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High tuberculosis (TB) burden countries (HBCs) need to prepare for TB vaccine implementation alongside licensure, to ensure rapid rollout. WHO policy/implementation frameworks have been created to support this effort. Using WHO frameworks, we convened a workshop to ask HBC experts about what epidemiological, impact, feasibility and acceptability data they anticipated they would need to guide TB vaccine introduction. For required data, we asked HBC and global experts which data were already available, data collection planned, or gaps. HBC experts expressed high demand for epidemiological, impact, feasibility and acceptability data, reported variable availability of existing epidemiological data, and low availability for impact, feasibility, and acceptability data. Global experts reported additional knowledge of existing data on impact, upcoming collection of infection prevalence, acceptability and feasibility data, and potential epidemiological data collection on adolescents, adults, people living with HIV, and underweight individuals. HBC and global experts made key recommendations for: a coordinated data collation, collection, analysis and sharing system; updating existing HBC health and economic impact estimates and extending impact analyses to other HBCs; demand/market forecasting; resource gap mapping; aligning delivery strategies; addressing manufacturing, procurement, delivery, and regulatory barriers; sharing potential vaccine licensure timing; incorporating TB vaccine introduction strategies into NSPs, immunization programs, and health services; collecting vaccine hesitancy, mistrust, and misinformation data; collecting adolescent/adult vaccine demand generation data, and identifying funding. Experts recommended expanding this analysis to other areas of the WHO frameworks, including more HBC stakeholders, and repeating this analysis after country and community advocacy and socialization around different vaccine candidates.
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1 Introduction

The only globally available tuberculosis (TB) vaccine is the century-old Bacille Calmette-Guérin (BCG) vaccine. While this vaccine has efficacy in protecting against severe forms of TB disease, such as TB meningitis, in infants and young children, it is largely ineffective in adolescents and adults, among whom most disease occurs (1). There are multiple TB vaccine candidates entering or already in Phase 2b and 3 clinical trials designed to test the safety and efficacy of the vaccine candidates for use in adolescents and adults (2). To ensure new TB vaccines are available, accessible, and accepted (3), countries need to prepare for vaccine introduction in parallel to licensure. This will be critical to ensure rapid rollout.

A range of complementary efforts are underway to facilitate and prepare for the country-level introduction of new TB vaccines among adolescents and adults. The World Health Organization (WHO) has led several of these efforts, including the Evidence Considerations for TB Vaccine Policy (ECVP) guidance, which aims to provide early information on the data and evidence that are likely required to support WHO policy recommendations for the introduction of new TB vaccines intended for adolescents and adults (4). Additionally, the WHO Global Framework to Prepare for Country Introduction of New TB Vaccines for Adolescents and Adults is under development (3).

Adolescents and adults are not routinely prioritized by immunization programs in high TB burden countries, due, in part, to infrastructural and programmatic barriers to introducing vaccines among this population (5). Improved evidence and innovative strategies are likely required to identify and address the specific challenges of prioritizing new TB vaccines for adolescents and adults. Lessons from the introduction of other vaccines for adolescents and adults, such as for COVID-19 and HPV, can also inform the strategies for new TB vaccines. It is important to consider the individual country data needs and activities required to introduce and sustain the delivery and uptake of new TB vaccines. There is a need for coordination and synergy between stakeholders at the sub-national, national, regional, and global levels to inform the introduction of new TB vaccines.

We conducted a survey and convened a workshop to ask experts from countries with a high burden of TB, TB/HIV, or multidrug-resistant/rifampicin-resistant TB (MDR/RR-TB), as defined by WHO (6), what data they would need to decide whether to introduce new TB vaccines and to guide strategies for their efficient introduction. We restricted the scope to epidemiological, impact, feasibility and acceptability data. We asked high-burden country (HBC) and global experts which of these data were available and/or collection was being planned, and how gaps in currently available data could be filled. To our knowledge, this was the first time this kind of survey has been carried out—a crucial first step to inform HBC data and coordination needs.



2 Methods

We carried out a rapid pre-workshop online survey of a convenience sample of only HBC experts on data needs and availability, and a virtual workshop with HBC and global experts, where global experts were given a survey requesting additional knowledge on country-level data availability only. In the pre-workshop online survey, which ran between 25–28 September 2023, HBC experts were asked to identify their anticipated country-level data needs, and whether these data were currently available. The workshop, conducted on 6 October 2023, consisted of background presentations, a breakout group to discuss country and global experts' knowledge of data availability, and a breakout group to discuss country and global experts' views on the identified data gaps, and how these gaps could be filled.

