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Abstract: Background: Immunisation is an effective intervention for controlling more than 20 life-
threatening infectious diseases, reducing both morbidity and mortality. One major vaccination-
related achievement was the worldwide eradication of smallpox; the world was declared free of
smallpox by the World Health Assembly on 8 May 1980. A second major vaccination-related success
has been a reduction in wild poliovirus cases by 99.9% since 1988, from more than 350,000 incident
cases that year to 30 in 2022. Objectives: To assess the effects of interventions aimed at increasing
vaccination uptake among adults. Search methods: A search was conducted in CENTRAL, Embase
Ovid, Medline Ovid, PubMed, Web of Science, and Global Index Medicus databases for primary
studies, in August 2021, and updated in November 2024. Selection criteria: Randomised trials,
irrespective of their publication status and language of publication, were eligible for inclusion in this
review. Data collection and analysis: Two review authors independently screened records, assessed
full-text articles to identify potentially eligible studies, extracted data, and evaluated risk of bias,
resolving differences by consensus. For each included study, we calculated risk ratios (RR) with 95%
confidence intervals (CI). We pooled study results using random-effects meta-analyses and used
GRADE to assess the certainty of the evidence. Main results: Thirty-five randomised controlled trials
met the inclusion criteria and were included in the review, the majority of which were conducted in
the United States of America (U.S.A.). The interventions were aimed at improving vaccination uptake
among adults aged 18 years and above who were eligible for vaccination. Most of the studies assessed
uptake of influenza vaccine (18 studies), with the rest investigating a variety of vaccines, including
hepatitis A virus, coronavirus disease of 2019 (COVID-19), hepatitis B virus, pneumococcal, tetanus,
diphtheria, and pertussis (Tdap), herpes zoster (the acronym would be either: herpes zoster vaccine
(HZV) or recombinant zoster vaccine (RZV) or live shingles zoster vaccine (ZVL) ), and human
papillomavirus (HPV) vaccines (18 studies). Our results indicate that letter reminders were slightly
effective in increasing influenza vaccination uptake compared to the control (RR: 1.75, 95% CI: 0.97,
1.16; 6 studies; 161,495 participants; low-certainty evidence). There were increased levels of influenza
vaccination uptake among participants who received education interventions compared to those who
were in the control group (RR: 1.88, 95% CI: 0.61, 5.76; 3 studies, 1,318 participants; low-certainty
evidence). Tracking and outreach interventions also increased the influenza vaccination uptake
(RR:1.87, 95% CI: 0.78, 4.46; 2 studies, 33,752 participants; low-certainty evidence). Conclusion: Letter
reminders and education directed at recipients are effective in increasing vaccination uptake
compared to the controls.

Keywords: adult vaccination; vaccination uptake; effective interventions

1. Introduction

Worldwide, vaccine preventable diseases (VPDs) cause millions of deaths each year [1].
Vaccination is the act of introducing a vaccine into the body to produce immunity to a specific disease,
and immunisation is the process by which a person becomes protected against a disease through
vaccination [2]. Immunisation is often used interchangeably with vaccination or inoculation.
Immunisation is a evidence-based tool for controlling more than 20 life-threatening infectious
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diseases, reducing both morbidity and mortality [3]. One major vaccination-related achievement was
the worldwide eradication of smallpox; the world was declared free of smallpox by the World Health
Assembly on 8 May 1980 [1]. A second major vaccination-related success has been a reduction in wild
poliovirus cases by 99.9% since 1988, from more than 350,000 incident cases that year to 175 in 2019
(4], [3]-

Of the three serotypes of wild poliovirus, type 2 was certified as eradicated in 2015 and type 3
was certified as eradicated in 2018. Five of six World Health Organization (WHO) regions have been
certified as being free of wild poliovirus; the exception is the Eastern Mediterranean Region, with
polio being endemic in Afghanistan and Pakistan [6]. The WHO estimates that vaccination prevents
between four million and five million deaths annually [3]. Additionally, the Vaccine Impact
Modelling Consortium, representing 16 independent research groups, conducted modelling to
estimate the effect of vaccination programmes on disability-adjusted life years and deaths for 10
pathogens among 98 low- and middle-income countries [7]. Between 2000 and 2030, vaccinations are
estimated to avert 69 million deaths among these countries [7]. In the United States (U.S.), an
estimated 7.5 million influenza cases, 105,000 hospitalisations, 3.69 million medical visits, and 6,300
deaths were averted because of influenza vaccination during the 2019 to 2020 influenza season [8].

1.1. Recommended Vaccines

Vaccines received by adults vary widely by country with respect to the number and types of
vaccination, target populations, and whether they are recommended or required [8]-[10]. The
requirements also vary by age, comorbidity, vaccination history, and other factors [10], [11]. We have
summarised the recommended vaccines for adults and health care workers (HCW) (Table 1). In many
countries or circumstances, health care workers (HCWs) are the target populations for receiving
vaccinations because they may have an increased risk of being exposed to life-threatening infections
if involved in direct patient care [12], [13]. There is paucity of data on adult vaccination
recommendations in low- and middle-income countries.

