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Abstract 

Background: 

Antimicrobial resistance (AMR) poses a critical threat to health systems globally, with the highest 

burden borne by low- and middle-income countries (LMICs), where inappropriate antibiotic use is 

widespread in community healthcare settings. Despite growing recognition of antimicrobial 

stewardship (AMS) as a key strategy to combat AMR, most interventions remain hospital-focused. 

Digital health tools offer promising, scalable solutions to strengthen AMS at the community level in 

LMICs. However, their effectiveness remains inadequately synthesised. 

 

Objective: 

To systematically assess the effectiveness, implementation feasibility contextual and behavioural 

factors influencing digital AMS interventions in community healthcare settings across LMICs. 

 

Methods: 

This review followed the PRISMA guidelines and included studies published between January 2000 

and May 2025. Seven databases (PubMed, Embase, Scopus, Web of Science, Cochrane Library, WHO 

Global Index Medicus, TRIP Database) and grey literature sources were searched. Studies were 

eligible if they evaluated digital AMS interventions involving patients, providers or policymakers in 

LMIC community settings. Risk of bias was assessed using RoB 2 for RCTs, ROBINS-I for 

observational studies and CASP for qualitative designs. Narrative synthesis and subgroup analysis 

were conducted using a RE-AIM-informed analytical framework. 

 

Results: 

Twenty-four studies from 18 LMICs were included, with most interventions targeting healthcare 

providers. CDSS tools such as ePOCT, ALMANACH and eIMCI consistently reduced antibiotic 

prescribing rates (4%–84% reduction) from13 studies and inappropriate prescribing (12 studies), with 

moderate to high evidence certainty. Clinical outcomes (9 studies) confirmed non-inferiority or 

improvements in recovery rates. Behavioural improvements in provider knowledge, confidence and 

caregiver engagement were observed in 12 studies. However, data on antimicrobial resistance trends, 

antibiotic class selection and cost-effectiveness were limited. 

 

Conclusion: 

Digital AMS interventions, demonstrate substantial potential to improve prescribing quality and 

clinical outcomes in LMIC community settings. Future efforts should prioritise economic evaluations, 

scalability and integration with health systems to ensure sustainable impact on AMR. 

 

(295 words) 
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1. Introduction 

1.1 The Global Burden of Antimicrobial Resistance (AMR) 
Widely referred to as the ‘Silent Pandemic’, antimicrobial resistance (AMR) has emerged as a 

defining global health risk of the 21st century claiming over a million lives annually (1, 2). It arises 

when microbes including bacteria, viruses, fungi and parasites develop the ability to withstand 

antimicrobial agents designed to kill them, rendering standard treatments ineffective (2-4). This 

phenomenon results in longer illness durations, treatment failures, increased medical costs and 

heightened mortality rates (2). Although AMR spans a wide range of pathogens and drugs, this review 

will focus specifically on antibiotics, given their central role in community healthcare and their 

disproportionate contribution to the global resistance burden (1). Antibiotic resistance now threatens 

progress across all age groups. While AMR-related mortality in children has declined by over 50% 

since 1990, older adults have become increasingly vulnerable, with deaths among those aged 70 and 

above rising by more than 80% during the same period (1).  

This growing burden is reflected in specific pathogen–drug combinations, with Methicillin-resistant 

Staphylococcus aureus (MRSA) accounting for approximately 130,000 deaths in 2021, up from 

57,200 in 1990 (1, 5, 6). Similarly, Carbapenem resistance among Gram-negative organisms saw the 

largest rise in AMR mortality, increasing from 127,000 to 216,000 deaths globally between 1990 and 

2021, more than any antibiotic class over that period (1). This has led to increasing reliance on last-

resort drugs like colistin, which are expensive, less available and associated with significant toxicity 

and resistance development themselves. Forecasts for the coming decades are alarming. Without 

interventions, deaths associated with AMR may reach 10 million annually, surpassing current cancer 

mortality (7). Cumulatively, this could result in nearly 39 million direct deaths between 2025 and 2050 

or three deaths every minute (1).  

The economic repercussions are equally disturbing. A World Bank analysis estimated that by 2030, 

AMR could reduce global GDP by up to 3.8%, while health system costs might increase by US $1 

trillion annually by 2050 (8). More recent modelling suggests global health expenditures could increase 

by US $66 billion per year, escalating to US $159 billion by 2050 under a business-as-usual scenario 
(9). Even high-income countries (HICs) are feeling the impact. In the United States, antibiotic-resistant 

infections incur US $21-34 billion in healthcare expenses and over eight million extra hospital days 

per year (10). Likewise in Europe, resistance-related healthcare costs may reach US $3.5 billion 

annually, which is seven times more than that needed to manage Tuberculosis (11, 12). Globally, 

treatment-resistant infections often require expensive alternative therapies and prolonged 

hospitalization, adding US $29,000 per episode in some cases (13, 14).  

Beyond mortality and economic strain, AMR threatens the very foundations of modern medicine. 

Routine procedures such as surgery, chemotherapy and transplants rely on effective antimicrobials for 

infection prevention. The loss of these drugs could derail decades of medical progress and signal a 

reversal to a ‘pre-antibiotic era’ (15, 16). The drivers behind this crisis are multifaceted including 

overprescription, suboptimal antibiotic stewardship, lack of rapid diagnostics and extensive use of 

antibiotics in agriculture, that work synergistically to accelerate resistance (3, 4, 17, 18). Concurrently, 

development of new antibiotic pipelines lags behind the pace of resistance emergence, exacerbating 

this global threat (19). In recognition of the gravity of AMR, international bodies have initiated 

concerted actions. The establishment of the Global Antimicrobial Resistance Surveillance System 

(GLASS) (20) by the World Health Organization (WHO) and inclusion of AMR on other global 

development agendas underscore the growing political commitment (21, 22). However, the scale of the 

threat continues to outpace current global responses. Strategic, multi-sectoral interventions including 

improved stewardship, accelerating diagnostics and drug development and enhancing surveillance are 

urgently needed to curb the projected humanitarian and financial toll. 
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1.1.1 The AMR Landscape in Low- and Middle-Income Countries (LMICs) 

LMICs, particularly in sub-Saharan Africa (SSA) and South Asia, bear a disproportionate burden of 

AMR, accounting for nearly 90% of global AMR-related deaths (1, 23) (see Figure 1). Compared to 

HICs, the consequences in LMICs are more severe with resistant infections associated with higher 

mortality and twice the risk of ICU admission (24). This burden is driven by a complex interplay of 

health system, socioeconomic, environmental and policy factors (25-27). Inadequate pharmaceutical 

governance and high drug costs (15) have facilitated the widespread sale of over-the-counter (OTC) 

antibiotics without prescriptions, often by untrained vendors or through informal outlets  (28-30). Such 

practices are especially prevalent in rural and underserved areas, where financial hardship and 

sociocultural norms frequently delay access to formal care, increasing reliance on informal providers 
(31, 32). Non-prescription antibiotic use ranges from 38% to 93.8% (32, 33), with one South American 

review reporting 78% of pharmacies in South America engaging in this practice (34). Such misuse 

contributes to subtherapeutic dosing, incomplete treatment and accelerated resistance (35), a trend 

further intensified during the COVID-19 pandemic, particularly in countries lacking robust 

antimicrobial stewardship (AMS) frameworks (36). 

 

 

Figure 1: This figure illustrates the global burden of deaths attributable and associated to AMR, showing a 

predominance in Asia and Africa. It was created using the data from the Institute For Health Metrics And 

Evaluation platform (37) 

 

 

Despite the widespread adoption of national AMR action plans, over half of LMICs do not report 

antibiotic consumption data, reflecting critical implementation gaps (38). These shortcomings are largely 

attributed to inadequate financing and the absence of stewardship infrastructure in primary care (39, 40). 

Surveillance systems are similarly underdeveloped, often characterised by fragmented laboratory 

networks, inconsistent reporting and insufficient data infrastructure  (4, 39, 41). In the Asia-Pacific region 

for example, only a handful of countries have established even rudimentary AMR surveillance systems 
(42). This shortfall has routinely been highlighted by the WHO’s GLASS initiative, which noted limited 

and incomplete surveillance contributions from LMICs, in contrast to their higher-income peers (20)
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Compounding these challenges are the environmental dimensions of AMR, particularly the unchecked 

use of antibiotics in agriculture (17). In LMICs, livestock antibiotic consumption is poorly monitored 

and largely unregulated, with projections indicating an increase from 131,000 tonnes in 2013 to over 

200,000 tonnes by 2030, driven predominantly by rising demand in these regions (43). Antibiotic 

runoff from farms contaminates soil and water systems, selecting for resistant organisms and creating 

environmental reservoirs that endanger human health (44, 45). These ecological threats are mirrored by 

critical gaps in the global research and development (R&D) pipeline (15). Current innovation efforts 

remain skewed on pathogens prevalent in high-income settings, with limited incentives to address 

resistant organisms common in LMICs. Concurrently, initiatives to strengthen local antibiotic 

manufacturing and procurement systems in these settings remain inconsistent and insufficiently 

aligned with local health system needs (46).  

Despite these sobering challenges, promising progress is emerging. Countries such as Bangladesh and 

Vietnam have implemented national surveillance pilots, regulatory reforms and workforce training to 

enhance AMS capacity (47, 48). Targeted vaccination programmes such as those for pneumococcal and 

typhoid diseases have also helped reduce antibiotic use and resistance in these settings (49, 50). 

Additionally, regional collaborations and global One Health initiatives, which integrate human, 

animal and environmental health are also slowly strengthening AMR governance and coordination  (51-

53). While these developments offer hope, they must evolve into sustainable, system-wide strategies 

that are contextually adapted to the complex realities of LMICs. 

 

 

1.2 Antimicrobial Stewardship (AMS): Concepts, Evolution and Evidence 

AMS is defined as a set of coordinated strategies designed to improve and measure the appropriate 

use of antimicrobials by promoting optimal drug selection, dosing, duration and route of 

administration (54, 55). First conceptualised in the late 1990s, AMS emerged as a response to the 

accelerating pace of resistance development and the dwindling supply of novel antimicrobials (56). Its 

foundational goal was to conserve existing treatment options while ensuring effective care. A major 

milestone occurred in 2015 with the launch of the WHO’s Global Action Plan on AMR, which 

designated AMS as a strategic priority (57). By 2022, 76% of HICs and 42% of LMICs had adopted 

national AMS guidelines, highlighting growing global commitment to stewardship (58). This 

momentum has been reinforced by complementary international efforts, including those led by the 

Foundation to Prevent Antibiotic Resistance (PAR) (59) and the A Clinically-Oriented Antimicrobial 

Resistance Surveillance Network (ACORN) (60), which have supported the advancement of 

stewardship initiatives worldwide. 

 

Originally centred on formulary restrictions, AMS has since evolved into multifaceted and 

multidisciplinary programmes incorporating patient and clinician education, audit and feedback and 

the utilisation of decision support tools (61). In hospital settings, these interventions have demonstrated 

significant clinical benefits. A 2020 programme reported a reduction in antibiotic consumption from 

320 to 233 defined daily doses (DDDs) per 1,000 patient-days, alongside an 85% decline in 

Clostridioides difficile infections (62). A 2019 systematic review also linked AMS to an 18.1% 

reduction in mortality and a shortened hospital stay by over three days (63). In paediatrics, AMS 

initiatives have effectively reduced broad-spectrum antibiotic use, particularly third-generation 

cephalosporins (64, 65). Although limited, evidence from primary care settings also points to the 

potential of AMS interventions to reduce inappropriate antibiotic prescribing and curb multidrug-

resistant organism colonisation (66-68). 

 

AMS interventions have also consistently demonstrated substantial cost savings, with reductions 

ranging from 10% to 60% per programme (69, 70). In Canada, mean antimicrobial costs declined from 

$18.40 to $14.53 per patient-day (71), while a single hospital in Spain saved nearly one million Euros 
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over five years (72). Despite these promising results, AMS remains largely hospital-focused, with little 

application in LMIC community settings due to numerous challenges for intervention implementation 
(40). Nevertheless, evidence from hospitals suggests that AMS can also reduce unnecessary antibiotic 

prescribing in community care. In response, consensus guidelines have emphasised adaptable core 

components such as institutional commitment, education and monitoring mechanisms as foundations 

for scalable AMS (73, 74). Crucially, successful implementation depends on multidisciplinary 

collaboration, requiring the sustained engagement from clinicians, nurses, pharmacist and most 

importantly patients (75). Strengthening such integrated approaches is vital to advancing stewardship in 

resource-constrained health system contexts. 

 

 

          1.2.1 The Critical Role of Community Healthcare in Antimicrobial Use 

Community healthcare, often the first point of contact within health systems, plays a pivotal role in 

shaping patterns of antibiotic use. In many countries, particularly LMICs, ‘community care’ 

encompasses not only primary care settings like clinics, pharmacies and general practices but also 

elements of secondary care including smaller district and sub-district hospitals (76). Although these 

facilities are technically categorized as hospital-level, they often provide frontline, community-level 

care due to health system fragmentation and limited tertiary access (77). Globally, up to 80% of 

antibiotics are prescribed in community settings, making them a critical target for AMS interventions 
(78). In HICs, over 70% of antibiotic consumption occurs outside hospital settings (79, 80). This 

proportion is higher in LMICs mainly because of the greater burden of communicable diseases (81). 

Respiratory tract infections, despite being largely viral and self-limiting are the leading cause of 

antibiotic prescriptions, with up to 50% of patients with acute cough receiving antibiotics 

unnecessarily (82). Following closely behind, urinary tract infections along with common skin and 

dental conditions also drive high antibiotic prescribing volumes in primary and lower-level secondary 

care (83, 84). 

 

A major driver of inappropriate prescribing in LMICs is the widespread lack of diagnostic capacity, 

forcing clinicians to rely on symptom-based diagnosis and empirical treatment (7). Prescribing 

practices are further influenced by patient expectations, reputational concerns and financial incentives 

linked to medication sales (47, 75). Concurrently, self-medication is widespread, with individuals using 

leftover drugs, discontinuing treatment prematurely or sharing antibiotics, driven by low health 

literacy, cost barriers and prevailing norms (8, 15, 33). Evidence suggests that community antibiotic use 

drives the selection of AMR by promoting the proliferation of resistance genes in both pathogenic and 

commensal organisms. For instance, prior outpatient antibiotic use is associated with colonisation by 

extended-spectrum β-lactamase (ESBL)-producing Enterobacteriaceae (85, 86). Similarly resistant 

urinary pathogens like Escherichia coli have also become increasingly common in outpatient care (87). 

 

Community-based AMS interventions have however yielded some encouraging results. Delayed 

prescribing strategies for respiratory tract infections have significantly reduced unnecessary antibiotic 

consumption without compromising clinical recovery (88). Educational and communication-focused 

interventions within general practice settings have achieved up to 50% reductions in inappropriate 

prescribing (89, 90), while broader community stewardship efforts have been shown to improve public 

understanding of AMR and enhance adherence to prescribing guidelines (91). To further promote 

rational antibiotic use, the WHO introduced the AWaRe classification system, which groups 

antibiotics into Access (first-line, low resistance potential), Watch (higher resistance risk) and Reserve 

(last-resort) options (92). Despite these promising interventions, AMS efforts in LMICs remain 

underdeveloped due to lack of implementation tools, insufficient provider training and inadequate 

alignment with local formularies.  
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1.3 Harnessing Digital Health Tools to Strengthen AMS  

Digital health innovations have become central to modern AMS strategies, enhancing the precision, 

timeliness and reach of interventions aimed at optimising antimicrobial use. The WHO defines digital 

health as “the use of digital technologies to improve health” (93). These encompass clinical decision 

support systems (CDSS) which guide prescribing and can be embedded in electronic health records 

(EHRs) or accessed via mobile devices (94), mobile health (mHealth) applications to support patient 

education, adherence and symptom tracking (15) as well as telehealth platforms to facilitate remote 

consultations (95). More recently, artificial intelligence (AI) tools using machine learning have been 

employed to analyse clinical and microbiological data, enabling prediction of infection risk and 

recommending appropriate antibiotic therapy to reduce misuse (31, 96) 

 

In HICs, digital AMS has evolved substantially, particularly in hospital settings over the past two 

decades. Initial efforts centred on computerized prescribing alerts within EHR systems, providing 

clinicians with reminders or restriction protocols based on antibiotic classes (97). These have since 

advanced into sophisticated CDSS that integrate microbiology, pharmacy and patient-specific data to 

generate real-time recommendations on drug choice, dose and duration (98). Evidence supports their 

effectiveness in enhancing guideline adherence and reducing unnecessary antibiotic use(94). For 

instance, in an Australian intensive care unit, CDSS implementation led to significant reductions in 

overall antibiotic consumption, including agents from the WHO 'Watch' and 'Reserve' categories, such 

as third-generation cephalosporins and carbapenems, which are critical for minimizing resistance 

development (99). Similarly, American hospitals that evaluated the effect of digital decision support 

through audits observed decreased vancomycin prescribing without compromising patient outcomes 
(100, 101). AI-based tools have also enhanced AMS through improved laboratory-clinical integration. 

The use of predictive analytics in molecular diagnostics have enabled earlier pathogen identification 

and resistance profiling, reducing turnaround times compared to traditional, labour-intensive 

microbiology techniques, allowing for earlier de-escalation or escalation of therapy (102). 

 

In outpatient and resource-limited settings, non-CDSS mobile tools and other digital applications are 

gradually widening access to AMS support. Smartphone-based platforms offering localised antibiotic 

guidelines, dosing calculators and pathogen-specific advice are now in use across more than 90 

countries (103). Notable examples include the ‘Rehydration Calculator’ application in Bangladesh, 

which supports diarrhoeal disease management (104) and the Commonwealth Partnerships for 

Antimicrobial Stewardship (CwPAMS) application, used in Ghana, Uganda, Zambia and Tanzania, 

which has improved prescriber confidence and reduced deviation from guidelines (105). In remote or 

smaller community hospitals, tele-AMS platforms have further expanded stewardship reach. In one 

program, antibiotic use was reduced from 30–50% to under 5%, with improved adherence to local 

formularies (95). Digital surveillance systems also play a crucial role in monitoring AMS outcomes. 

Integrated dashboards can now track antimicrobial consumption, resistance trends and compliance 

metrics in real time (106). The English Surveillance Programme for Antimicrobial Utilisation and 

Resistance (ESPAUR) exemplifies this approach, enabling national-level monitoring and feedback 

that contributed to a sustained reduction in community antibiotic use in England (107).  

 

Cognizant of the strategic value of such digital approaches, global health institutions have 

increasingly advocated for their adoption. The WHO, the Centers for Disease Control and Prevention 

(CDC) and the European Centre for Disease Prevention and Control (ECDC) have all issued technical 

guidance on integrating digital tools into national AMR action plans (74, 93, 108), while platforms like the 

Digital Health Atlas has helped facilitate the coordinated implementation of such initiatives (109). As 

the digital health ecosystem matures, its integration with AMS priorities offers a powerful mechanism 
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for improving antibiotic use, advancing diagnostics, supporting clinical decision-making and enabling 

robust, scalable monitoring systems. 

 

 

          1.3.1 Opportunities and Challenges for Digital AMS in LMICs 

Digital health interventions hold transformative potential for improving AMS in LMICs. The 

increasing ubiquity of mobile technologies, coupled with lessons learned from previous digital health 

successes in malaria and HIV/AIDS control, lays a strong foundation for expanding digital AMS 

across varied healthcare contexts (110, 111). For instance, SMS-based systems for malaria surveillance in 

Zambia and Kenya have been shown to facilitate early outbreak detection and timely treatment 

deployment, reducing transmission and mortality (112, 113). Similarly in HIV care, electronic patient 

monitoring systems improved adherence to antiretroviral therapy and follow-up rates, while 

teleradiology initiatives have enhanced tuberculosis diagnostics in rural areas (114, 115). These 

precedents underscore the scalability and adaptability of digital tools to support infectious disease 

control and stewardship.  

 

At the patient and community level, digital platforms have been employed to raise awareness and 

influence health-related behaviours. Telemedicine applications, virtual health assistants (116), social 

media health campaigns (117) and interactive online games (118) have effectively disseminated 

information on appropriate antibiotic use, the risks of self-medication and the importance of 

adherence. These tools have shown considerable success in promoting behaviour change, particularly 

when delivered through culturally sensitive and linguistically appropriate platforms, demonstrating 

measurable improvements in health literacy and reductions in unnecessary antibiotic demand.  

