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Abstract
Objectives Identifying whether a country is ready to deploy a new vaccine or improve uptake of an existing vaccine requires knowledge of a diverse range of
interdependent, context-specific factors. This scoping review aims to identify common themes that emerge across articles, which include tools or guidance,
that can be used to establish whether a country is ready to deploy a new vaccine or increase uptake of an underutilized vaccine.

Design Scoping review following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses for Scoping Reviews (PRISMA-ScR) guidelines.

Data Sources Embase, CINAHL, Cochrane Library, Google Scholar, MEDLINE, PsycINFO and Web of Science were searched for articles published until 09-Sep-
2023. Relevant articles were also identified through expert opinion.

Eligibility Criteria Articles published in any year or language that included tools or guidance to identify factors that influence a country’s readiness to deploy a
new or underutilized vaccine.

Data extraction and synthesis Two independent reviewers screened records and performed data extraction. Findings were synthesized by conducting a
thematic analysis.

Results Thirty-eight articles met our inclusion criteria; these documents were created using methodologies including expert review panels and Delphi surveys
and varied in terms of content and context-of-use. Twelve common themes were identified relevant to a country’s readiness to deploy a new or underutilized
vaccine. These themes were: (i) legal, political, and professional consensus; (ii) socio-cultural factors and communication; (iii) policy, guidelines, and
regulations; (iv) financing; (v) vaccine characteristics and supply logistics; (vi) program planning; (vii) program monitoring and evaluation; (viii) sustainable
and integrated healthcare provision; (ix) safety surveillance and reporting; (x) disease burden and characteristics; (xi) vaccination equity; and (xii) human
resources and training of professionals.

Conclusions This information has the potential to form the basis of a globally applicable evidence-based vaccine readiness assessment tool that can inform
policy and immunization program decision-makers.

Introduction
The development of new or improved vaccines is a key vehicle to improve health outcomes across the world, with follow on benefits to equity, economic
capacity, and societal function 1,2. With the emergence of new diseases (e.g. COVID-19) 3, or the resurgence of existing diseases (e.g. polio) 4, the importance
of rapid introduction or re-introduction of vaccines is increasingly evident. Effective rollout of vaccines is critical to their success – particularly where high
levels of vaccination are required to control transmission 5.

Vaccine rollout is affected by a multitude of interacting factors at local, district, country, and regional levels. These factors are driven by both the supply (e.g.,
distribution) and demand side (e.g., individual willingness to receive a vaccine). They incorporate logistical factors, governmental healthcare systems, policy,
and social perceptions including confidence in vaccination, which may have been influenced by misinformation and disinformation. The combination of these
factors creates an overall assessment of “vaccine readiness” for a particular region or group. For example, in the last 10 years, 86 countries have introduced
rotavirus vaccines (increasing from 30 countries in 2011 to 116 countries in 2021) 6. After the introduction, global coverage of the rotavirus vaccine
increased from 9% in 2011 to 51% in 2022 7. However, these statistics are underpinned by significant variability between countries 8. For example, as of
January 2022, rotavirus vaccines have been introduced in national immunization programs in 79% of sub-Saharan African countries, 60% of countries in the
Americas and in only 46% of countries in southeast Asia 9. This variability is underpinned by a multifaceted set of inter-dependent factors.

The ability to assess a country’s vaccine readiness for a particular vaccine is valuable for several reasons: it allows countries to self-assess and prioritize
areas for improvement; it allows overarching bodies (e.g., the World Health Organization or European Commission) to identify deficiencies (or weaknesses)
to prioritize support; it allows external organizations, such as non-governmental organizations (NGOs) to focus their efforts for greatest impact. More
importantly, many factors affecting vaccine readiness are amenable to country-level intervention, including through communications (public information
strategies) and public information strategies.

Recent work led by international organizations, and influenced by the impact of the COVID-19 pandemic, has aimed to define the factors that influence
country-level vaccine readiness. Work conducted by COVAX, co-led by the Coalition for Epidemic Preparedness Innovations (CEPI), the Vaccine Alliance, Gavi,
and the World Health Organization (WHO), alongside key delivery partner United Nations International Children’s Emergency Fund (UNICEF), has shown that
our ability to achieve vaccine coverage targets requires effective planning, coordination and implementation strategies 10. Multiple documents, including
tools and decision-making platforms, have been created to aid evaluation during the COVID-19 pandemic 11. For example, WHO-UNICEF issued a COVID-19

National Deployment and Vaccination Plan (NDVP) 12 to support countries to decide whether national readiness to deploy a specific vaccine has been
established. However, readiness in a pandemic setting needs to consider specific factors, such as political prioritization, time-scrutiny, emergency
authorizations and regulatory process changes, rapid updates from governments, access to emergency funding and more. Consequently, the recent focus on
deploying COVID-19 vaccines, is not necessarily generalizable, and leaves a gap when considering readiness for the deployment of new routine vaccines or
improving uptake of underutilized vaccines in national vaccination schedules.

There is therefore a system-level evidence gap in the resources available to enable rigorous, comprehensive assessment of vaccine readiness (whether for
new vaccines or to improve uptake of underutilized vaccines) 13. A variety of guidance documents have been developed, of which many relate to the use of
specific vaccines or specific target populations 14, while other documents consider the use of vaccines in a more general context 15. These guidance
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documents have been created using different methodologies, targeting various geographical regions and vaccine types. To date, there does not appear to be
a globally applicable, comprehensive vaccine readiness assessment approach that can be applied widely, across all vaccine-types, populations, and
geographies. We believe there is an urgent need for an evidence-based tool to fill this gap.

