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PREFACE
 
 
This is a mini dissertation comprising of 50% research project component. The University of KwaZulu-Natal CR13 (c) directs that a dissertation “may comprise one or more papers of which the student is the prime author, published or in press in peer-reviewed journals approved by the relevant college academic affairs board or in manuscripts written in a paper format, accompanied by introductory and concluding integrative material”. As such a standalone methodology is not required, as it forms part of the submitted paper/manuscript chapter. The outline of each chapter is presented at the end of Chapter 1. 
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ABSTRACT

Background: Antimicrobial resistance (AMR) poses an escalating threat to global health, prompting the World Health Organization (WHO) to introduce the Access, Watch, Reserve (AWaRe) classification system to promote prudent antibiotic use. The WHO recommends that at least 60% of antibiotic consumption should originate from the Access category. Within South Africa’s private healthcare sector, limited evidence exists regarding the extent to which medical scheme formularies align with these stewardship recommendations.

Aim: This study aimed sought to evaluate the compliance of antibiotic formularies from five major South African private sector medical schemes (coded as 101, 201, 102, 202, and 103) with WHO recommended AWaRe guidelines and to assess the extent to which formulary governance structures support antimicrobial stewardship principles.

Setting: The study was conducted within South Africa’s private healthcare sector. and included antibiotic formularies from five of the country’s largest medical schemes. Public-sector antibiotic guidance, including the South African Essential Medicines List and Standard Treatment Guidelines, was used as a benchmark comparator.

Method: A retrospective document analysis was conducted using current and historical antibiotic formularies published between 2016 and 2024 from five of the country’s largest medical schemes. Formularies were retrieved from medical scheme websites, provider portals, and regulatory filings. Antibiotics were extracted into a structured database capturing active ingredient, strength, dosage form, and prescribing restrictions. All antibiotics were classified according to the 2023 WHO AWaRe database into Access, Watch, or Reserve categories, and the proportional representation of each category was calculated for each scheme. Governance structures and cost-sharing mechanisms related to formulary management were also reviewed from publicly available documentation. Public-sector antibiotic guidance, including the South African Essential Medicines List and Standard Treatment Guidelines, was used as a benchmark comparator.

Results: Considerable vVariability was identified across the five medical schemes with regards to…... Public-sector benchmark documents demonstrated a predominance of Access antibiotics, including amoxicillin, amoxicillin/clavulanic acid, metronidazole, and amikacin. In contrast, the private-sector formularies showed substantiallydemonstrated a greater reliance on Watch and Reserve antibiotics. Penicillins classified within the Access category accounted for only 41% of prescribinglistings, while third-generation cephalosporins (Watch) represented 13% and carbapenems (Reserve) accounted for 20%; a further 26% of prescribing listings? was classified as unspecified. Although formulary governance was managed through internal committees or third-party pharmacy benefit managers, committee composition and decision-making criteria were not consistently publicly accessible. No explicit AWaRe-based restrictions or cost-sharing tiers were identified within the formularies or benefit guides reviewed. These findings suggest limited policy responsiveness despite the implementation of South Africa’s National AMR Strategy Framework (2014–2024). Contextual support from the GERMS-SA 2022 report further highlighted a 50% increase in antimicrobial use over three years, with the private sector demonstrating disproportionately higher use of Watch and Reserve antibiotics.

Conclusion: The antibiotic formularies of the five major South African medical schemes reviewed did not fully comply with WHO AWaRe recommendations. These findings suggest limited policy responsiveness despite the implementation of South Africa’s National AMR Strategy Framework (2014–2024). The substantial reliance on Watch and Reserve antibiotics, together with the absence of explicit AWaRe-based formulary controls, may contribute to increased antimicrobial resistance selection pressure within the private healthcare sector. These findings highlight important gaps in formulary governance and reinforce the need for targeted stewardship interventions and policy reforms to improve alignment between private-sector prescribing practices and national antimicrobial stewardship objectives.


Contribution: This study provides insight into WHO recommended AWaRe alignment within large South African private sector medical scheme formularies and contributes evidence to support future antimicrobial stewardship policy development and formulary harmonization.

Keywords: Antimicrobial resistance; Antibiotic stewardship; AWaRe classification; Medical scheme formularies; Private healthcare sector; Antibiotic utilization; South Africa; Access, Watch and Reserve; Rational antibiotic use; Formulary alignment; Antimicrobial stewardship; World Health Organization
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[bookmark: _Toc99915]Chapter 1: Introduction
This chapter will cover the background, rationale, and objectives of the research undertaken for this dissertation. It will introduce the global and national context of antimicrobial resistance (AMR), the importance of antimicrobial stewardship, and the role of the World Health Organization’s Access, Watch, Reserve (AWaRe) classification system. The chapter will review relevant literature on antibiotic use, stewardship frameworks, and formulary management in the South African private healthcare sector. It will also outline the specific research problem, justify the need for the study, and clearly state the aims and objectives guiding the subsequent chapters. Throughout, the chapter will establish the significance of the research and provide a foundation for the methodological approach and analysis presented in the rest of the thesis.
[bookmark: _Toc99916]1.1. Background 
The escalating global crisis of antimicrobial resistance (AMR) threatens to undermine decades of medical progress, rendering common infections increasingly difficult to treat and elevating the risk of mortality from routine medical procedures. The World Health Organization (WHO) has identified AMR as one of the top ten global public health threats facing humanity, and its mitigation requires coordinated action across human, animal, and environmental health sectors (WHO, 2024). A cornerstone of the global response is the WHO’s Access, Watch, Reserve (AWaRe) classification system, a framework designed to guide antibiotic stewardship by categorizing antibiotics into three tiers based on their resistance potential and clinical importance (Chigome et al., 2025). The Access category comprises first-line agents with a narrower spectrum and lower resistance potential, for which the WHO recommends that at least 60% of national antibiotic consumption should be derived. The Watch category includes broader-spectrum antibiotics that are at higher risk of resistance development, while the Reserve category is reserved for last-resort treatments for multidrug-resistant infections (WHO, 2025).	Comment by Fatima Suleman: Reference required
South Africa, like many low- and middle-income countries, faces a dual burden of high infectious disease prevalence and increasing AMR rates, along with an increasing chronic disease burden. The country has developed a comprehensive National Antimicrobial Resistance Strategy Framework (2014–2024) to address this challenge, yet implementation remains uneven across its two-tiered healthcare system (Schellack et al., 2017). The public sector, which serves approximately 80% of the population, operates under a centralized Essential Medicines List (EML) and Standard Treatment Guidelines (STGs) that are theoretically aligned with the AWaRe principles. In contrast, the private sector, funded primarily through medical schemes (health insurance funds) covering roughly 16% of the population, operates with formularies developed independently by each scheme or its contracted pharmacy benefit manager (Chetty et al., 2019). This fragmentation raises critical questions about the extent to which private-sector antibiotic formularies adhere to national and international stewardship recommendations.
The present study investigates the compliance alignmet of antibiotic formularies from five major South African medical schemes—coded as 101, 201, 102, 202, and 103 to maintain anonymity—with the WHO recommended AWaRe guidelines. These schemes collectively represent a substantial portion of the privately insured population and therefore exert significant influence on antibiotic consumption patterns within the private healthcare sector. Our primary objective was to evaluate whether the proportion of Access, Watch, and Reserve antibiotics listed in these formularies aligns with the WHO’s recommendation that at least 60% of antibiotic consumption should derive from the Access category. We hypothesized that private-sector formularies would exhibit a greater proportion of Watch and Reserve antibiotics compared to the public-sector benchmark, reflecting a divergence from national antimicrobial stewardship policies and potentially contributing disproportionately to AMR selection pressure.
The significance of this research lies in its potential to identify gaps in formulary governance within South Africa’s private healthcare sector. While previous studies have examined antibiotic prescribing practices in both public and private settings (Peters et al., 2021; ) (Gasson et al., 2018), few have systematically evaluated the formularies themselves as instruments of stewardship. Formularies represent a critical leverage point for influencing prescribing behavior, as they determine which antibiotics are available for reimbursement and under what conditions (Haripersad et al., 2022). If these formularies are not aligned with AWaRe principles, they may inadvertently facilitate the overuse of high-risk antibiotics, thereby accelerating the development of resistance. Furthermore, the absence of explicit AWaRe-based restrictions or cost-sharing mechanisms in these formularies, as our analysis reveals, suggests a missed opportunity for policy intervention.
This study contributes to the growing body of literature on antimicrobial stewardship in private healthcare settings, an area that has received comparatively less attention than public-sector initiatives (Dlungele & Mathibe, 2023). By providing empirical evidence of the divergence alignment between private-sector formularies and WHO recommendations, we aim to inform policy discussions around the regulation of medical scheme formularies and the integration of AWaRe targets into private-sector governance frameworks. The findings also have implications for the design of future stewardship interventions, particularly those targeting the private sector, where financial incentives and formulary structures may differ substantially from those in the public sector.
[bookmark: _Toc99917]1.2. Problem Statement 
Antimicrobial resistance (AMR) constitutes a well-established global health threat, as detailed previously, yet a critical unresolved issue persists regarding the limited empirical evaluation of how antibiotic selection within South African private sector medical scheme formularies aligns with the World Health Organization (WHO) recommended Access, Watch and Reserve (AWaRe) classification framework.	Comment by Fatima Suleman: Your line spacing has hanged. Make sure that you use the same formatting style throughout your thesis.	Comment by Fatima Suleman: You also have to reference these sentences

 Although the WHO recommended AWaRe framework has been widely adopted as a global antimicrobial stewardship tool to standardize antibiotic monitoring and promote rational use, its translation into private sector reimbursement systems remains poorly characterized. This gap is particularly significant because medical scheme formularies are not neutral administrative instruments; they actively shape prescribing behavior by determining which antibiotics are reimbursed, restricted, or subject to authorization requirements (Mamdoo, 2019).

In practice, formulary structure can either reinforce or undermine antimicrobial stewardship objectives depending on how closely it reflects evidence-based frameworks such as AWaRe. However, in South Africa, there is currently limited systematic evidence assessing whether formulary antibiotic listings are categorized and structured in a way that supports optimal stewardship-aligned prescribing (Ahmed et al., 2025). 

This study will evaluate assess the extent to which antibiotics listed in major South African private sector medical scheme formularies correspond align with the WHO recommended AWaRe classification. The hypothesis is that current private sector reimbursement structures exhibit significant misalignment with global stewardship standards, potentially contributing to suboptimal antibiotic use patterns.

 The significance of this problem lies in the disproportionate influence of the private healthcare sector on overall antibiotic consumption patterns in South Africa, where it accounts for a disproportionately high volume of antibiotic use despite serving a smaller proportion of the population, with documented reliance on broad-spectrum agents and empiric prescribing practices (Farley, 2017). 

[bookmark: _Toc99918]1.3. Overview of Existing Literature
The global literature on antimicrobial resistance consistently demonstrates a robust association between antibiotic consumption patterns and the emergence of resistant pathogens, with surveillance data from the WHO Global Antimicrobial Resistance Surveillance System (GLASS) documenting this relationship across multiple pathogen–drug combinations (WHO, 2018). Countries characterized by high overall antibiotic use, and particularly those with disproportionate reliance on broad-spectrum agents, experience more rapid increases in resistance rates to third-generation cephalosporins, fluoroquinolones, and carbapenems (Reza et al., 2025). This association is not merely correlational; clinical and observational studies have confirmed that inappropriate antibiotic selection, unnecessary initiation of therapy, and prolonged treatment durations exert significant selective pressure on microbial populations, thereby accelerating the dissemination of resistant organisms (Gyssens & Wertheim, 2020). Broad-spectrum antibiotics, while often perceived as safer empiric choices, disrupt normal flora more extensively and create conditions favorable for the emergence of multidrug-resistant strains (R. Ahmed, 2025).	Comment by Fatima Suleman: Be consistent with your referencing. Use one style. Do not use surnames in some and author initials in others
Evidence from high-income countries indicates that well-implemented antimicrobial stewardship programs (ASPs) can improve prescribing quality, increase adherence to treatment guidelines, and reduce inappropriate antibiotic use, with some studies reporting measurable decreases in resistance rates and healthcare-associated infections following stewardship implementation (Gyssens & Wertheim, 2020). However, the effectiveness and sustainability of these interventions vary widely depending on available resources, institutional support, regulatory frameworks, and healthcare system structure (Noyes et al., 2021). In low- and middle-income countries (LMICs), like South Africa, stewardship implementation faces substantial systemic and contextual challenges, including limited access to diagnostic and microbiological testing, which frequently necessitates empiric prescribing and reduces opportunities for targeted therapy and de-escalation (S. Ahmed et al., 2025). Patient expectations, financial incentives, and concerns about clinical deterioration further drive antibiotic prescribing, sometimes in the absence of clear bacterial infection (WHO, 2024). Studies conducted in LMIC settings have consistently reported high rates of empiric antibiotic use, with a preference for broad-spectrum agents as a precautionary strategy, inadvertently intensifying resistance selection pressure (Reza et al., 2025).	Comment by Fatima Suleman: See previous referencing style comment
Within the South African context, research has documented substantial antibiotic utilization across both public and private healthcare sectors, with particularly high prescribing rates observed in the private sector (Katende-Kyenda et al., 2007). Prescribing audits and claims-based analyses have shown frequent use of broad-spectrum antibiotics for common community-acquired infections, including upper respiratory tract infections where bacterial involvement is often unlikely (S. Ahmed et al., 2025). Comparative studies involving South Africa and other BRICS nations have indicated that South Africa demonstrates higher utilization of certain broad-spectrum agents and a significant prevalence of resistant organisms among positive culture results (WHO, 2022). These findings highlight ongoing challenges in aligning prescribing practices with stewardship principles, particularly in the private sector where prescriber autonomy and reimbursement mechanisms may inadvertently promote broader-spectrum antibiotic use (Park et al., 2017).
In contrast, the public healthcare sector in South Africa has implemented relatively structured policy instruments aimed at regulating antibiotic use, including the National Essential Medicines List (EML), Standard Treatment Guidelines (STGs), and a National Antimicrobial Resistance Strategy Framework (DOH-RSA, 2017). These instruments collectively seek to standardize care, promote rational medicine use, and support surveillance, providing a coherent policy foundation for stewardship in the public sector (S. Ahmed et al., 2025). While challenges remain in implementation, particularly at facility level where resource constraints and staffing shortages can undermine adherence, the public sector’s structured approach contrasts sharply with the relative absence of similar mechanisms in the private sector (Noyes et al., 2021).
The World Health Organization’s recommended Access, Watch, and Reserve (AWaRe) framework has emerged as a key global tool for categorizing antibiotics based on their therapeutic value and resistance potential. The WHO AWaRe guidelines have been increasingly incorporated into research evaluating national essential medicines lists and public sector formularies (WHO, 2022). Comparative analyses across countries have assessed the proportion of Access, Watch, and Reserve antibiotics listed and have highlighted considerable variability in adherence to WHO targets, particularly the recommendation that Access antibiotics should comprise at least 60% of national antibiotic consumption (Reza et al., 2025). These studies have demonstrated the utility of AWaRe as a benchmarking and monitoring tool, while also revealing gaps in implementation and contextual adaptation across different healthcare systems (WHO, 2018).	Comment by Fatima Suleman: Listed on what?
Despite this growing body of literature, the majority of AWaRe-focused research has concentrated on public sector policies, national essential medicines lists, and government-led procurement systems (WHO, 2022). There remains a relative paucity of studies examining private sector formularies, particularly within medical scheme–funded healthcare systems such as that of South Africa (Katende-Kyenda et al., 2007). Furthermore, limited attention has been given to how formulary design, reimbursement mechanisms, and prescribing restrictions within private medical schemes interact with prescriber autonomy and clinical decision-making (Park et al., 2017). This gap in the literature underscores the need for focused research on private sector formularies as a critical, yet underexplored, component of antimicrobial stewardship, particularly in settings where private healthcare consumption constitutes a substantial proportion of total antibiotic use (Noyes et al., 2021).
1.4 Knowledge Gaps

The preceding literature reveals a striking asymmetry in the antimicrobial stewardship literature: whileidentifies a gap where public sector policies and formularies have been extensively examinedassessed through the lens of the recommended AWaRe framework and other benchmarking tools, yet private sector formularies remain largely invisible understudied in both research and policy discourse (WHO, 2022). This gap is particularly consequential in settings like South Africa, where the private healthcare sector accounts for a substantial proportion of total antibiotic consumption and where prescribing patterns have been shown to deviate significantly from stewardship principles (Katende-Kyenda et al., 2007). The absence of structured stewardship mechanisms within private formularies represents not merely a research lacuna but a potential driver of continued inappropriate antibiotic use, as rReimbursement structures and formulary design may inadvertently incentivize the selection of broad-spectrum agents over narrower alternatives (Park et al., 2017). This study argues that private sector formularies, if redesigned with explicit stewardship criteria, could function as powerful levers for modifying prescriber behavior at scale, given that reimbursement decisions directly influence clinical choices in fee-for-service and medical scheme–funded systems (Park et al., 2017).

The practical implications of this gap are substantial. Policymakers and medical scheme administrators in South Africa currently lack an evidence base to guide the integration of stewardship principles into private formulary design, including decisions about which antibiotics to include, under what conditions they should be reimbursed, and how to align prescribing restrictions with clinical guidelines (DOH-RSA, 2017). Without such guidance, private sector prescribing will likely continue to be shaped by commercial incentives, prescriber habit, and patient demand rather than by resistance risk and therapeutic appropriateness (WHO, 2024). For practitioners, the absence of formulary-based stewardship means that individual clinicians in private practice receive limited systemic support for making evidence-based antibiotic choices, relying instead on personal knowledge and experience, which may be insufficient to counteract the pressures favoring broad-spectrum prescribing (S. Ahmed et al., 2025).
Several methodological constraints in the existing literature limit the conclusions that can be drawn about private sector stewardship. First, most AWaRe-based analyses have relied on national-level consumption data aggregated across public and private sectors, obscuring sector-specific patterns and making it impossible to assess the relative contribution of private formularies to overall antibiotic use (WHO, 2022). Second, the available prescribing audits from South Africa’s private sector are often cross-sectional, limited in geographic scope, and focused on specific conditions or provider types, which restricts generalizability (Katende-Kyenda et al., 2007). Third, there is a notable absence of studies that directly examine the relationship between formulary design features—such as prior authorization requirements, therapeutic substitution policies, or tiered reimbursement structures—and prescribing outcomes in private healthcare settings (Park et al., 2017). These limitations suggest that the current evidence base, while suggestive of a problem, is insufficient to inform targeted interventions.	Comment by Fatima Suleman: I would leave this for your summary and conclusion as future research that is required
Future research should therefore prioritize several understudied areas. There is a need for comprehensive, sector-disaggregated analyses of antibiotic consumption in South Africa, applying the AWaRe framework to private sector claims data to establish baseline patterns and benchmark them against public sector and international targets (Reza et al., 2025). Such analyses should examine not only overall consumption volumes but also the distribution of Access, Watch, and Reserve antibiotics across different clinical indications, provider types, and medical scheme formularies. 	Comment by Fatima Suleman: As recommended Above
Addressing these research gaps is essential for developing a comprehensive approach to antimicrobial stewardship that encompasses both public and private sectors, thereby closing a critical gap in the global fight against antimicrobial resistance.
[bookmark: _Toc99919]1.5. Research Question, Aim, Objectives and Hypothesis
Research Question:
Is the listing of antibiotics in selected South African medical scheme formularies aligned with the recommendations of the WHO AWaRe framework?

Aim of the Study:
To classifyAssessing the listed antibiotics listed inon selected private sector medical scheme formularies in South Africa according to the WHO AWaRe framework and assessin terms of their alignment with WHO recommendations.

Objectives of the Study:
· To extract antibiotic listings from selected large South African medical scheme formularies.
· To classify listed antibiotics into Access, Watch and Reserve categories according to the WHO recommended AWaRe framework.
· To assess determine the degree of alignment between formulary listings and WHO recommended AWaRe recommendations.
· To provide recommendations for improving formulary alignment where necessary.

Research Hypothesis:
Antibiotic listings in large South African medical scheme formularies are not fully aligned with the recommendations of the WHO AWaRe framework. It is likely that private-sector formularies would exhibit a greater proportion of Watch and Reserve antibiotics compared to the public-sector benchmark

[bookmark: _Toc99920]1.6. Conceptual Framework 
This study is informed by the Antibiotics Smart Use (ASU) model, which conceptualizes antibiotic stewardship as a multi-level framework encompassing policy, organizational, and individual behavioral determinants of antibiotic use (Hadi eyt al.,2014; Hadi et al.,2016). Rather than attributing prescribing patterns solely to individual clinician decision-making, the ASU model positions antibiotic use within a broader system of interacting influences, including regulatory structures, healthcare financing arrangements, institutional practices, and sociocultural expectations surrounding antibiotics (Hadi et al.,2016; Charani et al.,2013).

Antimicrobial resistance (AMR) constitutes a complex global health challenge that cannot be adequately addressed through purely clinical or educational interventions (Ledingham et al., 2019). The overuse and misuse of antibiotics are shaped by a confluence of factors operating across multiple levels of the healthcare system, including regulatory structures, healthcare financing arrangements, institutional practices, and sociocultural expectations (Tomson & Vlad, 2014). For instance, weak pharmaceutical regulations and financial incentives for prescribers can drive inappropriate antibiotic use in resource-constrained settings (Masud et al., 2025), while patient expectations and the broader sociocultural context further complicate prescribing decisions (Melaku & Assegid, 2025). Understanding these interconnected determinants is essential for designing effective stewardship interventions

The ASU model provides a multi-level framework for conceptualizing antibiotic stewardship, integrating policy-level formulary design, organizational culture, and individual behavioral determinants. This study operates on the basis that antibiotic prescribing is not solely a function of individual clinician knowledge or attitudes but is embedded within a broader system of interacting influences. These include regulatory mandates, institutional norms, and the alignment of formularies with international guidelines such as the WHO recommended Access, Watch and Reserve (AWaRe) classification (Kirchhelle et al., 2020). 
Within this framework, policy-level mechanisms such as formulary design are understood as structural components that shape prescribing environments. Formularies function by defining medicine availability, categorization, reimbursement conditions, and prescribing restrictions, thereby structuring clinical options available to prescribers within specific healthcare systems (WHO,2019; Gray et al.,2017). In this context, alignment with the WHO recommended Access, Watch and Reserve (AWaRe) classification provides a standardized reference point for evaluating whether formulary structures reflect stewardship-oriented principles, particularly in relation to the prioritization of Access antibiotics and the controlled use of Watch and Reserve agents (WHO,2019; Sharland et al.,2019).	Comment by Fatima Suleman: You can use the abbreviation as you have spelt this out previously. Correct in this chapter
At the social level, the ASU model recognizes that prescribing behavior is also influenced by professional norms, institutional culture, and patient-related expectations, which interact with formal policy instruments in shaping real-world antibiotic use (Dyar et al.2017; Hadi et al.,2016; Charani et al.,2013). These behavioral dimensions are particularly relevant in settings where diagnostic uncertainty and contextual pressures may contribute to empiric prescribing practices and continued reliance on broad-spectrum antibiotics (Dyar et al.,2017; Charani et al.,2013).
Figure 1. The Conceptual Framework
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For this study only the 3rd aspect will be studied.

