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Executive Summary
Purpose and scope
This roadmap sets priority actions to accelerate the development, licensure, and equitable introduction of safe and effective vaccines against Streptococcus pyogenes (S. Pyogenes), also referred to as group A Streptococcus and Strep A. It synthesizes current evidence, identifies critical gaps, and aligns research and development (R&D), regulatory, manufacturing, and programmatic needs to maximize global public health impact, particularly in low- and middle-income countries (LMICs).
S. pyogenes causes a wide clinical spectrum of disease—from pharyngitis and impetigo to invasive disease (e.g. sepsis, pneumonia, cellulitis, necrotizing fasciitis) and toxin-mediated syndromes—resulting in substantial morbidity and mortality. Immune-mediated sequelae, notably acute rheumatic fever (ARF) and rheumatic heart disease (RHD), drive chronic disability and premature death, disproportionately affecting children, adolescents, young adults, and women (including adverse maternal and perinatal outcomes). Rheumatic heart disease (RHD) constitutes the most dramatic and neglected consequence of S. pyogenes as a human pathogen. Current prevention strategies that rely on antibiotics leave an important burden and drive substantial antibiotic use for sore throat, contributing to antimicrobial resistance (AMR). 
A safe, affordable and globally effective Strep A vaccine is needed to prevent RHD, pharyngitis, impetigo and other acute infections and immune-mediated sequelae. A vaccine could transform disease control across the life course, reducing morbidity, mortality and antibiotic consumption.
There is strong evidence that pharyngitis is on the causal pathway to RHD, and more limited but suggestive evidence on the contributive role of impetigo. Prevention of pharyngitis and impetigo are therefore likely to result in a reduction in RHD, the priority global health target for a Strep A vaccine. However, indirect evidence may not be sufficient to drive policy decision for wide vaccine implementation in high endemicity areas. Further evidence linking these clinical endpoints to reductions in RHD could inform future policy decisions. 
Recent evidence emerged that demonstrates the clinical significance of early valvular abnormalities as an intermediate disease stage that can evolve towards symptomatic, advanced RHD. Demonstrating vaccine efficacy in preventing echocardiographic evidence of early RHD is therefore identified as an important strategic goal for late stage vaccine evaluation. Further epidemiologic evidence is needed to define the sample size needed for a vaccine efficacy study with an early RHD endpoint.
Realizing the full potential of Strep A vaccines will also include vaccine use and impact for prevention of invasive infections in people at increased risk, including the elderly and pregnant women.
Priorities activities highlighted under this Roadmap include: 
- To address key evidence gaps. Further epidemiologic evidence is needed to define priority age targets for vaccination. Documenting baseline incidence of key vaccine trial endpoints is also critical to support trial sample size determination (including in priority pharyngitis, impetigo and early RHD). Such evidence should be gathered in various geographies to capture the disease presentation and bacterial heterogeneity globally. 
- To progress a diverse candidate vaccine pipeline. Progressing a number of candidates from the discovery phase to early clinical evaluation, and initial demonstration of proof-of-concept are key and will rely on the ability to form product development partnerships, to access good manufacturing practice (GMP) platforms and experienced clinical trial networks in different geographies. Streamlined clinical development plans, consensus endpoints and trial designs meeting regulatory expectations are needed for the different target indications, in different age groups, for which disease entities differ as vaccine targets. Safety will be paramount and needs to be based on consensus precautions prospectively defined in collaboration with key stakeholders. The development of standardized, validated immunologic readouts and correlates of protection should be adapted to the stage of development, enabling lot-to-lot consistency and bridging steps needed to accelerate vaccine R&D towards licensure.
- To prepare for maximum  public health impact and affordable access. This will rely on aligning R&D activities with regulatory and policy decision-maker expectations, and identification of a viable implementation strategy, tailored to target indications. Appropriate assessment of the value of Strep A vaccines and vaccinations should include assessment of risk and safety, demonstration of prevention of clinically meaningful endpoints, and broader measures of impact including antibiotic use and health-economic outcomes. Access to low-cost manufacturing meeting all chemistry, manufacturing and control (CMC) requirements will be key to support cost-effectiveness, affordability and sustainable supply. Outreach to appropriate stakeholders including end-users is essential and should be based on proper social and behavioural research informing acceptability and demand, addressing gender, literacy, access, and vulnerability factors.
A number of key capacities are identified as important determinants of success on the pathway to availability of a safe, effective and affordable vaccine with public health impact :
Improvements in diagnostics including sampling methodologies, point of care testing, culture/PCR access and quality, molecular typing, identification of biomarkers of disease status, exposure history, risk and protection; strengthening of early RHD echocardiography capacity in high-endemicity areas 
Surveillance and clinical trial networks: multi-site, standardized platforms with high research standards, know-how and infrastructure in diverse epidemiologic settings, including supportive regulatory and ethical frameworks, clinical, laboratory, echocardiography, GCP expertise, data systems, pharmacovigilance and community engagement
Controlled human infection models (CHIM) for early proof-of-concept evaluation of pharyngitis and skin infection endpoints, and early evaluation of immune determinants of protection
Standardized reagents and assays for regulatory-acceptable characterization of immunogenicity and identification of correlates of protection
Low-cost manufacturing to support provision of scalable GMP clinical trial material, technology transfer and future affordable, sustainable and equitable access to vaccines
Modelling to support burden assessment and project health impact, cost-effectiveness, optimal implementation strategies, inform national and global prioritization based on a full health, economic and social valuation
The global health community should strengthen critical enablers for the Strep A vaccine field: 
Public–private product development partnerships: align academic innovation with industrial development, manufacturing readiness, and regulatory navigation; share risk and information to accelerate timelines while ensuring future access.
Manufacturing and regulatory expertise: build capacity through mentorship, scientific advice, and regional regulatory-compliant strengthening initiatives to guide less-experienced developers through GMP, CMC, and clinical milestones.
Stakeholder engagement: coordinate academia, manufacturers, funders, regulators/ethics bodies, NITAGs/RITAGs, communities, and implementers across the end-to-end value chain.
Effective communication: elevate the visibility of S. pyogenes burden and vaccine progress; tailor messages to local contexts; support demand forecasting and investor confidence.
Sustainable funding: Expand and diversify financing with multi-year commitments spanning discovery to implementation; link public/philanthropic investments to affordability and equitable access; resource manufacturing infrastructure and regulatory capacity, especially in LMICs.
Conclusion
Development of a safe, effective and affordable Strep A vaccine is an urgent public health priority. . Coordinated action across evidence generation, clinical development, regulatory alignment, manufacturing readiness, programmatic planning, and financing can accelerate progress to licensure and equitable introduction. Implementing this roadmap will position the global health community to prevent substantial morbidity, mortality, and antibiotic use attributable to S. pyogenes, delivering durable benefits across the life course and geographies.


Background on WHO Vaccine R&D Technology Roadmaps
Vaccine R&D Roadmaps produced by the World Health Organization (WHO) aim to provide a strategic framework outlining priority activities for global stakeholders, including vaccine researchers, funders, product sponsors, industry, regulatory authorities, policy-makers and the public. In essence the Roadmap encourages innovation, facilitates progress and an acceleration of the pathway to vaccine licensure and policy recommendation, affordable availability, access and use in context of a functional delivery program, to ultimately address priority global health needs. R&D Roadmaps are not formally linked to any of the WHO policy recommendation and prequalification processes and interactions but aims to promote aligned preparation of such processes and interactions. An end-to-end perspective is adopted, from research to use, addressing short term needs as well as providing a long-term perspective with the idea that a clear vision of the downstream pathway to licensure, policy and implementation will support appropriate upstream R&D activities. (https://www.who.int/teams/immunization-vaccines-and-biologicals/product-and-delivery-research/roadmaps) 
WHO vaccine R&D Roadmaps complement vaccine preferred product characteristics (PPCs) published by the WHO, which describe preferred parameters pertaining to vaccine indications, target population, data collected for safety and efficacy evaluation, R&D and immunization strategies. Selected disease areas are identified as WHO priorities based on the unmet public health need for vaccines, technical feasibility assessment and suitability for use in low- and middle-income countries.