We therefore conducted a scoping review to identify existing guidance used to assess whether a country is ready to roll-out a new vaccine or support
enhanced uptake of an existing vaccine. This review had two aims. The first was to identify current tools, guidelines, checklists, or other relevant documents
(herein collectively referred to as guidance documents) that have been developed to support decision-making in relation to whether a country is ready to
deploy a vaccine or improve uptake of an underutilized vaccine. The second aim was to establish common themes and sub-themes that arise across these
documents. This enabled us to identify a set of universal factors suitable to underpin the development of a comprehensive, broadly applicable, evidence-
based tool to assess vaccine readiness. We propose that such a tool could be a foundational platform to support enhancements to vaccine rollout for new
and underutilized vaccines and therefore population health. Further, enhancements could have a synergistic effect on the overall performance of the
vaccination program and ecosystem more broadly.

Methods

Search strategy and selection criteria
Our review protocol was written according to PRISMA-P guidelines 16,17, and was originally registered on the Open Science Framework 18 on 14th April 2023
(https://doi.org/10.17605/OSF.IO/64Q8M). Subsequently, changes to the protocol were made to clarify the review aims and broaden the literature search. A
revised protocol indicating all updates from the original version (with tracked changes) is available on OSF (https://doi.org/10.17605/OSF.IO/WGNFP).

We conducted the review using the Arksey and O’Malley framework 19, and report information in line with PRISMA-ScR guidelines 20. The research question
that we addressed was: what are the common themes across tools that can be used to assess a country’s readiness to deploy a new or underutilized
vaccine? Our review question is presented in PICO format in Supplementary Information S1.1 (Table S1).

Our eligibility criteria are tabulated in Supplementary Information S1.2 (Tables S2-3). We included studies and other documents that detailed country-level
tools and guidance documents that related to vaccine deployment. All study designs were included from any publication year and in any language. No further
limits were applied.

We searched MEDLINE, Embase, PsycINFO, CINAHL, Cochrane Library (CDSR and CENTRAL), Web of Science (SCI-EXPANDED and SSCI), and the top 200 hits
from Google Scholar 21 on 9th September 2023. Our search strategies were independently peer-reviewed using the PRESS Checklist 22 by Kat Steiner and
Matthew Henry, Outreach Librarians at the Bodleian Health Care Libraries, University of Oxford. All search strategies are presented in full in Supplementary
Information S1.3.

The search results were deduplicated and screened using EPPI-Reviewer Web (ER-Web) 23. Study selection was a two-stage process: screening on title and
abstract followed by screening on full text. Screening was carried out in duplicate by two independent reviewers and disagreements settled by discussion
between both reviewers. Relevant tools or guidance documents that related to a country’s readiness to deploy a new or underutilized vaccine were also
identified through expert opinion.

Data analysis

Characterizing article types and data sources
After determining each guidance document’s eligibility, the following data were extracted: title, author, and date of publication; geographic scope, type or
types of vaccine considered, in-text descriptor of how the information was gathered (e.g., expert review, literature review, policy brief) and in-text descriptor of
the content type that was generated (e.g., checklist, tool, guideline, framework). We reviewed a wide-range of documents (collectively referred to as guidance
documents) that were curated using a range of methodologies. Using this approach to gather and triangulate information across different sources provided
the flexibility to draw conclusions across a wide pool of information.

Thematic analysis
A thematic analysis was conducted to identify and analyze commonalities that emerged across guidance documents, and to interpretate patterns that arose
across key themes. As Vaismoradi and colleagues described 24, conducting a thematic analysis using a descriptive approach allows data reduction to be
conducted in a flexible and positive way. Data synthesis was conducted whereby a list of themes and subthemes were developed that accurately reflected
key factors associated with a country’s readiness to deploy a new or underutilized vaccine. Firstly, key factors relating to vaccine readiness were extracted
from each text and tabulated using grounded theory to inductively interpret the empirical material, through an iterative and reflexive process 25. These were
collated to form a comprehensive list of key factors and synthesized to explore patterns identified across guidance documents, which would contribute to
overarching themes. Factors relating to each theme were then grouped, and themes were reviewed to ensure clarity and consistency in terms of terminology
and meaning. Assessments of the grouping within each theme were developed and reviewed through regular discussion in team meetings. Where required,
themes were refined and redistributed to produce a final set of distinct and individual themes. Factors within each theme were then categorized to develop
subthemes, which represented the scope of the theme. This enabled distinct overarching themes to be produced, with a core list of subthemes within each
theme.

Role of funding source
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Employees of the funder were involved in the design and conduct of the study; collection, management, analysis, and interpretation of the data; preparation,
review, or approval of the manuscript; and decision to submit the manuscript for publication.

Results

Article selection and article characteristics
We identified 38 articles 12–15,26–48,48–59 that were eligible for this review: 28 from databases and 10 from other sources identified through expert opinion.
The article selection process is displayed in Fig. 1. Specific characteristics for each included article are presented in the Supplementary Information (Table
S4), with summaries of the characteristics presented in Fig. 2–3 and Tables 1,2, and S5. The 38 articles included in the final review, met our inclusion criteria
because they described a tool, policy document, guideline, framework, checklist, or process for decision making, that can be used to consider whether a
country is ready to administer a new vaccine or improve the uptake of an underutilized vaccine.

The 38 identified articles were published between 2004 and 2023 (See Fig. 2a), with (19 out of 38; 50%) published between 2020–2022, highlighting the
timeliness of this research area. Articles captured research conducted across six continents (Africa, Asia, Australia, Europe, North and South America), and
although some of the articles were country-specific, several considered vaccine readiness in a global context (13 out of 38; 34%) (Table S4, Column 3). Most
articles (67%) were created in the context of whether a country is ready to deploy a specific vaccine(s), such as vaccines for the prevention of influenza,
meningitis, or measles, whereas 33% of articles were not vaccine-specific and considered all vaccine types (see Fig. 2b).