 

For health system administrators and policymakers, digital tools provide critical infrastructure to 

strengthen AMS through enhanced surveillance, data-driven decision-making, cross-sector 

collaboration and scalability. Electronic platforms support real-time monitoring of antibiotic use, 

resistance patterns and AMS intervention outcomes across care levels and regions. The Africa CDC-

led AMR Surveillance Network exemplifies this, linking over 20 countries via a centralised dashboard 

that integrates laboratory and prescription data to inform regional responses  (119). Advanced analytics, 

including big data and geographic information systems, enable predictive modelling of AMR hotspots 

and optimisation of supply chain logistics, facilitating timely, evidence-informed decisions. Digital 

tools also promote cross-sectoral integration and scalability across LMICs (31). For example in Nepal, 

the introduction of digital AMR portals has improved the timeliness, accuracy and interoperability of 

its health system data (120).  

 

However, the successful implementation of digital AMS interventions in LMICs is contingent upon 

navigating a constellation of challenges spanning infrastructure, financing, cultural and behavioural 

dynamics as well as regulatory and institutional frameworks. Infrastructural limitations such as 

unreliable electricity, poor internet connectivity and inadequate hardware maintenance remain critical 

barriers, particularly in rural settings (121). Even when digital platforms are available, interoperability 

issues between proprietary systems and fragmented vertical programmes hinder effective integration 
(122). Financial sustainability also remains precarious, as many digital AMS initiatives rely on short-

term donor funding without secure government budget allocations or incorporation into national 

health financing frameworks (123). 

Culturally, hierarchical dynamics and provider scepticism toward technology may impede the uptake 

of digital tools (124, 125). Adoption barriers are further compounded by limited digital literacy, increased 

perceived workload and concerns about deskilling among frontline providers  (126). On the regulatory 

front, weak regulatory environments contribute to privacy concerns, lack of standardisation and 
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unclear accountability in AMS data management (127, 128). Moreover, over-reliance on trial-based 

models without national scale-up strategies risks producing siloed, unsustainable efforts (129. While not 

a silver bullet for AMR, digital AMS interventions when effectively integrated, represent a powerful 

lever to enhance antimicrobial governance and evolve from promising pilots to enduring, population-

level impact. 

 

 

1.4 Rationale and Significance of This Review 

AMR poses a critical and escalating threat to global health, jeopardising decades of progress in 

infectious disease control, surgical safety and universal health coverage. Although the majority of 

antibiotic prescribing occurs in outpatient and community healthcare settings (78), stewardship efforts 

to date have largely concentrated on hospitalised patients (100, 101). This imbalance represents a 

significant oversight in addressing inappropriate antibiotic use, particularly within communities where 

it is most prevalent. Digital health interventions have demonstrated potential in reducing inappropriate 

antibiotic use in HICs, offering improved diagnostic support, provider guidance and patient education. 

Notably, LMICs have already leveraged digital tools with measurable success in malaria control (110), 

HIV management (111) and epidemic surveillance (119), underscoring the feasibility of similar 

approaches in community-based AMS.  

 

Despite these encouraging precedents, only a few existing studies have disaggregated findings by type 

of digital tool or target user group whether patients, providers or policymakers. This lack of 

granularity constrains the ability of stakeholders in LMICs to make evidence-informed decisions 

regarding context-appropriate and cost-effective digital AMS investments. There remains an urgent 

need to systematically assess the effectiveness, scalability and contextual relevance of digital AMS 

interventions within LMIC community settings. This requires examining the factors that shape 

implementation success, including infrastructure, digital literacy and regulatory environments.  

 

This systematic review was therefore designed to address these critical knowledge gaps. Its scope is 

intentionally broad, encompassing a wide range of digital health interventions relevant to patients, 

healthcare providers and policymakers. To the best of current knowledge, it is the first systematic 

review to adopt a multi-stakeholder approach, explicitly grouping and analysing findings by end-user 

category in these setting. This structure enables a nuanced understanding of how digital tools 

influence prescribing behaviours, clinical decisions and health system dynamics across levels of care.  

 

By focusing exclusively on studies conducted in LMICs within community healthcare settings, this 

review seeks to determine not only the effectiveness of digital AMS tools but also the mechanisms 

through which they operate, the contexts that enhance their impact and the barriers that hinder their 

adoption. In doing so, the review seeks to inform future research agendas and provide strategic 

guidance to national governments, global donors and implementation partners to support the 

development of scalable, context-sensitive digital AMS strategies that strengthen LMIC health 

systems and contribute to the global AMR response.  

 

 

1.5 Aims and Research Questions 

This study aims to synthesise the findings from available literature and add to the evidence base by 

providing a more comprehensive and nuanced understanding of the effectiveness of digital AMS 

initiatives in community healthcare settings in LMICs. By evaluating their impact not only on 

antibiotic prescribing patterns, resistance trends and patient outcomes but also the pathways through 

which these changes occur, this review seeks to provide actionable insights for healthcare providers, 

researchers and policymakers. More importantly, it further examines the contextual factors that shape 

the implementation and sustainability of these interventions in resource-constrained settings. 
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The principal and secondary research questions identified after conducting a pilot search are: 

 

Primary Research Question: 

1) How effective are digital interventions in improving antibiotic use among patients, 

influencing providers' prescribing practices, and guiding policymakers in community 

healthcare settings in LMICs? 

Secondary Research Questions: 

2) What are the pathways through which effective digital interventions influence patient and 

provider behaviours and antibiotic resistance trends in community settings? 

3) What are the facilitators and barriers to implementing digital AMS initiatives in LMICs, and 

how can these be optimised? 

 

 

2. Methods 

2.1 Study Approach  

This systematic review employed a structured and rigorous methodology based on the Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines. The review 

synthesised evidence on the effectiveness of digital AMS interventions in community healthcare 

settings across LMICs. It followed a protocol that has been pre-registered and awaiting approval from 

the International Prospective Register of Systematic Reviews (PROSPERO, ID: 1071419), ensuring 

transparency and replicability. The study focused on both implementation and clinical outcomes, 

including antibiotic prescribing patterns, resistance trends, patient outcomes and health system 

implications.  

 

 

2.2 Information Sources  

To ensure comprehensive coverage of the available literature, a systematic search was done using the 

following major academic databases including PubMed, Embase, Scopus, Web of Science, Cochrane 

Library, WHO Global Index Medicus and TRIP Database. These sources were selected for their 

breadth of coverage in global health, clinical medicine, implementation science and health systems 

research. 

A pilot search was initially conducted across these databases to refine the strategy and assess the 

volume and nature of relevant studies. In addition, Google Advanced Search was employed to identify 

grey literature, including reports and policy briefs from the WHO, ministries of health and other 

global health organisations. 

The search included studies published between January 1, 2000 and May 23, 2025, reflecting the 

period during which relevant digital health interventions began to emerge and expand. To ensure a 

comprehensive analysis, the reference lists of included studies and relevant systematic reviews were 

also screened to identify additional eligible publications. 

 

 

2.3 Search Strategy  

A structured search strategy was developed using both controlled vocabulary, including Medical 

Subject Headings (MeSH) terms and free-text keywords to capture studies across four core domains, 
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namely antimicrobial stewardship, digital health interventions, community healthcare in LMICs and 

stakeholder groups including patients, providers and policymakers.  

Search terms included combinations such as ‘antimicrobial stewardship’, ‘antibiotic resistance’, 

‘digital health’, ‘clinical decision support systems’, ‘mHealth’, ‘community health services’ and ‘low- 

and middle-income countries’ among others. Boolean operators, truncations and proximity operators 

were used to optimise sensitivity and specificity. 

The search strategy was refined with the assistance of Ms. Veronica Phillips, a medical librarian at the 

University of Cambridge and was peer-reviewed using the Peer Review of Electronic Search 

Strategies (PRESS) checklist (129) to ensure accuracy and completeness (see Appendix 3 for the full 

search list). 

To enhance comprehensiveness, forward and backward citation screening of included articles and 

relevant reviews was conducted. This iterative process aimed to trace the development of digital AMS 

interventions and identify foundational studies and emerging evidence in the field. 

 

 

 2.4 Inclusion/Exclusion Criteria and Rationale 

Eligibility criteria were developed using the Population, Intervention, Comparison and Outcome 

(PICO) framework to ensure clarity and relevance (130). The review included studies involving 

patients, providers or policymakers in community healthcare settings across LMICs. In recognition of 

contextual differences in LMIC health systems, community healthcare was broadly defined to 

encompass not only primary care clinics but also outpatient services delivered outside tertiary 

hospitals such as community health centres, pharmacies, drug stores and mobile health units in this 

review. Lower-level district or sub-district hospitals were also included if they functioned as first-

contact care providers without inpatient or specialist services. Interventions based exclusively in 

secondary or tertiary hospital settings were excluded, unless they explicitly spanned both secondary 

and community levels of care.  

 

Eligible interventions included a wide range of digital AMS tools such as CDSS, mHealth 

applications, telemedicine platforms, AI-enabled systems and other digital technologies. Comparators 

included usual care, non-digital AMS approaches, or absence of intervention. Studies were included in 

the synthesis if they reported on at least one primary or secondary outcome related to antimicrobial 

use, including changes in prescribing practices, antibiotic class selection, resistance trends, clinical 

outcomes, cost-effectiveness or implementation feasibility. The full eligibility criteria are detailed in 

Table 1. 
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Table 1: Full Inclusion and exclusion criteria 

Inclusion criteria Exclusion criteria 

● Studies published in English. 

● Peer-reviewed articles and grey literature with 

accessible full-texts. 

● Either randomised controlled trials (RCTs), 

observational studies including quasi-

experimental, case-control, cohort, cross-

sectional or ecological studies and qualitative 

studies. 

● Studies published from the year 2000 onward to 

reflect recent developments in digital health. 
● Studies conducted in low- and middle-income 

countries (LMICs) as defined by the World Bank. 

● Studies evaluating digital antimicrobial 
stewardship (AMS) initiatives involving digital 
tools such as mobile health applications, clinical 
decision support systems, telemedicine, electronic 
health records or artificial intelligence (AI). 

● Interventions targeting community healthcare 
settings including primary care clinics, outpatient 
centres, lower-level hospitals). 

● Studies involving healthcare providers, patients 
or policymakers in community settings. 

● Studies reporting outcomes on antibiotic use, 
clinical effectiveness, awareness, resistance 
trends or economic impact 

● Studies published in languages other than 

English. 

● Studies conducted in high-income countries. 

● Articles published before the year 2000, 

reflecting outdated practices in digital health. 

● Interventions focused exclusively on hospital or 

tertiary care settings. 

● Non-digital AMS approaches including manual 

audits or in-person training programs. 

● Studies without reported outcomes related to 

antibiotic use, resistance or patient health. 

● Non-original research articles, such as reviews, 

editorials or opinion pieces. 

● Studies focusing on veterinary or agricultural 

antibiotic use rather than human health. 

● Duplicate publications of the same study, unless 

the most comprehensive version is retained. 

● Studies with insufficient information or missing 

key data for analysis. 

 

 

2.5 Screening and Selection Process 

Two reviewers (myself and a medical student) independently screened and filtered titles, abstracts and 

full-text articles based on the predefined eligibility criteria. Deduplication of references were done 

using EndNote and subsequently imported into Rayyan, a web-based platform designed to streamline 

systematic review screening (131). Rayyan was used to blind initial reviewer decisions and accelerate 

the identification of potential conflicts. Whenever disagreements arose during the full-text screening 

stage, the two reviewers engaged in discussion to resolve them. In cases where consensus was not 

reached, an independent third reviewer provided adjudication and made the final inclusion decision. 

The entire selection process is visually summarised in the PRISMA Flow Diagram (132) in Figure 2, 

which outlines the number of records identified, screened, excluded and included at each stage of the 

review. 

 

 

2.6 Data Collection Process and Data Items 

Data extraction was done using a standardised template created in Microsoft Excel® (Microsoft 

Corporation, Redmond, WA, 2024), developed specifically for this systematic review. Both reviewers 

independently extracted data from each eligible study to ensure consistency and minimise bias. The 

results of each extraction were compared, discrepancies discussed and disagreements resolved 

through consensus. In cases where consensus could not be reached, a third reviewer was available to 

adjudicate. Study authors were not contacted for data clarification and no automation tools were used 

for extraction due to the heterogeneity and complexity of the reported interventions. 

The main data extraction domains included study author and year, country, study design, setting, 

population, disease focus, intervention type, comparator, outcomes assessed and key findings. All 

reported data relevant to each predefined outcome domain were extracted, including multiple 
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measures, time points and analyses. When multiple outcomes within a domain were reported, the most 

comprehensive and clinically relevant data were prioritised, particularly those aligning closely with 

the review’s primary or secondary outcomes as listed below: 

 

Primary Outcomes 

1) Change in antibiotic prescribing rates 

Proportion of patient encounters resulting in an antibiotic prescription, before and after 

intervention. 

2) Reduction in inappropriate antibiotic prescribing 

Includes prescribing without clinical justification, use of antibiotics for viral infections or 

poor alignment with guidelines. 

3) Use of broad-spectrum vs. narrow-spectrum antibiotics 

Shifts in antibiotic class selection. 

 

Secondary Outcomes 

4) Clinical outcomes: infection resolution, adverse events and hospital referrals 

Safety and effectiveness markers indicating quality of care. 

5) Trends in antimicrobial resistance at the community or facility level 

Longer-term indicator of AMS impact, usually reported indirectly. 

6) Knowledge, attitudes or behaviour toward antibiotic use among healthcare providers 

and/or patients 

Reported through surveys or interviews, linked to behaviour change. 

7) Feasibility and acceptability of digital AMS interventions in routine practice 

Implementation outcomes capturing usability, satisfaction as well as barriers and enablers.  

8) Cost or cost-effectiveness of digital AMS interventions 

Where economic evaluation is included or discussed. 

 

In cases of missing or unclear information, contextual clues from the full text were used to make 

reasoned assumptions, documented in the extraction file. Studies lacking critical outcome data with no 

possibility of inference were excluded from the synthesis. This structured, rigorous approach enabled 

us to capture the complexity and diversity of digital AMS interventions across LMIC community 

healthcare settings while maintaining analytical consistency and methodological transparency. 

 

 

2.7 Ethics Statement 

Ethical approval was not required for this systematic review as it involved analysis of publicly 

available primary data from previously published studies and did not directly involve any human 

participants or collection of identifiable personal data.  

 

 

2.8 Risk of Bias Assessment  

A rigorous risk of bias assessment was undertaken to evaluate the internal validity and credibility of 

the evidence across included studies. To ensure methodological robustness and minimise subjective 

interpretation, two reviewers independently appraised all studies, with discrepancies resolved through 
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discussion or adjudication by a third reviewer. Different tools were used based on study design to 

ensure appropriate and methodologically sound appraisal. 

For randomised controlled trials (RCTs), the revised Cochrane Risk of Bias tool (RoB 2) was used 
(133). This tool assesses five domains which were bias arising from the randomisation process, 

deviations from intended interventions, missing outcome data, measurement of outcomes and 

selection of the reported result. Each domain was graded as ‘low risk’, ‘some concerns’ or ‘high risk’ 

leading to an overall study-level judgement. 

For non-randomised studies, the Risk Of Bias In Non-randomised Studies of Interventions (ROBINS-

I, version 2) was employed (134). It consisted of seven domains, including confounding, participant 

selection, intervention classification, deviations from intended interventions, missing data, outcome 

measurement and reporting bias. Overall risk was classified as ‘low’, ‘moderate’, ‘serious’ or 

‘critical’. 

Qualitative studies were assessed using the Critical Appraisal Skills Programme (CASP) checklist 
(135). Ten domains were evaluated, including clarity of aims, methodological appropriateness, design 

relevance, recruitment strategy, researcher–participant relationship, ethical considerations, data 

collection and analysis rigour, transparency of findings and research value. Responses were rated as 

‘Yes’, ‘No’ or ‘Can’t Tell’ culminating in a structured appraisal summary. 

Using differentiated tools tailored to each study design enabled a more rigorous and targeted 

assessment of bias, reflecting the heterogeneity of study types. This approach also aligns with 

Cochrane Review guidelines, considered the gold standard for systematic evaluations. In contrast, 

applying a single tool across all designs such as CASP alone risks overlooking study-type-specific 

biases and may weaken overall reliability. Full bias assessments are summarised in Appendix 4. These 

assessments informed the interpretation of findings and contributed directly to the Grading of 

Recommendations, Assessment, Development and Evaluations (GRADE) certainty ratings for each 

outcome presented in this review. 

 

 

2.9 Certainty of Evidence Assessment 

Certainty of evidence for each quantitative outcome using the GRADE framework (136) for quantitative 

studies. This approach enabled a systematic evaluation of the strength of the body of evidence across 

studies by considering five key domains namely, risk of bias, inconsistency, indirectness, imprecision 

and publication bias. Qualitative outcomes were assessed using the GRADE- Confidence in the 

Evidence from Reviews of Qualitative Research or GRADE-CERQual approach (137) which focused 

on methodological limitations, coherence, adequacy and relevance.  

Both reviewers independently conducted the GRADE and GRADE-CERQual assessments for all 

primary and secondary outcomes. Overall certainty of evidence for each outcome was categorised as 

‘high’, ‘moderate’, ‘low’ or ‘very low’. Disagreements were resolved through discussion and when 

necessary, by consulting a third reviewer to reach consensus. This approach allowed for a 

comprehensive and transparent appraisal of the confidence in the findings, ensuring that resulting 

policy and practice recommendations were grounded in the best available evidence while remaining 

sensitive to contextual realities in LMIC settings. 

 

2.10 Data Synthesis/Analytical Framework 

A narrative synthesis was employed to evaluate and interpret findings from the included studies, 

guided by an analytical framework adapted from implementation science, specifically the Reach, 
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Effectiveness, Adoption, Implementation and Maintenance (RE-AIM) framework (138). This approach 

facilitated a structured examination of digital AMS interventions across three key stakeholder levels 

namely patients, providers and policymakers. To ensure analytical rigour, interventions were 

holistically mapped across four interrelated components including inputs, processes, contextual 

enablers and barriers and outcomes. This logic model was used to guide the thematic organisation and 

interpretation of data.  

Inputs referred to the foundational elements of each intervention. These included the type of digital 

health tool implemented, the presence of supporting infrastructure including digital job aids, training 

resources, decision algorithms and the extent of alignment with existing healthcare workflows or 

national guidelines. Processes captured the mechanisms through which these inputs were expected to 

function, such as fidelity of implementation, user engagement and behavioural uptake. Specific 

process indicators included usability of the digital interface, integration with clinical workflows, the 

availability of training and supervision and the presence of behavioural prompts such as alerts or 

structured decision pathways. 

Contextual enablers and barriers were defined as the broader environmental and systemic conditions 

that may influence implementation and effectiveness. These included infrastructural factors such as 

internet connectivity and electricity supply, policy and governance environments including national 

digital health strategies and leadership support, cultural receptivity to digital tools and the digital 

literacy levels of end-users. Outcomes encompassed both implementation and clinical results, 

including changes in antibiotic prescribing rates, appropriateness of prescribing, patient or provider 

knowledge and indicators related to acceptability, feasibility and sustainability. 

A structured summary table was developed to classify studies by key characteristics including context, 

population, design, intervention type and outcomes. This facilitated comparative analysis and enabled 

identification of patterns in effectiveness and implementation feasibility. Data preparation involved 

checking for internal consistency, verifying outcomes and resolving discrepancies through 

triangulation with other sections of the included studies. Missing or unreported outcomes were 

documented as limitations. Due to substantial methodological and contextual heterogeneity, narrative 

synthesis and subgroup analysis was selected over meta-analysis, as variations in intervention format, 

delivery mode, intensity and implementation context precluded statistical pooling. Robustness was 

examined by assessing whether thematic patterns were consistent across studies of varying 

methodological quality and regional contexts. Findings consistent across high- and low-risk-of-bias 

studies were considered more generalisable and reliable for informing policy and practice. 