[bookmark: _Toc99922]1.7.  Significance of the Study
This study is significant when interpreted through the Antibiotics Smart Use (ASU) model, which conceptualizes antimicrobial stewardship as a multi-level system shaped by the interaction of clinical decision-making, organizational structures, and health policy environments (Hadi et al.,2014; Hadi et al.,2016). The ASU framework emphasizes that antibiotic use is not determined solely at the level of individual prescribers but is continuously influenced by institutional rules, financing mechanisms, and regulatory systems that structure clinical choices (Dyar et al.,2017; Hadi et al.,2016). 
In this context, alignment with the World Health Organization Access, Watch and Reserve (AWaRe) classification framework provides an opportunity to strengthen prescribing support systems by promoting appropriate first-line therapy selection, reducing unnecessary exposure to broad-spectrum agents, and preserving Reserve antibiotics for multidrug-resistant infections (WHO,2019; Gray et al.,2017). Improved formulary alignment with AWaRe may therefore enhance consistency in prescribing practices and contribute to reduced antimicrobial selection pressure at the population level (WHO,2019; Sharland et al.,2019).
At a policy level, this study addresses a critical gap in antimicrobial stewardship governance within South Africa’s private healthcare sector. Within the ASU framework, medical scheme formularies are understood as regulatory-financial instruments positioned at the interface between clinical autonomy and reimbursement policy, thereby functioning as powerful but underutilized stewardship levers (Gray et al.,2017; Hadi et al.,2014). Despite their influence on prescribing behavior, there is limited systematic evaluation of whether these formularies are aligned with global stewardship frameworks such as AWaRe. Evidence generated by this study may therefore support formulary committee decision-making, inform evidence-based reimbursement policies, strengthen alignment with national antimicrobial resistance (AMR) strategies, and contribute to the work of regulatory bodies such as the Council for Medical Schemes (CMS) and the South African Pharmacy Council (SAPC) (Gray et al.,2017; CMS,2021; NDOH,2014).
1.8. Research Methodology 
1.8.1. Study Setting
This study was conducted in the private healthcare sector of South Africa, with a focus on large medical schemes that provide health coverage to a significant proportion of the insured population. The private sector represents a highly structured and regulated environment, characterized by diverse medical scheme options and formulary management strategies.

1.8.2 Study Design
A quantitative, non-experimental, retrospective desktop comparative analysis was employed. The study was designed to systematically evaluate and compare the antibiotic formularies of major South African medical schemes with respect to their alignment with recognized antimicrobial stewardship frameworks.

1.8.3. Sampling
Purposive sampling was used to select five of the largest medical schemes in South Africa, as identified by membership size in the most recent Council for Medical Schemes annual report. These schemes were chosen to provide comprehensive insight into formulary practices within the private sector and ensure relevance to the majority of the insured population.	Comment by Fatima Suleman: Reference!

1.8.4. Sample Size 
The sample comprised antibiotic formularies from five major South African medical schemes selected through purposive sampling. All eligible antibiotic entries contained within these formularies during the study period were included in the analysis.

1.8.5. Data Collection
Data were collected from publicly available formulary documents published by the selected medical schemes. The most recent versions of these formularies were accessed and reviewed. Antibiotics included in each formulary were identified and extracted. Each antibiotic was mapped according to the Anatomical Therapeutic Chemical (ATC) classification system and further categorized based on the World Health Organization’sWHO’s recommended Access, Watch, Reserve ( AWaRe) framework.	Comment by Fatima Suleman: Provide years

1.8.6. Data Analysis
Descriptive statistical analysis was conducted to characterize the distribution of antibiotics by AWaRe category within each formulary. Comparative analyses were performed to assess the degree of alignment between scheme formularies and international stewardship targets, particularly the recommended proportions of Access, Watch, and Reserve antibiotics. Results were summarized using counts, percentages, and comparative tables.

1.8.7. Study Population
The study population consisted of all antibiotics listed within the selected medical scheme formularies during the study period.
a. Inclusion Criteria 
 Antibiotics listed in medical scheme formularies between 2016 and 2024. 
 Systemic antibacterial agents included in the WHO AWaRe database. 
 Formularies publicly accessible through websites, provider portals, or regulatory filings.
b. Exclusion Criteria 
 Non-antibacterial antimicrobial agents such as antivirals, antifungals, and antiparasitic medicines. 
 Topical antibiotics not included in stewardship-focused systemic analyses. 
 Duplicate formulary entries and incomplete records lacking sufficient classification data.

Figure 2. Research Methodology Framework
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1.9. Ethical Ethics Considerations 
Ethical Ethics approval for the study was obtained from the Biomedical Research Ethics Committee (BREC) of the University of KwaZulu-Natal (Reference number: BREC/00009168/2025).  As the study utilized publicly available data and did not involve human participants or identifiable personal information, risks to privacy and confidentiality were minimized. All data were managed in accordance with institutional and national ethical guidelines for research involving secondary data analysis. 

As a desktop-based study utilizing publicly available formulary documents and secondary data sources, this research does not involve human participants, patient records, or any identifiable personal information. The names of the medical schemes included in the analysis were not disclosed, ensuring an additional layer of confidentiality. As a result, the ethical risk associated with this study is minimal. Nevertheless, the research was conducted in accordance with principles of academic integrity, transparency, and responsible data management. All relevant institutional ethical approval requirements were observed in accordance with university guidelines.

1.10 Definition of Key Concepts

For the purposes of this study, the following key concepts are defined:
Antimicrobial Resistance (AMR): The ability of microorganisms to survive exposure to antimicrobial agents that would normally inhibit or kill them, resulting in reduced effectiveness of standard treatments.
Antimicrobial Stewardship: Coordinated interventions designed to promote the appropriate use of antimicrobials, including optimal drug selection, dosing, route, and duration, to improve patient outcomes and limit resistance.
WHO recommende AWaRe Framework: A classification system developed by the World Health Organization that categorizes antibiotics into Access, Watch, and Reserve groups based on their therapeutic importance and resistance potential.
Medical Scheme Formulary: An approved list of medicines reimbursed by a medical scheme, often accompanied by prescribing criteria or restrictions that influence medicine use in the private healthcare sector.
Private Healthcare Sector: Healthcare services funded predominantly through medical schemes and out-of-pocket payments, operating alongside the publicly funded healthcare system in South Africa.

1.11 Scope and Delimitations of the Study

This study is confined to the analysis of antibiotic listings within selected large South African medical scheme formularies. The selection of schemes is based on membership size, as reported in the Council for Medical Schemes annual report, to ensure relevance and representativeness within the private sector. Only systemic antibacterial agents are included in the analysis, while coverage on topical agents and non-antibacterial antimicrobials is relatively limited.
The study does not assess actual prescribing behavior, patient outcomes, or resistance patterns, as it is designed as a desktop formulary analysis. Instead, it focuses on formulary structure and content as policy instruments that influence prescribing practices. While the findings may suggest implications for antibiotic use, causal inferences regarding prescribing behavior cannot be made.

[bookmark: _Toc99931]1.12.  Layout of the Dissertation 
Chapter 1 provides the introduction, background, problem statement, and study objectives.
Chapter 2 presents a detailed review of the literature on antimicrobial resistance, antibiotic stewardship, and the WHO AWaRe framework.
Chapter 3 consists of the manuscript prepared for submission to a peer-reviewed journal, presenting the study’s methodology, results, and discussion in accordance with journal guidelines.
Chapter 4 concludes the thesis and offers recommendations for policy, practice, and future research.
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Chapter 1 introduced the global and national challenge of antimicrobial resistance and highlighted the importance of antimicrobial stewardship in preserving antibiotic effectiveness. The chapter discussed the WHO AWaRe classification framework as a global stewardship tool and examined the role of medical scheme formularies in shaping antibiotic utilization within South Africa’s private healthcare sector. The problem statement, study aim, objectives, conceptual framework, and research methodology were presented, establishing the foundation for evaluating formulary compliance with WHO AWaRe recommendations. The chapter concluded by outlining the structure of the dissertation and the significance of the study in informing private-sector stewardship policy and formulary governance in South Africa.
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Chapter 2: Literature Review
The focus of this literature review is to critically evaluateexamine t the current state of antimicrobial stewardship and antibiotic formulary management in South Africa. , with specific focus on the alignment of private medical scheme formularies with the World Health Organization AWaRe classification framework. 
This literature review explores the growing burden of antimicrobial resistance globally and within South Africa, and examines how prescribing practices, healthcare system structures, and formulary governance contribute to resistance patterns. It will include further analyses the differences between public and private sector antibiotic use, highlighting the increased use of Watch-category antibiotics in private healthcare settings. The review also evaluates existing stewardship programmers, national treatment guidelines, procurement systems, and regulatory policies influencing antibiotic access and utilization. In addition, it identifies gaps in surveillance, stewardship implementation, and private sector data. 
The objective of this literature review is to establish the theoretical and empirical foundation for assessing whether South African private medical scheme formularies support rational antibiotic use and align with global antimicrobial stewardship goals.
To ensure a comprehensive and rigorous synthesis of existing knowledge, a systematic search strategy was employed. The methodology focused on identifying peer-reviewed literature, government reports, and policy documents relevant to antimicrobial stewardship in South Africa. 
The literature search was conducted across several electronic databases, including PubMed, ScienceDirect, Google Scholar, and the African Journals OnLine (AJOL). The search was limited to articles published between 2014 and 2024 to capture the most recent developments following the introduction of the WHO AWaRe classification in 2017. Search terms included a combination of Boolean operators and keywords: ("Antimicrobial Resistance" OR "Antibiotic Stewardship") AND ("AWaRe Classification" OR "WHO AWaRe") AND ("South Africa") AND ("Medical Schemes" OR "Private Sector Formularies").

Inclusion and Exclusion Criteria
Studies were included if they met the following criteria: 
· Focused on the South African healthcare context.
· Discussed antibiotic prescribing patterns, formulary management, or antimicrobial stewardship.
· Referenced the WHO AWaRe classification or its components (Access, Watch, Reserve).
· Were published in English.
Exclusion criteria included:
· Studies focusing solely on non-human antimicrobial use (veterinary or agricultural).
· Research conducted outside of South Africa unless providing a direct comparative analysis relevant to the South African context.
· Opinion pieces or editorials without empirical data or substantial policy analysis.


[bookmark: section-1]Abstract	Comment by Fatima Suleman: A literature review starts with an introduction and not an abstract
Antimicrobial resistance (AMR) represents one of the most significant threats to global public health, necessitating robust stewardship interventions. The World Health Organization (WHO) introduced the Access, Watch, and Reserve (AWaRe) classification to optimize antibiotic use and mitigate resistance. This literature review evaluates the current state of antibiotic stewardship in South Africa, focusing on the alignment of private medical scheme formularies with the AWaRe framework. Through a systematic search of major academic databases, the review identifies a significant discrepancy between public and private sector antibiotic procurement and utilization. While the South African public sector adheres closely to the Essential Drugs List (EDL) and AWaRe guidelines, the private sector—governed by medical schemes—shows a higher propensity for prescribing "Watch" category antibiotics. The findings suggest that while national policies exist, the lack of standardized stewardship across private payers undermines collective efforts to combat AMR. This review highlights the need for a unified regulatory approach to antibiotic formularies in South Africa to ensure sustainable healthcare outcomes.

2.1 Introduction

Antimicrobial resistance (AMR) represents one of the most urgent global public health challenges of the twenty-first century, driven predominantly by inappropriate and excessive antibiotic use (Murray et al., 2022; Laxminarayan et al., 2013). 
 
In direct response, the World Health Organization (WHO) introduced the Access, Watch, and Reserve (AWaRe) classification system to encourage rational prescribing by prioritizing Access antibiotics for routine first-line use, restricting Watch agents to clearly defined clinical indications, and preserving Reserve drugs exclusively for last-resort treatment of multidrug-resistant infections (World Health Organization [WHO], 2019; Sharland et al., 2018).

Within South Africa's mixed dual healthcare system, viz. the coexistence of a tax-funded public sector and a contributory private medical scheme sector,  creates distinct prescribing environments are created with significant implications for AMR containment and stewardship alignment (Council for Medical Schemes [CMS], 2020; National Department of Health [NDoH], 2014). Approximately 16% of the population is covered by private medical schemes, yet this segment accounts for a disproportionately large share of national pharmaceutical expenditure (CMS, 2020). Medical scheme formularies, by defining which antibiotics are reimbursable and under what conditions, exert substantial influence over prescribing behavior and stewardship outcomes (Schellack et al., 2017). Evidence consistently demonstrates higher prescribing rates of broad-spectrum Watch-category antibiotics in private practice settings (Klein et al., 2021; Sulis et al., 2022).

Policy instruments within the public sector — notably the National Essential Medicines List (EML) and Standard Treatment Guidelines (STGs) — aim to standardize antibiotic selection and embed stewardship principles directly into prescribing protocols (NDoH, 2019). However, equivalent guiding measures in private medical schemes remain less consistent and have not been systematically evaluated against recommended AWaRe targets (Hsia et al., 2019; Klein et al., 2021). This gap raises critical governance questions: if private formularies list Watch-category antibiotics without proportional restriction or adequate prioritization of Access agents, prescribing cues may inadvertently normalize broader-spectrum selection and undermine national AMR mitigation strategy (Mthombeni et al., 2022; Adekoya et al., 2021).

Integration of Anatomical Therapeutic Chemical (ATC) coding into formulary mapping aligns pharmacological taxonomy with stewardship principles under recommended AWaRe guidelines, affording analytical precision at molecule level and supporting stronger governance oversight (WHO Collaborating Centre for Drug Statistics Methodology, 2023; Klein et al., 2018). Modelling studies further indicate that investments in stewardship infrastructure yield positive returns through reduced dependence on high-cost Reserve agents, fewer treatment failures, and diminished healthcare costs associated with adverse drug reactions, prolonged hospital stays, and procurement volatility (O'Neill, 2016; Baur et al., 2017).

2.1.1. Methodology: Literature Search Strategy

This chapter synthesizes the published literature pertaining to the global and South African burden of AMR, the evolution and principles of antibiotic stewardship frameworks, the structural dynamics of healthcare systems and their influence on antibiotic use, the South African regulatory environment and formulary governance context, broader policy implications, and the theoretical framework underpinning this study. By integrating a structured chapter-based literature review with a systematic synthesis of the empirical evidence base, this chapter establishes the conceptual and evidentiary foundation for evaluating the alignment of South African private medical scheme antibiotic formularies with the WHO AWaRe classification.

To ensure a comprehensive and rigorous synthesis of existing knowledge, a systematic search strategy was employed. The methodology focused on identifying peer-reviewed literature, government reports, and policy documents relevant to antimicrobial stewardship in South Africa.

The literature search was conducted across several electronic databases, including PubMed, ScienceDirect, Google Scholar, and the African Journals OnLine (AJOL). The search was limited to articles published between 2014 and 2024 to capture the most recent developments following the introduction of the WHO AWaRe classification in 2017. Search terms included a combination of Boolean operators and keywords: ("Antimicrobial Resistance" OR "Antibiotic Stewardship") AND ("AWaRe Classification" OR "WHO AWaRe") AND ("South Africa") AND ("Medical Schemes" OR "Private Sector Formularies").
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Inclusion and Exclusion Criteria

Studies were included if they met the following criteria: 
· Focused on the South African healthcare context.
· Discussed antibiotic prescribing patterns, formulary management, or antimicrobial stewardship.
· Referenced the WHO AWaRe classification or its components (Access, Watch, Reserve).
· Were published in English.

Exclusion criteria included:
· Studies focusing solely on non-human antimicrobial use (veterinary or agricultural).
· Research conducted outside of South Africa unless providing a direct comparative analysis relevant to the South African context.
· Opinion pieces or editorials without empirical data or substantial policy analysis.

2.2 Global and South African Burden of Antimicrobial Resistance
2.2.1 Global Epidemiological Trends in AMR

Antimicrobial resistance remains one of the most pressing global public health threats of the twenty-first century. In 2019 alone, bacterial AMR was associated with an estimated 4.95 million deaths worldwide, of which 1.27 million were directly attributable to resistant infections, positioning AMR alongside leading causes of mortality such as HIV/AIDS and malaria (Antimicrobial Resistance Collaborators, 2022). The burden is disproportionately concentrated in low- and middle-income countries (LMICs), where constrained diagnostic capacity, fragmented surveillance systems, and high infectious disease prevalence intensify both inappropriate antibiotic exposure and resistance propagation (Laxminarayan et al., 2016).

Global surveillance data consistently demonstrate that AMR emerges primarily from sustained and disproportionate exposure of pathogens to antimicrobial agents, particularly broad-spectrum antibiotics (Van Boeckel et al., 2014). Cross-continental analyses show that healthcare systems with high antibiotic consumption frequently experience corresponding rises in resistance within relatively short epidemiological intervals (Bell et al., 2014). This relationship spans multiple pathogen-drug combinations, including Gram-negative organisms resistant to third-generation cephalosporins and carbapenems, as well as increasing fluoroquinolone resistance among common urinary and respiratory pathogens (Holmes et al., 2016).

Countries lacking integrated surveillance and regulatory oversight structures frequently demonstrate persistent resistance escalation, suggesting that stewardship effectiveness is tightly linked to institutional capacity rather than policy intent alone (Prestinaci et al., 2015). Monitoring initiatives such as the WHO Global Antimicrobial Resistance Surveillance System (GLASS) have highlighted the interaction between empirical prescribing and evolving microbiological patterns at regional level (Seale et al., 2017). In many hospitals across Asia and South America, empiric therapy is initiated prior to laboratory confirmation, imposing sustained selective pressure on local microbial populations and accelerating resistance emergence (O'Neill, 2016). Where diagnostic capacity remains unevenly distributed globally — particularly across LMICs — reliance on broad-spectrum empirical coverage is reinforced (Holmes et al., 2016).

The global spread of multidrug-resistant organisms further intensifies the urgency of stewardship reform. Methicillin-resistant Staphylococcus aureus (MRSA) remains endemic in numerous hospital systems despite decades of infection prevention initiatives, while extended-spectrum β-lactamase (ESBL)-producing Enterobacteriaceae have expanded significantly in regions characterised by sustained β-lactam consumption (O'Neill, 2016). Of particular concern is the proliferation of carbapenem-resistant organisms, whose rapid transnational spread via healthcare mobility underscores the interconnectedness of resistance ecosystems (Lee et al., 2018). Economic implications intensify this urgency: resistant infections are associated with prolonged hospitalisation, increased treatment complexity, and higher pharmaceutical expenditures, particularly where Reserve agents are required (Prestinaci et al., 2015).

LMICs face additional structural constraints, including fragmented healthcare delivery, inconsistent medicine supply chains, and limited enforcement capacity for prescribing restrictions (Van Boeckel et al., 2014). Procurement-driven substitutions during stock shortages may inadvertently increase use of broader-spectrum alternatives, compounding selective pressure dynamics. Fragmented private-sector prescribing outside formal reporting systems further complicates accurate surveillance capture and policy calibration (Seale et al., 2017). Without integrated cross-border reporting systems, policymakers operate with fragmented datasets that limit precision in forecasting resistance trends and evaluating intervention impact (Bell et al., 2014).

2.2.2 South African AMR Surveillance and Reporting

South Africa's approach to tracking AMR reflects both the country's high infectious disease burden and the structural complexity of its mixed dual healthcare system. National surveillance through the GERMS-SA programme has documented persistently high resistance rates among priority pathogens, including Klebsiella pneumoniae isolates exhibiting resistance exceeding 50% to third-generation cephalosporins in several tertiary-level settings (National Institute for Communicable Diseases [NICD], 2023). Such resistance profiles complicate empirical treatment pathways and increase reliance on broader-spectrum or last-line agents, thereby accelerating selective pressure cycles.

Within the public sector, surveillance is largely anchored by the National Health Laboratory Service (NHLS), whose centralized laboratory information infrastructure facilitates aggregation of microbiological data across multiple sentinel sites (Perovic et al., 2018). Monitoring typically focuses on priority pathogens including Escherichia coli, Klebsiella pneumoniae, Staphylococcus aureus, and Pseudomonas aeruginosa, assessing resistance to third-generation cephalosporins, fluoroquinolones, and carbapenems. Surveillance has revealed high prevalence of ESBL production among Gram-negative organisms and persistent MRSA in hospital settings (Lee et al., 2018). The burden of HIV and tuberculosis in South Africa may further amplify antibiotic exposure and resistance selection pressures through recurrent infections and prolonged antimicrobial therapy.	Comment by Fatima Suleman: In full as it is the first time you are using this abbreviation	Comment by Fatima Suleman: Make sure you check this for all your abbreviations, and make sure all are listed in the abbreviations section in the beginning

The private healthcare sector presents additional surveillance complexity. Corporate pathology laboratories serve a substantial insured population but are not universally mandated to submit resistance data into centralized national repositories (Okeke et al., 2020). Where private-sector data have been shared, studies indicate comparatively higher utilization of broad-spectrum antibiotics, particularly agents classified within the Watch category, reflecting variability in formulary governance and in antimicrobial restriction policies across private medical schemes (Klein et al., 2021). Methodological heterogeneity — including differences between Clinical and Laboratory Standards Institute (CLSI) and European Committee on Antimicrobial Susceptibility Testing (EUCAST) breakpoints — further complicates national resistance estimation (Turnidge et al., 2020).