The scope was restricted to data on epidemiology (potential vaccine priority groups size and TB burden, TB infection prevalence, and other vaccines and TB preventive therapy (TPT) coverage), impact (on health, health systems, society, macroeconomics, equity and budgets, and value for money of new vaccines), feasibility (practicality of vaccine implementation), and acceptability (of the vaccine to potential target populations and other key stakeholders) (Figure 1). The survey questions were restricted to these areas as these were the areas of expertise of the workshop leads. A copy of the survey provided to HBC experts is included in the Supplementary Data Sheet 1.
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FIGURE 1
 Data needs and availability to inform decision-making for new TB vaccine implementation. (A) Data needs expressed by High Burden Country (HBC) experts to inform decision-making for new TB vaccine implementation (n = 54). The perceived data availability was expressed by (B) HBC and global experts, and (C) HBC experts, global experts, and workshop leads to inform decision-making for new TB vaccine implementation [n varies within a range of n = 36–53 for (B) and (C) per category, depending on whether a respondent indicated a need in (A)]. PLHIV, people living with HIV; Immuno, immunocompromized individuals; Prev TB, individuals with previous tuberculosis disease; Occ risk, occupational risk; Sub nat, subnational level data; Adol Vx Cov, adolescent vaccine coverage; Adu Vx Cov, adult vaccine coverage; TPT, TB preventive therapy coverage.



2.1 Pre-workshop survey

Potential workshop participants from high burden countries, as well as individuals with global expertise on at least one of the areas, were identified through the Working Group for New TB Vaccines (WGNV) or co-authors' networks. These invitees were encouraged to forward the invitation to any relevant individuals. Invitations to participate in the workshop were sent to 184 individuals with 101 ultimately attending. The HBC experts included representatives from National Tuberculosis Programs (NTP), National Immunization Technical Advisory Groups (NITAG), non-governmental organizations (NGOs), and National Immunization Programs (NIP). An initial email invitation was sent to HBC experts, followed by a subsequent reminder to non-respondents. Additionally, a snowballing approach was employed, allowing for the expansion of participation through recommendations and suggestions from the initial respondents. In total, 102 HBC experts from 26 countries were invited to fill in the survey.

Our survey questions were categorized into the “3As” Framework of Available, Acceptable, and Accessible (3). Questions were matched to data areas specified in the WHO ECVP (4) and aligned with data areas investigated in a recent survey conducted by SMART4TB.



2.2 Workshop

The opening session of the workshop featured seven short presentations. Thokozile Nkhoma, a TB survivor from Malawi, underscored the critical need for new TB vaccines in a poignant personal account, emphasizing the urgency of addressing gaps in TB prevention. Subsequently, Ijeoma Edoka (University of the Witwatersrand, South Africa), provided a summary of key epidemiological, impact, feasibility, and acceptability data needs reported by the survey of HBC experts (Figure 1). Following this perspective, Birgitte Giersing (Department of Immunization, Vaccines & Biologicals, WHO) delivered a summary outlining crucial insights from the WHO ECVP and Country Framework. Richard White (London School of Hygiene & Tropical Medicine, UK), then presented a four-country led epidemiological data collection and health and economic modeling funding proposal. Rupali Limaye (Johns Hopkins University, US), followed with a comprehensive presentation on the SMART4TB desk review, shedding light on both their planned and proposed initiatives. The session continued with Birgitte Giersing offering an update on the Boston Consulting Group/ WHO Landscape assessment. Alemnew Dagnew [Gates Medical Research Institute (GMRI), US], concluded the session with a presentation on their epidemiological data collection study.

Participants were then assigned to breakout groups based on whether they primarily were able to provide HBC-level input or global-level expertise. Those in the HBC-level breakout groups included representatives of national-level technical agencies, researchers, and program coordinators, such as NTPs. The global-level breakout groups included representatives from international global health agencies and philanthropic foundations and included representatives from the Amsterdam Institute for Global Health and Development, the Bill & Melinda Gates Foundation, the European and Developing Countries Clinical Trials Partnership, the Global TB Community Advisory Board, Gates Medical Research Institute, IAVI, KNCV TB PLUS, London School of Hygiene and Tropical Medicine, Stop TB Partnership, Treatment Action Group, the United States Agency for International Development, the University of Cape Town, Wellcome, and the World Health Organization.

The breakout sessions were moderated by experts working on TB vaccine research. The moderators were trained prior to the workshop and guided through the discussion points. Breakout groups followed a semi-structured format and were moderated by a member of the organizing group who received training prior to the workshop. The first breakout group explored participants' insights about the survey findings on data needs and availability reported on during the workshop presentations. During the second breakout group, discussions were guided by a table of prompts to facilitate active participant engagement and spontaneity. Participants would first identify a key gap and then propose activities, resources, and partners needed to address the gap, with an additional column for other insights.