WHO vaccine R&D Roadmaps capture priorities at a certain moment in time and are intended to be updated as new evidence emerges and perspectives evolve. A first WHO Strep A Vaccine Development Technology Roadmap was developed and published in 2018, along with the expression of WHO Strep A Vaccine PPC. (https://savac.ivi.int/documents/WHO-IVB-18.08-GAS%20Vaccine%20Develoment%20Technology%20Roadmap%202018.pdf) This updated R&D Roadmap provides a renewed vision and strategic goals for Strep A vaccine development, building on the 2018 identified priorities, updated according to evolutions in the field. It describes the areas of work and specific activities that WHO considers priorities for supporting the vaccine development effort. It is aligned with the updated expression of WHO PPC (ref)
This document has been compiled with input from academic groups, not-for-profit vaccine developers, industry, funding bodies, public health agencies and national stakeholders from endemic areas. It is neither product- nor product-type specific. WHO encourages implementation of the Roadmap through an aligned buy-in and collaborative endeavours by the variety of active stakeholders. 

WHO VISION AND STRATEGIC GOALS
Vision
The development of a safe, affordable and globally effective vaccine is needed to prevent RHD, acute S. pyogenes infections and associated antibiotic use, other immune-mediated sequelae and the associated mortality.
Immediate Strategic Goals
Demonstrate favourable safety and proof of efficacy of a candidate vaccine against S. pyogenes pharyngitis.
Demonstrate favourable safety and proof of efficacy of a candidate vaccine against S. pyogenes impetigo in children.
Demonstrate favourable safety and proof of efficacy of a candidate vaccine against early RHD.
Medium-Term Strategic Goals
Licensure of a safe and efficacious vaccine against S. pyogenes pharyngitis in young children. Demonstration of prevention of impetigo would be an important addition. 
Licensure of a safe and efficacious vaccine against early RHD, an intermediate target on the pathway to RHD.
Long-Term Strategic Goals
Global programmatic inclusion of a safe, effective and affordable vaccine for prevention of acute S. pyogenes infections and RHD, other immune-mediated sequelae and their associated mortality. 


INTRODUCTION
Streptococcus pyogenes (group A Streptococcus, or Strep A) is a Gram-positive bacterium responsible for a remarkably broad spectrum of clinical manifestations in humans, its only known host and reservoir. S. pyogenes is among the leading infectious causes of death and disability globally, responsible for more than half a million premature deaths each year. (Brouwer S et al. 2023 ; Craik N et al. 2022 ; Ordunez P et al. 2019) The disease burden is disproportionately borne by low- and middle-income countries (LMICs), where resource constraints limit the effectiveness of current prevention and control strategies (Brouwer S et al. 2023 ; Craik N et al. 2022 ; Ordunez P et al. 2019).
The pharyngeal mucosa and the skin are the main ecological and transmission reservoirs of S. pyogenes. (Barth D et al. 2025 ; Enkel S, Barnes S et al. 2024) Pharyngitis and impetigo account for the largest number of symptomatic infections (Craik N et al. 2022 ; Miller K et al. 2022). S. pyogenes also causes invasive infections such as sepsis, pneumonia, meningitis, cellulitis, necrotizing fasciitis and septic arthritis. These severe infections are associated with substantial morbidity and mortality. Progression to a fatal outcome can be fast and even when treated, case fatality rates are high. (Li H et al. 2025 ; Lamagni T et al. 2009) People in good health can be affected. Neonates, pregnant and postpartum women, the elderly, and individuals with skin breaks, obesity, or diabetes are particularly at risk. (Walker M et al. 2014) The release of superantigenic toxins can lead to toxin-mediated diseases, such as scarlet fever and streptococcal toxic shock syndrome, the latter carrying a high case fatality rate. (Walker M et al. 2014) Outbreaks of invasive S. pyogenes infections have been reported in both community and institutional settings across high- and LMICs, in some instances with increasing frequency over time. (Lamagni T et al. 2018 ; Lynskey N et al. 2019 ; Walker M et al. 2014) The association between outbreaks and incidence of secondary complications have been documented. (Cordery R et al. 2022)
Beyond acute disease, immune-mediated sequelae of S. pyogenes infection remain a major cause of chronic illness and death (Walker M et al. 2014). Acute rheumatic fever (ARF) may lead to rheumatic heart disease (RHD), while post-streptococcal glomerulonephritis (PSGN) can contribute to chronic renal impairment and end-stage renal disease. RHD alone affects an estimated 55 million people globally, causing more than 350,000 premature deaths annually. (Watkins D et al. 2017 ; Carapetis J et al. 2005 ; Craik N et al. 2022)  RHD is a major cause of chronic disability, especially among children, adolescents, and young adults. It disproportionately affects women, contributing to adverse maternal and perinatal outcomes, and remains an important contributor to maternal morbidity and mortality in high-burden settings. (Rothenbühler M et al. 2014 ; Sherwood E et al. 2022) 
Antibiotic treatment of S. pyogenes pharyngitis and impetigo constitute the backbone of primary prevention of RHD, and secondary prevention (through regular injections of antibiotics) among patients at risk. (WHO 2024) While effective at the individual level, it has not proven widely successful as a population-level strategy in most LMIC contexts, in context of limited health systems resources and frequent penicillin stockouts (WHO 2024). Moreover, pharyngitis drives large-scale global antibiotic use, much of it unnecessary, given that only a fraction of cases of sore throat are due to S. pyogenes. (Barnett M et al. 2014 ; Cunningham C et al. 2024) The substantial antibiotic use associated with confirmed or suspected S. pyogenes disease contributes to the growing threat of antimicrobial resistance (AMR). (Miller K et al. 2023)
The overall burden of S. pyogenes disease represents a substantial and preventable global health problem with important economic and societal consequences. (Bloom D et al. 2024 ; Giannini F et al. 2023 ; Lee J et al. 2023) A safe and effective Strep A vaccine would have the potential to transform disease control, substantially reduce antibiotic use associated with sore throat management, and prevent deaths and disabilities across age groups and regions (Cadarette D et al. 2023).
However, vaccine development faces several challenges. (Walkinshaw D, Wright M, Mullin A et al. 2023) Safety and efficacy data packages supportive of regulatory submissions and sound policy decisions need to be better defined. Scientific challenges include important knowledge gaps in the epidemiology and molecular bacteriology of S. pyogenes, protective immunity and the pathophysiology of immune-mediated sequelae. (Brouwer S et al. 2023 ; Smeesters P et al. 2024 ; Zuhlke L et al. 2026) The wide antigenic diversity of S. pyogenes complicates global vaccine design and coverage. In addition, limitations in diagnostics, surveillance and trial infrastructure, access to standardized assays and manufacturing capacity, and the need for coordinated regulatory, policy and implementation pathways pose important barriers. A lack of sustained financial investment and political will has further undermine progress. (Cannon J, Bennett J et al. 2021 ; Tortorice D et al. 2023) 
In 2018,  first WHO Strep A Vaccine Development Technology Roadmap was developed, in parallel with the expression of WHO PPC. (Vekemans J et al. 2019) Progress has been made in several of the priority activities since then. New evidence has emerged, and perspectives evolved accordingly. Despite this progress, the development of a Strep A vaccine remains an urgent unmet public health priority need. WHO PPCs have been revised, to better reflect renewed perspectives (ref). Here, the new version of the Strep A Vaccine Development WHO R&D Roadmap presents updated critical vaccine development priorities to accelerate progress toward the availability of a safe, effective, and globally accessible Strep A vaccine. It includes the presentation of an overall vision and strategic goals, priority activities, critical capacities and enablers for the field (figure).


1

[image: ]
PRIORITY ACTIVITIES
Major activity areas are identified below, for contribution to progress towards the strategic goals. They are interconnected, interdependent, and should be pursued in parallel. 
Addressing Evidence Gaps
This section presents important evidence gaps which, if addressed, could advance Strep A vaccine development.
Better epidemiologic characterization of the drivers of S. pyogenes-related disease burden will directly inform trial endpoints, sample size determination and the appropriate conduct of clinical trials. Heterogeneity across age groups and geographic regions needs further documentation. 
Determinants of severe outcomes, including invasive disease and long-term immune-mediated sequelae - most importantly those leading to RHD - should be investigated in greater depth. Molecular and bacteriological factors, such as virulence mechanisms, protein function, and antigenic diversity, are key areas of interest, as are immune determinants of susceptibility and protection.