Across the 38 articles, a variety of methodologies were used to gather information. This included expert review, literature review, and policy analysis. In most
cases, information was gathered based on expert review (68%). The different approaches used to gather the relevant information, as described in-text by the
authors, are summarized in Fig. 2c. The document types were described within the articles using a range of in-text descriptors, such as a checklists, tools,
guidelines or frameworks, as well as more general terms such as ‘factors for consideration’ and ‘recommendations’. Figure 2d shows the different in-text
descriptors used to describe each set of guidance documents. The most common type of guidance document was a framework (n = 9), followed by
guidelines (n = 8) but other terminology such as a ‘decision-support platform’ (n = 1) was also used.

Common indicators and themes emerged across the different guidance documents
A thematic analysis was conducted to identify common themes that emerged across the different guidance documents. In brief, key factors associated with
vaccine readiness were extracted and collated into a comprehensive list so patterns that emerged across different indicators could be evaluated. This
facilitated the creation of a final set of 12 distinct overarching themes that are relevant for consideration when assessing whether a country is ready to
deploy a new vaccine or improve uptake of underutilized vaccines. Figure 3 summarizes the core themes that emerged and ranks each theme according to
the number of articles where each topic was discussed. A summary description of each of the 12 themes is given in Table 1 and the sub-components that
emerged within each theme are given in Table 2.

Discussion
A scoping review was conducted to identify articles that have been created to help establish whether a country is ready to deploy a new vaccine or improve
uptake of an underutilized vaccine. The review identified several common themes and sub-themes that consistently emerged across articles, despite the
breadth of source materials considered, in terms of the geographical locations, types of vaccine, and target populations. This led to the development of 12
overarching themes, which each contained multiple sub-themes, reflecting the scope of each topic. Only two articles included topics that were relevant to all
the themes identified in this scoping review 30,38.

Socio-cultural factors and communication emerged as the most prominent theme across the guidance documents. This highlights that engaging the public
and having culturally informed communication plans in place are critical to the success of immunization programs, as well as the acceptance and uptake of
vaccines. This aligns with the concept that vaccine hesitancy is context and culturally specific and interventions must be tailored for the target audience to
elicit an impact 60. The frequency in which social-cultural and communication factors were raised, and depth to which they were discussed, increased with
time. This reflects an increased appreciation of the importance of this topic and the current status-quo, where communities expect to be carefully and
appropriately informed about public health interventions. Given the public focus on COVID-19 vaccination programs during the pandemic, and the likely
corresponding increase in general vaccine awareness and hesitancy, the importance of developing community-informed communication strategies has
become a prominent factor in guidance documents. It is apparent that, even if the practical aspects related to vaccine supply, infrastructure, and financing
are in place, clear communication strategies and tailored public engagement are essential for vaccine deployment success. The WHO Risk Communication
Engagement Tool 54 highlights the importance of this; the associated guidance documents focus on how to engage the public and generate trust and

transparency in the context of immunization programs. Negative press and misinformation related to vaccine use can affect vaccine uptake 61. As such,
countering this with trustworthy information presented accurately, empathetically, and with integrity, is critical and its equally critical that consistent
messages are communicated by diverse and trusted messengers. This is particularly important during the program implementation phase to prevent the
spread of misinformation and maintain engagement with the public using culturally appropriate and regionally-specific strategies 62–64.

The importance of adequate and sustainable finance being in place to initiate and maintain vaccine programs has been highlighted in this scoping review.
Many articles recognized that financial and economic factors underpin our ability to facilitate actions required to successfully rollout a new vaccine or
improve uptake of an underutilized vaccine. This draws attention to the high degree of interdependence across themes. Taking action to improve
communication strategies, train personnel, organize adequate transport and waste management systems requires funding, which is in turn is dependent on
political will. The tremendous impact that organizations, such as the Global Vaccine Alliance (Gavi), have had on protecting people’s health by increasing
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equitable and sustainable use of vaccines, in part through the provision of financial support, is well recognized 65. Another key factor that emerged was the
importance of considering vaccination equity within a country from the outset. A systematic review of the uptake of the Measles, Mumps and Rubella (MMR)
vaccine in Europe found associations between ethnicity, low income and education levels with lower MMR vaccine uptake 66. However, in lower income
countries, other indicators including characteristics, such gender and number of children, maternal age, and religious beliefs are indicators of vaccine uptake.
Lower educational level and lower income of a child’s caregiver is also related to lower vaccine uptake 67–69. Ensuring that equity is considered from the
outset, requires proactive measures to be in place to actively evaluate factors, such as accessibility and vaccine distribution, before vaccine deployment 70,71.
This theme frequently emerged across guidance documents, where there was often a focus on reaching vulnerable populations, such as children 57, pregnant

women 35 and older adults 48. Although, vaccination equity is recognized as an important aspect for consideration when deploying new vaccines or
improving the uptake of underutilized vaccines, specific systems, and processes for establishing equity are often not readily available 72. This is important
because while the importance of vaccination equity is well recognized, this knowledge does not necessarily translate into practical steps to ensure that
people who are underserved by vaccination programs are adequately provided for. The sub-themes identified in this scoping review that address vaccination
equity lack detail compared with other topics, such as ‘Vaccine Characteristics and Logistics’. Guidance with clear methods and systematic approaches to
ensure vaccination equity in global and regional contexts are needed to improve application of this critical component of all immunization programs.