Table 1.
Reference Country Recommended vaccines
Vaccine recommended for adults
[9] European countries Influenza
Tetanus diphtheria;
pertussis
Measles
Human
papillomavirus (HPV)
Meningococcus
tetravalent A, B, C, W, Y
Rubella
Hepatitis A
Mumps
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Poliomyelitis
Herpes zoster
varicella
Tick-born
encephalitis
Rabies
Haemophilus
influenzae type b (Hib)
Tuberculosis
Typhoid fever
Yellow fever
[14] European countries Pneumococcal conjugate (PCV13)
Pneumococcal
polysaccharide (PPSV23)
[15] u.s. Influenza
Tetanus and
diphtheria (Td)
Tetanus, diphtheria,
and pertussis (Tdap)-
booster every 10
years
Single-dose each of
PCV13 and PPSV23
2 doses of zoster
recombinant (RZV)
Measles, mumps, and
rubella (MMR)
Varicella
HPV
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Hepatitis A and B

Meningococcal A, B, C,

W, Y
Hib
[12] Not reported COVID-19
Vaccines recommended for health care workers
[13] Not reported Bacillus Calmette-Guerin (BCG)
Hepatitis B
Polio
Diphtheria
Measles
Rubella
Meningococcal
Influenza
Varicella
Pertussis
[12], [16] Not reported COVID-19
[17] Not reported Hepatitis B and seasonal influenza
[18] U.S. Hepatitis B 3-dose series
Meningococcal conjugate
Serogroup B
meningococcal
[19] China Influenza
Hepatitis B

1.2. Vaccination Uptake Among Adults

Although vaccination provides tremendous health benefits to populations, vaccination uptake
among adults is suboptimal, globally, leaving many adults without protection against vaccine
preventable diseases [11], [20]. For example, influenza vaccination uptake among adults is generally
low and varies by county. Among U.S. adults, 46.1% received influenza vaccination during the 2017
to 2018 influenza season [11]. This is similar to the median influenza vaccination coverage of 47.1%
among adults aged 55 years and older in the European Union (EU) and European Economic Area
(EEA) Member States during 2016 to 2017 [20]. However, influenza vaccination uptake ranged from
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2% to 72.8% among the 22 reporting EU and EEA member states; all falling short of the 75% EU target
[20].

In one medical claims-based study of more than 500,000 members of a private health insurance
plan in South Africa, only 5% of the population received the influenza vaccine in 2015 [21]. In one
cross-sectional study conducted in Beijing, China during May and June 2015, self-reported influenza
vaccination levels were 16.0% among respondents aged less than 60 years and 48.7% among those
aged 60 years and older [22]. The uptake of other types of adult vaccinations is also generally low.
For example, results from the 2018 U.S. National Health Interview Survey demonstrated that adult
vaccination uptake was low in all age groups for a composite measure, which included influenza,
pneumococcal, herpes zoster, and tetanus and diphtheria (Td) or tetanus, diphtheria, and pertussis
(Tdap) vaccines [11]. During 2018, an estimated 13.5% of US adults, aged 19 years and older, had
received all age-appropriate vaccines included in the composite measure [11].

During 2018, pneumococcal vaccination uptake was 23.3% for at least one dose and 7.5% for at
least two doses among U.S. adults at increased risk. Similarly, a telephone interview conducted with
more than 4,000 adults aged 65 years and older, among nine European countries revealed that only
18% of these respondents had received a pneumonia vaccination [23]. An estimated 24.1% of U.S.
adults aged 50 years and older had received the herpes zoster vaccine; and 58.9% to 64.5% of adults
had received a tetanus toxoid vaccination during the previous 10 years, with slight variations
between age groups [11]. As of January 2021, only 22% of U.S. young adults had completed the
human papillomavirus (HPV) vaccination series [24]. Uptake among women was similar by age
group (i.e. 42.0% for women aged 19 to 21 years and 41.4% for women aged 22 to 26 years) [25].

For hepatitis B vaccination, uptake of two or three doses among adults was 24.6% for adults
aged 19 years or older, 32.0% among adults aged 19 to 49 years, and 16.5% among adults aged 50
years or older [25]. Wide disparities in COVID-19 vaccination uptake exist between countries [26]. By
16 July 2021, 3.6 billion doses of COVID-19 vaccines were administered worldwide, with 30 million
doses administered each day. However, there was wide variation in access to and uptake between
world regions; with more than 25% of the world population having received at least one dose of a
COVID-19 vaccine, but only 1% of people in low-income countries had received at least one dose [27].
There is also wide variation among high-income countries, with more than 60% of adults in the U.S,,
Canada, UK, Israel, and other Western countries having received at least one dose as of 16 July 2021.
This is different from vaccination coverage in low-income countries, i.e., 30% in Morocco, 26% in
Colombia, 23% in India, 22% in Russia, 7% in South Africa, and less than 1% in most countries in sub-
Saharan Africa [27]. The consequence of suboptimal uptake of vaccination is a high burden of
morbidity and mortality from vaccine preventable diseases.

1.3. Description of the Intervention

Interventions suggested to improve vaccination uptake include those that target recipients of
vaccination services, providers of vaccination services, and health systems [28]-[33]. In addition,
interventions may focus on structural, broader systems or policy changes, or both [34], [35]. Patient-
or person-focused interventions include: educating people to prompt providers to check their
vaccination cards, reminding recipients to receive vaccines; health education programmes,
communication strategies such as presumptive communication approaches, use of science and
anecdotes, motivational interviewing, and application of the Health Belief Model (an example of one
theory that is used to structure messages and interventions aimed at increasing the uptake of
vaccinations); direct advertising and promotional campaigns from pharmaceutical companies, health
insurance companies, and health systems; and incentives [29], [31], [36].

Provider-focused interventions include training, supporting supervision or educational
outreach visits, provider reminders or clinical decision support tools, audit and feedback, academic
detailing, provider incentives, standing vaccination orders, and use of a vaccination champion in a
clinical practice [28], [36]-[38]. Systems-level interventions include changing practices at health care
clinics, adopting population health strategies, use of electronic health records, systematic screening
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of vaccination histories of people admitted to hospitals, bringing vaccination services closer to
consultation rooms, providing vaccination in non-traditional sites, such as inpatient units, emergency
departments, businesses, other community-based settings, and during home visits, and expanding
clinic hours to accommodate patient schedules [28], [31], [36]. Broader systems or policy-level
interventions include vaccination mandates for employment, school, or college matriculation, or a
combination of these; use of vaccination registries; providing free vaccinations or reducing out-of-
pocket costs for patients; and health insurance coverage of vaccinations [34].