3 Results


3.1 How can we meet country data needs?

The surveys on country-level data were completed by 54 respondents from 20 countries, including representatives from NTPs, NITAG, NGOs, and National Immunization Programs (NIP). The countries were: Afghanistan (one respondent), Bangladesh (2), Brazil (1), Ethiopia (2), India (8), Indonesia (3), Kazakhstan (1), Kenya (3), Kyrgyz Republic (7), Malawi (3), Mozambique (1), Philippines (3), South Africa (6), Taiwan (1), Tajikistan (1), Tanzania (3), Uganda (2), Ukraine (1), Vietnam (3), and Zimbabwe (2). The workshop was attended by 71 HBC-level participants representing 18 countries that had previously responded to the survey, and 32 global-level participants representing 19 global organizations. The two moderated breakout group sessions consisted of eight to nine groups per session, with between three and seven participants in each group.

We report here the data from the surveys and breakout groups categorized by the data areas of epidemiology, impact, feasibility, and acceptability. The full country-level data are shown in the Table 1 and can be found online here. Data from the 54 respondents (both HBC and global experts) is included in the “Data from Survey Respondents” tab, with the “Data from Workshop Leads” tab containing knowledge on the availability of data for each country collated by workshop leads. Results are presented in Figures 1, 2, with Figures 1A, B, 2 generated based on 54 survey responses from HBC (data needs and availability) and global experts (data availability only). For Figure 1C, data from HBC and global experts were combined with the additional knowledge on data availability for each country from workshop leads. We added an additional category, “Additional insights emerging from the workshop,” which emerged as cross-cutting themes during the breakout group sessions.


TABLE 1 Full High Burden Country (HBC)-level data on data needs and availability for the 49 countries on at least one of the three WHO high TB burden lists (6), as well as Afghanistan, Cambodia, Taiwan, and The Gambia. (Table key below).
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FIGURE 2
 High Burden Country (HBC) experts' opinion (n=54) on “If a new TB vaccine was introduced, how would your country prioritize potential population groups?”. Answers were recorded based on a respondent's opinion on whether a category was useful/required for prioritizing (required—green) or not useful/not required for prioritizing (not required—red) potential population groups. Occ risk, occupational risk.




3.2 Epidemiology
 
3.2.1 Epidemiological data for decision making—Needs

In the pre-workshop survey, the majority of HBC experts (~60%) expressed a need for all the specified epidemiological data (Figure 1A). This included data on potential priority group sizes and TB burdens in specific groups, as well as data on TB infection prevalence, coverage of other vaccines and TPT (Figure 1A). The highest expressed epidemiological data need was for population size and TB burden data on adults and sub-nationally, for TB infection prevalence data and TPT coverage data. HBC experts expressed the lowest need for population size and TB burden data on over 65-year-olds, populations with underweight, those with previous TB, occupational risk groups, and vaccine coverage data.



3.2.2 Epidemiological data needed for decision making—Availability and gaps

We then asked HBC and global experts if they already had the epidemiological data the HBC experts said they needed. In the pre-workshop survey, HBC and global experts expressed greatly varying availability of epidemiological data (Figure 1B). Over 50% of HBC and global experts reported the current availability of existing population size/TB burden data on adolescents, adults, over 65-year-olds, people living with HIV (PLHIV), and people with previous TB, sub-national data, TB infection prevalence, adolescent vaccine coverage, and TPT coverage. Low data availability was reported (<39% of HBC and global experts) on individuals with diabetes, immunosuppression, underweight, occupational risk, and adult vaccine coverage.

Data collated by workshop leads identified additional ongoing studies to collect additional TB infection prevalence data for 14 countries (South Africa, Mozambique, Zambia, Democratic Republic of the Congo, The Gambia, Kenya, Uganda, The Philippines, Indonesia, Vietnam, Bangladesh, India, Brazil, and Peru) by GMRI. Experts also reported future plans, in some cases contingent on funding, to collect TB burden data on adolescents, adults, PLHIV, and underweight individuals (Figure 1C). These may be collected by IAVI, the US National Institutes of Health, and KNCV.

HBC and global experts in the breakout groups reported that, in the context of resource constraints, it will be important to define priority target populations for the initial introduction of new TB vaccines. It was discussed that data collection should be disaggregated by key demographics to better describe local epidemics and inform target populations. Workshop participants proposed that epidemiological and household surveys should be prioritized to provide up-to-date data on the TB burden among target populations. These data should be incorporated into future economic and public health modeling studies to support decision-making.




3.3 Impact
 
3.3.1 Health and economic Impact data for decision making—Needs

In the survey, more than 74% of HBC respondents expressed a need for all the specified health and economic impact data (Figure 1A). This included data on the impact of vaccines on health, health systems, society, macroeconomics, equity, and budgets, and the value for money of new vaccines. The highest expressed need was for evidence on the impact on health, health systems and budgets, and the lowest on macroeconomics and equity.