In the modern era, the occurrence of the COVID-19 pandemic was a watershed moment for exploring readiness to deploy new vaccines. This led to a
substantial increase in the number of guidance documents that have been created to support the introduction of vaccines across the globe 13,31,35,46,48,53,73.
Unsurprisingly, readiness to deploy COVID-19 vaccines represented a substantial proportion of vaccine-specific work published in the 2020–2022 period.
Guidance documents that were written following the COVID-19 pandemic, differ substantially from previous documents, in terms of the level of detail
provided and the specificity of the recommendations. Guidance has become more focused and action-oriented; for example, the COVID-19 Vaccine
Introduction Readiness Assessment Tool (VIRAT/VRAF 2.0) 11 generated during a pandemic, included regulatory guidance to ensure COVID-19 vaccines can
be administered to individuals within specified timeframes. In addition, while there was an obvious focus on COVID-19 vaccines during this period, guidance
was also more often developed with a view to global applicability, compared to earlier documents that often referred to vaccines within a specific country or
region 28.

This scoping review has several limitations. While common themes and sub-themes that occur across various guidance documents have been identified,
substantial heterogeneity between document types and intended context of use, meant that the terminology within each document is highly variable, and
therefore challenging to synthesize. For example, extracting salient information that was common to both generic global guidance documents and highly
specific local, regional advice led to a high degree of heterogeneity in considered advice. As similar topics were often described using different terms, careful
judgement was needed when synthesizing information to establish whether the articles were focused on similar themes. This was further complicated as the
scoping review considered both prospectively created articles and retrospective reflections, such as barriers to successful delivery of immunization
programs. Importantly, while common themes that emerged were summarized and synthesized, the lack of inclusion of a specific topic does not negate its
importance, as these indicators may be of critical importance in some contexts and/or environments. While a careful search strategy was designed and
tested using specific search techniques such as text analyzers to identify words that occur more than once within a predetermined list of tools, and MeSH
tools to identify terms that match titles of the guidance documents, this approach did not identify a range of relevant guidance documents that were later
found through reference lists and expert knowledge. Over 6,000 articles were identified in the original search strategy, demonstrating the challenge of finding
the appropriate level of specificity and sensitivity in the search strategy.

The success of an immunization program’s deployment of a new vaccine or efforts to improve uptake of an underutilized vaccine, is critically dependent on
the program’s readiness to do so. While indicators identified in this scoping review have not been shown to be predictive of successful vaccine roll-out, an
example of the benefit of having guidance documents in place was elegantly demonstrated by the Ministry of Health and Family Welfare in India 74. Across
India, multiple geographical locations were identified as not being ready to deploy routine immunization schedules, but use of a checklist in each location
enabled corrective action to be taken, such that 69% of the locations were eventually considered to be ready to deploy the immunization schedule 74. It is
plausible that the factors identified in this scoping review could be further refined to form the basis of an approach that could be used to assess a county’s
readiness to deploy a new or underutilized vaccine.

Conclusion
A country’s success in supporting new vaccine deployment and vaccine uptake is dependent on the readiness 48. This scoping review has identified
numerous guidance documents that aim to identify these factors. Of the 38 texts identified in this review, only two 30,38 (which were focussed on a specific
disease (e.g. influenza) or population group (e.g. pregnant women), respectively) discussed all 12 overarching themes that were identified based on a
detailed synthesis of the available literature. Each theme was discussed in at least half of the guidance documents, and we believe all 12 themes are critical
for establishing the successful introduction, deployment, and administration of new vaccines and to improve underutilized vaccine uptake. As such, a new
innovative evidence-based vaccine readiness assessment tool could be developed which comprises the themes and subthemes identified here. If such an
approach were adopted, the relevance of these indicators would have to be established through formalized processes, validated by experts, and field tested
to ensure global applicability outside of a pandemic setting. In summary, this work has identified key themes that emerge across guidance documents that
could be used to form the basis of a vaccine readiness assessment tool that could be used globally in preparation for the deployment of any new vaccine or
improved vaccine uptake.

Strengths and limitations of this study
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Strength 1: The scoping review used a comprehensive search for articles in peer-reviewed journals, with all search strategies being independently peer-
reviewed using the PRESS Checklist.

Strength 2: Synthesizing data from national and international vaccine readiness tools and various guidance documents provided a methodology to
create an evidence-based framework with broad applicability that can be used to assess a country’s vaccine readiness.

Limitation 1: Similar concepts were described in a myriad of ways making data synthesis a challenging and iterative process.

Limitation 2:  The comprehensive search strategy (that considered over 6,000 articles across 7 databases) was unable to find 10 specific documents
that had been pre-identified as relevant, therefore some articles were manually identified through expert input.

Declarations
Contributors

VM Accessed and verified the underlying data, analyzed the data and wrote the manuscript.

AlB was involved with study conceptualization and reviewed and edited the manuscript.

AE Reviewed and edited the manuscript.

LH Project administration, reviewed and edited the manuscript.

NH Reviewed and edited the manuscript.

MC Reviewed and edited the manuscript.

LB Reviewed and edited the manuscript, accessed, and verified the underlying data, methodology.

SV Project administration, Supervision, Reviewed and edited the manuscript.

RM was involved with study conceptualization and reviewed and edited the manuscript.

RS Supervised, drafted, reviewing, and edited the manuscript.

AoB Accessed and verified the underlying data, methodology, analyzed the data, reviewed, and edited the manuscript.

All authors had full access to all the data in the study, contributed to data interpretation, critically reviewed the manuscript, and had final responsibility for the
decision to submit for publication.

Our search strategies were independently peer-reviewed using the PRESS Checklist by Kat Steiner and Matthew Henry, Outreach Librarians at the Bodleian
Health Care Libraries, University of Oxford.

Funding

This work was supported by Merck Sharp & Dohme Corp., a subsidiary of Merck & Co., Inc., grant number N/A.