 

 

3. Results 

3.1 Study Selection  

A comprehensive search was conducted across seven major databases including PubMed, Embase, 

Scopus, Web of Science, Cochrane Library, WHO Global Index Medicus and TRIP Database, along 

with Google Advanced Search, relevant websites, institutional repositories and hand searches for grey 

literature. A total of 961 records were identified through database (n=852) and grey literature searches 

(n=109). After removing 189 duplicates using EndNote, 772 titles and abstracts were screened by two 

independent reviewers against predefined eligibility criteria. Of these, 427 records (360 database and 

67 grey literature sources) were excluded for lacking relevance to AMS, digital health or LMIC 

contexts. Full texts of 345 articles (n=303 from databases and n= 42 from grey literature search) were 

then assessed for eligibility. A further 321 studies were excluded for reasons including absence of a 

digital AMS intervention (n=93), setting outside LMICs (n=68), focus outside community healthcare 

(n=59), not focusing on bacterial infections (n=43) and insufficient or poorly reported outcome data 



21 
 
 

(n=58). Reasons for exclusion at this stage were systematically documented to ensure transparency. In 

total, 24 studies met the inclusion criteria and were included in the final synthesis. These studies 

provided empirical insights into the effectiveness, implementation and scalability of digital AMS tools 

within LMIC community healthcare settings. The full study selection process is visually summarised 

in the PRISMA flow diagram in Figure 2.  

 

 

 

Figure 2: PRISMA 2020 Flow Diagram illustrating the study selection process. The left-hand side details the 

search strategy conducted across seven databases, with subsequent screening performed on Rayyan. The right-

hand side presents the outcome of grey literature searches performed using Google Advanced Search, websites, 

institutional repositories and hand searches. 

 

 

3.2 Risk of Bias in Studies 

A rigorous risk of bias assessment was conducted using appropriate tools tailored to study design. A 

summarized version is provided in Table 3 while a detailed risk of bias assessments using each tool is 

provided in Appendix 4. The Cochrane RoB 2 tool was applied to the nine included RCTs, five of 

which employed a cluster-randomised design. Of these, four had ‘some concerns’ due to potential bias 

in outcome measurement, limited reporting in pilot settings, lack of trial pre-registration and unclear 

allocation concealment (139-142). Only one cluster RCT, Steinhardt et al (143) was judged to be at low risk 

across all domains. Three non-inferiority RCTs were included. The 2020 trial by Tan et al (144) and the 

2019 RCT by Keitel et al. (145) had ‘some concerns’ due to its subgroup analysis design, which raised 

issues around selective inference and generalisability. In contrast, Keitel et al. 2017 (146) was judged to 

have a low overall risk of bias. The remaining trial, a parallel-group RCT was also considered low 

risk (147). Taken together, three of the nine RCTs were rated as low risk, while six presented moderate 

concerns, primarily attributable to methodological transparency and design-specific challenges. 
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Eight non-randomised observational studies were assessed using the ROBINS-I tool, including one 

mixed-methods study whose quantitative component was evaluated with ROBINS-I and qualitative 

aspects with the CASP tool. This study was judged to have a serious risk of bias due to the absence of 

a control group (148).  Among the seven remaining observational studies, four employed pre-post 

designs. One was rated as moderate risk (149), while the other three had serious risk of bias (150-152), 

again primarily because of the absence of control groups. One study used a cross-sectional design (153) 

and another employed a quasi-experimental observational method (154). Both were judged to carry a 

serious risk of bias, largely due to the absence of a control group and residual confounding. The final 

study employed a controlled non-inferiority design and was rated as having a serious risk of bias, 

mainly due to the absence of a robust comparison group (155). Importantly, although most of the 

observational studies were marked as having ‘serious’ bias, this classification stemmed predominantly 

from study design limitations particularly the lack of control groups rather than issues such as missing 

data, deviations from intended interventions or selective reporting. 

Eight studies in total, including the mixed-methods study, were assessed using the CASP checklist for 

qualitative research. All eight were derived to be of moderate to high quality (148, 152, 156-162). Common 

limitations included insufficient reflexivity, limited generalisability and a reliance on self-reported 

data, which may introduce response or recall bias. Crucially, none of the RCTs were rated as having a 

‘high’ risk of bias and no observational or qualitative studies were judged to have ‘critical’ overall 

risk. This indicates a reasonable level of methodological robustness across the evidence base, despite 

common limitations in control design and reporting clarity in some studies.  

 

 

3.3 Study Characteristics  

          3.3.1 Geographies  

A total of 18 LMICs were represented across the 24 studies included in this review. The majority of 

studies were conducted in Sub-Saharan Africa (SSA) (n = 21). Within SSA, East Africa featured most 

prominently, led by Tanzania with 10 studies (139, 141, 142, 144-147, 155, 158, 161), followed by Kenya (n = 2) 
(148, 149), Uganda (n = 2) (140, 159) and Somalia (n = 1) (152). Malawi, which is geographically situated in 

Southeastern Africa but often included within broader East African public health classifications, 

contributed one study (143). West Africa was also well represented, with six individual and multi-

country studies encompassing nine countries including Senegal (n = 3) (149, 157, 162), Burkina Faso (n = 

3) (157, 160, 162), Ivory Coast (n = 2) (157, 162), Mali (n = 2) (157, 162), Nigeria (n = 2) (150, 154), Niger (n = 1) 
(162), Togo (n = 1) (162), Guinea (n = 1) (162) and Guinea-Bissau (n = 1) (162). Notably, two of these multi-

country studies included Gabon, a Central African country (157, 162). Despite this diversity of African 

representation, there were no studies identified from North Africa. The remaining three studies were 

conducted in South and Central Asia, specifically in India (n = 1) (153), Nepal (n = 1) (156) and 

Afghanistan (n = 1) (151). Importantly, there were no studies from East Asia, the Middle East, Europe, 

Latin America or the Caribbean, highlighting significant regional underrepresentation in the current 

evidence base for digital antimicrobial stewardship interventions in LMIC community healthcare 

settings. 

 

          3.3.2 Healthcare Settings 

All 24 studies were situated within formal community healthcare infrastructures across LMICs. These 

included a range of facility types such as government-run primary health clinics, rural health centres, 

sub-district level hospitals and urban outpatient departments. Among them, eight studies were 

conducted exclusively in urban or peri-urban environments, reflecting the growing interest in digital 

health interventions within densely populated and digitally connected areas (141, 142, 144-146, 148, 156, 158). 
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Another eight studies spanned both rural and urban sites, offering a comparative lens on 

implementation across differing resource contexts (139, 143, 147, 149, 151, 153, 155, 159). Six studies were 

confined to rural settings, typically in remote or underserved regions where antimicrobial stewardship 

challenges are particularly acute (140, 150, 152, 154, 160, 161). Importantly, two studies were pre-

implementation assessments and did not involve a defined clinical setting (157, 162). These were 

categorised as ‘pre-implementation (no clinical setting)’, as they gathered stakeholder insights in 

anticipation of deployment but without direct healthcare delivery. Notably, no study was conducted in 

informal or semi-formal environments such as village health posts, mobile clinics or through 

unregulated drug vendors, highlighting a persistent gap in the literature. This suggests a prevailing 

emphasis on structured, facility-based healthcare systems as the primary site for the design and 

evaluation of digital interventions across LMICs. 

 

 

          3.3.3 Study Design 

The included studies employed a diverse range of methodological designs tailored to assess the 

effectiveness, implementation and contextual dynamics of digital AMS interventions in LMICs. A 

total of nine studies were RCTs. Of these, five were cluster RCTs evaluating intervention effects at the 

facility or provider level (139-143), three employed non-inferiority designs to compare the effectiveness 

of different digital tools (144-146) and one was a traditional parallel-group RCT between a digital 

intervention and standard of care (147). These trials were predominantly conducted in outpatient or 

primary care settings and assessed outcomes such as antibiotic prescribing accuracy, clinical recovery 

and adherence to treatment protocols. Another seven studies were observational in nature. This 

category included four pre-post intervention studies without control groups (149-152), one cross-sectional 

study (153), one observational quasi-experimental study (154) and one controlled non-inferiority 

interventional study (155). These designs were often used to examine implementation effectiveness in 

real-world settings where randomisation was not feasible.  

 

Seven studies adopted qualitative methodologies. Six of these used in-depth interviews, either alone 

or in combination with focus group discussions, to explore user perceptions, feasibility and 

behavioural determinants of intervention uptake (156-161). The remaining qualitative study employed 

structured questionnaires and roundtable discussions as part of a pre-implementation assessment (162). 

Finally, one study utilised a mixed methods approach, integrating quantitative data on antibiotic 

prescribing patterns with qualitative insights from interviews with clinicians and patients (148). This 

design enabled a more holistic understanding of both behavioural and system-level influences on 

digital AMS implementation. Together, these varied methodological approaches reflect the 

multifaceted nature of digital AMS interventions, allowing for both rigorous impact assessment and 

nuanced analysis.  

 

 

          3.3.4 Target Population 

The reviewed studies demonstrated a strong emphasis on provider-directed digital health 

interventions. A total of 21 out of 24 studies were designed to support healthcare providers in AMS. 

Within this category, 11 studies specifically targeted clinicians, mainly general practitioners operating 

in outpatient or community-based settings  (139, 141, 142, 144-147, 149, 155, 158, 161). An additional nine studies 

employed broader, multi-cadre approaches, engaging a diverse range of frontline health professionals 

beyond doctors including nurses, midwives, community health workers (CHWs), environmental 

health officers, branch health officers and pharmacists, reflecting the interdisciplinary nature of AMS 

implementation in LMIC community settings (143, 150-152, 154, 157, 159, 160, 162). One study uniquely focused 

exclusively on CHWs, underscoring their centrality in delivering care in resource-limited 
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environments (140). By contrast, only two studies targeted policymakers as their primary audience. One 

evaluated a digital intervention that combined patient-facing components with policy-level 

antimicrobial stewardship strategies to promote community engagement and empowerment (156), while 

the other focused on predictive algorithms to enhance data transparency, surveillance and supply 

chain analytics for decision-making (153). Notably, no study focused exclusively on patients as the sole 

end-users of digital AMS tools. However, one study employed a mixed-target approach, engaging 

both patients, specifically those presenting with respiratory symptoms and suspected infections and 

providers, whose perceptions of the digital tool’s usability and impact were also evaluated (148). 

While digital interventions primarily supported provider decision-making, the majority of participants 

enrolled across studies were patients, as outcomes were measured at the patient level to assess 

intervention impact. Fourteen studies included a total of 138,254 patient participants, chiefly children 

under five years old highlighting the high burden of paediatric infectious diseases in community 

settings and the need for rational prescribing practices (139, 141, 143-152, 154, 155). Additionally, four studies 

focused on caregivers, with 836 caregiver participants either engaged independently or jointly with 

providers (142, 153, 156, 161). Finally, six studies reported data explicitly on providers as study participants, 

involving a total of 363 healthcare workers (140, 157-160, 162). This distribution underscores a provider-

centric orientation in the design and evaluation of digital AMS tools, while also emphasising the 

indirect yet substantial impact these interventions have on patient populations. Future digital AMS 

strategies would benefit from more inclusive targeting approaches that explicitly incorporate the 

perspectives of patients, caregivers and health system stewards to improve relevance, reach and 

equity. 

 

 

          3.3.5 Disease Types 

All studies primarily addressed bacterial infections, either explicitly or through broader syndromic 

management frameworks that encompassed multiple infectious disease categories. While several 

interventions focused specifically on bacterial pathogens, many also engaged with integrated care 

models that included viral and parasitic illnesses, particularly in resource-limited primary care settings 

where diagnostic capabilities are constrained. Among the bacterial diseases, respiratory tract 

infections were the most commonly addressed, with 18 studies mentioning conditions such as upper 

respiratory tract infections (URTI) and lower respiratory tract infections including pneumonia (139-141, 

143-152, 154, 155, 159, 160, 162). These conditions are frequent drivers of antibiotic use in community healthcare 

and were central to many CDSS algorithms. Gastrointestinal infections were the second most 

prevalent focus, featured in 15 studies, several of which included symptoms like diarrhoea and 

vomiting (139, 141, 143, 144, 146-148, 150, 151, 154, 155, 159, 160, 162). Notably one of these studies highlighted the use 

of antibiotics for intestinal parasitosis (152).  

 

Other common bacterial conditions targeted included skin and soft tissue infections (n=7) (139, 146, 148, 

150, 155, 160, 162), ear, nose and throat infections (n=7) (139, 146, 148, 150, 151, 155, 162) and urinary tract infections 

(n=6) (139, 141, 146, 148, 160, 162). Less commonly addressed conditions included conjunctivitis (n=3) (139, 151, 

160), typhoid fever (n=3) (146, 150, 155), central nervous system infections (n=2) (146, 162), sexually 

transmitted infections (n=2) (148, 162), sepsis (n=1) (149) and surgical site infections (n=1) (162). Six studies 

were not disease-specific but rather focused AMS at a systems level (142, 153, 156-158, 161). These studies 

evaluated digital interventions linked to overarching frameworks such as the WHO’s Integrated 

Management of Childhood Illness (IMCI), which manage febrile illness using syndromic algorithms 

that do not immediately distinguish between bacterial, viral or parasitic aetiologies. Collectively, the 

disease foci reflect a prioritisation of conditions associated with high antibiotic utilisation, reinforcing 

the importance of targeted AMS strategies in the rational management of community-acquired 

infections in LMICs.  
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          3.3.6 Digital AMS Interventions: A variety of inputs 

A wide spectrum of digital AMS tools was described, tailored to address the priorities of patients, 

providers and policymakers in LMIC community healthcare settings. The most frequently evaluated 

category of intervention was CDSS deployed across desktop interfaces, tablets personal digital 

assistants (PDAs) and mobile phones, which featured in 19 studies. These tools primarily targeted 

healthcare providers and were designed to deliver real-time, guideline-based clinical 

recommendations to optimise diagnosis and antibiotic prescribing. Within the CDSS category, the 

ALgorithm for the MANAgement of CHildhood illness (ALMANACH) tool, designed to support 

management of febrile illnesses in children under five was the most frequently evaluated, featured in 

seven studies and was integrated into various digital platforms to facilitate point-of-care decision-

making (141, 150-152, 154, 155, 158). 

Another five studies focused on electronic Point-of-Care Testing Tool (ePOCT), a more advanced 

CDSS iteration with expanded diagnostic algorithms (139, 144-147). Electronic Integrated Management of 

Childhood Illness (eIMCI) was assessed in three studies, enhancing IMCI implementation through 

structured, electronic workflows (142, 160, 161). One study assessed the Acute Lower Respiratory Illness 

Treatment and Evaluation (ALRITE) mobile application, based on the IMCI guidelines, which 

featured a decision-support tool, automatic respiratory rate counter and a clinical score to guide 

bronchodilator use in children (159). A further three studies investigated more general CDSS platforms 

tailored to local antibiotic prescribing norms and syndromic management protocols (149, 157, 162). These 

interventions consistently demonstrated improvements in prescription appropriateness, guideline 

adherence and provider confidence, especially in primary care and rural health settings.  

The second most common type of intervention was non-CDSS mHealth applications, evaluated in two 

studies. The first involved both patients and providers, using the Mobile Telephone-based Healthcare 

Data and Payment Exchange Platform (M-TIBA) that recorded clinical visits and tracked prescribed 

antibiotics, helping to support more informed and consistent care (148). The other study, also aimed at 

providers included sending SMS reminders to encourage timely and appropriate case management by 

frontline health workers (143). These tools supported continuity of care and improved patient-provider 

communication, although their effectiveness was sometimes constrained by infrastructural and 

literacy-related challenges.  

Additionally, two studies explored the use of online videos. One study used tablet-based training 

videos on pneumonia to build the capacity of CHWs using locally produced educational content (140). 

The other supported community members in creating participatory videos on AMR (156), serving as a 

tool for policy engagement by fostering local ownership and amplifying community voices in AMR 

awareness efforts. Lastly, only one study examined the use of machine learning models designed to 

monitor over-the-counter antibiotic purchases. This tool, aimed at policymakers, enabled surveillance 

of antibiotic usage patterns outside formal clinical settings, offering insights into community-level 

dispensing trends and informing regulatory responses (153). Together, these interventions reflect a 

growing diversification in the digital AMS landscape, with CDSS forming the cornerstone of 

provider-oriented tools, while innovative platforms such as mHealth apps and AI-driven surveillance 

are beginning to expand reach to patients and policymakers.  
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Table 2: Data extraction table targeting patients and providers, providers (sole focus) and policymakers (sole focus) 

Author,  

Year 

Country Settings Study Type/ 

Population 

Intervention Outcomes Studied Key Findings  

Patient + Provider Studies (n=1) 

Mekuria et al, 

2019 (148) 

 

Kenya Private not-for-

profit outreach 

clinics in urban 

Nairobi slums 

 

Explanatory sequential mixed-

methods study involving 21,913 

patients with 36,210 clinic visits 

M-TIBA mobile 

phone-based digital 

healthcare data and 

payment exchange 

platform 

Antibiotic use for ARI 

diagnoses, types prescribed, 

and clinician/patient attitudes 

and reasons for 

overprescription 

 

78.5% of ARIs treated with antibiotics, 

mainly Amoxicillin (45%) 

Provider Studies (n=21) 

Langet et al, 

2025 (149) 

 

Kenya, 

Senegal 

 

Primary 

healthcare 

facilities in 

Kakamega, Kitui 

and Uasin Gishu 

counties in 

Kenya and in the 

Thiès districts 

region in Senegal 

Quasi-experimental pre-post 

study of 50,580 sick children 

aged 0–59 months 

Implementation of 

pulse oximetry and 

Clinical Decision 

Support Algorithms 

(CDSAs) 

 

Urgent referrals, antibiotic 

prescription rates, SpO₂ 

levels, referral completion, 

hospital admissions, 

caregiver-reported recovery 

and severe complications 

Antibiotic prescriptions dropped by 

14.6% (1–59 days) and 22.6% (2–59 

months) post-intervention in the post-

intervention period 

Hürlimann et 

al, 2024 (152) 

 

Somalia 

 

7 health facilities 

in South-Central 

Somalia 

 

Pre-post observational study of 

1,250 children aged 2–59 months  

ALMANACH - 

IMCI-based digital 

clinical decision 

support system 

Reduced antibiotic 

prescriptions including less 

inappropriate URTI use and 

improved IMCI adherence 

 

Antibiotic prescriptions fell from 58.1% 

to 16.0%, inappropriate URTI use 

dropped 30-fold, and danger sign checks 

rose from 1.3% to 99% 

Tan et al, 

2024 (147)  

Tanzania 

 

Rural and 

semiurban 

primary 

healthcare 

facilities in 

Mbeya and 

Morogoro 

regions 

 

Cluster RCT (parallel group, 

cross-sectional) with 450 children 

aged 2–59 months (225 

intervention, 225 control) 

ePOCT+ digital 

clinical decision 

support algorithm + 

point-of-care tests 

(CRP, haemoglobin, 

pulse oximetry) + 

training + 

mentorship 

Mean assessment of 14 key 

IMCI signs, antibiotic 

prescription rate, 

appropriateness of antibiotic 

use and quality of counselling 

and history-taking 

Primary outcome improved (46.4% vs 

26.3%), antibiotic use dropped (37.3% vs 

76.4%) and appropriate prescribing rose 

(81.9% vs 51.4%) 

Peiffer-

Smadja et al, 

2024 (157) 

 

Senegal, Ivory 

Coast, 

Burkina Faso, 

Mali, Gabon 

Hospital-based 

and community 

healthcare 

settings  

 

Qualitative implementation study 

(semi-structured interviews) with 

21 stakeholders including 

clinicians, microbiologists, AMR 

experts and coordinators 

Antibioclic Afrique 

– CDSS for 

antimicrobial 

prescribing 

 

Identified CDSS 

implementation barriers and 

facilitators 

Barriers included inconsistent prescribing 

training, workflow resistance, OTC 

access and absent guidelines. Facilitators 

were physician targeting, partnerships, 

training and academic channels 
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Tan et al, 

2023 (139)  

 

Tanzania 

 

Rural and 

semiurban 

primary 

healthcare 

facilities in 

Mbeya and 

Morogoro 

regions 

Cluster RCT involving 44,306 

children aged 0–14 years 

ePOCT digital 

clinical decision 

support algorithm 

with integrated 

point-of-care tests 

(CRP, haemoglobin, 

pulse oximetry), 

training and 

mentorship 

Antibiotic prescription at first 

visit, clinical failure by day 7, 

death, reattendance, 

hospitalization, referrals and 

follow-up medications 

Antibiotic use dropped (23.2% vs 70.1%, 

aRR 0.35); no difference in clinical 

failure (3.7% vs 3.8%), death, or 

hospitalization; unplanned reattendance 

slightly reduced 

Schmitz T et 

al, 2022 (154) 