Improve disease burden estimates
Disease burden estimates require strengthening through more granular data across key qualitative and quantitative parameters. Greater attention to geographic heterogeneity is needed, as burden varies substantially between and within regions. Clinical presentation and prevalence differ by age, socioeconomic status, pregnancy status, comorbidities, and other context-specific factors. Consensus case definitions for epidemiologic studies have recently been presented, and should be used. (Miller K, Carapetis J, Cherian T et al. 2022 ; Miller K, Lamagni T, Cherian T et al. 2022 ; Miller K, Lamagni T, Hay R et al. 2022 ; Miller K, Tanz R, Shulman S et al. 2022 ; Miller K, Van Beneden C, McDonald M et al. 2022 ; Moore H, Miller K et al. 2022 ; Scheel A, Beaton A, Katzenellenbogen J et al. 2022 ; Scheel A, Miller K, Beaton A et al. 2022) 
Considering priority disease targets and possible pivotal trial endpoints, the burden of pharyngitis and the spectrum of skin diseases in LMICs particularly needs better characterization. Determining baseline incidence of early RHD in areas where clinical trials can be delivered will inform feasibility and the sample size needed to support this important indication. 
Other S. pyogenes disease targets are important, too. The burden of disease during pregnancy and among newborns is a particular priorityneeds better characterization. The S. pyogenes attributable fraction of various syndromic presentations including cellulitis, pneumonia, sepsis, and kidney disease should be further investigated across age groups. The speed of invasive disease progression constitutes a major obstacle to case capture, and that in itself should be better characterized, to support evidence generation and study case definitions. The role of comorbid disease in driving progression from superficial to invasive infection should be better characterized, taking into account both systemic conditions and local factors affecting the skin or pharynx. Future disease burden estimates should incorporate molecular bacteriologic heterogeneity, including the distribution and impact of genetic variants—particularly those affecting antigens relevant to vaccine development. Molecular determinants and strains associated with invasive disease or progression to severe chronic sequelae warrant further investigation. Tools are available, and efforts to characterize genomic epidemiologic diversity at both regional and global scales should be continued. (de Crombrugghe G et al. 2025 ; Hall J et al. 2024 ; Hall J et al. 2025) Monitoring strain-specific transmission, strain replacement, and the emergence of new virulent lineages will also be essential. (Davies M et al. 2025 ; Turner C et al. 2015 ; Vieira A e al. 2024)
Antibiotic susceptibility patterns should be systematically monitored, in different epidemiologic settings. S. pyogenes-driven antibiotic use should be more accurately quantified, leveraging multiple data sources to develop a comprehensive estimate of its contribution to antimicrobial resistance.
Related key capacities: Diagnostics, surveillance and clinical trial networks, modelling. 
Related key enablers: engagement of stakeholders, funding
Better characterize natural disease history
Determinants of transmission, the pathway from colonization to infection and the pathways leading to late immune sequelae, particularly RHD, require more thorough characterization. Investigations are needed in diverse epidemiological settings to investigate both host and bacterial determinants of outcomes. 
Critical gaps can in understanding of the natural disease history include:
Age patterns: 
A better understanding of the age of first exposure and the age-specific frequency of colonization is needed. Recent evidence indicates that exposure begins in infancy in some high-endemicity settings, making it a priority to understand how early exposure and colonization shapes immunity and clinical outcomes. (Keeley A et al. 2025) The characterization of the age structure of the human S. pyogenes reservoir, its contribution to ongoing transmission, and how pharyngeal and impetigo infections and repeated infections drive progression toward RHD will inform the optimal age range for pediatric vaccination. 
Colonization and transmission:
The contribution of pharyngeal and skin colonization to disease pathogenesis, potential reservoirs  and modes of transmission, seasonal patterns, the influence of comorbidities and impact on immunity need to be better characterized.
Disease progression: 
The respective contribution of pharyngitis and impetigo on the causal pathway to RHD is a critical gap that needs better characterization. The deterimination of age-specific incidence of early RHD among healthy children at enrolment will inform clinical trial feasibility, sample size and methodology for assessment of vaccine effectiveness against early RHD. Studies investigating the frequency and determinants of regression versus progression from early to advanced RHD will also provide key information for vaccine studies. 
The determinants of progression to invasive disease and other, late immune-mediated outcomes should be better understood. The contribution of S. pyogenes infections and PSGN to end-stage kidney disease requires better quantification, and key determinants of renal pathophysiology needs characterization. 
Comorbidities: 
The role of comorbidities as modifiers of clinical outcomes has been insufficiently studied. (Nelson G et al. 2016) Conditions known to influence other infectious diseases - such as respiratory infections, skin diseases (especially scabies), HIV, malaria, malnutrition, non-commnicable diseases  - may also affect the course of S. pyogenes disease, but their impact remains poorly defined.
Related key capacities: Diagnostics, surveillance and clinical trial networks, modelling. 
Related key enablers: engagement of stakeholders, funding
Understand immune determinants of risk and protection
Natural history studies can help identify host- and pathogen-related determinants of progression to adverse outcomes, thereby providing essential insights for vaccine development. (Dokal K et al. 2025 ; Frost H et al. 2023 ; Keeley A et al. 2025 ; Tsoi S et al. 2015 ; Whitcombe A et al. 2022) The impact of repeated symptomatic and/or asymptomatic infections (colonization) on the development and maturation of immune responses should be evaluated in longitudinal studies. Cross-protection against diverse bacterial strains should be assessed. Comparing immune profiles in protected vs susceptible volunteers submitted to an experimental paryngeal or skin infection can also provide useful information. (Anderson J et al. 2022 ; Osowicki J et al. 2024)
In particular, a deeper understanding of the mechanisms that drive immune-mediated diseases following natural exposure is needed. Improved understanding and identification of immune signatures that predict whether early RHD will regress or progress to advanced RHD would be highly valuable.
Characterizing immune determinants of risk and protection involves evaluating antigen-specific targets and the activation of various immune effectors across different anatomical compartments and stages of disease. The contribution of mucosal immunity to the prevention of colonization and tissue invasion should be explored. Investigations should consider the roles of complement pathways; phagocytic responses; humoral immunity (including both the quantity and functional quality of antibodies) and T cell immunity, encompassing memory, effector, and regulatory subsets.
Clarifying the relative contributions of humoral and cellular immunity will help guide vaccine platform selection, inform approaches to evaluating vaccine immunogenicity and define correlates of protection (Section 2.2.3). (Frost H et al. 2023) 
Related key capacities: surveillance and clinical trial networks, modelling. 
Related key enablers: engagement of stakeholders, funding
Accelerate Vaccine Development
This section presents key activities to be implemented to accelerate vaccine development.
Several candidate vaccines have emerged in recent years at the preclinical stage, many originating from academic research. However, progress within the clinical pipeline has been limited, in context of chronic under-investment (Tortorice D et al. 2023 ; Walkinshaw D, Wright M, Williams M et al. 2023 ; Walkinshaw D, Wright M, Mullin A et al. 2023). 
Advancing proof-of-concept efficacy studies for promising candidates is a major immediate priority for the field. Vaccine evaluation should follow a streamlined clinical development pathway, supported by robust trial designs and consensus-driven priority endpoints appropriate to each stage of development. Opportunities to demonstrate efficacy will vary depending on epidemiological settings.
Priority trial endpoints include pharyngitis, impetigo and early RHD. Prevention of S. pyogenes pharyngitis and impetigo are likely to result in a redution in RHD, but more direct evidence will be important to inform policy decisions in high-endemicity regions. Echographic evidence of early RHD is emerging as a promising surrogate endpoint indicative of the risk of evolution toward full clinical expression of RHD. 
Standardized immune assays and the identification of correlates of protection have the potential to significantly accelerate vaccine development by enabling comparability across studies and supporting bridging strategies.
Diversify and advance the pipeline
Vaccine antigen discovery efforts and preclinical investments should be strengthened, and promising candidates should move toward Phase I clinical evaluation. (Walkinshaw D, Wright M, Mullin A et al. 2023) Key considerations for antigen selection and vaccine formulation include achieving broad coverage across the global diversity of S. pyogenes strains while keeping product complexity manageable. (cross refer PPC document)
Product development partnerships will be important for navigating preclinical requirements and advancing candidates into and through clinical evaluation. Well-resourced partnerships can enable access to affordable GMP manufacturing and facilitate progression to clinical research centers with the necessary expertise, infrastructure, and established processes tailored to Strep A vaccine evaluation.
Related key capacities: clinical trial networks, CHIM, low-cost manufacturing.
Related key enablers: product development partnerships, manufacturing expertise, engagement of stakeholders, sustainable funding
Define appropriate clinical development plan, trial design and clinical endpoints for vaccine characterization
A comprehensive strategy defining staged objectives should aim to produce an evidence data package supportive of regulatory licensure and policy decision for vaccine use to address critical public health needs. While the public health need points towards prioritization of a pediatric vaccine indication, strategies for vaccines to protect against S. pyogenes across the life course should be developed.
In terms of efficacy evaluation, multiple milestones can be considered and staged throughout clinical progress, as presented in Box 1. 