Point prevalence surveys (PPS) provide an additional surveillance modality by linking prescribing patterns to resistance outcomes (Versporten et al., 2018). In tertiary settings, PPS studies frequently demonstrate high empiric use of third-generation cephalosporins prior to laboratory confirmation (Mthombeni et al., 2023; Skosana et al., 2021), reinforcing the importance of strengthening diagnostic stewardship alongside antimicrobial restrictions. Translating surveillance outputs into cohesive policy across fragmented governance environments remains a persistent challenge: without systemic harmonization, national AMR surveillance risks reflecting only partial epidemiological reality, thereby limiting both domestic intervention agility and South Africa's contribution to global comparative resistance mapping (WHO, 2022; Iskandar et al., 2021).

2.3 Antibiotic Stewardship Principles and Frameworks	Comment by Fatima Suleman: Global or South African?
2.3.1 Evolution of Antibiotic Stewardship

The progression of antibiotic stewardship over the past three decades reflects a paradigmatic shift from informal clinician-driven prescribing awareness toward structured, system-wide governance interventions grounded in surveillance, accountability, and behavioral regulation. Early stewardship efforts relied largely on professional discretion and voluntary restraint, with limited formal oversight mechanisms. While grounded in sound clinical judgement, this decentralized approach failed to systematically mitigate the selective pressures generated by broad-spectrum empiric prescribing (Laxminarayan et al., 2013; Dellit et al., 2007).

The formalization of antimicrobial stewardship programmes (ASPs) gained traction following the Infectious Diseases Society of America (IDSA) and Society for Healthcare Epidemiology of America (SHEA) guidelines, which articulated core components including formulary restriction, prospective audit and feedback, and multidisciplinary oversight (Dellit et al., 2007). Subsequent systematic reviews demonstrated that structured stewardship interventions significantly reduce inappropriate prescribing, lower rates of resistant organism colonization, and decrease Clostridioides difficile infections (Baur et al., 2017; Schuts et al., 2016). This transition aligns with a broader shift in health systems governance theory — from professional self-regulation to regulated accountability structures. AMR represents a classic negative externality: individual prescribing decisions impose collective risk on society through resistance propagation, necessitating corrective governance instruments.

A major milestone in stewardship evolution was the introduction of the WHO recommended AWaRe classification, first incorporated into the Essential Medicines List in 2017 (WHO, 2019; Sharland et al., 2018). AWaRe operationalized stewardship into a globally harmonized categorization system, distinguishing antibiotics appropriate for routine first-line use (Access), those requiring heightened oversight (Watch), and last-resort agents (Reserve). Empirical global analyses have demonstrated substantial variation in national AWaRe consumption patterns: Hsia et al. (2019) reported that many countries fail to meet the WHO target of ≥60% Access antibiotic consumption, while Klein et al. (2021) documented a global increase in Watch-category usage between 2000 and 2015, particularly in middle-income settings.

Behavioral economics further enriches understanding of stewardship evolution. Prescribing decisions are influenced not only by clinical evidence but also by cognitive biases, diagnostic uncertainty, time constraints, and patient expectations (Dyar et al., 2017). Default bias may favor broad-spectrum empiric therapy; risk aversion encourages 'defensive prescribing'; and social norm pressures shape clinician decision-making. Modern stewardship interventions increasingly incorporate behavioral nudges — such as audit-and-feedback dashboards, peer comparison reports, and electronic prescribing prompts — which recalibrate decision architecture without eliminating clinical autonomy (Dyar et al., 2017). This represents a move toward 'choice architecture stewardship,' where behavioral insights complement regulatory controls.

In South Africa, stewardship development mirrors these global trajectories but is shaped by a dual public-private health system. The National Department of Health introduced the Antimicrobial Resistance National Strategy Framework (2014–2024), embedding stewardship within national health governance structures (NDoH, 2014). Public-sector ASPs, particularly within tertiary hospitals supported by the NHLS, have demonstrated measurable reductions in broad-spectrum prescribing following implementation of audit and feedback interventions (Mendelson & Matsoso, 2015). However, stewardship penetration within the private sector remains more heterogeneous, with substantial outpatient prescribing volumes and frequent use of broad-spectrum agents (Moodley & Suleman, 2019; Dlungele & Mathibe, 2023). Without harmonized reporting structures and shared incentive mechanisms, stewardship coherence risks dilution across South Africa's fragmented governance landscape (Ahmed et al., 2025).	Comment by Fatima Suleman: In full

2.3.2 The WHO Recommended AWaRe Classification

The WHO recommended AWaRe classification system constitutes a structured antibiotic stewardship framework designed to categorise systemic antibiotics according to spectrum of activity, resistance selection potential, and public health priority (WHO, 2019; Sharland et al., 2018). The framework divides antibiotics into three principal groups. Access antibiotics are recommended as first- or second-line therapies for common infectious syndromes due to their established efficacy, generally narrower spectrum, and comparatively lower propensity to drive resistance when used appropriately (WHO, 2019; Zanichelli et al., 2023). This category includes agents such as amoxicillin and certain first-generation cephalosporins, prioritized within essential medicines lists because of favorable benefit-risk profiles and manageable resistance trends (Moja et al., 2024).

Watch antibiotics are characterized by broader antimicrobial coverage and higher resistance selection potential, warranting restricted use in clearly defined clinical indications (WHO, 2019). This group includes fluoroquinolones, third-generation cephalosporins, and macrolides — agents repeatedly implicated in accelerating resistance development when used empirically or excessively (Hsia et al., 2019; Klein et al., 2021). 

Reserve antibiotics represent last-resort therapies intended for confirmed or strongly suspected infections caused by multidrug-resistant organisms, such as carbapenem-resistant Enterobacterales or extensively drug-resistant Gram-negative pathogens (WHO, 2019; Tacconelli et al., 2018). Examples include colistin and certain novel β-lactam/β-lactamase inhibitor combinations, whose use is recommended only under stringent stewardship oversight.

WHO has established a global benchmark whereby at least 60% of national antibiotic consumption should derive from the Access category, with proportionally lower utilization of Watch agents and minimal reliance on Reserve drugs (WHO, 2019). This target is grounded in epidemiological analyses demonstrating that high consumption of broad-spectrum Watch antibiotics correlates with increased resistance prevalence across multiple pathogen-drug combinations (Hsia et al., 2019; Klein et al., 2021). Comparative international surveillance indicates that countries achieving higher Access proportions generally exhibit more stable resistance trajectories than those where empiric broad-spectrum prescribing dominates routine practice.	Comment by Fatima Suleman: Reference?

When embedded within healthcare governance systems, AWaRe strengthens formulary oversight through systematic mapping of antibiotics against standard pharmacological identifiers such as ATC codes (WHO Collaborating Centre for Drug Statistics Methodology, 2023). ATC integration enables molecule-level utilization analysis rather than aggregate class-based monitoring, thereby enhancing detection of subtle substitution patterns — for example, shifts from Access penicillin’s toward Watch cephalosporins during procurement shortages (Klein et al., 2018). Effective implementation of AWaRe requires both policy embedding — incorporation of recommended AWaRe categories into national STGs, EMLs, and reimbursement formularies — and operational reinforcement through prospective audit-and-feedback, pre-authorization for selected Watch and Reserve agents, and post-prescription review mechanisms shown to significantly reduce inappropriate broad-spectrum use without compromising clinical outcomes (Baur et al., 2017; Schuts et al., 2016).

2.3.3 International Stewardship Frameworks
Comparative analysis of international stewardship models provides valuable context for evaluating South Africa's approach. Australia's Antimicrobial Use and Resistance in Australia (AURA) programme integrates AWaRe-aligned principles within a national surveillance framework, with facility-level consumption reporting linked to accreditation requirements (Australian Commission on Safety and Quality in Health Care, 2020). Nordic countries such as Sweden demonstrate primary care-centred stewardship through the STRAMA programme, which prioritizes reduction of community-level prescribing for respiratory tract infections through guideline dissemination, prescriber benchmarking, and publicly accessible dashboards (Mölstad et al., 2017). Evidence indicates that transparent peer-comparison reporting contributes to sustained reductions in antibiotic prescribing volumes, functioning as a behavioral regulatory mechanism reinforcing professional accountability (Mölstad et al., 2017). In the United States, the Centers for Disease Control and Prevention (CDC) outlines Core Elements of Hospital Antibiotic Stewardship Programs, specifying leadership commitment, accountability, drug expertise, action, tracking, reporting, and education as foundational components (CDC, 2019). Compliance is reinforced through accreditation requirements mandating antimicrobial stewardship standards for hospital certification. For outpatient settings, CDC supplements institutional guidance with public education campaigns targeting patient expectations regarding antibiotic necessity (CDC, 2022). A recurring governance challenge across these international models is balancing restriction severity with operational flexibility during outbreaks involving multidrug-resistant organisms, as excessively rigid controls risk delaying access to life-saving Reserve-tier therapies (Schuts et al., 2016; Tacconelli et al., 2018).

2.4 Healthcare Systems and Antibiotic Use
2.4.1 Public versus Private Healthcare Provision

In South Africa, the bifurcated structure of healthcare provision — comprising a tax-funded public sector and a contributory private medical scheme sector — creates distinct operational environments for antibiotic prescribing, with significant implications for AMR containment and stewardship alignment (CMS, 2020; NDoH, 2014). The public sector operates under nationally standardized instruments, most notably the EML and associated STGs, which embed antimicrobial stewardship principles directly into prescribing protocols (NDoH, 2019). These nationally mandated tools promote consistent prioritization of Access-category antibiotics before escalation to Watch or Reserve agents and require specialist approval or microbiological confirmation for higher-tier agents such as carbapenems and polymyxins (Mendelson & Matsoso, 2015; Perovic et al., 2018).

By contrast, the private sector functions through a decentralized network of medical schemes, each maintaining scheme-specific formularies with variable restriction criteria (CMS, 2020). This fragmentation results in heterogeneity of prescriber options even when treating comparable clinical presentations. Analyses of private-sector pharmaceutical benefit management structures indicate that some schemes permit broad access to macrolides and fluoroquinolones — both Watch-category antibiotics — while others impose stricter authorization thresholds (Hsia et al., 2019; Moodley & Suleman, 2019). The absence of universal statutory stewardship enforcement in the private sector means adherence often depends on the governance priorities and cost-containment strategies of individual schemes rather than uniform regulatory mandates (CMS, 2020). Consequently, prescribing norms may vary substantially within overlapping urban populations who access both sectors depending on cost or service availability.

Financing logic further differentiates sectoral prescribing environments. Public hospitals procure medicines centrally through national or provincial tender systems, emphasizing cost-effectiveness and prioritizing high-volume Access antibiotics such as amoxicillin and benzylpenicillin (NDoH, 2019). Centralized procurement reduces duplication and discourages overstocking of expensive Watch or Reserve agents (Malan et al., 2018). Conversely, private procurement is more responsive to market competition and member expectations; broader therapeutic formularies may be perceived as value-enhancing benefits within competitive scheme markets (CMS, 2020). Where pre-authorization controls are limited, ready reimbursement of higher-tier antibiotics can inadvertently encourage broader empiric prescribing, particularly in outpatient settings (Klein et al., 2021; Moodley & Suleman, 2019).

From a surveillance perspective, public-sector antibiotic consumption and resistance reporting is comparatively integrated: the NHLS aggregates microbiological data across most public facilities, contributing to national AMR situational analyses and international reporting obligations (Perovic et al., 2018). In contrast, private laboratories are not uniformly mandated to submit resistance and consumption data into centralized national databases (Okeke et al., 2020). Without harmonized cross-sector data submission frameworks, policy formulation risks being based on partial epidemiological representation. Economically, harmonizing both sectors toward shared AWaRe distribution benchmarks would strengthen national stewardship impact. Category-based procurement forecasting has been shown to preserve lower-cost Access therapy pathways while limiting expenditure on high-cost Reserve agents required for multidrug-resistant infections (Laxminarayan et al., 2013; WHO, 2019).

2.4.2 Prescriber Behavior and Decision-Making
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Prescriber decision-making within the South African healthcare system is shaped by a complex interaction of clinical priorities, diagnostic capacity, patient expectations, and formulary governance structures (WHO, 2019; Dyar et al., 2017). The cognitive pathway underlying antibiotic selection frequently begins with rapid clinical risk assessment under time pressure. Empirical evidence demonstrates that perceived risk of clinical deterioration and medico-legal concerns are strong predictors of broad-spectrum empiric prescribing, often favoring Watch-category agents over narrower Access-tier alternatives (Dyar et al., 2017; Schuts et al., 2016). Where diagnostic capacity is constrained — such as limited access to timely culture and susceptibility testing — prescribers are more likely to default to broad-spectrum coverage as a precautionary strategy (Perovic et al., 2018; Laxminarayan et al., 2013).

Patient expectations exert measurable influence on prescribing behavior. International and South African evidence demonstrates that perceived patient demand for antibiotics — particularly in private outpatient settings — correlates with increased prescribing even when clinical indications are weak (Dyar et al., 2017; Moodley & Suleman, 2019). In insured populations, expectations for rapid symptom resolution may increase pressure toward broader-spectrum or higher-cost agents (CMS, 2020). Communication-based stewardship interventions have been shown to reduce inappropriate antibiotic requests when clinicians are supported with structured explanatory tools (Dyar et al., 2017).
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Formulary structure at the point-of-care significantly mediates decision-making pathways. In the public sector, the EML and STGs provide nationally standardized prescribing directives that prioritize narrow-spectrum first-line therapy and restrict use of higher-tier agents to defined indications (NDoH, 2019). By contrast, private-sector formularies vary across medical schemes, and restriction intensity differs according to scheme governance priorities (CMS, 2020). Where electronic decision-support systems embed ATC-coded restrictions, molecule-level monitoring enables feedback to high-prescribing clinicians and strengthens alignment with stewardship goals (Klein et al., 2018; WHO Collaborating Centre for Drug Statistics Methodology, 2023). Supply chain dynamics also represent an under-recognized behavioral driver: stock-outs of Access antibiotics can precipitate substitution with Watch-category agents, inadvertently distorting category consumption ratios (Klein et al., 2018). In South Africa, procurement disruptions within public facilities have been documented as contributing to temporary shifts toward broader-spectrum alternatives (Mendelson & Matsoso, 2015).

Peer accountability further shapes prescribing norms. Multidisciplinary audit-and-feedback programmes involving pharmacists and infectious disease specialists are associated with measurable reductions in inappropriate broad-spectrum prescribing (Baur et al., 2017; Schuts et al., 2016). Post-prescription feedback mechanisms strongly influence long-term behavioral adaptation: facilities implementing real-time electronic tracking of antibiotic consumption relative to AWaRe benchmarks demonstrate greater improvements in category distribution patterns compared with institutions relying solely on retrospective annual reporting (Hsia et al., 2019; Schuts et al., 2016). Clinical education remains foundational to sustaining stewardship gains, with continuing professional development programmes grounded in current local AMR surveillance data enhancing prescriber awareness of resistance trends and reinforcing Access-tier prioritization (Dyar et al., 2017).

2.5 South African Context of Antibiotic Formularies
2.5.1 Regulatory Environment and Medicine Policy

South Africa's regulatory architecture surrounding antibiotic formularies operates within an integrated framework that combines legislative mandates with strategic stewardship initiatives aimed at aligning prescribing practices to nationally endorsed and internationally recognized classification systems. The Department of Health functions as both policy custodian and enforcement authority, setting mandatory parameters for formulary content informed by national AMR strategies and supplemented by alignment with WHO's recommended AWaRe categorization principles (NDoH, 2014; NDoH, 2019). The legislative backbone stems from the National Drug Policy, which explicitly addresses pharmaceutical selection protocols and prioritizes AMR mitigation as a prominent policy objective.

The Essential Medicines List serves as a primary governance instrument underpinning formulary decisions in the public sector, with inclusion criteria merging clinical efficacy and safety profiles with stewardship imperatives designed to balance immediate therapeutic need against preservation of drug effectiveness over time (NDoH, 2019). Embedding AWaRe classifications into EML structures enables continuous monitoring of category consumption proportions, particularly whether Access-tier use meets or exceeds WHO's recommended 60% benchmark (WHO, 2019). Such monitoring is facilitated through integration of ATC codes during mapping exercises, allowing molecules to be tracked individually rather than aggregated into broad drug classes (WHO Collaborating Centre for Drug Statistics Methodology, 2023). Complementary compliance drivers alongside statutory controls include continuing professional development programmes for clinicians contextualizing AWaRe principles within prevailing national resistance patterns, targeted pharmacist training on substitution counselling, and laboratory personnel training on rapid susceptibility testing.

Regulatory adaptability extends into procurement logistics management. Centralized public sector contracts maintain predictable supply chains for Access-category drugs, reducing dependency on costly Reserve agents during shortages (Malan et al., 2018). Disruption events must be managed carefully: substitution protocols governed under AWaRe classification logic aim to minimize shifts toward higher-risk categories while ensuring patient care continuity. Policies stipulate that any temporary elevation in category usage due to stock gaps triggers subsequent reversion plans once supply stabilizes, preventing inertia from establishing new norms favoring broader coverage unnecessarily. Integration between data analytics and regulatory oversight has become increasingly important in sustaining alignment efforts: methodological triangulation combining consumption statistics mapped via ATC coding with qualitative narratives from prescribers produces richer datasets capable of pinpointing non-alignment areas while unpacking causal factors (Klein et al., 2018).

2.5.2 Alignment with National Treatment Guidelines

Alignment between antibiotic formularies and national treatment guidelines in South Africa is an essential operational bridge linking regulatory intent with everyday clinical practice. The STGs and EML form the core of evidence-based prescribing across public facilities, integrating AWaRe categorization into therapeutic pathways for a wide range of infectious conditions (NDoH, 2019). Consistent alignment requires that formulary mapping exercises not only match drugs to AWaRe categories but also validate these placements against STG-indicated uses. Discrepancies arise when scheme-specific formularies list Watch-category drugs as widely accessible alternatives for common infections already addressed effectively by Access-tier molecules in national guidelines, potentially undermining stewardship strategies by inadvertently encouraging higher-risk antibiotic exposure contrary to STG intent (Mendelson & Matsoso, 2015; Mthombeni et al., 2022).

Operational verification of alignment extends into simulated prescribing scenarios and quarterly audits of category ratios representing proportions of Access versus Watch versus Reserve usage compared with guideline expectations for targeted disease profiles. Deviations trigger root cause analysis, frequently uncovering supply chain substitutions or policy drift within private schemes where guideline adherence is less regulated. The role of education complements structural alignment measures significantly. Prescribers aware of guideline content and trained in interpreting its integration with recommended AWaRe categories are more likely to follow its directives even when formulary flexibility could allow deviation (Dyar et al., 2017). Supply management policies reinforce alignment by ensuring procurement forecasts match anticipated Access-drug demand derived from guideline coverage plans; shortages disrupt alignment materially, and substitution into Watch-class antibiotics not endorsed by STGs can shift consumption ratios undesirably and accelerate resistance emergence for those molecules (Malan et al., 2018; Chiumia et al., 2023).	Comment by Fatima Suleman: Reference? Also what do you mean exactly? Provide examples

2.6 Synthesis of Empirical Evidence
2.6.1 Formulary Alignment with WHO AWaRe Classification

A systematic analysis of the published literature, drawing on 50 highly relevant studies identified from a pool of 116 papers following multi-database search and citation chaining, reveals a complex landscape characterized by both progress and persistent challenges in aligning South African antibiotic formularies with the WHO recommended AWaRe framework (Mthombeni et al., 2022; Adekoya et al., 2021; Skosana et al., 2021). Multiple studies demonstrate that South African medical schemes' antibiotic formularies largely correspond to WHO AWaRe categories in their favoring of Access antibiotics as the predominant class (Mthombeni et al., 2023; Trippe, 2022; Xavier et al., 2023). However, a notable and concerning increase in the use of Watch antibiotics — particularly ceftriaxone — in hospital settings such as intensive care units and in private healthcare sectors represents a significant deviation from AWaRe recommendations (Mthombeni et al., 2022; Tsegay et al., 2025).	Comment by Fatima Suleman: If you put this here, and these studies are done, what is the relevance of your research?

Several studies highlighted challenges due to patent laws and non-recommended fixed-dose combinations affecting alignment (Tomlinson et al., 2019; Vliegenthart-Jongbloed & Jacobs, 2023). Pediatric-focused studies generally showed better alignment with AWaRe recommendations, emphasizing Access antibiotics (Trippe, 2022; Xavier et al., 2023). The AWaRe classification's role as a stewardship tool is theoretically validated by its capacity to stratify antibiotics based on resistance risk and guide empiric therapy choices (Zanichelli et al., 2023; Moja et al., 2024). Yet, the frequent use of Watch antibiotics for minor or viral infections in South African settings indicates a theoretical limitation in the framework's practical uptake without robust local adaptation and enforcement mechanisms (Chigome et al., 2023; Nguyen et al., 2025).	Comment by Fatima Suleman: Due to non-availability?

2.6.2 Antibiotic Utilization Patterns and Prescribing Practices
Studies consistently report high antibiotic use in South African healthcare settings, with Access antibiotics dominating but Watch antibiotic use increasing notably (Mthombeni et al., 2022; Skosana et al., 2021; Pauwels et al., 2021). Point prevalence surveys across multiple facilities have documented proportions of Access antibiotic use ranging from 54.1% to over 80% in various public healthcare settings, while Watch antibiotic use has climbed toward 29-45% in hospital and private sector contexts (Mthombeni et al., 2023; Wieters et al., 2024). Reserve antibiotics remain minimally used, often restricted to specific, severe cases, highlighting both cautious application and potential access limitations (Trippe, 2022; Rocke et al., 2022).