 

Nigeria 

 

Primary health 

care facilities in 

rural Adamawa 

State, North-

Eastern Nigeria 

 

Quasi-experimental observational 

study with 1,929 children aged 2–

59 months 

ALMANACH 

digital clinical 

decision support 

system 

 

Caregiver-reported day 7 

recovery, prescription rates 

(oral/parenteral), referrals, 

diagnosis and follow-up 

communication 

 

Day 7 recovery was higher (85.4% vs 

71.4%), with more referrals, better 

diagnosis communication and follow-up 

advice. Parenteral antibiotic use increased 

while oral antibiotic rates were similar 

(30.0% vs 34.0%) 

Ellington et 

al, 2021 (159) 

 

Uganda 

 

Primary health 

centres (rural and 

peri-urban) in 

Jinja District 

 

Exploratory qualitative study 

with 28 health workers and 3 

administrators 

Acute Lower 

Respiratory Illness 

Treatment and 

Evaluation 

(ALRITE) mHealth 

tool  

Perceived acceptability, 

usability, feasibility, impact on 

decision-making and patient 

interaction and 

implementation barriers 

ALRITE was found usable and helpful 

for support and training, with barriers like 

limited device access, stockouts, and 

provider–patient dynamics 

Peiffer-

Smadja et al, 

2020 (162) 

 

Burkina Faso, 

Togo, 

Senegal, Mali, 

Gabon, 

Guinea, 

Guinea-

Bissau, Ivory 

Coast, Niger 

Primary care 

healthcare 

workers in West 

Africa 

 

Qualitative pre-implementation 

study involving 47 healthcare 

professionals (mostly from 

Burkina Faso) 

Workshop 

introducing CDSS 

(Antibioclic) with 

questionnaire and 

roundtable 

discussion 

Identification of CDSS 

implementation barriers and 

facilitators and perceptions of 

its impact on prescribing, 

knowledge and AMR 

surveillance 

100% of participants believed CDSS 

would improve prescribing quality and 

guideline adherence; 91–94% saw 

benefits for patient care, error reduction 

and AMR control while 81% felt it would 

save consultation time 

Tan et al, 

2020 (144) 

 

Tanzania 

 

Public outpatient 

primary care 

clinics in Dar es 

Salaam 

 

Post hoc subgroup analysis of 

RCT involving106 febrile 

children aged 2–59 months 

ePOCT clinical 

decision algorithm 

using 

anthropometric 

measures (weight-

for-age, MUAC) 

Clinical failure by Day 7, 

antibiotic prescription, 

hospital referral and 

admission, severe adverse 

events  

 

Clinical failure was lower with ePOCT 

(1.8%) than ALMANACH (16.7%; RR 

0.11, 95% CI 0.01–0.83); ePOCT had 

higher Day 0 antibiotic use (98.2% vs 

47.9%) and referral rates (98.2% vs 

14.6%) 

Bernasconi et 

al, 2019 (150) 

 

Nigeria 

 

6 primary Health 

Care Centres 

(PHCCs) in 

Adamawa State, 

a post-conflict 

region 

Implementation research (pre-

post comparison) involving 424 

consultations for children aged 2–

59 months 

ALMANACH: 

electronic CDSS 

based on IMCI 

 

Improvements in quality of 

care including danger sign 

screening, correct diagnosis 

and treatment, appropriate 

antibiotic use 

 

Improved danger sign screening (60% vs 

37.1%), rise in correct treatment (29.5% 

to 48.4%) and antibiotic use dropped 

(77.7% to 69.8%). Nearly all caregivers 

(99.2%) found digital consultations more 

thorough 
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Keitel et al, 

2019 (145) 

 

Tanzania 

 

Urban public 

outpatient clinics 

in Dar es Salaam 

 

Subgroup analysis of a 

noninferiority RCT involving 

1726 children aged 2–59 months 

CRP-informed 

strategy using 

ePOCT algorithm 

(CRP ≥80 mg/L 

plus clinical 

features) 

 

Clinical failure by day 7 and  

antibiotic prescription at day 

0, secondary hospitalization, 

death by day 30 

 

Clinical failure was lower in the 

intervention group (2.9% vs 4.8%) by day 

7; Day 0 antibiotic use was significantly 

reduced (2.3% vs 40.4%; RR 0.06, 95% 

CI: 0.04–0.09), and severe adverse events 

by Day 30 were fewer (0.5% vs 1.5%) 

Bessat et al, 

2019 (160) 

 

Burkina Faso 

 

Primary 

healthcare 

facilities (CSPS) 

in rural Yako and 

Toma districts 

In-depth interviews and focus 

group discussions of 21 primary 

healthcare workers 

Electronic 

Integrated 

Management of 

Childhood Illness 

(eIMCI) via the 

REC tool 

Health workers’ views on tool 

usability and antibiotic impact 

in addition to system changes, 

AMR knowledge, and training 

feedback 

eIMCI was highly accepted and viewed 

as useful for managing antibiotic use. 

AMR/AMS were addressed, though 

knowledge gaps remained among lower-

trained staff 

Steinhardt et 

al, 2019 (143) 

 

Malawi 

 

105 outpatient 

health facilities 

in seven districts 

of southern 

Malawi 

 

Cluster RCT with 2360 patients, 

including children under 5 

Text message 

reminders to health 

workers on malaria 

case management 

(arm 1) or on 

malaria, pneumonia 

and diarrhoea (arm 

2) 

Correct management of 

uncomplicated malaria, 

including testing, treatment 

and counselling. Also covers 

appropriate care for 

pneumonia and diarrhoea 

including antibiotic use and 

health worker knowledge and 

practices 

Antibiotic use for pneumonia in children 

rose overall but dropped slightly in Arm 2 

(effect size −4.1%). Patient dosing 

knowledge significantly improved in Arm 

2 (DiD +18.2%, p=0.012) 

Bernasconi et 

al, 2018 (151) 

 

Afghanistan 

 

3 primary health 

centres (urban 

and rural) in 

Kabul province 

 

Pre-post implementation study 

with 8047 children 

(implementation) and 599 

(baseline), aged 2–59 months 

ALMANACH – a 

tablet-based digital 

CDSS integrating 

IMCI guidelines 

 

Antibiotic prescription rate, 

quality of diagnosis and 

treatment adherence to 

guidelines 

 

Antibiotic prescription dropped from 

63.9% to 21.8% (p<0.01), malnutrition 

screening increased from 1.8% to 4.4%, 

deworming increased from 7.5% to 

50.2%, Wrong antibiotic use reduced by 

>50% 

O’Donovan 

et al, 2018 
(140) 

 

Uganda 

 

3 sub-counties in 

Mukono District 

(Mpatta, 

Nakisunga, 

Mpunge) 

 

Pilot RCT involving 129 

Community Health Workers 

(CHWs) 

Tablet-based 

training using 

locally made 

educational videos 

on pneumonia 

 

Change in knowledge 

acquisition (MCQ test scores) 

and clinical assessment 

performance. CHW feedback 

and satisfaction with tablet-

based training 

Both groups had improved in test scores 

post-training, but the difference wasn’t 

significant (t = 1.15, p = 0.254). Most 

CHWs found tablets useful for training, 

though some faced technical issues (n = 

9) 

Rambaud-

Althaus et, 

2017 (141) 

 

Tanzania 

 

9 urban primary 

healthcare 

facilities in Dar 

es Salaam 

 

Pilot cluster-RCT with 504 

acutely ill children aged 2–59 

months 

Use of 

ALMANACH 

clinical decision 

support tool 

Assessment completeness, 

antibiotic prescribing, 

classification accuracy, 

treatment appropriateness and 

danger sign recognition 

Danger sign checks: 74% (electronic) vs 

41% (paper) vs 3% (control), antibiotic 

prescriptions: 25%, 26%, 70% 

respectively. Appropriate management: 

63% (electronic), 62% (paper), 37% 

(control) 
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Keitel et al, 

2017 (146) 

 

Tanzania 

 

9 outpatient 

clinics in Dar es 

Salaam 

 

Non-inferiority RCT with 3192 

children aged 2–59 months 

e-POCT algorithm 

using host 

biomarker POCTs 

(CRP, PCT, Hb, 

oximetry, 

glucometer, mRDT) 

Clinical failure by day 7, 

antibiotic prescription on day 

0, primary referrals, severe 

adverse events by day 30 

(hospitalizations/deaths) 

e-POCT reduced clinical failure (2.3% vs 

4.1%), severe adverse events (0.6% vs 

1.5%) and antibiotic use (11.5% vs 

29.7%) compared to ALMANACH. e-

POCT also cut clinical failure by 49% 

and antibiotic use from 94.9% to 11.5% 

Shao et al, 

2015 (155) 

 

Tanzania 

 

4 health facilities 

in Dar es Salaam 

 

Controlled non-inferiority study 

with 1,467 children aged 2–59 

months 

ALMANACH 

mobile decision 

support algorithm 

implemented on 

smartphones 

 

Proportion of clinical cure at 

day 7 and 14.  

Antibiotic prescription rate, 

re-consultation rate, danger 

sign identification 

Clinical cure in ALMANACH group was 

97.3% vs 92.0% in control, antibiotic 

prescription reduced by ~50% with 

ALMANACH. 130/842 (15.4%) in 

ALMANACH and 241/623 (38.7%) in 

control arm were diagnosed with an 

infection in need for antibiotic 

Shao et al, 

2015 (158) 

 

Tanzania 

 

6 public primary 

health facilities 

in Dar es Salaam 

 

Qualitative study using 

interviews and focus groups with 

40 primary health workers (24 

interviews, 16 focus group 

participants) 

ALMANACH 

algorithm 

implemented via 

smartphones and 

tablets 

 

Health worker perceptions of 

uptake and usability of 

ALMANACH via mobile 

devices.  

Perceived effects on antibiotic 

prescribing, diagnostic 

accuracy, workflow, trust, 

technical usability and health 

system barriers 

Health workers found ALMANACH 

useful for diagnosis and reducing 

unnecessary antibiotics. Barriers included 

longer consultations, staff shortages, dual 

documentation and limited incentives 

Perri-Moore 

et al, 2015 
(142) 

 

Tanzania 

 

6 government 

clinics in Dar es 

Salaam 

 

Cluster RCT involving 41 

providers and 172 caretakers 

(eIMCI) vs. 25 providers and 180 

caretakers (pIMCI) for children 

aged 2–59 months 

Electronic IMCI-

derived decision 

support protocol 

with embedded 

counselling 

messages and 

summary screen 

Provider explanation and 

caregiver recall of key 

treatment and follow-up 

details, including illness 

understanding, medication use 

and return visit instructions 

eIMCI improved provider communication 

(98.8% vs. 77.8%) and caretaker recall of 

condition and return instructions (22.9% 

vs. 50%) but not recall of medication 

frequency or duration  

Mitchell et al, 

2012 (161) 

 

Tanzania 

 

4 districts in the 

Pwani Region, 

including 

Bagamoyo, 

Morogoro Town, 

Mkuranga and 

Morogoro Rural 

Qualitative pilot nested in 

quantitative implementation study 

with 11 providers and 20 

caretakers across 12 Ministry of 

Health centres 

Electronic IMCI 

(eIMCI) via 

handheld PDAs 

 

Perceived improvement in 

clinical workflow and 

adherence to IMCI.  

Caretaker satisfaction, 

perceived provider 

competence, thoroughness of 

examination 

Providers and caregivers viewed eIMCI 

positively; providers found it faster, easier 

and helpful for IMCI adherence, while 

caregivers noted better service, thorough 

examination of their child and more 

knowledgeable providers 

Policymaker Studies (n=2) 

Jones et al, 

2025 (156) 

Nepal 1 urban and 1 

peri-urban 

community in 

Bhaktapur and 

Participatory qualitative case 

study with 20 diverse community 

members lacking prior AMR or 

video experience 

Participatory video 

(PV) production 

workshops with 

AMR education and 

Community engagement, 

knowledge-sharing, 

empowerment and advocacy 

reach in addressing AMR in 

PV empowered communities to advocate 

against AMR while policymakers found 

the videos effective for AMR education, 
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Table 3: Risk of Bias assessment summary table 

Author/ 

Year 

Study 

Type 

Bias 

Assessment 

Tool 

Overall 

Risk of 

Bias 

 

Bias Appraisal Summary 

Patient + Provider Studies (n=1) 
Mekuria et al, 2019 (148) 

 

Explanatory sequential mixed-

methods study 

 

ROBINS-1/CASP 

 

ROBINS-1: Serious risk due to limited causal control 

CASP: High-quality qualitative component offering valuable context for digital health 

implementation in low-resource settings 

Provider Studies (n=21) 

Chandragiri 

municipalities 

community 

showcasing events 

addition to policymaker 

attitudes 

highlighting PV’s potential as a 

grassroots AMS tool in LMICs 

Sawant et al, 

2024 (153) 

India Rural households 

in two blocks 

(Junnar – 

tribal/distant, and 

Mulshi – 

rural/urban-

adjacent) in Pune 

District 

Cross-sectional study of 443 rural 

households 

Machine Learning 

algorithms 

(stepwise logistic, 

lasso, random 

forest, XGBoost 

and Boruta) 

 

XGBoost+Boruta with 7 

predictors was the top model 

for predicting OTC antibiotic 

use, identifying key factors 

like perceived usefulness, eye-

related use, high dose and 

long duration 

OTC antibiotic use prevalence: 35.9% 

(95% CI: 31.6–40.5). XGBTree+Boruta 

with AUROC: 0.934 (95% CI: 0.891–

0.978), log-loss: 0.279 
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Author/ 

Year 

Study 

Type 

Bias 

Assessment 

Tool 

Overall 

Risk of 

Bias 

 

Bias Appraisal Summary 

Langet et al, 2025 (149) 

 

Quasi-experimental pre-post 

study 

 

ROBINS-1 

 

Moderate risk of bias due to use of a historical control. However, secular trends were 

adjusted for. Other potential confounders such as demographics, clinical features and 

healthcare access were also addressed 

Hürlimann et al, 2024 
(152) 

 

Pre-post observational study 

 

ROBINS-1 

 

Serious risk of bias due to use of historical control and no adjustment for time-related 

confounders , although all other domains had a low to moderate risk 

Tan et al, 2024 (147) Parallel group cross-sectional 

cluster RCT 

RoB-2 

 

Low as all domains were judged low risk, indicating overall low risk of bias for the 

trial 

Peiffer-Smadja et al, 

2024 (157) 

 

Qualitative implementation 

research (semi structured 

interviews) 

CASP 

 

Well-aligned methodology, sampling and analysis. Limited reflexivity but overall 

offers valuable insights for AI implementation in clinical practice 

Tan et al, 2023 (139) 

 

Cluster RCT 

 

RoB-2  Some concerns mainly from potential bias in outcome measurement. All other domains 

showed low risk 

Schmitz T et al, 2022 (154) 

 

Observational study (quasi-

experimental, non-randomized 

controlled) 

ROBINS-1  Serious risk of bias from confounding due to contextual differences in epidemiology, 

health-seeking behaviour and health system factors. Potentially, Hawthorne effect may 

also have influenced outcomes 

Ellington et al, 2021 (159) 

 

Exploratory qualitative study 

(semi structured interviews) 

CASP  Methodologically strong across most criteria with minor limitation in reflexivity 

reporting 

Peiffer-Smadja et al, 

2020 (162) 

Qualitative pre-implementation 

study 

CASP   Strong methodology with clear focus on CDSS acceptability. Minor limitation in 

reflexivity reporting 

Tan et al, 2020 (144) Post hoc subgroup analysis 

from RCT 

RoB-2  Some concerns. The inherent characteristics of subgroup analyses introduce the 

potential for confounding to bias the results 

Bernasconi et al, 2019 
(150) 

 

Implementation research (pre-

post comparison using two 

cross-sectional surveys) 

ROBINS-1  Serious risk. Lack of confounder adjustment in pre-post design leads to serious overall 

bias risk 

Keitel et al, 2019 (145) 

 

Randomized controlled 

noninferiority trial (subgroup 

analysis) 

RoB-2  Some concerns. Strong RCT basis but subgroup design raises issues of selective 

inference and generalizability 

Bessat et al, 2019 (160) 

 

Qualitative study (in-depth 

interviews and focus group 

discussions) 

CASP  Methodologically sound with robust qualitative methods. A minor limitation is the 

limited reporting on researcher reflexivity 

Steinhardt et al, 2019 (143) 

 

Cluster RCT 

 

RoB-2  Low risk.  All domains show low risk, indicating a well-conducted cluster RCT with 

strong internal validity 

Bernasconi et al, 2018 
(151) 

 

Pre-post implementation study 

 

ROBINS-1  Serious risk from. Confounding from secular trends and population differences across 

survey rounds limits causal inference  

U

r

r

e

n

t  
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Author/ 

Year 

Study 

Type 

Bias 

Assessment 

Tool 

Overall 

Risk of 

Bias 

 

Bias Appraisal Summary 

O’Donovan et al, 2018 
(140) 

 

Pilot randomised controlled 

trial 

 

RoB-2  Some concerns. Small pilot RCT with limited reporting and potential of reactivity bias 

raises transparency and validity concerns 

Rambaud-Althaus et, 

2017 (141) 

Pilot cluster-randomized 

implementation study 

 

RoB-2  Some concerns. Well-conducted pilot cluster RCT but outcome assessment may be 

affected by observer bias 

Keitel et al, 2017 (146) 

 

Randomized controlled non-

inferiority trial 

RoB-2  Low risk. Rigorous non-inferiority RCT with low risk of bias across all domains 

Shao et al, 2015 (155) 

 

Controlled non-inferiority 

interventional study 

ROBINS-1  Serious risk. Lack of randomization and potential facility-level confounding result in 

serious overall risk of bias 

Shao et al, 2015 (158) 

 

Qualitative study (in-depth 

interviews and focus group 

discussions) 

CASP  Strong methodological quality with minor reflexivity limitations. Offers valuable 

insights into health worker views on mobile decision support tools 

Perri-Moore et al, 2015 
(142) 

 

Cluster-randomized controlled 

trial 

RoB-2  Some concerns. Well-conducted study with real-time outcome tracking and valid 

analysis but moderate concerns due to unclear allocation concealment and post-

randomization recruitment 

Mitchell et al, 2012 (161) 

 

Qualitative pilot study nested 

within a quantitative 

implementation study 

CASP  Clear aims, suitable qualitative methods and well-presented findings. Minor gaps in 

reflexivity, ethics and analysis detail but overall valuable and reliable for digital health 

implementation 

Policymaker Studies (n=2) 
Jones et al, 2025 (156) Participatory Research 

(Qualitative Case Study 

Evaluation) 

CASP  Methodologically sound and ethically robust. The study offers valuable contextual 

insights, though deeper reflexivity on researcher-participant dynamics would 

strengthen it. Overall, it informs culturally grounded AMS interventions 

Sawant et al, 2024 (153) Cross-sectional descriptive 

study 

ROBINS-1  Serious risk. Lack of a control group and residual confounding leads to serious bias 

risk despite strong design and implementation 

 ---  - Low risk of bias       - Moderate risk of bias        - Serious risk of bias 
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3.4 Study Outcomes 

          3.4.1 Effectiveness of Digital Interventions 

The effectiveness of digital AMS interventions in LMIC community healthcare settings was most 

consistently demonstrated through measurable improvements in provider prescribing behaviour. 

Across 24 studies, interventions targeted predominantly healthcare providers particularly general 

practitioners, nurses and CHWs using digital tools designed to support rational antimicrobial decision-

making. These tools achieved clinically meaningful improvements across several key prescribing 

outcomes, as synthesised below. 