The Strep A Vaccine Global Consortium (SAVAC) has published case definitions, case detection and surveillance methodologies for important S. pyogenes disease entities for use in epidemiologic and surveillance studies (Fox-Lewis A et al. 2025 ; Miller K, Carapetis J, Cherian T et al. 2022 ; Miller K, Lamagni T, Cherian T et al. 2022 ; Miller K, Lamagni T, Hay R et al. 2022 ; Miller K, Tanz R, Shulman S et al. 2022 ; Miller K, Van Beneden C, McDonald M et al. 2022 ; Moore H, Miller K et al. 2022 ; Scheel A, Beaton A, Katzenellenbogen J et al. 2022 ; Scheel A, Miller K, Beaton A et al. 2022). These constitute critical resources in the field and a basis on which clinical trial methods can be built, although they have not been designed specifically for that purpose. Trial sponsors and collaborators will need to work further to define case definitions and ascertainment methodologies to come to a required level of scientific integrity for vaccine trial endpoints, with the required clinical significance, high sensitivity and specificity.
A comprehensive vision for vaccine development should include consideration of opportunities to ascertain surrogate endpoints for rare targets, and biologic markers of protection that may support bridging steps extending vaccine indications (ie age, geographies, vaccine co-administration). 
A favourable benefit-risk balance needs to be demonstrated to support initial regulatory licensure. A wider evidence package including a more comprehensive health and economic impact evaluation is likely to be critical on the pathway to policy decision and global implementation in LMIC. The evidence data package may be completed through post-licensure commitments and early implementation studies, with the demonstration of protection against endpoints that are rare but important for public health. Such studies need to be planned well in advance. 
Vaccine efficacy characterization
Both a pediatric and an adult indication will be considered below.
Pediatric indication
Vaccine efficacy characterization against pharyngitis, impetigo and RHD will be considered below.
Vaccine efficacy against pharyngitis and skin infections
S. pyogenes pharyngitis represents a substantial disease burden and a major driver of antibiotic use, and therefore could serve as a primary Phase III endpoint for initial licensure in settings where prevention of S. pyogenes pharyngitis would support market authorization. (Miller KM, Carapetis JR, Van Beneden CA 2022 ; Miller et al. 2023) 
Vaccine efficacy against pharyngitis in children under conditions of natural exposure could be the primary objective of early efficacy assessments. Evidence generated in adults through a controlled human infection model is also of high interest (refer to section 3.3. for more details). A positive efficacy signal from these evaluations would represent a major breakthrough and could significantly increase investment in the field.
For studies conducted under natural exposure, methods for optimal pharyngitis case capture, including case definitions and ascertainment strategies, require further refinement. Studies should be conducted in diverse epidemiological settings. 
In children old enough to communicate, passive case detection (where participants seek care when unwell) should be prioritized to capture most clinically significant cases. Active case detection (involving regular visits to assess symptoms and conduct swabbing when indicated) may improve sensitivity. Active detection of infection (through regular swabbing regardless of symptoms) may help assess vaccine effects on asymptomatic infections and may be the only feasible approach in infants and young children who cannot reliably report throat pain. Active detection of infection should also be considered for secondary assessments of vaccine effects on colonization or asymptomatic infections. 
Demonstrating vaccine efficacy against skin infections will be another important target. S. pyogenes skin infections are common in many settings and extremely frequent in some LMIC regions. Clinical presentations vary widely, from impetigo (most frequently observed in children) to deeper infections such as cellulitis (more common in adults, especially with comorbidities); asymptomatic skin carriage also occurs. Infants may be affected. Other skin conditions, including scabies and eczema, can serve as significant risk factors and comorbidities. Presentations can be indistinguishable from infections caused by other bacteria, particularly Staphylococcus aureus. (Bowen et al. 2015) This heterogeneity, along with the influence of comorbidities and challenges in differential diagnosis, must be considered when defining age targets, case definitions and ascertainment approaches for vaccine trials. 
Identifying the most appropriate age group for vaccination is essential. Vaccination of toddlers for induction of protection prior to the increasing incidence of S. pyogenes pharyngitis in young children seem a reasonable priority approach. Further research is needed to inform the potential role of vaccination as early as infancy, in some high burden settings, where exposure, and the burden of impetigo, may start very early in life. (Keeley A et al. 2025)
Vaccine effectiveness against rheumatic heart disease
Prevention of RHD constitutes the most important public health target of vaccine development efforts in high endemicity areas. Confidence in efficacy against RHD is likely to be the major drive behind policy decisions on implementation of a Strep A vaccine. There is substantial evidence that repeated S. pyogenes pharyngitis can lead to RHD, and it could be considered likely that a Strep A vaccine with high, sustained efficacy against pharyngitis will also prevent RHD. There is also some evidence that impetigo is a risk factor for RHD, but confirming causation and characterizing the strength and determinants of this association require more work. (Baker M et al. 2025 ; Bennett J et al. 2019 ; Mala K et al. 2025 ; Oliver J et al. 2021)
A clinical trial to demonstrate efficacy against symptomatic, advanced RHD would require an unrealistic sample size and duration, justifying consideration of a surrogate endpoint. At present, no biomarker or combination of biomarkers has been validated as a biological signature of ARF or RHD, and identifying such markers remains a research priority. In contrast, echocardiographic evidence of early RHD constitutes a credible surrogate endpoint. (Ali S et al. 2024 ; Marangou J et al. 2025 ; Rwebembera J, Marangou J et al. 2024) There is strong evidence that a significant proportion of patients with early RHD will progress towards RHD, justifying secondary antibiotic prevention through regular injections, to prevent disease progression, with well established benefits. (Rwebembera J et al. 2025)
There is currently insufficient evidence to define the required sample size and duration of a Strep A vaccine study against early RHD implemented through vaccination of healthy young children. Generating robust incidence estimates through well-designed epidemiologic studies including children of an age that could be a target for vaccination, with normal cardiac evaluations at baseline, in conditions of natural S. pyogenes exposure, is therefore a key priority. 
Due to long latency, limited incidence and the need for large sample sizes, vaccine effectiveness against early RHD may require evaluation post-licensure, including through pilot introduction or population-based impact studies. However, incorporating echocardiographic screening in pre-licensure trials may provide valuable early signals of vaccine efficacy against early RHD. In high RHD prevalence regions, echocardiography may ,within the constraints of trial duration, enable sensitive detection of early valvular changes, offering an opportunity to characterize potential protective effects, even if such data are not powered for definitive efficacy conclusions.
The potential role of a Strep A vaccine in secondary prevention of RHD in people at risk such as those with echocardiographic evidence of early RHD, a history of acute rheumatic fever and/or repeated S. pyogenes infections, warrants consideration later in development. Demonstrating benefit in this context will be complex, as studies must ensure concurrent delivery of standard penicillin-based secondary prophylaxis. (Rwebembera J et al. 2025) 
Adult indication
There is a well-recognized and substantial global public health burden of S. pyogenes cellulitis, pneumonia, bacteremia and sepsis, and other invasive infections in adults, providing strong justification for continued vaccine R&D targeting this population. (Cannon J et al. 2018 ; Gregory C et al. 2025 ; Nelson G et al. 2016) Several conditions are associated with elevated risk for invasive S. pyogenes disease, including older age, diabetes and other comorbidities, as well as social and environmental factors such as homelessness and injected drug use. (Jordan H et al. 2007 ; Williamson D et al. 2016)
Further work is needed to articulate a clear pathway to vaccine licensure for adult indications. This includes defining the appropriate target population (all older adults or adults with specific risk factors), study objectives and endpoints, developing standardized case definitions and ascertainment methods, and determining feasible sample sizes. Key complexities will need to be addressed, including the challenge that multiple bacterial pathogens can present with similar clinical syndromes - bacteriologic confirmation of cellulitis is particularly difficult.


Box
Key Vaccine Efficacy Milestones when considering the diversity of the public health need
Pediatric indication: 
Demonstration of vaccine efficacy against S. pyogenes pharyngitis in children: Phase 2b/3 – potential early licensure primary endpoint for a pediatric indication. Phase 2A demonstration of vaccine efficacy against an experimental S. pyogenes challenge in adults would constitute an important vaccine development enabler.
Demonstration of vaccine efficacy against S. pyogenes impetigo in children: Phase 2b/3 – potential additional efficacy endpoint for a pediatric indication. The target age group for vaccination need to be carefully considered, as the age burden distribution of pharyngitis and impetigo may differ. 
