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A B S T R A C T

Background

Atopic diseases are the most common chronic conditions of childhood. The apparent rise in food anaphylaxis in young children over the
past three decades is of particular concern, owing to the lack of proven prevention strategies other than the timely introduction of peanut
and egg. Due to reported in vitro diGerences in the immune response of young infants primed with whole-cell pertussis (wP) versus acellular
pertussis (aP) vaccine, we systematically appraised and synthesised evidence on the safety and the potential allergy preventive benefits
of wP, to inform recommendation for future practice and research.

Objectives

To assess the eGicacy and safety of wP vaccinations in comparison to aP vaccinations in early infancy for the prevention of atopic diseases
in children.

Search methods

We searched the Cochrane Central Register of Controlled Trials, Ovid MEDLINE, Embase, and grey literature. The date of the search was
7 September 2020.

Selection criteria

We included randomised controlled trials (RCTs) and non-randomised studies of interventions (NRSIs) that reported the occurrence of
atopic diseases, and RCTs only to assess safety outcomes. To be included studies had to have at least six months follow-up, and involve
children under 18 years old, who received a first dose of either wP (experimental intervention) or aP (comparator) before six months of age.

Data collection and analysis

Two review authors independently screened studies for eligibility, extracted the data, and assessed risk of bias using standard Cochrane
methods. We assessed the certainty of the evidence using GRADE. Our primary outcomes were diagnosis of IgE-mediated food allergy
and all-cause serious adverse events (SAEs). Secondary outcomes included: diagnosis of not vaccine-associated anaphylaxis or urticaria,
diagnosis of asthma, diagnosis of allergic rhinitis, diagnosis of atopic dermatitis and diagnosis of encephalopathy. Due to paucity of RCTs
reporting on the atopic outcomes of interest, we assessed a broader outcome domain (cumulative incidence of atopic disease) as specified
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in our protocol. We summarised eGect estimates as risk ratios (RR) and 95% confidence intervals (CI). Where appropriate, we pooled safety
data in meta-analyses using fixed-eGect Mantel-Haenszel methods, without zero-cell corrections for dichotomous outcomes.

Main results

We identified four eligible studies reporting on atopic outcomes, representing 7333 children. Based on a single trial, there was uncertain
evidence on whether wP vaccines aGected the risk of overall atopic disease (RR 0.85, 95% CI 0.62 to 1.17) or asthma only (RR 1.04, 95% CI
0.59 to 1.82; 497 children) by 2.5 years old.Three NRSIs were judged to be at serious or critical risk of bias due to confounding, missing data,
or both, and were ineligible for inclusion in a narrative synthesis.

We identified 21 eligible studies (137,281 children) that reported the safety outcomes of interest. We judged seven studies to be at high
risk of bias and those remaining, at unclear risk.

The pooled RR was 0.94 for all-cause SAEs (95% CI 0.78 to 1.15; I2 = 0%; 15 studies, 38,072 children). For every 1000 children primed with
a first dose of wP, 11 had an SAE. The corresponding risk with aP was 12 children (95% CI 9 to 13). The 95% CI around the risk diGerence
ranged from three fewer to two more events per 1000 children, and the certainty of the evidence was judged as moderate (downgraded
one level for imprecision).

No diagnoses of encephalopathy following vaccination were reported (95% CI around the risk diGerence - 5 to 12 per 100,000 children; seven
primary series studies; 115,271 children). The certainty of the evidence was judged as low, since this is a serious condition, and we could
not exclude a clinically meaningful diGerence.

Authors' conclusions

There is very low-certainty evidence that a first dose of wP given early in infancy, compared to a first dose of aP, aGects the risk of atopic
diseases in children. The incidence of all-cause SAEs in wP and aP vaccinees was low, and no cases of encephalopathy were reported. The
certainty of the evidence was judged as moderate for all-cause SAEs, and low for encephalopathy.

Future studies should use sensitive and specific endpoints of clinical relevance, and should be conducted in settings with high prevalence
of IgE-mediated food allergy. Safety endpoints should prioritise common vaccine reactions, parental acceptability, SAEs and their potential
relatedness to the dose administered.

P L A I N   L A N G U A G E   S U M M A R Y

Can a first dose of whole-cell whooping cough vaccine given before six months old prevent allergic diseases in childhood?

What are allergic diseases?

Allergic diseases are among the most common persistent illnesses in children. They are caused by the immune system reacting abnormally
to otherwise harmless substances such as foods and pollens. Food allergies are of increasing concern as the number of cases reported in
a number of high-income countries over the past 30 years appears to have increased.

Why we did this Cochrane Review?

The only proven preventive strategy against food allergies is early introduction of peanut and egg into the infant diet. However, a recent
study found that food allergies appeared less common in children who had received one or more doses of whole-cell (wP) whooping cough
vaccine in early infancy than in those who had received acellular (aP) whooping cough vaccines only. That study could not determine
whether the apparently lower risk of allergy was because of the wP vaccine, or whether it was because of other potential diGerences
between wP and aP-vaccinated children, as the vaccines  were not randomly assigned. Therefore, a Cochrane Review was required to
identify any evidence of wP as a food allergy prevention strategy.

What did we do?

We searched for studies that compared wP versus aP vaccination in babies younger than six months. We were interested in comparing
babies vaccinated with wP vaccines and those vaccinated with aP vaccines, with respect to:

1. how many went on to develop food allergy, asthma or serious (and potentially life-threatening) allergic reactions;

2. how many had serious unwanted events following vaccination; and,

3. how many had encephalopathy, a serious yet uncommon condition aGecting the brain.

To compare rates of encephalopathy and other serious unwanted events, we looked for studies in which babies were given wP or aP
vaccines at random (randomised controlled trials (RCTs)). To compare rates of allergic diseases, we also looked for studies where wP or aP
vaccines were not given at random (non-randomised studies of interventions (NRSIs)). In either case, studies lasted for at least six months.
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Search date

We included evidence published up to September 2020.

What we found

Investigation 1

We found four studies (7333 children) carried out in Sweden (one), Australia (two) and the UK (one) that looked at the eGect of whooping
cough vaccines on allergic diseases. As we found little reliable data about the risk of food allergy aNer whooping cough vaccine, we decided
to look at the risk of any allergic disease. Within 2.5 years of receiving a whooping cough vaccine (one RCT), 37/137 children vaccinated
with wP, and 114/360 vaccinated with aP were diagnosed with at least one allergic disease. During the same period 15/137 vaccinated with
wP and 38/360 vaccinated with aP were diagnosed with asthma specifically. No studies assessed serious or potentially life-threatening
allergic reactions.

Investigations 2 & 3

Low numbers of serious unwanted eGects were reported for all groups (15 studies, 38,072 children). For every 1000 babies vaccinated with
a first dose of wP, 11 had at least one serious unwanted eGect. The risk for those who received aP vaccines was 12 children. No cases of
encephalopathy were identified in either group (seven studies, 115,271 children).

How reliable are these findings?

One RCT reporting on whooping cough vaccines and allergic diseases included few children, and was carried out in a country with low levels
of allergic disease. Therefore, it remains very uncertain whether a first dose of wP does or does not decrease the risk of allergic diseases.

Very few children experienced serious unwanted eGects. We are uncertain whether there is a diGerence in the risk of serious unwanted
eGects in children vaccinated with a first dose of wP, compared with aP, but any diGerence is likely to be small. No cases of encephalopathy
following vaccination were reported. Because this is a serious outcome, the certainty of the evidence was judged to be low.

Key messages

Ongoing and future studies may change our conclusions and provide more definitive evidence. The data reviewed suggest that wP is safe
and support its continued use in countries where it is still recommended for preventing whooping cough.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 1.   E<icacy and safety of a first dose of whole-cell pertussis vaccine compared to a first dose of acellular pertussis vaccine for
the prevention of atopic diseases in children

Efficacy and safety of a first dose of whole-cell pertussis vaccine compared to a first dose of acellular pertussis vaccine for the prevention of atopic diseases in chil-
dren

Patient or population: infants younger than six months of age
Setting: paediatric and immunisation clinics, vaccine treatment units attached to academic institutions and healthcare centres. The trials were carried out in 11 countries
across North and South America, Europe, Sub-Saharan Africa and South East Asia
Intervention: first dose of whole-cell pertussis vaccine (wP)
Comparison: first dose of acellular pertussis vaccine (aP)

Anticipated absolute effects* (95% CI)Outcomes № of participants
(studies)
Follow-up

Certainty of the
evidence
(GRADE)

Relative effect
(95% CI)

Risk with first dose of acellular
pertussis vaccine (aP)

Risk difference with first dose of
whole-cell pertussis vaccine (wP)

Cumulative incidence
of atopic disease at 2.5
years old

497
(1 RCT)

⊕⊝⊝⊝

VERY LOW 1 2

- It remains uncertain whether a first dose of wP, compared to aP, may prevent
atopic diseases (RR 0.85, 95% CI 0.62 to 1.17).

Diagnosis of IgE-medi-
ated food allergy

0
(studies)

- - One study reported this (Nilsson 1998) as part of a broader outcome domain
(i.e. cumulative incidence of atopic disease at 2.5 years old; reported in row
above). However, it was not possible to obtain the data on incidence of IgE-
mediated food allergy specifically by study arm.

Diagnosis of asthma 497
(1 RCT)

⊕⊝⊝⊝

VERY LOW 2 3

- It remains uncertain whether a first dose of wP, compared to aP, may prevent
asthma (RR 1.04, 95% CI 0.59 to 1.82).

Diagnosis of anaphy-
laxis (not vaccine asso-
ciated)

0
(0 studies)

- -  

Study populationAll-cause serious ad-
verse events

38,072
(15 RCTs)

⊕⊕⊕⊝

MODERATE 4
RR 0.94
(0.78 to 1.15)

12 per 1,000 1 fewer per 1,000
(3 fewer to 2 more)

Study populationDiagnosis of en-
cephalopathy

115,271 
(7 RCTs)

⊕⊕⊝⊝

LOW 5
not estimable

0 per 100,000 0 fewer per 100,000
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(5 fewer to 12 more)6

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% CI).

CI: Confidence interval;RCT: randomised controlled trial; RR: Risk ratio.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.
Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

1 We downgraded the evidence by one level due to indirectness (study carried out in the late 1990s, in a country with low prevalence of IgE-mediated food allergy)
2 We downgraded the evidence by two levels due to imprecision (single study, statistically underpowered to detect a reduction in its chosen endpoints, except for a very large
reduction > 50%)
3 We downgraded by one level for indirectness, as it is plausible that children diagnosed with 'asthma' by 2.5 years old, may have been 'transient (episodic) wheezers'. We believe
that the risk of developing transient wheeze in early childhood is unlikely to be aGected by wP priming
4 We downgraded the certainty of the evidence by one due to imprecision (the 95% CI ranges from a potential decreased to a potential increased risk, unlikely to be clinically
meaningful)
5 Although the 95% CI around the absolute diGerence is narrow, we could not rule out a clinically meaningful diGerence and therefore, we rated down two levels for imprecision
6 95% CI calculated using the score method (Newcombe 1998)
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B A C K G R O U N D

See Appendix 1 for a glossary defining some of the scientific terms
used throughout this review.

Description of the condition

Allergic (atopic) diseases are the most common non-communicable
diseases of childhood (Prescott 2013). The 'atopic march' is
typically described as commencing in early childhood with
the development of eczema (atopic dermatitis), followed by
immunoglobulin E (IgE)-mediated food allergy and  later, asthma
and hay fever (allergic rhinitis/allergic rhino-conjunctivitis) (Hill
2018). The main mechanistic features of the atopic march are
thought to be epidermal barrier disruption, pathologically skewed
T helper (Th)2 immune responses, and chronic inflammation. This

model has been challenged by cohort studies describing diGerent
disease trajectories (Illi 2004; Punekar 2009; Simpson 2010), and
more recently by the characterisation of distinct atopic dermatitis
phenotypes, according to age of onset, presence of sensitisation
to food and aero-allergens, family history of atopic diseases and
subsequent development of asthma or other atopic comorbidities
(Amat 2015; Roduit 2017).

Data from the Global Burden of Disease Study estimate that at
least 6% of children aged between five and nine years old have
a history of asthma; 3% of children aged between one and four
years old have a history of urticaria, and 8% within the same age
range have a history of atopic dermatitis (Global Burden of Disease
2018). For urticaria, the estimated prevalence is at least 2.5 times
higher in countries with high socioeconomic indices than in less
economically developed countries (Global Burden of Disease 2018).

The prevalence of asthma has levelled oG in countries with the
most aGluent economies; by contrast, it has continued to increase
in low-to middle-income countries with increasing urbanisation
and the adoption of a Western lifestyle (Bousquet 2005; Holgate
2015). The true prevalence of IgE-mediated food allergy, as well as
its apparent increase, is diGicult to determine using population-
based data (Dunlop 2018; NAS 2017). This is because a reproducible
immune response following the consumption of the suspected
food allergen, can only be assessed through a formal oral food
challenge (Dunlop 2018). This medical procedure is expensive and
time consuming, and as noted in a previous systematic review,
over the last decade few epidemiological studies have used it
to define IgE-mediated food allergy in paediatric populations
(Nwaru 2014).  In that regard, the estimated overall prevalence of
challenge-confirmed IgE-mediated food allergy in Australia during
the first year of life was 10.4% (95% confidence interval (CI)
9.3% to 11.5%;  9.0% for raw egg allergy, 95% CI 7.8% to 10.0%)
(HealthNuts Study 2011). On the other hand, findings from a large
multinational birth cohort study carried out in Europe showed
that the mean incidence of hen's egg allergy by two years old
was estimated at 0.84%, (95% CI 0.67 to 1.03), and varied across
countries with Greece reporting the lowest (0.07%; 95% CI 0.00
to 0.37%), and the UK the highest incidence (2.18%, 95% CI 1.27
to 3.47) (EuroPrevall 2016). In this study, double-blinded placebo-
controlled oral food challenges were carried out with pasteurised
raw hen egg powder, which is reported by the authors as having an
analogous allergenicity to raw egg (EuroPrevall 2016).

Description of the intervention

Whole-cell  pertussis- (whooping cough) containing vaccines (wP)
are suspensions of killed Bordetella pertussis bacteria, the
causative agent of pertussis. These vaccines were introduced in
the 1940s and implemented by the World Health Organization
(WHO) in 1974 for the primary prevention of pertussis through
the 'Expanded Programme on Immunization' (EPI) (Keja 1988).
By 2015, 64% of countries worldwide had wP-based national
immunisation schedules (WHO 2015). wP vaccines are safe and
mainly available as a multivalent co-formulation with diphtheria
(D) and tetanus (T) toxoids, Haemophilus influenzae type b (Hib) and
hepatitis B (HepB) antigens (WHO 2015a). This combination vaccine
is available in 73 of the lowest-income economies via the support
of Gavi, the Vaccine Alliance (Gavi 2020), as well as in self-financed
lower-middle income countries non-eligible for Gavi's funding
programmes (UNICEF 2017). The inception of Gavi's support for wP-
based '5-in-1' (pentavalent) formulations commenced in 2001 and
by the end of 2018, at least 467 million children living in eligible
countries had been vaccinated (Gavi 2020). This has contributed
to the marked reduction in the global burden of pertussis and
pertussis-related deaths (Chow 2016), and has had accompanying
economic and social benefits.

Fever, irritability and local injection site reactions (such as pain,
redness and swelling) are expected adverse events that arise
following immunisation with wP-based vaccines. Although these
events are self-limiting, the development of less reactogenic
subunit acellular pertussis-containing vaccines (aP) in the 1970s
(Sato 1984), instigated a changeover from wP- to aP-based
schedules in high-income countries from the 1980s to the early
2000s.

The tolerability profile of aP versus wP has been reviewed
systematically elsewhere and favours aP formulations (Patterson
2018; Zhang 2014); nonetheless, priming with wP is safe, and may
result in longer lasting protection against pertussis than priming
with aP vaccines (CDC 2012; Liko 2013; Sheridan 2012; van der
Lee 2018). A potential causal relationship between wP and rare
neurological outcomes (i.e. encephalopathy) was proposed, but
could not be confirmed by detailed examination in the UK National
Childhood Encephalopathy Study (Miller 1993), as well as other
epidemiological and genomic analyses (Berkovic 2006; McIntosh
2010; Ray 2006). The WHO have advised that countries using wP
should continue using wP-based primary vaccination courses (WHO
2015a).

How the intervention might work

During the neonatal and early infancy periods, a diversity of
stimuli, including infections and vaccines, might determine future
functional adaptations of the immune system (Olin 2018). In that
regard, diGerential immune profiles elicited by B. pertussis and
pertussis-containing vaccines have been described in human (de
Graaf 2020), non-human primate (Warfel 2014), and other animal
models (Mills 1998).

Priming with aP vaccines induces Th2-dominated immune

responses (Ausiello 1997; Rowe 2000), with transient enhanced
production of diphtheria, tetanus toxoid and pertussis toxin IgE
(Aalberse 2019; Hedenskog 1989; Holt 2016). Furthermore, Th2-

skewed responses observed with aP vaccines appear to extend
beyond vaccine antigens, as evidenced by a transiently increased
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egg- and milk-specific IgE in early infancy (Holt 2016), as well
as the induction of type 2 cytokines to the food antigen beta-
lactoglobulin at six months old (Mascart 2007). In contrast,
infection with Bordetella pertussis and wP vaccines induce Th1/

Th17 polarisation with minimal expression of type 2 immunity

(Ausiello 1997; Higgs 2012; Mascart 2007; Warfel 2014). This eGect
has been hypothesised to facilitate the healthy transition from
the Th2-dominant immunophenotype seen in early infancy, to

a more balanced Th1/Th17/Th2 immunophenotype that may be

necessary for the development of oral tolerance to foods, and
allergy protective immune responses (Estcourt 2020). Therefore,
vaccine schedules using wP as the first infant pertussis vaccine
might overcome the persistent Th2-skewed immunophenotype

observed in some infants (Holt 2016), and thereby protect against
IgE-mediated food allergy and other atopic outcomes.

Although mechanistic studies have found a propensity to type
1 T-cell diGerentiation and possible development of an 'allergy
protective immunophenotype' following early priming with wP
(Ausiello 1997; Mascart 2007), three studies found no association
between the type of pertussis vaccine received and subsequent risk
of atopic diseases among European  (Nilsson 1998; Venter 2016),
and Australian children (Toelle 2020).

Why it is important to do this review

Allergic diseases have a significant economic, healthcare and
quality-of-life impact. To date, the timely introduction of
peanut and egg into the infant diet are the only evidence-
based prevention approaches against egg and peanut allergy
(Ierodiakonou 2016),  and therefore, it is imperative to identify
additional measures to avoid food sensitisation, and further
development of food allergic reactions. Systematic reviews on
the safety of pertussis-containing vaccines have not addressed
whether wP plays a role in the protection against food allergy or
other atopic outcomes (Patterson 2018; Zhang 2014). Therefore,
this review will provide a critical appraisal of the relevant evidence
as well as directions for the future research.

O B J E C T I V E S

To assess the eGicacy and safety of wP vaccinations in comparison
to aP vaccinations in early infancy for the prevention of atopic
diseases in children.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Eligibility was restricted to studies with at least six months of follow-
up and the following designs, irrespective of publication status,
date of publication, publication type or language.

1. Randomised controlled trials (RCTs) and cluster-RCTs.

2. Controlled clinical trials (CCTs) or trials in which it was not clearly
stated that the intervention or comparison was allocated at
random, but in which it is not possible to exclude randomisation
(Lefebvre 2021a). We classified quasi-randomised studies as
CCTs.

3. For atopic outcomes, we assessed case-control and cohort
studies (hereaNer referred as non-randomised studies of

interventions (NRSIs)) in which the individual vaccine status of
the child was known.

We did not include cross-over trials since any diGerential
immunological eGects induced by pertussis vaccination are likely
to be long term, and may still be patent in adulthood, irrespective
of subsequent booster doses of aP during or aNer adolescence
(BancroN 2016; da Silva Antunes 2018).

Types of participants

Children aged less than 18 years old, who received their first dose
of wP- or aP-containing vaccines before the age of six months,
irrespective of any subsequent pertussis vaccinations (wP, aP or
none).

Types of interventions

We included studies where:

1. the experimental intervention was vaccination with any vaccine
formulation that contained wP;

2. the comparator was vaccination with any vaccine formulation
that contained aP.

Placebo vaccination or no intervention were not accepted as
comparators, as they do not represent the standard of care for the
primary prevention of pertussis.

The first dose of the wP- or aP-containing vaccines was required
to have been administered before participants reached six months
old, irrespective of any subsequent vaccinations. This is because
early infancy is thought to be the critical period for maturation from
a Th2-dominant to a balanced Th1/Th2/Th17 immunophenotype,

and therefore, where immunisation might aGect this process.
Booster dose studies were only eligible if they met the following
criteria:

1. the comparison was between recipients of one or more doses of
wP versus aP;

2. children received a randomly allocated first dose of wP or aP
before six months of age;

3. information on the type of first dose of pertussis-containing
vaccine was available.

We accepted co-administered vaccines in either the experimental
and control group. Matching between groups was not required for
randomised studies; for NRSIs, we assessed co-interventions as
recommended by the ROBINS-I tool (Sterne 2016a).

Types of outcome measures

We analysed the outcomes listed below. Studies that did not assess
any of the outcomes of interest were excluded.

Primary outcomes

1. Diagnosis of IgE-mediated food allergy.

2. Cumulative incidence of atopic diseases. As planned and
prespecified in our protocol (Data Synthesis section), we added
this outcome as only one study systematically assessed the
atopic outcomes of interest, and 'diagnosis of IgE-mediated food
allergy' outcome data were not available by study arm.

3. All-cause serious adverse events (SAEs) following immunisation
with wP or aP (safety). This outcome was defined as any adverse
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event that resulted in death, was life-threatening, required
hospitalisation or prolongation of existing hospitalisation, or
resulted in persistent or significant disability or incapacity (ICH
1997). Because this standard definition has not been universally
applied in trials until recently, we also accepted adverse events
that met the above-mentioned criteria, irrespective of whether
the report refers to ICH 1997. The following outcome domains
were extracted from the definition and included in the review:
a. death (all-cause mortality);

b. events leading to admission to hospital;

c. events described as 'life-threatening';

d. events leading to persistent or significant disability or
incapacity.

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated).

2. Diagnosis of asthma.

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis.

4. Diagnosis of eczema or atopic dermatitis.

5. Diagnosis of urticaria (not vaccine-associated).

6. Diagnosis of encephalopathy (safety).

Primary and secondary atopic outcomes could be diagnosed at any
point aNer enrolment by any of the following (any item listed under
number 1 +/- any item listed under number 2 or where applicable,
any item listed under number 3):

1. a positive history of that outcome ascertained via:
a. parental report (whether using validated questionnaires or

not);

b. clinician diagnosis;

c. parental report and clinician diagnosis;

2. evidence of IgE-mediated sensitisation via:
a. a positive skin prick test;

b. elevated total or specific elevated IgE;

3. one or both (where applicable) of:
a. evidence of a formal positive oral food challenge to the

implicated food;

b. confirmed expiratory airflow limitation (i.e. spirometrically
confirmed asthma).

If eligible studies reported atopic outcomes using more than
one method, we used the following hierarchy of diagnoses:
clinician-diagnosed allergic disease with evidence of IgE-mediated
sensitisation, over  clinician diagnosis without confirmed IgE-
mediated sensitisation. However, clinician diagnosis without
confirmed IgE-mediated sensitisation was used over parental
report using validated questionnaires or not. Where applicable,
we used formal challenge confirmed IgE-mediated food allergy
or evidence of variable expiratory airflow limitation over
clinician-diagnosed allergic disease with evidence of IgE-mediated
sensitisation.

As the eGicacy of wP and aP for preventing pertussis has been
summarised by a Cochrane Review (Zhang 2014), and solicited
systemic and local adverse events have been reviewed separately
(Patterson 2018), these were not included as outcomes.

Search methods for identification of studies

We conducted systematic searches following the
recommendations provided in Chapter 4/Technical Supplement
(Lefebvre 2021a; Lefebvre 2021b) and Chapter 24 (Reeves 2021) of
the Cochrane Handbook of Systematic Reviews of Interventions for
the identification and selection of eligible studies. There were no
language restrictions, but the electronic searches were limited from
1970 to present, as aP vaccines were developed in the late 1970s,
and used for the first time in Japan for mass-immunisation in 1981
(Sato 1984). The date of the search was 7 September 2020.

To maximise the sensitivity of the search strategies for the
identification of controlled NRSIs, we applied a filter to the
electronic searches in Ovid MEDLINE and Embase. This filter was
developed by WaGenschmidt 2020, and at the time of the search
had only been validated for Ovid MEDLINE and Pubmed.

Electronic searches

We searched the following electronic databases.

1. Cochrane Central Register of Controlled Trials (CENTRAL; 2019,
issue 9; searched via the Cochrane Register of Studies Web): we
modified the CENTRAL search strategy of Zhang 2014 by using
free-text words for subject-specific aspects and by incorporating
the study population into the search fields (Appendix 2). This
strategy was adapted for the searches of other electronic
databases.

2. Ovid MEDLINE (R) All (Appendix 3).

3. Embase (Appendix 4).

Searching other resources

We also searched the following resources from inception to 7
September 2020 (Appendix 5):

• US National Library of Medicine's trial registry
(clinicaltrials.gov/).

• WHO International Clinical Trials Registry Platform (ICTRP)
portal (www.who.int/clinical-trials-registry-platform/the-ictrp-
search-portal).

• US Food and Drug Administration (www.fda.gov/).

• European Medicines Agency (www.ema.europa.eu/en).

• Pharmaceutical companies: GSK trial registry (www.gsk-
studyregister.com/en/), Sanofi (www.sanofi.com/en/science-
and-innovation/clinical-trials-and-results/our-disclosure-
commitments/pasteur#para_4),  and Pfizer (www.pfizer.com/)
websites.

• Reference list and citations of eligible studies.

• Additional grey literature (Open Grey; www.opengrey.eu/).

Data collection and analysis

Selection of studies

Two review authors (GPC and JR) independently screened the
titles and abstracts of search results against the prespecified
eligibility criteria (see  Criteria for considering studies for this
review). Disagreements were resolved through discussion with a
third review author (TS). For potentially eligible references or where
eligibility was unclear, we retrieved the full-text reports.
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Two review authors (GPC and JR) independently appraised the full-
text reports against the eligibility criteria. Similarly, disagreements
were resolved through discussion with a third review author (of
MJE and TS). We documented the selection process, and where
applicable, collated multiple references of studies under the same
identifier (so that the study, rather than the reference, was the unit
of interest). Where a booster dose study enrolled children primed
with wP or aP in a single RCT (i.e. a single cohort), we linked it to the
primary series trial. However, if the  population of a booster dose
study included children from diGerent cohorts, the booster dose
study was presented separately.

Data extraction and management

Randomised controlled trials

Two review authors (GPC and JR) independently extracted data
from the eligible studies using a customised data collection form,
following the recommendations provided in Chapter 5 of the
Cochrane Handbook of Systematic Reviews of Interventions (Li
2021). We resolved discrepancies through discussion or through
the arbitration of a third review author (of MJE and TS). Where
available, we extracted the following information and where
required, we attempted to contact authors of the original reports
for clarification or to request missing data.

1. Initials of data extractors, date of data extraction and citation.

2. Study characteristics: study design, recruitment and sampling
procedures, start and end dates of the trial, and length of follow-
up.

3. Population (P): study setting and country and World Bank
income level of country, ethnicity, eligibility criteria, unit of
analysis, number of children in each study group, withdrawals/
loss to follow-up, mean age, age range, sex, and comorbidities
(if any).

4. Intervention (I) and comparator (C): type of pertussis-containing
vaccine administered (generic name), manufacturer, route of
delivery, dose, and schedule.

5. Vaccines co-administered: generic name, manufacturer, route of
delivery, dose, and schedule.

6. Vaccination with Bacille-Calmette-Guérin (BCG or vaccine
against tuberculosis): manufacturer and dose timing.

7. Antipyretic/analgesic use.

8. Outcomes (O): primary and secondary outcomes and their
definition, evidence of assessment and whether they were
collected systematically, time points reported and method of
aggregation.

9. Risk of bias (Assessment of risk of bias in included studies).

10.Source(s) of funding.

11.Authors' conflicts of interest.

12.Miscellaneous: correspondence required, comments from the
reviewers or study authors.

The data extracted on population, intervention, comparison and
outcomes were used to systematically grade the directness of
the evidence. This was described in the protocol of this review
as "judgement of directness of each one of the PICO elements
using Schünemann 2013 checklist" (Perez Chacon 2020).

Non-randomised studies of interventions

For NRSIs, we extracted the information as for RCTs, as well as
potential confounding factors (and any attempt to adjust for these).
MJE, PR, PH and TS were not involved in any step regarding the
assessment of their case-control study (Estcourt 2020).

Assessment of risk of bias in included studies

Randomised controlled trials

Two review authors (GPC and JR) independently assessed the risk
of bias using Cochrane's 'Risk of bias' tool version 1, following the
guidance set out in the Cochrane Handbook of Systematic Reviews of
Interventions to evaluate the appropriate domains (Higgins 2011).
These are sequence generation, allocation concealment, blinding
of participants, personnel and outcome assessment, incomplete
outcome data, and selective reporting, as well as other sources
of bias (Higgins 2011). In this case, each domain was assessed as
having low, unclear or high risk of bias. We resolved disagreements
by discussion and where required, through the arbitration of a third
review author (of MJE, CBJ, PR, PH or TS).

Non-randomised studies of interventions

Two review authors (GPC and JR) independently assessed the risk
of bias using the ROBINS-I tool (version 1, August 2016;  Sterne
2016a), following the tool's detailed guidance (Sterne 2016b),
the Cochrane Handbook of Systematic Reviews of Interventions
(Sterne 2021), the author guidance (Cochrane Methods 2020),
and the target trial methodology. The outcomes assessed were:
diagnosis of IgE-mediated food allergy, diagnosis of anaphylaxis
(not vaccine-associated) and diagnosis of asthma. We judged the
bias arising pre-intervention (bias due to confounding and the
process of selection of children in the study); at-intervention (bias
in classification of interventions) and post-intervention domains
(bias due to deviations from intended interventions, due to missing
data, in measurement of the outcome and in selection of the
reported result), by answering 'signalling questions' with further
risk of bias judgement, guided by the tool algorithms. We resolved
disagreements through discussion, and where required, through
the arbitration of a third review author (TS). Judgements were
documented in free-text boxes and incorporated into the ROBINS-
I tables; no further tools (i.e. computer programmes) were used to
manage these assessments.

In our protocol (Perez Chacon 2020), we noted the following
confounders: year of birth, birth order, family history of allergic
diseases, socioeconomic status, vaccination with BCG, prematurity
and breastfeeding status. BCG meets the definition of co-
intervention specified in the detailed guidance of the ROBINS-I tool,
and therefore, we used this term in the risk of bias assessments.
We also considered whether the study involved unmatched co-
administration of vaccines between groups.

We classified the overall risk of bias judgement for a specific
outcome within each NRSI as: low risk of bias (if we judged all the
domains at low risk of bias); moderate risk of bias (if we judged
all the domains at low or moderate risk of bias, and the study
provided good-quality evidence for an RCT, but not comparable to
a well-conducted RCT); serious risk of bias (if we judged at least one
domain at serious risk of bias, but no domain as having a critical
risk of bias); critical risk of bias (if we judged at least one domain at
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critical risk of bias) or no information (if data were insuGicient and
a judgement could not be made) (Sterne 2016a).

Measures of treatment e<ect

We summarised and reported the number and proportion of
children who experienced primary and secondary outcomes at
least once (rather than as a count of outcomes per child). For each
outcome, we quantified the eGect of wP versus aP as a ratio of the
risk (using risk ratios (RRs) and 95% CIs) or ratio of the odds for case-
control studies (odds ratio (ORs) and 95% CIs).

Unit of analysis issues

If a study had multiple comparison groups, we omitted any groups
that did not meet our inclusion criteria, but listed them in the
Characteristics of included studies table. Where appropriate, we
used one of the following strategies:

1. where more than one relevant group was reported, we
combined them to create a single pairwise comparison or;

2. we included the intervention groups separately in the analysis
and split the control group.

Dealing with missing data

We dealt with missing data as advised in Chapter 10 of the Cochrane
Handbook of Systematic Reviews (Deeks 2019); where possible, we
analysed primary and secondary outcomes as intention-to-treat
(randomised studies). Irrespective of study design, we attempted
to contact the study investigators or sponsors to obtain missing
outcome data. If the report presented the outcome data in a figure
and the raw values were not described or not feasible to obtain from
the investigators of the study, we extracted the relevant information
from a screenshot of the figure of interest using a web-based data
extraction tool (WebPlotDigitizer 2020).

Assessment of heterogeneity

We analysed the data in RCTs and NRSIs separately. We examined
the clinical and methodological diversity between studies and used
this information to decide whether studies were similar enough to
be pooled meaningfully. The presence of statistical heterogeneity
of intervention eGects across studies included in meta-analyses
was assessed by inspecting the point estimates and CIs of forest

plots. We assessed the results of the Chi2 test for each meta-analysis
(with significance at the 0.1 level) and quantified heterogeneity

using the I2 statistic. We used the thresholds recommended in
Chapter 10 of the Cochrane Handbook of Systematic Reviews
of Interventions (Deeks 2019), with considerable heterogeneity

defined as an I2 greater than 75%.

We investigated potential causes of any detected heterogeneity
through the analyses described in Sensitivity analysis below.

Assessment of reporting biases

Where 10 or more studies were included in a meta-analysis
(see Data synthesis), we used contour-enhanced funnel plots to
distinguish non-reporting bias from other sources of asymmetry
(Page 2021; Peters 2008). These plots were generated in R using the
'metafor' package (R; Viechtbauer 2010).

Data synthesis

IgE-mediated food allergy and other atopic outcomes

Randomised controlled trials

Only one study systematically assessed the atopic outcomes
of interest (Nilsson 1998). Since IgE-mediated food allergy was
not reported by study arm, we extracted data on a broader
outcome domain (i.e. cumulative incidence of atopic disease), as
prespecified in our protocol (Perez Chacon 2020). The source of
information was a bar plot, and we used WebPlotDigitizer 2020 to
obtain the raw numbers. Analogous methods were implemented to
obtain the relevant data points for asthma and atopic dermatitis.