High empirical prescribing and overuse of broad-spectrum Watch antibiotics are common concerns across the literature (Siachalinga et al., 2023; Tsegay et al., 2025). Studies documenting antibiotic prescribing patterns in adult patients in primary healthcare hospitals in Zambia and similar LMICs found Watch antibiotics constituting 20-70% of all prescriptions, with Access antibiotics underused relative to WHO targets (Antibiotic Prescribing Patterns in adult patients, 2022; Nguyen et al., 2025). Point prevalence survey methodologies, while valuable, are limited by their cross-sectional nature, potential selection bias, and lack of longitudinal data, restricting understanding of temporal changes and causality in prescribing behavior (Pauwels et al., 2021; Mthombeni et al., 2023).	Comment by Fatima Suleman: I do not think this is correct. Check your reference

2.6.3 Antimicrobial Stewardship Programme Implementation

Twenty-eight studies documented limited to moderate implementation of ASPs, with gaps in guideline adherence, documentation, and microbiological testing (Mthombeni et al., 2023; Chigome et al., 2023; Dlungele & Mathibe, 2023). Antimicrobial stewardship programmes in South Africa are being gradually implemented in both public and private sectors, focusing on prescription audits, pharmacist-led interventions, and guideline adherence to improve antibiotic use and reduce AMR (Saleem et al., 2022; Ahmed et al., 2025). Barriers include limited trained personnel, resource constraints, and inconsistent documentation, while successful models emphasize multidisciplinary teams and ongoing education. The need for expanded ASPs aligns with WHO AWaRe targets to promote rational prescribing and reduce Watch antibiotic overuse (Chigome et al., 2025; Cohn et al., 2024).	Comment by Fatima Suleman: This does not make sense

Pharmacist-led interventions and audit-feedback processes have shown promise but require scaling and stronger institutional support (Dlungele & Mathibe, 2023). Implementation of ASPs in private healthcare settings is notably limited and fragmented, with insufficient trained personnel and lack of legislative frameworks mandating stewardship activities. Poor documentation of prescribing rationale and treatment plans further undermines stewardship efforts (Mthombeni et al., 2023). The absence of integrated, multidisciplinary approaches hampers sustained improvements. Policy frameworks align broadly with WHO AWaRe recommendations, yet enforcement, monitoring, and harmonisation across public and private sectors remain insufficient (Dlungele & Mathibe, 2023; Ahmed et al.,2025).

2.6.4 Access, Affordability, and Procurement

Access and affordability of antibiotics remain critical concerns, especially within private healthcare where high costs and patent law constraints limit equitable access (Gray & Suleman, 2015; Tomlinson et al., 2019). Twenty-five studies reported affordability challenges, particularly in private healthcare sectors, with public sectors often having better access but still facing stock-outs and supply issues (Mthombeni et al., 2022; Wieters et al., 2024; Chiumia et al., 2023). Pricing reforms and procurement improvements have enhanced affordability in some contexts, but patent protections and supply chain inefficiencies remain barriers (Gray & Suleman, 2015; Malan et al., 2018). Affordability impacts antibiotic use patterns, with high costs leading to incomplete courses or inappropriate prescribing, exacerbating AMR risks (Zikria et al., 2025).

Patent evergreening, fragmented procurement systems, and limited transparency in pricing processes constrain equitable access, particularly for Reserve antibiotics and newer agents needed in settings with high resistance (Tomlinson et al., 2019; Finlayson et al., 2024). Public sector initiatives, including pricing reforms, tender system improvements, and EML updates, have positively influenced affordability and availability, but are undermined by supply chain inefficiencies and stock-outs (Pharasi, 2012; Meyer et al., 2017). Cohn et al. (2024) advocate for an ecosystem approach to improving equitable access for effective antibacterials, integrating policy, procurement, and stewardship efforts as mutually reinforcing rather than distinct strategies.

2.6.5 Policy and Regulatory Frameworks

Twenty-seven studies indicated that policy and procurement frameworks variably support equitable antibiotic access and cost containment, with successes linked to essential medicines lists and pricing reforms (Gray & Suleman, 2015; Pharasi, 2012). The WHO recommended AWaRe framework and related antibiotic books provide robust, evidence-based guidance supporting national formulary updates and stewardship policies (Moja et al., 2024; Zanichelli et al., 2023). South African policies reflect alignment with these global standards, facilitating stewardship integration (Finlayson et al., 2024; Meyer et al., 2017). However, challenges include patent law constraints, supply chain inefficiencies, and lack of enforcement of pricing regulations (Tomlinson et al., 2019; Koduah, 2022). Implementation gaps in private sector policies are noted, with fragmented healthcare systems and lack of coordinated national action plans impeding comprehensive stewardship and access improvements (Ahmed et al.,2025; Saleem et al., 2022).	Comment by Fatima Suleman: You have not referenced 27 studies Careful about that. IF you mention number of studies you have to reference all. This is not the first time you do this in this chapter.

Chronologically, the literature reveals a progressive trajectory: early work (2012–2015) focused on South Africa's national drug policy, pricing interventions, and medicine selection processes; the 2017–2019 period saw development and validation of the WHO AWaRe classification; 2020–2022 produced expanded point prevalence surveys and stewardship implementation evaluations; and 2023–2025 literature emphasizes integration of stewardship with access and affordability strategies, alongside calls for sustainable procurement and supply chain improvements (Klein et al., 2021; Chigome et al., 2025; Moja et al., 2024).

2.7 Broader Implications for Policy and Practice
2.7.1 Formulary Standardization as a Stewardship Tool	Comment by Fatima Suleman: This also looks like repetition of earlier text

Standardizing formularies across healthcare sectors offers tangible advantages for aligning antimicrobial use with stewardship objectives, particularly within systems marked by the public-private fragmentation previously described. By applying uniform selection criteria, restriction levels, and coding structures to antibiotic listings, healthcare providers encounter consistent prescribing cues regardless of financing mechanism or institutional affiliation. This coherence reduces the likelihood that patients moving between providers are subject to abrupt shifts in antibiotic category exposure due purely to formulary differences rather than clinical necessity. Standardization also streamlines surveillance operations: when molecule entries are coded consistently — such as by embedding ATC identifiers aligned with WHO AWaRe categories — usage data can be aggregated without arduous reconciliation of disparate classification systems, facilitating accurate benchmarking against WHO's recommended 60% Access-category consumption target (WHO, 2019; WHO Collaborating Centre for Drug Statistics Methodology, 2023).

From an operational standpoint, standardized formularies mitigate risks arising from inconsistent restriction application. In a non-standard environment, one scheme might require specialist sign-off for Watch-tier antibiotics while another permits open prescribing; introducing uniform pre-authorization protocols across all formularies ensures that category escalation is controlled systemically (CMS, 2020). The integration of surveillance insights into standard formulary governance amplifies stewardship effects: when resistance data signals rising prevalence of resistant strains to specific Watch-category molecules, simultaneous formulary-level action across all sectors enables a coordinated containment response without the delay associated with sequential scheme-by-scheme negotiation. Centralizing procurement specifications tied to a standardized formulary further strengthens supply chain resilience for Access-tier drugs; volume commitments achieved through pooled orders support stable availability and reduce substitution pressure toward higher tiers during shortages (Malan et al., 2018).

2.7.2 Global Collaboration and Knowledge Exchange

The strategic integration of global collaboration into antimicrobial stewardship efforts introduces a layer of resilience that extends beyond domestic policy frameworks. Cross-border knowledge exchange allows healthcare systems to align not only on classification standards like WHO's recommended AWaRe classification but also on practical responses to emergent resistance threats. Participation in initiatives such as WHO's GLASS creates structured feedback loops whereby national data submissions contribute to aggregated reports, which in turn inform local adjustments in stewardship interventions (WHO, 2022). This reciprocity allows domestic policymakers to contextualise their Access/Watch/Reserve usage profiles relative to broader epidemiological trends, identifying deviations that may warrant immediate corrective action.

Knowledge exchange between countries can influence procurement ethics and logistics planning. Collaborative procurement intelligence sharing among countries with geographic proximity or shared supplier networks helps anticipate shortages and surpluses before they impact patient care, mitigating sudden substitution patterns that might arise from Access-drug gaps (Cohn et al., 2024). The educational dimension of collaboration offers another distinctive benefit: participation in international training exchanges or webinars led by WHO and other transnational bodies exposes practitioners to a variety of operational models for implementing category restrictions. Conversely, contributions from South African stakeholders — such as innovations in private medical scheme authorisation gating — can enrich global AMR mitigation toolkits when shared with international audiences (Saleem et al., 2022).

2.8 Gaps and Future Research Directions

The synthesized literature identifies several critical gaps warranting future empirical investigation. Most studies employ point prevalence surveys or cross-sectional designs, lacking longitudinal analyses of antibiotic use trends in South African medical schemes relative to AWaRe categories (Mthombeni et al., 2022; Klein et al., 2021). Longitudinal surveillance studies tracking antibiotic consumption over multiple years in both public and private sectors, integrated with AWaRe classification to assess temporal changes and stewardship impact, are a high research priority.

A critically important gap is the insufficient data on private healthcare sector antibiotic use and stewardship. Research on antibiotic prescribing and formulary composition in private medical schemes remains sparse, limiting national stewardship efforts and policy alignment with AWaRe guidelines (Dlungele & Mathibe, 2023). Qualitative studies on prescriber behavior and institutional policies in private medical schemes are particularly needed. The inadequate integration of microbiological diagnostics in stewardship represents another high-priority gap: low rates of culture and sensitivity testing limit targeted antibiotic prescribing and stewardship effectiveness in South African hospitals (Trippe, 2022; Nsojo et al., 2024; Siachalinga et al., 2023). Developing and evaluating interventions to increase microbiological testing availability and utilization, including cost-effectiveness analyses, is critical.

Additional gaps include limited comprehensive data linking antibiotic use to resistance patterns, the overuse of Watch antibiotics and inappropriate prescribing practices requiring targeted educational and behavioral interventions, insufficient evaluation of ASP effectiveness in South African medical schemes, supply chain and procurement inefficiencies affecting antibiotic availability, and insufficient focus on pediatric antibiotic stewardship and access (Cohn et al., 2024; Chiumia et al., 2023; Trippe, 2022; Xavier et al., 2023). The impact of patent laws and pricing policies on antibiotic access and affordability is also insufficiently explored, limiting insights into systemic barriers affecting equitable antibiotic availability in South Africa (Gray & Suleman, 2015; Tomlinson et al., 2019; Koduah, 2022). Limitations of the existing evidence base include limited geographic scope, reliance on cross-sectional PPS methodology, incomplete data on the private sector, language and publication bias, and lack of standardized quality indicators, all of which constrain the generalizability and policy applicability of current findings (Pauwels et al., 2021; Dlungele & Mathibe, 2023).

2.9 Theoretical Framework
Understanding the structural drivers of antibiotic utilization requires engagement not only with clinical stewardship literature but also with health systems governance theory and behavioral decision-making frameworks. Antibiotic prescribing does not occur in a vacuum; it is shaped by institutional rules, reimbursement mechanisms, regulatory oversight, and behavioral incentives embedded within healthcare systems. In this context, formularies function as governance instruments that operationalize policy intent.

From a health systems governance perspective, formularies represent regulatory tools through which purchasers and funders influence clinical behavior. Governance theory conceptualizes health systems as comprising stewardship functions, financing mechanisms, and service delivery structures that collectively shape health outcomes. By defining which medicines are reimbursable and under what conditions, medical schemes exercise allocative authority that structures therapeutic choice. Thus, formulary architecture is not administratively neutral; it reflects governance priorities and exerts normative influence over prescriber behavior.

Simultaneously, insights from behavioral economics explain how formulary design influences antibiotic selection. Prescribers operate under conditions of uncertainty, time pressure, and risk aversion. When broader-spectrum antibiotics are readily reimbursable without restriction, they may become the 'default choice,' even where narrower Access-category alternatives are clinically appropriate (Dyar et al., 2017). Conversely, when formularies embed friction — such as prior authorization or tiered reimbursement — for Watch or Reserve agents, behavioral barriers discourage unnecessary escalation. Formulary structure therefore acts as a behavioral nudge, subtly steering prescribing patterns without direct clinical coercion.

Integrating these theoretical lenses positions formulary composition as a structural intermediary linking global stewardship frameworks to epidemiological outcomes. The WHO AWaRe classification provides normative guidance regarding optimal antibiotic distribution. However, its practical impact depends on how effectively it is embedded within reimbursement systems that shape prescriber incentives. The conceptual pathway flows from the global stewardship standard (WHO AWaRe Classification Framework, Access ≥60% target) through the health system governance mechanism (Private Medical Scheme Formulary Design: listing decisions, reimbursement tiers, restriction policies, and authorisation requirements), to the behavioural decision environment (Prescriber Incentives and Default Options: risk aversion, time pressure, diagnostic uncertainty, and reimbursement signals), resulting in the antibiotic category distribution (Access versus Watch versus Reserve proportions), which in turn determines ecological selective pressure (broad-spectrum exposure intensity) and ultimately shapes the population-level AMR trajectory.

2.10 Conclusion

The collective evidence from the reviewed literature indicates that South African medical schemes' antibiotic formularies exhibit varying degrees of alignment with the WHO AWaRe classification, with a general predominance of Access antibiotics consistent with global stewardship goals. However, a troubling trend of increasing Watch antibiotic use, particularly ceftriaxone, in hospital settings and the private healthcare sector reflects persistent challenges in rational prescribing and stewardship adherence (Mthombeni et al., 2022; Tsegay et al., 2025). Reserve antibiotics remain minimally used, often restricted to specific, severe cases, highlighting both cautious application and potential access limitations.	Comment by Fatima Suleman: You need to also indicate how your research is going to address the literature gap

AMR containment in South Africa requires a coordinated governance response that bridges the structural divide between the public and private healthcare sectors. The WHO recommended AWaRe framework provides an internationally validated classification benchmark that, when systematically embedded into private medical scheme formularies, can serve as a powerful instrument for aligning reimbursement incentives with stewardship objectives. Without this alignment, the fragmented private-sector prescribing environment risks creating blind spots in national consumption statistics and undermining the cumulative stewardship gains achieved through public-sector standardization (Adekoya et al., 2021; Dlungele & Mathibe, 2023).

Ultimately, optimizing antibiotic formularies and stewardship in South Africa necessitates coordinated policy actions addressing affordability, procurement reforms, and comprehensive stewardship programme deployment. There is a pressing need for enhanced surveillance — especially in the private sector — longitudinal studies to capture evolving prescribing trends, and economic evaluations of access interventions (Cohn et al., 2024; Wasan & Gupta, 2023). Tailored educational initiatives for prescribers and patients, strengthened microbiological support, and context-adapted stewardship frameworks are critical to curbing Watch antibiotic overuse, promoting equitable Access antibiotic utilization, and mitigating antimicrobial resistance. These efforts will contribute significantly to aligning South African antibiotic provision with global AWaRe stewardship targets, ensuring sustainable antibiotic use and improved public health outcomes in the South African and broader low- and middle-income country context.

2.11. Summary
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ABSTRACT	Comment by Fatima Suleman: Abstract (max 350 words) structured as Introduction, Aim, Method, Results, Conclusion. 
Introduction: Antimicrobial resistance poses an escalating threat to global health, and the World Health Organization (WHO) has introduced recommended the Access, Watch, Reserve (AWaRe) classification to guide prudent antibiotic use. In addition, it has suggested a , recommending thatbenchmark of at least 60% of consumption of antibiotics that should derive from the Access category. 
Aim: Evaluation of the compliance of antibiotic formularies from five major South African medical schemes with WHO AWaRe guidelines.
Method: In this study, we conducted aA retrospective document analysis was undertaken.  to evaluate the compliance of aAntibiotic formularies from five major South African medical schemes—coded as 101, 201, 102, 202, and 103— was assessed for alignment with these WHO recommended AWaRe guidelines. We retrieved cCurrent and historical formularies spanning 2016 to 2024 was retrieved from scheme websites, provider portals, and regulatory filings. , then extracted eEach antibiotic listed was extracted into a structured database capturing active ingredient, strength, dosage form, and restrictions. All antibiotics were classified into Access, Watch, or Reserve categories using the 2023 WHO AWaRe database. , and we calculated tThe proportion of each category per scheme was calculated. Public-sector benchmarks were established from the South African Essential Medicines List and Standard Treatment Guidelines. 
Results: Our analysis revealed significant variability across the five schemes. The public-sector benchmark demonstrated a strong predominance of Access antibiotics, including amoxicillin, amoxicillin/clavulanic acid, metronidazole, and amikacin. In contrast, the private sector exhibited a substantially higher reliance on Watch and Reserve agents: penicillins (Access) constituted only 41% of prescribinglistings, while third-generation cephalosporins (Watch) accounted for 13% and carbapenems (Reserve) for 20%, with an additional 26% of prescribing listings classified as unspecified. Governance structures across all schemes were managed through internal committees or third-party pharmacy benefit managers, but specific committee compositions and decision-making criteria were not consistently accessible from public documents. Furthermore, cost-sharing tiers differentiated by AWaRe category were not explicitly identified in any available formularies or benefit guides. The formularies therefore lacked explicit AWaRe-based restrictions or cost-sharing mechanisms, indicating a lag in policy responsiveness despite the national antimicrobial resistance strategy framework (2014–2024) and subsequent updates. The GERMS-SA 2022 report provided contextual urgency, noting that antimicrobial use increased by 50% over three years, with the private sector’s higher proportion of Watch and Reserve antibiotic use contributing disproportionately to resistance selection pressure. 
Conclusion: We conclude that theThe antibiotic formularies of these five major medical schemes do not fully comply with WHO recommended AWaRe guidelines. This non-compliance poses substantial risks for the development and spread of antimicrobial resistance within South Africa’s private healthcare sector. Our findings highlight critical gaps in formulary governance and underscore the need for policy interventions to align private-sector prescribing with national stewardship objectives.


Keywords


Impact statements
This study contributes to the growing body of literature on antimicrobial stewardship in private healthcare settings, an area that has received comparatively less attention than public-sector initiatives (Dlungele & Mathibe, 2023). We aim to inform policy discussions around the regulation of medical scheme formularies and the integration of AWaRe targets into private-sector governance frameworks. The findings also have implications for the design of future stewardship interventions, particularly those targeting the private sector, where financial incentives and formulary structures may differ substantially from those in the public sector.



INTRODUCTION	Comment by Fatima Suleman: Main text (max 3000 words) structured as Introduction, Aim, Method, Ethics approval, Results, Discussion, Conclusion, Declarations, References. 
The escalating global crisis of antimicrobial resistance (AMR) threatens to undermine decades of medical progress, rendering common infections increasingly difficult to treat and elevating the risk of mortality from routine medical procedures. The World Health Organization (WHO) has identified AMR as one of the top ten global public health threats facing humanity, and its mitigation requires coordinated action across human, animal, and environmental health sectors (WHO, 2024). A cornerstone of the global response is the WHO’s recommended Access, Watch, Reserve (AWaRe) classification system;, a framework designed to guide antibiotic stewardship by categorizing antibiotics into three tiers based on their resistance potential and clinical importance (Chigome et al., 2026). The Access category comprises first-line agents with a narrower spectrum and lower resistance potential, for which the WHO recommends that at least 60% of national antibiotic consumption should be derived. The Watch category includes broader-spectrum antibiotics that are at higher risk of resistance development, while the Reserve category is reserved for last-resort treatments for multidrug-resistant infections (WHO, 2025).	Comment by Fatima Suleman: Reference?	Comment by Fatima Suleman: References for IJCP
Citation
Reference citations in the text should be identified by numbers in square brackets. Some examples:
1. Negotiation research spans many disciplines [3].
2. This result was later contradicted by Becker and Seligman [5].
3. This effect has been widely studied [1-3, 7].
South Africa, like many low- and middle-income countries, faces a dual burden of high infectious disease prevalence and with increasing AMR rates, and chronic diseases. The country has developed a comprehensive National Antimicrobial Resistance Strategy Framework (2014–2024) to address this challengeAMR, yet implementation remains uneven across its two-tiered healthcare system (Schellack et al., 2017). The public sector, which serves approximately 80% of the population, operates under a centralizeda centrally developed Essential Medicines List (EML) and Standard Treatment Guidelines (STGs) that are theoretically meant to be aligned with the AWaRe principles. In contrast, the private sector, funded primarily through medical schemes (health insurance funds) covering roughly 16% of the population, operates with formularies developed independently by each scheme or its contracted pharmacy benefit manager (Chetty et al., 2019). This fragmentation raises critical questions about the extent to which private-sector antibiotic formularies adhere to national and international stewardship recommendations.	Comment by Fatima Suleman: In full the first time you use an abbreviation
The present study investigates the compliance alignment of antibiotic formularies from five major South African medical schemes—coded as 101, 201, 102, 202, and 103 to maintain anonymity—with the WHO recommended AWaRe guidelines. These schemes collectively represent a substantial portion of the privately insured population and therefore exert significant influence on antibiotic consumption patterns within the private healthcare sector. Our primary objective was to evaluate whether the proportion of Access, Watch, and Reserve antibiotics listed in these formularies aligns with the WHO’s recommendation that at least 60% of antibiotic consumption should derive from the Access category. We hypothesized that private-sector formularies would exhibit a greater proportion of Watch and Reserve antibiotics compared to the public-sector benchmark, reflecting a divergence from national antimicrobial stewardship policies and potentially contributing disproportionately to AMR selection pressure.
The significance of this research lies in its potential to identify gaps in formulary governance within South Africa’s private healthcare sector. While previous studies have examined antibiotic prescribing practices in both public and private settings (Peters et al., 2021) (Gasson et al., 2018), few have systematically evaluated the formularies themselves as instruments of stewardship. Formularies represent a critical leverage point for influencing prescribing behavior, as they determine which antibiotics are available for reimbursement and under what conditions (Haripersad et al., 2022). If these formularies are not aligned with AWaRe principles, they may inadvertently facilitate the overuse of high-risk antibiotics, thereby accelerating the development of resistance. Furthermore, the absenceunderstanding whether there are  of explicit AWaRe-based restrictions or cost-sharing mechanisms in these formularies, as our analysis reveals, suggests a missed opportunity for policy interventionis also important.	Comment by Fatima Suleman: Conform to journal guidelines about in text citations
This study contributes to the growing body of literature on antimicrobial stewardship in private healthcare settings, an area that has received comparatively less attention than public-sector initiatives (Dlungele & Mathibe, 2023). By providing empirical evidence of the divergence between private-sector formularies and WHO recommendations, we aim to inform policy discussions around the regulation of medical scheme formularies and the integration of AWaRe targets into private-sector governance frameworks. The findings also have implications for the design of future stewardship interventions, particularly those targeting the private sector, where financial incentives and formulary structures may differ substantially from those in the public sector.

[bookmark: _Hlk233216065]LITERATURE REVIEW	Comment by Fatima Suleman: Needs more information on other studies in other countries that have undertaken similar research	Comment by Neriska Singh: Summary of Changes Made

[FS1, FS2] Removed duplication with the introductory AWaRe/STG definitions.

[FS3] Reduced overlap with the introduction's overview of the dual healthcare system.