1.4. How the Intervention Might Work

The interventions might work through addressing barriers to access and increasing demand for
vaccinations [39]-[41]. The factors that have been reported to be associated with low vaccination
uptake among adults may be classified at the patient-, provider-, health system-, or policy-level [34],
[42]. Patient- or person-level barriers include lack of access, lack of health insurance coverage,
affordability, concerns about safety and adverse effects, lack of awareness or knowledge, health
literacy, belief that healthy people do not need vaccinations, not trusting pharmaceutical companies,
forgetting vaccination appointments, not getting a clear recommendation from the health care
provider, not having routine visits with primary health care providers, and fear of needles [34], [42],
[43].

Provider-level barriers to vaccination include forgetting to offer them, costs to the practice,
concerns about reimbursement and costs to patients, storage challenges, knowledge, attitudes, beliefs
about safety and efficacy, time constraints, lack of confidence or discomfort with discussing vaccines,
not being up to date with own vaccinations, and lack of institutional trust [44], [45]. Health system
barriers to vaccination include insufficient infrastructure to deliver adult vaccinations, such as
insufficient funding, challenges with supply chain or distribution processes, and lack of population
management systems, lack of provider reminder systems, clinical decision support tools, and patient
reminder or recall systems [29], [34], [43], [46]. Policy-related barriers to vaccination delivery include
lack of vaccination mandates as well as policies that limit vaccinations to specific adult populations
in some countries [42]. The recipient-, provider-, health system-, and policy-level interventions aim
to increase uptake of adult vaccinations by addressing respective barriers to vaccinations.

1.5. Why It Is Important to Do This Review

Adult vaccination is important because adults are a vulnerable population to infectious diseases
due to their compromised immune system as they grow older. Older adults are at increased risk of
poor outcomes from infectious diseases due to their ageing immune systems [47]. Additionally, the
changes in chemokine localisation and the structure of lymph nodes affect the function of the immune
system in older people [48], [49]. There are also new and emerging infections, such as Ebola and
COVID-19, for which both younger and older adults are primary vaccination targets. That is why the
WHO, U.S. Centers for Disease Control and Prevention, European Centre for Disease Prevention and
Control, and other agencies recommend adults to receive vaccinations.

While adults should receive vaccinations, the uptake of vaccines among this group remains low
or falls short of achieving vaccination targets. Low vaccination uptake among adults may be
attributed to patient-, provider-, health system-, or policy-level barriers [34]. Successful strategies to
improve rates of uptake of vaccination among adults will result in reductions in morbidity, mortality,
and health care costs [50]. Therefore, more widespread interventions are needed to address existing
barriers and enhance vaccination uptake among adults (Table 1: [28]-[32], [51], [52]

1.6. Objectives

To assess the effects of interventions aimed at increasing vaccination uptake among adults.
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2. Methods

2.1. Criteria for Considering Studies for This Review

2.1.1. Types of Studies

We included randomised controlled trials (RCTs), irrespective of their publication status and
language of publication.

2.1.2. Types of Participants

Eligible participants included adults, as defined by study authors, eligible for vaccines approved
for use in the country of the study. The eligible adults included carers of older adults and any type
of HCWs targeted for vaccinations. We included studies where a subset of participants were adults
and when outcomes were specifically reported for the applicable strata.

2.1.3. Types of Interventions

We assessed interventions aimed at improving uptake of routine vaccines, including vaccines
for special conditions or special indications, among adults. Eligible interventions included those that
targeted recipients of vaccination, providers of vaccination services, and health systems, including
policy changes.

2.2. Recipient-Oriented Interventions.

e Interventions to inform or educate adults about vaccination.

e  Advertising and promotional campaigns for adult vaccination.

e  Recipient reminders [29].

e  Recipient incentives.

e Communication strategies: presumptive communication approach; gain-framed versus loss-
framed communication; use of science and anecdotes; motivational interviewing; health
coaching; clinicians providing a strong recommendation to the adult; and other communication
tactics to facilitate decision-making.

e Tailored interventions (e.g. the Medicare Annual Wellness Visit in the U.S., which aims to
establish a five- to 10-year personalised prevention plan, including needed vaccinations).

2.3. Interventions Targeting Providers of Adult Vaccination Service

e  Education or training of vaccinators.

e  Audit and feedback for vaccinators or clinical practices.
e  Provider reminders.

e  (linical decision support tools.

e  Academic detailing.

e  Supportive supervision of, or educational outreach visits to, vaccinators.
e  Pay-for-performance.

e  Provider incentives.

e Standing vaccination orders.

e  Use of vaccination champions.

e  Quality improvement processes.

2.4. Interventions Directed at the Broader Health System

e  Reliable cold chain system.

e  Vaccine stock management.

e Expanded services (e.g. extended hours for vaccination services).

e Increased vaccination budget.

e Integration of vaccinations with other services.

e  Provision of vaccinations in non-traditional settings: inpatient units, emergency departments,
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e  workplaces, home visits, community, churches.

e  Use of vaccination registries and other electronic health records.

e  Public information programmes.

e  Provision of transport for vaccination.

e  Vaccine mandates (e.g. for employment, school, university matriculation).
e  Provision of free vaccinations or reductions in out-of-pocket costs.

e  Offer health insurance coverage of vaccinations.

2.5. Multi-Component Interventions

1. Those that included more than one type of tactic for increasing coverage.

2.6. Exclusion

We excluded trials assessing interventions for improving uptake of travel vaccines as these
vaccines are often mandatory for travellers. We also excluded studies where a subset of participants
met the study criteria, if outcomes were not reported for the applicable strata.

2.7. Comparison

We included trials comparing these interventions with no intervention or usual care.

2.8. Types of Outcome Measures

This study included primary and secondary outcomes listed below.