Competing interests

LH, AlB, AE, NH, and RM are current employees of Merck Sharp & Dohme LLC, a subsidiary of Merck & Co., Inc., Rahway, NJ, USA, and may hold equity interest
in Merck & Co., Inc., Rahway, NJ, USA. MPC, LB, and AoB were compensated for activities related to execution of the study. SV, VM and RS declare no
competing interests. No other disclosures were reported.

Patient and public involvement

Patients and/or the public were not involved in the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication

Not applicable.

Data availability statement

The completed data extraction form, which is the source data for results figures and tables, is publicly available on GitHub, along with the code required to
generate the results: https://github.com/lukebax/readiness.

Ethics

This systematic review of already published and non-identifiable data was considered exempt from ethics review.

References



Page 7/14

1. WHO. Global vaccine action plan 2011-2020. https://www.who.int/publications/i/item/global-vaccine-action-plan-2011-2020 (2013).

2. IA2030. The Immunization Agenda 2030. https://www.immunizationagenda2030.org/.

3. Muralidar, S., Ambi, S. V., Sekaran, S. & Krishnan, U. M. The emergence of COVID-19 as a global pandemic: Understanding the epidemiology, immune
response and potential therapeutic targets of SARS-CoV-2. Biochimie 179, 85–100 (2020).

4. Njoh, A. A. et al. Polio outbreaks in Cameroon following the COVID-19 pandemic. The Pan African Medical Journal 45, (2023).

5. Djingarey, M. H. et al. Effectively introducing a new meningococcal A conjugate vaccine in Africa: The Burkina Faso experience. Vaccine 30, B40–B45
(2012).

6. Johns Hopkins Bloomberg School of Public Health. International Vaccine Access Center (IVAC). https://view-hub.org/ (2023).

7. WHO. WHO Immunization Data portal. https://immunizationdata.who.int/listing.html?topic=coverage&location=global (2023).

8. Hallowell, B. D., Tate, J. & Parashar, U. An overview of rotavirus vaccination programs in developing countries. Expert Review of Vaccines 19, 529–537
(2020).

9. Keddy, K. H. The considerable complexities of rotavirus vaccination. Lancet Infect Dis 22, 1520–1522 (2022).

10. WHO. COVID-19 vaccine introduction toolkit. https://www.who.int/tools/covid-19-vaccine-introduction-toolkit (2023).

11. WHO & PAHO. COVID-19 Vaccine Country Readiness Assessment Tool (VIRAT). (2020).

12. WHO. Guidance on developing a national deployment and vaccination plan for COVID-19 vaccines.
https://iris.who.int/bitstream/handle/10665/341564/WHO-2019-nCoV-Vaccine-deployment-2021.1-eng.pdf?sequence=1 (2021).

13. The World Bank. Assessing Country Readiness for COVID-19 Vaccines : First Insights from the Assessment Rollout.
https://documents1.worldbank.org/curated/en/467291615997445437/pdf/Assessing-Country-Readiness-for-COVID-19-Vaccines-First-Insights-from-
the-Assessment-Rollout.pdf (2021).

14. Adeshina, O. O., Nyame, S., Milner, J., Milojevic, A. & Asante, K. P. Barriers and facilitators to nationwide implementation of the malaria vaccine in Ghana.
Health Policy Plan 38, 28–37 (2023).

15. Ismail, S. J. et al. A framework for the systematic consideration of ethics, equity, feasibility, and acceptability in vaccine program recommendations.
Vaccine 38, 5861–5876 (2020).

16. Moher, D. et al. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Systematic Reviews 4, 1
(2015).

17. Shamseer, L. et al. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ 349,
g7647 (2015).

18. Foster, E. D. & Deardorff, A. Open Science Framework (OSF). Journal of the Medical Library Association : JMLA 105, 203 (2017).

19. Arksey, H. & O’Malley, L. Scoping studies: towards a methodological framework. International Journal of Social Research Methodology 8, 19–32 (2005).

20. Tricco, A. C. et al. PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Ann Intern Med 169, 467–473 (2018).

21. Haddaway, N. R., Collins, A. M., Coughlin, D. & Kirk, S. The Role of Google Scholar in Evidence Reviews and Its Applicability to Grey Literature Searching.
PLOS ONE 10, e0138237 (2015).

22. McGowan, J., Sampson, M., Salzwedel, D. M., Cogo, E. & Lefebvre, C. PRESS Peer Review of Electronic Search Strategies: 2015 Guideline Explanation and
Elaboration (PRESS E&E). CADTH Methods and Guidelines (2016).

23. Thomas, J. et al. EPPI-Reviewer: advanced software for systematic reviews, maps and evidence synthesis. (2022).

24. Vaismoradi, M., Turunen, H. & Bondas, T. Content analysis and thematic analysis: Implications for conducting a qualitative descriptive study. Nursing &
Health Sciences 15, 398–405 (2013).

25. Charmaz, K. Shifting the Grounds: Constructivist Grounded Theory Methods. in Developing Grounded Theory (Routledge, 2009).

26. Andrus, J., Dietz, V., Fitzsimmons, J. & Castillo-Solórzano, C. Accelerating policy, deployment, and access to new and underutilized vaccines in
developing countries. Harvard Health Policy Rev 7, (2006).

27. APIC. Best Practices for Vaccine Communications: Lessons Learned on Preparedness and Policy Implications From India, Indonesia and the Philippines.
https://medicine.nus.edu.sg/apic/what-we-do/best-practices-for-vaccine-communications-lessons-learned-on-preparedness-and-policy-implications-
from-india-indonesia-and-the-philippines/ (2022).

28. Betancourt-Cravioto, M., Kuri-Morales, P., González-Roldán, J. F., Tapia-Conyer, R., & Mexican Dengue Expert Group. Introducing a dengue vaccine to
Mexico: development of a system for evidence-based public policy recommendations. PLoS Negl Trop Dis 8, e3009 (2014).

