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0.2 25 April 2023 - Restricted eligible study designs to (cluster) randomised

controlled trials.

- Clarified that studies targeting healthcare workers as the
intended recipients of vaccinations are not eligible for
inclusion.

- Changed “We will characterise the features of interventions
using the Communicate to Vaccinate taxonomy....” to “We will
characterise the features of interventions based on the ‘5As’ —
a practical taxonomy for the determinants of vaccine uptake.”
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1. Background and scientific rationale

The COVID-19 pandemic has brought into sharp focus the potentially devastating impact of infectious
diseases for individuals, societies and economies. Vaccines are an extremely powerful and highly
cost-effective public health intervention to reduce morbidity and mortality (1). High vaccine uptake is
critical for combatting infectious diseases, not only by protecting individuals but also promoting herd
immunity (2). However, there have been concerning declines in the uptake of routine childhood
vaccinations in the UK in recent years, exacerbated by the pandemic. The UK lost its ‘measles-free’
status in 2019, and in 2021 MMR vaccine coverage remained below the 95% target (3, 4). Measles
cases have been rising rapidly in Europe, demonstrating how quickly potentially deadly childhood
infections can resurge when vaccine coverage is sub-optimal (5).

Optimising vaccine provision is the first strategic priority in the Public Health England (now UK Health
Security Agency) Infectious Diseases Strategy 2020-25 (6), but there are ongoing challenges in
achieving and maintaining high vaccine uptake. Vaccine hesitancy (a delay in acceptance or refusal
of vaccination despite availability of vaccination services) has been identified as one of the biggest
threats to global health (7). Its key drivers are: ‘Confidence’ — e.g. lack of trust in the effectiveness
and safety of vaccines; ‘Complacency’ — e.g. failure to appreciate the potential severity of some
childhood diseases owing to reductions in the population due to vaccination programmes; and
‘Convenience’ - ease of access to vaccination services, a known barrier including in the UK (8, 9).

A wide range of interventions have been applied to increase vaccine uptake, including patient
call/recall and reminders, education, media campaigns, improving access to vaccination and
incentives. However, there are important gaps in the evidence around determining which interventions
or features of interventions are most effective, in which population groups and contexts, and in
identifying the ‘active’ components of multi-component interventions.

Interventions designed to increase vaccine uptake are typically complex, with multiple components,
and standard approaches to evidence synthesis may not capture the complexity. Existing reviews on
the topic conduct traditional pair-wise meta-analyses (10, 11). While useful to answer ‘in principle’
questions such as “are XX interventions effective compared with a single control/comparator”,
standard meta-analysis tends to lump different types of interventions together into broad categories
and is not well able to address the complexity of interventions and the influence of the context in which
they are applied.

We will use a component network meta-analysis approach. This allows the comparative effectiveness
of multiple active interventions to be evaluated in a coherent way, enabling us to answer questions
such as “which intervention, components or combination of components are most effective for XX?”.
This provides a more meaningful analysis of complex interventions and a nuanced evidence base
with which public health practitioners can identify the most effective interventions for their specific
population and context.

The pandemic has highlighted and widened health inequalities. COVID-19 vaccine uptake is lower in
some population sub-groups e.g. ethnic minority groups and deprived communities (12), as is
observed for other routine vaccinations (13, 14). It is crucial that we identify effective interventions
that can address these inequalities so that tailored strategies can be applied to under-vaccinated
groups. Working closely with stakeholders (including co-applicants Yates and Letley from the UK
Health Security Agency), as a key objective we will identify which intervention components and
packages work best for underserved communities who may have lower vaccine uptake. We will also
consider the potential cost-effectiveness of strategies found to be effective. This will generate new
knowledge and help enable improved local and adaptable intervention design, and the tailoring of
interventions for specific communities, ensuring that the outputs of our work are valuable for informing
policy and practice.
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This work is relevant to: i) maintaining and enhancing routine vaccination programmes; ii) ensuring
high levels of COVID-19 vaccine coverage in the coming years (if, as has been suggested, this
becomes a seasonal vaccine); and iii) preparing for future infectious disease epidemics and
pandemics.