2.8.1. Primary Outcomes

Vaccination uptake, defined as the proportion of adults who have received the recommended
dose(s) of the vaccine studied.

2.8.2. Secondary Outcomes

Proportion of people who are 'up-to-date’ with needed vaccinations, as defined by the authors.
Other vaccination uptake indicators, as defined by the authors.

2.9. Search methods for Identification of Studies

2.9.1. Electronic Searches

The search strategies were designed by an Information Specialist in consultation with the review
authors. We searched the Cochrane Database of Systematic Reviews (CDSR) and Epistemonikos
(www.epistemonikos.org/) for related systematic reviews.

We searched the following databases for primary studies, from inception to the date of search.
Cochrane Central Register of Controlled Trials (CENTRAL; latest issue), in the Cochrane Library
¢ Medline Ovid
e  Embase Ovid
e PubMed
e  Web of Science
e  Conference Proceedings Citation Index — Science
e  Global Index Medicus.

We used keywords and controlled vocabulary terms in the search strategies and applied no
limits on language. We used a modified version of the Cochrane Highly Sensitive Search Strategy to
identify randomised trials [53]. See published protocol for the MEDLINE search strategy, which we
adapted for other databases [54].
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2.9.2. Searching Other Resources

Trial registries
We searched the following trial registries.

e  WHO ICTRP (International Clinical Trials Registry Platform; www.who.int/ictrp).
e  US National Institutes of Health Ongoing Trials Register ClinicalTrials.gov (www.clinicaltrials.gov).

2.10. Grey Literature

We conducted a search of two grey literature databases to identify studies not indexed in the
databases listed above.

¢ OpenGrey (www.opengrey.eu).
e  Grey Literature Report (New York Academy of Medicine; www.greylit.org).

2.11. Other Resources

We also reviewed reference lists of all included studies and relevant systematic reviews for
additional potentially eligible primary studies. We contacted authors of included studies to clarify
reported published information and to seek unpublished results. We contacted researchers with
expertise in adult vaccination. We also conducted cited reference searches for all included studies in
Science Citation Index (Web of Science, Clarivate). We provided appendices for all strategies used.

2.12. Data Collection and Analysis

2.12.1. Selection of Studies

We downloaded all titles and abstracts retrieved by electronic searching to EndNote and remove
duplicates. Two review authors (A] and TM or LM and MS) independently screened titles and
abstracts for inclusion. We retrieved the full-text study reports or publications; and two review
authors (AJ] and TM or LM and MS) independently screened the full-text, identified studies for
inclusion, and identified and recorded reasons for exclusion of the ineligible studies. We resolved
any disagreements through discussion and consulted other review authors (CSW, DN and JJV) when
consensus was not reached. We listed studies that initially appeared to meet the inclusion criteria but
added the studies to the 'Characteristics of excluded studies' table if criteria were not met (Table S1).
We recorded the selection process in sufficient detail to complete a PRISMA flow diagram [55].

2.12.2. Data Extraction and Management

We used the Effective Practice and Organisation of Care (EPOC) standard data collection form
and adapted it for study characteristics and outcome data [56]. We piloted the form on at least one
study in the review. Two review authors (A] and TM or LM and MS) independently extracted the
following study characteristics from the included studies and entered the data into Review Manager
Web (Review Manager Web 2019).

e  Methods: study design, number of study centres and location, study setting, withdrawals, date
of study, and follow-up.

. Participants: number, mean age, age range, sex, inclusion criteria, exclusion criteria, and other
relevant characteristics.

e Interventions: intervention components, and comparisons.

¢ Outcomes: main and other outcomes specified and collected, and time points reported.

e  Notes: funding for trial, notable conflicts of interest of trial authors, and ethical approval.

Two review authors (A] and TM or LM and MS) independently extracted outcome data from
included studies. We resolved disagreements by consensus. If any of them persisted we would have
involved other review authors (CSW, DN and JJV) to arbitrate.
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2.12.3. Assessment of Risk of Bias in Included Studies

Two review authors (A] and TM or LM and MS) independently assessed risk of bias for the
included studies using the criteria outlined in the Cochrane Handbook for Systematic Reviews of
Interventions Section 8.5 [57], and the guidance from the EPOC group [58]. We resolved any
disagreements by discussion or by involving other review authors (CSW, DN and JJV). We assessed
the risk of bias according to the following domains.

e Random sequence generation.

e  Allocation concealment.

e  Blinding of participants and personnel.
¢  Blinding of outcome assessment.

e Incomplete outcome data.

e  Selective outcome reporting.

e  Baseline outcomes measurement.

e  Baseline characteristics.

e  Other bias

We judged each potential source of bias as high, low, or unclear. We briefly provided reasons
from the studies for our judgement in the risk of bias. We summarised the risk of bias judgements
across different studies for each of the domains listed. An overall risk of bias assessment (high, low,
or unclear) was assigned to each of the included studies using the approach suggested in Chapter 8
of the Cochrane Handbook for Systematic Reviews of Interventions [57]. We considered studies with
low risk of bias for all key domains or where it seems unlikely for bias to have seriously altered the
results, to have a low risk of bias. We considered studies where risk of bias in at least one domain
was unclear or judged to have some risk of bias that could plausibly raise doubts about the
conclusions, to have an unclear risk of bias. We considered studies with a high risk of bias in at least
one domain or judged to have serious bias that decreases the certainty of the conclusions, to have a
high risk of bias.

2.12.4. Measures of Treatment Effect

We estimated the effect of the intervention using the risk ratio as all our outcomes will be
dichotomous data, together with the appropriate associated 95% confidence interval [57].

2.12.5. Unit of Analysis Issues

While in our published protocol we reported that we would include cluster RCTs, we excluded
them in this review because of the challenges experienced during adjusting for clustering and
maintaining methodological consistency. We only included individual RCTs in our meta-analysis, to
preserve internal validity and comparability across included studies. Due to this, we did not conduct
unit of analysis in our review.