 

Change in Antibiotic Prescribing Rates 

Thirteen studies evaluated changes in the proportion of patient encounters resulting in antibiotic 

prescriptions following the implementation of AMS interventions. Drawing from seven RCTs (139, 141, 

143-147) and six non-randomised studies (149-152, 154, 155), the overall GRADE certainty of evidence was 

rated as moderate to high. Across these studies, consistent and substantial reductions in antibiotic 

prescribing were observed, though with notable variation in effect size. Reported reductions ranged 

from as little as 4% to over 80%, underscoring both the promise and the heterogeneity of intervention 

effectiveness. The most striking reductions were reported in RCTs evaluating the ePOCT clinical 

decision support algorithm, all conducted in Tanzania. Keitel et al. (146) demonstrated an impressive 

83.4% decrease in antibiotic prescribing when comparing ePOCT to standard care. A subsequent trial 

by the same author revealed that integrating C-reactive protein (CRP) testing into the ePOCT protocol 

further enhanced prescribing performance, reducing antibiotic use from 40.4% to just 2.3%. This 

finding highlights the additive value of biomarker-informed decision-making when combined with 

digital support tools. Similarly, Tan et al. reported substantial reductions of 46.9% and 39.1% in 

separate evaluations conducted in 2023 and 2024, respectively, further affirming ePOCT’s 

effectiveness across diverse settings within Tanzania (139, 147)  

Evidence supporting the ALMANACH tool was also robust. In a pre-post evaluation, Shao et al. (155) 

observed a dramatic 68.9 percentage point decline from 84.3% to 15.4% marking the largest absolute 

reduction across all studies. Rambaud-Althaus et al. (141) reported a 45% reduction, even without 

digital augmentation, suggesting that standardised clinical protocols alone can influence prescribing 

behaviours. Non-randomised studies, including those by Hürlimann et al. (152) and Bernasconi et al. 
(151), while subject to greater risk of confounding, corroborated these findings with prescribing 

reductions frequently exceeding 40% following ALMANACH implementation. Conversely, a quasi-

experimental study from Nigeria reported only a modest 4% decline in oral antibiotic use with 

ALMANACH, accompanied by an increase in parenteral antibiotic prescriptions (from 9.4% to 17%) 
(154). This finding raises concerns about therapeutic substitution rather than true prescribing reduction.  

 

Finally, a study from Malawi examining a short SMS-based intervention recorded a non-significant 

4.1% reduction in prescribing, likely limited by a small sample size (n = 39) (143). Taken together, 

these findings demonstrate the considerable potential of digital tools particularly ePOCT and 

ALMANACH to reduce unnecessary antibiotic prescribing in community settings across LMICs. 

However, their impact remains highly context-dependent, influenced by factors such as 

implementation fidelity, integration into routine clinical workflows and the availability of 

complementary diagnostic inputs. 

 

Reduction in Inappropriate Prescribing 

Twelve studies assessed the impact of digital AMS interventions on inappropriate antibiotic 

prescribing, either directly by evaluating prescriptions issued for viral or clinically unjustified cases or 
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indirectly, using overall reductions as a proxy indicator. This outcome was supported by high-

certainty evidence from seven RCTs (139, 141, 143-147) and moderate-certainty evidence from five non-

randomised studies (149-152, 155), collectively demonstrating consistent improvements in prescribing 

quality following digital AMS implementation. 

In Somalia, Hürlimann et al. (152) reported a striking decline in inappropriate antibiotic use of over 30 

times for upper respiratory tract infections, from 96.6% pre-intervention to just 3.1% post-

ALMANACH deployment. Additionally, the study documented a 22.1% reduction in incorrect 

diagnoses of intestinal parasitosis, highlighting the broader diagnostic improvements enabled by the 

tool. Similarly, in Afghanistan in 2018, Bernasconi et al. (151) found that prior to intervention, 87.1% of 

children were prescribed antibiotics unnecessarily. Post-intervention, the appropriateness of 

prescribing markedly improved, dropping by over 50%, underscoring the transformative potential of 

ALMANACH. Tanzanian studies provided further robust evidence. Shao et al. (155) demonstrated that 

inappropriate antibiotic prescribing was significantly reduced in the ALMANACH intervention arm, 

with only 15.4% of children receiving antibiotics compared to 38.7% in the control group despite 

clinical criteria supporting few of these prescriptions. Furthermore, in Nigeria in 2019, Bernasconi et 

al. (150) demonstrated an improvement in correct treatment rates from 29.5% to 48.4% following the 

adoption of ALMANACH. Rambaud-Althaus et al. (141) also confirmed the tool’s utility, noting that 

while both digital and paper-based versions of ALMANACH enhanced viral diagnosis and supported 

more appropriate management, the digital format yielding slightly superior diagnostic accuracy.  

Studies evaluating ePOCT echoed these findings. In a 2024 study, Tan et al. (147) reported a 30.5% 

increase in appropriate prescribing, rising from 51.4% to 81.9%. In an earlier study conducted in 

2020, the same author  observed an increase in appropriate Day 0 prescribing from 47.9% to 98.2% 
(144). These improvements were largely attributed to algorithm-based decision support embedded in 

ePOCT, which guided clinicians through context-appropriate prescribing pathways. Together, these 

findings underscore the considerable potential of digital AMS interventions particularly algorithm-

driven clinical decision support systems to substantially reduce inappropriate antibiotic prescribing in 

low-resource settings. However, the persistence of systemic and diagnostic barriers, including limited 

access to point-of-care testing and entrenched prescribing habits, suggests that digital tools must be 

complemented by broader health system reforms to ensure the sustainability of antimicrobial 

stewardship gains. 

 

Use of Broad- vs. Narrow-Spectrum Antibiotics 

Only four studies addressed antibiotic class selection, a critical yet underexplored proxy indicator for 

AMR. The GRADE certainty of evidence for this outcome ranged from moderate (1 RCT) (143) to low 

(two observational studies (148, 151) and one qualitative study (157)), reflecting the limited dataset, 

methodological variability and confounding contextual factors. In Malawi, Steinhardt et al. (143) 

conducted a RCT that evaluated the impact of SMS-based reminders on antibiotic prescribing 

practices. Beginning on Day 4 of illness, health workers received messages such as, “For pneumonia, 

1st line Rx is amoxicillin and 2nd line is erythromycin. For SEVERE pneumonia, treat with IM 

Xpen.” Despite the intervention’s alignment with guideline-concordant care, it yielded no significant 

improvement in pneumonia management. The study noted that prescribing behaviours were 

predominantly shaped by entrenched clinical routines and the common practice of initiating antibiotic 

treatment during the initial patient encounter. Furthermore, local supply chain limitations impeded the 

appropriate selection of antibiotic classes. 

In Kenya, a mixed-methods study by Mekuria et al. (148) investigated the drivers of antibiotic class 

selection through M-TIBA, a digital health exchange platform. Providers reported frequent overuse of 
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broad-spectrum antibiotics driven by drug stockouts, sociocultural expectations and habitual 

prescribing practices. One clinician remarked: 

“If you don’t have a broad-spectrum antibiotic, maybe you combine two antibiotics together if you 

think they can offer wide coverage.” 

Another reflected on normative perceptions:  

“Many clinicians believe that prescribing Amoxicillin or Augmentin means they’ve treated the 

patient.” 

Caregivers, too, influenced decisions, with one mother stating: 

“I would have looked for another place to be given drugs because of the way my baby is feeling.” 

Evidence from Bernasconi et al. (151) further underscored the challenges in aligning antibiotic class 

selection with IMCI guidelines. Analysis of prescriptions following ALMANACH implementation 

revealed substantial deviations. 50.9% of Augmentin, Cefixime and Cephradine were dosed 

incorrectly. Alarmingly, despite being contraindicated in young children, Cephradine and Cefixime 

were prescribed to 24 patients. These findings exposed not only diagnostic and prescribing gaps but 

also the risks posed by algorithm non-adherence. Peiffer-Smadja et al. (157) added further qualitative 

nuance through a 2024 CDSS pre-implementation interview exploring the reasons for misuse of 

Watch and Reserve class of antibiotics in West Africa. This study highlighted how economic and 

structural barriers significantly shaped prescriber choices. One clinician noted: 

“Ceftriaxone, a second- or third-line antibiotic, costs less than first-line amoxicillin, so it’s what we 

use.” 

Another lamented the absence of local epidemiological data:  

“We don’t have data based on local resistance patterns. In Europe, you could justify third-generation 

cephalosporins but here, it’s a guess.” 

Collectively, these findings suggest that while digital tools and guideline-based reminders may 

encourage appropriate class selection, their success remains heavily contingent on broader systemic 

enablers, particularly reliable medicine supply, cost parity between first line and higher-tier antibiotics 

and the availability of locally relevant microbiological data. Addressing these structural constraints is 

essential to optimise antibiotic class selection and ensure that digital stewardship tools can fulfil their 

potential in LMIC settings. 

 

Clinical Outcomes 

Nine studies (five RCTs (139, 144-147) and four observational studies (149, 150, 154, 155) reported on patient-

level clinical outcomes, offering valuable insights into the safety and effectiveness of digital AMS 

interventions in community healthcare settings across LMICs. The overall quality of evidence was 

rated moderate. Collectively, the findings suggest that reductions in antibiotic use facilitated by digital 

decision-support systems did not compromise and in some instances enhanced patient outcomes. All 

RCTs were from Tanzania and consistently demonstrated superior clinical outcomes with ePOCT 

compared to ALMANACH or standard care. Keitel et al. (146) reported a 43% relative risk reduction in 

clinical failure when using ePOCT versus ALMANACH, alongside a notable decrease in severe 

adverse events (0.6% vs. 1.5%). Interestingly, referral rates were higher with ePOCT (6.6%) than 

ALMANACH (2.9%). A subsequent study by the same author reaffirmed these findings, with lower 

clinical failure by Day 7 (2.9% vs. 4.8%) and rates of hospitalization and death reducing by half in the 

CRP-informed ePOCT arm compared to standard algorithms (0.5% vs. 1.5%) (145). Similarly, Tan et al. 
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(139) demonstrated non-inferiority in clinical failure rates between ePOCT (3.7%) and routine care 

(3.8%), reinforcing its safety. In an earlier study, the same author found lower failure rates with 

ePOCT (1.8%) than ALMANACH (16.7%) and striking differences in hospital admission rates among 

referred patients, 20% for ePOCT versus 71% for ALMANACH (144). In Kenya and Senegal, Langet et 

al. (149) showed stable Day 7 caregiver-reported recovery rates among infants (89.8% vs. 91.6%) and 

slight improvements of 2.2% among children aged 2–59 months compared to the CDSS pre-

intervention period. Comparable benefits were also observed with ALMANACH. Schmitz et al. (154) 

documented improved Day 7 recovery of 85.4% versus 71.4% with standard care. Shao et al. (155) 

confirmed non-inferiority in clinical cure rates (97.3% ALMANACH vs. 92.0% IMCI paper 

guidelines), while Bernasconi et al. (150) highlighted improvements in danger sign screening (60% vs. 

37.1%). While some studies observed increased referral rates for ePOCT (1.2% vs. 1.0%) (139) and 

ALMANACH (9.5% vs. 3%) (154), these may reflect improved risk stratification. Collectively, the 

evidence affirms the clinical safety and potential of digital AMS tools, supporting their broader 

integration into LMIC community health systems. 

 

Trends in AMR 

Although none of the included studies directly assessed changes in AMR prevalence at the facility or 

community level, three studies investigated indirect indicators. The certainty of evidence was rated as 

low, primarily due to reliance on surrogate measures and the absence of longitudinal microbial 

surveillance systems. Sawant et al. (153) employed machine learning algorithms to model predictors of 

OTC antibiotic use as a behavioural proxy for AMR risk in rural communities. The Boruta algorithm 

identified key behavioural predictors, including the belief in the usefulness of purchasing medicines 

directly from pharmacies, antibiotic use for minor conditions such as eye complaints, higher 

household-level antibiotic consumption and prolonged or high-dose antibiotic use, particularly among 

the socioeconomically marginalised in Pune, India. The prevalence of OTC antibiotic use here was 

35.9% (95% CI: 31.6–40.5). These patterns, while indirect, provide early warning signs of population-

level behaviours that may accelerate AMR emergence and underscore the need for targeted 

community interventions. In a pre-implementation study, Peiffer-Smadja et al. (157) examined 

stakeholder perceptions of digital tools in shaping AMR policy ecosystems. Participants recognised 

the potential of CDSS such as Antibioclic Afrique to catalyse policy reform and support regional 

governance. One clinician remarked: 

“We must not stop only at our scientific level but go precisely to the level of decision-makers… to 

formalize the algorithms, the recommendations… and ensure that they are applied at the national 

level by each of the countries.” 

Further, Jones et al. (156) highlighted the use of participatory video as a strategy to disseminate AMR 

awareness beyond local communities. Participants noted that the visual and contextually relevant 

nature of the videos enhanced engagement and reflection. As one participant in Chandragiri remarked: 

“People might get bored when they are informed about it (AMR) in person, but they would think 

about it ten times if they could see it visually.” 

These studies suggest that while the current evidence base remains limited by the absence of 

microbial data, digital tools can contribute meaningfully to AMR awareness, policy engagement and 

behavioural surveillance. Strengthening these indirect pathways through integrated digital strategies, 

particularly those embedded within national health systems will be essential for advancing sustainable 

AMR mitigation efforts in LMICs. 
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          3.4.2 Pathways of Effective Digital Interventions 

Knowledge, Attitude and Behavioural Changes Among Healthcare Providers and Patients 

Digital AMS interventions demonstrated significant potential to influence provider and patient 

knowledge, attitudes and behaviours related to antibiotic use through multifaceted behavioural 

mechanisms. This was supported by high-certainty GRADE evidence from three RCTs (140, 142, 143), 

moderate- certainty evidence from seven qualitative studies (156-162) and two low-certainty evidence 

from two observational studies (148, 150), yielding an overall rating of moderate certainty. O’Donovan et 

al. (140) found that tablet-based video training significantly improved CHWs understanding of 

antibiotic use and AMR, offering a feasible alternative to conventional in-person sessions. Similarly, 

Jones et al. (156) reported that participatory video production in Nepal fostered both community 

engagement and knowledge enhancement. Audiences described feeling empowered, with one 

participant observing: 

“They now know that they are not supposed to simply buy the medicines that they want and consume 

it carelessly.” 

The authenticity of community-led content, as opposed to professionally produced media was also 

seen to resonate more powerfully with local viewers. 

The impact of eIMCI tools on provider communication and patient engagement was consistently 

positive. Perri-Moore et al. (142) documented that providers using eIMCI verbalised clinical problems 

more effectively (98.8% vs. 77.8%) and offered significantly more counselling, leading to improved 

caregiver recall of treatment and follow-up advice compared to paper-based protocols. These benefits 

were echoed by Mitchell et al. (161), who reported that 82% of providers found PDAs with eIMCI 

faster than traditional forms, affirming that the devices systematically guided clinical assessment and 

reminded them of key procedural steps. Caregiver engagement also improved. 55% reported feeling 

more involved during consultations, while 62% believed the PDAs enhanced diagnostic and treatment 

accuracy. However, some caregivers developed an overly inflated trust in the devices, with one 

remarking: 

“With the instrument the truth can be seen.” 

High satisfaction with eIMCI was also reported by Bessat et al. (160), who highlighted its value for 

clinical decision-making and provider learning. Similarly, Shao et al. (158) noted that ALMANACH 

enhanced prescribing accuracy and clinician confidence. One provider reflected:  

“Before, I was just prescribing antibiotics... now I know many diseases are febrile and don’t need 

antibiotics.” 

Peiffer-Smadja et al. (162) found unanimous agreement among providers that digital tools improved 

care quality, guideline adherence and reduced errors. However, concerns were raised regarding the 

potential for ‘blind obedience’ to algorithmic outputs and mixed effects on clinician-patient 

relationships. Despite this optimism, Bernasconi et al. (150) observed that in Nigeria, many providers 

continued habitual prescribing patterns with providers frequently disregarding CDSS 

recommendations, signalling behavioural inertia. Finally, in the case of SMS-based reminders, 

Steinhardt et al. (143) found that they were insufficient to improve provider knowledge, underscoring 

the limitations of passive digital prompts in the absence of comprehensive training or supportive 

system infrastructure. Collectively, these findings suggest that digital AMS tools can meaningfully 

influence antimicrobial-related behaviours among both providers and patients. However, their success 

depends on contextual adaptability, user-centred design, digital literacy and sustained stakeholder 

engagement. 
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          3.4.3 Facilitators and barriers of implementing Digital AMS Interventions 

Feasibility and Acceptability 

The successful implementation of these tools in LMIC community settings is mediated by an intricate 

interplay of technical, behavioural, systemic and contextual factors. This section critically synthesises 

the key barriers and enablers to implementation across multiple levels of the health system, drawing 

on studies with varying methodological strengths. According to GRADE assessments, evidence 

certainty ranged from high in one RCT (140), to moderate in six qualitative studies (157-162), and low in 

two observational studies (149, 152), yielding an overall moderate rating. Technical design emerged as a 

foundational enabler of feasibility. Langet et al. (149) found that tools such as ePOCT were well-suited 

to resource-constrained environments due to their modular architecture, mobile compatibility and 

offline functionality. Yet, implementation was complicated by referral barriers, as health worker and 

caregiver decisions were influenced by illness severity, perceived costs, logistical challenges and 

power dynamics. 

 

 Hürlimann et al. (152) identified concerns among healthcare workers and supervisors related to longer 

consultation times, caregiver mistrust in digital technologies and unreliable electricity supply in 

facilities. Despite these challenges, caregivers responded favourably post-implementation: 

“Since ALMANACH started, my child improved with the medications prescribed by the health 

worker.” (Mother #1) and “I read directly from the tablet and understood the messages.” (Mother #2) 

Peiffer-Smadja et al. (157) mapped challenges at the individual, system and national levels in the 2024 

study. At the individual level, key issues included patient self-medication and poor adherence to 

prescribing guidelines. System-level barriers involved stock-driven prescribing, regulatory 

weaknesses and heterogeneity in prescriber training. Participants stressed the importance of designing 

CDSS for a broader range of prescribers: 

“The CDSS should not only target physicians... but also general practitioners, nurses, midwives... 

who are the main prescribers in rural areas.” 

 

Recommendations included phased implementation, early adopter mobilisation and co-designing tools 

responsive to national AMR priorities. Ellington et al. (159) reported strong provider acceptability for 

the ALRITE app. Health workers praised its utility in guiding clinical assessments, dosage calculation 

and health education. Nevertheless, some expressed concern about perceptions of professionalism: 

“Clients might think you’re not knowledgeable... But I can start by engaging the patients and 

informing them... I'm improving diagnosis for your child.” 

The 2020 study by Peiffer-Smadja et al. (162) reported that while most providers owned smartphones, 

few had access to computers or utilised CDSS. Common barriers included concerns over exacerbating 

self-medication and a mismatch between CDSS recommendations and local AMR epidemiology. The 

authors advocated co-design approaches, tailored content and iterative rollouts. Bessat et al. (160) 

reported high acceptance of eIMCI but noted ‘slowness’ of the device as a key constraint, exacerbated 

during high-attendance periods. Double workload due to parallel manual registers and misaligned 

diagnostic classifications further dampened uptake. O’Donovan et al. (140) found tablet-based video 

training feasible and well-received, with 98% (n=58) of CHWs describing the experience positively, 

using expressions such as “It made me happy” and “It was good.” Navigation difficulties were 

common but mitigated through peer support. 

This was echoed by Shao et al. (158) with favourable provider responses to ALMANACH, noting 

improved clinical decision-making and reductions in inappropriate antibiotic use. However, 
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challenges such as prolonged consultation time and typing difficulties were noted. Finally, Mitchell et 

al. (161) revealed high provider satisfaction with PDA-based eIMCI with enhanced adherence to 

protocols, greater patient engagement and improved diagnostic confidence frequently cited as 

benefits. Collectively, these findings affirm that the success of digital health tools hinges on early 

stakeholder engagement, contextual adaptation, robust system integration and sustained technical 

support. Addressing digital illiteracy, improving infrastructure and embedding digital tools into 

routine clinical practice and national reporting systems will be critical to their scale and sustainability. 

 

Cost and Cost-Effectiveness 

The economic dimensions of digital AMS interventions were not the primary focus of any included 

study, resulting in a low GRADE certainty rating for this outcome. Although no formal cost-

effectiveness analyses were undertaken, several studies provided valuable qualitative insights into 

affordability, perceived cost savings and implementation feasibility in resource-constrained settings. 