We carried out narrative synthesis following the protocol of this
review, and the SWiM Reporting Guideline (Campbell 2020).  We
used RRs with 95% CIs as the standard metric. Data were pooled
using  random-eGects inverse-variance method. This study is
presented in forest plots generated in RevMan Web suppressing the
summary estimate. Additional details are described in the EGects
of interventions section based on GRADE (Campbell 2020; Reeves
2021).

Non-randomised studies of interventions

Quantitative and narrative syntheses of NRSI reporting on atopic
outcomes were not feasible due to the paucity of studies, the
diversity of designs, and the risk of bias judgements (i.e. none were
deemed at low or moderate risk of bias). However, these studies
are described in the  Characteristics of included studies  table
and EGects of interventions section.

Safety outcomes: serious adverse events and encephalopathy

We pooled RCTs and grouped them by safety endpoints. Data
curation and meta-analyses were performed in  R, using the
'dplyr' (Wickham 2020) and 'meta' packages, respectively (Balduzzi
2019).

We used the Mantel-Haenszel method  assuming fixed-eGect, to
summarise the RR and 95% CIs, without zero-cell corrections for
dichotomous outcomes, instead of stratified meta-analyses using
random-eGects inverse variance methods as initially proposed in
our protocol (Perez Chacon 2020), because the safety outcomes of
interest were rare (Deeks 2019; ENhimiou 2018).

Subgroup analysis and investigation of heterogeneity

We planned to undertake the following subgroup analyses:

• grouped by age at first dose of pertussis-containing vaccine: less
than three months versus three months or greater;

• grouped by BCG-vaccinated versus not BCG-vaccinated, since
the Th1-polarising properties of BCG may prevent atopic

dermatitis and other atopic diseases in childhood (Steenhuis
2008; Thøstesen 2018); this in turn could reduce the benefits of
priming with wP;

• grouped by World Bank income level, for studies reporting on
atopic outcomes; and,

• grouped by family history of asthma, atopic dermatitis, food
allergy, allergic rhinitis/rhino-conjunctivitis, or a combination of
these in first degree relatives, for studies reporting on atopic
outcomes.
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Due to a paucity of eligible studies in which the first dose of wP/aP
was administered at or aNer three months old, as well as the small
number of RCTs assessing the atopic outcomes of interest, we were
unable to carry out subgroup analyses.

Sensitivity analysis

We carried out prespecified sensitivity analyses by removing
studies judged as high risk of bias and those studies funded by
pharmaceutical companies from any meta-analyses pooling RCTs.
Due to a paucity of studies that assessed the atopic outcomes of
interest, it was not possible to conduct the prespecified analysis
restricted to studies in which 'asthma' or 'current asthma' had been
diagnosed aNer five years of age.

Summary of findings and assessment of the certainty of the
evidence

Two review authors (of GPC, MJE and JR) independently assessed
the certainty of the evidence as high, moderate, low or very low,
using the five GRADE considerations (risk of bias, consistency of
eGect, imprecision, indirectness and publication bias) and standard
Cochrane methods (Guyatt 2008; Ryan 2016; Schünemann 2021).
The comparison of interest was the first dose of wP versus
aP before the age of six months, and the following outcomes
were assessed: cumulative incidence of atopic disease, diagnosis
of IgE-mediated food allergy, diagnosis of asthma, diagnosis of
anaphylaxis (not vaccine-associated), all-cause SAEs following
immunisation with wP or aP, and diagnosis of encephalopathy.
We generated the summary of findings table using GRADEpro GDT

soNware (GRADEpro GDT), and  where synthesis without meta-
analysis was appropriate, we used narrative outcomes.  Where
justified, we downgraded or upgraded the level of evidence and
documented all judgements clearly using written explanations. We
prioritised the reporting of the assessments carried out in early
infancy (i.e. primary series studies), or at the earliest time point of
follow-up. We resolved discrepancies by discussion or through the
arbitration of a third review author (of CBJ, PR, PH or TS).

R E S U L T S

Description of studies

Results of the search

Our database searches retrieved 13,999 references (CENTRAL, n
= 1758; Ovid MEDLINE, n = 6825;   Embase, n = 5416); and we
identified further 982 references from the following sources: WHO
trial registry (n = 608), clinicaltrials.gov (n = 310), and the website of
Sanofi (n = 64). Together they represented 14,981 records that were
subsequently managed through EndNote X9 and Covidence, where
we removed duplicates.

We also screened titles and summaries from  Open Grey (n = 16),
the GSK trial registry  (n = 763),  the websites of Pfizer (n = 0),
and regulatory assessments  completed by the FDA  (n = 340) and
EMA (n = 36).   We found 11  relevant titles in the references from
eligible studies, and one study reported by the EMA that was not
retrieved by the relevant trial registry. Together these represented
1166 records, labelled as 'other sources' in the PRISMA flow diagram
(Figure 1).
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Figure 1.   PRISMA flow diagram

 
 

Whole-cell pertussis vaccine in early infancy for the prevention of allergy in children (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

12



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Figure 1.   (Continued)

 
ANer removing duplicates, we assessed a total of 10,650 titles,
abstracts and regulatory data, and mapped records related to the
same study, with further removal of 10,452 citations. Except for
'other sources', titles and abstracts were screened in Covidence.

We assessed 95 studies for eligibility (198  records), of which we
included 26  (see the  Characteristics of included studies  table).
Three studies were judged to be ongoing, two were awaiting
classification, and 64  were excluded (see the  Characteristics of
excluded studies table for examples of these).
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We depicted the flow of information through the diGerent phases
of the review using a PRISMA flow chart provided in Figure 1.

Included studies

Studies included in the review for IgE-mediated food allergy and
other atopic outcomes

Study design

This section of the review includes one randomised controlled trial
(RCT) (Nilsson 1998), a cohort study (Venter 2016), a case-control
study (Estcourt 2020), and a post-hoc analysis of an RCT, where
data were treated as an observational longitudinal study to assess
whether wP-, compared to aP-containing vaccines was associated
with a decreased risk of atopic outcomes (Toelle 2020). A further
trial ascertained symptoms consistent with early development of
atopic diseases (i.e. wheezing, itchy rash, or sneezing) by 2.5 years
in 97.8% of the children enrolled, but not the outcomes of interest
(Gustafsson 1996).

Recruitment

Children living in the region of Linköping, who were recruited into
the Swedish I eGicacy, safety and immunogenicity of pertussis
vaccines trial (Gustafsson 1996), were also oGered enrolment in the
allergy sub-study of Nilsson 1998. Two follow-up assessments were
scheduled at  2.5 and seven years old. We prioritised the earlier
point of follow-up, because  the corresponding report explicitly
described IgE-mediated food allergy as one of the outcomes of
interest.

In non-randomised studies of interventions (NRSIs), children were
recruited antenatally in six hospitals in Sydney, Australia (Toelle
2020) or at birth on the Isle of Wight, UK  (Venter 2016).  For the
case-control study (Estcourt 2020), children with a diagnosis of IgE-
mediated food allergy were identified through medical records by
specialist allergists from private and tertiary hospital allergy clinics
in four out of nine states or territory jurisdictions in Australia.

Sample size

This section of the review includes 7333 children across three
high-income countries (Australia, Sweden and the UK), who were
followed up between 2.5 and 15 years.

Setting

The trial of Nilsson 1998 was carried out in paediatric clinics and
primary care centres. In the remaining studies, allergy assessments
were undertaken in private and tertiary hospital allergy clinics in
four out of nine states or territory jurisdictions in Australia (Estcourt
2020); in two metropolitan hospitals in New South Wales, Australia
(Toelle 2020); and in a dedicated specialist allergy research unit on
the Isle of Wight, UK (Venter 2016).

Intervention/exposure

Details of the combination vaccines used as intervention or
comparator are provided in the  Characteristics of included
studies table. In the trial of Nilsson 1998, children received a first
dose of diphtheria-tetanus-whole-cell pertussis vaccine (DTwP) or
diphtheria- tetanus-acellular pertussis vaccine (DTaP) between 56
and 92 days old. In the study of Estcourt 2020, cases and controls
were vaccinated with a first dose of DTwP or aP, with or without
hepatitis B vaccine before 16 weeks old (DTaP-HepB or DTaP).
The children included in the cohorts of  Venter 2016  and  Toelle

2020 received a first dose of wP- or aP-based formulations between
six and 18 weeks of age.

Co-interventions and BCG

In the trial  of  Nilsson 1998  the co-administration of inactivated
polio vaccine (IPV), Hib vaccine or both was scheduled with the first
dose of DTwP or DTaP. Details of concurrent vaccination were not
provided in the reports of NRSIs (Estcourt 2020; Toelle 2020; Venter
2016).

BCG was not included in the relevant national immunisation
programmes at the time in which these children were enrolled in
these studies, so it is unlikely that they received it before the first
dose of pertussis-containing vaccine.

Outcomes

Studies that reported on IgE-mediated food allergy used
confirmation via oral food challenge as the outcome measure
(Estcourt 2020: sensitivity analysis) or defined it on the basis of a
history of clinical symptoms and proven IgE-mediated sensitisation
via skin-prick test (SPT) or serum specific IgE (Estcourt 2020; Nilsson
1998). In the study of Venter 2016, IgE-mediated food allergy was
diagnosed on the basis of either a compatible clinical history
or oral food challenge. We followed a prespecified hierarchy of
diagnosis and where both were reported separately (Estcourt 2020),
we described the results of the association between a first dose of
pertussis-containing vaccine and challenge-proven IgE-mediated
food allergy.

Studies that reported diagnoses of asthma, atopic dermatitis and
allergic rhino-conjunctivitis, provided diGerent and in some cases
several time points in their outcome definition (Nilsson 1998;
Toelle 2020; Venter 2016). These are detailed in the Characteristics
of included studies  tables. No study assessed anaphylaxis (not
vaccine-associated) as an outcome of interest.  Other trials
described admissions to hospital for asthma or egg anaphylaxis
as serious adverse events (SAEs) (Black 1997; Decker 1995; Kitchin
2006). None of these were their prespecified outcomes of interest,
nor were their data collected systematically.

The overall numbers of children experiencing IgE-mediated food
allergy, allergic rhino-conjunctivitis, and not-vaccine associated
urticaria by 2.5 years were included in the main report of the
trial of  Nilsson 1998; however, it was not possible to obtain a
breakdown of these data by trial arm. Therefore, we decided to
use a broader outcome domain (i.e. cumulative incidence of atopic
disease) as prespecified in our protocol, as data were provided as
required for this outcome. We estimated these data, and data on
the diagnoses of asthma and atopic dermatitis from a bar chart
using WebPlotDigitizer 2020.

Studies included in the review for safety

Study design

Primary series studies

Fourteen primary series studies looked at our prespecified safety
outcomes, and were double-blind, parallel, RCTs (Afari 1996; Black
1997; Blumberg 1991; Decker 1995; Feldman 1993; Greco 1996;
Gustafsson 1996; Halperin 1996; Miller 1990; Miller 1997  ("trial
2");  NCT00348881; Olin 1997; Simondon 1997; Stehr 1998). Two
used single masking (Macías 2012; NCT00343889), and five were
open-label (Dagan 1997; Kitchin 2006; Madhi 2011; Reinert 2006;
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Wanlapakorn 2020). Where aP-based vaccine formulations were
allocated to more than one study arm (Afari 1996; Decker 1995;
Feldman 1993; Greco 1996; Gustafsson 1996; Halperin 1996; Macías
2012; Madhi 2011; Miller 1990; Miller 1997; Olin 1997), we combined
these data to create a single pairwise comparison.

Booster dose studies

Children enrolled in the booster dose study of  Edwards
1991  received a primary series with wP or aP in a double-blind,
parallel, randomised fashion; however, the primary series study
published in 1989 has an unclear length of follow-up, and therefore,
we are not including its data for synthesis.

A subset of participants enrolled in the primary series
trials of  Decker 1995;    Kitchin 2006; Madhi 2011;
NCT00343889 and NCT00348881, completed an additional period
of follow-up aNer the administration of one or more booster doses
of wP- or aP-based formulations. The booster dose studies were
reported in separate publications (Decker 1995;    Kitchin 2006;
Madhi 2011;) or under a diGerent identifier on clinicaltrials.gov
(NCT00343889; NCT00348881). In either case, we linked them to
their corresponding primary series study and prioritised the earlier
point of safety follow-up to avoid double counting.

Studies with one or more arms that did not meet prespecified
eligibility criteria

Four of the included studies that investigated relevant comparisons
and outcomes in this review also included non-relevant trial
arms:  Greco 1996,  Gustafsson 1996  and  Stehr 1998  included
diphtheria and tetanus toxoids  vaccine (DT) as a control arm,
and  Wanlapakorn 2020  co-enrolled a non-randomised group of
infants and allocated them to wP, in accordance with the Thai
'Expanded Programme on Immunization' (EPI) The data from these
specific trial arms were not included in this review as they did not
meet prespecified inclusion criteria. Further details can be found in
the Characteristics of included studies table.

Recruitment

Infants were recruited in paediatric practices (Decker 1995;
Feldman 1993), from paediatric outpatient clinics attached to
academic institutions (Feldman 1993), via letters to the parents
of newborns living in the study catchment area (Gustafsson 1996;
Olin 1997), from immunisation clinics (Miller 1990; Miller 1997;
Simondon 1997), in maternal and child health centres (Afari
1996), or approached antenatally (Wanlapakorn 2020).

Sample size

A total of 137,281 children contributed data in 21 studies that
reported our safety outcomes. Sample sizes ranged from 41 to
82,892 children per trial. As detailed in the PRISMA flowchart (Figure
1), one study did not contribute data to our quantitative syntheses
(Miller 1997, "trial 2"). However, because it met the eligibility
criteria for inclusion in this review, we summarise its characteristics
below.

Location and World Bank income level of country

The studies assessing safety were carried out in Europe (Greco 1996;
Gustafsson 1996; Kitchin 2006; Miller 1990; Miller 1997; Olin 1997;
Reinert 2006; Stehr 1998), North America (Black 1997; Blumberg
1991; Decker 1995; Edwards 1991; Feldman 1993; Halperin
1996; Macías 2012), Sub-Saharan Africa (Afari 1996; Madhi 2011;

Simondon 1997), South East Asia (NCT00343889; NCT00348881;
Wanlapakorn 2020), South America (Macías 2012) and the Middle
East region (Dagan 1997). Studies included economies of all-level
income groups, according to the historical classification of the
World Bank (World Bank 2021).

Setting

Community-based studies in paediatric clinics, general practices,
maternal and child health centres or public health units (Afari 1996;
Dagan 1997; Greco 1996; Gustafsson 1996; Miller 1990; Miller 1997;
Olin 1997; Reinert 2006; Simondon 1997) predominated over trials
carried out in clinics attached to academic institutions (Decker
1995; Edwards 1991; Wanlapakorn 2020), or other healthcare
facilities (Black 1997; Macías 2012; Madhi 2011). The trial
of Feldman 1993 was carried out in private paediatric practices and
outpatient clinics attached to a local university.

Population

Participants were typically healthy infants with an average age of
approximately 9.8 weeks on the day of the administration of the
first dose of pertussis-containing vaccine (Dagan 1997; Feldman
1993; Greco 1996; Kitchin 2006; Macías 2012; Miller 1990; Miller
1997; NCT00343889; NCT00348881; Reinert 2006; Wanlapakorn
2020).

Only one study stratified randomisation by age at enrolment
quote: "to minimise bias due to possible age-associated safety
outcomes" (Reinert 2006). The first dose of pertussis-containing
vaccine was given at three months old in the studies carried out
by Miller 1990, and in a subset of infants enrolled in the trial of Olin
1997. In the trials of Halperin 1996 and Stehr 1998, the first dose
of pertussis-containing vaccine was given to healthy infants aged
between two and three months old, and two to four months old,
respectively. In the remaining studies, infants received their first
dose before three months of age.

The proportion of children who were male ranged between
49% and 53% across studies (Afari 1996; Feldman 1993; Greco
1996; Gustafsson 1996; Halperin 1996; Kitchin 2006; Macías 2012;
Madhi 2011; NCT00343889; NCT00348881; Olin 1997; Reinert 2006;
Wanlapakorn 2020). Racial and ethnic categories (described in
the Characteristics of included studies table as quote: "cultural and
ethnic groups") were only reported by three studies (Feldman 1993;
Decker 1995; Madhi 2011). Black 1997 used a qualitative statement
to describe the infants enrolled in that trial as quote: "ethnically
diverse" and "generally similar to the US census population in this
region".

Intervention

A first dose of wP or aP was administered as a combination vaccine
including diphtheria and tetanus toxoids (i.e. DTwP or DTaP; Afari
1996; Black 1997; Blumberg 1991; Decker 1995; Feldman 1993;
Greco 1996; Gustafsson 1996; Halperin 1996; Miller 1990; Miller
1997; Olin 1997; Simondon 1997; Stehr 1998). Children enrolled in
the studies of Edwards 1991 were primed with DTwP or DTaP in a
previous study published in 1989.

DTwP-HepB-Hib (Macías 2012; NCT00343889; NCT00348881;
Wanlapakorn 2020), DTwP-Hib-IPV  (Dagan 1997; Reinert 2006)
and DTwP-Hib combination vaccines were used in the remaining
eligible studies (Kitchin 2006; Madhi 2011). Similarly, DTaP-
based vaccine formulations administered in these trials included
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DTaP-Hib-IPV (Dagan 1997; Kitchin 2006), and DTaP-HepB-Hib-IPV
(Macías 2012; Madhi 2011; NCT00343889; NCT00348881; Reinert
2006; Wanlapakorn 2020). Additional details are provided in
the Characteristics of included studies table.

Co-interventions and BCG

FiNeen primary series studies reported the type of vaccines co-
administered with the first dose of pertussis-containing vaccine.
The regimens included Hib vaccine (Miller 1997), oral poliovirus
vaccine (OPV) only (Feldman 1993; Halperin 1996; NCT00343889;
NCT00348881), OPV and Hib vaccine (Black 1997; Decker 1995), OPV
and hepatitis B vaccine (Greco 1996), OPV and meningococcal C
conjugate vaccine (Kitchin 2006), BCG and IPV (Simondon 1997), IPV
with or without Hib vaccine (Gustafsson 1996; Olin 1997). Whereas
infants primed with a first dose of aP received a concomitant
dose of OPV-placebo (Macías 2012), or no concomitant vaccine
(Madhi 2011; Reinert 2006; Wanlapakorn 2020), wP vaccinees were
immunised with OPV (Macías 2012; Wanlapakorn 2020), OPV and
hepatitis B vaccine (Madhi 2011), or hepatitis B vaccine (Reinert
2006).

Five trials did not provide any statement regarding co-interventions
(Afari 1996; Blumberg 1991; Dagan 1997; Miller 1990; Stehr
1998). Children enrolled in the trials of  Macías 2012; Madhi
2011  and Wanlapakorn 2020 received BCG at birth in accordance
with their local EPI.

Outcomes and endpoints (outcome domains)

Serious adverse events (SAEs)

All-cause SAEs

The number of children experiencing at least one SAE could only
be extracted from 15  primary series studies (Afari 1996; Black
1997; Blumberg 1991; Decker 1995; Feldman 1993; Greco 1996;
Halperin 1996; Kitchin 2006; Macías 2012; Madhi 2011; Miller
1990; NCT00343889; NCT00348881; Reinert 2006; Simondon 1997),
and the booster dose study of  Edwards 1991. The timing of
assessment diGered across these studies and is summarised in
the Characteristics of included studies table.

In the primary series trial of Decker 1995, data on events meeting
the review definition of SAE were systematically collected from
enrolment and reported at five and 18 months aNer randomisation.
Because it is unclear whether any events reported at the 18-month
assessment occurred in children who had previously experienced
an SAE, we only included data on the initial five months of follow-
up to avoid double counting.

A similar approach was undertaken to analyse the data from the
primary series study, Kitchin 2006. In the initial stage of this open-
label trial, SAEs were defined as admissions to hospital (all-cause)
occurring within 10 months from enrolment. The investigators of
this trial reported the safety data at two time points and it was
not possible to determine if the infants with any SAE occurring
before the age of five  months also had an admission to hospital
aNer this period. To avoid double counting, we only considered the
outcomes reported at the earlier time point.

In the trial of Greco 1996, we assumed that children were censored
aNer their first SAE, and calculated the total experiencing this
outcome from the events reported per 1000 enrolled (i.e. deaths,
quote: "other life-threatening diseases," onset of chronic illness as

a proxy of disability, and invasive bacterial infections; the latter
were assumed to have led to hospital admission). We attempted to
contact the authors of the trial to confirm this assumption, but were
unsuccessful.

Gustafsson 1996  systematically collected the hospital records of
all the infants admitted at any time from enrolment until two
months aNer the third dose of pertussis-containing vaccine (or
eight months old, if series not completed). The FDA summarised
the first admission to hospital of the infants  enrolled in this trial
according to the study arm and dose. Due to probable overlaps
between admissions to hospital and other outcome domains, we
were unable to extract the total number of infants who experienced
any SAE.

The trial of  Halperin 1996  monitored quote: "contacts with the
healthcare system for any reason". Although no data regarding
these events were included in the peer-reviewed manuscript, the
assessment completed by the FDA does report SAEs following the
infant series.

Four trials published their safety data on clinicaltrials.gov (Macías
2012; Madhi 2011; NCT00343889; NCT00348881). We assumed that
discrepancies between the number of children experiencing SAEs
reported by study arm on the trial registry (Macías 2012; Madhi
2011; NCT00343889; NCT00348881), and the number aGected
by specific diagnoses could be explained by the presence of
multiple conditions in the same infant at the time of the outcome
assessment, or infants that experienced more than one SAE
throughout the course of these trials.  For clinicaltrials.gov, the
definition of SAE not only includes the outcome domains extracted
from  ICH 1997, but also events that put the child in danger or
required medical or surgical intervention to prevent any of the
primary safety endpoints of interest for this review. Due to the
discrepancies between the definition of SAE used in this review and
the one included in the trial registry, these studies were included
in the synthesis for 'all-cause SAE' and where applicable, in the
synthesis for 'all-cause mortality'. Further disagreements between
the number of children experiencing SAEs reported by peer-
reviewed articles arising from the studies of  Macías 2012 and Madhi
2011  and their corresponding trial registries, are described in
the Characteristics of included studies table.

"Trial 2"  published by  Miller 1997  warranted additional
consideration. Following the introduction of an accelerated two-,
three- and 4-month  pertussis immunisation schedule  in England
in June 1990, the trial of Miller 1990 that compared the safety and
immunogenicity of DTwP versus DTaP-based formulations using a
three-, five- and eight- to 10-month schedule, had to be repeated
using the new regimen (Miller 1997).  We confirmed with the
corresponding author that the records of this study are unavailable,
and therefore, we declared the outcome data as missing.

In the trial of  Reinert 2006, children that experienced life-
threatening events (such as post-vaccination anaphylaxis), were
reported as withdrawn due to a definite medical contraindication to
pertussis-containing vaccines, but not counted among those who
experienced SAEs. Similarly, deaths during the course of this trial
were reported separately. For synthesis purposes, cases of post-
vaccination anaphylaxis and deaths were counted as SAEs.

Wanlapakorn 2020 reported the progress of the children enrolled
throughout the study in a CONSORT diagram. Additional
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information on SAEs was not published on clinicaltrials.gov by 13
March 2021. Because it remains unclear whether SAEs other than
deaths occurred during the course of this trial, this study was only
included for synthesis on 'all-cause mortality'.

All-cause mortality

Eighteen primary series trials  (Afari 1996; Blumberg 1991; Decker
1995; Feldman 1993; Greco 1996; Gustafsson 1996; Halperin 1996;
Kitchin 2006; Macías 2012; Madhi 2011; Miller 1990; NCT00343889;
NCT00348881; Olin 1997; Reinert 2006; Simondon 1997; Stehr
1998; Wanlapakorn 2020) and one booster dose study (Edwards
1991) provided information allowing us to extract data on deaths.
Because the study of  Black 1997  only planned to report data on
sudden infant death syndrome (SIDS), we did not include it in the
related meta-analysis.

Events leading to admission to hospital (all-cause)

Nine primary series trials (Black 1997; Blumberg 1991; Decker
1995; Edwards 1991; Gustafsson 1996; Halperin 1996; Kitchin 2006;
Miller 1990; Simondon 1997) and one booster dose study (Edwards
1991) reported information on hospital admissions. The timing of
assessment diGered across these studies and is summarised in
the Characteristics of included studies table.

In a personal communication, the corresponding author of the
trial of  Dagan 1997  confirmed that serious adverse reactions
following immunisation did not lead to admission to hospital, and
therefore, these events do not meet the regulatory definition of SAE
considered in this review. It is unclear whether any SAEs unrelated
to the study vaccines resulted in hospitalisation.

The trial of Olin 1997 only collected data on admissions to hospital
for events contraindicating further vaccination with pertussis-
containing vaccines or for events that met their protocol definition
of serious. The FDA assessment summarises the number of
admissions to hospital per study arm occurring within 30 days of
vaccination; nevertheless, we could not conclude from the report
whether children were censored for this outcome domain aNer their
first hospitalisation.

Stehr 1998  collected data on events requiring admission to
hospital, but details are only provided for children hospitalised for
serious infections.

Events described as life-threatening

Here we included trials that provided information on this specific
outcome domain (Greco 1996; Gustafsson 1996; Halperin 1996; Olin
1997; Stehr 1998),  those which did not include life-threatening
events in their methods section but systematically collected
data on post-vaccination anaphylaxis (Dagan 1997; Simondon
1997), and those that reported the occurrence of anaphylaxis aNer
any dose without further details (Reinert 2006).

The trial of Stehr 1998 assessed post-vaccination anaphylaxis and
events described as life-threatening as separate study outcomes;
however, the investigators only reported on vaccine-associated
anaphylaxis. The corresponding author estimated the number
of children with other life-threatening events in a personal
communication.

The EMA reported adverse life-threatening events for a single arm of
the comparison of interest (i.e. infants vaccinated with an aP-based
vaccine formulation in the trials of Macías 2012 and Madhi 2011).
Peer-reviewed publications arising from these trials do not describe
whether these data were systematically collected.

Events leading to persistent or significant disability or incapacity

Four studies contributed data to this outcome domain. One
collected data on quote: "any illness resulting in sequelae" (Kitchin
2006), and three reported on the onset of chronic illnesses, a proxy
of disability (Greco 1996; Gustafsson 1996; Halperin 1996).  Stehr
1998 collected data on events defined as "permanently disabling",
but results were not included in the publication assessed in
this review. An author of the trial provided an estimate of the
number of children who met this study endpoint through personal
correspondence.

Diagnosis of encephalopathy

Seven primary-series RCTs (Dagan 1997; Decker 1995; Feldman
1993; Greco 1996; Gustafsson 1996; Olin 1997; Stehr 1998)
and one booster dose study (Edwards 1991) contributed safety
data regarding encephalopathy for both relevant arms of the
comparison. The timing of assessment diGered across these trials
and is summarised in the Characteristics of included studies table.

The EMA reported encephalopathy for a single arm of the
comparison of interest (i.e. infants vaccinated with an aP-based
vaccine formulation in the trials of Macías 2012 and Madhi 2011).
Peer-reviewed publications arising from these trials do not describe
whether these data were systematically collected.

Ongoing studies and studies awaiting classification

We identified three studies that are ongoing that may be eligible for
inclusion in this review when complete (ACTRN12617000065392;
ISRCTN17271364; NCT03606096). Further details are included
in Characteristics of ongoing studies.

We also identified two studies where we were unable to make
a judgment on eligibility. We were unable to source the report
for 217744/025 (DTPa-HBV-IPV-025), as this was no longer available
through the GSK trial registry. For  Mrozek-Budzyn 2018, the age
of the first dose of wP/aP was not stated in the report. In either
case, our attempts to contact the sponsor of  217744/025 (DTPa-
HBV-IPV-025), or the lead and senior authors of the study of Mrozek-
Budzyn 2018  were  unsuccessful. Further details are available
in Characteristics of studies awaiting classification.

Excluded studies

Sixty-four studies were excluded from this review at the full-
text screening stage. Thirty-three  examples of these are listed
with reasons for exclusion in the  Characteristics of excluded
studies table.

The reasons for exclusion of studies reporting on atopy or atopic
outcomes were: no comparison of interest (Bernsen 2006; Farooqi
1998; Grüber 2003; Grüber 2008; Henderson 1999; Kummeling 2007;
Maitra 2004;    Matheson 2010;    McDonald 2008; McKeever 2004;
Mullooly 2007; Swartz 2018; Thomson 2010), and no comparison
(Wang 2012; Yamamoto-Hanada 2020).
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The study of  Vogt 2014  warranted additional consideration. This
observational study compared a cohort of children enrolled in
the trial of  Olin 1997, with children unvaccinated with pertussis
antigens who were born five months before the start date of
the RCT, or seven months aNer its end date, using "dispensed
prescribed asthma medication" as a proxy of asthma. Therefore, it
was classified as ineligible.

The reasons for exclusion for safety studies were length of
follow-up shorter than six months (Anderson 1988; Anderson
1994; Gylca 2000; Halperin 1994; Halperin 1995; Halperin 1999;
Halperin 2003; Pichichero 1992; Pichichero 1993; Pichichero 1994;

Pichichero 1996;   Podda 1994; Simondon 1996; Vanura 1994;
Wiersbitzky 1996);  age at the first dose of pertussis-containing
vaccine (Blennow 1988); and study design (household contact
study; Schmitt 1996).

Risk of bias in included studies

Studies included in the review for atopic outcomes

Randomised controlled trials

In  Figure 2  we provide our judgement for each risk of bias
category for the study of  Nilsson 1998  (figure generated using
robvis; McGuinness 2020).
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Figure 2.   Risk of bias summary: judgement of the review authors about each risk of bias item for each included
randomised controlled trial
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Figure 2.   (Continued)

 
Allocation (blinding)

The study of Nilsson 1998 enrolled a subset of children randomised
in the trial of Gustafsson 1996. Therefore, the two trials each share
the same judgements on the risk of bias arising from random
sequence generation (low) and allocation concealment (unclear).

Blinding (performance bias and detection bias)

Because partial unblinding of the wP arm, but not the aP/DT
arms occurred in the trial of  Gustafsson 1996, we judged the
study of  Nilsson 1998  at unclear risk of bias for this domain.
Additional information is provided in the  Characteristics of
included studies table.

Incomplete outcome data (attrition bias)

In the trial of Nilsson 1998, children who were not fully immunised,
or who had incomplete follow-up data were not included in the
analyses. Other reasons for non-completion include withdrawal of

consent, and moving house away from the study area. The dropout
rates cannot be calculated by study arm because the numbers
randomised into each intervention group are not reported. This
study was judged to be at unclear risk of bias due to incomplete
outcome data.

Selective reporting (reporting bias)

 The study of Nilsson 1998 was judged to be at unclear risk of bias
since the data on IgE-mediated food allergy was not made available
by study group.

Non-randomised studies of interventions

See  Table 1; Table 2; Table 3; Table 4; Table 5; Table 6; Table
7  and  Figure 3  (figure generated using robvis;  McGuinness 2020)
for our risk of bias assessments for  Estcourt 2020; Toelle 2020;
and Venter 2016.
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Figure 3.   Risk of bias: 'tra<ic light' plot of the domain-level judgements for each individual result of non-
randomised studies of interventions according to the ROBINS-tool

 
The following risk of bias assessments examined the eGect
of assignment of the intervention/exposure at baseline. The
consensus decisions for the signalling questions are available as
Supplementary material 1.

Bias due to confounding

Ecological analyses of publicly available data have shown an
increase in the number of admissions to hospital ICD-coded
as anaphylaxis following the transition from wP to aP vaccine
schedules in Australia, between 1997 and 1999. There is little
reason to expect that the receipt of wP or aP was influenced by
factors other than calendar time, and chance during the switchover
from wP to aP formulations in Australia, and also on the Isle of
Wight (UK) when a period of shortage of wP meant that some
children received aP instead. Family history of allergic diseases,
gestational age at delivery and breastfeeding status are unlikely
to have influenced the allocation of the intervention/exposure
which was largely driven by the availability of the vaccine in the
surgeries of general practitioners or immunisation clinics on the
day of vaccination. Therefore, we only included in our assessments
confounding domains relevant for these settings (i.e. availability
of the vaccine, using date of birth as a proxy; socioeconomic
status and birth order). One study was judged as moderate risk
of bias for confounding (Estcourt 2020; diagnosis of challenge-
proven IgE-mediated food allergy) and two at serious risk (Toelle

2020; diagnosis of asthma and Venter 2016; diagnoses of challenge-
proven IgE-mediated food allergy and asthma).

Bias in selection of participants into the study

We judged two studies to be at low risk of bias (Toelle 2020;
Venter 2016); this is because the selection of children into the
analyses was not dependent on characteristics observed aNer the
first dose of pertussis-containing vaccine. In the study of Estcourt
2020, cases were identified from among children diagnosed by
specialist allergists with a case-based sampling approach used to
mitigate any selection bias. Using the ROBINS-I tool (version 1,
August 2016;  Sterne 2016a), the risk of bias for this domain was
deemed to be moderate.

Bias in the classification of pertussis-containing vaccines

We judged all of the studies reporting on primary and secondary
atopic outcomes as low risk of bias. The exposure groups were
clearly defined and their classification is unlikely to have been
influenced by knowledge of the outcome status.

Bias due to deviations from intended pertussis-containing vaccine

This domain of the ROBINS-I tool refers to the biases that occur as a
result of quote: "systematic diGerences between the care provided
to experimental intervention and comparator groups, beyond the
assigned interventions"  (Sterne 2016b). There is no information
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available to judge whether there was bias due to deviations from
intended intervention for any of the relevant studies.