3.3.2 Health and economic Impact data needed for decision making—Availability and gaps

HBC and global experts reported very low availability for all health and economic data (fewer than 24% of all respondents, Figure 1B). However, workshop leads were aware of some available health and economic impact data, including detailed country-specific modeling impact data for India, South Africa, China, Indonesia, Cambodia, and Zambia (7–15), and modeling results for 105 individual countries that were used to inform the WHO TB Vaccine Investment Case (Figure 1C) (16–19). The latter results have been released at a regional, income group, and TB burden level, but have not been released at the country-level. The country-level results can be accessed by countries in discussion with the authors (16–19).

HBC and global experts in the breakout groups said country-specific health impact and cost-benefit analyses should be conducted that capture the return of investment at health systems and micro- and macro-economic levels. Workshop participants emphasized that economic models should assess key domains influencing decision-making, including delivery costs and impact on equity-related domains, such as out-of-pocket expenses, catastrophic household costs, and social protection programs. Where possible, these exercises should assess the budget impact at the ministerial, NTP, and subnational levels. Parallel demand and market forecasting can inform decisions on financing for procurement and implementation and build a stronger case for return on investment for industry partners. Resource gaps should also be mapped to inform domestic and donor investment strategies.

The experts recommended that as new data become available, they should be used to update existing country-level health and economic impact modeling to better inform decision-making, and these models should be applied to a wider range of countries, in partnership with those countries, so this information is available when required by HBCs.




3.4 Feasibility
 
3.4.1 Feasibility data for decision making—Needs

Feasibility was described as any data relating to the practicality of vaccine implementation, concerning logistical, delivery, and program-related considerations. In the survey, the majority of HBC experts (88%) expressed a need for feasibility data (Figure 1A).



3.4.2 Feasibility data needed for decision making—Availability and gaps

HBC and global experts expressed very low availability of feasibility data, with <29% of respondents indicating the availability of these data (Figure 1B). Workshop leads were aware that some data on feasibility will be collected in five countries by SMART4TB, beginning in Kenya and South Africa (Figure 1C).

While the survey did not collect responses on disaggregated categories of feasibility data, the participants in the workshop breakout groups provided insight into key data gaps and barriers to successful vaccine implementation faced at the country level. Participants expressed that, at present, there is little alignment between country-level stakeholders on delivery scenarios and strategies to reach target populations. Participants also reported multiple constraints in manufacturing, procurement, delivery, and regulatory pathways and infrastructure. Barriers included limited regional manufacturing capacity, low affordability for self-procurement of vaccines by non-Gavi eligible countries, and lack of infrastructure to maintain the vaccine cold chain. Intellectual property barriers, including patents and terms of licensure that extend periods of market exclusivity, were a noted concern for access. A lack of clear timelines on when vaccines will be available, and the resources needed to support their implementation emerged as additional barriers to preparedness activities. The lack of certainty on the number of doses and timing of dose administration of a future TB vaccine was also highlighted as a barrier.

HBC and global experts in the breakout groups suggested that potential implementation strategies should be integrated into national strategic plans, immunization programs, and applicable health services ahead of market entry, and guidance should be developed to support this with consensus between stakeholders involved. Participants noted that these plans should identify how to reach target populations, acknowledging that the strategies will vary by country, depending on factors including local epidemiology, immunization and TB control programs, and infrastructure. Participants highlighted that lessons from the introduction of other vaccines for adolescents and adults, such as HPV and COVID-19 vaccination, should also be applied. Further, participants advised that where required, feasibility studies should be incorporated into country-level strategic plans and that they should be costed appropriately.




3.5 Acceptability
 
3.5.1 Acceptability data for decision making—Needs

In the pre-workshop survey, the majority of HBC experts (88%) expressed a need for acceptability data (Figure 1A), described as the acceptability of the vaccine to the potential target populations and other key stakeholders.



3.5.2 Acceptability data needed for decision making—Availability and gaps

HBC and global experts expressed very low availability of acceptability data, with only 17% of respondents indicating availability (Figure 1B). Workshop leads were aware that some data on acceptability will be collected in five countries by SMART4TB, beginning in Kenya and South Africa (Figure 1C).

HBC and global experts in the break-out groups said that post-COVID, there is an increasing need for data on acceptance, including barriers to acceptability, such as vaccine hesitancy, mistrust, and misinformation among different populations. Further, participants reported that there is limited information on how to generate demand for new vaccines among adolescents and adults before market introduction, alongside varying health literacy levels among stakeholder groups and the challenges of reaching certain populations, such as people living in rural areas and migrant populations. Limited data were also reported to be available on vaccine hesitancy. It was also noted that prospective acceptability work can be challenging as the specific characteristics of products that will be licensed are not yet known.