29. Calabrò, G. E. et al. Developing an Evidence-Based Tool for Planning and Evaluating Vaccination Strategies Aimed at Improving Coverage in Elderly and
At-Risk Adult Population. Front Public Health 9, 658979 (2021).

30. Chughtai, A. A. et al. Development of a road map to scale up the uptake and utilization of influenza vaccine in 22 countries of Eastern Mediterranean
Region. Vaccine 40, 6558–6565 (2022).

31. Development Asia. Enhancing Readiness for Large-Scale Distribution of the COVID-19 Vaccine. https://development.asia/policy-brief/enhancing-
readiness-large-scale-distribution-covid-19-vaccine (2020).

32. DoHFW. Operational guidelines for Hepatitis B vaccine introduction in the Universal Immunization Programme.
https://pdf.usaid.gov/pdf_docs/PA00JZDT.pdf (2009).

33. ECDC. Key aspects regarding the introduction and prioritisation of COVID-19 vaccination in the EU/EEA and the UK.
https://www.ecdc.europa.eu/en/publications-data/key-aspects-regarding-introduction-and-prioritisation-covid-19-vaccination (2020).



Page 8/14

34. Erickson, L. J., De Wals, P. & Farand, L. An analytical framework for immunization programs in Canada. Vaccine 23, 2470–2476 (2005).

35. Giles, M. L., Mason, E. M., Lambach, P. & Mantel, C. Maternal immunization country readiness: a checklist approach. Hum Vaccin Immunother 16, 3177–
3183 (2020).

36. Gurnani, V. et al. Measles-Rubella Supplementary Immunization Activity Readiness Assessment - India, 2017-2018. MMWR Morb Mortal Wkly Rep 67,
742–746 (2018).

37. Kimman, T. G. et al. Developing a vaccination evaluation model to support evidence-based decision making on national immunization programs. Vaccine
24, 4769–4778 (2006).

38. Kochhar, S., Edwards, K. M., Ropero Alvarez, A. M., Moro, P. L. & Ortiz, J. R. Introduction of new vaccines for immunization in pregnancy - Programmatic,
regulatory, safety and ethical considerations. Vaccine 37, 3267–3277 (2019).

39. Lame, P. et al. A Successful National and Multipartner Approach to Increase Immunization Coverage: The Democratic Republic of Congo Mashako Plan
2018–2020. Global Health: Science and Practice 11, (2023).

40. Levine, O. S. et al. A policy framework for accelerating adoption of new vaccines. Hum Vaccin 6, 1021–1024 (2010).

41. Mahoney, R. Policy analysis: an essential research tool for the introduction of vaccines in developing countries. J Health Popul Nutr 22, 331–337 (2004).

42. Makinen, M., Kaddar, M., Molldrem, V. & Wilson, L. New vaccine adoption in lower-middle-income countries. Health Policy Plan 27 Suppl 2, ii39-49 (2012).

43. McCormick, B. J. J., Waiswa, P., Nalwadda, C., Sewankambo, N. K. & Knobler, S. L. SMART Vaccines 2.0 decision-support platform: a tool to facilitate and
promote priority setting for sustainable vaccination in resource-limited settings. BMJ Glob Health 5, e003587 (2020).

44. Narayanasamy, S. et al. Lessons from COVID-19 for Pandemic Preparedness: Proceedings from a Multi-Stakeholder Think Tank. Clin Infect Dis ciad418
(2023) doi:10.1093/cid/ciad418.

45. Ngcobo, N. J. & Cameron, N. A. The decision making process on new vaccines introduction in South Africa. Vaccine 30 Suppl 3, C9-13 (2012).

46. PAHO. Guidelines to Plan for COVID-19 Vaccine Introduction. https://iris.paho.org/bitstream/handle/10665.2/52532/PAHOFPLIMCOVID-
19200014_eng.pdf?sequence=1&isAllowed=y (2020).

47. PAHO. Introduction and Implementation of New Vaccines Field Guide. https://covid-
19pharmacovigilance.paho.org/img/recursos/60a82278b5257e63c783bebe6.pdf (2010).

48. Pham, T. H. et al. Country score tool to assess readiness and guide evidence generation of immunization programs in aging adults in Europe. Front
Public Health 10, 1080678 (2023).

49. Piso, B., Zechmeister, I. & Geiger-Gritsch, S. Criteria for vaccine introduction: results of a DELPHI discussion among international immunisation experts
on a stepwise decision-making procedure. J Public Health 19, 73–80 (2011).

50. Piso, B. & Wild, C. Decision support in vaccination policies. Vaccine 27, 5923–5928 (2009).

51. Privor-Dumm, L., Vasudevan, P., Kobayashi, K. & Gupta, J. Archetype analysis of older adult immunization decision-making and implementation in 34
countries. Vaccine 38, 4170–4182 (2020).

52. Sauer, M. et al. Situational assessment of adult vaccine preventable disease and the potential for immunization advocacy and policy in low- and middle-
income countries. Vaccine 39, 1556–1564 (2021).

53. WHO. COVID-19 Vaccine Introduction and Deployment Costing (CVIC) Tool: User Manual. https://iris.who.int/bitstream/handle/10665/360542/WHO-
2019-nCoV-Vaccine-deployment-toolmanual-2022.1-eng.pdf?sequence=1 (2022).

54. WHO. Risk communication and community engagement for COVID-19 vaccination: Implementation Tool.
https://iris.who.int/bitstream/handle/10665/352496/WHO-EURO-2022-2756-42514-59053-eng.pdf?sequence=1&isAllowed=y (2022).

55. WHO. How to implement influenza vaccination of pregnant women: An introduction manual for national immunization programme managers and policy
makers. https://iris.who.int/bitstream/handle/10665/250084/WHO-IVB-16.06-eng.pdf?sequence=1&isAllowed=y (2017).