Bias due to missing data

The definition of complete dataset for diagnosis of IgE-mediated
food allergy varies according to the outcome measure chosen. In
this case, decisions were supported by a prespecified hierarchy of
diagnosis described in the protocol of this review. In the study of
Venter 2016 the diagnosis was on the basis of either a compatible
clinical history or oral food challenge. In this case,  outcome data
were available for nearly all children.

In the study of Estcourt 2020, challenge-proven IgE-mediated food
allergy was described in a pre-planned sensitivity analysis of a
non-random subset of cases with a history of food hypersensitivity
coupled with IgE-mediated sensitisation to the food of interest. In
both studies, a small number of children were excluded due to
missing data on the exposure status. Although these data were
likely to be missing at random, ROBINS-I states that this is a marker
of potential bias. Therefore, for the primary outcome of this review,
the study of Venter 2016 was judged as moderate risk bias due
to missing data. Restricting the analysis to those cases confirmed
through oral food challenge, the study of Estcourt 2020 was judged
to be at serious risk of bias.

For the secondary outcome diagnosis of asthma, data were
available for nearly all children at the follow-up assessments
completed at 18 months, three and five years old, and we rated
them as moderate risk of bias due to missing data. In contrast,
decreasing completeness was noted in the assessments scheduled
at 10, 11.5 and 14 years old, with analyses unlikely to have
addressed the impact of missing data on the validity of the results.
Therefore, we rated these studies to be at serious or critical risk for
this domain.

Bias in measurement of outcomes

We judged all studies to be at low risk of bias (Estcourt 2020; Toelle
2020; Venter 2016), as the methods of outcome measurement
were considered comparable across the study groups, outcome
measures were unlikely to be influenced by knowledge of the
intervention received, and errors in their measurement were
unlikely to be related to intervention status.

Bias in selection of the reported result

The study of Estcourt 2020 was pre-registered on clinicaltrials.gov
and its prespecified analysis plan is also available as a peer-
reviewed publication; thus, it was judged to be at low risk of bias
for this domain. We did not find the study protocol or statistical
analysis plan of the study of  Venter 2016, and the analyses
presented in the study of  Toelle 2020  were declared post hoc. In
each case, outcome measures were clearly defined and there is
no evidence of selective reporting; therefore, we judged them at
moderate risk of bias for selection of the reported result.

Overall risk of bias assessment

We rated all of the NRSIs to be at serious or critical risk of bias, and
therefore, not eligible for quantitative or narrative synthesis. The
domains contributing to this judgment were 'confounding' and
'missing data'.

Other potential sources of bias

Funding

The  study of  Nilsson 1998  received funding from public and
private agencies. NRSIs received funding from the National Health
and Medical Research Council of Australia (NHMRC) and Public
Health England, as well as other government funding agencies and
academic institutions. Details are provided in the Characteristics of
included studies table.

Declarations of interest

Investigators for three of the NRSIs declared conflicts of interest.
Details are provided in the Characteristics of included studies table.

Randomised controlled trials included in the review for safety

See Figure 2 for the risk of bias summary for the RCTs that assessed
safety outcomes, where we provide our judgement for each risk
of bias category (figure generated using robvis; McGuinness 2020).
We judged seven studies to be at high risk of bias (Blumberg 1991;
Dagan 1997; Kitchin 2006; Madhi 2011; Miller 1997; Reinert 2006;
Stehr 1998), and the remaining at unclear risk.

Allocation

We judged   five studies to be at low risk of bias for
sequence generation (Dagan 1997; Gustafsson 1996; Olin 1997;
Simondon 1997) and the remaining at unclear risk. For allocation
concealment, the studies of  Greco 1996; Miller 1990; Miller 1997;
Olin 1997; Reinert 2006; Simondon 1997  and  Stehr 1998  were
deemed at low risk of bias, and the remaining trials at unclear risk.

Blinding

Where encephalopathy was assessed as an outcome of interest,
the studies were judged to be at unclear (Decker 1995; Edwards
1991; Feldman 1993; Greco 1996; Gustafsson 1996; Olin 1997;
Stehr 1998), or high risk of performance bias (Dagan 1997).
We considered that the primary safety outcome and associated
endpoints were unlikely to be influenced by knowledge of the
intervention received,  and therefore, we judged all the studies
reporting on them (but not on encephalopathy) at low risk of
performance bias.

We assessed five studies as being at low risk for detection bias due
to a detailed explanation of the strategies implemented to keep the
outcome assessors blinded to the vaccine allocation (Miller 1990;
Miller 1997; Olin 1997), or because the assessment of the outcome
domain of interest (i.e. deaths from any cause) was unlikely to be
influenced by knowledge of the intervention received (Afari 1996;
Wanlapakorn 2020). In contrast, we judged open-label trials at
high risk for detection bias (Dagan 1997; Kitchin 2006; Madhi 2011;
Reinert 2006).

Incomplete outcome data

One trial  was judged as high risk of bias due to low retention
rates (Blumberg 1991), and four at low risk of bias owing to low
rates of dropout (Gustafsson 1996; Macías 2012; NCT00343889;
NCT00348881); the remaining were assessed as unclear risk.

Selective reporting

Two trials were judged as high risk of bias for selective reporting
(Miller 1997; Stehr 1998). The trial  of  Miller 1997  reported on
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reactogenicity of pertussis-containing  vaccines, but not on SAEs
following immunisation. Similarly, the trial of Stehr 1998 only
described admissions to hospital due to serious infections, in spite
of the methods specifying that events requiring hospitalisation
were going to be systematically reported irrespective to their
relatedness to the study vaccines.

Among the trials pre-registered on clinicaltrials.gov., three
were judged as low risk of bias (NCT00343889; NCT00348881;
Wanlapakorn 2020), and two as unclear risk due to apparent
inconsistencies between the trial registry and peer-reviewed
publications (Macías 2012; Madhi 2011). Although we could not
source the extended technical reports and pre-planned statistical
analysis plan of the trial of Gustafsson 1996, this study was judged
as low risk of bias, because the data on the outcomes prespecified
in the methods of this study were systematically collected and
reported. The remaining trials were judged to be at unclear risk (see
Characteristics of included studies table).

Other potential sources of bias

Funding

Eight trials received funding from vaccine manufacturers (Feldman
1993; Kitchin 2006; Macías 2012; Madhi 2011; NCT00343889;
NCT00348881; Reinert 2006; Stehr 1998); four were carried out
through research grants from the National Institute of Allergy
and Infectious Diseases (NIAID), and the National Institute of
Health (NIH) in the USA (Decker 1995; Edwards 1991; Greco 1996;
Gustafsson 1996); two were funded by the UK Medical Research
Council (Miller 1990; Miller 1997); one by multiple academic
and research institutions (Wanlapakorn 2020) and three were
supported by public and private funding schemes (i.e. the trial
of   Afari 1996 was sponsored by the Government of Ghana
and the Research Foundation for Microbial Diseases of Osaka
University, a bio-pharmaceutical group; the study of Olin 1997
by the NIAID NIH and three manufacturers which also provided
the DTaP formulations; and the study of Simondon 1997 was
sponsored by a pharmaceutical company and the O&ice de la
Recherche Scientifique et Technique Outre-mer,  a French public
research institution today known as Institut de Recherche Pour le
Développement). In four trials, funding was not disclosed (Black
1997; Blumberg 1991; Dagan 1997; Halperin 1996).

Declarations of interest

Only four trials declared conflicts of interest (Kitchin 2006; Macías
2012; Madhi 2011; Wanlapakorn 2020).  Among the remaining
studies where no disclosure was made, one or more investigators
were employees of a vaccine manufacturer (Afari 1996; Black
1997; Blumberg 1991; Dagan 1997; Feldman 1993; Halperin 1996;
Reinert 2006; Simondon 1997; Stehr 1998), one received DTwP
manufactured by Wellcome as a donation (Miller 1990) and one
a pertussis vaccine antigen (69 kDa or pertactin) from Connaught
Laboratories (Miller 1997).

E<ects of interventions

See: Summary of findings 1 EGicacy and safety of a first dose of
whole-cell pertussis vaccine compared to a first dose of acellular
pertussis vaccine for the prevention of atopic diseases in children

We report atopic and safety outcomes for the comparison: first dose
as wP versus first dose aP before the age of six months.

Atopic outcomes

Cumulative incidence of atopic disease

One RCT  was suitable for narrative synthesis (Nilsson 1998).  This
study was carried out in Sweden in the early 1990s, in a setting
with lower prevalence of IgE-mediated food allergy than identified
in more recent cohorts. Because data on (our prespecified primary
outcome (IgE-mediated food allergy) could not be sourced by
study arm (Nilsson 1998), we chose to report on the cumulative
incidence of atopic disease outcome and calculated a risk ratio
(RR) and 95% confidence interval (CI), as prespecified in our
protocol (Perez Chacon 2020). This broader outcome domain
encompasses children who were diagnosed with at least one of
the following atopic diseases: IgE-mediated food allergy, asthma,
atopic dermatitis, urticaria and allergic rhino-conjunctivitis by 2.5
years old.

This small study was statistically underpowered to detect a
reduction in their chosen endpoints (except for a large reduction
> 50%). Using GRADE, we assessed the evidence as of very low
certainty.  We downgraded by one level for indirectness, and two for
imprecision, since the existence of eGect in either direction remains
plausible (RR 0.85, 95%CI 0.62 to 1.17; 497 children; Analysis 1.1).

Diagnosis of IgE-mediated food allergy

NRSIs that reported diagnosis of challenge-proven IgE-mediated
food allergy (Estcourt 2020; Venter 2016) were not eligible for
narrative synthesis due to serious risk of bias  (Figure 3). This
decision was made according to the protocol of this review (Perez
Chacon 2020). The details of the risk of bias assessments are
provided in Supplementary material 1.

Diagnosis of anaphylaxis

None of the included studies investigated our prespecified
outcome of diagnosis of anaphylaxis (not vaccine-associated).

Diagnosis of asthma

In  Nilsson 1998, asthma was diagnosed in 15 of 137  children
vaccinated with wP (10.95%), and 38 of 360 children vaccinated
with aP (10.56%) by 2.5 years of age. There was insuGicient evidence
to determine whether wP may change the risk of asthma diagnosis
by 2.5 years (RR 1.04; 95% CI 0.59 to 1.82; 497 children;  very
low certainty;  Analysis 1.2).  Although the investigators of this
study argue that most of the study participants diagnosed with
asthma had a previous history of atopic dermatitis, with or without
evidence of IgE-mediated sensitisation, it is plausible that some of
them may have been 'transient (episodic) wheezers'. These children
have been reported to mainly wheeze in the context of upper
respiratory viral infections, with no or minimal symptoms between
episodes, and lack of eosinophilic inflammation (Pavord 2018).
This wheezing phenotype explains a large proportion of wheezing
episodes in preschool-aged children, and we believe that is unlikely
to be aGected by wP priming. Therefore, we downgraded by one
level for indirectness, and by two levels for imprecision, as the CI of
the eGect size is wide, and includes the null eGect.

NRSI that reported diagnosis of asthma (Toelle 2020; Venter 2016)
were not eligible for narrative synthesis due to serious or critical risk
of bias (Figure 3).
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Diagnosis of atopic dermatitis

In the trial of Nilsson 1998, atopic dermatitis was diagnosed by 2.5
years old in 23 of 137 (16.79%) children vaccinated with wP and
81 out of 360 vaccinated with aP (22.5%). There was insuGicient
evidence to determine whether wP may aGect the risk of atopic
dermatitis (RR 0.75; 95% CI 0.49 to 1.13, 497 children; low-certainty
evidence; Analysis 1.3). Therefore we downgraded the evidence by
two levels for imprecision.

Other atopic outcomes

Data on  diagnoses of urticaria and allergic rhino-conjunctivitis
could not be sourced by study arm (Nilsson 1998).

Safety outcomes

Primary series studies

All-cause serious adverse events

One or more SAEs occurred in 153 of 14,183 children allocated at
random to a first dose of wP  (1.09%), and in 277 out of 23,889
recipients allocated to a first dose of aP (1.16%). The Mantel-
Haenszel RR without continuity correction was 0.94 (95% CI 0.78

to 1.15; I2 = 0%; 15 primary series studies, 38,072 children; Figure
4). For every 1000 infants primed with a first dose of aP before six
months old, 12 experienced an SAE; the corresponding risk for wP
was 11 (95% CI 9 to 13). Compared to aP, the 95% CI around the
absolute risk diGerence of SAE for children receiving a first dose of
wP ranged from three fewer to two more SAEs per 1000 vaccinees.

 

Figure 4.   Forest plot of comparison: first dose of wP versus first dose of aP before 6 months of age. Outcome: all-
cause serious adverse events

 
Removing studies at high risk of bias leN 11 studies in the analysis

(RR 0.94, 95% CI 0.77 to 1.16;  I2 = 8%; 29,576 children), without
changes to the interpretation of the result. The exclusion of
studies funded by pharmaceutical companies resulted in moderate

heterogeneity (RR 0.98, 95% CI 0.63 to 1.51; I2 = 44%; six studies,
20,105 children), but no change in the conclusion.

Using GRADE, we assessed the evidence as moderate certainty
(downgraded one level for imprecision).

All-cause mortality

We included 18 studies, involving 134,541 children, in the analysis.
Deaths were reported in 54 out of 40,908 children vaccinated with
a first dose of wP before 6 months (0.13%), and in 74 of 93,633 aP-
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vaccinees (0.08%). Therefore, the proportion of children who died
during the follow-up period was greater in wP compared to aP-
vaccinees, but the confidence interval was wide around the RR of

1.01 (95% CI  0.71 to  1.45; I2 = 0%; Figure 5), indicating substantial
imprecision.

 

Figure 5.   Forest plot of comparison: first dose of wP versus first dose of aP before 6 months of age. Outcome: all-
cause mortality

 
We tested the robustness of these findings through prespecified
sensitivity analyses, removing studies at high risk of bias (RR 1.04,

95% CI 0.71 to 1.52; I2 = 0%; 13 studies, 117,513 children), and by
excluding trials that were funded by pharmaceutical companies.
For the latter, we removed the studies that had the greatest
contribution to the weighted average, including  Simondon 1997,
which was carried out in a rural area of Senegal, with an infant
mortality rate of 85 per 1000 live births. In this case, we observed
a decrease in both the Mantel-Haenszel RR and the precision of

the estimate (RR 0.62, 95% CI 0.12 to 3.30; I2 = 0%; seven studies,
25,150 children); however, there was no resulting change in the
interpretation of the results.

Using GRADE, we assessed the evidence as low certainty
(downgraded two levels for imprecision).

Events leading to admission to hospital

We included eight studies in this analysis. At least one admission to
hospital was reported in 122 out of 6011 children vaccinated with a

first dose of wP before six months (2.03%), and in 306 out of 12,319
aP-vaccinees (2.48%). The Mantel-Haenszel RR without continuity
correction for all-cause admission to hospital was 0.98 (95% CI 0.80

to 1.21; I2 = 2%; 18,330 children; Supplementary material 2).

We carried out prespecified sensitivity analyses to assess the
robustness of the main result, by removing studies at high risk

of bias (RR 0.98, 95% CI 0.80 to 1.20; I2 = 30%; six studies,
17,592 children) and by excluding studies funded by vaccine

manufacturers (RR 0.99, 95% CI 0.80 to 1.22; I2 = 32%; six
studies, 13,314 children) without meaningful changes in the point
estimates, CIs or interpretation of the findings.

Using GRADE, we assessed the evidence as low certainty
(downgraded two levels for imprecision).

Events described as life-threatening

Eight studies were pooled for this meta-analysis; four contributed
no events. One or more events described as life-threatening were
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reported in four out of 37,376 children vaccinated with a first dose
of wP before the age of six months (0.01%), and in nine out of 87,353
aP-vaccinees (0.01%). The Mantel-Haenszel RR with no continuity

correction was 1.08  (95% CI 0.32 to 3.64; I2 = 0%; 124,729 children,
Supplementary material 2). The reported number of children with
this outcome was few and the confidence interval around the RR
was wide.

Exclusion of studies at high risk of bias (RR 0.88, 95% CI 0.25 to

3.17; I2 = 0%; five studies, 108,860 children) did not cause any
major changes in the CI. A decrease in the  Mantel-Haenszel RR
and greater statistical heterogeneity were detected aNer removing
studies funded by vaccine manufacturers (RR 0.55, 95% CI 0.07 to

4.62; I2 = 23%; four studies, 21,934 children), however this did
not result in meaningful changes in the interpretation of the main
findings.

Using GRADE, we assessed the evidence as of low certainty
(downgraded two levels for imprecision).

Events leading to persistent or significant disability or incapacity

Four studies were pooled for this meta-analysis; two contributed
no events. At least one event leading to disability was reported in
six out of 7008 children vaccinated with a first dose of wP before six
months of age (0.09%), and in 9 out of 14,966 aP-vaccinees (0.06%).

The CI was wide around the RR of 1.45 (95% CI 0.51 to 4.16; I2 =
39%; 21,974 children, Supplementary material 2). No changes were
observed aNer excluding one study judged to be at high risk of bias
and funded by a pharmaceutical company (RR of 1.45, 95% CI 0.51

to 4.16; I2 = 39%; 21,733 children).

Using GRADE, we assessed the evidence as of low certainty (rated
down two levels for imprecision).

Diagnosis of encephalopathy

Seven primary series studies systematically collected data on
encephalopathy, but no events were reported in 32,268 recipients
of wP and 83,003 aP-vaccinees (Analysis 1.4). A 95% CI was
calculated using the score method (Newcombe 1998). This is a
serious outcome, and although the 95% CI around the absolute
diGerence is narrow (-5 per 100,000 to 12 per 100,000), we could
not rule out a clinically meaningful diGerence. Using GRADE we
assessed the evidence as low certainty (downgraded two levels for
imprecision).

Booster dose study

Within two years of follow-up aNer a booster dose of DTaP, no
SAEs (deaths or events leading to hospitalisation), or diagnoses
of encephalopathy were reported in children who were randomly
allocated to a primary series of DTwP (n = 23) or DTaP (n =
18) (Edwards 1991; Analysis 1.5; Analysis 1.6). In either case,
using GRADE, we assessed the evidence as being of low certainty
(downgraded two levels for imprecision).

D I S C U S S I O N

Summary of main results

This review includes four studies that reported on our primary
and secondary atopic outcomes of interest, and 21 trials reporting
on serious adverse events (SAEs) and/or encephalopathy  for our
comparison of interest (first dose of whole-cell pertussis (wP)

vaccine versus acellular pertussis (aP) vaccine in infants younger
than six months).

Evidence on atopic outcomes was of  very low certainty and we
were unable to draw any conclusions on the relative eGects of
wP versus aP vaccines on atopic diseases (Summary of findings 1.
Meta-analyses of the allergy outcome data were not feasible due
to the paucity of randomised controlled trials (RCTs) and high-
quality non-randomised studies of interventions (NRSIs) assessing
IgE-mediated food allergy and/or asthma as study outcomes, and
heterogeneity in the designs of existing studies. In addition, serious
or critical risk of bias across the outcomes reported by three NRSIs
precluded their inclusion in a narrative synthesis. As prespecified
in the study protocol, we grouped the atopic outcomes reported
by the trial  of  Nilsson 1998  using a broader outcome domain
(i.e. cumulative incidence of atopic diseases at 2.5 years). We
also synthesised narratively, the evidence regarding diagnoses of
asthma and atopic dermatitis, arising from the same study. No
study planned to assess non vaccine-associated anaphylaxis as an
outcome of interest, yet one ongoing study considers clinician-
diagnosed food anaphylaxis as evidence of IgE-mediated food
allergy (ACTRN12617000065392). This RCT is expected to provide
more definitive evidence on protection against early onset of IgE-
mediated food allergy in a setting with high prevalence.

The incidence of all-cause SAEs was within the expected range
for otherwise healthy infants, and similar for wP and aP. The 95%
confidence interval (CI around the absolute diGerence ranged from
a potential decreased to an increased risk (Summary of findings 1),
unlikely to be clinically meaningful.

The evidence regarding risk of encephalopathy was obtained only
through studies that identified no events   (Summary of findings
1). The absolute diGerence between wP and aP was 0%, with a
95% CI ranging from -0.005% to 0.012%. Although the CI is narrow,
encephalopathy is a serious condition and therefore, we could not
rule out a clinically meaningful diGerence.

Overall completeness and applicability of evidence

Completeness of evidence

We undertook a comprehensive review process involving the
assessment of RCTs,  trial registries and regulatory reports for
atopic and safety outcomes, as well as NRSIs investigating the
association between pertussis immunisation and atopic diseases.
Although there is no consensus regarding suitable search strategies
for controlled NRSIs, we decided to incorporate a filter developed
by  WaGenschmidt 2020  with the purpose to maximise sensitivity
in the database searches. Through the review of the list of
references of eligible studies, we found  extended reports of the
trials of Gustafsson 1996 and Olin 1997, a conference proceeding
with detailed safety data (Miller 1990), cohort profiles and detailed
descriptions of the outcome definitions (Mrozek-Budzyn 2018;
Toelle 2020), and  the primary report of an ineligible study
(Grüber 2008). A  study awaiting classification was cited in an
assessment of safety data completed by the EMA (217744/025
(DTPa-HBV-IPV-025)). The final report of this trial was not available
in the GSK trial registry when the searches were conducted,
nor before the submission of this manuscript.  We contacted
authors of 12 studies requesting demographics, details on the
interventions administered, or additional information regarding
the study outcomes. However, it was not always possible to
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obtain the relevant data due to authors being seconded to
work on coronavirus disease-19 (COVID-19) pandemic-related
roles, investigators being unable to access historical data (records
unavailable), or due to non-response to our requests. Nonetheless,
we consider that our review process was robust.

Applicability of evidence

One trial was included in our narrative synthesis of atopic outcomes
(Nilsson 1998). This study was unable to detect a true diGerence
in the cumulative incidence of atopic diseases, asthma or atopic
dermatitis by 2.5 years old in children primed with wP, compared to
those receiving aP-only schedules. The diagnoses were made based
on parental report using questionnaires, physical examination,
medical records and/or evidence of IgE-mediated sensitisation,
However, it is plausible that some children labelled as 'asthmatic'
by this trial, may have been transient wheezers in retrospect, and
we believe that this phenotype is unlikely to be aGected by wP
priming.

The incidence of SAEs following immunisation in infants primed
with a first dose of either wP or aP was low. Although these
findings support the safety of these vaccines, implementation of
wP in countries where it is no longer the standard of care for
preventing pertussis might be hindered by non-serious adverse
reactions which are more frequent aNer wP than aP vaccines, as
described by a previous Cochrane Review (Zhang 2014), and more
recently, by the systematic review of Patterson 2018.

Quality of the evidence

Atopic outcomes

We found four eligible studies reporting on atopic outcomes (one
RCT and three NRSIs); however, pooling was not possible. The RCT
was carried out in a country with low prevalence of IgE-mediated
food allergy (Nilsson 1998), and was statistically underpowered to
detect a reduction in their chosen endpoints, except for a large
reduction > 50%. Therefore, the evidence for cumulative incidence
of atopic disease at 2.5 years of age was downgraded by one
level for indirectness, and two levels for imprecision. Similarly, it is
uncertain whether wP may change the risk of atopic dermatitis or
asthma by 2.5 years old, as the 95% CI around the point estimates
were wide, and include the null eGect. NRSIs were judged as serious
or critical risk of bias due to confounding, missing data or both, and
thus, were ineligible for a narrative synthesis.

Safety outcomes

Except for four studies judged to be at high risk of bias (Blumberg
1991; Kitchin 2006; Madhi 2011; Reinert 2006), all the trials pooled
for meta-analysis of SAEs were assessed to be at unclear risk of
bias. Overall, randomisation, allocation concealment and detection
bias were poorly reported; however, most of these historical data
were made available before the publication of the revised version
of the CONSORT statement (Moher 2001). This is perhaps why the
minimally required reporting standards arising from stages where
bias was likely to occur remained unmet. Therefore, omissions are
likely to be a result of a lack of reporting, rather than that bias is
actually present.

The evidence regarding all-cause SAE was judged as moderate
(downgraded one level for imprecision), since a potential decrease
or increase in the risk diGerence remains plausible, but unlikely
to be clinically meaningful. No cases of encephalopathy were

detected by seven primary series trials. Because this is a serious
condition, we could not rule out a clinically meaningful diGerence
and therefore, we judged the quality of the evidence as low
(downgraded two levels for imprecision). Irrespective of these
methodological caveats, our results support the safety of wP-
containing vaccines.

Potential biases in the review process

We are confident that we have identified all the studies that
compared wP versus aP in regards to the development of atopic
diseases. We followed standard Cochrane methods to select studies
for inclusion, data extraction, assessment of the risk of bias and
used GRADE to determine the certainty of the evidence.

We chose a follow-up period of at least six months as an eligibility
criterion, since the assessment of atopic conditions oNen requires
confirmatory investigations. Furthermore, food sensitisation is
likely to occur in the first months of life (possibly through
low-dose of cutaneous sensitisation (Du Toit 2018), and food
allergic reactions usually require introduction of solid foods, which
generally only occurs aNer six months old (especially for peanuts
and tree nuts). Although we did not exclude any study reporting
on atopic outcomes on the basis of the follow-up period, some
trials comparing the safety of primary vaccination series using
wP versus aP did not meet the minimum follow-up criterion and
were therefore not included. The exclusion of these studies was
unlikely to change the results or the certainty of the evidence, since
these trials were small and unlikely to detect a true diGerence in
the occurrence of SAEs with frequencies less than 2%. One out
of three ongoing RCTs is systematically collecting data on our
primary atopic and safety outcomes (ACTRN12617000065392), and
the remaining studies are expected to report SAEs where occurring.
Two studies 'awaiting classification' have not been included in
our synthesis, creating a source of potential bias. The reasons for
non-inclusion are listed in the  Characteristics of studies awaiting
classification table, and encompass not being able to find the final
report of an industry-funded immunogenicity trial (217744/025
(DTPa-HBV-IPV-025)), or to confirm the age at which the first dose
of pertussis-containing vaccine was administered (Mrozek-Budzyn
2018).

Outcome data from  Nilsson 1998  were synthesised narratively
using a broader outcome domain (i.e. cumulative incidence of
atopic disease at 2.5 years). The data were extracted from a bar
chart using a web-based data extraction tool (WebPlotDigitizer
2020). The same methods were implemented to extract the relevant
data for diagnoses of asthma and atopic dermatitis. In spite of being
more accurate compared to manual estimations, this method was
not prespecified in our protocol, yet implemented as these critical
data were not reported elsewhere.

We generated contour-enhanced funnel plots for the outcomes 'all-
cause mortality' and 'all-cause SAEs'. In the first plot we did not
detect additional sources of bias or asymmetry (Supplementary
material 3). In the second plot (Figure 6), the trial of Blumberg 1991 ,
which was judged to be at high risk of bias due to high attrition
rates,  is represented as an outlier at the bottom right-hand side.
Overall, the plot  suggests a lack of smaller studies reporting on
SAEs. However, as larger studies did not find a diGerence regarding
the occurrence of this outcome and the type of priming schedule, it
appears unlikely that the inclusion of smaller studies would change
the eGect estimate.
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Figure 6.   Contour-enhanced funnel plot of comparison:  first dose of wP versus first dose of aP before 6 months of
age. Outcome: all-cause  serious adverse events

 
Due in part to the limitations posed by the COVID-19 pandemic, we
were unable to source the extended technical reports and analysis
plans of the Sweden I and II eGicacy, immunogenicity and safety
trials (Gustafsson 1996; Olin 1997). These documents are cited by
the scholarly work of pertussis vaccine researchers, and likely to
include additional details on the safety data that had otherwise
been summarised by the FDA in their regulatory report, as well as
in peer-reviewed publications.

The number of SAEs in the trial of Olin 1997 was provided in both,
regulatory data and peer-reviewed publications. One of the peer-
reviewed articles included the number of children experiencing
these events, but the data were not broken down  by study arm.
However, in some circumstances it was possible to match the
number of children who met a specific endpoint (i.e. events
described as life-threatening or deaths), with their vaccination
status as indicated in the FDA assessment of the safety data of this
trial. These data points were included for synthesis.

Due to paucity of studies, we could only undertake two out of three
prespecified sensitivity analyses (i.e. excluding trials at high risk of
bias, or those sponsored by pharmaceutical companies). Subgroup
analyses were not possible for similar reasons.

Four of our review authors were investigators of an included
NRSI (Estcourt 2020) and five, are currently involved in
ACTRN12617000065392, an ongoing study. The authors listed in the
study of Estcourt 2020 were not involved in the extraction of these
data, nor did they participate in their risk of bias assessment.

Agreements and disagreements with other studies or
reviews

A review investigating associations between childhood vaccination
and allergy has been recently published (Navaratna 2021). In
contrast with our review, RCTs and studies comparing pertussis
immunisation with no vaccination or placebo were deemed
eligible. Similarly, based on the trial of Nilsson 1998, the review
of Navaratna 2021 did not find an association between the type of
pertussis-containing vaccine and atopic outcomes.

As part of the development of the WHO pertussis vaccine
position paper, a Strategic Advisory Group of Experts (SAGE) on
Immunisation summarised the certainty of the evidence on the
safety of wP and aP vaccine formulations in immunocompetent
infants and children under seven years old (WHO 2015b;
WHO 2015c). Where wP was assessed as the intervention,
the comparison was no vaccine or "control"; similarly, where
aP vaccine formulations were included as the reference, no
vaccine or "control" were chosen as the comparator. In
either case, the evidence was gathered using an inclusive
principle. The assessments of the SAGE are available as qualitative
statements using GRADE, and subsequently summarised as
recommendations using standard decision domains (i.e. the
certainty of the evidence; balance of clinically important outcomes
and harms;  values and preferences; and resource implications).
The incidence of SAEs following vaccination with wP versus
comparator, or aP versus comparator was described as "low"; for
each comparison, the risk of this outcome was reported as "not
significant", and the certainty of the evidence as "high" (WHO
2015b). This is in contrast with the certainty of our findings, which
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was judged to be moderate, and restricted to the comparison
of a first dose of wP versus aP in infants younger than six
months, who were followed up for at least six months. Despite
these diGerences, the findings of our review are consistent with
the current recommendations of the WHO, which upholds the
continued use of wP-based primary series as part of national
immunisation programmes.

A previous Cochrane Review compared encephalopathy and
mortality due to any cause in recipients of aP versus wP vaccine
formulations using a Mantel-Haenszel random-eGects  model
(Zhang 2014). In spite of eligibility being restricted to double-blind
RCTs irrespective of the length of follow-up, we did not find a
meaningful diGerence between the interpretation of their meta-
analysis for all-cause mortality (risk ratio (RR) 1.14, 95% CI 0.82 to

1.60; I2 = 0%;  122,451 children, 16  studies; RR and CI calculated
using a first dose of wP as the intervention versus a first dose
of aP as the comparator) and ours (Mantel-Haenszel fixed-eGect

model without continuity correction; 1.01 (95% CI 0.71 to 1.45; I2

= 0%; 134,541, children, 18 studies; Figure 5). The review of Zhang
2014 did not find any cases of encephalopathy following a primary
series of wP (32,161 children) versus aP (81,601). Similarly, no cases
of encephalopathy were recorded among the children included in
our review of seven primary series RCTs (nwP= 32,268; naP = 83,003),

and a booster dose study with 2 years of safety follow-up (nwP= 23;

naP =18).

A U T H O R S '   C O N C L U S I O N S

Implications for practice

• The evidence on the eGect of a first dose of whole-cell pertussis
(wP) vaccine on the cumulative incidence of atopic diseases at
2.5 years old is very uncertain. However, an ongoing randomised
controlled trial (RCT) could change this conclusion, at least
for the prevention of early onset IgE-mediated food allergy in
settings with high prevalence.

• The incidence of serious adverse events (SAEs) following
immunisation in infants primed with a first dose of wP versus
acellular pertussis (aP) vaccine is low. There is  moderate-
certainty evidence that a first or subsequent doses of wP do not
reduce/increase the risk of SAEs. Therefore, there is no evidence
to suggest that they are not safe for the prevention of pertussis
in countries where they are currently recommended.

Implications for research

• Large, well-conducted RCTs are needed to investigate the
possible allergy protective benefits of a first dose of wP
given before six months old, ideally in populations with high
prevalence of IgE-mediated food allergy.

• Non-randomised studies of interventions (NRSIs) using a target
trial method may still be valuable. While confounding by
targeted intervention is unlikely in NRSIs of historical cohorts,
investigators still need to pay close attention to mitigating the
risk of confounding as well as selection of specific endpoints.

• Future allergy trials should not only assess reactogenicity,
tolerability and parental acceptability of a first dose of wP
compared to aP, but also the relative frequency of SAEs and in
particular, the potential relatedness to the dose administered.

• The selection of endpoints in future RCTs conceived to assess
whether a first dose of wP may decrease the risk of IgE-mediated
food allergy, should not only prioritise the performance of
oral food challenge with standardised stopping criteria, but
also include diagnostic approaches in which IgE-mediated food
allergy is highly probable, based on a combination of parental
reported, clinician-diagnosed food allergic reaction coupled
with evidence of IgE-mediated sensitisation.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Study design: 3-arm, double-blind, parallel-group RCT

Relative arm proportion:a 1 wP: 1 aP freeze-dried (heat-stable): 1 aP (liquid formulation)

Duration of follow-up: 14 months after the first dose of wP or aP

Study setting and country: Ashaiman, a periurban community of southern Ghana

World Bank income level of country: low

Recruitment and sampling: infants aged between 0 and 6 weeks were recruited at the Maternal and
Child Health Centre

Study dates: September 1992 to unknown (enrolment completed by September 1993)

Participants Inclusion criteria

• Infants aged 6 weeks

Exclusion criteria

• Neurological disorders

• Serious disease

• Birth weight < 2 kg

Sample size

• Number randomised: 403

Children baseline characteristics

• Mean age and standard deviation (first dose): not stated

• Age range (observed): not stated

• Male (%): 52.9

• Cultural and ethnic groups: not stated

• BCG history: not stated

Interventions Intervention: DTwP (Connaught Laboratory Limited): nwP = 137

Comparator: DTaP freeze-dried and liquid formulations (Biken): naP = 266

Dose and route of administration: 0.5 mL SC; schedule: 3-dose-series (6, 10 and 14 weeks of ageb)

Afari 1996 
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Vaccine(s) co-administered: not stated

Outcomes Outcomes of interest for the review

Primary outcome/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2. All- cause SAEs:
a. deaths within 14 months of the first dose;c,d

b. events leading to admission to hospital: no data;

c. events described as 'life-threatening': no data;

d. events leading to persistent or significant disability or incapacity: no data.

