I-squared = 87.9%, p = 0.004) —_— T 0.65 (0.12, 3.43)
NOTE: Weights are from random effects analysis

\ \ \

5 1 10

.05 .
Risk Ratio

Figure 5: Forest plot showing RRs and 95% Cls for the associdi@mween Whole Cell
Pertussis vaccination and childhood allergy measured s#sma, eczema, food allergy

sensitisation(SPT), hay fever and allergy as an ukatiezm for the selected cohort studies
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Measles and Childhood Allergy

First Age Risk
Author Out Ratio (95% CI)
Asthma ‘
Destefano 18 months -6 years R 0.97 (0.91, 1.04)
Jedrychowski 9, 10,11 years . 0.47 (0.23, 0.98)
Hviid 1-5 years = 0.75 (0.73, 0.78)
Timmermann Slyears - 0.46 (0.20, 1.08)
Subtotal (I-squared = 93.9%, p = 0.000) S 0.78 (0.62, 0.98)
Eczema
Gruber_lowrisk 3/12,6/12,12/12,18/12,2, 3,4, 5 —_— 0.70 (0.41, 1.20)
Grubet- highwrisk 3/12, 6/12, 12/12, 18/12, 2, 3, 4,5 — & 0.56 (0.35, 0.91)
Timmermann 13 years * 0.80 (0.37, 1.71)
Subtotal_(I-squared = 0.0%, p = 0.695) _— 0.65 (0.47, 0.90)
sensitization
Aaby 3-14 years — 1.00 (0.64, 1.56)
Gruber_lowirisk 3/12,6/12,12/12,18/12, 2, 3,4, 5 — 0.88 (0.57, 1.35)
Gruberhigh.sisk 3/12,6/12, 12/12,18/12,2,3,4,5 —— 0.69 (0.49, 0.98)
Timmermann 5 years * 0.45 (0.20, 1.02)
Subtotal (I-squared = 19.4%, p = 0.293) e 0.78 (0.61, 1.01)
Hay feven
Lewis 16 years = 0.99 (0.89, 1.10)
Timmermann 13 years * 0.69 (0.25, 1.87)
Subtotal (I-squared = 0.0%, p = 0.480) 0.99 (0.89, 1.10)
Allergy Not mentioned
Faroogi T 1.09 (0.92, 1.29)
Subtotal (I-squared = .%, p =.)N.A. 1.09 (0.92, 1.29)
NOTE: Weights are from random effects analysis

I I I

Risk Ratio

Figure 6: Measles and Allergy Forest plot showing RRs and 95% Clghierassociation
between Measles vaccination and childhood allergy meassradtlma, eczema, food allergy

sensitisation.and hay fever for the selected cohortestudi
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