56. WHO. Regional Framework for Implementation of the Global Vaccine Action Plan in the Western Pacific.
https://iris.who.int/bitstream/handle/10665/208199/9789290617099_eng.pdf?sequence=1 (2015).

57. WHO. Principles and considerations for adding a vaccine to a national immunization programme: from decision to implementation and monitoring.
https://iris.who.int/bitstream/handle/10665/111548/9789241506892_eng.pdf?sequence=1&isAllowed=y (2014).

58. WHO. WHO-UNICEF Guidelines for Comprehensive Multi-Year Planning for Immunization.
https://iris.who.int/bitstream/handle/10665/100618/WHO_IVB_14.01_eng.pdf?sequence=1 (2013).

59. WHO. Vaccine introduction guidelines. Adding a vaccine to a national immunization programme: decision and implementation.
https://www.researchgate.net/publication/334523284_Vaccine_introduction_guidelines_Adding_a_vaccine_to_a_national_immunization_programme_dec
(2005).

60. Tuckerman, J., Kaufman, J. & Danchin, M. Effective Approaches to Combat Vaccine Hesitancy. The Pediatric Infectious Disease Journal 41, e243 (2022).

61. Dubé, E., Vivion, M. & MacDonald, N. E. Vaccine hesitancy, vaccine refusal and the anti-vaccine movement: influence, impact and implications. Expert Rev
Vaccines 14, 99–117 (2015).

62. Benoit, S. L. & Mauldin, R. F. The “anti-vax” movement: a quantitative report on vaccine beliefs and knowledge across social media. BMC Public Health
21, 2106 (2021).

63. Brooks, A. & Ba-Nguz, A. Country planning for health interventions under development: lessons from the malaria vaccine decision-making framework and
implications for other new interventions. Health Policy Plan 27 Suppl 2, ii50-61 (2012).



Page 9/14

64. Muric, G., Wu, Y. & Ferrara, E. COVID-19 Vaccine Hesitancy on Social Media: Building a Public Twitter Data Set of Antivaccine Content, Vaccine
Misinformation, and Conspiracies. JMIR Public Health Surveill 7, e30642 (2021).

65. Gavi, the Vaccine Alliance. https://www.gavi.org/.

66. Tabacchi, G. et al. Determinants of European parents’ decision on the vaccination of their children against measles, mumps and rubella: A systematic
review and meta-analysis. Human Vaccines & Immunotherapeutics 12, 1909–1923 (2016).

67. Aalemi, A. K., Shahpar, K. & Mubarak, M. Y. Factors influencing vaccination coverage among children age 12–23 months in Afghanistan: Analysis of the
2015 Demographic and Health Survey. PLOS ONE 15, e0236955 (2020).

68. Francis, M. R. et al. Factors associated with routine childhood vaccine uptake and reasons for non-vaccination in India: 1998–2008. Vaccine 36, 6559–
6566 (2018).

69. Luna-Casas, G. et al. Vaccine coverage and compliance in Mexico with the two-dose and three-dose rotavirus vaccines. Human Vaccines &
Immunotherapeutics 15, 1251–1259 (2019).

70. Bangura, J. B., Xiao, S., Qiu, D., Ouyang, F. & Chen, L. Barriers to childhood immunization in sub-Saharan Africa: A systematic review. BMC Public Health
20, 1108 (2020).

71. Cao, L. et al. Factors influencing the routine immunization status of children aged 2-3 years in China. PLOS ONE 13, e0206566 (2018).

72. Kuehn, M. et al. Assessing barriers to access and equity for COVID-19 vaccination in the US. BMC Public Health 22, 2263 (2022).

73. WHO & UNICEF. COVID-19 vaccine introduction readiness assessment tool, 21 September 2020. (2020).

74. Gurnani, V. et al. Improving vaccination coverage in India: lessons from Intensified Mission Indradhanush, a cross-sectoral systems strengthening
strategy. BMJ 363, k4782 (2018).

Tables
Table 1

A summary description of each of the 12 themes.
Theme Theme Descriptor

Legal, political, and
professional consensus

Input from stakeholders and the impact of their involvement (such as professional bodies, national decision-making
bodies, NITAGs, and government advisory committees), at different levels of decision-making (including legal
implications, government position and the scientific community).

Socio-cultural factors and
communication

Communication (e.g., guidance, outreach, and materials) to prepare the public for the vaccine and approaches for
deployment with an awareness of societal and cultural factors.

Policy, guidelines, and
regulations

Policy measures to ensure consistency, quality, rigor and regulatory approvals for vaccine management and deployment.

Financing The feasibility and sustainability of short- and long-term financing of the program, and other program aspects that have
financial implications.

Vaccine characteristics and
supply logistics

Physical and biological considerations for management of the vaccine, procuring and maintaining its supply (e.g.,
manufacturing and storage), and its distribution (e.g., cold chain capacity and transportation).

Program planning Detailed strategies for the preparation, introduction, and coordination of the national immunization program.

Program monitoring and
evaluation

Program evaluation methods to maintain oversight of the program, assess success, and explore means for improvement.

Sustainable and integrated
healthcare provision

Practicalities of incorporating and maintaining the immunization program within an existing healthcare system (e.g.,
flexibility and resilience of the healthcare system).

Safety surveillance and
reporting

Systems in place to monitor and record safety of the vaccine, and vaccine administration, including the reporting of
adverse events.

Disease burden and
disease characteristics

Disease characteristics which may impact the vaccination program, disease surveillance, and burden of disease at a
national and social level.

Vaccination equity Strategies in place to ensure equitable access to vaccination services, including vaccines, for all individuals in the target
population.