Demonstration of vaccine effectiveness against early RHD: potential Phase 3 or Phase 4 endpoint, as determined by incidence studies needed to inform the required sample size determination. 
Adult indication:
Demonstration of vaccine efficacy against cellulitis in adults at risk: Phase 3  - potential primary endpoint for an elderly indication
Demonstration of vaccine efficacy against S. pyogenes invasive infections in adults at risk: potential Phase 3 and/or Phase 4 additional endpoint for an adult indication
Demonstration of vaccine effectiveness against S. pyogenes sepsis in pregnant women and neonates: potential Phase 4 endpoint for a life cycle licensure indication extension.

Pregnancy indication
S. pyogenes is an important cause of puerperal and neonatal sepsis, and a vaccine for use in pregnancy would have the potential to alleviate that burden. (Dabaja-Younis H et al. 2025 ; Helmig R 2022 ; Sherwood E et al. 2022 ; Sokou R et al. 2023) A 2022 meta-analysis estimated an invasive S. pyogenes disease incidence of 0.12 per 1000 livebirths in pregnancy and the post-partum period in HICs, and of 0.13 per 1000 in infants in LMICs, all with high case fatality rates. (Sherwood E et al. 2022) Recognizing that further efforts are needed for a mature strategy guiding R&D efforts to emerge, early planning could ensure that this population in need will not be neglected from the benefits of research (Kochhar S et al. 2019). A pregnancy indication could rest on a target population extension post-initial vaccine approval. 
Safety assessments
Ensuring safety remains paramount throughout Strep A vaccine development. Further details on safety expectations are expressed in the WHO PPC document (cross ref). A robust due-diligence package is required to characterise potential risks, recognising that the interpretation of some findings may remain uncertain. Preclinical assessments may include animal models, in-depth analyses of sequence homology between candidate antigens and human proteins, and in vitro assays evaluating human tissue immune cross-reactivity. Historical concerns regarding autoimmune sequelae have influenced contemporary safety considerations. The 1960s Massell study, which reported ARF in recipients of a crude M-protein preparation, suffered from substantive methodological limitations and is not considered informative by modern standards (Marangou J et al. 2025). Subsequent research using well-defined, high-purity subunit constructs has been reassuring: hundreds of individuals have now received Strep A vaccine candidates in clinical trials without evidence of vaccine-induced autoimmunity or related safety signals. (Asturias E et al. 2023) 
A staged, proactive, and methodologically rigorous clinical safety strategy is essential across all phases of development. Early-phase trials should incorporate close, intensive monitoring with access to high-quality clinical care, enabling detection of more common adverse events before proceeding to larger studies. Safety oversight by an independent data and safety monitoring board is strongly encouraged to ensure the highest scientific and ethical standards. Predefined adverse events of special interest (AESIs) (including ARF and post-streptococcal glomerulonephritis) should be incorporated into study protocols, with clear case definitions, halting rules, and adjudication procedures. Recent work by expert groups, including the Brighton Collaboration, Benefit-Risk Assessment of VAccines by TechnolOgy (BRAVATO), Strep A Vaccine Global Consortium (SAVAC) and Australian Strep A Vaccine Initiative (ASAVI), has advanced the development of standardised AESI definitions and echocardiography protocols, enabling consistent monitoring of cardiac outcomes while minimising misclassification from incidental findings (Asturias E et al. 2023 ; Marangou J et al. 2025 ; Nakakana U et al. 2024). As supportive evidence accumulates, the intensity of monitoring may be adjusted as appropriate.
Because immune responses and background rates of streptococcal disease vary with prior pathogen exposure and local epidemiology, safety assessment must be undertaken in diverse geographic and endemicity settings. (Girlando V et al. 2025) Research centres in low-, middle-, and high-income countries have demonstrated the capacity to conduct high-integrity vaccine trials with rigorous safety oversight, as shown in malaria, typhoid, and other vaccine development programmes (Mwangoka G et al. 2013 ; Moorthy V et al. 2025). Later-phase trials should contribute to a sufficiently large safety database to detect uncommon events, with phase 2b/3 studies expected to enrol numbers adequate to evaluate events occurring at frequencies of around 1/1,000. Post-licensure surveillance will be essential to further document vaccine impact on risk of rare autoimmune outcomes such as ARF or RHD, requiring well-designed active or hybrid surveillance systems integrated into national immunisation safety monitoring frameworks. Together, these activities constitute a comprehensive, lifecycle-long safety strategy that is aligned with global standards and responsive to the unique considerations of Strep A vaccines. 
Standards of care
Standards of care for trial participants should align with local clinical guidelines, and all trials should meet WHO Registry criteria. (Tarantola D et al. 2007 ; https://www.who.int/tools/clinical-trials-registry-platform/network/registry-criteria ; https://www.who.int/publications/m/item/WHO-TRS-1004-web-annex-9) Clinical studies must be supported by appropriate ethical and regulatory oversight. Overall trial conduct - including considerations related to access to care, standards of care, and other ethical issues -should be grounded in strong local leadership structures, functioning ethics review boards, and meaningful community engagement. These processes should ensure high-quality communication about the trial’s design, objectives, and procedures, including consent, recruitment, and overall conduct.
Management of clinical endpoints during the trial should follow the approved protocol and be consistent with locally recommended standards of care. This includes providing antibiotic treatment for diagnosed S. pyogenes pharyngitis or skin infections, as well as secondary antibiotic prophylaxis for participants identified with echocardiographic evidence of early RHD. Because treatment of S. pyogenes infections within the context of a clinical trial typically offers enhanced access to care compared with epidemiologic studies, these differences may influence disease incidence and therefore affect sample size assumptions. Such implications should be carefully considered during study planning.
Related key capacities: diagnostics, clinical trial networks, CHIM, standardized assays, low-cost manufacturing, modelling.
Related key enablers: product development partnerships, manufacturing expertise, engagement of stakeholders, effective communication, sustainable funding
Define immunologic readouts and correlates of protection
Relevant immunologic readout strategies need to be developed for each vaccine candidate. Immunity readouts may be specific to a single vaccine candidate, or relevant to several programs targeting the same antigen, in which case immunogenicity results can sometimes be compared. The potential to assess immunogenicity against different strains or antigen subtypes is of high interest. Due to the nature of M protein hyper-variable regions and their potential as targets of protective immunity, there are both complexities and yet interest in developing assays that target the breadth of M proteins and strains. (Frost H et al. 2023) 
Simple binding assays have important advantages over functional assays, as they can be high-throughput, be easily operated and have limited cost ; however they may not represent in vivo biologically active responses. The demonstration of functionality through bacteriologic opsonisation or a killing assay, or neutralisation may be of high interest, but may be more complex to run, low throughput and more expensive.
Discovery of immune correlates of protection constitute a critical objective that can transform and facilitate research in an extremely relevant and positive way, including by the development of new vaccine candidates, accelerating the pathway to licensure and potentially allowing bridging steps for expansion of indication across age groups and geographies. Defining the longevity of vaccine-mediated immune responses can support decision-making surrounding the need for and timing of booster doses. The selection of clinically relevant immunoassay antigen targets, in addition to current vaccine candidate antigens, can be informed by immune-epidemiological investigations aimed to characterise immunogenic antigens and mechanisms of protective immunity acquired following natural or experimental pathogen exposure, and various operational and statistical methods can be used to support their discovery in clinical trials. 
Quality standards are an essential component of assay development, as presented in section 3.4.
Related key capacities: diagnostics, clinical trial networks, immune serum and reagents for standardized assays.
Related key enablers: product development partnerships, engagement of stakeholders, sustainable funding
Maximizing Public Health Impact and Affordable Access
Maximizing the public health impact of a Strep A vaccine requires coordinated planning across clinical development, manufacturing, regulatory, programmatic and social dimensions, from the earliest stages of development. A clear pathway to licensure, WHO prequalification and policy decision must be defined to ensure that data generated through preclinical and clinical studies meet regulatory and policy requirements and support timely decision-making. Considerations of disease burden and public health need, target age groups, and delivery platforms, particularly where vaccination may occur outside existing Expanded Programme on Immunization (EPI) schedules, are essential to ensure protection of populations at highest risk. Parallel investment in Good Manufacturing Practice (GMP) capacity, technology transfer, and affordability strategies will enable sustainable, equitable access. Investments need to be guided by a clear understanding of the full vaccine value. Health, economic, and societal benefits through modelling and cost-effectiveness analyses, demand forecasts, and business case development including potential reductions in antibiotic use and antimicrobial resistance need to be quantified. Post-licensure evidence needs (e.g., effectiveness, duration of protection, safety in special populations, real-world impact) should be anticipated and resourced, and social and behavioral determinants of acceptance addressed to secure equitable uptake and realize the vaccine’s global health value. 
