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Glossary of terms related to rheumatic heart disease
Early RHD:
Subclinical rheumatic valve disease detected by echocardiography, representing an early stage in the RHD disease continuum. 
RHD:
Chronic structural heart valve damage resulting from prior acute rheumatic fever.
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A. [bookmark: A._INTRODUCTION][bookmark: I._Background_and_purpose][bookmark: II._Public_health_need_for_GAS_vaccines][bookmark: _bookmark0][bookmark: _Toc229666417]INTRODUCTION
I. [bookmark: _Toc229666418]Background and purpose
Vaccine preferred product characteristics (PPCs) published by the World Health Organization (WHO) describe preferred parameters pertaining to vaccine indications, target population, data collected for safety and efficacy evaluation, research and development (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.

The PPCs are intended to encourage innovation and the development of vaccines for use in settings most relevant to the global unmet public health need. They do not include minimally acceptable characteristics, and it is important to note that if a vaccine does not meet the PPC criteria, it could still be assessed by WHO for policy recommendation. Any Streptococcus pyogenes (also referred to as Group A Streptococcus and, in this document, Strep A) vaccine that becomes licensed and potentially available will undergo evidence-based assessment for policy recommendations by the Strategic Advisory Group of Experts (SAGE) on Immunization.  This PPC provides and update of a previous version, published by the WHO in 2018 to reflect advanced knowledge in the field.

The primary target audience for WHO PPCs is any entity intending to eventually seek WHO policy recommendation and prequalification for their products. WHO preferences can be useful to all those involved in vaccine development activities, including academic groups, funders and manufacturers.

WHO PPCs intend to provide early guidance on vaccine development strategies and targets and are to be updated regularly to account for innovations or any other change in the identified need and R&D landscape. WHO PPCs do not override existing WHO guidance on vaccine development. Useful links to existing documents are provided in Appendix 1.

II. [bookmark: _Toc229666419]Public health need for Strep A vaccines
Strep A (Streptococcus pyogenes, group A Streptococcus) constitutes a critical global public health threat due to the vast spectrum and severity of disease it causes. The annual burden encompasses over 700 million superficial infections, including more than 600 million cases of pharyngitis and 100 million cases of impetigo.[1] At its most acute, Strep A is responsible for more than 660,000 cases of severe invasive disease annually, with recent concerning surges reported worldwide.[1-4] Health impact modelling suggests this number could be as high as 1.4 million case per year.[5]

The most profound impact of Strep A, however, arises from its post-infectious immune-mediated chronic sequelae. Strep A infection can trigger acute rheumatic fever (ARF) and rheumatic heart disease (RHD), a chronic condition causing permanent damage to heart valves. RHD affects an estimated 55 million people globally and is responsible for at least 370,000 premature deaths each year, accounting for over 70% of all deaths attributed to Strep A.[6-8]

Given this immense and multifaceted burden, which spans from common acute childhood illnesses to lifelong chronic disease and premature mortality, the World Health Organization officially identified  Strep A as a priority pathogen for vaccine development in 2024.[9] Further developments include the Strep A vaccine preferred product characteristics and the Strep A vaccine technology roadmap in 2018.[10, 11] Averting hundreds of millions of infections and preventing the lifelong disability and early death caused by RHD provides the primary public health, economic, and ethical justification for accelerating Strep A vaccines.

While superficial Strep A infections such as pharyngitis and skin infections are common worldwide, the serious long-term consequences are concentrated in specific populations disproportionately affecting children, adolescents, young adults, and women (including adverse maternal and perinatal outcomes). More than 95% of RHD cases occur in low- and middle-income countries (LMICs).[12] This marked inequity reflects underlying disparities in access to timely diagnosis, effective treatment, and preventive interventions, and underscores the need for targeted, context-specific control strategies, including vaccination.

A broad range of clinical endpoints may be considered for the evaluation of Strep A vaccines, reflecting the broad spectrum of disease and public health impact associated with Strep A. These endpoints include acute infections such as pharyngitis and impetigo, as well as downstream outcomes including ARF, RHD, and invasive disease. The relative role of these endpoints in clinical development will depend on feasibility, epidemiological context, and the specific objectives of the development programme. While some endpoints are more readily measurable in pre-licensure trials, others may provide important complementary evidence through late-stage development or post-licensure evaluation.