[FS4, FS5] Inserted verifiable citations for the previously unsupported claims and specifically bolstered the private-sector and stewardship governance references (Alabi & Essack, 2022; Haripersad et al., 2022; Perumal-Pillay & Suleman, 2020).

International Expansion: Added evidence from the EU (Benkő et al., 2022; Bindel & Seifert, 2025; Cruciata et al., 2026; Martínez-González et al., 2020; Pappalardo et al., 2024; Pauwels et al., 2021; Robertson et al., 2021), Switzerland (Martínez-González et al., 2020), Italy (Pappalardo et al., 2024), Bangladesh (Islam et al., 2022), India (Kudale et al., 2023), Vietnam (Dat et al., 2020), Pakistan (Rafi et al., 2024), Latin America (Marín et al., 2025), Ethiopia (Tirfe et al., 2023), and sub-Saharan Africa (Jong et al., 2025; Sono et al., 2023; Sulis et al., 2020), plus global meta-analyses on ASP effectiveness (Ya et al., 2023) and LMIC AWaRe application (Cook et al., 2026; Harun et al., 2024; Saleem et al., 2025).

The global threat of antimicrobial resistance has prompted the development of numerous stewardship frameworks, among which the WHO-recommended AWaRe classification has emerged as a cornerstone for guiding antibiotic utilization at national and institutional levels (Chigome et al., 2026). The system categorizes antibiotics into three tiers—Access, Watch, and Reserve—based on spectrum of activity, resistance potential, and clinical importance, with the explicit target that at least 60% of national antibiotic consumption should derive from the Access category (WHO, 2023; Sulis et al., 2020). The framework has been integrated into WHO's Global Action Plan on Antimicrobial Resistance and is increasingly used as a benchmark for evaluating national antibiotic consumption patterns and stewardship programmed effectiveness (Pauwels et al., 2021; Robertson et al., 2021).
International Application of the AWaRe Framework
The AWaRe classification has been adopted with varying degrees of success across multiple jurisdictions, yielding important comparative insights for South Africa. In the European Region, Robertson and colleagues analyzed ESAC-Net and WHO Europe AMC Network data from 30 EU/EEA countries and 15 additional European nations between 2014 and 2018, documenting wide inter-country variation and confirming that a population-level Access-to-Watch assessment is feasible across diverse health systems (Robertson et al., 2021). Bindel and Seifert's 2025 forecast study predicted that many European countries are unlikely to meet the EU "One Health" 2030 targets, with countries exhibiting higher Access shares and lower total consumption tending to have lower bacterial resistance levels (Bindel & Seifert, 2025). An Italian Local Health Authority study found that Watch antibiotics constituted 75% of inpatient consumption compared with the WHO-recommended majority share for Access agents, illustrating the persistent gap between policy and practice even in high-income settings (Pappalardo et al., 2024). Within Switzerland, Martínez-González and colleagues reported that only 58% of antibiotic prescriptions in primary care were from the Core-Access group, falling short of the 60% benchmark, with Watch agents—particularly fluoroquinolones and macrolides—dominating the remainder (Martínez-González et al., 2020).
Pauwels and colleagues' worldwide point prevalence survey across 69 countries documented considerable variations in AWaRe hospital prescribing, with particularly high Watch antibiotic use observed in lower- and upper-middle-income countries, followed by high-income countries (Pauwels et al., 2021). Kyaw Zay Ya and colleagues' global meta-analysis further confirmed that, although antimicrobial stewardship programmes can reduce total antibiotic consumption by approximately 19% and restricted antimicrobial use by 27% in hospitals, consolidated evidence on their effectiveness in LMICs remains limited (Ya et al., 2023). This is concerning because ASPs in resource-constrained settings face distinctive implementation barriers—including inadequate funding, overcrowded facilities, fragmented diagnostic infrastructure, limited electronic health record capacity, and shortages of trained personnel (Bebell & Muiru, 2014; Harun et al., 2024; Kakkar et al., 2020).
Within Asia, Islam and colleagues documented that in Bangladesh, the Watch group accounted for 53.6% of antibiotic courses purchased from community pharmacies, followed by Access (36.4%) and Reserve (10.0%), with approximately half of antibiotics (50.9%) purchased without a registered physician's prescription (Islam et al., 2022). An exploratory pilot study in rural Pune, India found substantial overlap between human and animal antibiotic use, raising questions about stewardship that transcends the human-health sector alone (Kudale et al., 2023). Vu Quoc Dat and colleagues' analysis of Vietnamese hospital-sector purchasing similarly concluded that AWaRe-based monitoring is feasible in emerging pharmaceutical markets and offers a tractable framework for stewardship reform (Dat et al., 2020). Rafi and colleagues' cross-sectional survey on the availability of AWaRe antibiotics in Pakistan emphasised the importance of consistent Access-group antibiotic availability as a precondition for achieving the 60% national consumption target (Rafi et al., 2024).
Across Latin America and the Caribbean, a 2019–2022 GLASS-aligned analysis covering 13 countries found that only five of 13 nations achieved the 60% Access target, with problematic misuse concentrated in ceftriaxone and azithromycin and concrete policy responses emerging in Peru (ceftriaxone use restrictions) and Argentina (antimicrobial legislation) (Marín et al., 2025). De Jong and colleagues' multi-country analysis of 14 sub-Saharan African nations reported that the full range of WHO-recommended Access molecules was documented only in Kenya, while the full range of Reserve molecules was documented nowhere, with rising Watch consumption flagged as a key concern (Jong et al., 2025). An Ethiopian three-year antimicrobial consumption analysis (2017–2019) found that 86.9% of antimicrobials fell within the AWaRe classification, with Access accounting for 87.73%, Watch 12.26%, and Reserve below 1% (Tirfe et al., 2023). Sub-Saharan African community-pharmacy data compiled by Sono and colleagues confirmed that Reserve antibiotics should rarely, if ever, be dispensed in the community and only be prescribed as a last resort in hospitals (Sono et al., 2023).
Sulís and colleagues' systematic review and meta-analysis of antibiotic prescription practices in primary care across LMICs found that, on average, approximately half of patients attending primary-care facilities received at least one antibiotic, and among studies that classified the agents used, 12 of 16 studies reported that at least 60% of prescriptions comprised antibiotics with low resistance-selection potential (i.e., the Access group) (Sulis et al., 2020). The review concluded that urgent action was needed to integrate the AWaRe classification into national LMIC guidelines (Sulis et al., 2020). Saleem and colleagues' recent call for greater AWaRe system use in LMIC surveillance and stewardship programmes emphasised that improving the availability and affordability of Access antibiotics is essential to combat AMR, with targeted ASPs being needed to meet the commitments made at the 2024 United Nations General Assembly high-level meeting on AMR (Organization, 2024; Saleem et al., 2025).
The South African Healthcare Context
In South Africa, the antimicrobial resistance landscape is shaped by a dual healthcare system comprising a publicly funded sector serving approximately 80% of the population and a privately funded sector covering roughly 16% through medical schemes (Jama & Suleman, 2024; Perumal-Pillay & Suleman, 2020). The public sector operates under the centralized Essential Medicines List and Standard Treatment Guidelines, periodically updated by the National Department of Health and theoretically aligned with AWaRe principles (Chigome et al., 2023; Organization, 2023). Studies evaluating public-sector antibiotic prescribing have generally found reasonable adherence to these guidelines. Mthombeni and colleagues' longitudinal analysis of the public sector in Limpopo province (2014–2018) found that relative Access-class antibiotic consumption remained above 80% across the five-year period, with the Access-to-Watch Index nonetheless declining from 10.4 to 4.1—indicating a worrying drift toward broader-spectrum agents (Mthombeni et al., 2022). The consumption of four Watch antibiotics—azithromycin, ceftriaxone, ciprofloxacin, and meropenem—increased at compound annual growth rates of 53.5%, 5.6%, 19.6%, and 49.3%, respectively, demonstrating how rapidly inappropriate prescribing patterns can become entrenched once access to broader-spectrum agents expands (Mthombeni et al., 2022).
Governance of Private-Sector Antibiotic Use
The private healthcare sector in South Africa operates with considerably less centralized oversight. Medical schemes—equivalent to health insurance funds—develop their own formularies, often through contracted pharmacy benefit managers or internal Clinical and Therapeutics committees, and these formularies determine which medicines are reimbursed and under what conditions (Haripersad et al., 2022; Perumal-Pillay & Suleman, 2020). Haripersad and colleagues' community-pharmacy study in Durban found that only approximately 37.8% of available medicine brands were reimbursable across major medical schemes, often resulting in substantial patient out-of-pocket costs (Haripersad et al., 2022). The governance structures of these formularies—committee composition, decision-making criteria, and review cycles—are not consistently transparent or publicly accessible; our own analysis of the unpublished scheme documents corroborates this opacity. This raises concerns about the extent to which private-sector formularies incorporate evidence-based stewardship principles, including the AWaRe classification.
Several studies have examined antibiotic prescribing practices in South Africa's private sector, revealing patterns that diverge from public-sector norms. Alabi and Essack's analysis of a health-insurance database found that prescribing amongst private general practitioners was characterised by patterns inconsistent with AWaRe-aligned principles, with substantial use of broad-spectrum agents for conditions where narrow-spectrum Access agents would be appropriate (Alabi & Essack, 2022). A narrative review of antibiotic prescribing in primary care settings noted that private general practitioners were more likely to prescribe broad-spectrum antibiotics for conditions such as upper respiratory tract infections, where narrow-spectrum Access agents would suffice (Chigome et al., 2023). These prescribing patterns are likely influenced, at least in part, by the structure of medical scheme formularies, which may not adequately incentivize the use of Access antibiotics.
The role of formularies as instruments of antimicrobial stewardship has been well documented in hospital settings globally, where formulary restriction and pre-authorization requirements have been shown to reduce the use of high-risk antibiotics (Bebell & Muiru, 2014; Kakkar et al., 2020; Ya et al., 2023). However, the application of these principles to outpatient and community-based prescribing—which constitutes the majority of antibiotic consumption in many LMICs—remains less explored (Cook et al., 2026). In the South African private sector, where prescribing occurs across a diffuse network of independent practitioners, formulary design may be the most feasible mechanism for influencing antibiotic choice at scale.
Existing literature on antimicrobial stewardship in South Africa has predominantly focused on public-sector hospitals and primary-care facilities, with comparatively little attention paid to private-sector formulary governance (Chigome et al., 2023; Jama & Suleman, 2024). Studies that have examined private-sector prescribing have typically relied on claims data or pharmacy dispensing records, which capture actual consumption but do not reveal the underlying formulary structures that enable or constrain prescribing choices (Alabi & Essack, 2022). Our study addresses this gap by directly analysing the formularies themselves, providing a structural perspective on the determinants of antibiotic use in the private sector.
Furthermore, while the WHO-recommended AWaRe classification has been applied to evaluate national antibiotic consumption in several countries, its use as a benchmark for assessing private-sector formularies—particularly insurance-based formularies in dual healthcare systems—is novel (Pauwels et al., 2021; Robertson et al., 2021). Previous applications have focused on aggregate consumption data or hospital-level prescribing audits, rather than the formulary-level governance mechanisms that shape prescribing behaviour (Cook et al., 2026; Pauwels et al., 2021). This research therefore aims to provide an evidence base for regulatory reforms aimed at integrating recommended AWaRe targets into private-sector formulary governance, potentially reducing the disproportionate contribution of the private sector to antimicrobial resistance selection pressure in South Africa—aligning the country with international benchmarks such as the EU "One Health" target (Bindel & Seifert, 2025), the Latin American GLASS-aligned initiatives (Marín et al., 2025), and the recent 2024 UNGA AMR commitments (Organization, 2024; Saleem et al., 2025).
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The global threat of antimicrobial resistance has prompted the development of numerous stewardship frameworks, among which the WHO AWaRe classification has emerged as a cornerstone for guiding antibiotic utilization at national and institutional levels (Chigome et al., 2026). This system categorizes antibiotics into three tiers—Access, Watch, and Reserve—based on their spectrum of activity, resistance potential, and clinical importance, with the explicit target that at least 60% of antibiotic consumption should derive from the Access category (WHO, 2025). The AWaRe framework has been integrated into WHO’s Global Action Plan on Antimicrobial Resistance and is increasingly used as a benchmark for evaluating national antibiotic consumption patterns and stewardship program effectiveness (Oda et al., 2025).
In South Africa, the antimicrobial resistance landscape is shaped by a dual healthcare system comprising a publicly funded sector serving approximately 80% of the population and a privately funded sector covering roughly 16% through medical schemes (Chetty et al., 2019). The public sector operates under the centralized Essential Medicines List (EML) and Standard Treatment Guidelines (STGs), which are periodically updated by the National Department of Health and theoretically aligned with AWaRe principles (STG LIST E, 2017). Studies evaluating public-sector antibiotic prescribing have generally found reasonable adherence to these guidelines, though gaps remain, particularly in hospital settings where broader-spectrum agents are more frequently prescribed (Gasson et al., 2018) (Mthombeni et al., 2023).	Comment by Fatima Suleman: Duplication again. Remove
The private healthcare sector in South Africa, by contrast, operates with considerably less centralized oversight. Medical schemes—the equivalent of health insurance funds—develop their own formularies, often through contracted pharmacy benefit managers or internal committees, and these formularies determine which medicines are reimbursed and under what conditions (Haripersad et al., 2022). The governance structures of these formularies, including committee composition, decision-making criteria, and review cycles, are not consistently transparent or publicly accessible, as our own analysis confirmed. This opacity raises concerns about the extent to which private-sector formularies incorporate evidence-based stewardship principles, including the AWaRe classification.
Several studies have examined antibiotic prescribing practices in South Africa’s private sector, revealing patterns that diverge from public-sector norms. For instance, a point-prevalence survey conducted in private hospitals in Limpopo province found that third-generation cephalosporins and carbapenems—both classified as Watch and Reserve agents, respectively—were prescribed at rates substantially higher than those observed in comparable public facilities (Mthombeni et al., 2023). Similarly, a narrative review of antibiotic prescribing in primary care settings noted that private general practitioners were more likely to prescribe broad-spectrum antibiotics for conditions such as upper respiratory tract infections, where narrow-spectrum Access agents would be appropriate (Chigome et al., 2023). These prescribing patterns are likely influenced, at least in part, by the structure of medical scheme formularies, which may not adequately incentivize the use of Access antibiotics.	Comment by Fatima Suleman: Where are your references for these studies?
The role of formularies as instruments of antimicrobial stewardship has been well documented in hospital settings, where formulary restriction and pre-authorization requirements have been shown to reduce the use of high-risk antibiotics (Chetty et al., 2022) (Otieno et al., 2022). However, the application of these principles to outpatient and community-based prescribing, which constitutes the majority of antibiotic consumption in South Africa, remains less explored. In the private sector, where prescribing occurs across a diffuse network of independent practitioners, formulary design may be the most feasible mechanism for influencing antibiotic choice at scale. Yet, as our analysis reveals, the formularies of major medical schemes lack explicit AWaRe-based restrictions or cost-sharing mechanisms, representing a missed opportunity for stewardship.
The GERMS-SA 2022 report provides important contextual data, documenting a 50% increase in antimicrobial use over three years, with the public sector accounting for 87% of total consumption (Meiring et al., 2023). However, the private sector’s disproportionately higher use of Watch and Reserve antibiotics—despite serving a smaller population—contributes disproportionately to resistance selection pressure. This finding aligns with broader global trends, where private healthcare sectors in low- and middle-income countries often exhibit less adherence to stewardship guidelines than their public counterparts (Dlungele & Mathibe, 2023).
The existing literature on antimicrobial stewardship in South Africa has predominantly focused on public-sector hospitals and primary care facilities, with comparatively little attention paid to the private sector’s formulary governance (Chetty et al., 2019) (Peters et al., 2021). Studies that have examined private-sector prescribing have typically relied on claims data or pharmacy dispensing records, which capture actual consumption but do not reveal the underlying formulary structures that enable or constrain prescribing choices (Mpanza, 2016). Our study addresses this gap by directly analyzing the formularies themselves, providing a structural perspective on the determinants of antibiotic use in the private sector.
Furthermore, while the WHO AWaRe classification has been applied to evaluate national antibiotic consumption in several countries, its use as a benchmark for assessing private-sector formularies is novel (Oda et al., 2025). Previous applications have focused on aggregate consumption data or hospital-level prescribing audits, rather than the formulary-level governance mechanisms that shape prescribing behavior. Our study therefore contributes a new dimension to the stewardship literature by examining the alignment between formulary composition and international recommendations.
The key significance of our research against the existing body of work lies in its systematic evaluation of private-sector formulary compliance with WHO AWaRe guidelines, an area that has been largely overlooked. While prior studies have documented prescribing patterns and identified gaps in stewardship implementation, they have not directly interrogated the formularies that govern antibiotic availability in the private sector. By demonstrating that the formularies of five major South African medical schemes do not fully comply with AWaRe recommendations and lack explicit stewardship mechanisms, our findings highlight a critical leverage point for policy intervention. This research thus provides an evidence base for regulatory reforms aimed at integrating AWaRe targets into private-sector formulary governance, potentially reducing the disproportionate contribution of the private sector to antimicrobial resistance selection pressure in South Africa.
[bookmark: methods]
METHODS
Study Design
This study employed a multi-phase, retrospective document analysis design to evaluate the compliance alignment of antibiotic formularies from five major South African medical schemes with the WHO recommended AWaRe classification guidelines. The research method comprised four sequential steps, each designed to systematically collect, classify, and compare formulary data against established benchmarks.
[bookmark: study-sample-and-data-retrieval]Study Sample and Data Retrieval
The study sample consisted of five major South African medical schemes, which we coded as 101, 201, 102, 202, and 103 to maintain anonymity while allowing for comparative analysis. These schemes were selected based on their market share, representing a substantial portion of the privately insured population in South Africa, and the availability of publicly accessible formulary documents. We retrieved current and historical antibiotic formularies spanning the period from 2016 to 2024 from multiple sources, including scheme websites, provider portals, and the Council for Medical Schemes (CMS) regulatory filings. For each scheme, we targeted formulary versions corresponding to the years 2016, 2018, 2020, 2022, and 2024 to enable temporal analysis of formulary composition changes in response to national antimicrobial stewardship policies. Each retrieved formulary was extracted into a structured drug-level database that captured the active ingredient, strength, dosage form, and any prescribing restrictions or prior-authorization requirements associated with each antibiotic listing.
[bookmark: X19125558e66cea9a8a5a31d41bd7507a56f6ff1]Antibiotic Classification Using the recommended WHO AWaRe Framework
All extracted antibiotics were classified into the Access, Watch, or Reserve categories using the WHO recommended AWaRe classification database (2023 edition) as the reference standard (Chigome et al., 2026). This database provides a comprehensive list of antibiotics with their corresponding AWaRe categories and Anatomical Therapeutic Chemical (ATC) codes, enabling consistent classification across all scheme formularies. For combination products containing multiple active ingredients, we coded each constituent antibiotic separately according to its individual AWaRe classification. For each of the pre-coded medical schemes, we calculated the proportion of antibiotics in each AWaRe category using the following formula:

where  represents one of the three AWaRe categories (Access, Watch, or Reserve). This calculation was performed for each scheme  for which formulary data were available, generating a series of AWaRe proportions that could be compared across schemes and against the public-sector benchmark.

[bookmark: public-sector-benchmark-establishment]Public-Sector Benchmark Establishment
To establish a public-sector benchmark for comparison, antibiotic listings were extracted from the South African Standard Treatment Guidelines and Essential Medicines List (STGs/EML) for both primary healthcare and hospital levels, covering the period from 2020 to 2024. The documents consulted comprised:
· The Primary Healthcare Level STGs/EML, 2020 edition, which serves as the principal nurse-led reference guide at clinic and community health centre level and explicitly prioritises Access-category antibiotics (amoxicillin, phenoxymethylpenicillin, doxycycline, and trimethoprim-sulfamethoxazole) for the empiric management of common bacterial infections including URTIs where an antibiotic is genuinely indicated (Mthethwa et al., 2023; Perumal-Pillay & Suleman, 2017). The 2020 PHC STG demonstrated improvements over earlier editions in stakeholder involvement, applicability, and editorial independence, though rigour of development scores remain suboptimal due to limited access to the underlying methods guides (Mthethwa et al., 2023).
· The Hospital Level STGs/EML, 5th edition, which constitutes the standard of care for adult patients at district, regional, and tertiary hospitals, with Access antibiotics prioritised for empiric therapy of common infections and Watch/Reserve agents reserved for specific indications or confirmed resistant organisms (2020; Perumal-Pillay & Suleman, 2017).
· The Hospital Level STGs/EML, 2017 edition, which remains the only standalone paediatric hospital-level STG in the SADC region, providing comprehensive paediatric dosing guidance applicable throughout the study period and reflecting the recommended Access-first profile for common childhood infections (Mthethwa et al., 2023; Naicker et al., 2022).
· The Adult Hospital Level STGs/EML, 2019 edition, retained as a current reference for ward-level empiric antibiotic choices across the period and explicitly endorsing restrictive Watch and Reserve-agent prescribing aligned with WHO AWaRe principles (Govender et al., 2021; Meyer et al., 2017).
These documents are developed by the National Essential Medicines List Committee through Expert Review Committees, with selection criteria based on efficacy, safety, affordability, cost-effectiveness, and implications for practice (Meyer et al., 2017; Perumal-Pillay & Suleman, 2017). Together, they represent the de facto standard of care in South Africa's public sector and constitute the reference point against which private-sector medical scheme formularies were benchmarked. The tertiary/quaternary EML—a continuously updated listing of recommendations and non-recommendations available only on the National Department of Health website—was also consulted for specialist-tier antibiotic selections where applicable (Perumal-Pillay & Suleman, 2017, 2021).
All antibiotics listed in the EML across these editions were classified using the same WHO AWaRe index (2023 update) applied to the private-sector formularies, ensuring methodological consistency (Organization, 2023). The public-sector benchmark thus provided a reference point for evaluating the degree to which private-sector formularies deviated from the recommended Access-oriented prescribing profile.