Existing literature

Whilst there are numerous published reviews on the effectiveness of interventions to increase vaccine
uptake, each addresses specific populations, vaccine types and/or interventions. Existing Cochrane
reviews include those examining influenza vaccination uptake in older adults (11), and patient
reminder and recall interventions (10). The National Institute for Health and Care Excellence (NICE)
recently published a guideline ‘Vaccine uptake in the general population’ (15). Although this covers
all populations eligible for vaccines on the UK routine immunisation schedule, the large body of
evidence on seasonal vaccinations such as influenza is excluded. We are not aware of any high-
guality reviews synthesising all the evidence on interventions targeting vaccine recipients (or their
caregivers) to increase vaccine uptake. Bringing all the evidence together is highly relevant to the
COVID-19 pandemic and other such future scenarios where new vaccines may be applied across the
whole population, potentially seasonally. Importantly, the NICE evidence syntheses are not complex,
for example, no network meta-analyses were conducted. Naive syntheses may fail to pick up
important differences between groups/contexts or to capitalise on similarities.

Based on studies included in existing published systematic reviews, we estimate the number of
primary studies eligible for inclusion in our review is at least 250-300. This estimate is supported by
the draft NICE evidence reviews which include 178 potentially relevant primary studies (searches
conducted May 2021) (15). As noted, the NICE review excludes studies on influenza vaccine uptake,
but other key systematic reviews indicate that the evidence base on influenza vaccines is sizable (e.g.
the aforementioned 2018 Cochrane review on influenza vaccination uptake in older adults included
49 primary studies potentially eligible for inclusion in our evidence synthesis).

There has been a major increase in interest in the topic of vaccine uptake due to COVID-19. Of
concern, however, a recent assessment of 88 systematic reviews on COVID-19 found nearly all (97%)
were of poor quality (16). Meanwhile, a 2019 review on the quality of reporting in systematic reviews
on interventions to increase vaccine uptake found that the mean percentage of applicable PRISMA
items that were met across all studies was 66% (range 19-100%) (17). This demonstrates the need
for robust and properly resourced evidence syntheses to ensure public health recommendations are
based on reliable evidence.

With regard to the economic evidence, the NICE guideline ‘Vaccine uptake in the general population’
included 11 cost-utility or cost-effectiveness studies on reminder, education, multicomponent and
financial incentive interventions (15). Existing reviews have reported notable variation in the costs of
interventions (18-21). A wide range of factors will contribute to this variability in costs including the
scope of the intervention, characteristics and components of the intervention, and the context in which
the intervention is applied.

In summary, there is currently a gap between the available evidence base and the nuanced
information required to identify and apply effective tailored interventions in practice. Bringing all the
evidence together and conducting our unique synthesis will provide highly relevant and robust
information to support vaccination programmes.
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2. Research question

Our research aims to address the question “Which interventions, or components of interventions, are
most effective in increasing vaccine uptake in high and upper-middle income countries?”

Our specific objectives are to:

1. Collate and appraise the evidence on interventions designed to increase vaccine uptake.

2. Synthesise the evidence to establish which interventions are most effective.

3. Explore variation in the effectiveness of interventions according to intervention features, type of
vaccine, context and socio-demographic characteristics of the population to gain new insights.

4. Collate data on intervention costs and existing economic evaluations.

3. Methods

Review conduct

We will conduct a comprehensive systematic review guided by the Cochrane Handbook for
Systematic Reviews of Interventions (22). The review protocol will be registered with PROSPERO
(https://www.crd.york.ac.uk/prospero/). Reporting will follow the PRISMA guideline (23).

Eligibility criteria
Criteria for selecting studies for inclusion in the review are detailed below.

Types of vaccines: All universal and selective/targeted vaccinations on the UK immunisation
schedule, including seasonal vaccinations such as influenza, but excluding travel vaccinations.

Participants: Studies on all population groups living in the community and eligible for vaccination (or
carers of those eligible for vaccination), including parents of young children, adolescents and adults.
Interventions targeting hospital inpatients, prisoners, and residents of care/nursing homes or other
such residential institutions will be excluded. We will also exclude studies targeting healthcare workers
as the intended recipients of vaccinations. Eligible studies are those with at least 100 participants at
baseline.