There is longstanding, clear and convincing evidence that the major cause of ARF/RHD is Strep A pharyngitis.REF This evidence includes meta-analysis of multiple randomized trials to demonstrate that timely antibiotic treatment of Strep A pharyngitis reduces the risk of ARF by 80%.[13]  Pharyngitis represents the most practical and well-established endpoint for clinical trials, given its high incidence, clear case definitions, and feasibility for measurement, and is therefore likely to play a central role in initial efficacy evaluation and licensure strategies. 
This is because:
· RHD is most commonly a long-latency, cumulative clinical outcome, developing months or years after repeated or untreated Strep A infections - demonstrating vaccine impact on advanced symptomatic RHD directly would therefore require very large, long-duration studies.
· Acute pharyngitis is more common, occurs rapidly after infection, and can be measured in shorter-term trials, providing a feasible and biologically relevant surrogate.
· Preventing pharyngitis is expected to reduce progression to ARF and ultimately RHD, linking the measurable trial endpoint to the true disease burden of greatest public health importance, a linkage that underpins current national and WHO treatment recommendations for Strep A pharyngitis.
· While early RHD detected by echocardiography holds promise as an endpoint, further evidence is required before it may be used as an endpoint for vaccine trials.


However, while prevention of pharyngitis is expected to reduce progression to ARF and ultimately RHD, other pathways, including those associated with skin infection, may also contribute and should be considered in vaccine evaluation strategies. 

Strep A impetigo represents an important clinical manifestation and a potential contributor to ARF and RHD risk, particularly in high-burden settings. While the strength of evidence linking impetigo to RHD varies across epidemiological contexts, its high incidence, frequent recurrence, and associated morbidity support its consideration as a relevant endpoint in vaccine development, particularly in populations where skin infections are common. In New Zealand, analysis of 1.9 million skin and throat swabs (2010–2017) observed that a Strep A-positive skin swab increased ARF risk fivefold (RR 5.1; 95% CI 1.8–15.0), similar to the risk following Strep A-positive pharyngitis (RR 4.8; 95% CI 3.6–6.4) among Māori and Pacific children.[14] Skin infections are highly prevalent, frequently recurrent, and associated with comorbidities such as scabies and overcrowding.[15] Immunological studies observed that children with ARF develop a broader antibody response across multiple Strep A antigens than children with pharyngitis or skin infection alone, consistent with cumulative exposure from repeated skin and throat infections.[16] These epidemiological and immunological data suggest that Strep A skin infections may be meaningful contributors to RHD pathogenesis and justify their inclusion as important secondary vaccine endpoints.[17-19] There are no randomized studies of treatment of Strep A skin infection to prevent ARF.

Over the past 15 years, echocardiography has transformed understanding of RHD, revealing a broader spectrum of disease than previously recognized. Large-scale screening studies in high-risk populations, particularly in LMICs, show that 1–3% of school-aged children have echocardiographic evidence of RHD, often without a history of ARF.[8, 20-23] Screening detects both advanced, undiagnosed disease and early valvular abnormalities that can evolve towards full clinical expression of RHD.[24, 25] Early RHD detected by echocardiography represents a promising intermediate endpoint that may provide insights into the potential impact of vaccination on progression to clinically significant RHD.[8, 26] Its role in clinical trials will depend on further evidence regarding feasibility, predictive validity, and operational considerations, and it may be evaluated in pre-licensure or post-licensure studies. 

Invasive disease and other severe outcomes represent important components of the overall public health value of a Strep A vaccine. However, due to their lower incidence and challenges in endpoint ascertainment, these outcomes are more likely to be evaluated in large-scale trials or post-licensure studies rather than as primary endpoints for initial licensure. Strep A also triggers post-infectious complications including acute post-streptococcal glomerulonephritis, which can lead to acute and chronic kidney injury.[27] Collectively, these conditions contribute to a substantial and under-recognized burden of disease, particularly in LMICs and among marginalized populations. 

Antimicrobial resistance (AMR) is a growing global health threat, and inappropriate or unnecessary antibiotic prescribing for acute respiratory infections, including pharyngitis, is a major contributor.[28, 29] Strep A pharyngitis is the major cause of sore throat for which antibiotic treatment is routinely recommended, both to shorten symptoms and to prevent complications such as ARF.[28] As a result, suspected Strep A pharyngitis drives a substantial proportion of community antibiotic prescriptions worldwide, particularly in primary care settings.[30] An effective vaccine that prevents Strep A pharyngitis could therefore substantially reduce antibiotic use by obviating the need for antibiotic treatment of suspected or confirmed streptococcal pharyngitis.[28] In addition to preventing Strep A disease and its sequelae, such a vaccine could contribute meaningfully to global AMR mitigation efforts by reducing antibiotic exposure at population level, particularly in children and adolescents who experience the highest burden of disease.