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safety): no data

Funding • Research Foundation for Microbial Diseases of Osaka University, Japan

• Government of Ghana

Conflicts of interest Not stated

Notes aIn this review, the DTaP study arms were combined to create a single pairwise comparison

bAntipyretic/analgesic use: not stated

cNot prespecified in the methods section of the available report

dCauses of death

• DTwP study arm: skin and soN tissue infection (n = 1/137) and malaria (n = 1/137)

• DTaP study arm: measles (n = 1/266), malaria (n = 3/266), gastroenteritis (n = 1/26

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: (children) "were randomly allocated to one of the treatment groups by
means of a computer programme (EPI Info) as they attended the clinic"

Comment: the method used to generate the random sequence was stated, but
additional details were not provided

Allocation concealment
(selection bias)

Unclear risk Comment: the method used to conceal the allocation was not stated

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "the study was single-blinded but double-blinded for the field workers
who followed up participants to record adverse reactions"

Comment: children/carers and outcome assessors were blinded; the outcome
of interest was unlikely to have been influenced by knowledge of the interven-
tion received

Afari 1996  (Continued)
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Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "the study was single-blinded but double-blinded for the field workers
who followed up participants to record adverse reactions"

Comment: the assessment of the outcome of interest was unlikely to have
been influenced by knowledge of the intervention received

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comment: the dropout rates were higher in recipients of DTwP, compared to
DTaP-vaccinees (nwP = 24/137; 17.5% and naP = 32/266; 12.0%). Reasons for

no completion of the primary series include parental refusal for the collection
of blood samples or moving out from the study area (nwP = 9/137, 6.6%; naP

= 9/266, 3.4%). For the follow-up phase of this trial, other than deaths (nwP =

2/137, 1.5%; naP = 5/266, 1.9%), the reasons for withdrawal were not stated

Selective reporting (re-
porting bias)

Unclear risk Comment: we did not find the study protocol. Although all-cause mortality
was not a prespecified outcome domain, deaths were likely to have been re-
ported when they occurred

Afari 1996  (Continued)

 
 

Study characteristics

Methods Study design: 2-arm, double-blind, parallel-group RCT

Duration of follow-up:a 10 months after the first dose of wP or aP

Relative arm proportion: 1 wP: 4 aP

Study setting and country: 8 medical centres in Northern California, USA

World Bank income level of country: high

Recruitment and sampling: not stated

Study dates: October 1992 to unknown (enrolment completed by November 1993)

Participants Inclusion criteria

• Infants 2 months of age

Exclusion criteria

• Not stated

Sample size

• Number randomised: 2498

Children baseline characteristics

• Mean age and standard deviation (first dose): not stated

• Age range (observed): not stated

• Male (%): not stated

• Cultural and ethnic groups: described as quote: "ethnically diverse and generally similar to the US
census population in this region"

• BCG history: not stated

Interventions Intervention: DTwP (Connaught): nwP = 498

Black 1997 
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Comparator: DTaP (Chiron/Biocinea) : naP = 2000

Dose and route of administration: 0.5 mL IM; schedule: 3-dose-series (2, 4 and 6 months of ageb)

Vaccine(s) co-administered:

• Hib vaccine (manufacturer: not stated); dose and route of administration: 0.5 mL IM; schedule: 3-dose-
series (2, 4 and 6 months of age)

• OPV (manufacturer: not stated); dose of administration not stated; route: per oral; schedule: 3-dose-
series (2, 4 and 6 months of age)

Outcomes Outcomes of interest for the review

Primary outcomes/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs:c

a. deaths (all-cause): only planned to report on SIDS;

b. events leading to admission to hospital within 60 days of each dose (~ within 6 months of the first

dose);d,e

c. events described as 'life-threatening': no data;

d. events leading to persistent or significant disability or incapacity: no data.

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma (physician-diagnosed asthma): not systematically collected. It was only reported
if the event resulted in admission to hospital within 60 days of each dose (~ within 6 months of the
first dose)

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safety): no data

Funding Not stated

Conflicts of interest CD, DG, AI and AP reported affiliations with Chiron Corporation, Emeryville, CA

Notes aToddlers primed with DTaP were offered a booster dose of a DTaP-based formulation between 15 and
18 months of age. These data are not reported in this review

bAntipyretic/analgesic use: not stated

cThe number of children experiencing any SAEs includes those admitted to hospital within 60 days of
each dose and those diagnosed with SIDS

dPrespecified in the methods section of the available report

eCorrespondence: SBB confirmed that each child could only contribute once to the admissions to hos-
pital analysis

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "phase II, double-blind, randomized trial. [...] After informed consent
was obtained infants were randomly assigned in a 4:1 ratio to receive either
three doses of the C-aPDT vaccine (80% of infants) or three doses of Con-
naught wDPT (20%)"

Black 1997  (Continued)
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Comment: the method used to generate the random sequence was not stated

Allocation concealment
(selection bias)

Unclear risk Comment: the method used to conceal the allocation was not stated

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Comment: blinding is mentioned, but details were not provided. The outcome
of interest (all-cause SAEs) was unlikely to have been influenced by knowl-
edge of the intervention received, as events leading to admission to hospital
were identified via computer databases containing records of all hospitalisa-
tions, and SIDS until the first year of life were identified in collaboration with
the county-SIDS reporting departments

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Comment: blinding is mentioned, but details were not provided (i.e. how likely
it was to be broken). The assessment of events leading to hospital admission,
could have been influenced by knowledge of the intervention received

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comment: dropout rates were low and balanced (nwP = 43/498; 8.6% and naP =

164/2000; 8.2%). The reasons for withdrawals/loss to follow-up were not stat-
ed

Selective reporting (re-
porting bias)

Low risk Comment: we did not find the study protocol. Events leading to admission to
hospital within 60 days of each dose, were prespecified in the methods section
as a study outcome. Data were systematically collected and reported by study
arm

Black 1997  (Continued)

 
 

Study characteristics

Methods Study design: 2-arm, double-blind, parallel-group RCT

Relative arm proportion: 1 wP: 1 aP (primary series)

Duration of follow-up: 17 months after the first dose of wP or aP

Study setting and country: 10 study sites in the USA; no additional information is provided

World Bank income level of country: high

Recruitment and sampling: not stated

Study dates: May 1987 to July 1989

Participants Inclusion criteria

• Healthy 2-month-old infants

Exclusion criteria

• Not stated

Sample size

• Number randomised: 497

Children's baseline characteristics

• Mean age and standard deviation (first dose): not stated

• Age range (observed): not stated

• Male (%): not stated

Blumberg 1991 
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• Cultural and ethnic groups: not stated

• BCG history: not stated

Interventions Primary series

• Intervention: DTwP (Lederle Biologicals, Pearl River, New York, USA): nwP = 252

• Comparator: DTaP (Lederle Biologicals, Pearl River, New York, USA/Takeda Chemical Industries): naP

= 245

Dose and route of administration: 0.5 mL IM; schedule: 3-dose-series (2, 4 and 6 months of agea)

Vaccine(s) co-administered: not stated

Booster dose

1. DTaP (Lederle: DT; Takeda Chemical Industries: aP): nbooster = 397 (199 primed with DTwP; 198 primed

with DTaP)

Dose and route of administration: 0.5 mL IM; schedule: 1 dose (18 months of agea)

Vaccine(s) co-administered: not stated

Outcomes Outcomes of interest for the review

Primary outcomes/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs:
a. deaths (all-cause) within 17 months after the first dose;b,c

b. events leading to admission to hospital between the 7-month follow-up visit and the 18-month

DTaP-booster dose;d

c. events described as 'life-threatening': no data;

d. events leading to persistent or significant disability or incapacity: no data.

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safety): no data

Funding Not stated

Conflicts of interest Not stated. JVS, MGS, JRM, JFG, GH (members of the APDT Vaccine Study Group), reported affiliations
with Lederle Biologicals

Notes aAntipyretic/analgesic use: recommended for rectal temperature ≥ 39∘ C

bNot prespecified in the methods section of the available report

cCauses of death:

• DTwP arm: accidental death (child strangled by a pacifier cord, n = 1/252)

• DTaP arm: no deaths were reported in this arm

dPrespecified in the methods section of the available report

Blumberg 1991  (Continued)
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "in a double-blind manner, 252 children were randomly selected to re-
ceive DTP vaccine at 2, 4, and 6 months of age, and 245 children were random-
ly selected to receive APDT vaccine at the same ages"

Comment: the method used to generate the random sequence was not stated

Allocation concealment
(selection bias)

Unclear risk Comment: the method used to conceal the allocation was not stated

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Comment: blinding is mentioned, but details were not provided; however,
SAEs were unlikely to have been influenced by knowledge of the intervention
received

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Comment: blinding is mentioned, but details were not provided. The assess-
ment of events leading to admission to hospital, but no deaths, could have
been influenced by knowledge of the intervention received

Incomplete outcome data
(attrition bias)
All outcomes

High risk Comment: dropout rates were high and similar for both groups (nwP = 53/252;

21% and naP = 47/245; 19.2%). Reasons for withdrawal/loss to follow-up were

provided and include one accidental death in the DTwP arm (a child strangled
by a pacifier), but no events leading to hospital admission

Selective reporting (re-
porting bias)

Low risk Comment: we did not find the study protocol. Prespecified and expected out-
comes of interest (i.e. deaths) were all reported

Blumberg 1991  (Continued)

 
 

Study characteristics

Methods Study design: 2-arm, open-label, parallel-group RCT

Relative arm proportion: 1 wP: 1 aP (primary series)

Duration of follow-up: between 9 and 11 months after the first dose of wP or aP

Study setting and country:a maternal and child health units in the community, Israel

World Bank income level of country: high

Recruitment and sampling: not stated

Study dates: not stated

Participants Inclusion criteria

• Healthy infants aged 6 to 12 weeks, born at term

• Birth weight ≥ 2.5 kg

Exclusion criteria

• Allergies to any of the vaccine components

• Previously received any of the vaccine components or any other vaccine not foreseen by the study
protocol

Dagan 1997 
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• Acute febrile illness

• History of progressive neurologic illness, immunosuppression or other current diseases

• Immunoglobulin therapy within the previous 2 months or during the study period

Sample size

• Number randomised: 201

Children's baseline characteristics

• Mean age and standard deviation (first dose): 7.8 +/- 1.1 weeks

• Age range (observed): not stated

• Male (%): not stated. Reported as 'no statistically differences in demographic parameters between
the 2 groups'

• Cultural and ethnic groups: as above

• BCG history: not stated

Interventions Primary series

• Intervention (wP group): DTwP-Hib-IPV (Pasteur Merieux Connaught, France ): nwP = 100

• Comparator (aP group): DTaP-Hib-IPV (SmithKline Beecham Biologicals ): naP = 101

Dose and route of administration: 0.5 mL IM; schedule: 3-dose-series (2, 4 and 6  months of ageb)

Vaccine(s) co-administered: not statedb

Booster dose

• wP group: DTwP-Hib-IPV (Pasteur Merieux Connaught, France ): nwP= 87

• aP group: DTaP-Hib-IPV (SmithKline Beecham Biologicals ): naP = 92

Dose and route of administration: 0.5 mL IM; schedule: one dose (12 months +/- 4 weeksb)

Vaccine(s) co-administered: not stated

Outcomes Outcomes of interest for the review

Primary outcomes/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs:c

a.  deaths (all-cause): no data;

b.  events leading to admission to hospital;d

c. events described as 'life-threatening';e

d. events leading to persistent or significant disability or incapacity: no data.

Secondary outcomesa

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safetyf) within 11 months of the first dose

Funding Not stated

Dagan 1997  (Continued)
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Conflicts of interest Not stated. PW, AG and AK reported affiliations with SmithKline Beecham Biologicals, Rixensart, Bel-
gium

Notes aCorrespondence: we contacted RD to determine the country where this study was conducted, the
characteristics of the study setting, whether any child experienced encephalopathy and if any of the
children with SAEs were admitted to hospital or were diagnosed with any of the atopic outcomes of in-
terest

bAntipyretic/analgesic use: prophylactic and reactive use allowed

cUnable to calculate the number of children experiencing SAEs with the information provided in the re-
port

dUnable to determine the number of children that met this endpoint with the information provided in
the report

eSystematically assessed as a contraindication to DTP vaccines (i.e. any hypersensitivity reaction to the
study vaccines)

fPrespecified in the methods section of the relevant report

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "the study was conducted in an open, randomized manner. The ran-
domization was made using an algorithm of pseudorandom numbers (given
by RS/1 from BBN Inc.)"

Comment: the random component of the sequence generation was described

Allocation concealment
(selection bias)

Unclear risk Comment: details about the allocation sequence concealment was not stated

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Quote: "the different forms of presentation of the two vaccines, DTPa-IPV in a
vial and DTPw-IPV in a prefilled syringe, precluded a blinded study..."

Comment: there is no blinding in this study. In this case, the assessment of the
outcome of interest could have been influenced by knowledge of the interven-
tion received

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Comment: there is no blinding in this study; the assessment of the outcome of
interest was likely to be influenced by knowledge of the intervention received

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comment: of the 201 children enrolled, 179 (89.1%) agreed to continue in the
booster dose phase of this study. Reasons for withdrawal/loss to follow-up
were not provided

Selective reporting (re-
porting bias)

Unclear risk Comment: we did not find the protocol of this study. Principal investigator
(RD) confirmed that no child experienced encephalopathy during the study pe-
riod, and no child with a serious adverse reaction was admitted to hospital. It
is unclear whether events judged as 'serious' and unrelated to the study vac-
cines led to hospitalisation

Dagan 1997  (Continued)
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Study characteristics

Methods Study design:a double-blind, parallel RCT of 13 aP-based vaccine formulations and 2 wP-based vaccine
formulations (primary series).

Duration of follow-up (primary series study): 16 months after the first dose.

Study setting and country: six university-based vaccine and treatment evaluation units across the USA,
sponsored by the National Institute of Allergy and Infectious Diseases

World Bank income level of country: high

Recruitment and sampling: carried out at suburban, middle-to-upper-middle-class private paediatric
offices as well as suburban practices serving families of low to moderate incomes

Study dates: 27 March 1990 until 1993/1994

Participants Inclusion criteria

• Healthy infants 6 to 12 weeks of age, born at term after uncomplicated pregnancies

Exclusion criteria

• Immunodeficiency

• Major congenital anomalies

• Serious chronic diseases

• Developmental delay

• Neurologic or convulsive disorders

• Contraindications to immunisations as per the recommendations of the American Academy of Pedi-
atrics

Sample size

• Number randomised: 2342

Children's baseline characteristics

• Mean age and standard deviation (first dose): not stated

• Age range (observed): not reported, but described that quote: "did not differ significantly by study
group"

• Male (%): 50.8

• Cultural and ethnic groups
◦ Black: 103/2143 (4.8%)

◦ White: 2040/2143 (95.2%)

• BCG history: not stated

Interventions Intervention: wP group

• DTwP (Lederle Laboratories): nwP-Lederle = 373

• DTwP (Massachusetts Public Health Biologic Laboratories ): nwP-MPHBL = 119

Comparator: aP group

• DTaP:b naP = 1827

◦ Biocine (1c; Siena, Italy)

◦ Swiss Serum and Vaccine Institute (Berne, Switzerland)

◦ Connaught Laboratories/Biken (Swiftwater, Pennsylvania, USA)

◦ Michigan Department of Public Health

◦ Pasteur-Merieux (Lyon, France)

Decker 1995 
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◦ SmithKline Beecham Biologicals (2c; Rixensart, Belgium)

◦ Biocine (3c; Siena, Italy)

◦ Lederle Praxis Biologicals (Pearl River, New York, USA)

◦ SmithKline Beecham Biologicals (3c; Rixensart, Belgium)

◦ Connaught Laboratories (3c; Canada)

◦ Porton Products (Porton Down, Salisbury, UK)

◦ Connaught Laboratories (4c; Canada)

◦ Lederle Praxis/Takeda (Pearl River, New York, USA)

Dose and route of administration: 0.5 mL IM; schedule: 3-dose-series (2, 4 and 6 months of agec)

Vaccine(s) co-administered:

• OPV: 2-dose-series (2 and 4 months of age)

• Hib vaccine (Lederle Praxis Biologicals, Pearl River, New York, USA): introduced in October 1990; dose
and route of administration: 0.5 mL IM: 3-dose-series (2, 4 and 6 months of age)

First booster (fourth dose): included all the pertussis vaccine formulations used in the primary series
study, except for the DTaP vaccine manufactured by Lederle Praxis Biologicals (Pearl River, New York,
USA)

• wP group: nwP = 265

◦ priming schedule completed with DTwP-Lederle; fourth dose: 1 of 12 DTaP vaccine formulations:
n = 190;

◦ priming schedule completed with DTwP-Massachusetts Biological Labs; fourth dose: 1 of 12 DTaP
vaccine formulations: n = 59;

◦ priming schedule completed with DTwP-Lederle; fourth dose: same vaccine formulation: n = 16.

• aP group: naP = 1087

◦ priming schedule with 1 of 13 DTaP; fourth dose: same DTaP formulation (in this group are included
those children that received a 3-dose series with DTaP-Lederle Praxis and were boosted with DTaP-
Lederle-Praxis/Takeda): n = 1087

Dose: 0.5 mL IM; one dose (15 to 20 months of agec)

Concomitant vaccine(s): OPV (manufacturer and dose: not stated); per oral

Second booster (fiNh dose): 

• DTwP (Wyeth Lederle)

• DTaP-based vaccine formulations:
◦ Pasteur Merieux Connaught (USA)

◦ Pasteur Merieux Connaught (France)

◦ Chiron

◦ SmithKline Beecham Biologicals

◦ Pasteur Merieux Connaught (Canada)

◦ Wyeth Lederle/Takeda

• wP group: nwP

◦ Fourth and fiNh booster doses: DTaP (n = 49)

◦ Fourth and fiNh booster doses: DTwP (10)

• aP group: naP

◦ Same aP-based formulation given in the primary series and first booster dose study: n = 121

◦ Mixed aP-schedule: not all doses with the same aP-based formulation: n = 147

Dose: 0.5 mL IM; 1 dose (4 to 6 years of agec)

Concomitant vaccine(s): OPV (manufacturer and dose: not stated); per oral

Outcomes Outcomes of interest for the review

Decker 1995  (Continued)

Whole-cell pertussis vaccine in early infancy for the prevention of allergy in children (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

54



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Primary outcomes/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs within 5 months of the first dose:
a. deaths (all-cause);d,e

b. events leading to admission to hospital;f

c. events described as 'life-threatening': no data;

d. events leading to persistent or significant disability or incapacity: no data

Secondary outcomesg

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma (physician-diagnosed asthma): outcome data not systematically collected and
only reported if the event resulted in an admission to hospital within 5 months after the first dose

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safetyf) within 5 months of the first dose

Funding National Institute of Allergy and Infectious Diseases, National Institute of Health

Conflicts of interest Not stated

Notes aThe safety report of the trial compares 13 aP formulations with each other and with a convention-
al type of wP (Lederle). In this review, the DTaP study arms were combined to create a single pairwise
comparison. A subset of children received a fourth dose between 15 and 20 months of age (N = 1374),
and a fiNh dose, between 4 and 6 years old (N = 351).

bNot including a 14th type of DTaP formulation (n = 23), withdrawn from the study by the manufacturer
due to demonstrated low immunogenicity in another trial

cAntipyretic/analgesic use: reactive use allowed. 

dNot prespecified in the methods section of the relevant reports

eCauses of death

• DTwP arm: no deaths were reported in this study arm

• DTaP arm: SIDS (n = 1/1827)

fPrespecified in the methods section of the relevant reports

gCorrespondence: JAE, KME, MDD confirmed that they did not systematically collect data on the atopic
outcomes of interest for this review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "we conducted a randomized, double-blinded, multicenter clinical tri-
al of 13 DTaP vaccines to compare their safety and immunogenicity with each
other and with a conventional whole-cell pertussis vaccine [...] Blocking was
used to ensure that each VTEU enrolled a roughly equal proportion of children
to each study arm"

Comment: the method to generate the random component of the sequence
generation was described; however, the size of the blocks was not provided

Decker 1995  (Continued)
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Allocation concealment
(selection bias)

Unclear risk Quote: "parents, patient care nurses, participating clinicians, and laboratory
personnel were blinded to the vaccine assignment. Vaccines were not identi-
fied by type of manufacturer; vials were labelled with letter codes. A separate
cadre of nurses administered the vaccines but had no other contact with pa-
tients or parents"

Comment: details regarding the concealment of the allocation sequence were
not provided. It remains unclear if vaccinators had access to unblinding infor-
mation (i.e. meaning of the letter codes)

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Comment: blinding was mentioned, but details were not provided. Safety out-
comes other than encephalopathy were unlikely to have been influenced by
knowledge of the intervention received

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Comment: blinding is mentioned, but details were not provided. Except for
deaths, the assessment of the outcomes of interest could have been influ-
enced by knowledge of the intervention received

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Quote: "twenty-three infants were withdrawn from the study because of ad-
verse reactions (most for prolonged, inconsolable, or high-pitched cry), rep-
resenting 2.5% and 0.8% of wP-Lederle and DTaP recipients respectively (p =
0.02)'...'rates of withdrawal because of intercurrent illness or failure to return
were not significantly associated with vaccine assignment"

Comment: of 2342 children randomised, 2264 (96.7%) completed the trial
(Pichichero 1997). The reasons for no completion were provided across differ-
ent reports from the same study. The investigators described that 6 DTaP re-
cipients and 1 child vaccinated with wP-Lederle were withdrawn due to ad-
verse reactions following the first immunisation; 39 recipients of DTaP and 11
of wP-Lederle were withdrawn after the first immunisation due to other rea-
sons.These were presumably included in the above-mentioned reasons for no
completion, although this is not clearly stated in the reports

Selective reporting (re-
porting bias)

Unclear risk Comment: we did not find the protocol of this study. The safety report of the
trial compares 13 aP formulations with each other, and with a conventional
type of wP (Lederle). Prespecified and expected outcome domains of interest
were all reported

Decker 1995  (Continued)

 
 

Study characteristics

Methods Study design: a subset of children who had been randomly allocated to a 3-dose priming schedule with
either wP or aP (1:1), received a booster dose of aP at 19 months of age. The primary series trial was

published in 1989, and their references are linked to this studya

Duration of follow-up: 2 years after the booster dose

Study setting and country: Vanderbilt University clinical research centre, USA

World Bank income level of country: high

Recruitment and sampling: not stated

Study dates: not stated

Participants Inclusion criteria

Edwards 1991 
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• Toddlers primed with a 3-dose schedule of DTwP or DTaP (Edwards 1991)

Exclusion criteria

• Not stated

Sample size

• Number enrolled: 41

Children's baseline characteristics

• Mean age and standard deviation (first dose): not stated; mean age at enrolment in the booster
dose study: 19.0 months. Standard deviation: not provided

• Age range: not stated

• Male (%):  not stated

• Cultural and ethnic groups: not stated

• BCG history: not stated

• Comorbidities: not stated

Interventions Primary series (Edwards 1989)

• Intervention: DTwP (Connaught Laboratories, Swiftwater, Pennsylvania, USA): nwP = 23

• Comparator: DTaP (Institut Merieux, Lyon, France): naP = 18

Dose and route of administration: 0.5 mL; route: not stated; schedule: 3-dose-series (2, 4 and 6 months

of ageb)

Vaccine(s) co-administered: not stated

Booster dose

• DTaP (Institut Merieux, Lyon, France): nbooster =  41

Dose and route of administration: 0.5 mL; route: not stated; schedule: 1 dose (~ 19 months of age)

Vaccine(s) co-administered: not stated

Outcomes Outcomes of interest for the review

Primary outcome/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs: number of children experiencing any SAEs within 2 years of the booster dose of DTaP;
a. deaths (all-cause);c

b. events leading to admission to hospital (i.e. bacterial infections including but not limited to bac-

teraemia and meningitis);c

c. events described as 'life-threatening': no data;

d. events leading to persistent or significant disability or incapacity: no data.

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safetyc) within 2 years of the booster dose of DTaP

Edwards 1991  (Continued)
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Funding • National Institutes of Allergy and Infectious Diseases, National Institute of Health, Bethesda, Mary-
land, USA

• Institut Merieux, Lyon, France

Conflicts of interest Not stated

Notes aThe primary vaccination study had an unclear length of follow-up

bAntipyretic/analgesic use: reactive use allowed

cNot prespecified in the methods section of the available report

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "infants [...] were randomly assigned to receive either conventional
diphtheria-tetanus-pertussis vaccine (DTP) or acellular DTP in a double-blind
manner..."

Comment: the quote refers to the primary series study (Edwards 1989). The
random component of the sequence generation was not stated

Allocation concealment
(selection bias)

Unclear risk Comment: the method to conceal the allocation for the primary series was not
provided (Edwards 1989)

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Comment: blinding was mentioned (Edwards 1989), but details were not pro-
vided. Except for encephalopathy, the outcome/outcome domains of inter-
est were unlikely to have been influenced by knowledge of the intervention re-
ceived

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Comment: blinding was mentioned, but details were not provided (Edwards
1989). Except for deaths, the assessment of the outcomes/outcome domains
of interest could have been influenced by knowledge of the intervention re-
ceived

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comment: of the 50 children enrolled in the primary series trial (Edwards
1989), 41 (82%) received a booster dose of DTaP at approximately 19 months
of age. Reasons for loss to follow-up after the third dose of the priming sched-
ule were not stated. The length of follow-up for the primary series study re-
mains unclear, but presumably was longer than 5 months. During that period,
no child developed the outcomes of interest

Selective reporting (re-
porting bias)

Unclear risk Comments: we did not find the study protocol. Although the outcomes/out-
come domains of interest were not prespecified in the methods section, they
were likely to have been reported when they occurred

Edwards 1991  (Continued)

 
 

Study characteristics

Methods Study design: retrospective cohort-nested case-control study

Study setting and country: private and tertiary hospital allergy clinics in New South Wales, Victoria,
South Australia and Western Australia (Australia)

World Bank income level of country: high

Estcourt 2020 
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Recruitment and sampling:

• Cases were identified by study investigators who were blinded to the pertussis immunisation status

• Controls were sampled from the Australian Immunisation Registry. Up to 10 controls were matched
to each case using date of birth (+/-7 days), state of birth and decile of the Index of Relative Socioeco-
nomic Advantage or Disadvantage which was determined by postcode

Study dates: October 2015 to December 2018

Participants Inclusion criteria

Cases and controls:

• Australian children born between 1997 and 1999 (the period of transition from DTwP to DTaP-only
schedules)

• First dose of pertussis-containing vaccine administered before the age of 16 weeks, as recorded in the
Australian Immunisation Registry

Cases only:

• A documented clinical history of symptoms consistent with a typical IgE-mediated food allergic reac-
tion within 1 hour of ingestion of a food

• Evidence of sensitisation to the same food via either allergen skin prick test wheal diameter > 3 mm
or elevated serum-specific IgE level of more than 0.35 kU/L

• Onset of food allergy after the first dose of pertussis-containing vaccine and before age 15 years

Exclusion criteria

• No record of pertussis vaccine before 16 weeks old

Sample size

• Cases: 502 (primary analysis); 97 cases with positive oral food challenge (sensitivity analysis)

• Controls randomly selected for inclusion: 5018 (primary analysis);a 970 (sensitivity analysis)

Children's baseline characteristics

• Cases and controls
◦ Mean age and standard deviation (first dose): not stated

◦ Age range: between 0 and < 15 years

◦ Cultural and ethnic groups: not stated

◦ BCG history: BCG not given

• Cases (primary analysis)
◦ Male (%): 59.2

◦ Comorbidities: include asthma, atopic dermatitis, rhino-conjunctivitis, 'other allergy' and other
medical conditions

• Controls (primary analysis)
◦ Male (%): 50.9

Confounding domains identified by the investigators of this studyb

• Date/season of birth

• Jurisdiction at birth/remoteness

• Socioeconomic status

Interventions Cases

• Intervention: DTwP (CSL, Parkville, Australia):
◦ nwP = 197 (primary analysis)

◦ nwP = 39 (sensitivity analysis, oral food challenge)

Estcourt 2020  (Continued)
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• Comparator: DTaP (SmithKline Beecham, Brentford, England or CSL Vaccines, Connaught Laborato-
ries, Toronto, Canada) or DTaP-HepB (SmithKline Beecham):
◦ naP = 305 (primary analysis)

◦ naP = 58 (sensitivity analysis, oral food challenge)

Controls

• Intervention: DTwP (CSL, Parkville, Australia):
◦ nwP = 2216 (primary analysis)

◦ nwP = 388 (sensitivity analysis, oral food challenge)

• Comparator: DTaP (SmithKline Beecham, Brentford, England or CSL Vaccines, Connaught Laborato-
ries, Toronto, Canada) or DTaP-HepB (SmithKline Beecham):
◦ naP = 2802 (primary analysis)

◦ naP = 582 (sensitivity analysis, oral food challenge)

Dose and route of administration: not stated

Schedule:c first dose before 16 weeks of age

Vaccine(s) co-administered: not stated

Outcomes Primary outcomes/outcome domains

1. Diagnosis of IgE-mediated food allergy: children that fulfil the criteria stated in the case definition,
who did also have a challenge proven IgE-mediated food allergy: pre-planned sensitivity analysis

2. SAEs: not applicable (NRSI)

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safety): not applicable (NRSI)

Funding National Health and Medical Research Council of Australia

Conflicts of interest • PR received a grant from GlaxoSmithKline and has served on advisory panels for GlaxoSmithKline and
Sanofi with no remuneration

• KJA is currently a member of the Australian Parliament, but the work for this study was undertaken
before April 2019. By that time, she had resigned from all paid and honorary appointments listed in
this study

• No other authors report any relevant conflicts of interest

Notes a2out of 5020 controls had both wP and aP entered as first dose, and therefore, were excluded by the
authors of this study

bRisk of bias assessment available in Table 1

cAntipyretic/analgesic use: not stated

Estcourt 2020  (Continued)
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Methods Study design: 4-arm parallel-group RCT

Relative arm proportion:a 1 wP: 1 aP (lot 4547): 1 aP (lot 4548): 1 aP (lot 4549)

Duration of follow-up: 10 months after the first dose of wP or aP

Study setting and country: community-based private paediatric practices (> 90%) and paediatric out-
patient clinics (University of Mississippi Medical Centre), Mississippi, southern USA

World Bank income level of country: high

Recruitment and sampling: children were recruited at the study sites

Study dates: not stated

Participants Inclusion criteria

• Healthy infants aged 6 to 12 weeks, born ≥ 37 weeks gestation

Exclusion criteria

• Immunodeficiency

• Major congenital anomalies

• Serious chronic diseases

• Immunoglobulin therapy

• History of DTP vaccination or pertussis

Sample size

• Number randomised: 145

Children's baseline characteristics

• Mean age and standard deviation (first dose):  7.6 weeks +/- 1.33

• Age range: 6 to 12 weeks

• Male (%): 51.0

• Cultural and ethnic groups
◦ 'White' (%): 82.0

◦ 'Black' (%): 18.0

• BCG history: not stated

Interventions Intervention: DTwP (Connaught Laboratories Inc, a Pasteur/Merieux company, Swiftwater, Pennsylva-
nia, USA): nwP = 36

Comparator: DTaP (Biken Inc, the Research Foundation for Microbial Diseases of Osaka University; the
components were combined at Connaught Laboratories): naP = 109

Dose and route of administration: 0.5 mL IM; schedule: 3-dose-series (2, 4 and 6 months of ageb)

Vaccine(s) co-administered:

1. OPV (manufacturer not stated); dose: not stated; route of administration: per oral; schedule: 3-dose-
series (2, 4 and 6 months of age)

Outcomes Outcomes of interest for the review

Primary outcome/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs within 10 months of the first dose:
a. deaths (all-cause);c,d

Feldman 1993  (Continued)
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b. events leading to admission to hospital: no data;

c. events described as 'life-threatening': no data;

d. events leading to persistent or significant disability or incapacity: no data.

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safetyc) within 10 months of the first dose

Funding Connaught Laboratories Inc (a Pasteur Merieux company, Swiftwater, Pennsylvania, USA)

Conflicts of interest Not stated. DL and CM reported affiliations with Connaught Laboratories Inc (a Pasteur Merieux compa-
ny, Swiftwater, Pennsylvania, USA)

Notes aIn this review, the DTaP study arms were combined to create a single pairwise comparison

bAntipyretic/analgesic use: reactive use allowed

cNot prespecified in the methods section of the available report

dDeaths were not specifically reported; however, the reasons for no completion are clearly described
and do not include this outcome domain

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "infants were randomized at 2 months of age in a double-blind fash-
ion to receive either standard (whole-cell) pertussis vaccine (DTP-Wc) or one of
three lots of acellular pertussis vaccine (DTP-Ac)"

Comment: the random component of the sequence generation was not stated

Allocation concealment
(selection bias)

Unclear risk Comment: the method of allocation concealment was not stated

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Comment: blinding was mentioned, but details were not provided. Safety out-
comes other than encephalopathy were unlikely to have been influenced by
knowledge of the intervention received

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Comment: blinding was mentioned, but details were not provided. The assess-
ment of encephalopathy could have been influenced by knowledge of the in-
tervention received

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comment: dropout rates were low and balanced (nwP = 3/36; 8.3% and naP =

10/109; 9.1%). Reasons for no completion were described as quote: "propor-
tionally divided" between DTaP and DTwP vaccinees; however, these were not
provided by study arm

Selective reporting (re-
porting bias)

Unclear risk Quote: "the medical records of participants were reviewed at 1 year of age for
intervening illnesses and vaccine related events"

Comment: we did not find the protocol of this study.