Interventions: Based on the broad intervention categories used by the Community Preventive
Services Task Force (24), we will include any type of intervention aimed at increasing demand for, or
access to, vaccination. These comprise interventions targeting the intended recipients of vaccines or
their caregivers. Such interventions may include, for example, communication, education, and
information strategies delivered by any means (e.g. letters, leaflets, educational campaigns,
mainstream and social media campaigns, vaccination campaigns) as well as patient reminders,
recalls and incentives, and interventions designed to increase access via different delivery models
such as ‘pop up’ clinics, home visits, specific sessions for underserved communities, or reducing
bureaucracy (e.g. not needing to have an NHS number or be registered with a GP).

We will exclude provider- or system- based interventions (e.g. provider assessment and feedback,
provider incentives). Studies applying multicomponent interventions aimed at both the intended
recipients of vaccines and providers or systems will be excluded, unless effectiveness data is
available for the component targeting the intended recipients of vaccines alone.

Comparators: Studies using comparator groups of no intervention, usual care, waitlist, attention
placebo or an alternative eligible intervention will be included.

Outcome of interest: Vaccine uptake, including single vaccinations and/or completion of a full
vaccination course, documented in medical records or self-reported. We will exclude studies only
reporting on outcomes such as attitudes to vaccination and intention to vaccinate.
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Types of studies: Randomised controlled trials (RCTs; cluster or individually randomised). Cluster
RCTs must have at least three intervention sites and three control sites.

Context: We will include studies, published from 2000 onwards, undertaken in high and upper-middle
income countries, as defined by the World Bank.

Search methods for identification of studies

A comprehensive two-stage search strategy will be developed built around existing high-quality
systematic reviews on the topic. This will include two large Cochrane reviews (10, 11) and NICE
evidence reviews (15, 25). Initially we will capture studies included in such systematic reviews. We
will then organise these into high level themes/intervention types around which we will build a bespoke
search strategy to capture studies not included in these existing reviews.

We will search the following electronic databases for reviews and primary studies: Cochrane Library
Database of Systematic Reviews (CDSR); Cochrane Central Register of Controlled Trials
(CENTRAL); Epistemonikos; Health Evidence (McMaster University); EPPI Centre Database of
Promoting Health Effectiveness Reviews (DoPHER); EPPI Centre Database of Trials Register of
Promoting Health Interventions (TRoPHI); NIHR Journals Library; MEDLINE ALL (Ovid); Embase
(Ovid); PsycINFO (Ovid); Cumulative Index to Nursing and Allied Health (CINAHL) (EBSCOhost);
British Education Index (EBSCOhost); Educational Resources Information Center (ERIC)
(EBSCOhost); Sociological Abstracts (ProQuest). The electronic search strategy will be developed
using a combination of Subject Headings (e.g. MeSH terms), keywords and search syntax appropriate
to each resource. No language restrictions will be applied. We will also search for abstracts from key
conferences such as Vaccine Congress.

We will search for grey literature (primarily theses) using: Open Grey; ProQuest Dissertations &
Theses Global; DART-Europe E-theses Portal; British Libraries e-theses online service (EThOS);
Networked Digital Library of Theses and Dissertations (NDLTD); Open Access Theses and
Dissertations (OATD). We will also use the reference lists of eligible study reports as an additional
source of relevant primary studies. Search hits will be managed in Endnote.

Selection of studies for inclusion

Following the deduplication of search hits in Endnote, all unique references will be imported into
Covidence (https://www.covidence.org/). Screening will be conducted independently by two
reviewers. Discrepancies will be resolved by discussion, with the involvement of a third reviewer as
necessary. Reasons for exclusion at the full text screening stage will be documented using a pre-
defined hierarchical list. Where more than one publication pertaining to the same study is identified
we will use the most comprehensive as the main source, with additional information sought from
associated publications as required.

Data extraction

Key data items (intervention characteristics and numeric data on outcomes) will be independently
extracted by two reviewers using a pre-defined database. Other items will be extracted by one
reviewer and checked for accuracy by a second. Data items that are already documented within
existing high-quality systematic reviews (e.g. NICE or Cochrane reviews) will be extracted from the
primary study report(s) by one reviewer and then compared with the data presented within the existing
review. If any discrepancies are identified, the data item(s) will be checked by a second reviewer.
Data items to be extracted will include study setting; study design; number of participants and
participant characteristics (including socio-demographics); vaccine(s); intervention details including
all components; population reach (i.e. number of people in the target population, or, in the case of
trials, in the group that received the intervention), outcome specification (e.g. uptake of single vaccine
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dose or completion of a vaccination course); method of outcome assessment; numeric data on the
number of vaccinated and unvaccinated individuals in the intervention and comparator groups and
reported effect estimates (unadjusted and adjusted) with 95% confidence intervals.