Human resources and
training of professionals

Availability of a sufficient workforce, access to appropriate training packages, and supervision for staff at various levels
involved in the program to meet vaccine demand.
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Table 2
Sub-components of each theme that emerge across guidance documents.

Sub-components of each theme that emerge across guidance documents

Legal, political, and professional consensus

Establish a legal framework for vaccine deployment

Determine political will for vaccine / vaccination program

Determine consensus for vaccine recommendation amongst medical and scientific communities

Ensure commitment from stakeholders to support the vaccine/vaccine program introduction and continued deployment

Create stakeholder advocacy and lobbying plans

Confirm commitment to accurate and responsible data collection and sharing

Socio-cultural factors, and communication

Consider the acceptability of the vaccines and any perceived risks

Ensure development of a communication plan

Ensure distribution of awareness campaigns, information dissemination (including media and social media) and public education

Establish demand planning and demand generation strategies

Consider social mobilization strategies

Policy, guidelines, and regulations

Ensure conformity with established global guidelines

Establish national guidelines and a consensus statement

Ensure there is consensus between stakeholders

Ensure the program is standardized and verified

Develop and enforce regulations and quality assurance processes

Set up a regulatory mechanism to register and approve vaccines and ensure a quality system is in place

Financing

Evaluate the cost-effectiveness of the program (including government expenditure on vaccines and projected savings in healthcare) and ensure that this
is within acceptable national thresholds

Consider the cost to existing healthcare programs

Ensure there is adequate financing in place to initiate the vaccine program i.e., to set up and introduce the program

Ensure there is adequate financing in place to maintain the vaccine program

Develop a strategy to ensure financial sustainability for the maintenance of the vaccine program i.e., to ensure the long-term continuation of the program

Secure approval for vaccine program costs in the government budget (e.g., line items for the purchase of vaccines)

Vaccine characteristics and logistics

Consider vaccine pharmacological properties which may impact the design of a vaccination program (e.g., thermostability)

Conduct demand forecasting

Set up storage and thermostability facilities

Ensure an adequate transport system is available to deliver vaccines

Organize a waste management system

Consider overall logistics i.e., designate a responsible party for ensuring that the physical vaccine is managed and administered appropriately e.g., overall
co-ordination of storage and liaison with transport systems and vaccination centers, PPE management, security systems etc.

Coordinate supply of vaccine related consumables

Arrange long term supply of vaccines

Program planning

Create a national technical working group with terms of reference and roles and responsibilities

Create a top-level organization chart to establish roles and responsibilities within the program

Establish a scope, prioritization, and goal setting plan with a project timeline
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Sub-components of each theme that emerge across guidance documents

Legal, political, and professional consensus

Prepare a vaccine introduction plan

Create a macro and micro program plan and make decisions based on evidence

Develop a long-term immunization strategy, including catch-up and booster vaccines

Program monitoring and evaluation

Evaluate the short-term impact of vaccination on disease burden, and evaluate the long-term impact through epidemiological surveillance

Ensure there is a management information system in place and have a mechanism to report data

Develop a monitoring framework, or adapt an existing monitoring framework, to incorporate recommended advice and provide a mechanism to
incorporate feedback

Implement a monitoring plan to chart how the implementation and rollout of the vaccination program is progressing

Supervise the implementation of the program

Establish a mechanism to evaluate the implementation of the program, to ensure sustained immunity in the target population

Use the program to learn and improve understanding of deployment of a large-scale healthcare event, through developing R&D, conducting operational
and/or effectiveness research, and an impact assessment

Sustainable and integrated healthcare provision

Country commitment to delivering a sustainable and effective vaccine program (e.g., demonstrable of good stewardship and implementation of national
health plans, previous success of vaccine introduction)

Determine the relevance to the public health and public health value attributed to the program

Determine the likelihood of implementing the vaccine program through a formal feasibility assessment

Ensure a sustainable vaccine program, which is resilient, fit-for-purpose and responsive

Integrating the vaccine program into existing healthcare programs and current immunization schedules

Identify regional and geographical gaps in healthcare provision and develop a plan to create equal access to the vaccination program across all regions

Ensure that front line staff who will deploy the vaccine are healthcare providers and integrated within current healthcare and vaccination systems

Safety surveillance and reporting

Assess the acceptability of the adverse event profile of the vaccine by healthcare professionals and by the public

Establish safe vaccination principles

Ensure adequate tools are available for planning, conducting, and reporting pharmacovigilance activities and findings

Disease burden and characteristics

Evaluate characteristics of the disease relevant for developing a vaccination program (e.g., transmissibility, antigenic variation etc.)

Evaluate the burden of disease in the population

Mechanism for disease surveillance

Vaccination equity

Evaluate accessibility and availability of vaccines, and implement strategies to ensure greater reach to, receipt by, under-represented groups

Determine the ethical considerations of vaccine administration

Establish a mechanism to facilitate coordination and share data between stakeholders

Human resources and training of professionals

Establish adequate human resources and financing to provide support

Training plans in place

Ensure professional are trained and relevant accreditations are in place

Ensure support for professionals

Figures
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Figure 1

PRISMA flow diagram of study selection process.
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Figure 2

a. Summary of years when articles were published. b. Summary of the vaccine type for which the article was relevant. Twenty-three articles referred to
multiple vaccine types: 17 to all vaccines and 6 to more than one specifically listed vaccine. Abbreviations: Hep B = Hepatitis B; HPV = Human
Papillomavirus; Hib = Haemophilus influenzaetype B. c. Summary of approaches used to gather information for guideline creation (five articles used multiple
information gathering approaches). d. Summary of in-text descriptors used to describe each individual guidance document (one article described two
publication types).
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Figure 3

Summary overarching themes that emerged across articles (n=38), ranked according to the frequency in each document.
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