The 2024 Peiffer-Smadja study (157) illustrated how patient-level economic constraints can 

inadvertently shape antibiotic prescribing decisions, even when CDSS are available. One healthcare 

provider highlighted this dilemma: 

“There is no Social Security, so it’s the patients who pay. A very illustrative example: when you take 

an antibiotic like Ceftriaxone which should be the second- or third-line antibiotic, it costs less than 

one euro compared to the antibiotic like amoxicillin which should be the first line. These are quite a 

few reasons that can impact on the quality of antibiotic prescribing.” 

The 2020 study by Peiffer-Smadja et al. (162) further noted that CDSS tools designed as user-friendly 

mobile applications with free access may substantially lower implementation costs and facilitate 

broader uptake. Ellington et al. (159) reinforced this theme, finding that while the ALRITE app was 

available free of charge, feasibility was nonetheless impacted by indirect costs and equipment 

limitations. 

Steinhardt et al. (143) explored the use of low-cost SMS-based behavioural interventions, where the 

average cost per message was USD 0.035. Despite the affordability, the study concluded that text 

messages alone may be insufficient to significantly alter healthcare worker behaviour. Similarly, 

O’Donovan et al. (140) evaluated tablet-based training videos and identified cost-related usability issues 

such as poor battery life and an inability to pause videos, underscoring the need to balance hardware 

affordability with functional reliability in resource constrained environments. Crucially, none of the 

studies reported quantified implementation or maintenance costs, nor did any conduct comparative 

cost-effectiveness analyses against standard care or alternative AMS strategies. This represents a 

critical gap in the evidence base, particularly given the pressing need to ensure financial sustainability 

of digital AMS interventions in LMIC contexts. Future research must integrate robust economic 

evaluations, including cost-effectiveness and cost-benefit analyses, to inform scalable and long-term 

deployment strategies. 
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Table 4: Summary of Findings Table with certainty of evidence assessment using GRADE/GRADE-CERQual for the primary and secondary outcomes 

Outcomes No of Studies Certainty of Evidence 

(GRADE/GRADE-CERQual) 

Impact 

Primary Outcomes 
1) Change in antibiotic 

prescribing rates 

(7 RCTs (139, 141, 143-147)) ⨁⨁⨁⨁ 

High 

Studies showed that digital AMS 

interventions consistently reduced 

antibiotic prescribing rates across LMIC 

primary care settings. Reductions 

ranged as low as 4% (154) to as high as 

83% (146), demonstrating a meaningful 

impact on antibiotic use patterns. 

 

(6 Observational Studies (149-152, 154, 155)) 

⨁⨁⨁◯ 

Moderate 

2) Reduction in inappropriate 

antibiotic prescribing 
(7 RCTs (139, 141, 143-147)) 

⨁⨁⨁⨁ 

High 

Several high-quality studies showed that 

digital tools significantly reduced 

inappropriate antibiotic prescriptions, 

such as those for viral infections or 

against guidelines. The effect was 

consistent across settings, ranging from 

around 20% (150) to over 90% (152). 

 

(5 Observational Studies (149-152, 155)) 
⨁⨁⨁◯ 

Moderate 

3) Use of broad-spectrum vs. 

narrow-spectrum antibiotics 
(1 RCT (143)) 

⨁⨁⨁◯ 

Moderate 

Only 4 studies assessed shifts in 

antibiotic class selection and methods 

for measuring spectrum use varied. 

However, the magnitude and 

consistency of effect varied with some 

studies reporting modest improvements 

while others found no significant 

change. 

 
(2 Observational Studies (148, 151)) 

⨁⨁◯◯ 

Low 

(1 Qualitative Study (157)) 
⨁⨁◯◯ 

Low 

Secondary Outcomes    

4) Clinical outcomes: infection 

resolution, adverse events and 

hospital referrals 

(5 RCTs (139, 144-147)) 
⨁⨁⨁◯ 

Moderate 

Most studies reported that clinical 

outcomes were similar or slightly 

improved with digital AMS tools with 

no significant increase in adverse events 

or hospital referrals. 
 

(4 Observational Studies (149, 150, 154, 155)) 
⨁⨁◯◯ 

Low 

5) Trends in antimicrobial 

resistance at the community or 

facility level 

(1 Observational Study (153)) 
⨁⨁◯◯ 

Low 

Only 3 studies addressed AMR trends 

and that too indirectly or through proxy 

indicators or stakeholder perceptions 

with limited microbiological  
(2 Qualitative Studies (156, 157)) 

⨁⨁◯◯ 

Low 
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GRADE/ GRADE-CERQual Working Group grades of evidence. High certainty: Very confident that the true effect lies close to that of the estimate of the effect. Moderate 

certainty: Moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different. 

Low certainty: Confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect. Very low certainty: Very little 

confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

surveillance data, making the strength 

and direction of effect uncertain.  

6) Knowledge, attitudes or 

behaviour toward antibiotic use 

among healthcare providers 

and/or patients 

(3 RCTs (140, 142, 143)) 
⨁⨁⨁⨁ 

High 

Studies showed that digital AMS 

interventions improved knowledge, 

attitudes and prescribing behaviours 

among providers and patients. Reported 

changes included increased awareness 

of antibiotic resistance, greater 

adherence to clinical guidelines and 

reduced intent to prescribe 

inappropriately. 

 
(2 Observational Studies (148, 151)) 

⨁⨁◯◯ 

Low 

(7 Qualitative Studies (156-162)) 
⨁⨁⨁◯ 

Moderate 

7) Feasibility and acceptability of 

digital AMS interventions in 

routine practice 

(1 RCT (140)) 
⨁⨁⨁⨁ 

High 

Most users found the digital AMS tools 

acceptable and feasible in practice 

particularly when integrated with 

existing workflows. However, 

challenges such as digital literacy, 

infrastructure and contextual adaptation 

were frequently noted. 

 
(2 Observational Studies (149, 152)) 

⨁⨁◯◯ 

Low 

(6 Qualitative Studies (157-162)) 
⨁⨁⨁◯ 

Moderate 

8) Cost or cost-effectiveness of 

digital AMS interventions 
(2 RCTs (140, 143)) 

⨁⨁◯◯ 

Low 

No studies conducted formal economic 

evaluations. While some suggested 

potential cost savings, conclusions 

remain tentative due to limited data, 

absence of cost-effectiveness analyses 

and reliance on perceived rather than 

measured value. 

 

(3 Qualitative Studies (157, 159, 162)) 
⨁⨁◯◯ 
Low 
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4. Discussion 

4.1 Summary of Key Findings 

This systematic review synthesised findings from 24 studies across 18 LMICs evaluating diverse 

digital AMS interventions in community settings. The interventions were predominantly provider-

facing. Moderate- to high-certainty evidence consistently demonstrated that digital tools, particularly 

CDSS such as ePOCT, ALMANACH and eIMCI substantially reduced antibiotic prescribing rates, 

with reductions ranging from under 5% to over 80% across different settings in Africa and Asia. The 

integration of biomarker data, as in ePOCT with CRP testing, further enhanced prescribing accuracy 

and clinical outcomes. Digital interventions also improved the appropriateness of antibiotic use. 

Studies reported marked declines in incorrect prescriptions for conditions such as upper respiratory 

tract and gastrointestinal infections. Provider-directed digital interventions that included built-in 

training modules, structured clinical algorithms or guideline-based prompts not only improved 

prescribing accuracy but also boosted confidence among lower-cadre health workers.  

 

Behavioural pathways, evaluated through video education and mHealth apps also highlighted gains in 

provider knowledge, caregiver engagement and reductions in self-medication. However, despite their 

impact, tools targeting antibiotic class switching (broad-to narrow-spectrum) were scarce and revealed 

challenges, such as stock-driven prescribing and economic barriers influencing broad-spectrum 

antibiotic use. Patient-level outcomes, although secondary in most studies were favourable. Digital 

AMS tools demonstrated clinical safety and in some cases improved recovery rates and reduced 

hospitalisations. Nevertheless, patient- and policymaker-directed strategies remain markedly 

underrepresented. Only one study jointly targeted patients and providers and two others involved 

policy-level tools, including AI-based surveillance algorithms. Overall, digital AMS interventions 

demonstrated considerable promise in improving the quality of care and antibiotic stewardship in 

these settings, albeit within a landscape shaped by significant heterogeneity in design, implementation 

and outcome measurement.  

 

 

4.2 Interpretation in the Context of Existing Literature 

This review corroborates and extends the existing global evidence on the effectiveness of digital AMS 

interventions, offering a critical LMIC-specific lens often absent from prior syntheses dominated by 

developed countries. While CDSS and mHealth tools are well-established in HICs for enhancing 

prescribing accuracy and guideline adherence, the findings here demonstrate that significant clinical 

and behavioural gains can also be realised in LMICs, even amid infrastructural fragility, workforce 

shortages and limited diagnostic capacity. Unlike digital AMS interventions embedded within 

advanced electronic health record ecosystems typical of HICs, the LMIC-based tools examined in this 

review such as ePOCT, ALMANACH and M-TIBA were often offline-compatible, mobile-based and 

explicitly designed for low-resource, high-burden settings. Their effectiveness, even in facilities 

without consistent electricity or internet connectivity, doesn’t just reflect their thoughtful contextual 

adaptation but aligns closely with the WHO’s Global Action Plan on AMR (57) and the Global 

Strategy on Digital Health 2020–2025 (93).  

Furthermore, this review adds unique value by showcasing the potential of emerging tools such AI-

driven dashboards that draw on behavioural science and implementation research principles (153). 

These findings align with emerging frameworks that emphasise human-centred design, digital literacy 

and health system integration. Nonetheless, the broader evidence base remains constrained by a lack 

of longitudinal follow-up, economic evaluations and scalability data. The dominance of small-scale or 

pilot studies, limited inclusion of patients and policymakers as primary users and the absence of AMR 

surveillance data continue to hamper the transferability and long-term policy relevance of these 

interventions across diverse LMIC settings. Addressing these limitations is critical for transitioning 

digital AMS tools from innovation to system-wide impact. 
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4.3 Mechanisms of Change and Contextual Influences 

The effectiveness of these interventions was driven by a set of interconnected mechanisms that shaped 

adoption, fidelity and sustainability. Four key drivers emerged from this review namely, supportive 

health systems, cultural and contextual relevance, user-centred behavioural design and technological 

integration into clinical workflows (see Figure 3). These drivers interacted across the spectrum of 

digital intervention inputs and implementation processes, while being shaped by contextual enablers 

and barriers. Collectively they influenced key outcomes such as prescribing behaviour, clinical 

effectiveness and stakeholder engagement. 

Systemic support emerged as the foundational determinant of the feasibility and longevity of digital 

AMS initiatives. Countries with coherent digital health strategies, regulatory alignment and formal 

institutional partnerships such as Kenya (148) and India (153) demonstrated stronger implementation 

performance. These health systems enabled the integration of tools into reporting workflows, 

supported interoperability and provided the policy infrastructure needed to scale interventions beyond 

pilot stages.  

Cultural and contextual relevance influenced both design and process. Interventions that were co-

created with local stakeholders, adapted to end-user needs and sensitive to prevailing norms reported 

higher engagement. In Nepal, participatory video approaches fostered trust and improved knowledge 

uptake (156), while in West Africa, tailoring CDSS interfaces to include diverse prescriber types and 

aligning with regional treatment practices facilitated better provider acceptance (157). Tools lacking 

contextual fit, by contrast, risked low engagement and diminished impact.  

Behavioural design played a critical role in facilitating adoption and sustained use. Successful tools 

featured intuitive user interfaces, embedded decision support and prompt-based reinforcement 

mechanisms that aligned with clinical routines. Training modules and ongoing support helped 

mitigate low digital literacy, while perceived clinical benefits such as improved recovery rates and 

prescribing confidence also strengthened trust and engagement. Barriers such as clinician scepticism 

towards algorithmic recommendations (162), perceived workload and inadequate infrastructure often 

impeded fidelity and adherence. 

Technological integration functioned as an enabling layer. Tools embedded into facility-level systems 

and linked with existing protocols such as IMCI were associated with improved prescribing and 

patient outcomes (139, 146). Conversely, stand-alone digital tools such as eIMCI and basic mHealth apps 

that operated outside routine workflows encountered challenges including limited uptake, redundancy 

and provider disengagement (160, 161). These findings underscore that the success of digital AMS 

interventions was contingent not on individual components alone but on their alignment with broader 

system structures, local realities, behavioural processes and infrastructure. Future implementation 

must consider this interplay holistically to embed interventions into national stewardship efforts and 

drive sustainable impact. 
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Figure 3: This figure illustrates the factors behind the successful adaptation of digital health interventions in 

LMIC community settings 

 

 

4.4 Strengths and Limitations 

This systematic review possesses several strengths. First, it employed a comprehensive multi-database 

and grey literature search, ensuring robust coverage of peer-reviewed and implementation-focused 

studies. Second, data extraction was rigorously standardised and independently double-reviewed, 

enhancing reliability and reducing the risk of selection or interpretation bias. Third, the inclusion of 

RCTs, observational, qualitative and mixed-methods studies enabled a comprehensive synthesis of 

both outcome and implementation data, allowing for a nuanced understanding of intervention 

effectiveness and process-level mechanisms. Finally, the use of established critical appraisal tools 

(RoB 2, ROBINS-I and CASP) along with evidence certainty frameworks (GRADE and GRADE-

CERQual) further strengthened the review’s internal validity by enabling tailored quality assessments 

and transparent evaluation of confidence in findings across heterogeneous methodologies. 

However, several limitations must be acknowledged. The number of studies included was relatively 

small (n=24), which, while reflective of the nascent state of digital AMS research in LMICs, limits the 

breadth of evidence. The methodological heterogeneity particularly differences in intervention types, 

outcome measures and study designs hampered meta-analytic pooling and restricted cross-study 

comparability. Furthermore, many studies lacked long-term follow-up, limiting insights into 

sustainability and resistance trend evolution. Potential publication bias is also a concern, as language 

restrictions and underrepresentation of grey literature may have excluded relevant non-English studies 

or unpublished programmatic evaluations. The geographic concentration in Sub-Saharan Africa (n=21 

studies) further limits generalisability to other LMIC regions such as Latin America, East Asia or the 

Middle East. Lastly, limited reporting of intervention cost and resource inputs constrains the ability to 

assess scalability and economic feasibility, key concerns for LMIC policymakers. 
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4.5 Implications for Practice and Policy 

This review presents critical implications and actionable priorities for enhancing AMS through digital 

means. Foremost, Ministries of Health should prioritise the integration of digital tools, particularly 

CDSS platforms such as ePOCT and ALMANACH into national health information systems. 

Interventions embedded within existing workflows and aligned with WHO’s IMCI protocols clearly 

demonstrated greater uptake, fidelity and sustainability. Conversely, stand-alone tools that operate 

within siloed platforms or donor-driven projects often struggled with limited adoption and redundancy 

post-funding. Additionally, investment in digital infrastructure remains an urgent necessity. Many 

interventions relied on mobile devices and offline functionality to circumvent infrastructural gaps. 

However, scaling and enhancing these tools may require improved internet connectivity, reliable 

electricity supply and access to appropriate digital hardware at the primary care level. Equally critical 

is digital literacy training, especially for lower-level providers who frequently deliver frontline care.  

 

Behavioural interventions such as structured prompts, participatory education and algorithm-guided 

triage should be co-designed with end-users to enhance contextual fit, uptake and system-wide 

impact. Robust regulatory frameworks must also accompany the deployment of AI-driven tools. 

While studies showed potential for AI and predictive analytics, their safe and effective use demands 

ethical oversight, data governance mechanisms and local validation to mitigate misuse and 

algorithmic bias. Finally, AMS efforts must expand its scope to include patients and policymakers. 

Mobile platforms offering health education, prescription tracking and behaviour change 

communication alongside stronger policymaker engagement in shaping surveillance and response are 

vital to fostering stewardship accountability across all system levels. 

 

 

4.6 Recommendations for Future Research 

This review identifies several critical avenues to strengthen the evidence base on digital AMS 

interventions in LMIC community settings. First, future research should prioritise well-powered, 

multi-centre trials that employ harmonised outcome measures. Current evidence, while promising, is 

heavily concentrated in Sub-Saharan Africa and largely comprises single-site studies, limiting 

external validity and regional transferability. Comparative trials across diverse LMIC settings 

particularly in Southeast Asia, Latin America and the Middle East are essential to elucidate contextual 

determinants of effectiveness. Second, there is a notable lack of robust economic evaluations.  

While some studies offer qualitative insights into cost and resource constraints  (157, 159), none 

conducted formal cost-effectiveness or budget impact analyses. Such evaluations are critical for 

engaging global funders like the Gates Foundation (163) and the Fleming Fund (164), as they provide 

essential evidence on the value of investing in digital AMS interventions. Future studies should 

therefore incorporate economic modelling and equity-sensitive evaluations to inform policymaker 

decisions on resource allocation, particularly given the financial constraints of LMIC health systems.  

 

Third, mixed-methods research should be further leveraged to better understand the factors 

influencing adoption and fidelity. Qualitative inquiry like Jones et al. (156) and the two Peiffer-Smadja 

studies (157, 162) are good examples that demonstrated provider perceptions, patient experiences and 

systemic barriers, facilitating the design of contextually adaptive and user-centred tools, factors often 

overlooked in purely quantitative research. Fourth, longitudinal research is needed to assess the 

sustained impact of digital AMS tools on prescribing behaviours and antimicrobial resistance trends. 

Integrating prescribing data with microbiological surveillance platforms can help evaluate 

intervention effectiveness over time and support One Health approaches to AMR control. Lastly, 

implementation research grounded in systems thinking is imperative. Future studies should examine 

how digital AMS tools interact with governance, financing, digital health infrastructure and cross-

sectoral policies. Such approaches can inform scalable, sustainable strategies to institutionalise digital 

stewardship across LMIC community healthcare settings. 
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5. Conclusion 

This systematic review demonstrates the growing potential of digital interventions to enhance AMS in 

community healthcare settings across LMICs. The evidence suggests that digital tools can contribute 

meaningfully to improving prescribing practices, supporting behaviour change among healthcare 

providers and facilitating more rational use of antibiotics without compromising clinical outcomes. 

The review found that digital interventions are most effective when designed with contextual 

relevance, aligned with existing clinical workflows and supported by strong governance and 

institutional integration. Interventions that are easy to use, provide timely support to decision-making 

and promote user trust have shown promising results in both improving prescribing accuracy and 

reducing inappropriate antibiotic use. However, the implementation and scale-up of digital AMS tools 

remain challenged by infrastructural limitations, variable digital literacy, insufficient workforce 

capacity and fragmented health information systems. There is also a noticeable lack of robust 

economic evaluations and limited inclusion of patient or policymaker perspectives in intervention 

design and assessment. Looking forward, successful and sustainable digital AMS initiatives in LMICs 

will depend on greater investment in digital infrastructure, stronger multisectoral collaboration and 

policy alignment at national levels. Co-designing interventions with local stakeholders, embedding 

them within broader health systems and ensuring flexibility for local adaptation are critical to 

maximising their impact. As AMR continues to threaten global health security, digital health 

interventions represent a vital and underutilised weapon in our arsenal to strengthen community 

healthcare delivery and promote the responsible use of antibiotics in resource-limited settings. 
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7. Appendices 

Appendix 1: Response to Feedback  
 

Marker 1 feedback comments Response to Marker 1 Marker 2 feedback 

comments 
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Introduction The topic and its importance are clearly 

described in a well-structured introduction, 

along with the limitations of existing 

evidence. 

 

The introduction does make reference to 

effectiveness, mechanism and 

facilitators/barriers and hence is consistent 

with the aims. 

 

There is scope to make some minor 

improvements to the writing, including 

punctuation. Some of the sentences are quite 

long. The word ‘efficacy’ is used when the 

author probably means ‘effectiveness’, as I 

doubt that the studies are explanatory trials. 

At the end of the first paragraph I was not 

clear what ‘dual challenges needed to be 

balanced’ as there were a number of 

challenges listed in the preceding sentences 

with some description of their potential 

determinants. 

Thank you. 

 

 

 

 

Thank you. 

 

 

 

 

Punctuations were improved to be more in line with 

academic writing. Long sentences were shortened. 

The term “efficacy” was replaced with “effectiveness” 

reflecting the real-world context of antibiotic 

stewardship.  

 

Challenges were more clearly articulated under a 

dedicated subsection in the Introduction (1.3.1 

Opportunities and Challenges for Digital AMS in 

LMICs). 

Clear and structured 

introduction including relevant 

points to make the case for 

study.  