If a study reports outcome data at multiple time points we will use the primary outcome as specified
by the authors of that study. Where studies report on both uptake of a first vaccine dose and
completion of the full vaccination course both will be extracted. Where insufficient data are reported
we will contact the study authors to request the required information with one reminder to non-
responders.

Risk of bias

Risk of bias (RoB) will be assessed separately for different outcomes. Therefore, for example, for
studies reporting on both uptake of a single vaccine dose and completion of a full vaccination course
two risk of bias assessments will be carried out. Bias will be assessed using the Cochrane RoB 2 tool
(26). Assessments will be conducted independently by two reviewers, except for studies that have
already been assessed, using the RoB 2 tool, as part of existing high-quality systematic reviews (e.g.
NICE or Cochrane reviews). For these, the assessment will be conducted by one reviewer using
information provided in the primary study report(s) and then compared with the assessment presented
in the existing review. If discrepancies are identified, the assessment will be checked by a second
reviewer.

Confidence in the body of evidence

We will assess certainty in our findings broadly following the Confidence in Network Meta-Analysis
(CINeMA) framework (27), which is based on GRADE (Grading of Recommendations, Assessment,
Development and Evaluations) (28). The framework can be applied directly to standard and network
meta-analysis through the CINeMA software. For component network meta-analysis, no comparable
tool currently exists and we will adopt the CINeMA framework as a basis for reaching judgements
outside of the CINeMA software.

Economic evidence

During data extraction, any studies reporting relevant cost and health economic information will be
flagged. We will then extract information on intervention costs and any health economic evaluations
of interventions (or components) that we find to be effective in increasing vaccine uptake. Additionally,
we will specifically search for health economic evaluations of the interventions in our included studies
that may have been reported on separately. This will include examining trial registrations and
protocols of studies included in our systematic review to identify where an economic analysis was
intended, and then locating these using forward citation searching. Relevant systematic reviews will
also be examined.

Data items for extraction (where reported) will include: total cost of intervention, cost of intervention
per person vaccinated (or raw data with which to estimate this), quality-adjusted life years (QALYS)
and incremental cost-effectiveness ratios from both cost-utility and cost-effectiveness analyses. We
will work with our stakeholders to develop a hierarchy for the extraction of these items to ensure that
our outputs are useful for policy and practice. Quality of the economic evidence for each study will be
assessed using the Drummond checklist (29).

Extracted data will be tabulated alongside information on intervention reach and effectiveness,
stratified by e.g. intervention type and population group. Where reported we will collate intervention
costs, incremental cost-effectiveness ratios and characteristics of any economic evaluations stratified
by individual components and for the intervention overall.
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We will be mindful that our reporting and interpretation of intervention effectiveness and associated
costs does not have the potential to inadvertently cause any widening of inequalities. This could be
the case if, for example, we find in our analyses that interventions that effectively optimise vaccine
uptake in underserved groups are more costly than those targeting the wider population. To address
this, we will also give consideration to whether the costs of any intervention might differ according to
the target population, even if not directly reported on in the individual studies included in our synthesis.

The analytic framework

We have developed a preliminary logic model which will inform our analytical approach to evidence
synthesis. Our analytic framework will incorporate the key characteristics of interventions and the
context in which they are applied as well as the characteristics of the population. The framework will
be further developed and refined through discussions with our stakeholders and patient and public
involvement (PPI) group.

In developing our analytic framework we will consider in detail the determinants of vaccine hesitancy.
These are complex and context specific, varying by time, place and specific vaccine. We will start by
considering the three ‘Cs’ described earlier (confidence, complacency and convenience). Vaccine
hesitancy is a behaviour resulting from a decision-making process. Any intervention to increase
vaccine uptake may influence multiple determinants of hesitancy and ultimately aims to change
people’s behaviour. The development of our framework will thus be further informed by the SAGE
Working Group on Vaccine Hesitancy ‘Vaccine Hesitancy Determinants Matrix’ which categorises the
factors that influence the behavioural decision-making process around vaccination into three
domains: (i) contextual influences (e.g. historic, socio-cultural, environmental, health
system/institutional, economic or political factors); (ii) individual and group influences (e.g. personal
perception of the vaccine or influences of the social/peer environment); and, (iii) vaccine and
vaccination-specific issues that are directly related to the characteristics of the vaccine or the
vaccination process (9, 30). Consideration of likely mechanisms of action of interventions to increase
vaccine uptake will be underpinned by behaviour change theory.