HBC and global experts in the breakout groups said acceptability assessments should be carried out, be people- and community-centered, and have a broad representation of stakeholders, including religious and traditional leaders. Participants suggested that lessons should also be applied from existing vaccine efforts and health initiatives, while product-specific surveys may be useful once vaccine characteristics are better known. Participants emphasized that public health education and awareness building need to be tailored to the different stakeholder groups engaged and that vaccine benefits need to be clearly articulated and barriers to uptake need to be addressed, such as concerns about side effects and misunderstandings of vaccine efficacy in preventing disease vs. infection.

Further, breakout group participants felt diverse approaches should be used to address vaccine acceptability issues, including in-person outreach campaigns, social media, and print media. In support of this, participants recommended that media specialists, including data journalists, should be trained in reporting on TB vaccines and that researchers should be trained to communicate across different platforms, while respected public health experts, politicians, and policymakers can be sensitized and leveraged as champions to build awareness.




3.6 Additional insights emerging from the workshop

Analysis of the HBC and global experts' feedback identified needs that cut across the four domains of epidemiology, impact, feasibility, and acceptability.

There were inconsistencies in the knowledge of existing data expressed by HBC experts. In the pre-workshop survey, the same type of data (i.e., within the same column) was reported as being both available (A) and not available (N) by different HBC experts in the same country, e.g., see data on India and South Africa in the Table 1. These data awareness differences between HBC experts can be seen in multiple countries (Table 1). This finding was supported by discussions in the workshop.

There was also a lack of knowledge by HBC and global experts of existing data created in globally led activities. For example, of the health and economic impact data created for the WHO TB Vaccine Investment Case (16–19).

HBC and global experts were also largely unaware of ongoing and newly proposed data collection activities. Indian and South African participants reported there were at least two ongoing initiatives to collect new acceptability and feasibility data, and at least one new initiative proposed to collect new data. In South Africa, Kenya, Zambia, the Philippines, the Kyrgyz Republic, and Pakistan, proposed/planned data collection efforts were also identified. Other workshop attendees were largely unaware of these activities.

In the breakout groups, some reasons for this lack of awareness were proposed. HBC and global expert participants noted that data collection is often resource-constrained, with limited numbers of trained personnel, limiting data sharing, and that there was sometimes a lack of transparency in the private sector. Experts noted that these data awareness differences may lead to duplicative and unstandardized data collection within and between countries, resulting in suboptimal use of limited resources. It is very possible that valuable data sources remain unknown and unexploited, and this could help address existing data gaps. HBC and global expert participants also commented that the data available were often not sufficiently relevant or recent.

The participants recommended that the availability of existing and prospective data should be mapped and shared, and that standardized data collection and data management systems should be established at the sub-national, national and global levels in preparation for TB vaccine introduction. Further, the participants noted that transparent data collection and analysis, and dissemination of evidence by all relevant stakeholders, will be required to effectively inform TB vaccine introduction strategies and decision-making.



3.7 TB vaccine priority groups

In the survey, we asked HBC experts to identify what target populations they would consider prioritizing if they were to introduce TB vaccines to adolescents/adults (Figure 2).

HBC respondents proposed that they would likely prioritize by age (e.g., the elderly), occupational risk group (e.g., miners and healthcare workers), and health risk groups (e.g., immunocompromized and malnourished individuals). Less commonly, respondents said they would prioritize by geographic area. Other suggested target populations reported in the survey included prison populations, household contacts, and underrepresented populations.




4 Discussion

HBC experts expressed a high demand for epidemiological, impact, feasibility, and acceptability data. They reported variable availability of existing epidemiological data, and low availability for impact, feasibility, and acceptability data. Workshop leads reported additional knowledge of existing data in some HBCs on impact, upcoming data collection on infection prevalence, acceptability and feasibility data, and the potential of new epidemiological data collection on adolescents, adults, people living with HIV and underweight individuals.

HBC and global experts made key recommendations on creating a robust, harmonized and coordinated data collation, collection, analysis and sharing system at subnational, national and global levels; using new data to update existing country estimates of health and economic impact and extend analyses to a wider range of countries; carrying out demand and market forecasting; resource gap mapping; work to align delivery strategies; work to address manufacturing, procurement, delivery, and regulatory barriers; sharing the timing of potential vaccine licensure; incorporating TB vaccine introduction strategies into national strategic plans, immunization programs, and applicable health services; collecting data on vaccine hesitancy, mistrust, and misinformation; collecting data on how to generate adolescent/adult vaccine demand, and making increased funding available for these activities.

The experts also recommended expanding this analysis to other areas of the WHO framework, including more HBC stakeholders, and repeating this analysis after country and community advocacy/socialization around different candidates.

Our work complements ongoing endeavors by SMART4TB, IAVI, LSHTM, WHO, and other stakeholders, provides relevant information for funding allocation decision-making, and supports the need for additional coordination. By encouraging country ownership, this work can help stimulate demand at both global and HBC levels. Additionally, our work serves as a foundational reference that provides countries with a preliminary map of evidence needs and gaps to support the introduction of future new vaccines and facilitating strategic spending decisions.