 

Did the candidate identify any 

previous reviews/systematic 

review for LMIC or HIC in 

this area? If so, it needs to be 

mentioned and briefly 

discussed. 

 

Candidate mentions that most 

research in this area is done in 

HIC or hospital settings (two 

citations given), more 

details/references would be 

important to include to provide 

the context and clearly show 

the gap in understanding and 

what this review adds.  

 

Thank you. 

 

 

Yes, I identified several relevant systematic 

reviews: Auta et al. (34) in Section 1.1.1 on 

global antibiotic use in community 

pharmacies, Nathwani et al. (63) in Section 

1.2 on hospital AMS, Cross et al. (90) in 

Section 1.2.1 on communication strategies to 

improve antibiotic use, Curtis et al. (94) in 

Section 1.3 on CDSS effectiveness and 

Kaboré et al. (123) in Section 1.3.1 on 

digital implementation enablers/barriers in 

LMICs. Importantly, there was no 

systematic reviews found that looked at 

digital AMS reviews in the community 

settings of LMICs that adopted a multi-

stakeholder approach. 

 

A more comprehensive citation list of HIC 

and hospital settings studies were given in 

the Introduction under Section 1.1, 1.2, 1.2.1 

and 1.3. 

Research Aims/ 

Questions 

The aims are clearly stated addressing 

effectiveness, mechanisms and 

facilitators/barriers, but there is some 

inconsistency between different sections of 

the protocol in terms of the apparent focus 

of the aims, in particular what specific 

outcomes will be assessed. 

 

What data will be assessed to determine if 

interventions have been effective in guiding 

policymakers? 

The Aims of the study has been more clearly 

delineated under Section 1.5 through one primary and 

two secondary research questions.  

 

The specific outcomes (3 primary outcomes and 5 

secondary outcomes) of the study have been listed 

under Section 2.6.  

 

Data that will be assessed to determine intervention 

effectiveness are change in antibiotic prescription 

rates and inappropriate prescription, changes in 

antibiotic class used, clinical outcomes as well as 

Clear and appropriate 

aims/questions stated and 

divided into primary and 

secondary.  

 

Please define ‘community 

care’ in the context of LMIC 

as you have defined other key 

terms (AMR/AMU & Digital 

interventions). ` 

Thank you. 

 

 

The term ‘community care’ in the context of 

LMICs was defined early on in the 

Introduction under Section 1.2.1 to 

encompass some level of secondary care 

including district and sub-district hospitals. 

This was reiterated in Section 2.4 under the 

Inclusion/Exclusion Criteria and Rationale. 
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Marker 1 feedback comments Response to Marker 1 Marker 2 feedback 

comments 

Response to Marker 2 

behavioural changes factors, all of which are based on 

the primary and secondary research outcomes. These 

are relevant to decision-making and policy 

recommendation. 

Methods The methods are well organised, justified 

and broadly consistent with the aims. 

 

I would recommend getting used to writing 

in the active rather than passive voice and 

avoid the word ‘methodology’ when you 

mean method(s). 

 

It was not clear what you would do if an 

intervention targeted both the community 

and secondary care. If it was excluded then 

potentially informative data might be 

overlooked. 

 

As above, what data will be extracted 

concerning mechanism and 

facilitators/barriers? 

 

There could have been greater specificity in 

the description of the outcomes. Is the 

primary outcome change (ie a difference 

between baseline and follow-up) or 

between-group differences or simply 

antimicrobial use/prescribing? Given that 

you intend to include all study designs you 

will probably need to accept any 

assessment/analytic approach in the original 

studies.  

Thank you. 

 

 

The text has been written in the active voice and 

reviewed by the thesis supervisor to ensure it meets 

academic publication standards. The word 

‘Methodology’ has been replaced with ‘Methods’. 

 

Studies that targeted both the community and 

secondary care was included to ensure potentially 

informative data were not overlooked. This was 

mentioned in Section 2.4 under the 

Inclusion/Exclusion Criteria and Rationale. 

 

Data on systemic factors, contextual relevance, 

patient/ provider knowledge and behaviours towards 

antibiotic use as well as the feasibility and 

acceptability of digital AMS interventions were 

extracted. These were elaborated in Section 3.4.2 and 

3.4.3 in the Results and in Section 4.3 in the 

Discussion. 

 

The outcomes were described in greater specificity 

under Section 3 of the Results as well as in the data 

extraction table (Table 2). All assessment/analytical 

approach were accepted from the primary studies and 

the data was consolidated and narratively synthesised 

accordingly under Section 3.4.  

Qualitative narrative synthesis 

is an appropriate analytic 

approach.  

 

Consider quantitative data 

analysis for a subset of studies 

for example if there are a few 

RCTs you could do a meta-

analysis.  

Thank you. 

 

 

A meta-analysis was not able to be done as 

the included RCTs were heterogenous in 

terms of study settings, target population, 

disease studied, intervention used and 

outcomes measured. However, a detailed 

narrative synthesis and subgroup analysis 

was done to ensure robustness of the 

findings. 

Discussion Good reflection on the strengths, limitations, 

likely challenges and contingency planning. 

 

The tools used to assess risk of bias of 

individual studies will not address overall 

risk of publication bias. 

Thank you. 

 

 

The tools used to assess individual risk of bias (RoB2, 

ROBINS-1 and CASP) were specific to the study 

design of each study. The risk of publication bias was 

Strengths and limitations 

discussed appropriately, and 

table of contingency plan 

included 

Thank you. 
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Marker 1 feedback comments Response to Marker 1 Marker 2 feedback 

comments 

Response to Marker 2 

assessed using GRADE/GRADE-CERQual when 

assessing for the certainty of the evidence.  

Timeline and 

References 

Timeline looks feasible assuming that timely 

support from the medical student(s) will be 

forthcoming. Consistent formatting of 

references, with the exception of 

‘Organization WH’. 

Thank you. 

 

References have all been formatted to ensure they are 

consistent and follow the Vancouver referencing style.  

Relevant references included.  

 

Thank you. 

Overall 

impression 

Clearly written, well presented, coherent 

protocol with a logical flow and appropriate 

acknowledgement of uncertainty. 

Thank you. The protocol contains key 

sections with clear, relevant 

aims and methods. 

Thank you. 

Up to three key 

things done well  

1. Clear presentation including use of tables, 

figures and appendices.  

2. Well organised and justified methods that 

are broadly coherent with the stated aims. 

3.  

Thank you. 1. Logical structure throughout 

and inclusion of clear and 

relevant points for each section 

2. Clear presentation using 

bullet points, tables and Gantt 

chart  

3. Appropriate terminology 

used throughout  

Thank you. 

Up to three key 

areas for 

improvement   

1. Greater specificity in outcome description 

2. Scope for minor improvements to writing 

style. 

3. 

The 3 primary and 5 secondary outcome have been 

described in greater detail under Section 2.6 in the 

Methods and elaborated further under Section 3.4 

under the Results section. 

 

Writing style has been improved to have a more 

consistent tone in line with academic writing. 

1. Please define ‘community 

settings’  

 

2. Include more existing 

literature and briefly discuss 

any previous reviews in LMIC 

or HIC in any setting  

 

3. In some places the sentences 

need to be clearer for example, 

1 million lives annually due to 

AMR. Is this global or only in 

LIMC?  

Community settings/community care has 

been defined under Section 1.2.1 in the 

Introduction. This was reiterated in Section 

2.4 under the Inclusion/Exclusion Criteria 

and Rationale. 

 

More literature done in HICs were included. 

There were not many systematic reviews in 

LMICs looking at the similar scope and 

breadth of this review. However more 

individual studies have been elaborated on 

in the Introduction section as mentioned 

above. 

 

The review was proofread to ensure clarity 

of facts and figures. The 1 million lives lost 

due to AMR annually was made clearer to 

reflect the global nature of the issue.  
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Appendix 2: Research Protocol 

Submitted JAN 24, 2025 

 

Effectiveness of Digital Antimicrobial Stewardship Initiatives in 

Community Healthcare Settings Across Low- and Middle-Income 

Countries: A Systematic Review 

 

Introduction 

Widely recognised as one of the most pressing global health threats of our time, antimicrobial 

resistance (AMR), claims over a million lives annually (1). AMR, which occurs when bacteria and 

other pathogens evolve to withstand the effects of antimicrobial agents (2), especially antibiotics is 

projected to cause approximately 39 million deaths by 2050 if left unaddressed (1). The World Health 

Organization (WHO) acknowledges AMR as a critical conundrum (2), for low-and middle-income 

countries (LMICs) (3), where high burdens of infectious diseases and improper use of antibiotics (4) 

intersect with limited resources and poor healthcare infrastructure to exacerbate the issue (5). 

Furthermore, another unique problem LMICs face is the "access versus excess" dilemma (6), where 

expanding appropriate access to essential antimicrobials and simultaneously restricting its 

inappropriate use remain a challenge (7), mainly due to factors such weak and inadequate health 

systems, as unregulated drug markets (8) and poor public awareness (9, 10). The consequences of 

these are dire, ranging from prolonged illness and increased preventable deaths (11) to significant 

economic losses and productivity (12). Balancing these dual challenges therefore requires stewardship 

interventions that ensure equitable access to antimicrobials while curbing their misuse. 

Defined as “an organisation or health-care-system-wide approach to promoting and monitoring 

judicious use of antimicrobials to preserve their future effectiveness through the use of a coordinated 

programme”(13), antimicrobial stewardship (AMS) activities are intended to optimise appropriate use 

of antimicrobials. These initiatives have demonstrated considerable success in hospital settings with 

hand hygiene, formulary restrictions, pre-authorisation requirements and accountable audit 

mechanisms, in-line with the WHO’s five pillars of integrated AMS interventions (14). Nevertheless, 

replicating this in community healthcare settings in LMICs can be particularly challenging since 

prescribing practices are influenced by limited diagnostic tools, leading to empirical treatments that 

do not usually align with best practices (15, 16). Healthcare providers who often lack training (17), 

may prescribe antimicrobials based on patient demand or misconception about efficacy. Moreover, 

informal sourcing methods through unregulated pharmacies and street vendors (18) that are prevalent 

in many LMICs also worsen the issue by facilitating easy access of these medications. These 

compounded by consumption practices among patients (19) including self-medication without 

professional advice and not completing the antimicrobial course, fuel resistance further, undermining 

existing AMS efforts. 

The emergence and use of digital health interventions including Artificial Intelligence (AI) within 

AMS programs offer a promising avenue to tackle these challenge (20, 21). Via the use of advanced 

computational algorithms and machine learning techniques (22, 23), these tools can help to analyse 

complex medical data, assist in diagnosis, personalise treatments and improve operational efficiency 

(24). An example of this is the utilisation of mobile health (mHealth) applications (25) and AI-based 

chatbots to provide education on proper antibiotic use and behaviour change interventions for 

patients. At the provider level, clinical decision support systems (CDSS) (26, 27), electronic 

prescribing systems and telemedicine platforms can assist in guiding prescribing practices and 
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improving diagnostic accuracy. Policymakers on the other hand, could benefit from digital 

surveillance systems (28, 29) and electronic health records (EHRs), that enable them to monitor real-

time resistance trends and facilitate the development of data-driven policies. Collectively, these 

stakeholder-specific interventions provide a structured approach for integrating digital AMS strategies 

across multiple levels of healthcare.  

However, despite their potential, the effectiveness of digital AMS interventions in community 

healthcare settings across LMICs remains underexplored and fragmented. Available studies often 

focus on high-income countries (30) or hospital-based settings (31), leaving critical shortcomings in 

understanding how these tools perform in resource-limited, community-oriented environments. 

Additionally, the contextual challenges of implementing digital AMS interventions in LMICs, such as 

infrastructural limitations, varying levels of digital literacy and cultural differences have not been 

thoroughly explored thus far to provide actionable insights into what needs to be done next. This 

study is designed to bridge these gaps by summarising the existing data to evaluate the efficacy of 

different digital AMS interventions in community settings in LMICs. 

 

 

Aims & Research Questions 

This study aims to synthesise the findings from available literature and add to the evidence base by 

providing a more comprehensive and nuanced understanding of the effectiveness of digital AMS 

initiatives in community healthcare settings in LMICs. By evaluating their impact on antimicrobial 

prescribing patterns, resistance trends and patient outcomes, this review seeks to provide actionable 

insights for policymakers, healthcare providers and researchers working to combat AMR in resource-

constrained settings, ultimately contributing to the development of scalable and contextually 

appropriate digital AMS strategies to improve global health outcomes.  

The principal research questions identified after conducting a pilot search are: 

1. How effective are digital interventions in improving antimicrobial use (AMU) among 

patients, influencing providers' prescribing/dispensing practices and guiding policymakers in 

community healthcare settings in LMICs?  

 

2. What are the pathways through which effective digital interventions influence patient and 

provider behaviours and antimicrobial resistance trends in community settings? 

 

3. What are the facilitators and barriers of implementing digital AMS initiatives in LMICs and 

how can these be optimised?  

 

 

Methods 

Study Approach 

The protocol for this systematic review was registered with the International Prospective Register of 

Systematic Reviews (PROSPERO) to ensure transparency. 

 

Information Sources 

PubMed, Embase, Scopus, Cochrane Library, WHO Global Index Medicus, TRIP Database and Web of 

Science were pilot searched for relevant studies in addition to Google advanced search to identify grey 



61 
 
 

literature from inception till January 2025 and will be rerun at the end of February 2025 to identify 

updated publications. 

Search Strategy 

The search strategy will cover four domains, namely: a) antimicrobial stewardship b) digital 

interventions c) low- and middle-income countries and d) community healthcare settings, including 

patients, providers and policymakers as key subdomains. Keywords and MeSH terms were refined with 

the help of Ms. Veronica Philips, a medical librarian at the University of Cambridge during the initial 

search, following the Peer Review of Electronic Search Strategies (PRESS) checklist (32) (see 

Appendix 2 for the full PubMed search list). Forward and backward citation screening will also be done 

to identify relevant articles and provide insights into the evolution of digital tools in AMS. 

 

Eligibility Criteria 

The full eligibility criteria (Appendix 1) for this review were developed based on the Population, 

Intervention, Comparison and Outcome (PICO) framework (33) as shown in the non-exhaustive list 

in Figure 1. Only full text peer-reviewed articles and grey literature published in English and are open 

access will be included for the data synthesis due to resource limitations of translating studies from 

other languages. The following studies will be excluded: 

• Not conducted in LMICs as defined by the World Bank 

• Hospital or other tertiary care-based AMS interventions 

• Studies that lack relevant outcome data such as changes in antimicrobial use, AMR 

trends or patient-related outcomes 

 

 
Figure 1: Eligibility Criteria based on the PICO framework. 

 

 

Selection Process 

Two reviewers (myself and a medical student) will independently review and filter the titles, abstracts 

and full texts based on the eligibility criteria after deduplication in EndNote. This process will be 

aided by Rayyan (34), a web-based screening tool and documented according to the PRISMA Flow 

Diagram (35) in Figure 2. Any conflicts between the first two reviewers will be resolved with the 

help of an independent third reviewer.  

Population

•Patients, healthcare 
providers and 
policymakers in 
community 
healthcare settings in 
LMICs

Intervention

• mHealth 
applications AI 
chatbots, 
telemedicine 
platforms, electronic 
prescription systems, 
CDSS, blockchain 
based supply chain 
monitoring

Comparison

•Usual care, non-
digital AMS 
interventions or no 
AMS interventions

Outcome

•Primary: Improved 
antimicrobial 
prescribing practice, 
reduction in 
improper 
antimicrobial use

•Secondary: trends in 
AMR, patient-related 
outcomes, cost-
effectiveness, 
feasibility of 
interventions
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Figure 2: PRISMA 2020 Flow Diagram for study selection including searches from databases and other sources 

based on pilot search 

 

Data Extraction 

The data extraction process will be conducted by both reviewers using a standardised data extraction 

template (Microsoft Excel®; Microsoft Corporation, Redmond, WA, 2024) created specifically for 

this study. We will extract data from each study to include: 1) authors 2) publication year 3) study 

type 4) study population (including age group and type of community healthcare facility) 5) types of 

digital intervention 6) any comparisons/existing interventions and 7) study outcomes. Data will also 

be collected for all reported measures, time points and analyses relevant to each outcome domain. In 

cases where multiple measures or time points are reported, the most comprehensive and effective data 

will be prioritised, effectiveness being defined based on their ability to achieve measurable 

improvements in the primary and secondary outcomes listed below: 

Primary Outcomes: 

o Changes in antimicrobial prescribing practices 

o Reductions in inappropriate antimicrobial use (including broad spectrum antibiotics) 

o Frequency of antibiotic prescription without clinical justification 

Secondary Outcomes: 

o Trends in antimicrobial resistance rates 

o Patient-related outcomes such as infection resolution and adverse drug reactions 

o Patient/ Healthcare provider knowledge and attitudes toward AMS 

o Cost-effectiveness of digital AMS interventions 

o Implementation outcomes including feasibility, acceptability and scalability of digital 

AMS tools 
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Risk of Bias Assessment  

Risk of bias (RoB) will be independently assessed by both reviewers using the Cochrane Risk of Bias 

(36) for randomised controlled trials and the Risk Of Bias In Non-randomized Studies - of 

Interventions (ROBINS-I) version 2 for non-randomised studies. Focus will be on biases related to 

incomplete or selective reporting of outcomes and the heterogeneity of digital AMS interventions 

across LMICs. The findings will be summarised in a risk-of-bias table, allowing for a transparent 

evaluation of the credibility of the included evidence.  

 

Certainty of Evidence Assessment 

Certainty assessment will be done using the Grading of Recommendations, Assessment, 

Development, and Evaluations (GRADE) framework (37) to evaluate confidence in the evidence, 

categorising outcomes as “high,” “moderate,” “low,” or “very low”. Two independent reviewers will 

perform these assessments and disagreements will be resolved through discussion or consultation with 

a third reviewer. If the data limited, the scope may be supplemented by expanding to include evidence 

from high-income countries (HICs). 

 

Data Synthesis/Analytical Framework 

The data analysis for this systematic review will employ qualitative methods, guided by a conceptual 

framework that examines patient-level, provider-level and policymaker-level issues and the 

effectiveness of digital AMS interventions for each group. Narrative synthesis will be used to 

summarise and interpret findings, organising data into thematic categories such as knowledge-related 

interventions, upskilling courses, job aids and digital supply chain optimisation. At the patient level, 

the framework will consider education and behaviour change strategies to improve awareness and 

adherence. At the provider level, it will analyse decision-support tools, training programs and virtual 

mentorship initiatives to enhance prescribing practices. At the policymaker level, the focus will be on 

using big data analytics to evaluate the development and implementation of guidelines and 

surveillance systems. Studies will be grouped and analysed by intervention type and target population 

to identify patterns, trends and commonalities in effectiveness as well as explore implementation 

barriers and facilitators. 

To address heterogeneity, subgroup analyses will be conducted to explore variations in outcomes 

across different study characteristics. Subgroups will include geographical region, type of community 

healthcare setting and the specific digital AMS tools used. For example, studies in rural versus urban 

LMIC settings or those targeting patients versus healthcare providers will be compared to identify 

differential effects. The synthesis will also consider contextual factors such as healthcare 

infrastructure, digital literacy and cultural influences that may affect the success of digital AMS 

initiatives. The results of the subgroup analyses will be integrated into the narrative synthesis to 

provide nuanced insights and inform recommendations for practice and policy. 

 

Choice of Methodology 

A systematic review is considered the most suitable method for this study as it enables comprehensive 

identification of literature while minimising bias to answer the research questions. Given the diversity 

of digital antimicrobial stewardship initiatives and the complexity of community healthcare settings in 

LMICs, subgroup analyses and narrative synthesis will explore heterogeneity across studies. Pilot 

searches have ensured sufficient literature volume, however meaningful conclusions can only be made 

once the full search and has been completed and data analysed. 
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Discussion 

Strengths & Limitations 

This review offers significant value by addressing an important gap in the literature on the 

effectiveness of digital AMS initiatives in LMICs. Its comprehensive search protocol, encompassing 

multiple databases and grey literature sources, designed with the expert input of a medical librarian to 

capture as many relevant studies as possible, ensures a thorough exploration of available evidence. 