Feldman 1993  (Continued)

Whole-cell pertussis vaccine in early infancy for the prevention of allergy in children (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

62



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Diagnosis of encephalopathy was not an outcome clearly specified in the
methods, however it is discussed in the results section

Although all-cause mortality was not a prespecified outcome domain, deaths
were likely to have been reported when they occurred

Feldman 1993  (Continued)

 
 

Study characteristics

Methods Study design: 4-arm, double-blind, parallel-group RCT

Relative arm proportion:a 3 wP: 3 aP (with genetically detoxified pertussis toxin): 3 aP (with pertussis
toxin inactivated with formalin): 1 DT

Duration of follow-up (primary series): 16 months after the first dose of wP or aP

Study setting and country: 62 public health (primary care) units in four out of 21 regions of Italy

World Bank income level of country: high

Recruitment and sampling: recruitment for this study was carried out in the postnatal period (quote
"parents of each eligible newborn were invited to enter the trial"), however no further details were pro-
vided

Study dates: 21 September 1992 to April 1995

Participants Inclusion criteria

• Infants aged 6 to 12 weeks

• Weight > 3rd percentile for age

Exclusion criteria

• History of seizures or other central nervous system disease

• Major congenital anomalies, failure to thrive, or renal failure

• Immunodeficiency

• A history of illness compatible with pertussis or prior pertussis vaccination

Sample size

• Number randomised: 14046 (excluding DT)

Children's baseline characteristics

• Mean age and standard deviation (first dose): 10.5 weeks; standard deviation: not stated

• Age range (observed): not stated

• Male (%): 50.4

• Cultural and ethnic groups: not stated

• BCG history: not stated

Interventions Intervention:b DTwP (Connaught Laboratories, Swiftwater, Pennsylvania, USA), n = 4678

Comparator: DTaP (Chiron Biocine, Siena, Italy and SmithKline Beecham Biologicals, Rixensart, Bel-
gium), n = 9368

Dose and route of administration: 0.5 mL IM; schedule: 3-dose schedule (6 to 12, 13 to 20 and 21 to 28

weeks of agec)

Vaccine(s) co-administered:

Greco 1996 
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1. OPV: manufacturer and dose: not stated; route: per oral; schedule: the first two doses could be admin-
istered with the trial vaccines (6 to 12 and 13 to 20 weeks of age)

2. Hepatitis B vaccine (Merk Sharp & Dome, West Point, Pennsylvania, USA and SmithKline Beecham,

Rixensart, Belgiumd); dose: not stated; route: IM; schedule: the first two doses could be administered
with the trial vaccines (6 to 12 and 13 to 20 weeks of age)

Outcomes Outcomes of interest for the review

Primary outcomes/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs within 60 days of the last vaccination (~ within 6 months of the first dose):e

a. deaths (all-cause);f,g

b. events leading to admission to hospital: no data;

c. events described as 'life-threatening';f

d. events leading to persistent or significant disability or incapacity.h

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy/encephalitis (safetyf): within 7 days of the last vaccination (~ 4 months
after the first dose)

Funding National Institute of Allergy and Infectious Diseases, National Institute of Health

Conflicts of interest Not stated

Notes aIn this review, the DTaP study arms were combined to create a single pairwise comparison. We omit-
ted further information on the DT study arm, as it does not meet our inclusion criteria

bRecipients of DTwP were unblinded in July 1995 and offered a booster dose of a DTaP vaccine formula-
tion with no further follow-up

cAntipyretic/analgesic use: not stated

dThese vaccines formulations were used interchangeably and according to the site availability

eCorrespondence: we attempted to contact DG and MLCdA to confirm that children enrolled in this trial
could only contribute once for the primary safety outcome in the specified time window; however, we
were unsuccessful

fPrespecified in the methods section

gAll deaths were due to SIDS:

• DTwP arm: n = 0/4678;

• DTaP arm: n = 3/9368

hDiagnosis of serious chronic illnesses within 60 days of the last vaccination (~ within 6 months of the
first dose; prespecified in the methods section) was assessed as a proxy of events leading to persistent
or significant disability or incapacity

Risk of bias

Bias Authors' judgement Support for judgement
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Random sequence genera-
tion (selection bias)

Unclear risk Quote: "in 1992, we initiated the present randomized, double-blind, controlled
clinical trial of three pertussis vaccines"

Comments: details on the sequence generation were not stated

Allocation concealment
(selection bias)

Low risk Quote: "ten sets of three doses each of vaccine were boxed together (three sets
of each of the three DTP vaccines and one set of the DT vaccine, all in identical
vials); the sets were consecutively numbered according to  randomization lists
provided by the (National Institute of Allergy and Infectious Diseases) NIAID"

Comments: adequate allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Quote: "neither parents nor investigators knew the infants' vaccine assign-
ments"

Comment: children/carers and personnel were unaware of the intervention re-
ceived. Although partial unblinding of the vaccinator and parents/carers was
possible (see Gustafsson 1996), safety outcomes other than encephalopathy
were unlikely to have been influenced by knowledge of the intervention re-
ceived

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Comment: blinding is mentioned, but details were not provided. Except for
deaths, the assessment of the remaining outcomes/outcome domains of inter-
est could have been influenced by knowledge of the intervention received

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Quote: "all data regarding children who received at least one trial vaccine dose
were included in the analysis"

Comment: 769 children did not receive three doses of DTwP/DTaP. Dropout
rates due to side effects  were very low and described as 'more frequent after
receipt DTwP' (nwP = 135/4678, 2.9%; naP = 31/9368; 0.33%); other causes of

failure to administer three doses of the study vaccines were described as 'simi-
lar between the study groups'

Selective reporting (re-
porting bias)

Low risk Comment: we did not find the protocol of this study. Primary and secondary
outcomes/outcome domains were prespecified in the methods section and re-
ported by study arm

Greco 1996  (Continued)

 
 

Study characteristics

Methods Study design: 4-arm,a double-blind parallel-group RCT

Relative arm proportion: 1 wP: 1 aP (2c): 1 aP (5c): 1 DT. Due to availability issues, during the first two
months of this trial, children were not randomised to DTwP

Duration of follow-up (primary series): 2 to 3 years

Study setting and country: 14 study areas distributed across Sweden, with 3 to 4 study nurses and 1 or 2
part-time paediatricians

World Bank income level of country: high

Recruitment and sampling: parents living in the study areas were informed about this trial through a
letter. Research nurses followed up their expressions of interest and recruited them.

Children recruited in Linköping were also offered to be enrolled in an allergy sub-study, which is report-
ed separately (Nilsson 1998)

Gustafsson 1996 
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Study dates: March 1992 to January 1995

Participants Inclusion criteria

• Infants aged between 56 and 92 days

Exclusion criteria

• Cardiac or renal failure

• Failure to thrive

• Progressive neurologic disease, uncontrolled epilepsy or infantile spasms

• Immunosuppression

• Previous pertussis or pertussis vaccine

• Immunoglobulin therapy

Sample size

• Number randomised (excluding DT): 7255

Children's baseline characteristics

• Mean age and standard deviation (first dose): details only available for DTaP-5c recipients (72 days;
standard deviation: not stated)

• Age range (observed): details only available for DTaP-5c recipients (62 to 88 days)

• Male (%): 51.5

• Cultural and ethnic groups:  not stated

• BCG history: not stated

Interventions Primary series

• Intervention: DTwP (Connaught Laboratories Inc., Swiftwater, Pennsylvania, USA): nwP = 2102

• Comparison: DTaP (2c: SmithKline Beecham, Rixensart, Belgium and 5c: Connaught Laboratories,
Toronto, Canada): naP = 5153

Dose and route of administration: dose: 0.5 mL (not stated for DTwP); route: IM; schedule: 3-dose-series

(2, 4 and 6 months of ageb)

Vaccine(s) co-administered:

1. IPV (SBL-vaccin, Stockholm, Sweden): dose: not stated; route: IM; schedule: 3-dose-series (2, 4 and 6
months of age) simultaneously on the other leg or two weeks or more after each dose of the study
vaccines, OR

2. Hib vaccine (Pasteur-Merieux, Lyon, France) dissolved in the IPV: dose: not stated; route: IM;  schedule:
3-dose-series (2, 4 and 6 months of age) simultaneously on the other leg or two weeks or more after
each dose of the study vaccines

Outcomes Outcomes of interest for the review

Primary outcomes/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs within 60 days of the last vaccination (~ within 6 months of the first dose):c

a.  deaths (all-cause);d,e

b. events leading to admission to hospital;f

c. events described as 'life-threatening';d

d. events leading to persistent or significant disability or incapacity.g

Secondary outcomesh

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

Gustafsson 1996  (Continued)
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2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy/encephalitis (safetyd): within 7 days of the last vaccination (~ 4 months
after the first dose)

Funding • National Institute of Allergy and Infectious Diseases, National Institute of Health

• National Bacteriological Laboratory

Conflicts of interest Not stated

Notes a In this review, the DTaP study arms were combined to create a single pairwise comparison. We omit-
ted further information on the DT study arm, as it does not meet our inclusion criteria

bAntipyretic/analgesic use: reactive use allowed

cWe could not determine the number of children experiencing any SAEs due to overlaps between the
data reported across some of the outcome domains:

dPrespecified in the methods section of the relevant reports

eAll deaths were due to SIDS:

• DTwP arm: nwP = 1/2102

• DTaP arm: naP = 1/5153

fData systematically collected and reported

gWe assumed that serious chronic illnesses within 60 days of the last vaccination, a safety endpoint
prespecified in the methods section in the relevant reports, were a proxy of events leading to persistent
or significant disability or incapacity

hSymptoms consistent with atopic diseases were assessed at 2.5 years in 97.8% of the cohort. These
symptoms were wheezing at any time during the last 12 months, itchy rash during at least 3 months be-
hind the knees or runny nose when in contact with a dog or a cat. No definite diagnosis of atopic dis-
eases were reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "the vaccines were supplied in identical vials, each of which was la-
belled with a unique computer-generated randomization number. Twelve-unit
blocks were used to ensure balanced assignment of infants to the three groups
randomized during the first two months of the trial, and thereafter, 16-unit
blocks were used for randomization to the four groups. The block sizes were
not revealed to the investigators"

Comment: adequate methods

Allocation concealment
(selection bias)

Unclear risk Quote: "the whole cell vaccine (Connaught Laboratories Inc., Swiftwater, USA),
required vigorous shaking to suspend the sediment and differed markedly in
appearance from the other preparations. A majority of the study nurses en-
gaged in that trial could readily identify the whole cell vaccine by appearance
and reactogenicity. The whole cell vaccine arm is thus unblinded in this ongo-
ing Swedish placebo-controlled trial. However, randomization was not com-
promised..."
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Comment: more than half of the research nurses were unblinded to DTwP, but
they could not distinguish between DTaP or DT formulations

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Comment: safety outcomes other than encephalopathy were unlikely to have
been influenced by knowledge of the intervention received, or unblinding of
DTwP

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Quote: "fourteen days after the third dose, the study nurses could identify
53.5 percent of the recipients of whole cell vaccine but could not distinguish
between recipients of the acellular vaccines and the DT vaccine'[...] 'In cases
where a severe event occurred, the nurses immediately contacted the paedi-
atricians of the studies, who reviewed the clinical history with the parents/or
the treating physician. In case of hospitalization, the clinical record was ob-
tained"

Comment: except for deaths, the assessment of the outcomes/outcome do-
mains of interest could have been influenced by knowledge of the intervention
received

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Quote: "all data regarding children who received at least one trial vaccine dose
were included in the analysis"

Comment: of 9829 study children randomised, 199 did not complete the pri-
mary vaccination series (these include DT-vaccinees). Dropout rates due to
contraindicating events were generally low, but greater in recipients of DTwP,
compared to DTaP (nwP = 67/2102; 3.2% and naP = 29/5153; 0.6%). Other rea-

sons for no completion were not broken down by study group and include
culture-confirmed pertussis (n = 47/199) and withdrawal from the study (n =
40/199)

Selective reporting (re-
porting bias)

Low risk Comments: data on the outcomes/outcome domains of interest were system-
atically collected and reported by study arm

Gustafsson 1996  (Continued)

 
 

Study characteristics

Methods Study design: 4-arm,a double-blind, parallel-group RCT

Relative arm proportion: 1 wP: 3 aP (equal allocation to 1 of 3 lots). The same vaccine lot assignment
was kept for all doses

Duration of follow-up: 16-to-18-month duration of follow-up after the first dose of wP or aP

Study setting and country: 3 study sites in Calgary, Alberta (1) and the Fraser Valley (2), Canada

World Bank income level of country: high

Recruitment and sampling: not stated

Study dates: November 1990 until 1993/1994

Participants Inclusion criteria

• Healthy 2-to-3-month infants

Exclusion criteria

• Known or suspected disease of the immune system

Halperin 1996 
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• Malignancy or receipt of immunosuppressive therapy

• Major congenital anomalies

• Serious chronic illnesses

• Personal or immediate family history of developmental delay or neurological disorders, including
seizures

• Previous pertussis

Sample size

• Number randomised: 432

Children's baseline characteristics

• Mean age and standard deviation (first dose): not stated

• Age range: not stated

• Male (%): 49.5

• Cultural and ethnic groups: not stated

• BCG history: not stated

Interventions Primary series

• Intervention: DTwP (Connaught Laboratories Limited, North York, Ontario, Canada): nwP= 108

• Comparator: DTaP (Connaught Laboratories Limited, North York, Ontario, Canada): naP = 324

Dose and route of administration: 0.5 mL IM; 3-dose schedule (2 to 3, 4 and 6 months of ageb)

Vaccine(s) co-administered: OPV (Connaught Laboratories Limited); dose not stated; route: per oral; 2-
dose schedule (2 and 4 months of age)

First booster:

• wP group: DTwP (Connaught Laboratories Limited, North York, Ontario, Canada): n = 95

• aP group: DTaP (Connaught Laboratories Limited, North York, Ontario, Canada): n = 296

Dose and route of administration: 0.5 mL IM; 1 dose between 17 and 19 months of age

Vaccine(s) co-administered: OPV (Connaught Laboratories Limited); dose not stated; per oral; 1-dose
schedule

Second boosterd:

• wP group: nwP = 33

◦ DTaP-IPV: n = 8

◦ DTaP-Hib-IPV: n = 9

◦ DTwP-IPV: n = 7

◦ DTwP-Hib-IPV: n = 9

• aP group: naP = 106

◦ DTaP-IPV: n = 25

◦ DTaP-Hib-IPV: n = 27

◦ DTwP-IPV: n = 27

◦ DTwP-Hib-IPV: n = 27

Dose and route of administration: 0.5 mL IM; 1 dose between 4 and 6 years of age.

Vaccine(s) co-administered: presumably nil

Outcomes Outcomes of interest for the review

Primary outcome/outcome domains

Halperin 1996  (Continued)
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1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs occurring within 5 months of the first dose:c

a. deaths (all-cause);

b. events leading to admission to hospital;

c. events described as 'life-threatening';

d. events leading to persistent or significant disability or incapacity.

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safety): no data

Funding Not stated

Conflicts of interest LB reported affiliations with Connaught Laboratories Limited, North York, Ontario, Canada

Notes aThe DTaP study arms were combined to create a single pairwise comparison

bAntipyretic/analgesic use: allowed

cThis outcome was included in the assessment of the safety data from this trial, prepared by the FDA,
but not in the relevant peer-reviewed article

dThe Hib vaccine was manufactured by Pasteur Mérieux Connaught, North York, Canada.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: ..."randomized, double-blind, multicentered clinical trial conducted at
three sites[...] Vaccine allocation was via computer generated table of random
numbers within each center; a balanced block containing an equal allocation
of each of the three APDT lots and the DTP lot resulted in a 3:1 APDT: DTP ratio"

Comment: the random component of the sequence generation was described,
but the size of the block was not stated

Allocation concealment
(selection bias)

Unclear risk Comment: no details were provided

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Comment: blinding is mentioned, but details were not provided. The outcome
of interest was unlikely to have been influenced by knowledge of the interven-
tion received

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Comment: blinding was mentioned, but details were not provided. The assess-
ment of this outcome could have been influenced by knowledge of the inter-
vention received

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comment: of the 432 children randomised, 398 (91%) completed the four im-
munisation series as detailed below

The primary schedule was completed by 424 out of 432 study children (98%).
Dropout rates were low across the study groups (nwP = 3/108; 2.7% and naP =

5/324; 1.5%). Reasons for withdrawal were stated and do not include the out-
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come of interest; however, except for one episode of high-pitch crying follow-
ing vaccination with wP, these reasons are not broken down by study arm

Of the 423 children who completed the primary series and had bloods taken
at the 7-month study visit, 398 received a booster dose of DTwP/DTaP. Reasons
for loss to follow-up after the third dose were not stated

Selective reporting (re-
porting bias)

Unclear risk Quote: "there were no serious adverse events, seizures or HHE reported follow-
ing the infant series. A recipient of the whole-cell vaccine was reported to have
had a seizure and HHE episode in the first 48 hours after vaccination following
receipt of the fourth dose"

Comment: outcome data following the primary series were summarised in
the assessment of the safety data carried out by the FDA. It remains unclear
whether the events described following the fourth dose of DTwP resulted in
hospitalisation (i.e. whether they met the review definition of SAE)

Halperin 1996  (Continued)

 
 

Study characteristics

Methods Study design: 3-stage, stratified, 2-arm, open, parallel-group RCT

Relative arm proportion: 1 wP: 1 aP (primary series)

Duration of follow-up: 10 months after the first dose (primary series study)

Study setting and country: 5 study centres in the UK

World Bank income level of country: high

Recruitment and sampling: not stated

Study dates: November 2001 to unknown

Participants Inclusion criteria

• Healthy infants aged 7 to 11 weeks

• Birth weight ≥ 2 kg

Exclusion criteria

• Prior immunisation with any of the study vaccines

• Diagnosis of diphtheria, tetanus, pertussis, Hib infection, meningococcal disease, or polio

• History of 'cerebral damage' in the neonatal period

• History of seizures, developmental neurological defect or progressive neurological disorder

• Immunosuppression

• Known allergy to any component of the study vaccines

• Receipt of any vaccine in the previous 3 weeks or immunoglobulins in the previous  3 months

Sample size

• Number randomised: 241

Children's baseline characteristics

• Mean age and standard deviation (first dose): 8.6 weeks; standard deviation: not available

• Age range: 7 to 11.1 weeks

• Male (%): 53

Kitchin 2006 
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• Cultural and ethnic groups: not stated

BCG history: not stated

Interventions Primary series

• Intervention (wP group): DTwP-Hib (Sanofi Pasteur MSD): nwP = 120

• Comparator (aP group): DTaP-Hib-IPV (Sanofi Pasteur MSD): naP = 121

Dose and route of administration: 0.5 mL IM; 3-dose-series (2, 3 and 4 months of agea)

Vaccine(s) co-administered

• wP group:
◦ Stratum A: MCC-TT (Pfizer); dose: not stated; route: IM; nwP-A = 59

◦ Stratum B: MCC-CRM (Novartis); dose: not stated; route: IM ; route: IM, nwP-B = 61

◦ All: OPV; manufacturer and dose; not stated; route: per oral; nwP = 120

◦ Schedule: 3-dose-series (2, 3 and 4 months of age)

• aP group:
◦ Stratum A: MCC-TT (Pfizer); dose: not stated; route: IM; naP-A = 61

◦ Stratum B: MCC-CRM (Novartis); dose: not stated; route: IM ; naP-B = 60

◦ Schedule: 3-dose-series (2, 3 and 4 months of age)

Booster dose

• Tdap-IPV (Sanofi Pasteur): nTdaP-IPV = 158 (wP group: n = 77 [stratum A: 33; stratum B: 44]; aP group:

n = 81 [stratum A: n = 38; stratum B:  n = 43])

• Dose and route of administration: 0.5 mL IM; one dose (3.5 to 4.5 years of age)

Vaccine(s) co-administered

• MMR (Merck); nMMR = 152 (4 children primed with DTaP and two with DTwP, did not receive MMR con-

comitantly with TdaP-IPV)

• Dose: not stated; route: IM; 1 dose (3.5 to 4.5 years of age)

Outcomes Outcomes of interest for the review

Primary outcomes

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs:
a. deaths (all-cause);b

b. events leading to admission to hospital up to 1 year of age;c

c. events described as 'life-threatening': no data;

d. events leading to persistent or significant disability or incapacityd.

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): outcome data not systematically collected and on-
ly reported if the event resulted in an admission to hospital

2. Diagnosis of asthma: outcome data not systematically collected and only reported if the event result-
ed in an admission to hospital

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safety): no data

Funding • Sanofi Pasteur MSD covered the field costs of the study
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• JS and RM were recipients of a grant from Department of Health Research and Development Direc-
torate

Conflicts of interest • NK, FH and MW were employees of Sanofi Pasteur MSD

• Sanofi Pasteur MSD covered the cost of the research nurses

Notes aAntipyretic/analgesic use: reactive use allowed

bDeaths were not specifically reported; however, the reasons for no completion are clearly described
and do not include this outcome domain

cPrespecified in the methods section of the relevant report

dPrespecified in the methods section of the relevant report as 'any illness resulting in sequelae'

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "this was an open, randomised, controlled study performed in healthy
infants [...] Subjects were randomised evenly to one of two groups, each con-
taining two strata as follows..."

Comment: information about the random component of the sequence gener-
ation is not provided. The randomisation must have been stratified by MCC-TT
and MCC-CRM, although this is not stated

Allocation concealment
(selection bias)

Unclear risk Comment: no details are provided

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Comment: no blinding of children/carers or personnel unlikely to have influ-
enced the outcome of interest

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Comment: the assessment of the outcome of interest was likely to be influ-
enced by knowledge of the intervention received

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Comment: for the primary series phase of this study, dropout rates were low
and similar (nwP: 3/120; 2.5% and naP: 2/121 (1.6%). Reasons for no comple-

tion are provided in a CONSORT flow diagram and are unrelated to the out-
comes of interest 

Selective reporting (re-
porting bias)

Unclear risk Quote: "serious adverse events (e.g. those resulting in hospital admission)
were recorded throughout the study"

Comment: events leading to admission to hospital occurring within 10 months
of the first dose were reported. It is not possible to determine whether children
who had SAEs before 5 months of age, had a subsequent one afterwards. 
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Study characteristics

Methods Study design: 4-arm,a single-blind, parallel-RCT

Macías 2012 
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Relative arm proportion: 1 wP: 2 aP. Children allocated to DTaP were randomised into 3 subgroups of
different vaccine batches

Duration of follow-up: 10 months after the first dose of wP or aP

Study setting and country: clinical centres in Mexico and Peru

World Bank income level of country:

• Peru: classified as a lower-middle between 2006 and 2007, and as an upper-middle income country
in 2008

• Mexico: upper-middle income country

Recruitment and sampling: not stated

Study dates: July 2006 to February 2008

Participants Inclusion criteria

• Two months old infants

• Born at  or after 37 weeks gestation

• Birth weight ≥ 2.5 Kg

• Immunisations up to date at the time of enrolment (i.e. BCG, hepatitis B vaccine at birth in Peru and
no hepatitis B vaccine at birth in Mexico)

Exclusion criteria

• Congenital or acquired immunodeficiency, or close contact with subjects with congenital or acquired
immunodeficiency

• History of allergy to the study vaccines or any of their components

• Chronic illness

• Blood or blood-derived products received since birth

• Any vaccination in the 4 weeks preceding the first trial vaccination

• Vaccination planned in the 4 weeks following the trial vaccination

• A history of pertussis, tetanus, diphtheria, poliomyelitis, Haemophilus influenzae type b or hepatitis
B infection(s)

• Mother known as seropositive to HIV or hepatitis C, or known carrier of hepatitis B surface antigen

•  Previous vaccination against pertussis, tetanus, diphtheria, poliomyelitis, or Haemophilus influenzae
type b infection(s)

•  Coagulopathy, thrombocytopenia or a bleeding disorder contraindicating IM vaccination

•  History of seizures

•  Febrile or acute illness on the day of inclusion

Sample size

• Number randomised: 2133

Children's baseline characteristics

• Mean age and standard deviation (first dose): 1.88 +/- 0.196 months

• Age range (observed): not provided

• Male (%): 50.8

• Cultural and ethnic groups

• BCG history: children received BCG before enrolment; manufacturer and dose: not stated

Interventions Intervention (wP group): DTwP-HepB-Hib (GlaxoSmithKline): nwP = 711

Comparator (aP group): DTaP-HepB-Hib-IPV (Sanofi Pasteur, Argentina): naP = 1422

Dose and route of administration: 0.5 mL IM, schedule: 3-dose series (2, 4 and 6 months of ageb)

Macías 2012  (Continued)
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Vaccine(s) co-administered:

1. wP group: OPV (Sanofi Pasteur, Mexico and Peru); dose: not stated

2. aP group: OPV placebo (Sanofi Pasteur, France): dose: 0.1 ml

Route of administration:b per oral; schedule: 3-dose series (2, 4 and 6 months of age)

Outcomes Outcomes of interest for the review

Primary outcomes

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs until 6 months after the final vaccinationc,d

a. deaths;e

b. events leading to admission to hospital: no data;

c. events described as 'life-threatening': no data;

d. events leading to persistent or significant disability or incapacity: no data.

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safety): no data

Funding Sanofi Pasteur, a Sanofi Company

Conflicts of interest • The statistical analyses were carried out by Sanofi Pasteur. ESL and BZ were employed by the sponsor

• None of the independent data monitoring committee members were employees of Sanofi Pasteur,
nor did they receive payment from this pharmaceutical company (other than expenses)

Notes aIn the relevant reports of this trial and in this review, the DTaP study arms were combined to create a
single pairwise comparison

bAntipyretic/analgesic use: not stated

cPrespecified as an outcome of interest

dData extracted from clinicaltrials.gov. From the trial registry it is only possible to ascertain the number
of children experiencing any SAEs as well as the number of children with a specific diagnosis

eDeaths were not specifically reported; however, the reasons for no completion are clearly described
and do not include this outcome domain

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "permuted block randomisation was used in the primary series stud-
ies"

Comment: details regarding the block size were not stated

Allocation concealment
(selection bias)

Unclear risk Quote: "allocation: randomized; intervention model: parallel assignment;
masking: single (outcomes assessor)..."

Macías 2012  (Continued)
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Comment: details regarding the concealment of the allocation were not pro-
vided

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "masking: single (outcomes assessor)"

Comment: no blinding of children/carers or personnel unlikely to have influ-
enced the outcome/outcome domain of interest

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Quote: "masking: single (outcomes assessor)"

Comment: blinding is mentioned but additional details were not provided. The
assessment of SAEs other than deaths, may have influenced by knowledge of
the intervention received

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Quote: "total number of participants in each group adjusted for the participant
that got a vaccine assigned for the other group"

Comment: as-treated analysis does not show substantial departure from allo-
cation (nwP = 710 (as-treated) versus nwP = 709 (ITT); naP = 1423 (as-treated)

versus naP = 1422 (ITT). Dropout rates were low and balanced (nwP = 41/711,

5.8%; naP = 94/1422, 6.6%). Reasons for non completion were stated and in-

clude SAEs (nwP = 1/41, 2.4%; naP: 6/94, 6.4%)

Selective reporting (re-
porting bias)

Unclear risk Comment: the protocol of this trial was identified through clinicaltrials.gov.
Whereas the trial registry included outcome data as from the day of the first
dose, until 6 months after the third dose of DTwP/DTaP, a peer-reviewed article
arising from this trial only included the number of children that experienced
the outcome of interest within one month after the third dose

Macías 2012  (Continued)

 
 

Study characteristics

Methods Study design:a 3-arm,b open-label, parallel-group RCT

Relative arm proportion: 2 wP (no hepatitis B vaccine at birth): 2 aP (no hepatitis B vaccine at birth): 1
aP (hepatitis B vaccine at birth)

Duration of follow-up: approximately 14 to 17 month after the first dose of wP or aP

Study setting and country: two trial centres in Johannesburg, South Africa

World Bank income level of country: upper-middle

Recruitment and sampling: not stated

Study dates: August 2006 to August 2009

Participants Inclusion criteria

• Infants aged 3 days old or younger

• Born at or after 37 weeks of gestation

• Mother seronegative for HIV,

• Birth weight ≥ 2.5 kg

• Apgar score > 7 at 5 or 10 minutes of life

Exclusion criteria

Madhi 2011 
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• Immunodeficiency

• Suspected maternal acute seroconversion syndrome to HIV after 24 weeks gestation based on clinical
history

• Chronic illness

• Blood or blood-derived products received since birth

• Any planned vaccination (except Bacille Calmette Guérin and trial vaccinations) from birth to 18 weeks
of age

• OPV at birth

• Known maternal history of HIV, hepatitis B or hepatitis C seropositivity

• Thrombocytopenia or bleeding disorder contraindicating IM vaccination

• History of seizures

• Febrile or acute illness on the day of inclusion.

Sample size

• Number randomised (hepatitis B vaccine at birth versus no hepatitis B vaccine at birth): 715

• Number vaccinated at 2 months of age: 622 (ITT)

Children's baseline characteristics

• Mean age and standard deviation (first dose

• 6.26 +/- 0.23 weeks

• Age range: 5.43 to 7.14 weeks

• Male (%): 49

• Cultural and ethnic groups
◦ Black: 98.55 %

◦ Asian: 0.64 %

◦ Other: 0.5 %

◦ Caucasian: 0.3 %

• BCG history: BCG given at birth

Interventions Primary series

• Intervention (wP group): DTwP-Hib (Sanofi Pasteur, France): nwP = 242

• Comparator (aP group): DTaP-HepB-Hib-IPV (Sanofi Pasteur, France): naP = 380

Dose and route of administration: 0.5 mL IM; 3-dose schedule (6, 10 and 14 weeks oldc)

Vaccine(s) co-administered:

• wP group:
◦ OPV (Sanofi Pasteur, France): 0.1 ml per oral

◦ Hepatitis B vaccine (GlaxoSmithKlein): 0.5 mL IM

◦ 3-dose schedule (6, 10 and 14 weeks old)

• aP group: nil

Booster dose:

• wP group: DTwP-Hib (Sanofi Pasteur, France): nwP = 219

• aP group: DTaP-HepB-Hib-IPV (Sanofi Pasteur, France): naP = 348

Dose and route of administration:c as above; 1 dose (15 to 18 months old)

Vaccine(s) co-administered:

• wP group:
◦ OPV (Sanofi Pasteur, France): 0.1 mL per oral; 1 dose (15 to 18 months of age)

• All groups:

Madhi 2011  (Continued)
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◦ MMR (Sanofi Pasteur, France): 0.5 mL IM or SC

◦ Varicella vaccine (GlaxoSmithKline): 0.5 mL SC

◦ 1 dose (15 to 18 months of age)

Outcomes Outcomes of interest for the review:

Primary outcomes:

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs until 28 days after the fourth dose:d

a. deaths (all-cause);e,f

b. events leading to admission to hospital: no data;

c. events described as 'life-threatening': no data;

d. events leading to persistent or significant disability or incapacity: no data.

Secondary outcomes:

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safety): no data

Funding Sanofi Pasteur, a Sanofi Company

Conflicts of interest • ESL was a Sanofi Pasteur employee

• Study investigators did not receive direct payment for the conduct of this trial, but a honoraria from
the sponsor for conference attendance, for the presentation of the data reported in this or other stud-
ies funded by the same company

Notes aImmunogenicity follow-up at 3.5 and 4.5 years of age was carried out under a different trial registry.
No safety data were recorded except for long-term monitoring of ongoing SAEs after the primary series

bIn this review, the DTaP study arms were combined to create a single pairwise comparison

cAntipyretic/analgesic use: not stated

dData extracted from clinicaltrials.gov. From the trial registry it is only possible to ascertain the number
of children experiencing any SAEs as well as the number of children with a specific diagnosis.

eAlthough 4 deaths were reported in a peer-reviewed publication arising for this trial, no events were
recorded in the section of the trial registry where all-cause mortality is reported. 1 of the deaths oc-
curred before the first dose of pertussis-containing vaccine)

fCauses of death

• DTwP study arm: no deaths occurred in this study arm

• DTaP study arm: bronchitis (n = 1/380); pneumonia (n = 1/380); HIV infection, acute respiratory infec-
tion and suspected tuberculosis ( n = 1/380)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "..phase III, open-label, randomized, controlled 2-center trial...A 2-step
randomization procedure created by Sanofi Pasteur’s statistics department
was used to assign participants to 1 of 3 groups [...] Those who did not receive
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hepatitis B vaccination at birth were further randomized at 6 weeks of age to
receive the investigational (Group 1) or control (Group 2) vaccines"-=]

"Permuted block randomisation was used in the primary series studies"

Comment: the size of the blocks was not stated

Allocation concealment
(selection bias)

Unclear risk Comment: no details were provided

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Comment: no blinding of children/carers or personnel unlikely to have influ-
enced the outcome of interest

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Comment: there is no blinding in this study; the assessment of the outcome of
interest was likely to have been influenced by knowledge of the intervention
received

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comment: for the primary series phase of this study, dropout rates were low
and balanced (nwP = 7/242, 2.9%; naP = 13/380, 3.4%). Reasons for non com-

pletion are stated and include SAEs (nwP = 0/7, 0.0%; naP = 2/13, 15,4%). Of

the 602 children who completed the primary series, 567 (91%) returned for a
fourth dose (nwP = 219/235, 93%; naP: 348/367,94.5%) at 15 to 18 months of

age. Reasons for loss to follow-up between the third and fourth dose were not
provided

Selective reporting (re-
porting bias)

Unclear risk Comment: we identified the protocol of this study through clinicaltrials.gov.
We noted discrepancies between the number of SAEs reported on the trial reg-
istry and a peer-reviewed journal article arising from this study

Madhi 2011  (Continued)

 
 

Study characteristics

Methods Study design: 2-stage, parallel-group RCT

Relative arm proportion:a

• Stage 1: 1 wP: 1 aP (4c)

• Stage 2: 1 wP: 1 aP (4c): 1 aP (2c)

Duration of follow-up: 6 months after the first dose of wP or aP

Study setting and country: immunisation clinics in North Hertfordshire District Health Authority, UK

World Bank income level of country: high

Recruitment and sampling: infants attending the above-mentioned clinics for primary immunisation
with DTwP, were offered to be involved in this study

Study dates: March 1988 until unknown

Participants Inclusion criteria

• Healthy infants aged 3 months

Exclusion criteria

Miller 1990 
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• Serious chronic disease

• Previous laboratory-confirmed pertussis

• Personal history of cerebral irritation or damage in the neonatal period, development delay or
seizures

• Immediate family history of epilepsy

Sample size

• Number randomised: 432

Children's baseline characteristics

• Mean age and standard deviation (first dose): 14 weeks; SD not provided

• Age range: not stated

• Male (%):
◦ stage 1: 52.7%

◦ stage 2: not stated

• Cultural and ethnic groups: not stated

• BCG history: not stated

Interventions Intervention: DTwP (Wellcome Research Laboratories, Beckenham, England): nwP = 179

Comparator: DTaP: naP = 253

• Porton (CAMR): n = 94

• Merieux: n = 74

• Lederle: n = 85

Dose and route of administration: 0.5 mL; deep SC

Schedule: 3-dose series (3, 5 and 8 to 10 months of ageb)

Vaccine(s) co-administered: not stated

Outcomes Outcomes of interest in the review

Primary outcomes/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs between the first dose and 6 weeks after the third dose:
a. deaths (all-cause);c

b.  events leading to admission to hospital;d

c.  events described as 'life-threatening': no data;

d. events leading to persistent or significant disability or incapacity: no data

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safety): no data

Funding UK Medical Research Council

Conflicts of interest Not stated

Notes aIn this review, the DTaP study arms were combined to create a single pairwise comparison
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bAntipyretic/analgesic use: not stated

cAlthough deaths were not specifically reported, the number of children who did not complete the pri-
mary series and their reasons are clearly described and do not include this outcome

dNot prespecified in the methods section of the relevant reports

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "in each stage, vaccines were randomly allocated to sequential study
numbers in equal proportions, and infants were allocated to study numbers
in order of attendance at the clinics. Block randomization of vaccines to study
numbers was performed by a computer program. The vaccine code was not
disclosed to parents or field, laboratory or coordinating staG until the analysis
was completed"

Comment: the size of the block was not described

Allocation concealment
(selection bias)

Low risk Quote: "the vaccine code was not disclosed to parents or field, laboratory or
coordinating staG until the analysis was completed...[...] All four vaccines were
dispensed in identical single-dose 0.5 ml ampules..."