2.12.6. Dealing with Missing Data

We did not contact investigators as we did not observe any missing outcome data from the
included studies.

2.12.7. Assessment of Heterogeneity

We found sufficient number of studies, where we judged participants, interventions,
comparisons, and outcomes sufficiently similar, and therefore conducted meta-analysis [59] . We
used the I? statistic to measure heterogeneity among the trials in each analysis. We assessed low
heterogeneity as an I statistic between 0% and 50%, moderate heterogeneity as I? from 51% to 75%,
and high heterogeneity as I? above 75% [57].
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2.12.8. Assessment of Reporting Biases

We did not examine possible publication biases because studies in our subgroup analysis were
less than 10.

2.12.9. Data Synthesis

We undertook meta-analyses only if the interventions, participants, and vaccines were similar
enough for pooling to make sense [59]. A common way that trialists indicate when they have skewed
data is by reporting medians and interquartile ranges, however, we did not encounter this. Where
multiple trial arms are reported in a single trial, we included only the relevant arms.

2.12.10. Summary of Findings and GRADE

Two review authors (A] and LM or AJ and AH) independently assessed the certainty of the
evidence (high, moderate, low, and very low) using the five GRADE considerations, risk of bias,
consistency of effect, imprecision, indirectness, and publication bias [60]. We used methods and
recommendations described in Section 8.5 and Chapter 12 of the Cochrane Handbook for Systematic
Reviews of interventions [57], and the EPOC worksheets [61], and we used GRADEpro software
(GRADEpro GDT). We resolved disagreements on certainty ratings by discussion and provided
justification for decisions to down-grade or upgrade the ratings using footnotes in the table and made
comments to aid readers' understanding of the review where necessary. We used plain language
statements to report these findings in the review [61]. We summarised the findings in summary of
findings tables for the main intervention comparisons and included uptake of adult vaccines. We also
included our primary (i.e. vaccination uptake) comparing them with no intervention or usual care.
We did not address any equity issues such as cost, and socioeconomic and geographic status by
evaluating the reported results from the included studies to inform future designs of interventions
aimed at improving adult vaccination uptake.

2.12.11. Subgroup Analysis and Investigation of Heterogeneity

We identified substantial heterogeneity and explored it by prespecified subgroup analysis. We
defined subgroups based on the type of vaccines, interventions, and controls. Concerning studies
[62], [63] with multiple intervention groups, we included independent comparisons and divided
controls among the different comparison groups, to avoid the double counting of participants [64].

2.12.12. Sensitivity Analysis

We did not perform sensitivity analyses defined a priori to assess the robustness of our
conclusions and explore its impact on effect sizes. This would have involved the following.
e  Restricting the analysis to published studies.
e  Restricting the analysis to studies with a low risk of bias.
¢ Imputing missing data.

2.12.13. Stakeholder Consultation and Involvement

We did not involve patients and stakeholders in the design of this review. However, the findings
of the review will be shared with stakeholders, including policy makers, researchers, and other
consumers.

2.12.14. Summary of Findings and Assessment of the Certainty of the Evidence

We used the summary of findings tables to present the key information from the review,
providing the certainty of evidence, the effect of the interventions, and a summary of the available
evidence for all important outcomes. Two review authors (A] and LM or AJ] and AH) independently
assessed the certainty of the evidence (high, moderate, low, and very low) using the five GRADE

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.1741.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 22 May 2025 d0i:10.20944/preprints202505.1741.v1

12 of 23

considerations (risk of bias, consistency of effect, imprecision, indirectness, and publication bias) [60].
We used methods and recommendations described in Section 8.5 and Chapter 12 of the Cochrane
Handbook for Systematic Reviews of interventions (Higgins 2019) [57], and the EPOC worksheets
[61], and we used GRADEpro software (GRADEpro GDT). We resolved disagreements on certainty
ratings by discussion and provided justification for decisions to downgrade or upgrade the ratings
using footnotes in the summary of findings tables and make comments to aid readers' understanding
of the review where necessary.

We used plain language statements to report these findings in the review [61]. The summary of
findings tables includes our primary outcome (i.e. vaccination uptake) comparing them with no
intervention or usual care.

2.13. Statistical Analysis

All statistical analyses were conducted using R (version 12.1). We used the meta package to
perform meta-analyses of binary outcomes, calculating risk ratios (RRs) and 95% confidence intervals
(ClIs) using the Mantel-Haenszel method for pooling and the DerSimonian-Laird estimator to
account for random effects. The dataset was first stratified by predefined analysis groups, and each
subgroup was analysed separately. For each analysis, we used the metabin() function to synthesize
data on intervention and control events and total sample sizes, grouped by study and further
stratified by subgroup where applicable. Forest plots were generated for each analysis using the meta
and grid packages, with customized formatting for clarity and consistent visual presentation.

3. Results
3.1. Description of Studies

3.1.1. Results of the Search

Our literature search yielded 12,754 records from electronic databases and other sources. Twenty
duplicates were identified and excluded from the records. Therefore, we screened 12,734 studies, of
which 12,082 were ineligible for inclusion in our review. The full texts of the remaining 652 potentially
eligible studies were assessed, and 617 were excluded, with reasons for exclusion provided in the
Characteristics of excluded studies table (Table S1). Thirty-five studies met the inclusion criteria and
were included in the review. The search process and selection of studies is presented in Figure S1.

3.1.2. Included Studies

Study design and setting

The 35 included studies (Table S2) were randomised controlled trials with individuals as the
unit of randomisation. A majority of the included studies were conducted in the U.S. [62], [63], [73]-
[82], [65], [83]-[86], [66]-[72] Others were carried out in Australia [87]-[90] Belgium [91], Switzerland
[92], Hong Kong [93], Denmark [94], England and Hawaii [95], [96].