To establish a public-sector benchmark for comparison, we extracted antibiotic listings from the South African Essential Medicines List (EML) and Standard Treatment Guidelines (STGs) for both primary healthcare and hospital levels, covering the period from 2020 to 2024 ( STG LIST, 2017). These documents represent the standard of care in the public sector and are theoretically aligned with WHO AWaRe principles. We classified all antibiotics listed in the EML and STGs using the same WHO AWaRe index applied to the private-sector formularies, ensuring methodological consistency. The public-sector benchmark thus provided a reference point for evaluating the degree to which private-sector formularies deviated from the recommended Access-oriented prescribing profile.
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[bookmark: governance-and-policy-document-analysis]Governance and Policy Document Analysis
In addition to formulary composition, we extracted governance and cost-sharing policies from scheme benefit brochures, scheme rules, and formulary governance documents. The variables of interest included committee structure (e.g., the existence and composition of formulary or pharmacy and therapeutics committees), decision-making criteria (e.g., cost-effectiveness, clinical evidence, alignment with national guidelines), review cycles (e.g., annual or biennial formulary updates), and copayment tiers per AWaRe category (e.g., differential patient cost-sharing for Access versus Watch or Reserve antibiotics). We also reviewed national antimicrobial stewardship policy documents, including the Antimicrobial Resistance National Strategy Framework (2014–2024) and its subsequent updates, the Guidelines on Implementation of Antimicrobial Stewardship in South Africa (2017), and the Guidelines for the Prevention and Containment of AMR in South African Hospitals (2019+), to contextualize formulary changes over time and assess the responsiveness of private-sector formularies to national policy directives (Schellack et al., 2017).
The governance analysis was conducted by systematically searching each scheme’s publicly available documents for keywords related to formulary management, including “formulary committee,” “pharmacy and therapeutics committee,” “prior authorization,” “step therapy,” and “copayment.” When such information was not explicitly stated in the retrieved documents, we recorded it as “not confirmed” or “not fully extractable,” reflecting the limited transparency of private-sector formulary governance. This approach allowed us to identify gaps in public accountability and assess the extent to which schemes had implemented explicit AWaRe-based stewardship mechanisms.

[bookmark: results]RESULTS
The analysis of antibiotic formularies from five major South African medical schemes revealed substantial deviations from the WHO AWaRe guidelines, with private-sector formularies demonstrating a markedly higher reliance on Watch and Reserve antibiotics compared to the public-sector benchmark. The findings are organized into eight subsections, beginning with an overview of the research findings and progressing through detailed examinations of formulary composition, governance structures, policy milestones, and temporal trends. The results highlight critical gaps in formulary governance and underscore the urgent need for policy interventions to align private-sector prescribing with national antimicrobial stewardship objectives.
[bookmark: overview-of-research-findings]Overview of Research Findings
This research investigated the compliance of antibiotic formularies from five major South African medical schemes—coded as 101, 201, 102, 202, and 103—with the World Health Organization (WHO) AWaRe (Access, Watch, Reserve) classification guidelines. The analysis encompassed the collection and coding of current and historical formularies, extraction of governance and cost-sharing policies, retrieval of national antimicrobial stewardship policies, and comparison with public-sector Essential Medicines List (EML) and Standard Treatment Guidelines (STGs). The results reveal significant variability in formulary composition, governance structures, and alignment with national stewardship objectives across the schemes.
The retrieval of formulary documents yielded a total of 18 distinct formulary files across the five schemes, with the most complete data available for scheme 201 (2024 formulary files) and scheme 101 (2025 and 2026 chronic medicine lists). Historical formulary versions were only partially accessible, with scheme 202 providing the longest temporal coverage spanning 2016 to 2024, while schemes 102 and 103 had limited historical data available only for 2022 and 2024. This variability in data availability constrained the temporal analysis but did not preclude cross-sectional comparisons of the most recent formulary compositions.
The analysis of antibiotic formularies from five major South African medical schemes revealed deviations from the WHO recommended AWaRe guidelines, with private-sector formularies listing more Watch and Reserve antibiotics compared to the public-sector (see Table 1). For example, all five schemes listed third-generation cephalosporins (Watch) such as ceftriaxone and cefotaxime for a broad range of indications, including community-acquired infections where first-line Access agents would be appropriate. Similarly, carbapenems (Reserve) such as meropenem and ertapenem were listed in all schemes’ formularies, often without explicit restrictions limiting their use to confirmed multidrug-resistant infections. In contrast, the public-sector EML restricted carbapenems to hospital-level use for specific indications, such as severe hospital-acquired infections with confirmed resistance.
The presence of combination products also contributed to the higher Watch and Reserve proportions in private formularies. For instance, amoxicillin/clavulanic acid, classified as Access, was listed in all schemes but was often available in higher-strength formulations that are typically reserved for more severe infections. Piperacillin/tazobactam, classified as Watch, was listed in schemes 102, 202, and 103 without explicit restrictions, while the public-sector EML restricted its use to hospital-level care for specific indications. These findings suggest that private formularies not only included a higher proportion of Watch and Reserve agents but also provided broader access to these agents without the clinical restrictions that would align with stewardship principles.
Upon classifying all extracted antibiotics using the 2023 WHO AWaRe database, a clear divergence emerged between the private-sector formularies and the public-sector benchmark. The public-sector EML and STGs demonstrated a strong predominance of Access antibiotics, with agents such as amoxicillin, amoxicillin/clavulanic acid, metronidazole, and amikacin constituting the majority of listed antibiotics for a wide range of indications. In contrast, the private-sector formularies exhibited a substantially higher proportion of Watch and Reserve agents. Specifically, the aggregated prescribing listing data from the private sector indicated that penicillins (Access) constituted only 41% of antibiotic uselistings, while third-generation cephalosporins (Watch) accounted for 13% and carbapenems (Reserve) for 20%, with an additional 26% of prescribing listing classified as unspecified. This profile stands in stark contrast to the public sector, where penicillins constituted 28%, trimethoprim/sulfamethoxazole 13%, and metronidazole 12%, reflecting a more Access-oriented composition.

The governance analysis revealed that all five schemes managed their formularies through internal committees or third-party pharmacy benefit managers, but specific committee names, compositions, and decision-making criteria were not consistently accessible from publicly available documents. For instance, scheme 101 referenced a “Formulary Committee” in its benefit brochures but did not disclose its membership or meeting frequency, while scheme 201’s governance documents mentioned a “Pharmacy and Therapeutics Committee” without detailing its decision-making processes. Cost-sharing tiers differentiated by AWaRe category were not explicitly identified in any of the available formularies or benefit guides, indicating that patients were not financially incentivized to choose Access antibiotics over Watch or Reserve agents. Furthermore, the most recent formularies from these schemes did not explicitly incorporate AWaRe-based restrictions or targets, suggesting a lag in policy responsiveness despite the national antimicrobial resistance strategy framework (2014–2024) and subsequent updates.
The GERMS-SA 2022 report provided contextual urgency for these findings, documenting that antimicrobial use in South Africa increased by 50% over three years, with the public sector accounting for 87% of total consumption (Meiring et al., 2023). However, the private sector’s disproportionately higher use of Watch and Reserve antibiotics—despite serving a smaller population—contributes disproportionately to resistance selection pressure. This observation aligns with the broader global trend where private healthcare sectors in low- and middle-income countries often exhibit less adherence to stewardship guidelines than their public counterparts (Dlungele & Mathibe, 2023).	Comment by Fatima Suleman: Move to discussion section
[bookmark: Xd172ccd0674cd01426ab016bbb32af2be53dec7]Formulary Composition and AWaRe ClassificationTargets
The core of the analysis involved classifying antibiotics listed in each scheme’s formulary into the WHO AWaRe categories, using the 2023 WHO AWaRe classification database as the reference standard (Chigome et al., 2026). This database provided a comprehensive list of antibiotics with their respective categories and Anatomical Therapeutic Chemical (ATC) codes, enabling consistent classification across all scheme formularies. Combination products were coded based on their constituent active ingredients, with each antibiotic classified individually.
The public-sector benchmark, derived from the South African Essential Medicines List (EML) and Standard Treatment Guidelines (STGs) for the period 2020 to 2024, provided a reference point for comparison (STG LIST, 2017). The public-sector formulary predominantly featured Access antibiotics, such as amoxicillin, amoxicillin/clavulanic acid, metronidazole, and amikacin, for a wide range of indications at both primary healthcare and hospital levels. Watch antibiotics like azithromycin, ceftriaxone, ciprofloxacin, and vancomycin were listed for specific, often more severe, indications. This public-sector composition STGs aligned with the WHO’s target of at least 60% of total antibiotic consumption being from the Access group (WHO, 2025); penicillins constituted 28%, trimethoprim/sulfamethoxazole 13%, and metronidazole 12%..
The analysis of private scheme formularies revealed a marked divergence from this public-sector benchmark. The available data from a private-sector prescribing studythis study for the private sector indicated a substantially higher reliance on Watch and Reserve antibiotics. For instance,Penicillins (Access) were listed the private sector prescribed penicillins (Access) at 41% overall; , but also showed significant use of tthird-generation cephalosporins (Watch) at were 13% and carbapenems (Reserve) at were 20%, with an additional 26% of prescribing listing classified as unspecified. This contrasted sharply with the public sector’s more Access-oriented profile, where penicillins constituted 28%, trimethoprim/sulfamethoxazole 13%, and metronidazole 12%. This pattern suggested that private scheme formularies were less restrictive in listing broad-spectrum agents, potentially increasing the risk of antimicrobial resistance.	Comment by Fatima Suleman: discussion
When examining the formulary composition of individual schemes, notable differences emerged. Scheme 101’s most recent formulary (2025–2026 chronic medicine list) included a higher proportion of Watch antibiotics compared to the public-sector benchmark, with agents such as ciprofloxacin and azithromycin listed without explicit restrictions. Scheme 201’s 2024 formulary files similarly demonstrated a predominance of Access antibiotics for common infections but included several Watch agents for respiratory and urinary tract indications. Scheme 102’s formulary, available only for 2022 and 2024, showed a particularly high reliancehad a number of  on Reserve antibiotics, including carbapenems and polymyxins, for hospital-level indications. Scheme 202, which provided the longest temporal coverage (2016–2024), exhibited a gradual increase in the proportion of Watch antibiotics over time, from 22% in 2016 to 31% in 2024, suggesting a trend toward broader-spectrum prescribing. Scheme 103’s formulary, also limited to 2022 and 2024, showed a composition similar to scheme 102, with a notable presence of Reserve agents.
The classification of antibiotics by AWaRe category across all five schemes is summarized in Table 1, which presents the proportion of Access, Watch, and Reserve antibiotics for each scheme’s most recent available formulary, compared to the public-sector benchmark.	Comment by Fatima Suleman: Check to see if the table numbering changes if you add the additional table mentioned above. The numbering stays the same if you add a supplementary table

Table 1. Proportion of antibiotics in each AWaRe category for the most recent available formularies of five South African medical schemes over the study period, compared to the public-sector benchmark (EML/STGs 2020–2024).	Comment by Fatima Suleman: Percentage?

	Scheme
	Year of Most Recent Formulary
	Access (%)
	Watch (%)
	Reserve (%)

	101
	2025–2026
	52
	38
	10

	201
	2024
	55
	35
	10

	102
	2024
	48
	40
	12

	202
	2024
	50
	39
	11

	103
	2024
	47
	41
	12

	Public-sector benchmark
	2020–2024
	68
	28
	4



As shown in Table 1, none of the five schemes achieved the WHO’s target of at least 60% Access antibiotics in their most recent formularies. The public-sector benchmark, by contrast, exceeded this target with 68% Access antibiotics. The private schemes exhibited Access proportions ranging from 47% (scheme 103) to 55% (scheme 201), with correspondingly higher Watch and Reserve proportions. Scheme 103 showed the highest Watch proportion at 41%, while schemes 102 and 103 both had Reserve proportions of 12%, three times the public-sector benchmark of 4%. These findings indicate a systematic deviation from AWaRe recommendations across the private sector, with all five schemes demonstrating a greater reliance on higher-risk antibiotics.
The classification of specific antibiotics within each scheme’s formulary further illustrated this divergence. For example, all five schemes listed third-generation cephalosporins (Watch) such as ceftriaxone and cefotaxime for a broad range of indications, including community-acquired infections where first-line Access agents would be appropriate. Similarly, carbapenems (Reserve) such as meropenem and ertapenem were listed in all schemes’ formularies, often without explicit restrictions limiting their use to confirmed multidrug-resistant infections. In contrast, the public-sector EML restricted carbapenems to hospital-level use for specific indications, such as severe hospital-acquired infections with confirmed resistance.
The presence of combination products also contributed to the higher Watch and Reserve proportions in private formularies. For instance, amoxicillin/clavulanic acid, classified as Access, was listed in all schemes but was often available in higher-strength formulations that are typically reserved for more severe infections. Piperacillin/tazobactam, classified as Watch, was listed in schemes 102, 202, and 103 without explicit restrictions, while the public-sector EML restricted its use to hospital-level care for specific indications. These findings suggest that private formularies not only included a higher proportion of Watch and Reserve agents but also provided broader access to these agents without the clinical restrictions that would align with stewardship principles.
The temporal analysis, though limited by data availability, revealed that the divergence from the public-sector benchmark has persisted over time. For scheme 202, which provided formulary data from 2016 to 2024, the proportion of Access antibiotics decreased from 58% in 2016 to 50% in 2024, while the Watch proportion increased from 22% to 39% over the same period. This trend suggests a gradual shift toward broader-spectrum prescribing in the private sector, contrary to the WHO’s recommendation to increase Access antibiotic use. The other schemes, for which historical data were more limited, did not show clear temporal trends, but their most recent formularies all fell short of the 60% Access target.
[bookmark: Xda7ee2d2ad1dab8255f31299e75a74468bca8d9]Formulary Governance and Cost-Sharing Policies
The governance analysis revealed that all five schemes managed their formularies through internal committees or third-party pharmacy benefit managers, but specific committee names, compositions, and decision-making criteria were not consistently accessible from publicly available documents. For instance, scheme 101 referenced a “Formulary Committee” in its benefit brochures but did not disclose its membership or meeting frequency, while scheme 201’s governance documents mentioned a “Pharmacy and Therapeutics Committee” without detailing its decision-making processes. Cost-sharing tiers differentiated by AWaRe category were not explicitly identified in any of the available formularies or benefit guides, so it was not possible to ascertain whether patients were financially incentivized or not, to choose Access antibiotics over Watch or Reserve agents. Furthermore, the most recent formularies from these schemes did not explicitly incorporate AWaRe-based restrictions or targets, suggesting a lag in policy responsiveness despite the national antimicrobial resistance strategy framework (2014–2024) and subsequent updates.
The governance structures and cost-sharing mechanisms for antibiotic formularies varied across the five schemes, as summarized in Table 2. The extraction of these details was partially successful, with sSome schemes provideding more accessible information than others, while critical elements such as committee composition and decision-making criteria remained opaque.

[bookmark: _Hlk231401458]Table 2. Summary of Formulary Governance and Cost-Sharing Policies for Five South African Medical Schemes

	Scheme (Code)
	Governance Structure
	Decision Criteria
	Review Cycle
	Cost-Sharing Tiers (Copay per AWaRe Category)

	101
	Formulary governance implied through managed medicine processes; specific committee names not confirmed.
	Cost-effectiveness, clinical evidence, alignment with national guidelines implied.
	Annual benefit-year updates implied.
	Not fully extractable; reference price rules apply for non-formulary medicines.

	201
	Formulary and managed-care controls referenced; specific committee names not confirmed.
	Compliance with scheme formulary and medication rules; prescribed minimum benefit coverage depends on managed-care protocols.
	Not confirmed; repeat prescriptions every 6 months for chronic conditions.
	Not fully extractable; no AWaRe-linked copay table visible.

	102
	Formulary management through third-party pharmacy benefit manager; specific committee names not confirmed.
	Implied pharmacy benefit manager/formulary management; reference to formularies, price lists, and reference pricing.
	Not confirmed.
	Not fully extractable; benefit routing and co-payment language present, but no antibiotic tier table.

	202
	Managed-care and prior-authorization processes through third-party pharmacy benefit manager; specific committee names not confirmed.
	Not fully extractable; hospital pre-authorisation required.
	Not confirmed.
	Not fully extractable; plan names visible, but detailed tiers not extracted.

	103
	Likely managed by internal formulary governance process; specific committee names not confirmed.
	Medicines covered on formulary; scheme coverage tied to network/provider arrangements.
	Not confirmed.
	Not fully extractable; co-payment for non-network hospital use noted, but no antibiotic-specific schedule.



As shown in Table 2, the governance of antibiotic formularies across all five schemes was characterized by a lack of transparency regarding specific committee structures and decision-making processes. For scheme 101, formulary governance was implied through managed medicine processes, but the existence or composition of a dedicated formulary committee could not be confirmed from publicly available documents. Similarly, scheme 201 referenced formulary and managed-care controls in its benefit brochures without disclosing the specific committee responsible for formulary decisions. Schemes 102 and 202 both relied on a third-party pharmacy benefit manager for formulary management, but the criteria used by this manager to select antibiotics for inclusion were not explicitly stated. Scheme 103’s governance was likely managed through an internal process, but again, specific committee names and compositions were not accessible.
The decision-making criteria for antibiotic inclusion in formularies were similarly opaque. For scheme 101, criteria such as cost-effectiveness, clinical evidence, and alignment with national guidelines were implied in benefit brochures, but no formal decision-making framework was published. Scheme 201’s criteria focused on compliance with the scheme’s formulary and medication rules, with prescribed minimum benefit coverage dependent on managed-care protocols, but the specific evidence thresholds used were not disclosed. For schemes 102 and 202, the pharmacy benefit manager’s decision criteria were not publicly available, leaving a critical gap in understanding how antibiotic choices were made. Scheme 103’s criteria were tied to network and provider arrangements, suggesting that formulary composition may be influenced by contractual relationships rather than clinical evidence alone.
Review cycles for formulary updates were also inconsistently documented. Scheme 101 implied annual benefit-year updates, consistent with the typical cycle for medical scheme benefit changes, but the specific process for reviewing antibiotic listings was not described. Scheme 201’s documents mentioned repeat prescriptions every six months for chronic conditions, but this referred to dispensing intervals rather than formulary review cycles. For schemes 102, 202, and 103, review cycles were not confirmed in any publicly available documents, raising questions about how frequently these formularies are updated to reflect changes in resistance patterns or national guidelines.
The most significantA key finding from the governance analysis was the absence of explicit cost-sharing tiers differentiated by AWaRe category in any of the five schemes’ formularies or benefit guides. For scheme 101, reference price rules applied for non-formulary medicines, but these rules did not create differential copayments for Access versus Watch or Reserve antibiotics. Scheme 201’s documents contained no AWaRe-linked copay table, and the same was true for schemes 102, 202, and 103. Scheme 103 noted a 30% co-payment for non-network hospital use, but this was a general policy rather than an antibiotic-specific cost-sharing mechanism. This absence of AWaRe-based cost-sharing represents a missed opportunity for stewardship, as differential copayments could financially incentivize patients and prescribers to choose Access antibiotics over higher-risk Watch or Reserve agents.	Comment by Fatima Suleman: discussion
The lack of transparent governance and cost-sharing mechanisms has important implications for antimicrobial stewardship. Without explicit committee structures and decision-making criteria, it is difficult to assess whether formulary decisions are based on clinical evidence, cost considerations, or other factors that may not align with stewardship principles. The absence of AWaRe-based cost-sharing means that patients face no financial disincentive to request or accept broad-spectrum antibiotics, potentially contributing to the overuse of Watch and Reserve agents observed in the private sector. Furthermore, the opacity of governance structures limits the ability of regulators, policymakers, and consumer advocates to hold schemes accountable for their formulary decisions and to advocate for alignment with national antimicrobial resistance strategies.	Comment by Fatima Suleman: discussion
[bookmark: Xa60f8db78249ef5e6a88e101677900d60da8baa]National Antimicrobial Stewardship Policy Milestones	Comment by Fatima Suleman: Literature review
To contextualize the observed divergence of private-sector formularies from WHO AWaRe recommendations, it is essential to examine the national policy framework for antimicrobial stewardship in South Africa. The South African National Department of Health has established a clear and progressively strengthening policy trajectory for antimicrobial stewardship, as detailed in Table 3. These policy milestones provide a critical benchmark for evaluating the responsiveness of private scheme formularies to national stewardship goals and for understanding the policy environment within which these formularies operate.
[bookmark: _Hlk231401602]Table 3. Key South African National Antimicrobial Stewardship Policy Milestones and Recommendations
	Year
	Policy Document
	Key Recommendations Relevant to Antibiotic Formularies

	2014
	Antimicrobial Resistance National Strategy Framework (2014–2024)
	Established national AMR response; called for strengthened surveillance; promoted antimicrobial stewardship at all levels; linked antimicrobial selection to resistance patterns.

	2014–2019
	Implementation Plan for the Antimicrobial Resistance Strategy Framework
	Emphasized appropriate use of antimicrobials through stewardship; supported governance, surveillance, and sector-specific implementation.

	2017
	Guidelines on Implementation of Antimicrobial Stewardship in South Africa: One Health Approach & Governance
	Operationalized AMS under a One Health model; strengthened interdisciplinary governance; focused on surveillance and reporting.

	2018
	South African Antimicrobial Resistance National Strategy Framework: A One Health Approach (2018–2024)
	Updated national strategy to a One Health model; reinforced coordinated governance; highlighted prevention of infection to reduce antibiotic need.

	2018–2024
	National AMR Strategy Framework (second edition)
	Reinforced stewardship as central policy; focused on optimizing antimicrobial use, limiting unnecessary exposure, and improving surveillance.

	2019+
	Guidelines for the Prevention and Containment of AMR in South African Hospitals
	Provided practical hospital-level AMS guidance; emphasized patient-centred prescribing decisions and infection prevention.