Characterisation of the features of interventions

We will undertake a detailed examination of variability in intervention effectiveness according to
intervention features, type of vaccine, context and socio-demographic characteristics of the
population. We will characterise the features of interventions using the ‘5As’ — a practical taxonomy
for the determinants of vaccine uptake (31), adapting and supplementing this where necessary by co-
producing de novo high-level coding of intervention features and contexts with input from experts,
stakeholders and the public (particularly members of underserved communities) to identify which
features are likely to be most important. We will determine which of these features can be accurately
identified from the intervention descriptions, and draw as required on other existing taxonomies (e.g.
Behaviour Change Techniques) (32), and theory (e.g. Protection Motivation Theory, Necessity-
Concerns framework) (33, 34). Agreement on de novo coding will be achieved through discussions
within our project team, who bring a diverse range of expertise and perspectives and includes UK
Health Security Agency stakeholders, with our project collaborators who include further public health
stakeholders (e.g. in local authorities) and with members of our PPI group. We will apply methods
adapted from intervention development to integrate theory, evidence and expert, stakeholder and
public perspectives (35, 36).

Evidence synthesis

We will prepare a statistical analysis plan prior to commencing our analyses.
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Pair-wise and network meta-analyses

Our initial synthesis will involve a series of pair-wise and network meta-analyses to examine the broad
intervention approaches individually and in comparison with others. For this initial synthesis we will
group interventions at a high level, broadly following the themes/intervention types created as part of
our search strategy. Odds ratios or risk ratios and 95% confidence intervals will be used (including
adjusted estimates where reported) for each outcome reported in each study, where possible
following an intention to treat approach. Where necessary, transformations between risk ratios and
odds ratios will be implemented based on overall proportions of events. Where authors of cluster
RCTs have not accounted for clustering in the analyses we will adjust for this using methods outlined
in the Cochrane Handbook (22).

Pair-wise random-effects meta-analyses will be conducted using methods described in the Cochrane
Handbook (22). Where heterogeneity is present this will be investigated with meta-regression
techniques using a pre-defined set of explanatory variables (e.qg. initially population group and vaccine
type) which will be detailed in our statistical analysis plan.

We will perform network meta-analysis to allow the simultaneous comparison of multiple interventions
in a single model. Analyses will be conducted within a Bayesian framework. Evidence of incoherence
will be sought from a combination of node splitting and design-by-treatment interaction models (37,
38). Where there is evidence of incoherence, we will firstly check the data for potential data extraction
errors that may contribute to this incoherence and correct any errors identified. We will next explore
reasons for any incoherence using network meta-regression techniques, including potential effect
modifiers as covariates (39).

(Component) network meta-analyses to explore variation in the effectiveness of interventions

We will use both network and component network meta-analysis models to explore
interventions/components and aspects of context in detail. This will allow us to identify the (most)
effective components or combination of components of interventions, and the population groups and
contexts in which they are most effective.

Initially we will develop basic component network meta-analysis models which assume that
intervention components have additive effects (i.e. that the effect of an intervention that comprises
two components, A and B, is the sum of the effects of A and B) and there are no interactions between
components. We will then extend the models to allow for interactions between components which
may act synergistically or antagonistically thus resulting in either larger or smaller effects than the
simple sum of their effects.

Variables for inclusion in our network and component network meta-analysis models will include
coded components of intervention features and the context into which the intervention is introduced
as well as the characteristics of the population. We use the term ‘context’ here to include ‘setting’ but
cover a broader range of dimensions, as defined in the Craig et al guidance on taking account of
context in population health intervention research (40). Example aspects of context that we will
consider in our analyses include the geographical/environmental setting (e.g. high vs. upper-middle
income countries; country; primary care; schools; wider community), social/leconomic (e.g.
neighbourhood deprivation), and service/organisational (e.g. socialised vs. privatised health system).
Recognizing the huge impact of the COVID-19 pandemic on the context into which interventions are
introduced, we also plan to undertake sub-group analyses separating out studies conducted pre-
pandemic and during/after the pandemic.