Pathway to regulatory licensure and programmatic inclusion
At this early vaccine development stage, preparation for health impact must include engagement of regulatory and policy decision stakeholders to ensure that the clinical development pathways and evidence data packages will meet expectations and support actionable decision making. While regulators typically focus on benefit/risk assessment, policy makers will also consider criteria such as affordability and programmatic suitability, especially in resource limited settings with competing public health priorities. 
Expert consultations can be organized in collaboration with WHO to delineate key requirements for regulatory pathways in LMICs. Key stakeholders may help align vaccine development activities. 
Key points of interest for Strep A vaccine candidates in early development will include:
Safety 
Efficacy endpoint case definitions and clinical significance 
Assay readout strategy (Sections2.2.3 and 3.4). Validated immuno-assays can support comparability studies, including clinical or CMC bridging steps, if recognized by the regulator to be clinically meaningful. 
Manufacturing strategy showing CMC integrity
Projecting into future decision making, important considerations on evidence required for robust policy recommendations at both global and country levels will include:
Target age groups, immunization schedule, vaccine co-administration and whether there is a matching vaccine program delivery platform 
The demonstrated vaccine efficacy addresses a real public health need 
Cost-effectiveness 
The manufacturing strategy is fit to ensure affordable supply resting on a sustainable commercial vision for access
Post-licensure effectiveness studies projected to be required
Related key capacities: Diagnostics, clinical trial networks, immune serum and reagents for standardized assays, low-cost manufacturing, modelling.
Related key enablers: product development partnerships, manufacturing expertise, engagement of stakeholders, effective communication, sustainable funding
Understand the requirements and needs for vaccine buy-in
Different stakeholders need to be engaged to ensure that potential barriers to access and uptake are understood and managed. (Kong et al. 2025) Early and continuous engagement with health care providers, policymakers, immunization program managers, community leaders, and patient advocacy groups is essential to ensure that their perspectives inform research, development, and communication strategies. Understanding local cultural beliefs, health-seeking behaviors, and risk perceptions related to S. pyogenes will be key to tailoring messaging and delivery approaches. (Anderson A et al. 2026)
Research should include social and behavioral studies to assess attitudes toward the disease, vaccines in general, and the potential Strep A vaccine specifically. Participatory approaches can help ensure vaccine introduction strategies are responsive to end-user needs. Communication materials should be tested for clarity and resonance with different audiences, including caregivers and adolescents.
Gender-related barriers, literacy, access to care, and social vulnerability should be systematically mapped and addressed. Special attention should be given to populations at highest risk of S. pyogenes complications, including children in low-resource settings, pregnant women, the elderly, and individuals with RHD. Strategies should promote equitable access and ensure that vaccine introduction does not widen existing health disparities.
Communication and advocacy plans should be grounded in evidence on local perceptions and misinformation dynamics. Trusted messengers  such as healthcare providers, teachers, and faith leaders should be engaged to build credibility. Partnerships with patient advocacy and civil society organizations can help maintain momentum from early clinical research through policy adoption and implementation.
A long-term perspective is needed: initial local licensure may precede global policy recommendations and access mechanisms. Plans for post-licensure evidence generation including effectiveness, duration of protection, safety in special populations, and impact on transmission should be anticipated and resourced early. Data from demonstration projects and real-world implementation studies can accelerate global policy endorsement and funding support.
Delivery strategies should be adaptable, especially if the target population (e.g., pre-school-aged children) falls outside the existing EPI schedule. Integration with school health programs, antenatal care, or other service delivery platforms may be needed. Operational research should inform feasible, sustainable delivery models.
Public trust must be actively built and safeguarded. Mechanisms to monitor and respond to public concerns, misinformation, or adverse events should be established before introduction. Transparent communication of benefits, risks, and uncertainties is crucial. 
Related key capacities: Modelling.
Related key enablers: product development partnerships, engagement of stakeholders, effective communication, sustainable funding
Full Vaccine Value Assessment
While optimally designed vaccine trials generate high-quality evidence on vaccine efficacy against predefined clinical outcomes, such trials often do not capture the broader health, economic, and societal benefits of vaccination, collectively referred to as the vaccine’s full value proposition. Considerable work has already gone into characterizing the health economic potential of Strep A vaccines. (Andrejko K et al. 2022 ; Cadarette D et al. 2023 ; Cannon J et al. 2018 ; Cannon J, Zhung J et al. 2021 ; Cannon J et al. 2023 ; Giannini F et al. 2023 ; Miller et al. 2023) These efforts need to be continued and informed by new, emerging evidence. 
To complement clinical evidence, modelling approaches are essential for estimating the wider impact of vaccines and informing cost-effectiveness and investment decisions by national and global stakeholders. Comprehensive economic evaluations should account for the full spectrum of costs and benefits, enabling transparent and evidence-based policy and funding decisions. Scenario analyses can help guide responsible investment strategies and support vaccine development, definition of target product profiles, and implementation planning.
A robust business case for Strep A vaccines should include estimates of research, development, and manufacturing costs; market assessments and demand forecasts; and cost-effectiveness analyses relevant to manufacturers, funders, WHO, and countries. Central to this is an understanding of the cost of illness and total economic burden associated with the full spectrum of S. pyogenes–related diseases. These vary across settings depending on healthcare financing models, productivity losses, and substitute labour costs. Such analyses help determine the threshold at which Strep A vaccines become cost-effective for national programmes.
Identifying the most cost-effective target age group and delivery strategy is critical to maximizing impact. Integrating Strep A vaccines with existing public health interventions may enhance both effectiveness and cost-efficiency. Modelling can further explore willingness to pay, optimal introduction strategies, and delivery options, particularly in high-burden settings.
The potential role of Strep A vaccination in reducing antibiotic use and combating antimicrobial resistance (AMR) represents an important component of its broader value. (Miller K et al. 2023 ; Micoli F et al. 2021) S. pyogenes infections (especially pharyngitis) are a major driver of antibiotic use. By preventing these infections, vaccination could substantially reduce antibiotic consumption, thereby lowering selection pressure on both pathogenic and commensal bacteria. Quantifying these benefits through modelling is vital to capture the vaccine’s impact on AMR-related morbidity, mortality, healthcare demand, and economic losses.
Given the wide heterogeneity in epidemiologic and societal contexts, modelling approaches can help generate locally relevant data where direct evidence is limited, thereby supporting informed national decision-making and global prioritization of Strep A vaccine investments.
Related key capacities: Surveillance and clinical trial networks, modelling.
Related key enablers: product development partnerships, engagement of stakeholders, effective communication, sustainable funding
Key Capacities
Diagnostics
Improved diagnostics for different clinical syndromes associated with S. pyogenes infections could have profound impact on vaccine R&D efforts, mostly to support suspected case ascertainment in epidemiologic research and clinical trials. Current tools are imperfect, and access to existing techniques remain limited in many areas. (Armitage E et al. 2025 ; Hirani K et al. 2025 ; Sugden S et al. 2024)
Traditional bacterial culture is slow, relatively expensive and requires materials and specialized know-how. Sensitivity is limited for some syndromes, especially cellulitis. The bacteriology materials and know-how is seldom available in resource-constrained settings. Assessment of antibiotic susceptibility is not systematically done. Point-of-care tests for pharyngitis are recommended but not always well established in clinical practice in the US and Europe. There is very limited access to point-of-care tests in LMICs and these tests are not used for skin or invasive infections. Assessment of pharyngeal and skin colonization is not standard. 
In addition to diagnostic capacity to support clinical case ascertainment, more specialized molecular bacteriology characterization including strain determination can usefully support research efforts. Some of these investigations are technically demanding and should be quality assured. 
The ability to detect RHD or early surrogate indicators of RHD is critical to Strep A vaccine development efforts that will need to show effectiveness against RHD. Traditionally, diagnosis of RHD has been late, in patients already at high risk of adverse, often fatal outcome. (Rwebembera J, Beaton A et al. 2024) As explained above (Section 2.2.2.1.1.2), transformative progress has recently been made, with echocardiography operated by minimally trained professionals able to diagnose early RHD. (Ali S et al. 2024) Early RHD has been demonstrated to be an important risk factor for evolution towards late-stage advanced RHD, providing opportunities to administer secondary antibiotic prevention to prevent adverse clinical evolution. (Marangou J et al. 2024 ; Nascimento B et al. 2024) There is potential to strengthen echocardiography capacity for diagnosis of early RHD in diverse geographies including resource-constrained settings. Early RHD constitutes an attractive late-stage vaccine trial endpoint, likely predictive of effectiveness against advanced RHD, and the capacity to deliver this key diagnosis should be strengthened in high endemicity areas, especially in epidemiologic and clinical trial research centers. 