There is currently no available primary prevention strategy for Strep A suitable for global disease control. The overall disease burden from a variety of severe disease manifestations justifies a Strep A vaccine as an important public health goal.



III. [bookmark: _Toc229666420]WHO vision and strategic goals for Strep A vaccines
Vision
The development of a safe, affordable and globally effective vaccine is needed to prevent RHD, acute Strep A 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 Strep A pharyngitis in children.
· Demonstrate favourable safety and proof of efficacy of a candidate vaccine against Strep A 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 Strep A pharyngitis in young children. 
· Demonstration of prevention of Strep A impetigo will be facilitate better understanding of the full impact of Strep A vaccines. 
· 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 RHD, acute Strep A infections associated with antibiotic use, other immune-mediated sequelae and their associated mortality. 



[bookmark: _Toc229666421]Clinical research and development considerations

1. [bookmark: _Toc229666422]Vaccine construct, antigen target, formulation
Strep A Vaccine development is advancing through multiple complementary strategies targeting both variable and conserved antigens.[31] A central focus is the M protein, including constructs directed at the N-terminal hypervariable region (to provide type-specific immunity) and the more conserved C-repeat region, with multivalent, chimeric, and peptide-based designs aiming to broaden emm-type coverage. In parallel, conserved antigen approaches are being pursued, including minimal-epitope M peptides (e.g. C-domain constructs such as J8 and P17), as well as non-M protein targets such as streptolysin O, C5a peptidase, SpyCEP, and other surface or secreted proteins identified through human immunological studies (including intravenous immunoglobulin analyses). Carbohydrate-based strategies, including Group A Carbohydrate conjugate vaccines and recombinant glycoconjugate platforms, offer the potential for broader serotype-independent protection, while newer technologies such as nanoparticle display systems and mRNA platforms enable flexible, rapid design and multivalent antigen delivery.[32, 33] Several candidates, including multivalent M protein vaccines (e.g. 30-valent constructs), peptide conjugates, and multicomponent protein vaccines (such as GSK’s combination candidates), have now progressed into early-phase clinical trials, alongside preclinical development of toxin-targeting vaccines (e.g. SpeA and SpeB) demonstrating promising safety and immunogenicity.[34, 35]  As the field progresses, understanding regional antigenic diversity and the potential for cross-immunity with other streptococcal groups remains critical to informing globally relevant vaccine design and implementation strategies.

Multi-component vaccines may be necessary and acceptable; however, antigenic and manufacturing complexity should be kept to the minimum needed to achieve public health goals. Disease modelling can contribute to the evidence base supporting inclusion of individual components within multivalent constructs. In vitro immunogenicity and functional assays and controlled human infection models may provide valuable data to inform antigen selection, and further development of these tools is desirable.

A programmatically suitable formulation for intramuscular or subcutaneous injection using standard injection volumes would be preferrable. Product development strategies that reduce pain at the injection site would be advantageous. Mucosal approaches (oral or nasal) and dermal delivery platforms may also warrant consideration due to potential advantages in reactogenicity, induction of immunity at the infecting site, and ease of administration. Cost of goods considerations, including manufacturing complexity, scalability, and supply chain requirements, should be incorporated early in development to ensure affordability and accessibility, particularly in LMICs.

The ability of candidate vaccines to induce durable immune memory, including the potential for boosting through natural re-exposure, will be important. The inclusion of an adjuvant, where supported by safety, immunogenicity and efficacy data, would be acceptable, with preference for adjuvants with an established favourable safety profile. 

There are multiple potential paths to licensure for Strep A vaccines. This is because of the broad range of diseases caused by Strep A, the sheer global burden of RHD, the public health importance of both Strep A pharyngitis and skin infection, and the pathway to RHD through Strep A pharyngitis and also potentially Strep A skin infection. Initial licensure could focus on the prevention of acute Strep A pharyngitis as a feasible and measureable endpoint. Prevention of impetigo will be an important, though context dependent, benefit. Prevention of early RHD is a critical goal and prevention of early RHD could be considered as an endpoint in phase 3 trials or in early phase 4 studies. Vaccine effectiveness against advanced symptomatic RHD, ARF, post-streptococcal glomerulonephritis, and invasive disease will likely need to be assessed post-licensure, given their lower incidence and the requirement for large, long-term studies. Cellulitis is an under-appreciated Strep A disease that may be a compelling endpoint and could be assessed in Phase 3 or 4 in adult trials.