We recognize that this effort has several limitations. The workshop evaluation involved only a subset of countries, limiting its generalizability. While we strived to be purposive in the selection of individuals invited to take part, participation followed a convenience sampling approach based on the availability of participants. As such, the HBCs and global organizations included were not fully representative. In addition, the survey tool deployed was not validated, and its reliability has not been verified. Moreover, the study was not designed to assess relative prioritization across different areas of evidence or types of data. Further work is needed to tease out which evidence gaps would be most pressing to address in specific contexts. The two breakout group sessions held during the workshop had broad and varied stakeholder representation between groups, which may limit the generalizability and saturation of the data. In light of these limitations, the interpretation of the workshop outcomes should be taken with caution. Forthcoming work should build upon and validate these preliminary findings.

We conclude that robust, harmonized and coordinated data collation, collection, analysis, and sharing systems are needed and should be adequately resourced to ensure that HBC and global stakeholders can use limited resources most efficiently, and that HBCs will have the data they need to decide whether to introduce new TB vaccines and to guide strategies for their efficient introduction. This approach should be repeated for other areas of the WHO framework, alongside expanding this analysis to include more stakeholders in each of the HBCs and repeating this analysis in the future after country and community advocacy/socialization around different candidates.



Data availability statement

Original datasets are available in a publicly accessible repository: The original contributions presented in the study are publicly available. This data can be found here: https://docs.google.com/spreadsheets/d/1PIYMSz38F5vFlbgp1NDWyrDuqeST0e3GB4Nl71kCf3w/edit#gid=103346952 and in the article/Supplementary material.



Ethics statement

Ethical approval was not required for the studies involving humans because all participants and respondents were informed before the meeting that anonymized data collected during the meeting or from the survey could be used in future reports and/or publications, and that participating in the meeting assumed consent for this data to be used. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study. Written informed consent was obtained from the individual(s) for the publication of any potentially identifiable images or data included in this article.



Author contributions

RC: Writing – original draft, Writing – review & editing. CY: Writing – original draft, Writing – review & editing. SP: Writing – original draft, Writing – review & editing. EA: Writing – original draft, Writing – review & editing. SM: Writing – review & editing. RL: Writing – review & editing. BG: Writing – review & editing. LS: Writing – review & editing. GV: Writing – review & editing. ET: Writing – review & editing. MF: Writing – review & editing. IE: Writing – review & editing. AD: Writing – review & editing. TN: Writing – review & editing. TVCDNG: Writing – review & editing. PP: Writing – review & editing, Writing – original draft. RW: Writing – original draft, Writing – review & editing.



Group member of TB Vaccine Country Data Needs Group

Pei-Chun Chan, The Division of Chronic Infectious Disease, Centers for Disease Control, Taiwan; Salome Charalambous, Aurum Institute, South Africa; Gavin Churchyard, Aurum Institute, South Africa; Alberto Garcia-Basteiro, Centro de Investigação em Saúde de Manhiça, Mozambique; Mustapha Gidado, KNCV Tuberculosis Foundation, The Netherlands; Michelle M. Gill, Elizabeth Glaser Pediatric AIDS Foundation, United States of America; Willem Hanekom, Africa Health Research Institute, South Africa; Mark Hatherill, University of Cape Town, South Africa; Benjamin Kagina, University of Cape Town, South Africa; Gulmira Kalmambetova, National TB Programme, The Kyrgyz Republic; Andrew D. Kerkhoff, Division of HIV, Infectious Diseases and Global Medicine Zuckerberg, San Francisco General Hospital and Trauma Center, University of California San Francisco, United States of America; Shodmon Khushvakhtov, KNCB TB PLUS, The Republic of Tajikistan; Mmamapudi Kubjane, Health Economics and Epidemiology Research Office (HE2RO), Wits Health Consortium, University of the Witwatersrand, Johannesburg, South Africa; Sandip Mandal, John Snow India, India; Leonardo Martinez, Department of Epidemiology, School of Public Health, Boston University, Boston, Massachusetts, United States of America; Harriet Mayanja-Kizza, Makerere University, Uganda; Dingaan Mithi, Journalists Association Against AIDS, Malawi; Abu Syed Md. Mosaddek, Department of Pharmacology, Uttara Adhunik Medical College, Uttara, Dhaka & WHO Snakebite envenoming Roster of Experts & Quest Bangladesh Lalmatia, Dhaka, Bangladesh; Lillian Mtei, KNCV TB PLUS, Tanzania; Bakyt Myrzaliev, KNCV TB PLUS, The Kyrgyz Republic; YaDiul Mukadi, United States Agency for International Development, United States of America; Tom Rogers Muyunga-Mukasa, Advocacy Network Africa, Kenya; Patricia Asero Ochieng, CEO, Ringa Women Fighting AIDS Group, Kenya; Surabhi Pandey, Public Health Foundation of India, India; Awnish Singh, Department of Epidemiology, School of Public Health, University of Michigan, United States of America; Former, National Technical Advisory Group on Immunization Secretariat, Ministry of Health and Family Welfare, India; Divya Kantilal Shah, Wellcome, United Kingdom; Stephen Anguva Shikoli, Pamoja TB Group, Kenya; Edina Sinanovic, University of Cape Town, South Africa; Michele Tameris, South African Tuberculosis Vaccine Initiative, University of Cape Town, South Africa; Kitaw Teklemariam, Organic Health Care Service, Ethiopia; Edna Tembo, Coalition of Women & Girls Living with HIV & AIDS, Malawi; Jaspreet Turner, Wellcome, United Kingdom; Jenny A. Walldorf, World Health Organization, Switzerland; Jennifer Woolley, Stop TB Partnership Working Group on New TB Vaccines, New York, NY, United States.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. Support for publication of this article was received from the Working Group for New TB Vaccines. RW was funded for other work by Wellcome Trust (218261/Z/19/Z), NIH (1R01AI147321-01, G-202303-69963, R-202309-71190), EDTCP (RIA208D-2505B), UK MRC (CCF17-7779 via SET Bloomsbury), ESRC (ES/P008011/1), BMGF (INV-004737, INV-035506), and WHO (2020/985800-0).