Participants

All the included studies investigated the effects of interventions in vaccination uptake among
adults aged 18 years and above who were eligible for vaccination. Most of the included studies
further described the type of adults investigated as those who were at high risk of influenza
complications [65], underwent a health check between the end of 2016 influenza epidemic and
beginning of the next influenza vaccination campaign [92], active patients of participating primary
care centers [67], were deficient in either the influenza, Tdap, and or pneumococcal vaccines [68],
with chronic disease, had vaccine indications, and had not been previously vaccinated [69], had never
had Hepatitis B testing [70], patients admitted to the medical service during the study period [72],
either hepatitis C virus (HCV) negative, of unknown HCV status, or, if HCV positive, with no prior
medical care or diagnostic evaluation for HCV [74], did not have herpes zoster vaccine [78], who were
voluntarily initiating the first HPV vaccine dose [80], front-line health care workers [63], [85], [94],
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[95], had a first trimester obstetric visit during the study period (Stockwell 2014) [82], individuals
who were missing pneumococcal and herpes zoster (HZV) vaccinations, young adults 18-64 years
without diabetes, older adults > 65 years without diabetes, adults >18 years with diabetes [62].

Interventions and comparisons

A summary and detailed description of the interventions and comparisons used in the included
studies are presented in the Characteristics of included studies table. The interventions are stipulated
as recipient and provider-oriented interventions.

Recipient-oriented interventions

Six studies investigated recipient-oriented interventions comprised of reminder interventions,
namely, mailed letters [62], [65], [81], [85], [94], [96], mailed postcards [65], [87], [92] phone call
reminders [68], [70], [83] message reminders [66], [73], [79], [82] Eight studies assessed education
strategies [65], [69], [97], [71], [74], [77], [78], [84], [90], [91], [93] tracking and portal outreach where
HCWs tracked the medical records of patients using electronic databases [66], [67] and 2, assessed
promotional campaigns which were done through conspicuous messaging using an app [73], [76],
provider reminders [67], [95], letter [63]), raffle plus letter [63], ruffle [63] and financial incentives
[88], [89] These were all compared to standard care.

Provider-oriented interventions

Provider-oriented interventions also consisted of 2 studies that evaluated letter reminders [67],
[95], while 1 assessed education using a letter and incentive strategies using a raffle [63]. All were
compared to standard care.

Outcomes

Majority of the included studies reported data on our primary outcome, i.e., vaccination uptake.
In total, 18 studies evaluated the effects of various recipient and provider interventions on influenza
vaccination uptake [62], [63], [85]-[87], [92]-[96], [65]-[68], [73], [76], [77], [82]. Some of the studies
also investigated the effects of the interventions on uptake of other vaccines, i.e., COVID-19, hepatitis
A virus (HAV), hepatitis B virus (HBV), pneumococcal, tetanus, Tdap, HZV, and HPV [65], [68], [84],
[88]-[91], [96], [69], [70], [74], [77]-[79], [81], [83]. The pre-determined secondary outcomes,
proportion of people who are 'up-to-date' with needed vaccinations, and other vaccination indicators,
were not reported in the included studies.

Excluded studies

Our reasons for excluding some of the studies from this review are briefly specified in the
Characteristics of Excluded Studies table (Table S1). The predominant reasons for exclusion were
irrelevant study designs, e.g., cluster RCTs, reviews, or ongoing clinical. Other reasons were
unrelated comparison groups where some of the studies compared two interventions without a
control group. Some assessed the effects of interventions on outcomes that were not related to our
review question [66]

Risk of bias in included studies

Allocation Random sequence generation had a low risk of bias in 19 studies [62], [67], [86]-[89],
[92], [93], [95], [97], [68], [69], [73], [74], [77]-[79], [83], unclear risk in 12 studies [63], [65], [91], [96],
[66], [72], [75], [76], [80]-[82], [85] and high risk in 4 studies [70], [71], [84], [94] Allocation concealment
had a low risk of bias in 10 studies [62], [67], [77]-[79], [86], [88]-[90], [97], unclear risk in 19 studies
[63], [65], [82], [83], [85], [87], [91]-[93], [95], [96], [66], [68], [73]-[76], [80], [81] and high risk in 5
studies [69]-[71], [84], [94]

Blinding

Regarding blinding of participants and personnel, there was low risk of bias in 10 studies [62],
[67], [97], [68], [69], [75], [77], [79], [86], [88], [93], unclear risk in 19 studies [63], [65], [85], [87], [89]-
[92], [94], [96], [73], [76], [78], [80]-[84] and high risk in 5 studies [66], [70], [71], [74], [95]. Blinding of
outcome assessment had low risk of bias in 11 studies [62], [63], [91], [67]-[69], [79], [80], [86]-[88],
unclear risk in 18 studies [65], [73], [85], [92]-[96], [75]-[78], [81]-[84] and high risk in 3 studies [66],
[70], [74]

Incomplete outcome data
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There was low risk of bias in 27 studies [66], [67], [79], [80], [82]-[89], [68], [90]-[92], [94], [95],
[97], [69]-[71], [74]-[76], [78], unclear risk in 3 studies [62,63,93] and high risk in 5 studies [65], [73],
[77,81,96] under incomplete outcome data.

Selective reporting

Twenty-three studies were rated as having low risk of bias [62,67,78]-[80], [82,83,85]-[68,89,90]-
[97], [691-[71], [73], [74,76,77], 4 studies with unclear risk of bias [63], [75,81,84], and 2 with high risk
of bias [65], [66].