2. [bookmark: IV._Clinical_research_and_development_co][bookmark: _bookmark2]Target population
Primary target populations include young children, who experience the earliest and highest burden of Strep A infections. Other at-risk groups include adults, pregnant and postpartum women, neonates and young infants, and older adults, who are at increased risk of invasive disease.[36]

Further evidence is needed to define the optimal age for vaccination in different epidemiological settings. A small number of longitudinal cohort studies in high burden settings show that primary Strep A exposure, particularly through impetigo, often occurs very early in life, with pharyngeal infections also occurring in young, albeit slightly older, children.[37] For example, more than half of children experience their first infection before two years of age and exhibit high rates of recurrent episodes through early childhood in high burden populations.[3, 37] These findings suggest that, in tropical and low-income settings, protection may be needed from infancy to meaningfully reduce cumulative exposure and the risk of RHD, although more data are needed from more settings. Regional epidemiology, particularly in LMICs where skin infections and scabies interactions shape early-life exposure, should guide trial design and endpoint selection for licensure studies.

In contrast, data from temperate, high-income settings, where rates of RHD are low, initial pharyngitis infections typically occur in pre-school or early school age, and impetigo infections are much less common, indicating that later primary immunisation at pre-school or school entry age may still provide timely protection. These epidemiological differences underscore the need for setting-specific evaluations of whether Strep A vaccines should be introduced in early infancy or early childhood, and whether boosters will be necessary to maintain protection.

Research should also evaluate the role of immunisation in other high-risk groups, including adults, the elderly, and pregnant women. Burden-of-disease studies show substantial Strep A–associated morbidity across the life course, including invasive disease and cellulitis in older adults and postpartum infections in some settings, highlighting the potential value of targeted vaccination strategies for these populations. Pregnant and postpartum women, as well as neonates and young infants, represent particularly vulnerable populations for severe Strep A disease, including puerperal and peripartum sepsis in mothers and invasive Strep A infections in newborns, which can lead to rapid clinical deterioration and substantial morbidity and mortality.[38]

The optimal schedule would include ≤2 primary doses, with ≤3 primary doses considered acceptable in pre-school children. Booster doses may be required at school age, young adulthood, pregnancy, or in older adults, depending on the duration of protection. Alignment with the expanded programme on immunization (EPI) schedule may be considered to enhance feasibility of delivery, with flexibility to accommodate differences across settings. As the EPI continues to evolve toward a life-course approach, including visits in the second year of life, school age, and adolescence, these points of contact may offer opportunities to align Strep A vaccination with other routine immunizations or preventive interventions.

Vaccination strategies for adults, including groups at elevated risk of severe Strep A disease, such as the elderly, peripartum women, infants, individuals living with HIV, non-communicable diseases, malnutrition, malignancies or other immunosuppressive conditions, should be defined. 

3. [bookmark: _Toc229666424]Efficacy evaluation
Building upon established foundations, the pathway to a licensed Strep A vaccine requires strategic endpoint selection and pragmatic efficacy targets for initial licensure. 

Efficacy Targets and Endpoint Selection
Initial licensure may be based on demonstrating vaccine efficacy (VE) against the most frequent clinical manifestation, pharyngitis, with skin infections as a possible additonal endpoint depending upon the context, given their high incidence in childhood, substantial antibiotic use, and role as primary antecedents for severe complications. A VE target of ≥50% with a lower 95% confidence interval (CI) bound >20% is considered appropriate for these non-severe endpoints, but minimum efficacy targets could be informed by modelling of expected public health impact and cost-effectiveness.

The precise definition of Strep A pharyngitis as an endpoint will require further consultation within the field. The simplest endpoint and a reasonable starting point may be complaint of a sore throat with an appropriately collected throat swab that cultures Strep A on blood agar.[39, 40] Consideration for further refinement around this definition include: clinical factors (severity of sore throat, medical attendance, examination findings, clinical criteria for very young children who cannot express they have a sore throat); microbiologic factors (colony counts, role of other methods of detection of Strep A including nucleic acid amplification tests, assessment of viral co-infection, role of Strep A throat carriage); and immunologic factors (demonstration of an immune response and the definition of this response).