Apart from bacteriological and anatomical investigations, the ability to identify biological signatures of risk and protection (Section 2.2.3) and disease status could also transform clinical vaccine research. Further understanding of the serologic markers of exposure to S. pyogenes over the life course, in relation to asymptomatic carriage and disease, is required to establish whether such tools can be used in vaccine research. The discovery of sensitive and specific biomarkers of ARF and RHD at different stages would have important positive impact on disease control efforts and vaccine R&D efforts. The current lack of highly sensitive and specific diagnostic methods for ARF is an important limitation in the field. 
Surveillance and clinical trial networks
Regional and international multi-site surveillance and clinical trial networks using standardized surveillance protocols, case definitions and case ascertainment methodologies are recommended. (Moore H, Miller K et al. 2022) Efforts to create such expert investigator networks exist, and should be continued. (https://www.ivi.int/invitation-for-proposal-savac-sentinel-site-selection-for-streptococcus-pyogenes-disease-epidemiological-surveillance-health-economic-studies-and-clinical-trials/) Surveillance methods should include molecular epidemiology, standardized antimicrobial susceptibility testing, quality assured bacteriology molecular typing, the ability to investigate serologic markers of exposure and disease evolution and echocardiography. 
Epidemiology studies and clinical trials with Good Clinical Practices (GCP) capacity established should be done in areas with proper regulatory and independent ethics review boards. Research sponsors and investigators should ensure that participants have access to care, of due quality standards in line with local recommendations. 
Selection of sites for surveillance should reflect the known heterogeneity of epidemiology of S. pyogenes disease, and generate data in diverse settings, informing vaccine R&D strategies adapted to local specificities. Such research will contribute to generate improved disease burden estimates, establish baseline rates of efficacy and safety outcomes, provide the opportunity to test and develop standard case definitions and standard data collection methodologies supportive of optimal safety and efficacy evaluation, support appropriate trial sample size determination. Studies should support implementation of existing diagnostics and the development of novel diagnostics including point-of-care testing, improving individual patient care and tools for epidemiologic information gathering. Transmission, strain replacement and the emergence of new virulent strains should be monitored. Appropriate capacity should be built for data management, communication between diagnostic laboratory facilities and clinicians, interactions with community representatives. 
Controlled human challenge models
S. pyogenes is an exclusively human pathogen. While expertise in small animal models needs to be maintained to support preclinical immunogenicity assessments in support of antigen discovery efforts on the pathway to initial candidate clinical testing, there are important limitations to the value of animal models for prediction of human responses. 
CHIM can offer valuable insights and possibly accelerate the pathway to vaccine licensure, as has been demonstrated for other disease areas. (Abo Y et al. 2023 ; Wagstaffe H et al. 2025) A standardized S. pyogenes CHIM including pharyngeal experimental infection of healthy adult volunteers has been available for a few years, and several successful studies have been done, providing useful scientific information with the potential to inform disease control strategies. (Enkel S, Wong B et al. 2024 ; Hla T et al. 2025 ; Osowicki J, Azzopardi K, Baker C et al. 2019 ; Osowicki J, Azzopardi K, McIntyre L et al. 2019 ; Osowicki J et al. 2024) A CHIM vaccine trial has nevertheless not yet been conducted, and the negative or positive predictive value of a CHIM vaccine trial outcome in adults as it relates to natural exposure in children remains unknown. 
CHIM studies have in theory the potential to help define characteristics and determinants of pathogenicity, investigate immune responses to pathogen exposure and correlates of protection. The role of baseline variables on experimental infection outcome, including past exposure, can also be investigated through CHIM studies. (Osowicki J et al. 2024) Once established as a valid tool, clear evidence of efficacy derived from a CHIM experiment can help as a de-risking tool, prioritize investments to accelerate clinical development of vaccine candidates most likely to progress through clinical development to large field trials. A CHIM may also support de-selection of vaccine candidates early and save time and investments into unprotective vaccine candidate approaches.
As the outcome of experimental infection is dependent on the challenge strain and procedures, results need to be interpreted with caution, and positive findings need to be confirmed in conditions of natural exposure, in the target population, at least initially. A negative finding should also not definitely rule out a protective response in conditions of natural exposure. The vaccine response to a pharyngeal infectious challenge may not reflect responses in another anatomical compartment. Further research is needed to define strengths and limitations of the existing pharyngeal S. pyogenes CHIM for vaccine candidate assessment. 
The development of a S. pyogenes skin CHIM could also be of interest, to complement information that can be gathered through pharyngeal challenge experiments. There is much to learn about the skin compartment in the evolution of S. pyogenes immunity and learnings could be relevant to vaccine research. The ability to assess vaccine-induced protection against a skin challenge, and the investigation of determinants of protection, could support progress in the field. 
CHIM studies need to be conducted under competent regulatory oversight, with  stringent safety precautions. Procedures and endpoints need to be standardized in a way that is both well controlled and clinically significant to support generalizability of findings to conditions of natural exposure, as much as possible. (Meln I et al. 2025) 
Immune serum and reagents for standardized assays
The establishment of open access repositories of standardized immune sera and critical assay reagents represents an important investment for the global Strep A vaccine research and development ecosystem. Harmonized reference materials enable the comparability of immunological data across studies, platforms, and geographies. Shared reagents - including pooled reference sera, monoclonal antibodies, antigen panels, and assay controls - facilitate the calibration, qualification, and validation of both binding and functional assays. Binding assays (e.g., ELISA-based formats) support measurement of antigen-specific antibody responses, while functional assays (such as opsonophagocytic or neutralization assays) provide critical insight into the biological activity and potential protective capacity of those antibodies. Together, these tools enable a more comprehensive assessment of relevant immune responses and can accelerate consensus on immune correlates of protection, as has been shown in other disease areas (Ganaie F et al. 2025 ; Le Doare K et al. 2024 ; Leung S et al. 2023).
The reagents and assay needs may vary depending on vaccine antigen composition. Certain reagents may be highly specific to a single vaccine construct, others may apply across candidates targeting the same antigen, and still others may be broadly useful across vaccine approaches. A coordinated global effort to generate and maintain such resources would therefore complement the development of proprietary assays and reagents by individual vaccine developers. Open access availability ensures that all stakeholders, including those in LMICs, can participate in standardized immunogenicity assessments and contribute to the global evidence base. 
Such resources also strengthen regulatory and policy confidence. Reference reagents and standardized assays support alignment between developers, reference laboratories, and national regulatory authorities by providing transparent, reproducible measures of vaccine-induced immunity. Reference laboratories can serve as central laboratory for multicentric studies. Reagents may be useful to assessing consistency across manufacturing lots, process improvements and technology transfers. Investment in centralized or networked repositories will be essential to support efficient evaluation, comparability, and eventual licensure of Strep A vaccines.
Low-cost manufacturing
Ensuring access to low-cost and sustainable manufacturing platforms will be critical for equitable and timely access to future Strep A vaccines. Many promising antigens and vaccine concepts originate in academic or public-sector research laboratories, where early-stage discovery and proof-of-concept studies often occur without a clear pathway to affordable large-scale production. Bridging this gap requires early consideration of manufacturability, scalability, and cost of goods during antigen design and formulation. (Hayman B et al. 2022 ; Viviani S et al. 2022) 
Investment in collaborative mechanisms including academic researchers, product development partnerships, and experienced manufacturing organizations can help align discovery-stage work with feasible production processes, including platform technologies such as recombinant protein expression systems, conjugation chemistry, or synthetic peptide synthesis that are amenable to cost-effective scale-up.
Building and maintaining access to low-cost manufacturing capacity can also support future resilience of supply. Regional manufacturing hubs, technology transfer partnerships, and shared process-development facilities can enable developers in low- and middle-income countries to produce vaccine candidates without dependence on high-cost contract manufacturing in high-income settings. Early access to standardized expression systems, formulation know-how, and quality control methods can shorten development timelines and lower barriers for developers. Such approaches may also foster local expertise, regulatory readiness, and long-term sustainability of vaccine production. 