We will also investigate inequalities in the effectiveness of interventions. This will initially be done at
the intervention level and where variations are identified we will further explore these within our
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component network meta-analyses. We will consider all PROGRESS items (place of residence,
race/ethnicity/culture/language, occupation, gender/sex, education, socio-economic status and social
capital) for which we find meaningful data (41). We will examine whether the effects of interventions
differ according to these characteristics. We will use data both from studies that specifically focus on
these groups and those that provide a breakdown of the study population by socio-demographic
characteristics. Where this information is not reported we will request it from the study authors. To
address intersectional inequalities for marginalised groups with combinations of characteristics, we
will explore extending the components framework to apply it to participant characteristics — this allows
combinations of these to be modelled as having additive, synergistic or antagonistic impacts on
effectiveness.

Social exclusion is associated with the poorest health outcomes (42) thus where there are sufficient
data we will also examine the effectiveness of interventions to increase vaccine uptake in specific
groups of the most underserved communities such as vulnerable migrants, Gypsy, Roma or Traveller
communities and the homeless.

Identification of key gaps in the evidence

We will formally identify gaps in the evidence that could widen inequalities by tabulating the evidence
for intervention effectiveness in different populations against key PROGRESS items (e.g. sex,
ethnicity, socio-economic status, educational status) and for specific underserved communities (e.g.
vulnerable migrants). We will work with our stakeholders and PPI group to determine which of the
identified gaps in the evidence are most important and could potentially lead to a widening of
inequalities. We will then aim to fill any such gaps, for example, by seeking information on ‘what works’
from existing best practice examples from trusted sources such NHS evidence insights ‘Reducing
health inequalities in vaccination’ (43) and Royal College of General Practitioners rapid evidence
reviews ‘Increasing COVID-19 vaccination rates among vulnerable patients’ (44). Then, where crucial
gaps remain, we will seek input from our stakeholders and PPI group regarding their knowledge and
views of which interventions (or components of interventions) they have observed working well, or
believe could work well, in their population. Of note, these sources of information will not provide
evidence of the same rigour as our core evidence synthesis. Appropriate caveats will therefore be
applied to any such data used.

Patient and Public Involvement

We will recruit a PPI group of 8-10 people and identify three members to join the core project team
(including a member from an underserved group). We will use a collaborative approach to work with
our PPI contributors aligned to the INVOLVE definition ‘an ongoing relationship between researchers
and the members of the public...where the decisions about the research are shared’ (45). Since there
are known inequalities in vaccination according to factors such as ethnic group and deprivation, we
aim to recruit a diverse group. This will be achieved by drawing on our links with People in Health
West of England (PHWE), the NIHR Health Protection Research Unit in Behavioural Science and
Evaluation community involvement projects, and the Health and Wellbeing Alliance, as needed.

With reference to the UK Standards for Public Involvement ‘Inclusive opportunities’ (46) we will strive
to offer PPl opportunities that are accessible. We will use resources such as Equality Impact
Assessments to ensure we are not inadvertently creating barriers to involvement. To ensure any
issues identified are addressed, we will generate actions that are Smart, Measurable, Achievable,
Realistic and Time-orientated. We will state who will take action, when, and how this will be monitored.
Our Equality Impact Assessment will be a live document, reviewed prior to each PPI activity.

We will develop a communication plan with our PPI group to ensure our methods are flexible and
inclusive. We will meet with PPl members regularly, initially to collaboratively shape a strategic
approach to their role. Training on study methods will be provided during meetings, using materials

10
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previously successfully used by the project team. The group will be asked to input into the research
including: framing the research; refining the logic model and intervention coding; contextualising initial
findings and shaping subsequent analyses; interpretation of findings and development of
recommendations; and dissemination.

Our PPI lead will ensure that members are trained and supported in their role. We will identify the
most appropriate tools (using PHWE's extensive resources) for our members and where required, will
tailor these to their specific needs. Training and support to enable all members to join any online
meetings will be provided as required.

We will incorporate PPI evaluation, using the Cube framework (47) and theory-driven logic models to
evaluate impact. Our PPI lead will support PPI contributors to be involved in the evaluation processes.

11
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