Skin infection (predominantly impetigo) among children may also be an initial primary endpoint in LMICs and endemic populations. Efficacy against skin infection may be important for understanding the full vaccine impact. In certain settings impetigo is very common, with prevalence frequently around 25% among children; incidence of new onset impetigo lesions is less well quantified.[15] There are multiple aetiologies of impetigo, predominantly Strep A and Staphylococcus aureus, either alone or mixed, and a range of predisposing factors especially scabies.[15] A clear understanding of the clinical and microbiologic epidemiology of childhood impetigo in trial sites will be critical prior to trial onset. Where scabies is the main predisposing factor, treatment of scabies itself has been associated with around two-thirds reduction in the prevalence of impetigo, and this will need to be considered in trial design for both vaccine and control groups.[41] 

Early RHD is emerging as a promising endpoint for understanding the potential impact of a vaccine on RHD.[8] Early RHD is detected by echocardiography before symptoms begin and therefore the latency of early RHD is much shorter than advanced symptomatic RHD – within 1-2 years. The prevalence of early RHD is around 1% in LMIC and endemic settings, but there are no data on incidence of new onset RHD.[8] Further studies are needed to ascertain the feasibility of this approach prelicensure, and if not feasible, efficacy against RHD should be evaluated post-licensure, likely through pilot introduction or population-based impact studies.

Acute rheumatic fever may also be considered as an endpoint, although case ascertainment may be challenging and sample size very large. Diagnosis requires expert clinical assessment using clinical criteria, laboratory tests and echocardiography.[42] The incidence of ARF varies across endemic settings, ranging from 15 per 100,000 people aged 5 to 14 years in Fiji, to 25 per 100,000 in Uganda, 40 per 100,000 in Maori populations of New Zealand, and 245-350 per 100,000 in indigenous populations in Australia.[43-46] 

For less frequent but clinically significant outcomes, including cellulitis, invasive disease, acute rheumatic fever and advanced symptomatic RHD, a similar VE target (≥50%) is proposed, though could also be informed by modelling. Although trial sizes may limit precision, ensuring that the lower CI bound excludes no effect would maintain confidence that the vaccine provides real protection against these serious outcomes.

Long-term protection is likely to be important given the age distribution of disease risk, and a minimum follow-up period of two years is preferred for efficacy assessments.

Initial licensure or approval based on pharyngitis endpoints, with agreed post-marketing commitments may be the most viable regulatory pathway to accelerate availability, while recommending further study of trials for impetigo and early RHD in the first instance, and then subsequent impact on advanced RHD, invasive disease and other sequelae.

Strain/serotype coverage 
Strain/serotype coverage is directly relevant to initial licensure, as it will inform the expected breadth of protection and the  public health value of a Strep A vaccine. The vaccine composition should ensure coverage of a large proportion of circulating disease-causing isolates to support confidence that efficacy against pharyngitis will translate into meaningful public health impact. However, this may be more challenging in some LMICs where Strep A strain diversity is high and disease is not dominated by a small number of emm types, as is more commonly observed in high-income countries. Approaches targeting conserved or universal Strep A antigens may therefore be important to ensure broad and durable protection across diverse epidemiological settings.[47] Assessment of target antigen variation, supported by immune assays capable of inferring strain - or serotype-specific protection, is important for interpreting trial results, while standardised case definitions, contemporary disease-rate data, and evaluation of impacts on pharyngeal and skin carriage are essential to understand potential herd effects and detect bacterial population replacement post-introduction.[47]

Antibiotic use
Given that pharyngitis of uncertain aetiology is a major driver of inappropriate antibiotic use globally, even moderate efficacy against common clinical syndromes would yield substantial near-term health economic and antimicrobial use benefits, strengthening the case for initial licensure and early adoption. Monitoring antibiotic consumption as an endpoint in phase 3 trials, alongside modelling of vaccine impact on antibiotic exposure and resistance, will provide critical evidence to support regulatory decision-making and early policy recommendations.