Comment: adequate methods

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "in preparation for the phase III-trial, a double -blind randomized
phase II study was carried out with three candidate acellular vaccines..."

Comment: blinding was described (see also random sequence generation).
The outcomes of interest were unlikely to have been influenced by knowledge
of the intervention received

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Comment: the assessment of the outcome of interest were unlikely to have
been influenced by knowledge of the intervention received

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comment: dropout rates were low (stage 1: nwP = 6/94, 6.4% and naP = 3/94,

3.2%; stage 2, nwP = 3/85, 3.5%; naP = 12/159, 7.5%) and include contraindica-

tions to DTP vaccines ( nwP = 3/179, 1.7%; naP = 8/253, 3.2%). Other reasons for

no completion of the primary series were moving out from the study area, re-
ceipt ordinary vaccine in error, and intercurrent infection; however, these were
not described by study arm, and include children enrolled in the trial of Miller
1997

Selective reporting (re-
porting bias)

Unclear risk Comment: we did not find the study protocol. There is no evidence of selective
reporting

Miller 1990  (Continued)

 
 

Study characteristics

Methods Study design: parallel-group RCT

Relative arm proportion:a 1.5 wP: 1 aP (4c): 1 aP (5c)

Duration of follow-up: 10 to 16 months after the first dose of wP or aP

Miller 1997 
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Study setting and country: immunisation clinics in North Hertfordshire District Health Authority, UK

World Bank income level of country: high

Recruitment and sampling: infants attending the above-mentioned clinics for primary immunisation
with DTwP, were offered to be involved in this study

Study dates: June 1990 to January 1994

Participants Inclusion criteria

• Healthy infants aged 2 months

Exclusion criteria

• Previous laboratory-confirmed pertussis

• History of neurological disorder or serious disease

Sample size

• Number randomised: 405

Children's baseline characteristics

• Mean age and standard deviation (first dose): 8 weeks. Standard deviation: not stated

• Age range: not stated

• Male (%): not stated

• Cultural and ethnic groups: not stated

• BCG history: not stated

Interventions Intervention: DTwP (Wellcome Research Laboratories, Beckenham, England): nwP = 139

Comparator: DTaP: naP = 266

• Porton (CAMR): n = 88

• Merieux: n = 89

• Connaught: n = 89

Dose and route of administration: not stated

Schedule: 3-dose-series (2, 3 and 4 monthsb)

Vaccine(s) co-administered: Hib vaccine; dose and route: not stated; schedule: 3-dose-series (2, 3 and 4
months)

Outcomes Outcomes of interest in the review

Primary outcomes/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs: no datac,d

a. deaths (all-cause): no data

b.  events leading to admission to hospital: no data;

c.  events described as 'life-threatening': no data;

d. events leading to persistent or significant disability or incapacity: no data

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

Miller 1997  (Continued)
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4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safety): no data

Funding • UK Medical Research Council

• Department of Health - UK

Conflicts of interest No stated. Connaught Laboratories donated the aP vaccine

Notes aIn this review, the DTaP study arms were combined to create a single pairwise comparison

bAntipyretic/analgesic use: not stated

cLead author of this trial (EM) confirmed that the records of this study are no longer available

dTiming of assessment of the primary safety outcome, or specific length of follow-up for these
events are not stated, as the peer-reviewed report arising from this trial did not include SAEs as an out-
come of interest

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "vaccines were randomly allocated to sequential study numbers by
computer program and infants were assigned a study number in order of
their attendance at clinics. Parents of all study subjects and field, laboratory
and coordinating staG were ignorant of the vaccine codes until completion of
data analysis"

Comment: this study presumably used 'blocked randomisation' as described
in Miller 1990. Additional details on the sequence generation were not provid-
ed

Allocation concealment
(selection bias)

Low risk Quote: "all vaccines were dispensed in identical single dose ampoules indistin-
guishable by eye from each other"

Comment: adequate methods

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "parents of all study subjects and field, laboratory and coordinating
staG were ignorant of the vaccine codes until completion of data analysis"

Comment: blinding is described. SAEs were unlikely to have been influenced
by knowledge of the intervention received

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Comment: blinding is described. The assessment of the outcome of interest
was unlikely to have been influenced by knowledge of the intervention re-
ceived

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comment: 11 out of 405 children did not complete the primary series. Rea-
sons for no completion include adverse events contraindicating further dos-
es (nwP = 2/139, 0.7% and naP = 2/266, 1.4%), moving out from the study area

and receipt of non-trial vaccine by mistake. Other reasons for withdrawal wer-
e moving out from the study area, receipt ordinary vaccine in error, and inter-
current infection; however, these were not described by study arm, and in-
clude children enrolled in the trial of Miller 1990

Selective reporting (re-
porting bias)

High risk Comment: we did not find the study protocol of this trial. Reactogenicity re-
ported; SAEs not an outcome

Miller 1997  (Continued)
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Study characteristics

Methods Study design: 2-arm, single-blind, parallel RCT

Relative arm proportion 1 wP: 1 aP (primary series study)

Duration of follow-up (primary series study): 238 days (8 months) after the first dose of wP or aP. Boost-
er dose administered according to the schedule specified below

Study setting and country: 2 clinical centres in the Philippines

World Bank income level of country: lower-middle

Recruitment and sampling: not stated

Study dates: July 2006 to April 2008

Participants Inclusion criteria

• Six week old infants (42 to 50 days old)

• Mother seronegative for hepatitis B surface antigen between 28 weeks of pregnancy and up to 4 days
after delivery

• Born at ≥ 37 weeks of gestation

• Birth weight ≥ 2.5 kg

Exclusion criteria

• Immunodeficiency, including immunosuppressive therapy such as long-term systemic corticosteroid
therapy

• Chronic illness

• Blood or blood-derived products received since birth

• Hepatitis B vaccination since birth

• Any vaccination in the four weeks preceding the first trial vaccination

• Any planned vaccination (except trial vaccines and BCG during the trial)

• A history of pertussis, tetanus, diphtheria, polio, or Hib infection(s)

• Personal or maternal history of HIV, hepatitis B or hepatitis C seropositivity

• Thrombocytopenia or a bleeding disorder contraindicating IM vaccination

• History of seizures

• Febrile (rectal temperature ≥ 38.0°C) or acute illness on the day of inclusion

Sample size

• Number randomised: 379

Children's baseline characteristics

• Mean age and standard deviation (first dose): 6.31  +/- 0.306 weeks

• Age range: not stated

• Male (%): 49.1

• Cultural and ethnic groups: not stated

• BCG history: not provided

Interventions Primary series:

• Intervention (wP group): DTwP-HepB-Hib (GlaxoSmithKline): nwP = 189

• Comparator (aP group): DTaP-HepB-Hib (Sanofi Pasteur): naP = 190

NCT00343889 
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Dose and route of administration: 0.5 mL IM; schedule: 3-dose primary series (6, 10 and 14 weeks of

agea)

Vaccine(s) co-administered: OPV (manufacturer and dose: not stated); route: per oral

Booster dose:

• wP group: DTwP-HepB-Hib (GlaxoSmithKline): nwP = 180

• aP group: DTaP-HepB-Hib (Sanofi Pasteur): naP = 182

Dose and route of administration: 0.5 mL IM; schedule: 1-dose (between 15 and 18 months of agea)

Vaccine(s) co-administered: OPV (manufacturer: not stated; dose: "0.5 mL"); route: per oral

Outcomes Outcomes of interest for the review

Primary outcome/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2.  All-cause SAEs within 238 days (~ 8 months) of the first dose:b,c

a. deaths (all-cause);d

b. events leading to admission to hospital: cannot be determined from the trial registry;

c. events described as 'life-threatening': cannot be determined from the trial registry;

d. events leading to persistent or significant disability or incapacity: cannot be determined from the
trial registry.

Secondary outcomes:

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safety): no data

Funding Sanofi Pasteur, a Sanofi Company

Conflicts of interest Industry-funded study. Additional information is unavailable

Notes aAntipyretic/analgesic use: not stated

bAlthough all-cause mortality was not a prespecified outcome domain, they were likely to have been
reported when they occurred

cData extracted from clinicaltrials.gov. No peer-reviewed publication associated with this study. From
the trial registry it is only possible to ascertain the number of children experiencing any SAEs as well as
the number of children with a specific diagnosis

dDeaths were not specifically reported; however, the reasons for no completion are clearly described
and do not include this outcome domain

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "allocation: randomized; intervention model: parallel assignment;
masking: single (outcomes assessor)..."

NCT00343889  (Continued)
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Comment: details on the random component of the sequence generation were
not provided

Allocation concealment
(selection bias)

Unclear risk Quote: "allocation: randomized; intervention model: parallel assignment;
masking: single (outcomes assessor)..."

Comment: methods to conceal the allocation were not stated

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Comment: the outcome/outcome domain of interest was unlikely to have
been influenced by knowledge of the intervention received

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Comment: outcome assessors were blinded, but additional details were not
provided. The assessment of SAEs other than deaths, could have been influ-
enced by knowledge of the intervention received

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Comment: dropout rates were low in both study groups (nwP = 1/189; 0.5% and

naP = 3/190; 1.6%) and unrelated to the outcome/outcome domain of interest

Selective reporting (re-
porting bias)

Low risk Comment: we identified the protocol of this trial through clinicaltrials.gov. Al-
though SAEs were not a prespecified study outcome, they were likely to have
been reported when they occurred

NCT00343889  (Continued)

 
 

Study characteristics

Methods Study design: two-arm, double-blind, parallel RCT

Relative arm proportion: 1 wP: 2 aP (primary series study)

Duration of follow-up (primary series study): 238 days (8 months) after the first dose of wP or aP. Boost-
er dose administered according to the schedule specified below

Study setting and country: 1 clinic centre in Manila, the Philippines

World Bank income level of country: lower-middle

Recruitment and sampling: not stated

Study dates: June 2006 to June 2008

Participants Inclusion criteria

At screening:

• Newborns 0 to 3 days old

• Born at or after 37 weeks

• Birth weight ≥ 2.5 kg

• Apgar score ≥ 7 at 3 minutes after birth

At inclusion:

• Healthy infants, 6 weeks of age

• Received a dose of hepatitis B vaccine in the first 3 days of life

Exclusion criteria

NCT00348881 
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At screening:

• Any vaccination before hepatitis B vaccination (except BCG given at birth)

• Vaccination planned in the 4 to 6 weeks following the first trial vaccination (except BCG if not given
at birth)

• Acute illness on the day of screening

At screening and at inclusion:

• Blood or blood-derived products received since birth

• Mother known as seropositive to HIV or hepatitis C, or as carrying the hepatitis B surface antigen

• Known thrombocytopenia or bleeding disorder contraindicating IM vaccination

• Allergy to any component of any vaccine to be used in the trial

At inclusion:

• Non-trial vaccine administered since birth, except BCG

• Congenital or acquired immunodeficiency/ immunosuppressive therapy

• Allergy to any of the vaccine components

• Chronic illness

• Vaccination other than with the study vaccines planned in the 12 weeks following inclusion

• History of pertussis, tetanus, diphtheria, polio, H influenzae type b, or hepatitis B infection

• History of seizures

• Fever or acute illness on the day of inclusion

Sample size

• Number randomised: 2133

Children's baseline characteristics

• Mean age and standard deviation (first dose): 6.28  +/- 0.291 weeks

• Age range: not stated

• Male (%): 49.6

• Cultural and ethnic groups: not stated

• BCG history: no details provided

Interventions Primary series:

• Intervention: DTwP-HepB-Hib (GlaxoSmithKline): nwP = 709

• Comparator: DTaP-HepB-Hib (Sanofi Pasteur): naP = 1424

Dose and route of administration: 0.5 mL IM; 3-dose schedule (6, 10 and 14 weeks of agea)

Vaccine(s) co-administered: OPV (manufacturer and dose not stated); route: per oral; 3-dose schedule
(6, 10 and 14 weeks of age)

Booster dose:

1. DTaP-HepB-Hib (Sanofi Pasteur): nbooster= 1843 (613 primed with wP; 1230 primed with aP)

Dose and route of administration: 0.5 mL IM; 1 dose (between 12 and 18 months olda)

Vaccine(s) co-administered: OPV (manufacturer and dose not stated); route: per oral

Outcomes Outcomes of interest for the review

Primary outcomes

1. Diagnosis of IgE-mediated food allergy: no data

NCT00348881  (Continued)
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2. All-cause SAEs within 238 days (~ 8 months) of the first dose:b,c

a. deaths (all-cause);d

b. events leading to admission to hospital: cannot be determined from the trial registry;

c. events described as 'life-threatening': cannot be determined from the trial registry;

d. events leading to persistent or significant disability or incapacity: cannot be determined from the
trial registry.

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safety): no data

Funding Sanofi Pasteur, a Sanofi Company

Conflicts of interest Industry-funded study. Additional information is unavailable.

Notes aAntipyretic/analgesic use: not stated

bAlthough this was not a prespecified study outcome, SAEs were likely to have been reported when
they occurred

cData extracted from clinicaltrials.gov. There is no peer-reviewed publication associated with this
study. From the trial registry it is only possible to ascertain the number of children experiencing any
SAEs as well as the number of children with a specific diagnosis.

dDeaths were not specifically reported; however, the reasons for no completion are clearly described
and do not include this outcome domain

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: "allocation: randomized;  intervention model: parallel assignment;
masking: quadruple (participant, care provider, investigator, outcomes asses-
sor)..."

Comments: details on the random component of the sequence generation
were not provided

Allocation concealment
(selection bias)

Unclear risk Comment: the methods to conceal the allocation were not stated

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Comment: blinding is mentioned, but details were not provided. The out-
come/outcome domain of interest was unlikely to have been influenced by
knowledge of the intervention received

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Comment: blinding is mentioned, but details were not provided. The assess-
ment SAEs other than deaths, could have been influenced by knowledge of the
intervention received

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Quote: "the (safety) data were analyzed and presented according to the actual
treatment received"

NCT00348881  (Continued)
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Comment: dropouts were low and balanced across the study groups (nwP =

12/709; 1.7% and naP = 17/1407; 1.2%). Reasons for no completion include

SAEs (nwP: n =  2/12; 16.7% and naP =  0/17). As treated analysis does not show

substantial departure from allocation (nwP = 1425 (as-treated) versus nwP =

1424 (ITT); naP = 708 (as-treated) versus naP= 709 (ITT))

Selective reporting (re-
porting bias)

Low risk Comment: we identified the protocol of this study through clinicaltrials.gov.
Although "all-cause SAEs" was not a prespecified study outcome, SAEs were
likely to have been reported when they occurred

NCT00348881  (Continued)

 
 

Study characteristics

Methods Study design: 4-arm,a double-blind parallel-group RCT

Relative arm proportion:1 wP: 1 aP (2c): 1 aP (5c): 1 DT

Duration of follow-up: ~ 2.5 years after the administration of a first dose of wP or aPb

Study setting and country: primary care centres and the paediatric clinic in Linköping, Sweden

World Bank income level of country: high

Recruitment and sampling: children recruited in this region for the Swedish I efficacy, safety and im-

munogenicity trial (Gustafsson 1996 c), were also offered to be enrolled in the allergy sub-study report-
ed below

Study dates: March 1992 to unknown

Participants Inclusion criteria

• Infants aged between 56 and 92 days

Exclusion criteria

• Serious chronic illness with signs of cardiac, renal failure or failure to thrive

• Progressive neurologic disease

• Uncontrolled epilepsy/infantile spasms

• Immunosuppression

• Previous culture-confirmed pertussis or pertussis vaccine

• Immunoglobulin therapy

Sample size

• Number enrolled in this allergy sub-study: 711/788 randomised in the Swedish I efficacy, safety and
immunogenicity trial (includes DT) (Gustafsson 1996)

Children's baseline characteristics

• Mean age and standard deviation (first dose): not stated

• Age range (observed): not stated

• Male (%): 54.3%

• Cultural and ethnic groups:  not stated

• BCG history: unknown

Interventions Intervention: DTwP (Connaught Laboratories Incorporated Swiftwater, Pennsylvania, USA): nwP = 137

Nilsson 1998 
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Comparison: DTaP (2c: SmithKline Beecham, Rixensart, Belgium and 5c: Connaught Laboratories,
Toronto Canada): naP = 360

Dose and route of administration:d as described in Gustafsson 1996

Vaccine(s) co-administered: as described in Gustafsson 1996

Outcomes Outcomes of interest for the review

The following atopic outcomes were diagnosed through the combination of questionnaires, clinical
findings, medical records and IgE-mediated sensitisation (i.e. IgE-mediated food allergy and urticaria)
by the age of 2.5 years. Questions regarding skin, nose and bronchi symptoms were modified from the
International Study of Asthma and Allergies (ISAAC) questionnaires. Physical examination and addi-
tional tests (were required) were completed at 2.5 years

Primary outcomes/outcome domains

1. Diagnosis of atopic disease (cumulative incidence of atopic disease at 2.5 yearse): outcome data ex-
tracted from a bar chart

2. Diagnosis of IgE-mediated food allergy:f outcome data unavailable by study arm

3. All-cause SAEs: reported in Gustafsson 1996

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: outcome data extracted from a bar chart

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: outcome data unavailable by study arm

4. Diagnosis of eczema or atopic dermatitis: outcome data extracted from a bar chart

5. Diagnosis of urticaria (not vaccine-associated): outcome data unavailable by study arm

6. Diagnosis of encephalopathy (safety): reported in Gustafsson 1996

Funding • Swedish National Association Against Chest and Heart Disease

• Medical Research Fund of the County of Östergötland, Linköping

• Swedish Asthma and Allergy Association

• Queen Silvia's Jubilee Fund

• First of May Flower Annual Campaign

• Samariten Foundation

• Swedish Association of Allergology

• National Institute of Public Health, Stockholm

Conflicts of interest Not stated

Notes aIn this review, the DTaP study arms were combined to create a single pairwise comparison. Where ap-
plicable, we omitted further information on the DT study arm, as it does not meet the inclusion criteria
of this review

bA subset of children enrolled in this trial were also followed-up at 7 years old

cSince the studies of Gustafsson 1996 and Nilsson 1998 addressed different research questions, they
are reported separately

dAntipyretic/analgesic use: as described in Gustafsson 1996

eThis broader outcome domain was used for synthesis purposes, as specified in the protocol of this re-
view

fCorrespondence: LN and BB were contacted regarding the priming schedule received by the children
who experienced the outcomes of interest. We were unable to source these data before the submission
of this manuscript

Nilsson 1998  (Continued)
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk As described in Gustafsson 1996

Allocation concealment
(selection bias)

Unclear risk As described in Gustafsson 1996

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Quote: "as part of a study of the efficacy of 3 pertussis vaccines, we prospec-
tively studied the development of atopic disease and sensitization during the

first 21/2 years of life in relation to type of vaccine and possible confounders,
including the effect of pertussis infection[...] 'The investigation was blinded to
the families, nurses and investigating physicians through the use of coded bot-
tles until the diagnoses were established in all the children"

Comment: the authors of this study described that the main purpose of the
trial was to detect considerable increases in the risk of atopic disease by per-
tussis vaccination. Partial unblinding of the vaccinator and parents/carers
was possible (see Gustafsson 1996), and except for IgE-mediated food allergy
and urticaria (where evidence of IgE-mediated sensitisation to the food/aller-
gen that may have triggered the allergic reaction was required), the outcomes
could have been influenced by knowledge of the intervention received

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Comment: except for IgE-mediated food allergy and urticaria (where evidence
of IgE-mediated sensitisation to the food/allergen that may have triggered the
allergic reaction was required), the assessment of the outcomes of interest
could have been influenced by knowledge of the intervention received

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comment: 711children (including DT vaccinees) were enrolled in this study.
The number of infants assigned to each study vaccine at enrolment is not pro-
vided. Five-hundred and fifteen (excluding recipients of DT) completed a 3-
dose priming schedule and of them, 497 were followed up until 2.5 years. With-
drawals were not broken down by study arm. Reasons for no completion were
described (30/699, includes DT vaccinees) and do not include the outcomes of
interest

Selective reporting (re-
porting bias)

Unclear risk Quote: "the cumulative incidence of atopic diseases at 2 1/2 years of age, as
well as the individual manifestations, were similar in the 3 pertussis vaccine
groups and the DT group"

Comment: the authors of this study described the number of children expe-
riencing the outcomes of interest. These results were not made available by
study group in the text or tables, but in a bar chart that only includes atopic
dermatitis, asthma and all-cause atopic disease by 2.5 years of age

Nilsson 1998  (Continued)

 
 

Study characteristics

Methods Study design: 4-arm,a double-blinded parallel-group RCT

Relative arm proportion: 1 wP: 1 aP (2c): 1 aP (3c, with genetically detoxified pertussis toxin), 1: aP (5c)

Duration of follow-up: 22 months after the first dose of wP or aP

Olin 1997 
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Study setting and country: child-health centres across Sweden, except Göteborg and surrounding
counties

World Bank income level of country: high

Recruitment and sampling: direct contact with parents during visits to clinics and/or by letter through
the child-health or district-health nurse when the child was one to three weeks old

Study dates: September 1993 to October 1996

Participants Inclusion criteria

• Two-month old infants

Exclusion criteria

• Serious chronic illness with signs or cardiac or renal failure

• Progressive neurological disease

• Uncontrolled epilepsy or infantile spasms

• Immunosuppression

• Previous culture-confirmed pertussis

Sample size

• Number randomised: 82,892

Children's baseline characteristics

• Mean age and standard deviation (first dose): not available

• Age range: not available

• Male (%): 51

• Cultural and ethnic groups: not stated

• BCG history: not stated

Interventions Intervention: DTwP (Evans Medical [ex Wellcome] Leatherhead, United Kingdom): nwP = 20,720

Comparator: DTaP (2c, SmithKline Beecham, Rixensart, Belgium; 3c, Chiron Biocine; 5c Pas-
teur-Merieux-Connaught, Toronto, Canada): naP = 62,172

Dose and route of administration: 0.5 mL IM

Schedule: 3-dose-series

• 3, 5 and 12 months of age (n = 72,698b)

• 2, 4 and 6 months of age (n = 10,194b)

Vaccine(s) co-administered:

• IPV (SBL-vaccine)

•  Hib vaccine (PMC)

• Dose: not stated; route/schedule: simultaneously given in the other leg

Outcomes Outcomes of interest for the review

Primary outcome/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs:c

a. deaths (all-cause) within 6 months of the last trial dose;d,e

b. events leading to admission to hospital within 30 days of vaccination;f

c. events described as 'life-threatening' within 6 months of the last trial dose;d

Olin 1997  (Continued)
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d. events leading to significant disability or incapacity: no data.

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of encephalopathy/encephalitis (safetyd) within 48 hours after a dose

4. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

5. Diagnosis of eczema or atopic dermatitis: no data

6. Diagnosis of urticaria (not vaccine-associated): no data

Funding • National Institute of Allergy and Infectious Diseases

• Chiron SPA Siena, Italy

• Connaught Laboratories Limited, Toronto, Canada

• SmithKline Beecham, Rixensart Belgium

Conflicts of interest Not stated

Notes aIn this review, the DTaP study arms were combined to create a single pairwise comparison

bAntipyretic/analgesic use: not stated

cIt was not possible to determine the total number of children experiencing any SAEs due to overlaps
between the data reported across some of the outcome domains;

dThese outcome domains have been prespecified in the methods section of the relevant reports

eCauses of death not reported by study arm. These include SIDS (n = 13), injuries (n = 5), infections (n =
4), congenital heart disease (n = 3), hepatic disease (n = 2), metabolic diseases (n = 3)

fAdmissions to hospital were only captured through passive follow-up and only if they were related to
contraindicating events or adverse events described as serious, according to the definition of SAE pro-
vided in the methods section of the relevant reports. The number of events (but not the number of chil-
dren experiencing hospitalisations) was reported by he FDA

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: "all vaccines were easily resuspended to homogenous opaque sus-
pensions [...] Each vial was labelled with a unique computer-generated ran-
domisation number (SAS, version 6) provided by the Swedish Medical prod-
ucts Agency. We used eight-unit blocks to ensure balanced assignment to the
four treatment groups. The investigators were unaware of the block size. We
randomly assigned babies to a vaccine group at the time of the first dose. After
parental consent, nurses sequentially assigned babies the next available ran-
domisation number at each child-health centre"

Comment: adequate methods

Allocation concealment
(selection bias)

Low risk Comment: adequate allocation concealment

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Quote: "masking was maintained for all vaccine groups until the safety dataset
was locked for analysis in August 1995. The treatment status of the two-com-
ponent vaccine group was made known at that time to allow boosting with a
three-component monovalent pertussis vaccine (SmithKlineBeecham), but
the other three groups remained coded until the datasets were locked for
analysis in April, 1997. Inadvertent unmasking for individual children due to

Olin 1997  (Continued)
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differences in immediate reactogenicity between vaccine groups has not been
reported, but the possibility cannot be excluded"

Comment: adequate blinding. Other than encephalopathy, the outcomes of in-
terest were unlikely to have been influenced by knowledge of the intervention
received

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Comment: adequate blinding; outcome assessors were unaware of the inter-
vention received

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comment: reasons for withdrawals/loss to follow-up were provided, but not
broken down by the type of pertussis vaccine assigned at enrolment

Selective reporting (re-
porting bias)

Unclear risk Comment: a technical report based on a pre-planned statistical analysis plan
was published, but it was not possible to source it before the submission of
this manuscript. The number of SAEs was provided in both regulatory data
and peer-reviewed publications arising from this trial. A peer-reviewed article
includes the number of children experiencing these events, but not by study
arm; however, in some circumstances it was possible to match the number of
children who met a specific endpoint (i.e. events described as life-threaten-
ing/deaths), with their vaccination status included in the FDA assessment of
the safety data of this trial. In those cases, the data were included for synthesis

Olin 1997  (Continued)

 
 

Study characteristics

Methods Study design: 2-arm, open-label, parallel-RCT

Relative arm proportion: 1 wP: 1 aP

Duration of follow-up: 17 months after the first dose of wP or aP

Study setting and country: 388 surgeries of paediatricians in France

World Bank income level of country: high

Recruitment and sampling: not stated

Study dates: 2001 to unknown

Participants Inclusion criteria

• Healthy infants aged between 7 to 14 weeks

• Parents contactable by telephone

Exclusion criteria

• Known allergy to at least one of the study vaccines

• History of encephalopathy

• Infants from mothers who had received cadaveric pituitary-derived human growth hormone

Sample sizea

• Number studied: 7136
◦ Number randomised and vaccinated: 7130

◦ Number vaccinated but not randomised: 6

Reinert 2006 
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Children's baseline characteristics

• Mean age and standard deviation (first dose): 2.32 +/- 0.35 months

• Age range (observed): not stated

• Male (%): 51.3

• Cultural and ethnic groups: not stated

• BCG history: not stated

Interventions Primary series

• Intervention (wP group): DTwP-Hib-IPV (Sanofi Pasteur): nwP = 3574

• Comparator (aP group): DTaP-HepB-Hib-IPV  (Sanofi Pasteur MSD): naP = 3562 (includes 6 children

that were not randomised)

Dose and route of administration: 0.5 mL IM; schedule: 3-dose-series (2, 3 and 4 months of ageb)

Vaccine(s) co-administered:

1. wP group: hepatitis B vaccine (Merck & Co); dose and route of administration: 0.5 mL IM; schedule: 3-
dose-series (2, 3 and 4 months of age)

Booster dose:b

1. DTaP-Hib-HepB-IPV (Sanofi Pasteur MSD)

Dose and route of administration: 0.5 mL IM; schedule: 1 dose, between 12 to 18 months old

Vaccine(s) co-administered: not stated

Outcomes Outcomes of interest for the review

Primary outcome/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs:
a. deaths (all-cause) within 17 months of the first dose;c,d

b. events leading to admission to hospital: no data;

c. events described as 'life-threatening' within 17 months of the first dose;c,e

d. events leading to persistent or significant disability or incapacity: no data.

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safety): no data

Funding Sanofi Pasteur MSD

Conflicts of interest Not stated. AF, ST, AS, MW reported affiliations with Sanofi Pasteur MSD, Lyon, France

Notes aNumber randomised and not vaccinated: 15 (excluded)

bAntipyretic/analgesic use: reactive use of antipyretics allowed with temperature ≥ 38∘ C

cNot prespecified in the methods section of the available report as an outcome domain of interest

dCauses of death not stated, but described as not attributable to the study vaccines

Reinert 2006  (Continued)
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eHere we included an adverse event recorded by the investigators of this trial as a definite medical con-
traindication to DTP-containing vaccines (anaphylactic reaction: "cutaneous eruption on face" in an in-
fant vaccinated with DTwP)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote (from report): "open, large-scale, pragmatic, randomized controlled
clinical trial" [...] "The randomization was stratified by age (four age groups:
7–8 weeks; 8–10 weeks; 10–12 weeks; 12–14 weeks) and study center, to min-
imize bias due to centre effects or possible age-associated safety outcomes".
[...] "Six subjects were vaccinated but not randomized. All six non randomized
subjects were vaccinated with HEXAVAC® and were analysed in Group 1 in the
full analysis population"

Comment: the random component of the sequence generation was de-
scribed. A subset of children was vaccinated with aP, but not randomised (naP

= 6/3562). This was unlikely to influence the results of this trial

Allocation concealment
(selection bias)

Unclear risk Comment: no details were provided

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Comment: no blinding of children/carers or personnel unlikely to have influ-
enced the outcome domains of interest

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Comment: there was no blinding in this study. Except for deaths, the assess-
ment of the remaining SAEs was likely to have been influenced by knowledge
of the intervention received

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comment: dropout rates were higher in the wP study group, compared with aP
(nwP = 429/3574; 12% and naP = 290/3562; 8.1%)

Selective reporting (re-
porting bias)

Unclear risk Comment: this trial was conducted upon a post-licensure request from the
Committee for Medicinal Products for Human Use at the EMA; however, we
were unable to source the study protocol. The definition of SAEs provided in
the manuscript only includes those adverse events judged as serious, resulting
in withdrawal from the study. It remains unclear whether data on SAEs that did
not result in study withdrawal were systematically collected

Reinert 2006  (Continued)

 
 

Study characteristics

Methods Study design: two-arm, double-blind, parallel-RCT

Relative arm proportion: 1: wP, 1: aP

Durtion of follow-up: ~ 22 months after the first dose of wP or aP

Study setting and country: one centre study in Niakhar, a rural area of East Senegal

World Bank income level of country: Senegal was classified as a lower-middle income country between
1990 and 1993, and as a lower income country in 1994

Simondon 1997 
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Recruitment and sampling: children due to be vaccinated according to a central database were visited
by a field worker the week before a monthly vaccination session. Transportation to the study site was
offered

Study dates: May 1990 to June 1995

Participants Inclusion criteria

• Infants aged 2 months, born between 1 February 1990 and 30 April 1994 to mothers who resided in
the study area

Exclusion criteria

• Serious congenital anomalies

• Failure to thrive or cardiac failure

• History of seizures or other neurological disorders

• History of physician-diagnosed pertussis

• Previous pertussis vaccination

Sample size

• Number randomised: not stateda

• Number studied: 4821 children were included for safety monitoring

Children's baseline characteristics

• Mean age and standard deviation (first dose): not stated

• Age range (observed): not stated

• Male (%): 50.2

• Cultural and ethnic groups: not stated

• BCG history: BCG administered at enrolment

Interventions Intervention: DTwP (Pasteur Mérieux Sérums and Vaccins): nwP = 2379

Comparator: DTaP (Pasteur Mérieux Sérums and Vaccins): naP = 2396

Dose and route of administration: 0.5 mL IM; schedule: 3-dose-series (2, 4 and 6 months of ageb)

Vaccine(s) co-administered:

• BCG (manufacturer: not stated); dose and route of administration: not stated; schedule: one dose (2
months of age)

• IPV (Pasteur Mérieux Sérums and Vaccins); dose: 0.5 mL, route: not stated; schedule: 3-dose-series (2,
4 and 6 months of age)

Outcomes Outcomes of interest for the review

Primary outcome/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs:
a. deaths (all-cause) within 6 months of the first dose;c,d

b. events leading to admissions to hospital within 15 days post-any dose;c

c. events described as 'life-threatening';e

d. events leading to persistent or significant disability or incapacity: no data

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

Simondon 1997  (Continued)
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3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safety): no data

Funding • Pasteur Merieux Serums et Vaccins

• Office de la recherche scientifique et technique outre-mer (ORSTOM)

Conflicts of interest Not stated. MC reported affiliations with Pasteur Merieux Serums et Vaccins, Marnes La Coquette,
France

Notes aNumber of infants screened that me at least one exclusion criterion: 37/4973. It remains unclear
whether the remaining 4936 were randomised

bAntipyretic/analgesic use: not stated

cPrespecified in the methods section of the relevant reports

dCauses of death were not reported by study arm. These include: gastroenteritis (39%), pneumonia
(21%), malaria (11%), meningitis (7%), others (11%) and unknown aetiologies (11%)

eSystematically assessed as a contraindication to DTP vaccines (i.e. anaphylactic reaction within 48
hours of DTP vaccination')

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote (from report): "before the first dose, enrolled infants were randomly as-
signed to one of the two vaccine groups based on consecutive numbers ran-
domized by computer at the National Institute of Health (Bethesda, MD, USA)
and balanced in blocks of ten"

Comment: the random component of the sequence generation was described
in the methods

Allocation concealment
(selection bias)

Low risk Quote: "the  two vaccines, identical in appearance..."