Acknowledgments

We share a special thanks to all the survey respondents and meeting participants. We would like to thank the Stop TB Partnership Working Group on New TB Vaccines (WGNV) for hosting the workshop.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Author disclaimer

The content is solely the responsibility of the authors and may not represent the views of any organizations. The views and opinions expressed in this paper are those of the authors and not necessarily the views and opinions of the United States Agency for International Development.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/ftubr.2024.1384036/full#supplementary-material



References

 1. Martinez L, Cords O, Liu Q, Acuna-Villaorduna C, Bonnet M, Fox GJ, et al. Infant BCG vaccination and risk of pulmonary and extrapulmonary tuberculosis throughout the life course: a systematic review and individual participant data meta-analysis. Lancet Glob Health. (2022) 10:e1307–16. doi: 10.1016/S2214-109X(22)00283-2

 2. TB Vaccine Clinical Pipeline. Work. Group New TB Vaccines. Available online at: https://newtbvaccines.org/tb-vaccine-pipeline/ (accessed January 14, 2024).

 3. WHO Global Framework to prepare for Country Introduction of New TB Vaccines for Adults and Adolescents. Available online at: https://www.who.int/publications/m/item/who-global-framework-to-prepare-for-country-introduction-of-new-tb-vaccines-for-adults-and-adolescents (accessed December 11, 2023).

 4. WHO Evidence Considerations for Vaccine Policy Development (ECVP). Available online at: https://www.who.int/publications/m/item/who-evidence-considerations-for-vaccine-policy-development-(ecvp) (accessed December 11, 2023).

 5. Guignard A, Praet N, Jusot V, Bakker M, Baril L. Introducing new vaccines in low- and middle-income countries: challenges and approaches. Expert Rev Vaccines. (2019) 18:119–31. doi: 10.1080/14760584.2019.1574224

 6. World Health Organization. WHO releases new global lists of high-burden countries for TB, HIV-associated TB and drug-resistant TB. (2021). Available online at: https://www.who.int/news/item/17-06-2021-who-releases-new-global-lists-of-high-burden-countries-for-tb-hiv-associated-tb-and-drug-resistant-tb (accessed November 2, 2022).

 7. Clark RA, Weerasuriya CK, Portnoy A, Mukandavire C, Quaife M, Bakker R, et al. New tuberculosis vaccines in India: modelling the potential health and economic impacts of adolescent/adult vaccination with M72/AS01E and BCG-revaccination. BMC Med. (2023) 21:288. doi: 10.1186/s12916-023-02992-7

 8. Harris RC, Sumner T, Knight GM, Zhang H, White RG. Potential impact of tuberculosis vaccines in China, South Africa, and India. Sci Transl Med. (2020) 12:eaax4607. doi: 10.1126/scitranslmed.aax4607

 9. Harris RC, Quaife M, Weerasuriya C, Gomez GB, Sumner T. Bozzani F, et al. Cost-effectiveness of routine adolescent vaccination with an M72/AS01E-like tuberculosis vaccine in South Africa and India. Nat Commun. (2022) 13:602. doi: 10.1038/s41467-022-28234-7

 10. Harris RC, Sumner T, Knight GM, Evans T, Cardenas V, Chen C, et al. Age-targeted tuberculosis vaccination in China and implications for vaccine development: a modelling study. Lancet Glob Health. (2019) 7:e209–18. doi: 10.1016/S2214-109X(18)30452-2