4. [bookmark: _Toc229666425]Safety evaluation
Historical concerns regarding vaccine safety, notably a single 1960s study that suggested a crude M-protein vaccine might increase susceptibility to ARF, have been a critical focus of modern development.[48]However, this early study had major limitations, including the use of poorly characterised antigen preparations, inadequate manufacturing controls, very small sample size, lack of a control group, absence of echocardiography to exclude pre-existing conditions, and incomplete follow-up, making its findings difficult to interpret by current standards. Subsequent research has been reassuring, with over 100 individuals vaccinated with modern, highly refined Strep A constructs in clinical trials, with no emerging evidence of vaccine-induced autoimmunity or related safety signals.[48]

Notwithstanding this favourable track record, a proactive and meticulous safety monitoring strategy is paramount. As a minimum, safety standards must be at least as favourable as those for current WHO-recommended vaccines. This requires:
· Implementation of Standard Procedures: Rigorous monitoring of vaccine-related adverse events following immunization (AEFI) is mandatory.
· Targeted Surveillance for AEs of Special Interest (AESI): Protocols must specifically monitor for AESIs, particularly those associated with immune-mediated phenomena such as ARF, post-streptococcal glomerulonephritis, and other rheumatic conditions.
· Advanced Preclinical Screening: The optimal use of tools to de-risk antigen selection should be better defined. 
· Clear Clinical Safety Protocols: Safety endpoints, case ascertainment methodologies, and individual stopping/group halting rules must be pre-defined in study protocols. The role of specific diagnostics (e.g., echocardiography, urinalysis) for monitoring must be defined, considering baseline variability and the risk of incidental, non-clinically significant findings.

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. 

5. [bookmark: _Toc229666426]Immunogenicity
Despite decades of research, no validated human correlate of protection exists for Strep A vaccines. Early studies highlighted challenges including strain diversity (>200 emm types), limited standardization of immunoassays, and uncertainty over which antibody specificities confer protection, (type‑specific M‑protein responses, conserved epitopes, or non‑M antigens) confer protection.[49, 50] Immunity resulting from natural exposure appears to accumulate with repeated infections, likely via a combination of humoral, mucosal, and cellular mechanisms.[37] Robust immunogenicity assessment tools are essential to to support clinical development and vaccine licensure. Validated assays, calibrated to international standards, could be used to define correlates or surrogates of protection for the target population. Multi-component readouts—including functional opsonophagocytic assays, neutralisation assays where relevant for specific antigens, binding antibody assays against multiple targets, mucosal IgA, T-cell markers, and standardized polyclonal sera—can support cross-product comparisons, immune bridging, and clinical development. Collaborative efforts to harmonize assays, share reference materials, and use open-source reagents would be valuable. In addition, assay platforms should ideally be simple, transferable, and reproducible across laboratories, and ultimately minimise reliance on live-cell systems to facilitate scalability and broader implementation.

The longevity of the immune response and its relationship to protection should be characterized to inform primary series design, booster requirements, and integration with routine schedules. Vaccines must also demonstrate no clinically significant safety issues or immunologic interference with co-administered vaccines, particularly routine childhood immunizations, to facilitate inclusion in the EPI schedule.

6. [bookmark: _Toc229666427]Value proposition
The comprehensive value proposition for a Strep A vaccine has been published and will be updated as new evidence emerges.[51]  Once vaccines become available data should be gathered to update this value proposition and to establish the basis for recommendation of the vaccine for the prevention of RHD. This should include:

· Cost of Illness and Equity: Strep A inflicts high direct healthcare costs (e.g., hospitalizations for invasive disease, surgery for RHD) and indirect costs from lost productivity and premature death. The value proposition is particularly strong in LMICs and in vulnerable populations everywhere, where the disease burden is highest and access to advanced care is most limited, making vaccination a powerful tool for health equity.

· Antibiotic Stewardship and Health System Impact: A significant, and sometimes undervalued, component is the potential for substantial reductions in antibiotic use. Strep A pharyngitis is a leading cause of antibiotic prescriptions globally. Skin infection is also a common reason for antibiotic use. A vaccine could substantially reduce this driver of antimicrobial resistance, generating secondary health economic benefits by preserving the efficacy of existing antibiotics and reducing antimicrobial resistance related costs.

· Investment and Implementation Costs: A complete assessment must balance the above benefits against the necessary investments in research and development, vaccine pricing, and the costs of integrating the vaccine into existing national immunization programs. As epidemiology and health system capacity vary greatly, scenario-based modelling for high-income countries versus LMICs is essential.

Mathematical modelling 
Mathematical modelling may be used to estimate the potential public health impact of candidate vaccines across diverse epidemiological settings and to explore how prevention of upstream infections—such as pharyngitis and potentially impetigo—may translate into reductions in downstream outcomes including ARF, RHD and kindney disease. By integrating epidemiologic, clinical, and demographic data, models can simulate transmission dynamics and assess the potential effects of vaccination on disease burden, cost-effectiveness, and optimal delivery strategies. Different modelling approaches, from simple to more complex dynamic models, offer complementary insights but require increasingly robust data to capture heterogeneity across populations and settings.