Comment: the allocation concealment was adequate

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: "prospective, cohort, double-blind, randomized in two arms..."

Comment: blinding was mentioned, but details were not provided. The out-
come domains of interest were unlikely to be influenced by knowledge of the
intervention received

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Quote: "prospective, cohort, double-blind, randomized in two arms..."

Comment: blinding was mentioned, but details were not provided. Except for
deaths, the assessment of the remaining outcome domains could have been
influenced by knowledge of the intervention received

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Quote (from report): "surveillance [of SAEs] was completed after each dose in
97% of children"

Comment: reasons for incomplete outcome data were not provided

Selective reporting (re-
porting bias)

Unclear risk Comment: we did not find the protocol of this study. There is no evidence of
selective reporting

Simondon 1997  (Continued)
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Study characteristics

Methods Study design: 2-arm, double-blind parallel-group RCT, with an open control group

Relative arm proportion: 1.5 wP (blinded): 1.5 aP (blinded): 1 DT (opena)

Duration of follow-up: 26 months after the first dose of wP or aP

Study setting and country: 227 private medical practices across Germany

World Bank income level of country: high

Recruitment and sampling: by the participating physicians in their practices

Study dates: May 1991 to December 1994

Participants Inclusion criteria

• Healthy 2-to-4 month-old infants

Exclusion criteria

• Birth weight < 2 kg

• Known or suspected immunodeficiency or immunosuppressive therapy

• Major congenital anomalies or severe chronic illnesses

• Known or suspected neurologic disorder, or history of seizures

• Hereditary diseases in the family with an increased risk of neurological manifestations after vaccina-
tion(i.e. tuberous sclerosis)

• Acute illness with or without fever

• Immunoglobulin therapy in the previous 4 weeks

Sample size

• Number randomised: 8532

Children's baseline characteristics

• Mean age and standard deviation (first dose): not stated

• Age range: not stated

• Male (%): not stated

• Cultural and ethnic groups: not stated

• BCG history: not stated

Interventions Primary series

• Intervention (wP group): DTwP (Wyeth-Lederle Vaccines and Pediatrics, Pearl River, New York, USA):
nwP = 4259

• Comparator (aP group): DTaP (Wyeth-Lederle Vaccines and Pediatrics, Pearl River, New York, USA):
naP = 4273

Dose and route of administration: 0.5 mL IM; schedule: 3-dose-series (dose 1: 2 to 4 months of age; dose

2:  ≥  6 weeks after the first dose; dose 3: ≥ 6 weeks after the second doseb)

Vaccine(s) co-administered: not stated

Booster dose

• wP group: DTwP (Wyeth-Lederle Vaccines and Pediatrics, Pearl River, New York, USA)

• aP group: DTaP (Wyeth-Lederle Vaccines and Pediatrics, Pearl River, New York, USA)

Stehr 1998 
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Dose and route of administration: 0.5 mL IM; schedule: 1 dose (15 to 18 months of ageb)

Vaccine(s) co-administered: not stated

Outcomes Outcomes of interest for the review

Primary outcomes/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs:c,d

a. deaths (all-cause);e,f

b. events leading to admission to hospital;e,g

c. events described as 'life-threatening';e

d. events leading to persistent or significant disability or incapacity.e

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safetye) within 7 days of vaccination

Funding Wyeth-Lederle Vaccines and Pediatrics, Pearl River, New York, USA

Conflicts of interest Not stated. SL and TE reported affiliations with Wyeth-Lederle Vaccines and Pediatrics, Pearl River, New
York, USA

Notes aWe omitted further information on the DT study arm, as it does not meet our inclusion criteria

bAntipyretic/analgesic use: reactive use reported

cCorrespondence: missing outcome data requested to JDC

dThe available data did not allow us to determine the total number of children experiencing this out-
come

ePrespecified in the methods section of the available reports

fCauses of death

• DTwP study arm: SIDS (n = 1/4259); cardiac and pulmonary failure during a severe encephalitis (n =
1/4259; 7 months old)

• DTaP study arm: SIDS (n= 1/4273) and traffic accident (n = 1/4273)

gThe available data did not allow us to determine the total number of children experiencing this event
at least once

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote (from report): "DTaP and DTP were administered in a double-blind ran-
domized manner [...]. Study vaccines (DTaP and DTP) were supplied in single
dose vials in groups of 10. Each vial contained a subject number and the vac-
cines were assigned in numerical sequence to enrollees"

Comment: details on the random sequence generation were not stated

Stehr 1998  (Continued)
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Allocation concealment
(selection bias)

Low risk Comment: adequate methods

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Quote: "DTaP and DTP vaccines were administered in a double-blind, random-
ized manner..."

Comment: blinding was mentioned, but details were not provided. Safety out-
comes other than encephalopathy were unlikely to have been influenced by
knowledge of the intervention received

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Comment: blinding is mentioned, but details were not provided. Except for
deaths, the remaining SAEs and other outcomes of interest could have been
influenced by knowledge of the intervention received

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comment: dropout rates were low and balanced (nwP = 335/4259; 7.4% and

naP = 283/4273; 6.62%). No completion due to 'adverse experiences' was more

common in children vaccinated with DTwP (nwP = 94/4259; 2.2%), compared

to DTaP (naP = 34/4273; 0.8%)

Selective reporting (re-
porting bias)

High risk Comment: we did not find the protocol of this study. Presumably, no events
described as life-threatening or leading to persistent or significant disability
or incapacity were experienced by the study children; however, this was not
clearly stated in the report

Stehr 1998  (Continued)

 
 

Study characteristics

Methods Study design: post-hoc analysis of an RCT that enrolled a birth cohort of children born in Australia, be-
tween October 1997 and January 2000, with 14-year duration of follow-up. The period of enrolment co-
incided with the switchover from DTwP to DTaP-only schedules in this country

Study setting: two tertiary hospitals in New South Wales, Australia

World Bank income level of country: high

Recruitment and sampling: infants were originally recruited into the Childhood Asthma Prevention
Study (CAPS), an RCT that tested the effectiveness of house-dust mite avoidance and dietary fatty acid
modification in the first five years of life, for the primary prevention of asthma and other atopic condi-
tions in high-risk children (first degree relative with 'current asthma' or 'frequent wheeze')

Study dates: October 1997 to unknown

Participants Inclusion criteria

• Enrolled in CAPS and participated at least in the first clinical outcome assessment at 18 months of age

• Receipt of a first dose of wP or aP between 6 and 18 weeks of age

Exclusion criteria

• Type of pertussis-containing vaccine not recorded

Sample size

• 497 children

Children's baseline characteristics

• Mean age and standard deviation (first dose): not stated

Toelle 2020 
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• Age range: not stated

• Male (%): not stated

• Cultural and ethnic groups: captured as child's maternal and paternal grandparents' country of birth

• BCG history: unlikely to have been administered before enrolment as it was not included in the na-
tional immunisation program of Australia

• Comorbidities: not stated

• Confounding domains identified by the investigators of this study:a

◦ Breastfeeding duration: < 6 or ≥ 6 months

◦ Others: sex, house dust mite avoidance, omega-3 supplementation

Interventions Intervention: wP (manufacturer no stated): nwP = 293

Comparator: aP (manufacturer no stated): naP = 204

Dose and route of administration: not stated

Schedule:b first dose between 6 and 18 weeks of age

Vaccine(s) co-administered: not stated

Outcomes Primary outcomes/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs: not applicable (NRSI)

Secondary outcomesc

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma (current asthma): determined at each time point through a combination of the
following:
a. symptoms and illness questionnaire, and

i. parental report of diagnosed asthma, or

ii. airway hyper-responsiveness confirmed via methacholine challenge at 8, 11.5 or 14 years or
>12% increase in FEV1 after bronchodilator at age ≥ 5 years in children who did not have a metha-

choline challenge

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis:
a. current rhinitis: determined by symptoms and illness questionnaire

4. Diagnosis of eczema or atopic dermatitis:
a. current eczema: diagnosed by physical examination or by parental report using a symptoms and

illness questionnaire

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safety): not applicable (NRSI)

Timing for the assessment of the outcomes: 18 months, 3, 5, 11.5 and 14 years

Funding • National Health and Medical Research Council of Australia

• Cooperative Research Centre for Asthma

• New South Wales Department of Health

• Children's Hospital Westmead

• University of Sydney, Faculty of Medicine University of Sydney, Faculty of Medicine

• Goods and services by Allergopharma Joachim Ganzer KG Germany, John Sands Australia, Hasbro,
Toll refrigerated, AstraZeneca Australia, Nu-Mega Ingredients Pty Ltd, Auspharm, Allersearch and
Goodman Fielder Foods (the last 3 companies supplied them at a reduced cost)

Conflicts of interest The authors declared no competing interests

Notes aRisk of bias assessments are available in Table 2; Table 3; Table 4; and Table 5
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bAntipyretic/analgesic use: not stated

cAssessed as part of the CAPS study

Toelle 2020  (Continued)

 
 

Study characteristics

Methods Study design: population-based birth cohort study of infants born in the Isle of Wight between Septem-
ber 2001 and August 2002; this birth cohort was established to study the prevalence of food hypersensi-
tivity in children

Length of follow-up: 10 years

Study setting and country:a allergy assessments were performed at a dedicated specialist allergy re-
search unit in the Isle of Wight, UK

World Bank income level of country: high

Recruitment and sampling: all infants born in the Isle of Wright between September 2001 and August
2002 were included in the Food Allergy and Intolerance Research  (FAIR) birth cohort; of them 91% of
the parents consented to scheduled allergy assessments

Study dates: September 2001 to August 2012

Participants Inclusion criteria

• Receipt of a first dose of wP or aP between 6 and 18 weeks of age

Exclusion criteria

• Type of pertussis-containing vaccine not recorded

Sample size

• 819 children

Children's baseline characteristics

• Mean age and standard deviation (first dose): not stated

• Age range: not stated

• Male (%): not stated

• Cultural and ethnic groups: not stated

• BCG history: very unlikely to have been given (targeted BCG vaccination on high-risk neonates was

commenced in the UK in 2005a)

• Family history of allergy: recorded but not provided in this report

• Confounding domains identified by the investigators of this study:a,b

◦ Family history of asthma/hay fever

◦ Breastfeeding

◦ Sex

Interventions Intervention: first dose of wP (manufacturer: not stated): nwP = 595

Comparator : first dose of aP (manufacturer: not stated): naP = 224

Dose and route of administration: not stated

Schedule:c first dose between 6 and 18 weeks of age

Venter 2016 
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Vaccine(s) co-administered: not stated

Outcomes Outcomes of interest for this review

Primary outcome/outcome domainsc

1. Diagnosis of IgE-mediated food allergy through a positive double-blind placebo controlled challenge
in children with a history of food allergic reaction and proven IgE-mediated sensitisation to that spe-
cific food via SPT. Timing: until the end of follow-up

2. All-cause SAEs: not applicable (NRSI)

Secondary outcomesd

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma using a validated questionnaire in combination with parent interview at 3 and
10 years of age

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis using a validated questionnaire in combi-
nation with parent interview at 10 years of age

4. Diagnosis of eczema or atopic dermatitis using a validated questionnaire in combination with parent
interview at 3 and 10 years of age

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safety): not applicable (NRSI)

Funding Public Health England, an executive agency of the Department of Health

Conflicts of interest All authors declared no conflicts for this report. Other conflicts of interest were stated as follows:

• CV: received research support from the National Institute for Health Research; consultancy/lec-
ture/development of educational presentations fees from Danone, Nestle and Mead Johnson respec-
tively

• JS, NJA, EM, PJT: were employed by Public Health England; this institution charges for reports to vac-
cine companies on the impact of their vaccine on the disease incidence

• EM: received research support from the Department of Health, National Vaccine Evaluation Consor-
tium

• PJT: received consultancy fees from Reacta Biotech and UK Food Standards Agency; was employed by
Imperial College London; received research support from Medical Research Council, National Institute
for Health Research/Imperial Biomedical Research Centre, European Union FP7 Programme, and the
UK Department of Health; as well as travel support from the National Institute for Health and Care
Excellence

Notes aCorrespondence: PJT and CV were contacted via email in regards to the study setting, confounders
and BCG vaccination

bRisk of bias assessments are available in Table 6 and Table 7

cAntipyretic/analgesic use: not stated

dAllergy assessments were prespecified

Venter 2016  (Continued)

 
 

Study characteristics

Methods Study design: two-arm, double-blind parallel-group RCT, with a simultaneous non-randomised study
group

Relative arm proportion: 2 wP (randomised): 2 aP (randomised): 1 wP (non-randomised EPI groupa)

Wanlapakorn 2020 
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Duration of follow-up: 17 months after the first dose of wP or aP

Study setting and country: King Chulalongkorn Memorial Hospital, University Chulalongkorn, Thailand
   

World Bank income level of country: upper-middle

Recruitment and sampling: antenatal recruitment of pregnant women was carried out at King Chula-
longkorn Memorial Hospital. Those who consented for Tdap vaccination and delivered infants who met
the study eligibility criteria, were approached for a second informed consent (follow-up phase of the
trial)

Study dates: April 2015 to August 2018

Participants Inclusion criteria

• Healthy infant born ≥ 36 weeks gestation to Tdap-vaccinated woman, enrolled in the initial phase of
this trial

• Birth weight >2.5 kg

Exclusion criteria

• Serious underlying medical condition

• Children suffering from primary humoral or cellular immunodeficiencies and disorders from the com-
plement cascade

• Severe reactions to any vaccine

Sample size

Number randomised at birth: 315; number vaccinated at 2 months of age: 288

Children's baseline characteristics

• Mean age and standard deviation (first dose): 62.8 +/- 4.4 days

• Age range: not stated

• Male (%): 48.9

• Cultural and ethnic groups: not stated

• BCG history: all the children received BCG at birth (manufactured by Queen Saovabha Memorial In-
stitute); dose: not stated

Interventions Primary series

• Intervention (wP group): DTwP-HepB-Hib (Crucell-Janssen): nwP = 142

• Comparator (aP group): DTaP-HepB-Hib-IPV (GlaxoSmithKline Biologicals): naP = 146

Dose and route of administration: IM; schedule: 3-dose-series (2, 4 and 6 months of ageb)

Vaccine(s) co-administered: see notesc

1. wP grouP:
a. OPV (Biofarma); dose and route of administration: 0.1 mL per oral; schedule: 3-dose-series (2, 4

and 6 months of age)

b. IPV (Sanofi Pasteur); dose and route of administration: not stated; schedule: a single dose (4
months of age)

Booster dose:

• wP group: DTwP-HepB-Hib (Crucell-Janssen): nwP = 136

• aP group: DTaP-HepB-Hib-IPV (GlaxoSmithKline Biologicals): naP =131

Dose and route of administration: IM; schedule: 1 dose (18 months of age)

Wanlapakorn 2020  (Continued)
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Vaccine(s) co-administered:c see notes

Outcomes Outcomes of interest for the review

Primary outcome/outcome domains

1. Diagnosis of IgE-mediated food allergy: no data

2. All-cause SAEs:d

a. deaths (all-cause) within 17 months of the first dose;e,f

b. events leading to admission to hospital: no data;

c. events described as 'life-threatening': no data;

d. events leading to persistent or significant disability or incapacity: no data

Secondary outcomes

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthma: no data

3. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitis: no data

4. Diagnosis of eczema or atopic dermatitis: no data

5. Diagnosis of urticaria (not vaccine-associated): no data

6. Diagnosis of encephalopathy (safety): no data

Funding • Universiteit Antwerpen

• Chulalongkorn University

• Institut Pasteur de Lille

• Thrasher Research Fund

Conflicts of interest PVD reported grants to the University of Antwerp from GSK Biologicals, Merck, SP, MSD, Pfizer, Sanofi,
Takeda, Baxter, CanSino China, Themis, Johnson & Johnson, the Bill & Melinda Gates Foundation, the
Flemish government, the European Union, and Abbott. All other authors reported no potential conflicts
of interest

Notes aWe omitted further information on the DTwP-EPI study arm, as it does not meet the inclusion criteria
of this review

bAntipyretic/analgesic use: not stated

cSome infants received non-EPI vaccines concomitantly (i.e. rotavirus, pneumococcal, varicella, or ra-
bies vaccines). These vaccines were purchased by their parents

dCorrespondence: we attempted to contact EL requesting further information about the safety data of
this trial; however, we were unsuccessful

eNot prespecified as an outcome domain of interest

fCauses of death

• DTwP study arm: no deaths were reported

• DTaP study arm: one accidental death due to drowning

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote (from report): "healthy full-term and late preterm infants, born at the
gestational age of 36 weeks with birth weights > 2,500 grams, were random-
ized to receive either the hexavalent aP-containing vaccine (Infanrix hexa,
GlaxoSmithKline Biologicals, Rixensart, Belgium; hexavalent group) or the

Wanlapakorn 2020  (Continued)
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pentavalent wP-containing vaccine (Quinvaxem, Crucell-Janssen, Incheon,
South Korea; pentavalent group)"

Comment: the random component of the sequence generation was not stated

Allocation concealment
(selection bias)

Unclear risk Comment: no details were provided

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote (from report): "this study was not blinded as wP-vaccinated infants re-
ceived oral poliovirus vaccine (OPV) whereas aP-vaccinated infants received
inactivated polio (IPV) vaccine (hexavalent vaccine)"

Comment: no blinding of children/carers or personnel unlikely to have influ-
enced the outcome domain of interest

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Comment: no blinding of children/carers or personnel unlikely to have influ-
enced the assessment of the outcome domain of interest

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Comment: dropout rates were low but higher in the DTwP study group, com-
pared with DTaP (nwP = 14/142; 9.9% and naP = 10/146; 6.8%). Reasons for no

completion were not stated. A child was not given a booster dose of wP be-
cause of previous 'side-effects' to this study vaccine. No additional informa-
tion was provided

Selective reporting (re-
porting bias)

Low risk Comment: the study protocol was identified through clinicaltrials.gov, but
safety data are yet to be posted on this website. Deaths were not a prespeci-
fied outcome domain, however they were reported in a CONSORT diagram

Wanlapakorn 2020  (Continued)

2c: two-component acellular pertussis vaccine; 3c: three-component acellular pertussis vaccine; 4c: four-component acellular pertussis
vaccine; 5c: five-component acellular pertussis vaccine. aP: acellular pertussis vaccine; DTP: diphtheria-tetanus-pertussis vaccine; DTaP:
diphtheria- tetanus-acellular pertussis vaccine; DTwP: diphtheria-tetanus-whole-cell pertussis vaccine; EPI: 'Expanded Programme on
Immunization'; FDA: US Food and Drug Administrstion; HepB: hepatitis B vaccine; HHE: hypotonic hyporesponsive episode; Hib:
Haemophilus influenzae type b; IM: intramuscular;ITT: intention-to-treat; HIV: human immunodeficiency virus; IgE: immunoglobulin E;
IPV: inactivated poliovirus vaccine; MCC-TT: meningitis C conjugate vaccine with tetanus toxoid; MCC-CRM: meningitis C conjugate vaccine
with genetically modified cross-reacting material of diphtheria toxin;MMR: measles, mumps and rubella vaccine; NRSIs: non-randomised
studies of interventions; OPV: oral poliovirus vaccine.;RCT: randomised controlled trial;SAEs: serious adverse events; SC: subcutaneous;
SIDS: sudden infant death syndrome; Tdap: low-dose diphtheria-tetanus-acellular pertussis vaccine; wP: whole-cell pertussis vaccine;
Where a dose/route of administration is not stated, it was assumed that was administered as per the local standard of practice/
recommendations of the manufacturer
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Anderson 1988 Length of follow-up < 6 months

Anderson 1994 Length of follow-up < 6 months

Bernsen 2006 Cross-sectional study; no comparison of interest

Blennow 1988 First dose of pertussis-containing vaccine given at 6 months of age

Farooqi 1998 No comparison of interest

Grüber 2003 No comparison of interest
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Study Reason for exclusion

Grüber 2008 Cross-sectional study; cannot determine the type of pertussis-containing vaccine administered,
nor the age at the first dose

Gylca 2000 Length of follow-up < 6 months

Halperin 1994 Length of follow-up < 6 months

Halperin 1995 Length of follow-up < 6 months

Halperin 1999 Length of follow-up

Halperin 2003 Booster dose study with length of follow-up < 6 months

Henderson 1999 No comparison of interest

Kummeling 2007 No comparison of interest

Maitra 2004 No comparison of interest

Matheson 2010 No comparison of interest

McDonald 2008 No comparison of interest

McKeever 2004 No comparison of interest

Mullooly 2007 No comparison of interest

Pichichero 1992 Length of follow-up < 6 months

Pichichero 1993 Length of follow-up < 6 months

Pichichero 1994 Length of follow-up < 6 months

Pichichero 1996 Length of follow-up < 6 months

Podda 1994 Length of follow-up < 6 months

Schmitt 1996 Household contact study

Simondon 1996 Follow-up period < 6 months

Swartz 2018 No comparison of interest

Thomson 2010 No comparison of interest

Vanura 1994 Follow-up period < 6 months

Vogt 2014 No comparison of interest; the authors of this study used quote "dispensed prescribed asthma
medication for each individual in the cohort during 2008–2010" as a proxy of diagnosis of asthma

Wang 2012 No comparison

Wiersbitzky 1996 Follow-up period < 6 months

Yamamoto-Hanada 2020 No comparison
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Characteristics of studies awaiting classification [ordered by study ID]

 

Methods Open-label randomised controlled triala

Participants 2-month old healthy infants

Interventions Intervention (wP group): DTwP-Hib-IPV (Pasteur-Mérieux-Connaught)

Comparator (aP group): DTPa-HepB-Hib-IPV or DTPa-HepB-IPV  (SB Biologicals)

Schedule: 3-dose primary series (2, 3 and 4 months of age)

Vaccine(s) co-administered:

• wP group: hepatitis B vaccine (SB Biologicals)

• aP group: Hib vaccine (SB Biologicals) where DTPa-HepB-IPV was given

Outcomes Unclear

Funding GlaxoSmithKline

Conflicts of interest Not stated

Notes We were unable to locate the report.  We attempted to contact the sponsor; however, we were un-
successful 

217744/025 (DTPa-HBV-IPV-025) 

 
 

Methods Prospective birth cohort study originally designed to describe whether polycyclic aromatic hydro-
carbons have a negative impact on fetal growth and early child development.

A subset of these children that received a 3-dose priming schedule with pertussis-containing vac-
cines, were studied for atopic outcomes.

Study setting and country: Krakow, Poland

World Bank income level of country: upper-middle

Participants Recruitment and sampling: pregnant women visiting antenatal clinics in high0 and low-pollution
areas in Krakow were recruited towards the end of the first trimester of pregnancy

Study dates: 3 November 2000 to unknown (enrolment was completed by 22 August 2003)

Inclusion criteria:

• Children born from healthy non-smoking women, aged 18 to 35 years old, with no history of chron-
ic diseases or HIV infection, residing in Krakow for at least one year prior to pregnancy

Exclusion criteria:

• Completion of a 3-dose pertussis immunisation priming schedule after 8 months old

Sample size

• 234 children

Children's baseline characteristics

Mrozek-Budzyn 2018 
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• Mean age and standard deviation (first dose): not stated

• Age range: not stated

• Male (%): 53.4

• Cultural and ethnic groups: not stated

• BCG history: not stated

Confounding domains identified by the investigators of this study:

• gender;

• birth weight;

• parity;

• maternal age:

• education (university versus non-university):

• marital status;

• poor economical status;

• maternal or paternal atopy;

• breastfeeding (child breast fed for at least 6 months);

• exposure to environmental tobacco smoking prenatally and in a 6-year period of life;

• presence of a dog or a cat at home for at least a month in a 6-year period;

• indoor environment (presence of damp or mould at home);

• blood lead level (cord blood and measurement at the age of 5 years).

Interventions Intervention:a,b DTwP-only priming schedule (Biomed Krakow, Poland): nwP = 142

Comparator: DTaP-only priming schedule (Sanofi Pasteur or GlaxoSmithKline): naP = 77

Dose and route of administration: not stated

Schedule: 3-dose priming schedule. The age at the first dose is not stated, but presumably given
before the age of 6 months as per local immunisation guidelines

Vaccine(s) co-administered: poliomyelitis vaccine (formulation not described) and hepatitis B vac-
cine. Manufacturer, dose and schedule: not stated

Outcomes Primary outcomes:

• No data

Secondary outcomes:

1. Diagnosis of anaphylaxis (not vaccine-associated): no data

2. Diagnosis of asthmac

3. Diagnosis of encephalopathy (safety): not applicable (NRSI)

4. Diagnosis of allergic rhinitis or allergic rhino-conjunctivitisc

5. Diagnosis of eczema or atopic dermatitis*

6. Diagnosis of urticaria (not vaccine-associated): no data

Funding • National Institute of Environmental Health Science, National Institute of Health R01 grant

• Lundin Foundation

• Gladys and Roland Harriman Foundation

Conflicts of interest • The authors declared no conflict of interests

Notes aWe attempted to contact the lead and senior author of this study regarding the age of first dose of
the exposure; however, we were unsuccessful

Mrozek-Budzyn 2018  (Continued)
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b15 out of 234 children received a mixed DTwP/DTaP schedule. The type of the first dose it is not
stated

cPrespecified in the methods section and assessed from the 1st until the 6th year of life

Mrozek-Budzyn 2018  (Continued)

aP: acellular pertussis vaccine; DTwP: diptheria, tetanus and whole-cell pertussis vaccine; DTaP: diptheria, tetanus and acellular pertussis
vaccine; HepB: hepatitis B vaccine; Hib: Haemophilus influenzae type b vaccine. IPV: inactivated poliovirus vaccine; NRSIS: non-
randomised studies of interventions; wP: whole-cell pertussis vaccine.
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Optimising immunisation using mixed schedules (OPTIMUM)

Methods • Study design: 2-stage, two-arm, double-blind, parallel-group, adaptive RCT, with 17-month fol-
low-up

• Relative arm proportion: 1 wP (first dose): 1 aP (first dose); subsequent doses are all given using
aP-based formulations

• Study setting and country: a tertiary paediatric hospital in Perth, Western Australia (stage 1 and
2). Study sites in Sydney and Melbourne will be included in the second stage of this trial

• World Bank income level of country: high

Participants Recruitment and sampling: currently carried out by trained staG during the antenatal and imme-
diate postnatal periods in private hospitals in the metropolitan area of Perth, Western Australia, as
well as through expressions of interest received via email

Inclusion criteria:

• Healthy infants aged 6 to < 12 weeks old and born at or after 32 weeks’ gestation

Exclusion criteria:

• History of pre-existing IgE-mediated food allergy and/or pertussis infection;

• Receipt of any prior vaccine except for a single birth dose of hepatitis B vaccine

• Contraindication or allergy to any vaccine or vaccine components, or to paracetamol

• Receipt or planned receipt of other investigational medicinal products until 19 months old

• Receipt or planned receipt of any non-routine vaccines within 14 days after the first dose of per-
tussis-containing vaccine

• Receipt of more than two weeks of immunosuppressants

• Serious chronic illness including severe congenital anomalies

• History of any neurological disorders or seizures

• Administration of immunoglobulins and/or any blood products since birth or planned adminis-
tration during the study period

• Planned travel to any country that remains at risk of a poliomyelitis transmission at any time be-
fore 19 months of age

Sample size: up to 3000 study children

• Number randomised (stage 1): 150

Interventions Primary series:

• Intervention: DTwP-HepB-Hib (PT Bio Farma)

• Comparator: DTaP-HepB-Hib-IPV (GlaxoSmithKline)

Dose and route of administration: 0.5 mL, IM

Schedule:

ACTRN12617000065392 
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1. Group 1a:
a. Mixed DTwP/DTaP. Schedule (3-dose-series): first dose of DTwP-HepB-Hib (2 months old), fol-

lowed by DTaP-HepB-Hib-IPV (4 and 6 months of age)

2. Group 2a:
a. Schedule: 3-dose-series of DTaP-HepB-Hib-IPV (2, 4 and 6 months of age)

Concomitant vaccines: as recommended in the National Immunisation Program

Booster dose:

• DTaP-IPV (GlaxoSmithKline); 0.5 mL IM; 1 dose (18 months of age)

Concomitant vaccines: as recommended in the National Immunisation Program

Outcomes Primary:

1. Diagnosis of IgE-mediated food allergy by the age of 12 months: evidence of sensitisation to a food
on skin prick test, and either:
a. a positive oral food challenge; or

b. clinician-diagnosed food anaphylaxis, with symptoms affecting at least two of the following:
skin, gastrointestinal tract, respiratory tract, cardiovascular system; or

c. history of food allergic reaction consistent with PRACTALL criteria.

2. SAEs:b

a.  number of children experiencing any SAEs.

Secondary

1. Diagnosis of eczema or atopic dermatitis: parent-reported clinician-diagnosed new onset of
atopic dermatitis by 6 or 12 months of age with a positive skin prick test to any allergen by 12
months of age (a weal measuring one mm greater than the negative control)

Starting date January 2018

Contact information Dr Marie J Estcourt; optimum.project@sydney.edu.au

Funding • National Health and Medical Research Council of Australia

• Telethon New Children’s Hospital Research Fund 2012

Notes aAntipyretic/analgesic use: prophylactic paracetamol given before the first dose of the study vac-
cines. Reactive use: allowed

bSAEs deemed related to the study vaccines or procedures will be captured throughout the entire
study period; if unrelated, they will only be reported from the first dose of the study vaccines until 6
months post-randomisation

ACTRN12617000065392  (Continued)

 
 

Study name Pertussis acellular whole cell advanced research (AWARE) study

Methods • Study design: 2-arm, open-label parallel-group RCT, with 11-month follow-up

• Relative arm proportion: 1 wP: 1 aP

• Study setting and country: this study is being conducted in the UK. Vaccinations are given at the
infants' home.