Modelling
Mathematical modelling is a key tool to sharpen our understanding of the potential impact of Strep A vaccines and to inform evidence-based immunization strategies. (Bloom D et al. 2024) Modelling has already supported several initiatives aimed at capturing the potential vaccine value and investments justifications. (Andrejko K et al. 2022 ; Cadarette D et al. 2023 ; Cannon J et al. 2018 ; Cannon J, Zhung J et al. 2021 ; Cannon J et al. 2023 ; Giannini F et al. 2023 ; Miller et al. 2023) By integrating epidemiologic, clinical, and demographic data, models can simulate disease dynamics and predict how vaccination might reduce the incidence of pharyngitis, impetigo, invasive infections, and immune-mediated sequelae including RHD. Different types of models offer distinct advantages depending on the question being addressed. As model structures increase in complexity, they become better able to capture the heterogeneity of S. pyogenes disease patterns and epidemiologic contexts, although they also require more extensive and reliable data inputs.
All models rely on assumptions that are informed by the best available evidence. The quality and representativeness of model inputs largely determine the accuracy and uncertainty of projections. As the evidence base strengthens through improved surveillance, natural history studies, and vaccine trial data, model predictions become more robust and granular, allowing for more detailed and reliable assessments of vaccine impact. The diversity of settings should be reflected, as context-specific modelling enables evaluation of cost-effectiveness thresholds and optimal delivery strategies across regions with differing resources and priorities. 
Limitations related to data sparsity or uncertain assumptions should be transparently acknowledged when interpreting results or informing policy.
Enablers
Product development public-private partnerships
Public–private partnerships (PPPs) may be critical to advancing Strep A vaccine development from early-stage research to licensure and global access. Many current programs are led by academic or small biotech groups with strong scientific capacity but limited experience and resources for late-stage clinical development, manufacturing scale-up, and regulatory engagement. Structured partnerships with industry, non-profit product developers, global health organizations, government and philanthropic funders can provide the technical, operational, and financial capabilities needed to navigate these complex phases.
Sharing risk and investment across sectors enables more efficient progress and helps de-risk the field for future private sector participation. (Farlow A et al. 2023 ; Kumar Suri R et al. 2022) Public and philanthropic funding are usually linked to affordability provisions. Successful partnerships from other vaccine areas including meningitis, malaria, COVID-19, demonstrate that coordinated funding, information-sharing frameworks, and access-oriented agreements can accelerate timelines while ensuring affordability and global availability. Early engagement of manufacturing partners, appropriate planning of technology transfer and regulatory experts through PPPs can also streamline product development toward scalable, quality-assured, and programmatically suitable vaccines. (Pagliusi S et al. 2019) 
For Strep A vaccines, establishing collaborative mechanisms that align academic innovation with industrial development pathways will be essential. PPPs can help consolidate fragmented efforts, standardize technical approaches, and ensure that promising candidates advance efficiently toward public health impact.
Building clinical and manufacturing regulatory expertise
As the Strep A vaccine field advances from early discovery toward early and late clinical evaluation, strengthening regulatory, clinical, and manufacturing expertise will be critical to ensure that promising candidates can progress efficiently through a complex global development pathway. The transition from laboratory research to human studies requires a deep understanding of good manufacturing practice (GMP), clinical trial design, quality management, and regulatory expectations across jurisdictions. Early engagement with regulatory authorities and access to experienced technical partners can help developers design development plans that are scientifically sound and aligned with international standards from the outset.
Developers will need to address diverse requirements related to strain coverage, manufacturing consistency, and clinical evaluation across varied epidemiological settings. Building expertise within the ecosystem, making use of regional regulatory strengthening initiatives, and mentorship by experienced individuals and organizations, will be essential to guide less-experienced developers through clinical and manufacturing milestones. This capacity strengthening should include mechanisms for scientific advice, early regulatory consultation, and technology transfer support to ensure that quality, safety, and efficacy standards are met while maintaining pathways to affordable and scalable production. 
Engagement of stakeholders
Engaging the right stakeholders across the full vaccine value chain is essential to accelerate safe, effective, and equitable development of Strep A vaccines. From discovery through licensure, academia and public-sector research institutes generate target biology, epidemiology, and correlates of protection; manufacturing partners (including LMIC manufacturers) advise on platform feasibility, scale-up, and tech transfer; and funders coordinate multi-year financing for translational studies, clinical trials, and manufacturing readiness. Regulators and ethics bodies should be engaged early to align on endpoints, benefit–risk thresholds, trial designs in diverse populations, and pathways for expedited review. In parallel, National and Regional Immunization Technical Advisory Groups (NITAGs/RITAGs) can help shape evidence needs for policy, including disease burden, serotype distribution, programmatic suitability, and cost-effectiveness. Throughout, communities, patient support groups, and advocacy organizations provide insights on acceptability, consent, stigma, and preferred delivery channels—informing trial conduct, communications, and demand creation.
As vaccines approach late-stage development and introduction, policy makers and key opinion leaders can help define priority use cases (e.g., infant, adolescent, maternal, or high-risk groups), integration with existing schedules, and post-authorization evidence requirements. Procurement agencies working with manufacturers and funders, should align on affordable pricing, volume guarantees, and supply security, while implementers plan cold-chain, training, and pharmacovigilance systems suited to varied settings. A coordinated plan for surveillance and real-world effectiveness data sharing will guide iterative updates to recommendations by NITAGs/RITAGs and regulators. End-to-end engagement of academia, manufacturing partners, funders, regulators, NITAGs, RITAGs, communities, patient support groups, key opinion leaders, policy makers, advocacy groups, procurement agencies, and implementers ensures that Strep A vaccines are not only developed rigorously, but also introduced, accessed, and trusted where the burden is highest.
Effective communication
Effective communication is critical to ensuring a shared understanding of the public health importance of S. pyogenes and to supporting vaccine development and future introduction. The burden of S. pyogenes disease has been substantially underestimated, in part due to its heterogeneous clinical manifestations ranging from mild infections to severe invasive disease and long-term sequelae such as RHD. (Bloom D et al. 2024) Communicating the full spectrum of S. pyogenes–associated morbidity and mortality, alongside its contribution to antimicrobial resistance and health system costs, is essential to elevating its visibility among policymakers, clinicians, and the global health community. (Tortorice D et al. 2024) Demand forecasting and predictability are essential for manufacturers and to provide confidence to investors. Timely and coordinated dissemination of evidence on disease burden, vaccine progress, and anticipated impact will help align global and national priorities and sustain confidence in vaccine R&D efforts.
Successful vaccine implementation requires addressing key drivers and barriers that country decision-makers face with respect to programmatic feasibility. At the community and national levels, communication strategies should be informed by local contexts, perceptions, and health literacy. Developing and testing clear, culturally appropriate messages that explain the nature of S. pyogenes disease and the rationale for vaccination will be important, particularly in settings where awareness is limited or disease terminology is not well established. The use of trusted messengers including healthcare workers, educators, and community leaders and a mix of communication channels can enhance message credibility and reach. Proactive, evidence-based communication will also be critical to addressing misinformation, mitigating vaccine hesitancy, and building sustained demand for future Strep A vaccines.
Sustainable funding
Sustained and diversified financial investments are required to progress Strep A vaccine R&D. Despite the substantial global disease burden and significant economic and social costs associated with S. pyogenes infections, funding for vaccine R&D remains limited and concentrated among a small number of actors (Bloom D et al. 2024 ; Moore H, Cannon J et al. 2022 ; Tortorice D et al. 2023). Expanding the funding base across governments, philanthropic organizations, multilateral institutions, and industry will be essential to maintain momentum and accelerate progress. Vaccine development typically spans over several years, requiring predictable, long-term financing that supports the entire continuum from early-stage discovery and translational research to clinical development, regulatory readiness, manufacturing scale-up, affordable supply and implementation.
Strep A vaccine R&D funding strategies need to be guided by clear health economic value definition, quantifying their potential return in terms of lives saved, healthcare cost reduction, and broader societal benefits. (Section 2.3.3) Funding mechanisms should be structured to minimize inefficiencies associated with repeated, competitive short-term grant cycles and instead promote coordinated, partnership-based approaches. Public–private collaborations and pooled funding models can enhance resource efficiency and reduce risk for individual stakeholders. Public and philanthropic investments should be linked to access provisions that ensure affordability and equitable global availability once vaccines are licensed.
Increased investment is also needed to strengthen manufacturing infrastructure, technical expertise, and regulatory capacity, particularly in LMICs. Sustainable funding streams can help build the foundations for commercial-scale production and facilitate timely vaccine availability for different populations in need. As vaccine demand and delivery contexts will vary between high-income and resource-constrained settings, diversified funding will enable tailored approaches to product development and access strategies.
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