Modelling can also inform vaccine development and trial design where direct measurement of long-term outcomes is not feasible. However, all models depend on assumptions and data quality, and their outputs should be interpreted alongside empirical evidence, with transparent reporting of uncertainties, including those related to data gaps and causal pathways linking Strep A infection to ARF and RHD.



B. [bookmark: _Toc229666428]PREFERRED PRODUCT CHARACTERISTICS FOR STREP A VACCINES

This PPC provides an update to the 2018 version. Major revisions include the addition of early RHD as possible Phase 3 or post-licensure effectiveness endpoint, greater detail in the strategic goals and associated indications, and refinement of the efficacy targets. The PPC also more clearly cross-references the R&D roadmap, highlighting the research gaps that must be addressed to advance the product pipeline.
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	Parameter
	Preferred Product Characteristics 
	Notes

	Indication
	1. Risk reduction of culture-confirmed Strep A pharyngitis in children

2. Risk reduction of impetigo in children

3. Risk reduction of early RHD


	Prevention of pharyngitis could constitute a relevant initial licensure target. Prevention of impetigo may represent an important impact target in children in certain populations. Evaluation of efficacy against early RHD endpoints should be considered prelicensure where feasible and, if not, should be prioritized in post-licensure evaluations. At the same time, alternative or parallel development strategies that seek to generate evidence on RHD-related endpoints earlier in the clinical development pathway are scientifically valid and should be encouraged, particularly where funders and developers prioritize prevention of RHD as a primary objective. Prevention of other acute diseases (including invasive disease and cellulitis) and immune-mediated conditions (including ARF and acute post-streptococcal glomerulonephritis) may also be evaluated through post-licensure studies or complementary research platforms.

	Target Population
	Young children are the priority target. Other groups at risk such as adults, particularly the elderly, or pregnant women should also be considered.
	Further evidence is needed to define the optimal age for vaccination in different epidemiological settings. Whether Strep A vaccines should be introduced in early infancy or require later early-childhood doses and subsequent boosters should be evaluated. Research should also evaluate the role of immunisation in other high-risk groups, including adults, the elderly, and pregnant women.

	Schedule & Boosting
	Optimal: ≤2 doses for primary immunization; not more than 3.


	Boosters may be required (school-age, young adulthood, pregnancy, elderly) dependent on duration of protection. Alignment with EPI schedule may be considered but there should be flexibility to allow for different epidemiological needs. 

	Efficacy Targets
	  Severe Culture-confirmed Pharyngitis: ≥50% (primary licensure) 
  Impetigo: ≥50% (supportive, context-dependent) 
  Early RHD: particularly where endpoints are sufficiently validated and feasible for use in clinical trials.

Minimal efficacy criteria should be informed by modelling the potential public health impact and cost-effectiveness of a specific vaccine candidate.


	Initial licensure may be based on demonstrating ≥50% efficacy against pharyngitis, given its frequency in the childhood population and high public health impact. Risk reduction of impetigo in children may be based on demonstrating ≥50% efficacy  against impetigo in high burden settings in populations separate to those evaluated through pharangytis trials. Evaluation of efficacy against early RHD should be considered in late-stage trials where feasibility and validation are established; otherwise, it should be prioritised in post-licensure studies. Evaluation of efficacy against cellulitis/invasive disease and other immune-mediated sequelae is likely to occur post-initial licensure.
Long-term protection is likely to be important given the age distribution of disease risk. Further work is needed to determine the minimal durability needed for a vaccine to prevent RHD, as such a minimum of 2 years is preferred for efficacy assessment. Longer duration may be required and could be informed by modelling of vaccine impact.

A development strategy that considers the breadth of potential pathways to licensure could minimise risk, and accelerate development:
· Early proof-of-concept trials could focus on pharyngitis 
· Impact on skin infection (impetigo) may be included as additional  endpoints where feasible.
· Vaccine evaluation in a clinically relevant human experimental infection model could provide substantial value.
· Evaluation of impact on early RHD should be considered pre-licensure, and if not evaluated, should be prioritised in post-licensure studies.
· Vaccine evaluation in a clinically relevant human experimental infection model could provide substantial value.
· Demonstrating efficacy against cellulitis and other invasive infections will require larger sample sizes and may be assessed post-initial licensure.
· Assessment of effects on carriage and transmission is strongly encouraged to inform indirect protection and population-level impact. 
Mathematical modelling may be used to contextualize preferred efficacy targets by estimating the potential population-level impact of vaccines across epidemiological settings and the extent to which protection against intermediate endpoints may translate into reductions in downstream disease outcomes.