• World Bank income level of country: high

Participants Recruitment and sampling: not stated

ISRCTN17271364 
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Inclusion criteria:

• Infants born at or after 37 weeks of gestational age, due to receive their primary immunisations,
aged up to 10 weeks at first vaccinations

• Mother received TdaP vaccine during pregnancy with participating infant

Exclusion criteria:

• Mother was receiving immunosuppressive treatment during pregnancy or is known to be HIV-pos-
itive

• Prior or planned receipt of any other investigational vaccine/drug

• Major congenital defects, serious chronic illness or bleeding disorder

• Confirmed or suspected immunodeficiency

• Family history of congenital or hereditary immunodeficiency

• Receipt of more than one week of immunosuppressants

• Administration of immunoglobulin and/or any blood products since birth or planned administra-
tion during the study period

• History of allergy to any component of the vaccines

• History of pertussis

Sample size:

• Estimated enrolment: 114 infants

Interventions Primary series

• Intervention: DTwP-HepB-Hib (Bharat Biotech)

• Comparator: DTaP-HepB-Hib-IPV (GlaxoSmithKline)

Schedule:

1. Group 1:
a. Mixed DTwP/DTaP. Schedule (3-dose-series): DTwP (2 and 4 months of age), followed by DTaP

(12 months of age)

2. Group 2:
a. Schedule: 3-dose-series of DTaP (2, 4 and 12 months)

Vaccine(s) co-administered:

• IPV (Sanofi Pasteur): group 1 only; schedule: 2-dose-series (2 and 4 months of age)

• PCV-13 (Pfizer); schedule: 3-dose-series (2, 4 and 12 months of age)

• Rotavirus vaccine (G1P[8]; GlaxoSmithKline); schedule: 2-dose-series (2 and 4 months of age)

Outcomes SAEs not prespecified as outcomes of interest, but likely to be recorded when occurring

Starting date August 2019

Contact information Ms Nelly Owino;  nelly.owino@paediatrics.ox.ac.uk

Funding University of Oxford

Notes  

ISRCTN17271364  (Continued)

 
 

Study name Gambia pertussis study (GaPs)

NCT03606096 
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Methods • Study design: 4-arm, parallel-group RCT, with 7-month duration of follow-up

• Study arms (mother/child): TdaP/aP, TdaP/wP, TT/aP, and TT/wP

• Study setting and country: healthcare centre in Banjul, Gambia

• World Bank income level of country: low

Participants Recruitment and sampling: not stated

Inclusion criteria: infants born to women enrolled in the maternal immunisation phase of this trial

Sample size:

• Estimated enrolment: 600 mother/infant pairs

Interventions • Intervention: DTwP-Hib-HepB (Serum Institute of India)

• Comparator: DTaP-Hib-HepB-IPV (GlaxoSmithKline)

Schedule: 3-dose-series (2, 3 and 4 months of age); dose and route of administration and concomi-
tant vaccines: as per the local EPI

Outcomes SAEs not prespecified as outcomes of interest, but likely to be recorded when occurring

Starting date January 2019

Contact information Dr Beate Kampmann (bkampmann@mrc.gm) and Dr Michael E Okoye (mokoye@mrc.gm)

Funding Sponsors and collaborators

• London School of Hygiene and Tropical Medicine

• University of Oxford

• National Institute for Public Health and the Environment (RIVM)

• Radboud University

• Imperial College London

• University of Turku

• Leiden University Medical Center

Notes BK was contacted regarding the manufacturer of DTwP-containing vaccine

NCT03606096  (Continued)

aP: acellular pertussis vaccine; DTaP: diphtheria, tetanus, whole-cell pertussis vaccine; DTwP: diphtheria, tetanus, whole-cell pertussis
vaccine; HepB: hepatitis B vaccine;Hib: Haemophilus influenzae type b vaccine; G1P[8]: human group A rotavirus genotype 1P[8; EPI:
'Expanded Programme on Immunization';.IgE: immunoglobulin E; IM: intramuscular; IPV: inactivated poliovirus vaccine;PCV-13: 13-
valent pneumococcal conjugate vaccine. RCT: randomised controlled trial; SAE: serious adverse event; Tdap: tetanus, diptheria and
acellular pertussis vaccine;TT: tetanus toxoid;wP: whole-cell pertussis vaccine.
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   First dose of wP versus first dose of aP

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Cumulative incidence of atopic dis-
ease at 2.5 years

1   Risk Ratio (IV, Random,
95% CI)

Totals not select-
ed
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.2 Diagnosis of asthma by 2.5 years 1   Risk Ratio (IV, Random,
95% CI)

Totals not select-
ed

1.3 Diagnosis of atopic dermatitis by 2.5
years

1   Risk Ratio (IV, Random,
95% CI)

Totals not select-
ed

1.4 Diagnosis of encephalopathy 7 115271 Risk Ratio (M-H, Fixed,
95% CI)

Not estimable

1.5 All-cause serious adverse events (fol-
lowing a booster dose of aP)

1   Risk Ratio (IV, Random,
95% CI)

Totals not select-
ed

1.6 Diagnosis of encephalopathy (fol-
lowing a booster dose of aP)

1   Risk Ratio (IV, Random,
95% CI)

Totals not select-
ed

 
 

Analysis 1.1.   Comparison 1: First dose of wP versus first dose of
aP, Outcome 1: Cumulative incidence of atopic disease at 2.5 years

Study or Subgroup

Nilsson 1998

wP
Events

37

Total

137

aP
Events

114

Total

360

Risk Ratio
IV, Random, 95% CI

0.85 [0.62 , 1.17]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours DTwP Favours DTaP

 
 

Analysis 1.2.   Comparison 1: First dose of wP versus first dose of aP, Outcome 2: Diagnosis of asthma by 2.5 years

Study or Subgroup

Nilsson 1998

wP
Events

15

Total

137

aP
Events

38

Total

360

Risk Ratio
IV, Random, 95% CI

1.04 [0.59 , 1.82]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours DTwP Favours DTaP

 
 

Analysis 1.3.   Comparison 1: First dose of wP versus first dose
of aP, Outcome 3: Diagnosis of atopic dermatitis by 2.5 years

Study or Subgroup

Nilsson 1998

wP
Events

23

Total

137

aP
Events

81

Total

360

Risk Ratio
IV, Random, 95% CI

0.75 [0.49 , 1.13]

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours DTwP Favours DTaP

Whole-cell pertussis vaccine in early infancy for the prevention of allergy in children (Review)

Copyright © 2021 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

115



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

 
 

Analysis 1.4.   Comparison 1: First dose of wP versus first dose of aP, Outcome 4: Diagnosis of encephalopathy

Study or Subgroup

Dagan 1997
Decker 1995
Feldman 1993
Greco 1996
Gustafsson 1996
Olin 1997
Stehr 1998

Total (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Not applicable
Test for subgroup differences: Not applicable

wP
Events

0
0
0
0
0
0
0

0

Total

100
373

36
4678
2102

20720
4259

32268

aP
Events

0
0
0
0
0
0
0

0

Total

101
1827

109
9368
5153

62172
4273

83003

Weight
Risk Ratio

M-H, Fixed, 95% CI

Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable

Not estimable

Risk Ratio
M-H, Fixed, 95% CI

0.01 0.1 1 10 100
Favours wP Favours aP

 
 

Analysis 1.5.   Comparison 1: First dose of wP versus first dose of aP,
Outcome 5: All-cause serious adverse events (following a booster dose of aP)

Study or Subgroup

Edwards 1991

First dose of wP
Events

0

Total

23

First dose of aP
Events

0

Total

18

Risk Ratio
IV, Random, 95% CI

Not estimable

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours wP Favours aP

 
 

Analysis 1.6.   Comparison 1: First dose of wP versus first dose of aP,
Outcome 6: Diagnosis of encephalopathy (following a booster dose of aP)

Study or Subgroup

Edwards 1991

First dose of wP
Events

0

Total

23

First dose of aP
Events

0

Total

18

Risk Ratio
IV, Random, 95% CI

Not estimable

Risk Ratio
IV, Random, 95% CI

0.01 0.1 1 10 100
Favours wP Favours aP
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A D D I T I O N A L   T A B L E S

Study Bias due to con-
founding

Bias in selection
of study partic-
ipants into the
study

Bias in clas-
sification
of interven-
tions

Bias due to
deviations
from the in-
tended in-
tervention

Bias due to missing da-
ta

Bias in measure-
ment of outcomes

Bias in se-
lection of
the report-
ed results

Overall risk
of bias

Estcourt
2020

Moderate Moderate Low No informa-
tion

Serious Low Low Serious

Rationale
for judge-
ment  

Appropriately ad-
justed for surro-
gates of vaccine
availability (date
of birth and juris-
diction at vacci-
nation)

Potentially in-
sufficient adjust-
ment for socioe-
conomic status.
Family history of
atopy and breast-
feeding could not
have  influenced
the allocation to
the intervention
as this was large-
ly dependent on
vaccine availabil-
ity. The method
used to minimise
confounding was
direct matching

This is a retro-
spective case-
control study.
The selection of
cases was based
on the outcome
of interest. The
exposure dis-
tribution in the
controls is like-
ly to represent
the exposure sta-
tus of the over-
all cohort, as con-
trols were select-
ed from the Aus-
tralian Immuni-
sation Register
irrespective of
their past or fu-
ture case status 

Interven-
tion status
was well-de-
fined and
based on in-
formation
collected
at the time
of the inter-
vention 

There is no
information
reported  

The association be-
tween vaccination
status and chal-
lenge-proven IgE-me-
diated food allergy was
tested through a sensi-
tivity analysis, carried
out according to the
study protocol. There-
fore, outcome data were
only available for a non-
random subset of cases
with a history of food al-
lergic reaction coupled
with IgE-mediated sensi-
tisation to the food of in-
terest and a positive oral
food challenge.

A small number of chil-
dren were excluded due
to missing data on the
exposure status. These
data were likely to be
missing at random

The outcome as-
sessors reviewed
the medical records
while blinded to the
vaccination status.
They determined
whether a child met
the primary outcome
(clinical criteria of
food allergy and ev-
idence of sensitisa-
tion to the food that
may have caused
the allergic reac-
tion), and whether
there was a clinical
record of a positive
oral food challenge
to that food at any
time.

During the follow-up
period, vaccination
status would not
have influenced the
decision to challenge
a child with the food
of interest
 

The study
data were
analysed ac-
cording to a
prespecified
sensitivity
analysis.

There is no
evidence of
selective re-
porting.

This risk of
bias assess-
ment was
based on the
data included
in a sensitivity
analysis (i.e. a
non-random
subset of cas-
es).

There are
some con-
cerns regard-
ing missing
outcome da-
ta, insufficient
adjustment
for socioeco-
nomic status
and lack of
adjustment
by birth order

Table 1.   ROBINS-I assessment for: first dose of whole-cell versus acellular pertussis vaccine before 6 months of age. Outcome: diagnosis of
challenge-proven IgE-mediated food allergy before 15 years old 
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Study Bias due to confounding Bias in selection
of study partic-
ipants into the
study

Bias in classi-
fication of in-
terventions

Bias due to
deviations
from the in-
tended in-
tervention

Bias due to
missing data

Bias in mea-
surement of
outcomes

Bias in se-
lection of
the report-
ed results

Overall risk
of bias

Toelle 2020 Serious Low Low No informa-
tion

Moderate Low  Moderate  Serious  

Rationale
for judge-
ment  

Allocation to the intervention
was largely dependent on vac-
cine availability, as described in
Estcourt 2020. The authors ad-
justed for breastfeeding status,
sex, house dust mite avoidance
and omega-3 supplementation;
however, these variables were
unlikely to have influenced the
assignment of the study vac-
cines

Children who
would have been
eligible for the
target trial were
included in the
study.

The start of the
follow-up peri-
od coincides with
the start of inter-
vention

The inter-
vention sta-
tus was well-
defined and
based on in-
formation
collected at
the time of
the admin-
istration of
the study vac-
cines

There is no
information

available

Outcome da-
ta were avail-
able for nearly

all children.bA
small propor-
tion of children
was excluded
due to incom-
plete informa-
tion on the ex-
posure of inter-
est

The methods
of outcome as-
sessment were
comparable
across the inter-
vention groups
and unlikely to
have been in-
fluenced by-
 knowledge of
the intervention
received

This analy-
sis was de-
clared post-
hoc. Howev-
er, there is
no evidence
of selective
reporting

This study
cannot be
considered
compa-
rable to a
well-per-
formed RCT,
as there is
potential for
confound-
ing

Table 2.   ROBINS-I assessment for: first dose of wP versus aP vaccine before 6 months of age. Outcome: diagnosis of asthma (current asthma) at five

yearsa 

aRisk of bias judgements are also applicable for the outcomes: diagnosis of asthma (current asthma) at 18 months and 3 years
bProportion of missing outcome data
• Current asthma at 18 months: wP = 0/293; 0.00%. aP = 1/204; 0.49%

• Current asthma at 3 years: wP = 9/293; 3.07%. aP= 8/204; 3.92%

• Current asthma at 5 years:  wP = 15/293; 5.12%. aP = 14/204; 6.86%

 
 

Study Bias due to confounding Bias in selection
of study partic-
ipants into the
study

Bias in classifi-
cation of inter-
ventions

Bias due to
deviations
from the in-
tended in-
tervention

Bias due
to missing

dataa

Bias in mea-
surement of
outcomes

Bias in se-
lection of
the report-
ed results

Overall risk
of bias

Toelle 2020 Serious Low Low No informa-
tion

Moderate Low  Moderate  Serious  

Table 3.   ROBINS-I assessment for: first dose of wP versus aP vaccine before 6 months of age. Outcome: diagnosis of asthma (current asthma) at eight
years 
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Rationale
for judge-
ment  

Allocation to the intervention
was largely dependent on vac-
cine availability, as described in
Estcourt 2020. The authors ad-
justed for breastfeeding status,
sex, house dust mite avoidance
and omega-3 supplementation;
however, these were unlikely to
have influenced the assignment
of the study vaccines

Children who
would have been
eligible for the tar-
get trial were in-
cluded in the study.

The start of the fol-
low-up period coin-
cides with the start
of intervention

The interven-
tion status was
well-defined
and based on
information
collected at the
time of the ad-
ministration of
the study vac-
cines

There is no
information
available

The report-
ed analysis
was unlikely
to have re-
moved the
risk of bias
arising from
missing da-
ta

The methods
of outcome as-
sessment were
comparable
across the inter-
vention groups
and unlikely to
be influenced
by  knowledge
of the interven-
tion received

This analy-
sis was de-
clared post-
hoc. Howev-
er, there is
no evidence
of selective
reporting

This study
cannot be
considered
compa-
rable to a
well-per-
formed RCT,
as there is
potential for
confound-
ing

Table 3.   ROBINS-I assessment for: first dose of wP versus aP vaccine before 6 months of age. Outcome: diagnosis of asthma (current asthma) at eight
years  (Continued)

aProportion of missing outcome data
• Current asthma by 8 years: wP = 59/293; 20.14%. aP = 30/204; 14.71%

 
 

Study Bias due to confounding Bias in selection
of study partic-
ipants into the
study

Bias in classi-
fication of in-
terventions

Bias due to
deviations
from the in-
tended in-
tervention

Bias due to missing
data

Bias in mea-
surement of
outcomes

Bias in se-
lection of
the report-
ed results

Overall risk
of bias

Toelle 2020 Serious Low Low No informa-
tion

Serious Low  Moderate  Serious  

Rationale
for judge-
ment  

Allocation to the inter-
vention was largely de-
pendent on vaccine avail-
ability, as described in
Estcourt 2020. The au-
thors adjusted for breast-
feeding status, sex, house
dust mite avoidance and
omega-3 supplementa-
tion; however, these vari-
ables were unlikely to
have influenced the as-
signment of the study vac-
cines

Children who
would have been
eligible for the
target trial were
included in the
study.

The start of the
follow-up peri-
od coincides with
the start of inter-
vention

The interven-
tion status is
well-defined
and based on
information
collected at
the time of
the admin-
istration of
the study vac-
cines

There is no
information
available

The proportion of
missing data is high-
er in aP vaccinees
than in recipients of

wP. a

However, this is un-
likely to be related to
the exposure status.
The reported analy-
sis was unlikely to
have removed the
risk of bias arising
from missing data

The methods
of outcome as-
sessment were
comparable
across the inter-
vention groups
and unlikely to
be influenced
by  knowledge
of the interven-
tion received

This analy-
sis was de-
clared post
hoc. Howev-
er, there is
no evidence
of selective
reporting

This study
cannot be
considered
compa-
rable to a
well-per-
formed RCT,
as there is
potential for
confound-
ing

Table 4.   ROBINS-I assessment for: first dose of wP versus aP vaccine before 6 months of age. Outcome: diagnosis of asthma (current asthma) at 11.5
years 
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aProportion of missing outcome data
• Current asthma by 11.5 years: wP = 83/293; 28.3%. aP = 76/204; 37.25%

 
 

Study Bias due to confounding Bias in selection
of study partic-
ipants into the
study

Bias in classi-
fication of in-
terventions

Bias due to
deviations
from the in-
tended in-
tervention

Bias due to
missing data

Bias in mea-
surement of
outcomes

Bias in se-
lection of
the report-
ed results

Overall risk
of bias

Toelle 2020 Serious Low Low No informa-
tion

Serious Low  Moderate  Serious  

Rationale
for judge-
ment  

Allocation to the intervention
was largely dependent on vac-
cine availability, as described in
Estcourt 2020. The authors ad-
justed for breastfeeding status,
sex, house dust mite avoidance
and omega-3 supplementation;
however, these variables were
unlikely to have influenced the
assignment of the study vac-
cines

Children who
would have been
eligible for the
target trial were
included in the
study.

The start of the
follow-up peri-
od coincides with
the start of inter-
vention

The inter-
vention sta-
tus was well-
defined and
based on in-
formation
collected at
the time of
the admin-
istration of
the study vac-
cines

There is no
information
available

The propor-
tion of miss-
ing data is high
but balanced
across the

study groups.a

The reported
analysis was
unlikely to have
removed the
risk of bias aris-
ing from miss-
ing data

The methods
of outcome as-
sessment were
comparable
across the inter-
vention groups
and unlikely to
be influenced
by knowledge
of the interven-
tion received

This analy-
sis was de-
clared post-
hoc. Howev-
er, there is
no evidence
of selective
reporting

This study
cannot be
considered
compa-
rable to a
well-per-
formed RCT,
as there is
potential for
confound-
ing

Table 5.   ROBINS-I assessment for: first dose of wP versus aP vaccine before 6 months of age. Outcome: diagnosis of asthma (current asthma) at 14
years 

aProportion of missing outcome data
• Current asthma by 14 years: wP = 105/293; 35,84%. aP= 72/204; 35.29%

 
 

Study Bias due to confounding Bias in se-
lection of
study partic-
ipants into
the study

Bias in clas-
sification
of interven-
tions

Bias due to
deviations
from the in-
tended in-
tervention

Bias due to
missing da-
ta

Bias in
measure-
ment of
outcomes

Bias in se-
lection of
the report-
ed results

Overall risk
of bias

Venter 2016 Serious Low Low No informa-
tion

Moderate Low Moderate Serious

Table 6.   ROBINS-I assessment for: first dose of wP versus aP vaccine before 6 months of age. Outcome: diagnosis of IgE-mediated food allergy (on

the basis of either a compatible clinical history or oral food challenge) by 10 yearsa 
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Rationale
for judge-
ment

Vaccine allocation is described as 'almost
at random, depending on the supply of the
particular vaccine, avoiding potential bias-
es due to secular trends in the risk of devel-
oping atopic disease'.

The authors defined family history of asth-
ma/hay fever, breastfeeding and sex as po-
tential confounders; however, they were
unlikely to have influenced the assign-
ment of the study vaccines. Adjustment was
made via multivariable binomial regression.
No adjustment by date of birth, birth order
and socioeconomic status was performed,
'as the number of cases was not sufficiently
robust'

Children who
would have
been eligible
for the target
trial were in-
cluded in the
study.

The start of
the follow-up
period coin-
cides with the
start of inter-
vention

The inter-
vention
status was
well-defined
and based
on informa-
tion collect-
ed at the
time of the
administra-
tion of the
study vac-
cines

There is no
information
available

Outcome
data were
available for
nearly all

children.b

A small pro-
portion of
children was
excluded
due to in-
complete in-
formation
on the expo-
sure of in-
terest

The meth-
ods of out-
come as-
sessment
were com-
parable
across the
interven-
tion groups
and unlike-
ly to be in-
fluenced by
knowledge
of the inter-
vention re-
ceived

We did not
find the pro-
tocol of this
study. How-
ever, there
is no evi-
dence of se-
lective re-
porting

This study
cannot be
considered
compa-
rable to a
well-per-
formed RCT,
as there is
potential for
confound-
ing

Table 6.   ROBINS-I assessment for: first dose of wP versus aP vaccine before 6 months of age. Outcome: diagnosis of IgE-mediated food allergy (on

the basis of either a compatible clinical history or oral food challenge) by 10 yearsa  (Continued)

aAlso applicable for the outcome: diagnosis of asthma by 3 years
bProportion of missing outcome data
• Diagnosis of challenge proven IgE-mediated food allergy: wP = 4/595; 0.67%. aP = 1/224; 0.45%

• Diagnosis of asthma by 3 years: wP = 35/595; 5.88%. aP = 20/224; 8.93%

 
 

Study Bias due to confounding Bias in se-
lection of
study partic-
ipants into
the study

Bias in clas-
sification
of interven-
tions

Bias due to
deviations
from the in-
tended in-
tervention

Bias due to
missing data

Bias in
measure-
ment of
outcomes

Bias in se-
lection of
the report-
ed results

Overall risk
of bias

Venter 2016 Serious Low Low No informa-
tion

Critical Low Moderate Critical

Rationale
for judge-
ment

Vaccine allocation is described as 'almost
at random, depending on the supply of
the particular vaccine, avoiding potential
biases due to secular trends in the risk of
developing atopic disease'.

The authors defined family history of asth-
ma/hay fever, breastfeeding and sex as

Children who
would have
been eligible
for the target
trial were in-
cluded in this
cohort study.

The inter-
vention
status was
well-defined
and based
on informa-
tion collect-

There is no
information
available

The propor-
tion of miss-
ing data is
high, but bal-
anced across
the study

groups.a The

The meth-
ods of out-
come as-
sessment
were com-
parable
across the

We did not
find the
study proto-
col or statis-
tical analy-
sis plan of
this study.

This study
cannot be
considered
compa-
rable to a
well-per-
formed RCT,

Table 7.   ROBINS-I assessment for: first dose of whole-cell versus acellular pertussis vaccine before 6 months of age. Outcome: diagnosis of asthma
by 10 years of age 
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potential confounders; however, they
were unlikely to have influenced the as-
signment of the study vaccines. Adjust-
ment was made via multivariable binomi-
al regression. No adjustment by date of
birth, birth order and socioeconomic sta-
tus was performed, 'as the number of cas-
es was not sufficiently robust'

The start of
the follow-up
period coin-
cides with the
start of inter-
vention

ed at the
time of the
administra-
tion of the
study vac-
cines

reported
analysis was
unlikely to
have removed
the risk of
bias arising
from missing
data

interven-
tion groups
and unlike-
ly to be in-
fluenced by
knowledge
of the inter-
vention re-
ceived.

However,
there is no
evidence of
selective re-
porting
 

as there is
potential for
confound-
ing, and
concerns
abound
missing da-
ta
 
 

Table 7.   ROBINS-I assessment for: first dose of whole-cell versus acellular pertussis vaccine before 6 months of age. Outcome: diagnosis of asthma
by 10 years of age  (Continued)

aProportion of missing outcome data
• Diagnosis of asthma by 10 years: wP = 259/595; 43.53%. aP = 112/224; 50.00%
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A P P E N D I C E S

Appendix 1. Glossary

 

Acellular pertussis (whooping
cough) vaccine

A whooping cough vaccine prepared from the purified antigenic components of the bacterium
Bordetella pertussis. This type of vaccine is usually available in combination with diphtheria and
tetanus toxoids

Allergen Antigen that can cause an allergic reaction

Allergic rhinitis or allergic rhi-
no-conjunctivitis (hay fever)

Allergic reaction to aero-allergens (e.g. house dust mite, pollens, etc.) that causes itchy nose, nasal
congestion, sneezing, itchy/watery eyes, or a combination of these symptoms

Anaphylaxis A serious allergic reaction that is rapid in onset and may cause death

Antibody See immunoglobulin

Antigen Any substance that is recognised by the immune system. Antigens normally trigger a reaction by
the immune system

Asthma A long-term condition of the lungs where inflammation causes narrowing and swelling of the air-
ways and increased production of mucous. It commonly manifests as persistent cough, wheezing
and difficulty breathing

Atopic dermatitis (atopic
eczema)

A long-tem non-infectious skin disease that often starts before the age of 12 months, and common-
ly causes dry, hot, itchy and red skin

Atopic march Proposed theory of the disease progression of some allergic illness. The theory suggests disease
starts in early infancy with eczema, followed by IgE-mediated food allergy, hay fever and asthma

Bacillus Calmette-Guérin
(BCG) vaccine

Suspension of a live but weakened strain of the bacterium Mycobacterium bovis, used as a vaccine
against tuberculosis

Beta-lactoglobulin The major whey protein of cow's milk. Beta-lactoglobulin is absent in human's milk

Case-control study A study that compares people with a specific disease or outcome of interest (cases) to people from
the same population without that disease or outcome (controls), and which seeks to find associa-
tions between the outcome and prior exposure to particular risk factors. This design is particularly
useful where the outcome is rare and past exposure can be reliably measured

Challenge-confirmed (proven)
IgE-mediated food allergy

Diagnosis of IgE-mediated food allergy confirmed with a medically supervised oral food challenge

Chronic inflammation (chronic
allergic inflammation)

Long-term inflammatory response caused by repetitive exposure to a particular allergen. Its main
features are the presence of many immune cells at the affected site, as well as changes in the func-
tion and external characteristic of the cells within the affected tissue

Cluster randomised trial A trial in which clusters of individuals (e.g. clinics, families, geographical areas), rather than individ-
uals themselves, are randomised to different groups

Cohort study An observational study in which a defined group of people (the cohort) is followed over time. The
outcomes of people in subsets of this cohort are compared, to examine people who were exposed
or not exposed (or exposed at different levels) to a particular intervention or other factor of inter-
est. A prospective cohort study assembles participants and follows them into the future. A retro-
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spective (or historical) cohort study identifies participants from past records and follows them from
the time of those records to the present

Comorbidity The presence of one or more diseases or conditions other than those of primary interest

Cytokines Proteins secreted by a variety of cells, including the immune cells. Cytokines are important regula-
tors of the intensity and duration of the immune response. They can act on the same cell that se-
creted them, on nearby cells, and more rarely, on distant cells

Encephalopathy An uncommon but potentially serious condition affecting the brain

Epidermal barrier See epidermis

Epidermal barrier disruption Damage of the external layer of the skin. In people with atopic dermatitis, this may lead to ongoing
exposure to allergens (e.g. peanut) and further allergic (IgE-mediated) sensitisation

Epidermis The external (non-vascular) layer of the skin

Genomic analysis Analysis of genomic content using next or third-generation sequencing technologies

Immune response The body's reaction of cells and fluid to a substance that is recognised by the immune system as
foreign

Immunoglobulin A protein produced by some immune cells that helps the body fight disease. In some cases (e.g.
atopic diseases), immunoglobulins may be directly involved in the disease mechanism

Immunoglobulin E (IgE) The class of antibody involved in allergic reactions (allergic immune responses)

Immunoglobulin E (IgE)-medi-
ated hypersensitivity reaction

Immune response to a specific allergen (e.g. peanut) that is mediated by immunoglobulin E

Immunoglobulin E (IgE)-medi-
ated sensitisation

Development of Ig-E against a specific allergen (e.g. house dust mite)

Immunophenotype Phenotypic features (types of antigens or markers) of the immune cells

Lung (pulmonary) function
tests

A group of tests that measure how well the lungs work

Morbidity Illness or harm

Non-communicable diseases Diseases that are usually long in duration and are not contagious

Oral food challenge Medically supervised procedure where small and increasing amounts of a food are fed to a patient,
to confirm if the food being tested causes an allergic reaction

Pathologically skewed Th2 im-

mune responses

Abnormally biased (polarised) Th2 immune response (see T-cell polarisation and type 2 immune re-

sponse for further explanation)

Pentavalent vaccine (pentava-
lent formulation)

In the background section, this term alludes a '5-in-1' vaccine that provides protection against
diphtheria, tetanus, whooping cough (pertussis), hepatitis B and Haemophilus influenzae type b
disease. The '5-in-1' combination vaccine that this text refers to contains wP

Phenotype Observable characteristics of an organism

Priming A key process for the generation of vaccine-specific immune cells

  (Continued)
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Randomised controlled trial An experiment in which two or more interventions, possibly including a control intervention or no
intervention, are compared by being randomly allocated to participants

Reactogenicity Local (e.g. injection site redness) and systemic (e.g. fever, diarrhoea) expected reactions that occur
following vaccination and are usually mild and self-limiting

Spirometrically confirmed
asthma

Diagnosis of asthma confirmed by lung function testing

T-cell polarisation Biased or skewed immune response for a T-cell type(s). This occurs due to the release of cytokines
triggered by antigen presenting cells

Th1 cells Subset of CD4 + T cells that enhances the immune response against intracellular (within the cell)

pathogens (microorganisms that can cause disease)

Th17 cells Subset of CD4 + T cells that enhances the immune response against some fungi and bacteria

Th2 cells Subset of CD4 + T cells that enhances the production of IgE and the immune response to helminths

(worms) and allergens

Toxoid A toxin that has been altered or inactivated and cannot cause disease. Toxoids are used in some
combination vaccines (e.g. diphtheria and tetanus toxoids) as they can elicit immune responses

Type 1 immune response Immune response to intracellular (within the cell) pathogens (microorganisms that can cause dis-
ease)

Type 2 cytokines Cytokines involved in type 2 immune responses (e.g. interleukin-4, interleukin-5 and inter-
leukin-13)

Urticaria A type of vascular reaction of the skin, characterised by a red or pink itchy rash and the presence of
blotches (wheals). Some common conditions that may present with urticaria are infection, stress
and allergy

Variable expiratory airflow lim-
itation

More variation in how much air is blown out (exhaled) than would be expected in a healthy person

Whole-cell (whooping cough)
pertussis vaccine

A whooping cough vaccine prepared from inactivated Bordetella pertussis. This type of vaccine is
mainly available as a pentavalent formulation with diphtheria and tetanus toxoids, Haemophilus
influenzae type b and hepatitis B antigens

  (Continued)

 

Appendix 2. Cochrane Central Register of Controlled Trials (CENTRAL) search strategy

1. MeSH descriptor: [Pertussis Vaccine] explode all trees

2. (pertussis vaccin*):ti,ab,kw

3. (Whooping cough vaccin*):ti,ab,kw

4. MeSH descriptor: [Diphtheria-Tetanus-Pertussis Vaccine] explode all trees

5. (whole-cell OR 'whole cell' OR wP OR DTwP OR DTPw OR DTP OR DTwcP OR DTPwc) NEAR/5 vaccine

6. MeSH descriptor: [Whooping Cough] explode all trees

7. (whoop*):ti,ab,kw

8. MeSH descriptor: [Bordetella pertussis] explode all trees

9. (pertuss*):ti,ab,kw

10.#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9

11.#10 with Publication Year from 1970 to present, in Trials

Whole-cell pertussis vaccine in early infancy for the prevention of allergy in children (Review)
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12.child* OR preschool* OR school* OR young OR infant* OR toddler* OR pediatric* OR paediatric*

13.#11 AND #12

Appendix 3. Ovid MEDLINE (R) search strategy

1. exp Pertussis Vaccine/

2. 'pertussis vaccin*'.ti,ab.

3. 'whooping cough vaccin*'.ti,ab.

4. exp Diphtheria-Tetanus-Pertussis Vaccine/

5. ((whole-cell or wP or DTwP or DTPw or DTP or DTwcP or DTPwc) adj5 vaccine).mp. [mp=title, abstract, original title, name of substance
word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol
supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]

6. 'whoop*'.ti,ab.

7. exp Bordetella pertussis/

8. 'pertuss*'.ti,ab.

9. (child* or preschool* or school* or young or infant* or toddler* or pediatric* or paediatric*).mp. [mp=title, abstract, original title, name
of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word,
protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]

10. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8

11. 9 and 10

12. exp cohort studies/ or exp epidemiologic studies/ or exp clinical trial/ or exp evaluation studies as topic/ or exp statistics as topic/

13. ((control and (group* or study)) or (time and factors) or program or survey* or ci or cohort or comparative stud* or evaluation studies
or follow-up*).mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword
heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word,
unique identifier, synonyms]

14. or/12-13

15. (animals/ not humans/) or comment/ or editorial/ or exp review/ or meta analysis/ or consensus/ or exp guideline/

16. hi.fs. or case report.mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word,
keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary
concept word, unique identifier, synonyms]

17. or/15-16

18. 14 not 17

19. 11 and 18

20. limit 19 to yr='1970 -Current'

Appendix 4. Embase search strategy

1. exp pertussis vaccine/

2. 'pertussis vaccin*'.ti,ab.

3. 'whooping cough vaccin*'.ti,ab.

4. exp diphtheria pertussis tetanus vaccine/

5. exp diphtheria pertussis tetanus Haemophilus influenzae type b hepatitis B vaccine/

6. ((whole-cell or wP or DTwP or DTPw or DTP or DTwcP or DTPwc) adj5 vaccine).mp.
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7. 'whoop*'.ti,ab.

8. exp Bordetella pertussis/

9. 'pertuss*'.ti,ab.

10. (child* or preschool* or school* or young or infant* or toddler* or pediatric* or paediatric*).mp.

11. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9

12. 10 and 11

13. exp cohort studies/ or exp epidemiologic studies/ or exp clinical trial/ or exp evaluation studies as topic/ or exp statistics as topic/

14. ((control and (group* or study)) or (time and factors) or program or survey* or ci or cohort or comparative stud* or evaluation studies
or follow-up*).mp.

15. or/13-14

16. (animals/ not humans/) or comment/ or editorial/ or exp review/ or meta analysis/ or consensus/ or exp guideline/

17. hi.fs. or case report.mp.

18. or/16-17

19. 15 not 18

20. 12 and 19

21. limit 20 to (embase and yr='1970 -Current')

Appendix 5. Search strategies (other resources)

ClinicalTrials.gov

• Pertussis (condition or disease)

• Pertussis vaccine (other terms)

EMA

• Search terms: Pertussis

• Filters:
◦ Human

◦ European public assessment reports (EPAR),

◦ Paediatric investigation plans

◦ Authorised

◦ Withdrawn

FDA

• Search terms: Pertussis vaccine

GSK trial registry

• Advanced search

• Keyword search: pertussis vaccine

• Filters
◦ Age: birth-17 years

◦ Vaccine studies: vaccine studies only

Open Grey

• Search terms: Pertussis vaccine

Pfizer
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• Find a trial
◦ Condition, keyword or NCT number: pertussis

Sanofi Pasteur

• Search term: pertussis

• Clinical trials and results

WHO ICTRP (790 records for 608 trials found):

• Pertussis vaccine
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

• The primary safety outcome (SAEs following immunisation) was defined in our protocol according to the International Conference of
Harmonisation (ICH 1997). In this review, we also deemed it appropriate to report data on the following outcome domains/endpoints
extracted from the SAE definition:
◦ death;

◦ events leading to admission to hospital;

◦ events described as life-threatening; and

◦ events leading to persistent disability or incapacity.

• We originally stated in our protocol that "diagnosis of anaphylaxis" and "diagnosis of urticaria" were secondary outcomes of interest.
To avoid confusion with vaccine-associated anaphylaxis and vaccine-associated urticaria, these outcomes were listed as: "diagnosis of
anaphylaxis (not vaccine-associated)" and "diagnosis of urticaria (not vaccine-associated)".

• In this review we provide clarification regarding the diagnosis of primary and secondary atopic outcomes, for data extraction purposes.

• This review summarises the methods implemented to extract data from figures. These have been included in the section Dealing with
missing data.

• The section Assessment of reporting biases was updated following the advice provided in the ROBINS-I resources and reporting
guidance (Cochrane Methods 2020). This guidance advises authors to include the consensus decisions for the signalling questions as
supplemental data or files.

• We specified in our protocol that stratified meta-analyses would be carried out using random-eGects inverse variance methods with
RRs and 95% CIs for dichotomous outcomes. Because the safety outcome/endpoints of interest were uncommon, we used the Mantel-
Haenszel method to summarise the RR and 95% CIs without zero-cell corrections, as specified in Data synthesis section.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

Bias;  *Eczema;  *Hypersensitivity, Immediate;  Pertussis Vaccine  [adverse eGects];  *Whooping Cough

MeSH check words

Adolescent; Child; Child, Preschool; Humans
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