Other potential sources of bias

Twenty-three studies had no evidence of other sources of bias [62], [63], [81,82,85], [86,88,90],
[92,93,95], [66,96,97], [68,71,98], [73,74,78]-[80] while 6 had unclear risk [69], [75]-[77], [84]) and 6, a
high risk [65,67,70], [83,91,94]. Other types of potential risk of bias included recall bias by the
participants based on the telephone survey, funder and conflicts of interest statement not mentioned,
providers may have been less likely to check the patient’s vaccination record because they assumed
that the absence of a reminder indicated prior vaccination, some of the patients in the control group
knew of persons who had received an invitation for free influenza vaccination, and missing data.

3.2. Effects of Interventions
3.2.1. Recipient-Oriented Interventions

Overall Reminders Versus Control or Standard Care

Patients receiving reminder interventions were more likely to have received the influenza
vaccine compared to those who were in the control group (RR: 1.28, 95% CI: 0.85, 1.93). Similarly,
patients in the intervention group were more likely to have received other vaccinations, namely,
HBYV, pneumococcal, and herpes zoster vaccines (RR: 1.46, 95% CI: 1.05, 2.03) compared to those in
the control.

Different Types of Reminders on Vaccination Uptake

We assessed the effects of different types of reminders on vaccination uptake; and our results
indicate that letter reminders were quite effective in increasing influenza vaccination uptake
compared to the control (RR: 1.75, 95% CI: 0.97, 3.17). There was a slight effect on influenza
vaccination for participants who received postcard (RR: 1.11, 95% CI: 1.05, 1.16), phone call (RR: 1.19,
95% CI: 1.12, 1.26) and message reminders (RR: 1.00. 95% CI: 0.89, 1.14). For participants who received
reminders, there was an increase in uptake of HBV, pneumococcal, and herpes zoster vaccines, in
letter reminders (RR: 1.68, 95% CI: 1.04, 2.70) compared to phone call reminders (RR: 1.32, 95% CI:
0.88, 1.98), Figure S2.

Education Versus Control or Standard Care

There was an increase in influenza vaccination uptake among participants who received the
education interventions compared to those who were in the control group (RR: 1.88, 95% CI: 0.61,
5.76). Compared to the control group, participants in the intervention were also more likely to receive
other vaccinations, i.e., HAV, HBV, pneumococcal, Tdap, and herpes zoster vaccines (RR: 4.30, 95%
CI: 2.96, 6.25), Figure S3.

Tracking and Outreach Versus Control or Standard Care

There was an increased likelihood of influenza vaccination uptake among participants in the
tracking and outreach group relative to participants in the control group (RR: 1.87, 95% CI: 0.78, 4.46),
Figure 52.

Promotional Campaigns vs Control or Standard Care
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Promotional campaigns showed minimal differences in influenza vaccination uptake among
participants in the promotional campaign group and standard care (RR: 1.07, 95% CI: 1.02, 1.13,
Figure 52).

Financial Incentives

The associations between financial incentives and Hepatitis B vaccination completion (RR: 1.31,
95% CI:1.07, 1.59) and COVID-19 (second dose) vaccination uptake (RR: 1.22, 95% CI: 0.85, 1.74) were
relatively small, but important, Figure 54.

3.2.2. Provider-Oriented Interventions

Letter Reminders Versus Control or Standard Care

In the primary care centres, providers in the letter reminder group had an increased influenza
vaccination uptake compared to those in the control group (RR: 1.76, 95% CI: 0.65, 4.75), Figure S2.

4. Discussion

4.1. Summary of Main Results

The current systematic review reports findings on the effectiveness of recipient-oriented
interventions, i.e., reminders (letter, postcard, phone call and message reminders), education
strategies, financial incentives, tracking and outreach, and promotional campaigns in increasing
vaccination uptake and completion. This review also reports on the effectiveness of provider-oriented
interventions (letter reminders and education strategies) in increasing vaccination uptake among
eligible patients. We found that letter reminders directed at recipients of vaccination had the
strongest association with increased influenza vaccination uptake, with smaller effect sizes among
persons who received postcards and phone calls, and no difference among persons who received
message reminders. Furthermore, letter reminders were associated with increased uptake of other
vaccinations, namely, HBV, pneumococcal and HZV, compared to phone call reminders. Overall,
patient reminder interventions were shown to be effective in increasing vaccination uptake among
adults.

The patients who received educational interventions had increased uptake of influenza, HAV,
HBYV, pneumococcal, Tdap, and HZV vaccination. Similarly, tracking and outreach interventions
were associated with increased vaccination uptake, while there were minimal differences in
vaccination rates between study groups in the promotional campaign intervention studies. Financial
incentives were shown to have relatively small associations with the completion of Hepatitis B and
uptake of COVID-19 vaccinations. Interventions, namely, letter reminders and educational
interventions, were also directed at providers of vaccination to increase uptake among recipients.
This study found that patients of providers who received letter reminders had increased influenza
vaccination uptake.

4.2. Overall Completeness and Applicability of Evidence

The present systematic review has included studies reporting on recipient and provider-
oriented interventions aimed at increasing vaccination uptake of vaccines recommended by WHO
and the CDC for adults aged 18 years and above, in all country settings. This review identified and
included 35 studies, most of which were conducted in high-income countries (HICs). Although there
are barriers and facilitators of vaccination uptake among eligible adults, interventions may help in
increasing uptake. One such barrier is the issue of vaccine hesitancy, which is defined as a "delay in
acceptance, or refusal, of vaccines despite the availability of vaccine services" [99]). The factors that
influence vaccine hesitancy may range from contextual (lack of communication), individual and
group (low perceived risk of infection), and vaccine or vaccination specific issues (no invitation from
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providers, supply chain issues) [100]). Despite these barriers, our review has shown that some of the
interventions aimed at recipients and providers may effectively increase vaccination uptake among
adults.