	Strain/Serotype Coverage
	The vaccine composition should ensure that the major disease-causing isolates from the region targeted for use are prevented, ideally greater than 80%


	The potential for target antigen variation over time and the breadth of protection should be assessed., where feasible. Further research is required to determine the value of immune assays in inferring strain or serotype-specific protection. Ongoing surveillance of strain distribution and common antigen expression will be essential to monitor potential bacterial population replacement.

	Safety
	Safety and reactogenicity profile at least as favorable as current WHO-recommended vaccines
	As a minimum, a standard safety monitoring plan should be implemented as part of clinical development. AESIs should be monitored using appropriate consensus methods.
The appropriate use of enhanced safety monitoring tools, such as echocardiography, should be predefined while acknowledging the risk of detecting non-specific or incidental findings, particularly in studies with multiple comparisons.
The intensity of safety investigations should be proportionate to the level of accumulated evidence on the vaccine’s safety profile. Safety endpoints should be clearly defined in the protocol and supported by appropriate sample size considerations.

	Adjuvant requirement
	Evidence should be generated to justify adjuvant inclusion in the formulation
	Adjuvants with well-characterised safety profiles are preferred, while recognising that novel adjuvants with emerging safety data may offer advantages for affordability and global access.

	Immunogenicity
	Validated assays with international standards to assess immunogenicity and correlates/surrogates of protection against the target indication in the population of interest are desired
	Collaborative efforts to develop harmonised immunoassays and shared reference materials would significantly strengthen the pathway toward a regulatory-acceptable correlate of protection. Polyclonal sera will be important to support comparability across products. Use of open-source reference reagents (including standardised immune sera) meeting international quality standards would support comparability across platforms, facilitate immune-bridging approaches, streamline clinical development. The longevity of the immune response and its relationship to duration of protection should be characterised over time.

	Non-interference
	The vaccine must show no clinically significant safety/immunologic interference with co-administered vaccines used in the same target population.
	Non-interference with routine childhood immunizations is particularly important for integration into the EPI schedule. The extent of potential interference will depend on the vaccine type, platform, and whether it is intended for priming, boosting, or both. 

	Route of Administration
	Injectable (IM/SC); mucosal/dermal routes may be considered. 
	Alternative routes could improve acceptability, logistical feasibility and cost and could be explored for their ability to improve efficacy and reduce reactogenicity.

	Registration & PQ
	The vaccine should be prequalified according to the process outlined in Procedures for assessing the acceptability, in principle, of vaccines for purchase by United Nations agencies. WHO-defined criteria for programmatic suitability of vaccines should be met (Appendix 1).
	

	Value Proposition
	Vaccine must be affordable, equitable and cost-effective for use in LMIC.
	Large trials, whether pre- or post-licensure, should evaluate vaccine impact on health systems, economic outcomes, and other implementation considerations.
Health-economic modelling is needed, including evidence on reduced antibiotic use (AMU), which would be a major added value given current reliance on antibiotics for routine GAS management. The assessment should capture disease burden and associated DALYs, direct medical costs, productivity losses, and broader societal impacts to further strengthen the value case and support adoption in national immunisation programmes.
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USEFUL LINKS
1. WHO PPCs do not override existing WHO guidance on vaccine presentation, packaging, thermostability, formulation and disposal, addressed in documents from the WHO Vaccine Presentation and Packaging Advisory Group (VPPAG): http://www.who.int/immunization/policy/committees/vppag/en/index2.html.
2. Guidance about the WHO Prequalification (PQ) process which assesses vaccine quality, safety, efficacy and suitability for use in low and middle-income countries (for Programmatic Suitability for Prequalification (PSPQ) criteria is also available elsewhere: http://apps.who.int/iris/bitstream/10665/76537/1/WHO_IVB_12.10_eng.pdf.
3. Guidance on WHO regulatory expectations about clinical evaluation of vaccines can be found elsewhere: http://www.who.int/biologicals/expert_committee/WHO_TRS_1004_web_Annex_9.pdf
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