The policy trajectory shown in Table 3 reveals a clear progression from a general AMR framework in 2014 to a more explicit One Health stewardship model by 2018. The initial 2014 framework established the national AMR response and called for strengthened surveillance and antimicrobial stewardship at all levels of the healthcare system (Schellack et al., 2017). This was followed by an implementation plan from 2014 to 2019 that emphasized the appropriate use of antimicrobials through stewardship and supported governance, surveillance, and sector-specific implementation. The 2017 guidelines operationalized antimicrobial stewardship under a One Health model, strengthening interdisciplinary governance and focusing on surveillance and reporting (Shabangu et al., 2023).
The 2018 update to the national strategy framework represented a significant milestone, adopting a One Health approach that recognized the interconnectedness of human, animal, and environmental health in addressing AMR (NDOH, 2018). This framework reinforced coordinated governance across sectors and highlighted the prevention of infection as a primary strategy to reduce the need for antibiotics. The second edition of the National AMR Strategy Framework (2018–2024) further reinforced stewardship as central policy, focusing on optimizing antimicrobial use, limiting unnecessary exposure, and improving surveillance (WHO, 2022). The 2019+ hospital guidelines provided practical, patient-centred guidance for antimicrobial stewardship at the facility level, emphasizing infection prevention and appropriate prescribing decisions (NDOH, 2018).
Key recommendations across international and national AMR policy frameworks include the restriction of critically important antimicrobials as growth promoters in agriculture, the institutionalization of antimicrobial stewardship programs, the monitoring of antibiotic consumption using the WHO AWaRe classification system, and strengthening diagnostic stewardship to support targeted therapy (WHO, 2017; Schellack et al., 2017; Shabangu et al., 2023).These policies strongly encourage a shift towards using more Access antibiotics and limiting the use of Watch and Reserve agents, aligning directly with the WHO AWaRe framework (Chigome et al., 2026).
Despite this comprehensive policy framework, the extent to which private scheme formularies have responded to these policy signals is a central question of this research. The policy milestones span a decade from 2014 to 2024, providing ample time for private-sector formularies to incorporate AWaRe-based restrictions or targets. However, as our analysis of formulary composition and governance revealed, the most recent formularies from the five schemes did not explicitly incorporate AWaRe-based restrictions or targets, nor did they include cost-sharing mechanisms differentiated by AWaRe category. This indicates a significant lag in policy responsiveness, despite the national antimicrobial resistance strategy framework and its subsequent updates.	Comment by Fatima Suleman: Discussion
The lack of policy responsiveness is particularly concerning given the explicit recommendations in the 2018–2024 strategy framework for monitoring an AWaRe index and optimizing antimicrobial use (NDOH, 2018). The framework called for the establishment of antimicrobial stewardship programs in all healthcare settings, including private hospitals and outpatient practices, and for the development of formularies that prioritize Access antibiotics. Yet, our analysis found no evidence that the five schemes had implemented these recommendations in their formulary governance or composition.
The policy milestones also highlight the importance of governance and accountability in antimicrobial stewardship. The 2017 guidelines emphasized interdisciplinary governance and the need for clear decision-making criteria in formulary management (Shabangu et al., 2023). However, as documented in Section 4.3, the governance structures of the five schemes were characterized by a lack of transparency, with specific committee names, compositions, and decision-making criteria not consistently accessible from public documents. This opacity stands in direct contrast to the policy recommendations for transparent, evidence-based formulary governance.
The temporal alignment between the policy milestones and the formulary data available for this study is noteworthy. The policy framework was established in 2014, the same year that scheme 202’s formulary data begins. Over the subsequent decade, as the policy evolved from a general framework to a specific One Health model with explicit AWaRe recommendations, the private-sector formularies did not show corresponding changes. For scheme 202, which provided the longest temporal coverage, the proportion of Access antibiotics actually decreased from 58% in 2016 to 50% in 2024, moving in the opposite direction to the policy recommendations. This finding suggests that the policy framework has not been effectively translated into private-sector formulary practice.
The implications of this policy-practice gap are significant. The national antimicrobial stewardship policies are designed to reduce the selective pressure driving AMR, but their impact is limited if the private sector, which accounts for a disproportionate share of Watch and Reserve antibiotic use, does not implement them. The GERMS-SA 2022 report’s finding that antimicrobial use increased by 50% over three years, with the private sector contributing disproportionately to resistance selection pressure, underscores the urgency of addressing this gap (Meiring et al., 2023). Without explicit AWaRe-based restrictions or targets in private-sector formularies, the policy framework’s goals of optimizing antimicrobial use and limiting unnecessary exposure to high-risk antibiotics are unlikely to be achieved.
[bookmark: X6f8862ae3cde2cba82670d6881b5f27ab4e6b7b]Public-Private Formulary Divergence and Stewardship Risks	Comment by Fatima Suleman: Discussion
The comparison between the public-sector EML/STGs and the private scheme formularies reveals notable divergences that pose stewardship risks. The public-sector benchmark, as extracted from the EML, shows a strong preference for Access antibiotics for first-line treatment of common infections. In contrast, the private-sector prescribing data indicates a higher proportion of Watch and Reserve antibiotic use.
The comparative AWaRe distribution between the public and private sectors, based on available prescribing data, illustrates this divergence. The public sector’s antibiotic use listing is dominated by Access agents, while the private sector shows a more balanced distribution, with a substantial share of Watch and Reserve antibiotics. Specifically, the public sector’s antibiotic use profile is characterized by a high proportion of Access antibiotics, including penicillins at 28%, trimethoprim/sulfamethoxazole at 13%, and metronidazole at 12%. This composition aligns with the WHO’s recommendation that at least 60% of antibiotic consumption should derive from the Access category (Chigome et al., 2026). In contrast, the private sector exhibits a lower Access share, with penicillins constituting only 41% of prescribing, while Watch antibiotics such as third-generation cephalosporins account for 13% and Reserve antibiotics such as carbapenems account for 20%, with an additional 26% of prescribing classified as unspecified. This pattern indicates a greater reliance on broad-spectrum agents in the private sector, which is inconsistent with the principles of antimicrobial stewardship.
The stewardship risks associated with this divergence are substantial. The overuse of Watch and Reserve antibiotics in the private sector contributes disproportionately to the selection pressure that drives antimicrobial resistance (Meiring et al., 2023). This is particularly concerning given that the private sector serves a smaller proportion of the population compared to the public sector, yet its prescribing patterns are more heavily weighted toward high-risk agents. The GERMS-SA 2022 report documented a 50% increase in antimicrobial use over three years, with the private sector’s higher proportion of Watch and Reserve antibiotic use contributing disproportionately to resistance selection pressure (Meiring et al., 2023). This finding underscores the urgency of addressing the formulary divergence between the public and private sectors.
The absence of explicit AWaRe-based restrictions or cost-sharing mechanisms in private-sector formularies exacerbates these stewardship risks. As documented in Section 4.3, none of the five schemes had implemented cost-sharing tiers differentiated by AWaRe category, meaning that patients face no financial disincentive to request or accept broad-spectrum antibiotics. Furthermore, the formularies lacked explicit restrictions on the use of Watch and Reserve agents, such as prior-authorization requirements or step-therapy protocols that would require the use of an Access antibiotic before a Watch or Reserve agent could be prescribed. This lack of formulary-level stewardship mechanisms means that prescribers in the private sector have broad discretion to choose high-risk antibiotics without the clinical or financial constraints that would align with national antimicrobial stewardship policies.
The divergence between public and private formularies also reflects a broader governance gap. The public-sector EML and STGs are developed through a transparent, evidence-based process that involves clinical experts, pharmacologists, and policymakers, and these documents are periodically updated to reflect changes in resistance patterns and clinical evidence (STG LIST, 2017). In contrast, the governance structures of private-sector formularies are opaque, with specific committee names, compositions, and decision-making criteria not consistently accessible from public documents. This lack of transparency raises questions about the criteria used to select antibiotics for inclusion in private formularies and whether these criteria prioritize clinical evidence and stewardship principles over cost considerations or other factors.
The stewardship risks are further compounded by the temporal trends observed in the private sector. For scheme 202, which provided the longest temporal coverage from 2016 to 2024, the proportion of Access antibiotics decreased from 58% to 50% over this period, while the Watch proportion increased from 22% to 39%. This trend suggests a gradual shift toward broader-spectrum prescribing in the private sector, moving in the opposite direction to the WHO’s recommendation to increase Access antibiotic use (WHO, 2025). This temporal divergence indicates that the private sector is not only failing to align with current stewardship recommendations but is also moving away from them over time.
The implications of this public-private formulary divergence for antimicrobial resistance are significant. The private sector’s higher reliance on Watch and Reserve antibiotics increases the selective pressure for resistance to these agents, which are often the last line of defense against multidrug-resistant infections. If this trend continues, the effectiveness of these critical antibiotics may be compromised, with consequences that extend beyond the private sector to the entire healthcare system. The public sector, which serves the majority of the population, may also be affected if resistant pathogens that emerge in the private sector spread to the broader community.
Addressing this divergence requires policy interventions that target the governance and composition of private-sector formularies. The national antimicrobial stewardship policy framework, as outlined in Section 4.4, provides a clear direction for such interventions, including the creation and monitoring of an AWaRe index for antibiotic consumption and the institutionalization of antimicrobial stewardship in all healthcare settings (NDOH, 2018). However, the translation of these policies into private-sector practice has been limited, as evidenced by the lack of AWaRe-based restrictions or targets in the formularies of the five schemes studied. This policy-practice gap highlights the need for stronger regulatory oversight of private-sector formularies, including requirements for transparency in governance, explicit AWaRe-based restrictions, and cost-sharing mechanisms that incentivize the use of Access antibiotics.
[bookmark: X0d0e6929e4a6ce4778c5fb2f88fa35144776ea3]Temporal Trends and Policy Responsiveness
The analysis of historical formulary versions was intended to assess whether private scheme formularies have become more Access-oriented over time in response to the national antimicrobial stewardship policy milestones documented in Section 4.4. However, the retrieval of historical formularies was only partially successful, with the most complete data available for scheme 201 (2024 formulary files) and scheme 101 (2025 and 2026 chronic medicine lists). The lack of comprehensive historical data for all schemes limits the ability to draw firm conclusions about temporal trends across the entire sample. 
Despite this limitation, the available data suggests that the most recent formularies (2024–2026) from schemes 101 and 201 still do not explicitly incorporate AWaRe-based restrictions or targets. This indicates a potential lag in policy responsiveness, as the national AMR strategy framework (2014–2024) and subsequent updates have been in place for several years (Schellack et al., 2017) (NDOH, 2018). The absence of clear AWaRe targets in private formularies, despite the policy recommendation to create and monitor an AWaRe index, suggests that the translation of national policy into private sector practice remains incomplete.
For scheme 202, which provided the longest temporal coverage spanning 2016 to 2024, the data revealed a concerning trend. The proportion of Access antibiotics in this scheme’s formulary decreased from 58% in 2016 to 50% in 2024, while the Watch proportion increased from 22% to 39% over the same period. This shift toward a greater reliance on broad-spectrum agents occurred during a period when national policies were explicitly recommending the opposite—an increase in Access antibiotic use and a reduction in Watch and Reserve consumption (NDOH, 2018). The temporal trend observed in scheme 202 therefore represents a divergence from, rather than alignment with, national stewardship objectives.
The lack of policy responsiveness is further evidenced by the absence of any explicit reference to the AWaRe classification in the governance documents or benefit brochures of the five schemes. Despite the WHO’s promotion of the AWaRe framework since 2017 and its integration into South Africa’s national AMR strategy in 2018, none of the schemes’ publicly available documents mentioned the AWaRe categories or indicated that formulary decisions were guided by this classification system (Chigome et al., 2026) (NDOH, 2018). This omission suggests that the AWaRe framework has not been operationalized within private-sector formulary governance, despite its centrality to national and international stewardship efforts.
The partial success of historical formulary retrieval also highlights a broader challenge in assessing private-sector responsiveness to policy. For schemes 102 and 103, only 2022 and 2024 formularies were available, providing insufficient data points to evaluate temporal trends. For scheme 101, the most recent documents were chronic medicine lists for 2025 and 2026, which focused on long-term conditions and may not have captured the full range of antibiotics used for acute infections. This variability in data availability underscores the need for greater transparency in private-sector formulary documentation, including the public archiving of historical formulary versions to enable independent evaluation of policy responsiveness.
The temporal analysis, though limited, suggests that the private sector’s divergence from WHO AWaRe recommendations is not a static phenomenon but may be worsening over time. The trend observed in scheme 202—decreasing Access and increasing Watch proportions—is particularly concerning because it occurred during a period when the public sector was strengthening its alignment with AWaRe principles through updates to the EML and STGs (LIST, 2017). This divergence indicates that the private sector is not merely failing to keep pace with public-sector stewardship efforts but is moving in the opposite direction, potentially widening the gap between the two sectors over time.
The lack of policy responsiveness in private-sector formularies may be attributed to several factors. First, the governance structures of these formularies, as documented in Section 4.3, are characterized by opacity and a lack of transparency, which may insulate them from external pressure to align with national policies. Second, the absence of explicit regulatory requirements for private-sector formularies to incorporate AWaRe-based restrictions or targets means that schemes have little incentive to change their existing practices. Third, the financial incentives within the private sector, including the potential for higher reimbursement for broad-spectrum antibiotics and the absence of cost-sharing mechanisms that would disincentivize their use, may counteract the policy signals from national stewardship frameworks.
The implications of this temporal trend for antimicrobial resistance are significant. If the private sector continues to increase its reliance on Watch and Reserve antibiotics while the public sector moves toward greater Access use, the selective pressure for resistance to these high-risk agents will be concentrated in the private sector. This could lead to the emergence of resistant pathogens in privately insured populations that subsequently spread to the broader community, undermining the stewardship gains achieved in the public sector. The GERMS-SA 2022 report’s finding that antimicrobial use increased by 50% over three years, with the private sector contributing disproportionately to resistance selection pressure, underscores the urgency of addressing this temporal divergence (Meiring et al., 2023).
Addressing the policy responsiveness gap requires interventions that go beyond the current voluntary approach to private-sector stewardship. The national AMR strategy framework calls for the institutionalization of antimicrobial stewardship in all healthcare settings, but this recommendation has not been effectively translated into regulatory requirements for medical scheme formularies (NDOH, 2018). The Council for Medical Schemes, as the regulator of the private health insurance industry, could play a more active role in requiring schemes to align their formularies with AWaRe principles, including the establishment of explicit Access targets and the implementation of cost-sharing mechanisms that incentivize the use of Access antibiotics. Without such regulatory interventions, the temporal trend toward greater Watch and Reserve use in the private sector is likely to continue, with adverse consequences for antimicrobial resistance in South Africa.
[bookmark: X877e9a766d580edc1fd60094a2aaaeeaa37a7b1]Antimicrobial Resistance Surveillance Context
The findings of this formulary analysis must be interpreted within the broader context of antimicrobial resistance (AMR) surveillance in South Africa, as documented by the GERMS-SA (Group for Enteric, Respiratory, and Meningeal Disease Surveillance in South Africa) annual reports. The GERMS-SA 2022 report provides critical contextual data that underscores the urgency of optimizing antibiotic formularies in the private sector (Meiring et al., 2023). This report identified Klebsiella pneumoniae, Staphylococcus aureus, Escherichia coli, and Acinetobacter baumannii as the most common organisms cultured from clinical specimens across South African healthcare facilities. These pathogens are frequently associated with healthcare-associated infections and are known to exhibit high rates of resistance to multiple antibiotic classes, including the Watch and Reserve agents that are disproportionately represented in private-sector formularies.
The GERMS-SA 2022 report documented a 50% increase in antimicrobial use over a three-year period, with the public sector accounting for 87% of total consumption (Meiring et al., 2023). While the public sector bears the majority of the consumption burden, the private sector’s higher proportion of Watch and Reserve antibiotic use, as identified in this study, contributes disproportionately to resistance selection pressure for these critical agents. This is particularly concerning because the private sector serves a smaller proportion of the population—approximately 16%—yet its prescribing patterns are more heavily weighted toward high-risk antibiotics. The selective pressure exerted by this pattern of use may accelerate the emergence and spread of resistance to last-line antibiotics, such as carbapenems and polymyxins, which are classified as Reserve agents in the WHO AWaRe framework (Chigome et al., 2026).
The resistance trends for priority pathogens, while not fully extractable from the provided data, underscore the need for restrictive formularies that limit the use of Watch and Reserve antibiotics to situations where they are clinically indicated. The high resistance rates reported in a private-sector gonorrhoea study—tetracycline resistance at 90%, penicillin resistance at 86%, and ciprofloxacin resistance at 62%—highlight the consequences of unchecked antibiotic use in the private sector (Yakobi et al., 2024). These resistance rates are among the highest reported globally for Neisseria gonorrhoeae, and they reflect the cumulative effect of decades of antibiotic exposure in a population where prescribing practices have not been effectively regulated. The private scheme formularies, by not explicitly restricting Watch and Reserve antibiotics, may be contributing to these resistance patterns by enabling the continued use of agents to which resistance is already widespread.
The surveillance data from GERMS-SA also provides a temporal dimension to the AMR threat. The 50% increase in antimicrobial use over three years suggests that the selective pressure for resistance is intensifying, and this trend is likely to continue if private-sector formularies remain unaligned with stewardship principles (Meiring et al., 2023). The public sector, which accounts for the majority of consumption, has made progress in aligning its prescribing with the EML and STGs, which are Access-oriented (LIST, 2017). However, the private sector’s disproportionate use of Watch and Reserve agents means that the overall resistance selection pressure in South Africa may be higher than what would be expected based on public-sector data alone.
The implications of this surveillance context for the present study are clear. The formulary divergence documented in Sections 4.2 and 4.5 is not merely an academic observation but has real-world consequences for AMR in South Africa. The private sector’s higher reliance on Watch and Reserve antibiotics, combined with the absence of explicit AWaRe-based restrictions or cost-sharing mechanisms in its formularies, creates conditions that favor the emergence and spread of resistant pathogens. The GERMS-SA data on increasing antimicrobial use and high resistance rates in priority pathogens provides a compelling rationale for policy interventions that would align private-sector formularies with the WHO AWaRe guidelines and national stewardship objectives (Meiring et al., 2023) (Chigome et al., 2026).
Furthermore, the surveillance context highlights the interconnectedness of the public and private sectors in driving AMR. While the private sector accounts for a smaller share of total antibiotic consumption, its higher proportion of Watch and Reserve use means that it may be a disproportionate source of resistance selection for these critical agents. Resistant pathogens that emerge in the private sector can spread to the broader community and to public healthcare facilities, undermining the stewardship gains achieved in the public sector. This interconnectedness underscores the need for a unified approach to antimicrobial stewardship that encompasses both sectors, with private-sector formularies playing a central role in reducing the selective pressure for resistance.
[bookmark: summary-of-key-quantitative-findings]Summary of Key Quantitative Findings
The key quantitative findings from this research are summarized in Table 4, which presents the comparative AWaRe distribution for the public-sector benchmark and the available private-sector prescribing data. This table consolidates the core numerical evidence demonstrating the divergence between the two sectors.

[bookmark: _Hlk231401729]Table 4. Comparative AWaRe Distribution of Antibiotic Use: Public Sector Benchmark vs. Private Sector Prescribing Data	Comment by Fatima Suleman: Should be Table 1 as I suggested
	AWaRe Category
	Public Sector (EML/STGs)
	Private Sector (Prescribing Study)

	Access
	Predominant (e.g., Penicillin 28%, Trimethoprim/sulfamethoxazole 13%, Metronidazole 12%)
	41% (Penicillin only)

	Watch
	Limited, specific indications (e.g., Third-generation cephalosporins)
	13% (Third-generation cephalosporins)

	Reserve
	Rare, tightly controlled
	20% (Carbapenems)

	Other/Unspecified
	Not applicable
	26%


The data in Table 4 clearly demonstrates the divergence between the public and private sectors. The public sector’s antibiotic use is heavily skewed towards Access agents, aligning with WHO recommendations that at least 60% of consumption should derive from this category (Chigome et al., 2026). In contrast, the private sector shows a significant proportion of Watch and Reserve antibiotic use, which is inconsistent with the principles of antimicrobial stewardship. The 26% of private-sector prescribing that is unspecified further complicates the analysis, as it may include additional Watch or Reserve agents, potentially making the private sector’s deviation from AWaRe guidelines even more pronounced than what is captured in the available data.	Comment by Fatima Suleman: You mix up results and discussion and repeat a lot of the text. Please put results separately and discussion separately taking care not to repeat things
The quantitative findings from the individual scheme formularies, as presented in Table 1, reinforce this pattern. None of the five schemes achieved the WHO’s target of at least 60% Access antibiotics in their most recent formularies, with Access proportions ranging from 47% (scheme 103) to 55% (scheme 201). The public-sector benchmark, by contrast, exceeded this target with 68% Access antibiotics. The private schemes exhibited correspondingly higher Watch proportions, ranging from 35% (scheme 201) to 41% (scheme 103), and Reserve proportions ranging from 10% (schemes 101 and 201) to 12% (schemes 102 and 103). These Reserve proportions are three times the public-sector benchmark of 4%, indicating a substantially greater reliance on last-resort antibiotics in the private sector.
The temporal data from scheme 202, which provided the longest coverage from 2016 to 2024, revealed a concerning trend: the proportion of Access antibiotics decreased from 58% to 50% over this period, while the Watch proportion increased from 22% to 39%. This shift represents a movement away from, rather than toward, the WHO’s recommended Access target, and it occurred during a period when national policies were explicitly recommending the opposite direction (NDOH, 2018). The quantitative evidence therefore suggests that the private sector’s divergence from AWaRe guidelines is not static but may be worsening over time.
The absence of explicit AWaRe-based cost-sharing mechanisms in all five schemes represents another key quantitative finding. As documented in Table 2, none of the schemes had implemented copayment tiers differentiated by AWaRe category, meaning that patients face no financial disincentive to choose Watch or Reserve antibiotics over Access agents. This absence of financial stewardship mechanisms is a missed opportunity to influence prescribing behavior at the point of care, particularly given that cost-sharing has been shown to reduce the use of non-preferred medications in other healthcare contexts (Mpanza, 2016).
The quantitative findings from the GERMS-SA 2022 report provide additional context for interpreting these formulary-level results (Meiring et al., 2023). The report documented a 50% increase in antimicrobial use over three years, with the public sector accounting for 87% of total consumption. However, the private sector’s disproportionately higher use of Watch and Reserve antibiotics—as evidenced by the formulary composition data in this study—means that the private sector contributes disproportionately to resistance selection pressure for these critical agents. This quantitative relationship between formulary composition and resistance selection pressure underscores the urgency of addressing the formulary divergence documented in this research.
Taken together, the key quantitative findings from this study paint a clear picture: the antibiotic formularies of five major South African medical schemes do not comply with the WHO AWaRe guidelines, as evidenced by Access proportions below the 60% target, Watch and Reserve proportions substantially higher than the public-sector benchmark, a temporal trend toward greater Watch use, and the absence of AWaRe-based cost-sharing mechanisms. These quantitative findings provide a robust evidence base for policy interventions aimed at aligning private-sector formularies with national antimicrobial stewardship objectives.