The most effective recipient-oriented interventions were educational strategies reported by [77],
followed by mailed letter reminders reported by [62], [94], and [96], which increased uptake of
influenza; and phone call reminders by [70] which were associated with increased uptake of HBV
vaccination. The study by [77] enrolled pregnant women, of which 57% in the intervention group
received the influenza vaccination, compared to 36% in the usual care group. A quarter of the enrolled
participants were classified as vaccine hesitant, which could explain why some women did not get
vaccinated. Previous research has reported that vaccine hesitancy, resulting in not obtaining
vaccination, is commonly due to lack of information, fear of vaccine side effects, and the belief that
infection provides a greater immunity than the vaccine itself [42]. It is therefore possible that the
vaccine-hesitant women who did not receive the influenza vaccination were not fully informed about
the influenza vaccination concerning its effectiveness and side effects. It is worthy to note that most
of these studies were conducted in HICs, which could imply that the interventions may not be
suitable for low-and-middle-income countries (LMICs).

“Certainty of the evidence” or “Quality of the evidence”? Sometimes Cochrane editors don’t
want authors to use the word “quality” to describe evidence.

4.3. Quality of the Evidence

We included 35 RCTs in this review, of which 25 had a high risk of bias, 3 had an unclear risk of
bias, and 7 had a low risk of bias. The domains that predominantly contributed to the high and
unclear risk of bias are selective reporting, random sequence generation (i.e., lack of non-concealment
of allocation), and lack of blinding of participants. Although the certainty of the evidence for the
interventions was generally low (Table S4), the results of the present study suggest that the currently
available evidence demonstrates that the interventions are likely to be effective.

4.4. Potential Biases in the Review Process

We minimised bias in the process of conducting and reporting this review, as per the standard
Cochrane guidelines [57]. However, this review has potential limitations, one of which involves
language bias where all the included studies were published in English meaning that we may have
missed results were studies were published in other languages.

4.5. Agreements and Disagreements with Other Studies or Reviews

To the best of our knowledge, few published systematic reviews have been conducted to assess
the effectiveness of interventions aimed at increasing vaccination uptake among adults. We have
identified only three published systematic reviews. One, published in 2022, assessed the effectiveness
of interventions to improve vaccination uptake among adults [101]. The second, focused on
interventions aimed at increasing influenza vaccination among older adults, specifically those 60
years and older. Jacobson Vann 2018 studied the effects of patient reminder and recall interventions
on vaccination rates, reporting results for adults separately from children and adolescents [29]. Like
our study, Thomas 2018 and Jacobson Vann 2018 also evaluated the effectiveness of patient reminder
or recall interventions, namely, letters, postcards, or phone calls, compared to a control in [29], [84].
Unlike the present study, which observed high risk of bias in majority of the included studies, the
studies included in the systematic review were classified as having moderate risk of bias [84].

Jacobson Vann 2018 also reported results for text messages, autodialer, and patient reminders
combined with provider reminders [29]. In the current review and those conducted by Thomas 2018
and Jacobson Vann 2018, these interventions were shown to be associated with increased influenza
vaccination rates. Of the 75 included studies in Jacobson Vann 2018, 24 focused on adult influenza
and eight focused on other adult vaccinations [29]. All risk ratios for studies included in the meta-
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analyses, except one, demonstrated positive effects, ranging from 0.95 (95% CI, 0.49 - 1.84) to 3.11
(95% (I, 1.16 - 8.36) (Jacobson Vann 2018) [29]. Thomas 2018 also assessed education interventions,
that is, face-to-face three-minute presentations by medical students, and client-based education
where nurses or pharmacists provided education to participants on influenza vaccination compared
to no intervention. The study reported that having medical students and nurses deliver education
sessions to participants was associated with increased influenza vaccination [84]. Similarly, our study
reported that one-on-one verbal education sessions and educating participants by disseminating
information through handing out pamphlets and social media were associated with increased
influenza vaccination rates.

Both the present study and the one by Thomas 2018 also investigated patient outreach, i.e., home
visits and tracking were associated with increased influenza vaccination rates [84]. Furthermore,
these two studies also targeted providers using reminder and education interventions. Both studies
reported that letter reminders targeted at providers slightly increased influenza vaccination.
Moreover, these two reviews showed that education strategies, namely, educational reminders,
academic detailing, and peer comparisons, were associated with increased influenza vaccination.
While the review by Batteux 2022 showed that interventions, specifically monetary incentives, and
communication strategies, such as through a delivery video, presentation, reminders, and messaging,
were associated with increased COVID-19 vaccination [101]. Although our study did not include any
study that investigated COVID-19 uptake, both the present study and the one by Thomas 2018
showed effectiveness of interventions in increasing vaccination uptake.

5. Authors' Conclusions

5.1. Implications for Practice

Our review reports that recipient-oriented interventions, namely, letter reminders, education
sessions, and tracking and outreach, generally had the highest associations with increased
vaccination uptake. Postcards and phone interventions had small positive associations with
vaccination uptake; and message reminders were not associated with vaccination uptake. Letter
reminders directed at providers also seem to have been associated with improved vaccination uptake
among adults. Although some of these interventions may have slightly improved vaccination uptake,
our study reported low certainty evidence for the interventions. This suggests that when
implementing such interventions, implementation scientists, clinicians, public health agencies, and
health systems need to monitor and evaluate how effective the interventions are.

5.2. Implications for Research

Based on the findings from this systematic review, evidence on the effects of interventions aimed
at improving vaccination uptake among adults is insufficient as there are only 35 studies our review
has reported on. All these studies are from high income countries (HICs), suggesting that the results
may not be generalisable to low-and middle-income countries (LMICs).

To understand the effects of these interventions and apply them across different settings,
research needs to be conducted in LMICs as well. Furthermore, future studies in both HICs and
LMICs should also investigate and report on the cost effectiveness of implementing the interventions
to increase vaccination uptake among adults. In addition, this review reported low-certainty evidence
on the effects of recipient-oriented and provider-oriented interventions; thus, there is a need for
future research to address this and expand on other interventions that can be used to improve
vaccination uptake among adults.
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