 11. Weerasuriya CK, Harris RC, McQuaid CF, Bozzani F, Ruan Y, Li R, et al. The epidemiologic impact and cost-effectiveness of new tuberculosis vaccines on multidrug-resistant tuberculosis in India and China. BMC Med. (2021) 19:60. doi: 10.1186/s12916-021-01932-7

 12. Weerasuriya CK, Harris RC, Quaife M, McQuaid CF, White RG, Gomez GB. Affordability of adult tuberculosis vaccination in india and china: a dynamic transmission model-based analysis. Vaccines. (2021) 9:245. doi: 10.3390/vaccines9030245

 13. Silva S, Awad S, Abu-Raddad L, Atun R, Goosby E, Reid M. The health and economic benefits possible with novel tuberculosis vaccines – a modeling study in India and Indonesia. (2021) [preprint]. doi: 10.21203/rs.3.rs-265017/v1

 14. Tseng C-L, Oxlade O, Menzies D, Aspler A, Schwartzman K. Cost-effectiveness of novel vaccines for tuberculosis control: a decision analysis study. BMC Public Health. (2011) 11:55. doi: 10.1186/1471-2458-11-55

 15. Renardy M, Kirschner DE. Evaluating vaccination strategies for tuberculosis in endemic and non-endemic settings. J Theor Biol. (2019) 469:1–11. doi: 10.1016/j.jtbi.2019.02.020

 16. Clark RA, Mukandavire C, Portnoy A, Weerasuriya CK, Deol A, Scarponi D, et al. The impact of alternative delivery strategies for novel tuberculosis vaccines in low-income and middle-income countries: a modelling study. Lancet Glob Health. (2023) 11:e546–55. doi: 10.1016/S2214-109X(23)00045-1

 17. Portnoy A, Clark RA, Quaife M, Weerasuriya CK, Mukandavire C, Bakker R, et al. The cost and cost-effectiveness of novel tuberculosis vaccines in low- and middle-income countries: a modeling study. PLoS Med. (2023) 20:e1004155. doi: 10.1371/journal.pmed.1004155

 18. Portnoy A, Clark RA, Weerasuriya CK, Mukandavire C, Quaife M, Bakker R, et al. The potential impact of novel tuberculosis vaccines on health equity and financial protection in low-income and middle-income countries. BMJ Glob Health. (2023) 8:e012466. doi: 10.1136/bmjgh-2023-012466

 19. Portnoy A, Arcand J-L, Clark RA, Weerasuriya CK, Mukandavire C, Bakker R, et al. The potential impact of novel tuberculosis vaccine introduction on economic growth in low- and middle-income countries: a modeling study. PLoS Med. (2023) 20:e1004252. doi: 10.1371/journal.pmed.1004252

Copyright
 © 2024 Clark, Young, Palmer, Auma, Malhotra, Limaye, Giersing, Schrager, Voss, Tiemersma, Frick, Edoka, Dagnew, Nkhoma, TB Vaccine Country Data Needs Group, Pelzer and White. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/ftubr-02-1384036-i001.jpg
m
H
-
g
g
P - Wi - i olEe T EECE RS R N S DN - s
: g R e | 23
o el . = - .. 5z
o e B o« B e o — - EERIlD Tl D g
- Y - . ve ° I B B 5 £
et svw 48 = - IS - S G SRR - PN TR, T T N 23
ol S S ol B il . A et 4 z g €3
— B B = = EE-EE EEEE B - JE-EEEE EBE EEH B mm
e B = YN a e B a- Sy HEEE O Eg £3 <kzoe
— . R o U BN G BEE BORL.AT B A, g R HEEE ENE EER SR és
a B ESSNRE. 0B B By SESERE. B B Bed EoE BEES E B v b 2
B BS PRSP RN'E SER BRSRRT B K LR fey i 5 8 Y o8
b 2 E P ® =
I w =] CeReS.gfen. = Theews,, ER.OR ., SR, COERS LR TR MR RRS AR iz § £3 3
H 55 2 2Ew =
¢ i . s £ .5 .2fE2
iy ' - »%" £3 v3 2:8E83
i 1 cadet  sverensly,  ooilee cod prsiilf e v 8¢ 335588
iy mwaux:unxwmmm:mx”mmxmﬁmmwmmwEmmmm 23 5:Z §EszE
BHBEHUHBHEHBIR R BT R s §53 dzszf<
£E £38%¢
sF FfaiEiti
2zz,.zcz3st88%
?grg,zrziasis
4555385555 ¢8¢883¢
§53383333888:2¢

o~

and 'AP* would mean 1 ongoing and 1 proposed data collection in that country

Data collection Proposed, but not definitely in this group
e.g,, 'P2' means 2 proposed data collections in that country

Notes
Code will be: 1 colour AND (A OR N) AND (C AND/OR P)

|Add a number if >1 ongoing initative
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