DISCUSSION	Comment by Fatima Suleman: I stopped reading here as there is so much repetition. Please rework and clearly separate results from discussion, and present each point ONCE.
The findings of this study carry significant implications for antimicrobial stewardship policy and practice in South Africa’s private healthcare sector. From a practical standpoint, the systematic deviation of all five medical scheme formularies from the WHO AWaRe target of at least 60% Access antibiotics suggests that current voluntary approaches to formulary governance are insufficient to achieve national stewardship objectives. Policymakers at the Council for Medical Schemes should consider mandating explicit AWaRe-based targets as a condition of scheme registration, requiring that formularies maintain a minimum proportion of Access antibiotics and implement prior-authorization requirements for Watch and Reserve agents. Such regulatory interventions would align with the recommendations of the South African Antimicrobial Resistance National Strategy Framework (NDOH, 2018), which called for the creation and monitoring of an AWaRe index for antibiotic consumption. Furthermore, the absence of AWaRe-differentiated cost-sharing mechanisms across all five schemes represents a concrete opportunity for intervention; schemes could implement tiered copayment structures that financially incentivize patients and prescribers to choose Access antibiotics, similar to the reference pricing systems already used for non-formulary medicines in scheme 101. The theoretical implications of this research extend to the broader understanding of how private health insurance markets respond to public health policy signals. The observed lag in policy responsiveness, despite a decade of national AMR strategy frameworks, suggests that private-sector formulary governance operates within a logic that prioritizes cost containment and member satisfaction over population-level stewardship goals, a tension that has been documented in other low- and middle-income country contexts (Dlungele & Mathibe, 2023).
Several methodological limitations must be acknowledged when interpreting these findings. The retrospective document analysis design relied on publicly available formulary documents, which were only partially retrievable for historical periods; scheme 202 provided the longest temporal coverage from 2016 to 2024, while schemes 102 and 103 had data available only for 2022 and 2024, constraining the temporal analysis and potentially masking important trends in policy responsiveness. The classification of antibiotics into AWaRe categories using the 2023 WHO database (Chigome et al., 2026) was straightforward for single-agent formulations, but combination products required decomposition into constituent active ingredients, introducing potential classification ambiguities for products containing both Access and Watch components. The governance analysis was particularly constrained by the opacity of private-sector decision-making; specific committee names, compositions, and decision-making criteria were not consistently accessible from public documents, meaning that the study could not assess whether formulary decisions were based on clinical evidence, cost considerations, or other factors. The private-sector prescribing data used for comparison with the public-sector benchmark was derived from a single study rather than from direct analysis of scheme-level claims data, which may not fully capture the prescribing patterns across all five schemes. Additionally, the public-sector benchmark was established from the Essential Medicines List and Standard Treatment Guidelines (STG, 2017), which represent recommended rather than actual prescribing patterns, potentially overstating the public sector’s adherence to AWaRe guidelines in practice.
Future research should address these limitations through several complementary approaches. There is a need for prospective studies that directly analyze medical scheme claims data to quantify actual antibiotic consumption patterns by AWaRe category, rather than relying on formulary listings as a proxy for prescribing behavior. Such studies could also examine the relationship between formulary composition and clinical outcomes, including the incidence of antibiotic-resistant infections among scheme members, to establish a direct evidence link between formulary governance and resistance selection pressure. Future research should explore the decision-making processes within private-sector formulary committees through qualitative interviews with pharmacy benefit managers and scheme administrators, as the opacity of current governance structures represents a critical knowledge gap that cannot be addressed through document analysis alone. Understudied areas include the role of financial incentives in shaping private-sector prescribing, particularly the relationship between antibiotic pricing, reimbursement rates, and the selection of Watch and Reserve agents; health economic analyses could quantify the cost-effectiveness of implementing AWaRe-based formulary restrictions from both the scheme and societal perspectives. Comparative studies across other low- and middle-income countries with mixed public-private healthcare systems would help determine whether the formulary divergence observed in South Africa is a localized phenomenon or a broader pattern in private health insurance markets. Finally, intervention studies that pilot AWaRe-based formulary restrictions or cost-sharing mechanisms in selected schemes, with rigorous evaluation of their impact on antibiotic consumption and resistance rates, would provide the evidence base needed to inform regulatory policy.

CONCLUSION
This study set out to evaluate whether the antibiotic formularies of five major South African medical schemes—coded as 101, 201, 102, 202, and 103—comply with the WHO AWaRe guidelines, specifically the recommendation that at least 60% of antibiotic consumption derive from the Access category. Our retrospective document analysis revealed that none of the five schemes achieved this target in their most recent formularies, with Access proportions ranging from 47% to 55%, substantially below the public-sector benchmark of 68%. The private sector exhibited a markedly higher reliance on Watch and Reserve antibiotics, including third-generation cephalosporins at 13% and carbapenems at 20% of prescribing, compared to the public sector’s more Access-oriented profile. Furthermore, the formularies lacked explicit AWaRe-based restrictions or cost-sharing mechanisms, and governance structures were characterized by opacity that precluded assessment of decision-making criteria. These findings challenge the assumption that private-sector formularies naturally align with national stewardship objectives and instead confirm that voluntary approaches have been insufficient to achieve policy goals.
The contribution of this research lies in its systematic documentation of the gap between national antimicrobial stewardship policy and private-sector formulary practice in South Africa. By quantifying the divergence across multiple schemes and over time, we provide evidence that the private sector is not merely failing to keep pace with public-sector stewardship efforts but, in the case of scheme 202, has moved in the opposite direction with decreasing Access and increasing Watch proportions from 2016 to 2024. This study clarifies that the policy framework established over the past decade has not been effectively translated into private-sector formulary governance, highlighting a critical implementation gap that has received limited attention in the literature. The findings underscore the need for stronger regulatory oversight of medical scheme formularies, including mandatory AWaRe-based targets and transparent governance requirements.
Future research should build on these findings by directly analyzing medical scheme claims data to quantify actual antibiotic consumption patterns by AWaRe category, rather than relying on formulary listings as a proxy for prescribing behavior. Qualitative studies exploring the decision-making processes within private-sector formulary committees would address the opacity documented in this research, while health economic analyses could quantify the cost-effectiveness of implementing AWaRe-based restrictions from both scheme and societal perspectives. The temporal trend observed in scheme 202 warrants further investigation to determine whether it represents a broader pattern across the private sector. Ultimately, the value of this work lies in its potential to inform regulatory interventions that align private-sector formularies with national stewardship objectives, thereby reducing the selective pressure driving antimicrobial resistance in South Africa.
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[bookmark: _Toc99950]4.1. Introduction 
This chapter integrates the key findings of the mini-dissertation and situates them within the broader aims of the study, the reviewed literature, and the South African antimicrobial stewardship context. The study set out to classify antibiotics listed on selected large South African medical scheme formularies according to the World Health Organization (WHO) Access, Watch, Reserve (AWaRe) framework and to assess the extent to which these formularies aligned with stewardship-oriented principles. In doing so, the study addressed an important evidence gap in the South African private healthcare sector, where medical scheme formularies function as influential reimbursement and prescribing instruments; yet have seldom been examined explicitly through an AWaRe lens.

The findings presented in the submitted paper indicate that the five medical schemes reviewed, coded 101, 201, 102, 202 and 103, did not demonstrate full alignment with WHO AWaRe recommendations when compared with the public-sector benchmark of the South African Essential Medicines List (EML) and Standard Treatment Guidelines (STGs). The analysis showed marked variability across schemes and a pattern of greater representation of Watch and Reserve antibiotics within private-sector formularies relative to the public-sector comparator. At the same time, the governance review found that although formulary management structures existed, transparency regarding committee composition, decision-making criteria, and stewardship-oriented restrictions was limited. Importantly, no explicit AWaRe-based restrictions or cost-sharing tiers were identified in the publicly available benefit documents and formulary materials reviewed.

This chapter therefore provides a synthesis of these findings, reflects on their significance for antimicrobial stewardship and formulary governance in South Africa, considers the principal strengths and limitations of the study, and offers recommendations for policy, practice, and future research. The intention is not merely to restate the results, but to draw together the implications of the evidence for medical schemes, policymakers, and other stakeholders seeking to strengthen private-sector alignment with national and global antimicrobial resistance (AMR) objectives.

4.2 Summary of Findings

The study was undertaken against the background of growing concern about antimicrobial resistance globally and in South Africa, and the recognition that stewardship interventions must extend beyond the public sector if national AMR responses are to be effective. Using a retrospective desktop document analysis, the study examined current and historical antibiotic formularies published between 2016 and 2024 by five major South African medical schemes. These formularies were compared with the public-sector EML/STGs benchmark, and listed antibiotics were classified using the 2023 WHO AWaRe database.

The central finding of the study is that substantial variation exists across large South African medical scheme formularies, and that this variation does not consistently support the prioritization of lower-resistance-risk antibiotics envisioned by the AWaRe framework. Whereas the public-sector benchmark demonstrated a predominance of Access antibiotics, the private-sector formularies showed a greater reliance on Watch and Reserve antibiotics. This pattern is especially important because the WHO recommends that at least 60% of antibiotic consumption should derive from the Access category in order to support rational use and reduce resistance selection pressure.

In the data reported in the dissertation, penicillins in the Access category accounted for 41% of prescribing, third-generation cephalosporins in the Watch category represented 13%, and carbapenems in the Reserve category accounted for 20%, while a further 26% remained unspecified. Although the study did not assess patient-level prescribing behavior directly, these proportions indicate an antibiotic environment in which higher-tier agents occupy a more prominent place than would be expected under an optimally stewardship-aligned formulary structure. The dominance of Access antibiotics observed in the public-sector benchmark was not reproduced with the same consistency across the private medical schemes analysed.

The findings also showed that the medical schemes differed materially from one another in the extent and pattern of their AWaRe distributions. This variability suggests that formulary design in the private sector remains fragmented rather than guided by a common stewardship standard. In practical terms, the reimbursement environment to which a prescriber is exposed may differ according to the patient’s scheme membership, even when the underlying clinical condition is similar. Such inconsistency weakens the possibility of a coherent, system-wide antimicrobial stewardship approach across the insured population.

A further important finding relates to formulary governance. The review established that governance mechanisms were present, either through internal committees or through third-party pharmacy benefit managers. However, the composition of these committees, the criteria used to make formulary inclusion or restriction decisions, and the degree to which stewardship considerations informed these decisions were not consistently publicly accessible. This opacity makes it difficult to determine whether formulary decisions are being shaped by explicit evidence-based stewardship principles, cost considerations, market dynamics, or a combination of these factors.

The governance review also found no explicit AWaRe-based restrictions or cost-sharing tiers in the formularies and benefit guides examined. This is notable because formularies can act not only as lists of reimbursable medicines, but also as active stewardship tools when linked to prior authorization, indication-based restriction, tiered reimbursement, or mandatory review processes for higher-risk antibiotics. The absence of clearly articulated AWaRe-linked controls suggests that the private-sector formularies studied are not yet using the framework in a deliberate operational manner.

Taken together, the findings support the study hypothesis that large South African medical scheme formularies are not fully aligned with WHO AWaRe recommendations. They also reinforce the broader argument developed in the dissertation that the private sector remains less structured than the public sector in relation to antimicrobial stewardship governance. Despite the existence of South Africa’s National AMR Strategy Framework, the observed formulary patterns suggest limited policy responsiveness in the private medical scheme environment.

4.3 Significance of Findings

The significance of these findings lies firstly in their contribution to a relatively underdeveloped evidence base on private-sector antimicrobial stewardship in South Africa. Much of the published South African stewardship literature has focused on public hospitals, national policy instruments, or facility-level prescribing audits. By contrast, this study shifts attention to medical scheme formularies themselves as policy-relevant instruments capable of shaping antibiotic access and influencing prescribing behavior indirectly through reimbursement design. In this respect, the study extends current understanding of stewardship beyond clinician behavior alone and highlights the structural role of financing and formulary governance.

Secondly, the findings are significant because they illustrate a disconnect between national stewardship intent and private-sector formulary implementation. South Africa has established strategic commitments to address AMR, and the public sector has developed mechanisms such as the EML and STGs to promote rational antibiotic use. However, the results of this study indicate that these stewardship principles are not being translated consistently into the formularies of major private medical schemes. The greater prominence of Watch and Reserve antibiotics within private formularies suggests that the insured private sector may continue to create selective pressure for resistance if reimbursement structures do not more actively support first-line Access antibiotic use.

Thirdly, the findings are important from a health systems perspective. South Africa’s healthcare system is characterized by marked public-private fragmentation. Although a minority of the population is covered by medical schemes, the private sector accounts for a disproportionate share of healthcare expenditure and medicine use. Formularies in this sector therefore have influence beyond their numerical population coverage because they shape norms of availability, prescriber expectations, and utilization patterns in a high-resource environment. Misalignment within this sector may undermine national stewardship efforts by allowing broader-spectrum antibiotics to remain comparatively accessible without clearly visible governance safeguards.
The study is also significant because it highlights transparency as a stewardship issue. The finding that committee membership, decision criteria, and formulary governance processes were not consistently accessible in the public domain points to a broader accountability gap. In the absence of transparent governance information, it is difficult for researchers, clinicians, regulators, and scheme members to evaluate whether formulary structures are clinically justified, aligned with resistance containment priorities, or responsive to emerging AMR evidence. Transparency is therefore not merely an administrative ideal; it is a practical requirement for stewardship credibility and policy oversight.

In addition, the results have implications for equity and standardization. The observed inter-scheme variability suggests that access to stewardship-aligned antibiotic reimbursement may depend partly on which medical scheme a beneficiary belongs to. This creates the potential for uneven prescribing incentives across the private sector. In a country seeking greater coherence in healthcare financing and quality standards, such variability supports the argument for clearer benchmarks or minimum stewardship expectations for private formulary governance.
Finally, these findings are significant because they show that the AWaRe framework has practical value as an evaluative and benchmarking tool within the South African private healthcare context. The framework enabled comparison across different formularies and against the public-sector benchmark in a way that is understandable, policy relevant, and internationally comparable. The study therefore demonstrates the utility of AWaRe not only for monitoring national consumption, but also for interrogating reimbursement structures and governance systems that may facilitate or constrain rational antibiotic use.

4.4 Strengths and Limitations

A key strength of this study is that it addresses an important gap in South African pharmaceutical policy and antimicrobial stewardship research. To the knowledge reflected in the dissertation, few prior studies have systematically classified antibiotics listed on large South African medical scheme formularies according to the WHO AWaRe framework. By focusing on five major schemes identified through their membership size, the study captured an influential segment of the private healthcare market and generated findings relevant to a substantial proportion of the insured population.

Another strength lies in the use of a structured and replicable analytical approach. Antibiotics were extracted from formularies using a defined data collection process and mapped against the 2023 WHO AWaRe database, with comparison to the public-sector EML/STGs benchmark. This provided a clear and internationally recognized framework for evaluating formulary alignment. The inclusion of both formulary content and governance considerations further strengthened the analysis by acknowledging that stewardship is shaped not only by what medicines are listed, but also by how listing decisions are governed.

The use of publicly available documents is also a methodological strength in that it reflects the information environment accessible to prescribers, beneficiaries, and external stakeholders. In other words, the study assessed what could reasonably be inferred from documents available in the public domain, which is directly relevant to issues of transparency and accountability.

However, several limitations should be acknowledged. First, the study was a desktop document analysis and did not assess actual prescribing patterns at patient or provider level. As a result, the findings demonstrate formulary structure and potential stewardship alignment, but they cannot establish direct causal relationships between formulary design and real-world antibiotic use. A formulary may list a medicine without that medicine necessarily being widely prescribed, just as restrictions may exist in operational practice without being fully visible in public-facing documents.

Second, the analysis was limited to publicly accessible formularies, benefit guides, provider portal information, and regulatory filings. It is possible that some internal restrictions, review criteria, or stewardship processes were in place but not publicly disclosed. This limitation is itself relevant to the study’s transparency findings, but it nonetheless means that the governance analysis may underrepresent non-public controls.

Third, the study included five major schemes and therefore cannot claim to represent all South African medical schemes or all private-sector reimbursement arrangements. Smaller schemes, restricted schemes, or scheme options with highly specialized benefit designs may exhibit different patterns. Nevertheless, the selected schemes were appropriate for the study aim because of their market relevance and influence.
Fourth, a proportion of prescribing or formulary classification was reported as unspecified. This constrains the precision with which overall AWaRe alignment can be interpreted and signals the challenges of document-based classification where descriptions may be incomplete or not directly mappable. Although this does not invalidate the broader findings, it suggests that improved standardization of formulary reporting would enhance future analyses.

Lastly, the comparison with the public-sector benchmark must be interpreted carefully. The public EML/STGs and private medical scheme formularies operate within different institutional, financing, and clinical contexts. While comparison is useful for stewardship benchmarking, the sectors are not perfectly equivalent. Even so, the benchmark remains appropriate because it reflects South Africa’s most established national medicine selection framework and provides a relevant reference for stewardship-oriented antibiotic prioritization.

4.5 Recommendations

The findings of this study point to the need for practical and policy-relevant interventions that strengthen antimicrobial stewardship within South Africa’s private healthcare sector. 

The first recommendation is that medical schemes and their contracted pharmacy benefit managers should explicitly incorporate the WHO AWaRe framework into formulary design and review processes. This does not imply that all Watch and Reserve antibiotics should be removed from formularies, since many are clinically necessary, but rather that their inclusion should be justified within a structured stewardship framework that clearly prioritizes Access antibiotics for routine first-line indications wherever appropriate.

Related to this, schemes should develop transparent criteria for formulary listing, restriction, and periodic review of antibiotics. These criteria should include clinical effectiveness, resistance risk, alignment with national STGs where relevant, affordability considerations, and the AWaRe category of each agent. Making such criteria publicly available would improve accountability and demonstrate stewardship intent. Greater transparency should also extend to formulary governance structures, including publication of committee roles, professional representation, and broad decision-making principles.

A further recommendation is that private-sector formularies should implement clearer stewardship controls for selected Watch and Reserve antibiotics. Depending on the setting and medicine, such controls may include prior authorization, specialist motivation, indication-linked reimbursement, duration limits, or post-prescription review. The purpose of these measures should not be purely cost containment, but clinically grounded stewardship that preserves antibiotic effectiveness while maintaining appropriate patient access. Where restrictions are introduced, they should be supported by efficient administrative systems so that necessary treatment is not delayed in urgent circumstances.

Medical schemes should also consider the development of AWaRe-informed monitoring indicators for routine internal surveillance. These indicators could track the proportional distribution of reimbursed antibiotics across Access, Watch, and Reserve categories over time, identify outlier trends by therapeutic class or level of care, and support targeted stewardship interventions. Linking formulary monitoring to claims data, where feasible, would provide a more accurate picture of utilization than formulary review alone and allow schemes to assess whether policy changes are influencing prescribing behavior.

At a broader policy level, there is a need for stronger engagement between private-sector funders, regulators, and national stewardship stakeholders. Bodies such as the Council for Medical Schemes, in collaboration with the National Department of Health and relevant professional organizations, should consider developing minimum stewardship-oriented expectations or guidance for antibiotic formulary governance in the private sector. Such guidance could encourage more consistent application of AWaRe principles without eliminating necessary scheme-level flexibility. In the South African context, where the health system remains divided across public and private sectors, greater harmonization of stewardship principles would strengthen the national AMR response.

Capacity building is another important recommendation. Formularies alone are insufficient if prescribers, pharmacists, and scheme decision-makers are not supported with ongoing stewardship education. Private-sector continuing professional development initiatives should therefore reinforce the clinical rationale of AWaRe, local resistance trends, and the importance of reserving broader-spectrum agents for appropriate indications. Pharmacists, particularly those involved in medicine benefit management, can play an expanded role in utilization review, feedback, and guideline-concordant substitution where clinically appropriate.

Future research should build on this study by moving beyond document analysis to include claims-based utilization studies, qualitative interviews with formulary decision-makers, and analyses of the relationship between formulary restrictions and actual prescribing patterns. There is also a need to evaluate how scheme option design, out-of-pocket costs, and provider networks influence antibiotic selection in the private sector. Longitudinal research would be especially valuable in determining whether private-sector formulary policies become more responsive over time to national AMR priorities and updates to WHO AWaRe guidance.

Finally, consideration should be given to improving the standardization of how formulary information is presented publicly. More consistent reporting of antibiotic listings, restrictions, approval pathways, and stewardship rationale would support both accountability and research. Standardized reporting templates could facilitate more comparable oversight across schemes and make it easier to identify where policy improvement is needed.

4.6 Conclusion

This mini-dissertation set out to evaluate the classification of antibiotics listed on five large South African medical scheme formularies according to the WHO AWaRe framework and to assess the extent to which these formularies align with stewardship principles. The study found that, when compared with the public-sector EML/STGs benchmark, the private-sector formularies reviewed did not fully comply with WHO AWaRe recommendations. Considerable inter-scheme variability was observed, and the overall pattern indicated greater reliance on Watch and Reserve antibiotics than would be desirable from a stewardship perspective. The study further found that while formulary governance structures existed, transparency regarding committee composition, decision-making criteria, and stewardship-oriented controls was limited, and no explicit AWaRe-based restrictions or cost-sharing tiers were identified in the reviewed documentation.

These findings have important implications for South Africa’s response to antimicrobial resistance. They suggest that private-sector formulary design remains an underutilized policy lever for antimicrobial stewardship, despite the sector’s substantial influence on antibiotic access and use. In a setting where national AMR policy commitments already exist, failure to translate stewardship principles into private reimbursement structures risks weakening the overall coherence of the national response.

The study therefore concludes that improved alignment between medical scheme formularies and the WHO AWaRe framework is both necessary and feasible. Achieving this will require stronger formulary governance, greater transparency, deliberate prioritization of Access antibiotics, more explicit controls on selected Watch and Reserve agents, and better monitoring of private-sector antibiotic use. While further research is needed to examine utilization patterns and policy implementation in greater depth, the present study provides an important foundation for strengthening antimicrobial stewardship in South Africa’s private healthcare sector. In this way, the dissertation contributes evidence that can support more responsible antibiotic governance and help preserve the effectiveness of these essential medicines for future generations.
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