This was back tested through pilot searches, confirming that sufficient publications were available for 

a meaningful synthesis. Another strength of this study is the inclusion of rigorous quality appraisal 

processes by two reviewers and the use of risk-of-bias tools further enhances the validity of the 

findings, providing confidence in the study's conclusions. Additionally, the data synthesis approach, 

which combines different qualitative methods, allows for a nuanced understanding of the 

interventions' effectiveness across diverse settings.  

 

Limitations include the incorporation of studies with different designs, methodologies, interventions 

and outcomes that would introduce variability, complicating the comparability of findings. This 

anticipated heterogeneity may preclude a meta-analysis, necessitating reliance on subgroup analysis 

and narrative synthesis alone. The potential scarcity of high-quality data from LMICs and the English 

language requirement can cause publication bias, skewing the results and limiting its generalisability. 

These limitations and other risks that may arise underscore the importance of appropriate contingency 

measures as shown in Table 1. 

Table 1: Risk Assessment & Contingency Plans 

Risk Assessment Likelihood Impact Contingency Plans 
Difficulty accessing full-

text articles for inclusion in 

the review 

Low High Utilise the University of Cambridge’s 

institutional access to request articles or 

contact authors directly for full texts. 

Inconsistent reporting of 

outcomes across studies 

Moderate Moderate Develop a standardised data extraction 

template using Microsoft Excel and conduct 

a narrative synthesis for diverse outcomes. 

Limited availability of 

studies specific to LMIC 

community settings 

Moderate High Expand search to include grey literature and 

consider studies from high income countries 

to draw relevant lessons. 

Risk of bias in included 

studies as studies with non-

significant results may not 

have been published 

High Moderate Validated risk-of-bias tools (Cochrane RoB 

or ROBINS-I) will be used to assess this. 

Low quality studies Low Moderate Apply strict inclusion & exclusion criteria 

and use the GRADE Framework to assess 

evidence certainty for key outcomes to 

ensure only high-quality studies are selected. 

Potential for large 

heterogeneity 

Moderate High Perform subgroup analysis based on key 

variables (e.g. region, intervention type & 

population characteristics) and do a narrative 

synthesis to categorise studies and explore 

patterns. 

Time constraints for 

screening studies 

 

 

Moderate Moderate Create weekly screening targets and 

adhering to them by sharing access to data 

extraction sheet with supervisor for better 

accountability. 
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Ethics and Dissemination 

Ethics approval is not required for this study as it involves secondary data analysis. Findings will be 

disseminated through peer-reviewed publications, conference presentations and stakeholder meetings 

to inform policy and practice in LMICs.   

 

 

 

Timeline 

 

Figure 3: Gantt Chart showing the tentative time frames for key project phases during the Lent and Easter 

Terms: Protocol Development, Literature Screening, Data Synthesis and Writing & Editing together with some 

contingency time 
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Appendix 3: Search Strategy  

Searches were conducted on 23 May 2025 in English, with no restrictions on publication date. All 

databases were searched from inception. 
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Pubmed Results 

"antimicrobial stewardship"[tw] OR "antibiotic stewardship"[tw] “anti-bacterial agent*”[MeSH] OR 

"responsible antibiotic use"[tw] OR "rational antibiotic use"[tw] OR "judicious antibiotic use"[tw] OR 

"infection control program*"[tw] OR "antimicrobial management"[tw] OR "antibiotic use"[tw] OR 

"antimicrobial use"[tw] OR “antibiotic”[tw] OR "antiviral"[tw] OR "antifungal"[tw] OR "antiparasitic"[tw] 

OR "antibiotic resistance management"[tw] OR “antibiotic resistance” OR "antimicrobial resistance 

control"[tw] OR "antibiotic prescribing"[tw] OR "antimicrobial prescribing"[tw] OR "antimicrobial therapy 

optimi*"[tw] OR "antimicrobial drug use"[tw] OR "appropriate antimicrobial prescribing"[tw] OR 

"appropriate antibiotic prescribing"[tw] OR "rational antimicrobial therapy"[tw] OR "antibiotic consumption 

monitoring"[tw] OR "antimicrobial consumption monitoring"[tw] OR "antibiotic rationalization"[tw] OR 

"antibiotic treatment guide*"[tw] OR "appropriate antimicrobial therapy"[tw] OR "antimicrobial resistance 

strateg*"[tw] OR "antimicrobial resistance"[tw] OR "multi-drug resistant"[tw] OR "MDR organism*"[tw] 

OR "resistant bacteria"[tw] OR "superbug*"[tw] OR "ESKAPE pathogen*"[tw] OR "resistance gene*"[tw] 

OR "extended-spectrum beta-lactamase"[tw] OR "AMR surveillance"[tw] OR "resistance pattern*"[tw] OR 

"emerging resistance"[tw] OR "antimicrobial surveillance"[tw] OR "nosocomial infection*"[tw] OR 

"healthcare-associated infection*"[tw] OR "drug resistance, microbial"[MeSH] OR "antimicrobial 

stewardship"[MeSH] OR "drug utilization"[MeSH] 

 

846,624 
 
 

"digital health"[tw] OR "eHealth"[tw] OR "mHealth"[tw] OR "telemedicine"[tw] OR "telehealth"[tw] OR 

"mobile health application*"[tw] OR "digital healthcare"[tw] OR "health technology"[tw] OR "digital 

solution*"[tw] OR "digital tool*"[tw] OR "health informatic*"[tw] OR "electronic health record*"[tw] OR 

"EHR"[tw] OR "electronic medical record*"[tw] OR "EMR"[tw] OR "clinical decision support 

system*"[tw] OR "CDSS"[tw] OR "health information technology"[tw] OR "HIT"[tw] OR "healthcare 

technology"[tw] OR "technology-enabled healthcare"[tw] OR “blockchain” [tw] OR "health apps"[tw] OR 

"smartphone health application*"[tw] OR "wearable health technology"[tw] OR "remote patient 

monitoring"[tw] OR "RPM"[tw] OR "virtual health"[tw] OR "virtual consultation*"[tw] OR "online health 

service*"[tw]IT OR "e-prescribing"[tw] OR "electronic prescribing system*"[tw] OR "healthcare 

innovation"[tw] OR "digital intervention*"[tw] OR "digital health intervention*"[tw] OR "artificial 

intelligence in health"[tw] OR "AI in healthcare"[tw] OR "machine learning in health"[tw] OR "healthcare 

data analytic*"[tw] OR "health monitoring app*"[tw] OR "teleconsultation"[tw] OR "health chatbot*"[tw] 

OR "digital health platform*"[tw] OR "internet-based healthcare"[tw] OR "healthcare digitization"[tw] OR 

"remote health service*"[tw] OR "virtual care platform*"[tw] OR "connected health"[tw] OR "artificial 

intelligence"[MeSH] OR "machine learning"[MeSH] OR "natural language processing"[MeSH] OR 

"algorithms"[MeSH] OR "decision support systems, clinical"[MeSH] OR "artificial intelligence"[tw] OR 

"machine learning"[tw] OR "deep learning"[tw] OR "natural language processing"[tw] OR "neural 

network*"[tw] OR "convolutional neural network*"[tw] OR "recurrent neural network*"[tw] OR "large 

language model"[tw] OR "generative AI"[tw] OR "decision support system"[tw] OR "clinical decision 

support"[tw] OR "predictive analytic*"[tw] OR "data-driven model"[tw] OR "intelligent system"[tw] OR 

"computer-aided diagnosis"[tw] OR "automated detection"[tw] OR "algorithmic prediction"[tw] OR "AI in 

healthcare"[tw] OR "AI-based tool"[tw] OR "chatbot"[tw] OR "clinical NLP"[tw] OR "health 

informatic*"[tw] OR "pattern recognition"[tw] OR "Bayesian network"[tw] 

 

789,588 
 
 

"community healthcare"[tw] OR "primary healthcare"[tw] OR "primary care"[tw] OR “community setting*” 

OR "primary health care"[MeSH] OR "primary health care"[tw] OR "outpatient care"[tw] OR "ambulatory 

care"[tw] OR "ambulatory health service*"[tw] OR "outpatient service*"[tw] OR "outpatient clinic*"[tw] 

OR "general outpatient care"[tw] OR "non-hospital healthcare"[tw] OR "family medicine"[tw] OR "family 

practice"[tw] OR "family practice"[MeSH] OR "general practice"[tw] OR "general practitioner*"[tw] OR 

“GP” OR "GP clinic*"[tw] OR "primary care provider*"[tw] OR "community health center*"[tw] OR 

"community health service*"[tw] OR "community health service*"[MeSH] OR "community health 

worker*"[tw] OR "village health worker*"[tw] OR "health extension service*"[tw] OR "health post*"[tw] 

OR "district hospital*"[tw] OR "district health center*"[tw] OR "regional health center*"[tw] OR "rural 

clinic*"[tw] OR "urban health services"[tw] OR "rural health services"[tw] OR "rural health 

services"[MeSH] OR "local health clinic*"[tw] OR "neighborhood clinic*"[tw] OR "local healthcare 

facilit*"[tw] OR "local outpatient clinic*"[tw] OR "essential health service*"[tw] OR "secondary 

healthcare"[tw] OR "secondary care"[tw] OR "referral hospital*"[tw] OR "district hospital*"[tw] OR 

"community-based care"[tw] OR "community health program*"[tw] OR "community health initiative*"[tw] 

OR "health dispensar*"[tw] OR "local healthcare provider*"[tw] OR "community-based medical care"[tw] 

OR "frontline health service*"[tw] OR "local health service*"[tw] OR "health policy planning"[tw] OR 

"community health policy"[tw] OR "local healthcare polic*"[tw] OR "healthcare policymaker*"[tw] 

 

985,047 
 
 

"low- and middle-income countr*"[tw] OR "LMIC*"[tw] OR "developing countr*"[tw] OR "developing 

nation*"[tw] OR "developing econom*"[tw] OR "developing region*"[tw] OR "developing world"[tw] OR 

"emerging econom*"[tw] OR "emerging market econom*"[tw] OR "emerging market*"[tw] OR 

"transitional econom*"[tw] OR "underdeveloped countr*"[tw] OR "least developed countr*"[tw] OR 

1,088,60
5 
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"LDC"[tw] OR "third world countr*"[tw] OR "global south"[tw] OR "resource-limited setting*"[tw] OR 

"resource-constrained setting*"[tw] OR "resource-poor setting*"[tw] OR "low-resource setting*"[tw] OR 

"low-income countr*"[tw] OR "middle-income countr*"[tw] OR "lower-middle-income countr*"[tw] OR 

"low-income setting*"[tw] OR "middle-income setting*"[tw] OR "low and lower-middle income 

countr*"[tw] OR "low and middle-income region*"[tw] OR "economically developing countr*"[tw] OR 

"economically developing nation*"[tw] OR "economically disadvantaged region*"[tw] OR "financially 

constrained countr*"[tw] OR "poverty-stricken region*"[tw] OR "low socioeconomic region*"[tw] OR 

"sub-Saharan Africa"[tw] OR "South Asia"[tw] OR "Latin America"[tw] OR "Southeast Asia"[tw] OR 

"Caribbean nation*"[tw] OR "Pacific Island nation*"[tw] OR "Afghanistan"[tw] OR “Angola”[tw] OR 

"Bangladesh"[tw] OR "Benin"[tw] OR "Bhutan"[tw] OR "Burkina Faso"[tw] OR "Burundi"[tw] OR 

“Bolivia”[tw] OR “Cabo Verde”[tw] OR "Cambodia"[tw] OR "Cameroon"[tw] OR "Central African 

Republic"[tw] OR "Chad"[tw] OR "Comoros"[tw] OR "Congo"[tw] OR "Côte d'Ivoire"[tw] OR 

"Djibouti"[tw] OR "Egypt"[tw] OR "El Salvador"[tw] OR "Eritrea"[tw] OR "Eswatini"[tw] OR 

"Ethiopia"[tw] OR "Gambia, The"[tw] OR "Ghana"[tw] OR "Guinea"[tw] OR  "Guinea-Bissau"[tw] OR 

"Haiti"[tw] OR "Honduras"[tw] OR "India"[tw] OR "Indonesia"[tw] OR “Jordan”[tw] OR  "Kenya"[tw] OR 

“Kiribati”[tw] "Kyrgyz Republic"[tw] OR “Korea” OR "Lao PDR"[tw] OR “Lebanon”[tw] OR 

"Lesotho"[tw] OR "Liberia"[tw] OR "Madagascar"[tw] OR "Malawi"[tw] OR "Mali"[tw] OR 

"Mauritania"[tw] OR "Mozambique"[tw] OR "Myanmar"[tw] OR “Micronesia”[tw] OR “Morocco”[tw] OR 

"Nepal"[tw] OR "Nicaragua"[tw] OR "Niger"[tw] OR "Nigeria"[tw] OR "Pakistan"[tw] OR "Papua New 

Guinea"[tw] OR “Philippines”[tw] OR “Peru”[tw] OR "Rwanda"[tw] OR “Samoa”[tw] OR “São Tomé and 

Principe”[tw] OR "Senegal"[tw] OR "Sierra Leone"[tw] OR "Somalia"[tw] OR "South Sudan"[tw] OR 

"Sudan"[tw] OR “Syria”[tw] OR “Solomon Islands”[tw] OR “Sri Lanka”[tw] OR "Tanzania"[tw] OR 

“Tajikistan”[tw] OR "Togo"[tw] OR “Timor-Leste”[tw] OR “Tunisia”[tw] OR "Uganda"[tw] OR 

“Uzbekistan”[tw] OR “Vanuatu”[tw] OR “Vietnam”[tw] OR “West Bank and Gaza” OR "Yemen"[tw] OR 

"Zambia"[tw] OR "Zimbabwe"[tw] OR "Developing Countries"[MeSH] OR "Poverty Areas"[MeSH] 

 

Combined with AND 21 

 

Embase Results 
exp 'antimicrobial stewardship'/ OR exp 'antibiotic stewardship'/ OR 'responsible antibiotic use' OR 'rational 

antibiotic use' OR 'judicious antibiotic use' OR 'infection control program*' OR 'antimicrobial management' 

OR 'antibiotic use' OR 'antimicrobial use' OR exp 'antibiotic'/ OR exp 'antiviral agent'/ OR exp 'antifungal 

agent'/ OR exp 'antiprotozoal agent'/ OR 'antibiotic resistance management' OR exp 'antibiotic resistance'/ 

OR 'antimicrobial resistance control' OR 'antibiotic prescribing' OR 'antimicrobial prescribing' OR 

'antimicrobial therapy optimi*' OR 'antimicrobial drug use' OR 'appropriate antimicrobial prescribing' OR 

'appropriate antibiotic prescribing' OR 'rational antimicrobial therapy' OR 'antibiotic consumption 

monitoring' OR 'antimicrobial consumption monitoring' OR 'antibiotic rationalization' OR 'antibiotic 

treatment guide*' OR 'appropriate antimicrobial therapy' OR 'antimicrobial resistance strateg*' OR exp 

'antimicrobial resistance'/ OR exp 'multiple drug resistance'/ OR 'MDR organism*' OR 'resistant bacteria' OR 

'superbug*' OR 'ESKAPE pathogen*' OR 'resistance gene*' OR exp 'beta lactamase'/ OR 'AMR surveillance' 

OR 'resistance pattern*' OR 'emerging resistance' OR 'antimicrobial surveillance' OR exp 'hospital infection'/ 

OR exp 'healthcare associated infection'/ OR exp 'drug resistance microbial'/ OR exp 'drug utilization'/ OR 

exp 'antiinfective agent'/ 

 

5561871 
 

'digital health' OR 'eHealth' OR 'mHealth' OR 'telemedicine' OR 'telehealth' OR 'mobile health application*' 

OR 'digital healthcare' OR 'health technology' OR 'digital solution*' OR 'digital tool*' OR 'health 

informatic*' OR 'electronic health record*' OR 'EHR' OR 'electronic medical record*' OR 'EMR' OR 'clinical 

decision support system*' OR 'CDSS' OR 'health information technology' OR 'HIT' OR 'healthcare 

technology' OR 'technology-enabled healthcare' OR 'blockchain' OR 'health apps' OR 'smartphone health 

application*' OR 'wearable health technology' OR 'remote patient monitoring' OR 'RPM' OR 'virtual health' 

OR 'virtual consultation*' OR 'online health service*' OR 'e-prescribing' OR 'electronic prescribing system*' 

OR 'healthcare innovation' OR 'digital intervention*' OR 'digital health intervention*' OR 'artificial 

intelligence in health' OR 'AI in healthcare' OR 'machine learning in health' OR 'healthcare data analytic*' 

OR 'health monitoring app*' OR 'teleconsultation' OR 'health chatbot*' OR 'digital health platform*' OR 

'internet-based healthcare' OR 'healthcare digitization' OR 'remote health service*' OR 'virtual care 

platform*' OR 'connected health' OR exp 'artificial intelligence'/ OR exp 'machine learning'/ OR exp 'natural 

language processing'/ OR exp 'algorithm'/ OR exp 'decision support system'/ OR 'artificial intelligence' OR 

'machine learning' OR 'deep learning' OR 'natural language processing' OR 'neural network*' OR 

'convolutional neural network*' OR 'recurrent neural network*' OR 'large language model' OR 'generative 

AI' OR 'decision support system' OR 'clinical decision support' OR 'predictive analytic*' OR 'data-driven 

model' OR 'intelligent system' OR 'computer-aided diagnosis' OR 'automated detection' OR 'algorithmic 

prediction' OR 'AI in healthcare' OR 'AI-based tool' OR 'chatbot' OR 'clinical NLP' OR 'pattern recognition' 

OR 'Bayesian network' 

 

1631059 
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'community healthcare' OR 'primary healthcare' OR 'primary care' OR ‘community setting*’ OR exp 

'primary health care'/ OR 'primary health care' OR 'outpatient care' OR 'ambulatory care' OR 'ambulatory 

health service*' OR 'outpatient service*' OR 'outpatient clinic*' OR 'general outpatient care' OR 'non-

hospital healthcare' OR 'family medicine' OR 'family practice' OR exp 'family practice'/ OR 'general practice' 

OR 'general practitioner*' OR 'GP' OR 'GP clinic*' OR 'primary care provider*' OR 'community health 

center*' OR 'community health service*' OR exp 'community health service'/ OR 'community health 

worker*' OR 'village health worker*' OR 'health extension service*' OR 'health post*' OR 'district hospital*' 

OR 'district health center*' OR 'regional health center*' OR 'rural clinic*' OR 'exp rural health service'/ OR 

'rural health services' OR 'urban health services' OR 'local health clinic*' OR 'neighborhood clinic*' OR 

'local healthcare facilit*' OR 'local outpatient clinic*' OR 'essential health service*' OR 'secondary 

healthcare' OR 'secondary care' OR 'referral hospital*' OR 'community-based care' OR 'community health 

program*' OR 'community health initiative*' OR 'health dispensar*' OR 'local healthcare provider*' OR 

'community-based medical care' OR 'frontline health service*' OR 'local health service*' OR 'health policy 

planning' OR 'community health policy' OR 'local healthcare polic*' OR 'healthcare policymaker*' 

 

930724 
 

'low and middle income countr*' OR 'LMIC*' OR 'developing countr*' OR 'developing nation*' OR 

'developing econom*' OR 'developing region*' OR 'developing world' OR 'emerging econom*' OR 

'emerging market econom*' OR 'emerging market*' OR 'transitional econom*' OR 'underdeveloped countr*' 

OR 'least developed countr*' OR 'LDC' OR 'third world countr*' OR 'global south' OR 'resource limited 

setting*' OR 'resource constrained setting*' OR 'resource poor setting*' OR 'low resource setting*' OR 'low 

income countr*' OR 'middle income countr*' OR 'lower middle income countr*' OR 'low income setting*' 

OR 'middle income setting*' OR 'low and lower middle income countr*' OR 'low and middle income 

region*' OR 'economically developing countr*' OR 'economically developing nation*' OR 'economically 

disadvantaged region*' OR 'financially constrained countr*' OR 'poverty stricken region*' OR 'low 

socioeconomic region*' OR 'sub Saharan Africa' OR 'South Asia' OR 'Latin America' OR 'Southeast Asia' 

OR 'Caribbean nation*' OR 'Pacific Island nation*' OR 'Afghanistan' OR 'Angola' OR 'Bangladesh' OR 

'Benin' OR 'Bhutan' OR 'Burkina Faso' OR 'Burundi' OR 'Bolivia' OR 'Cabo Verde' OR 'Cambodia' OR 

'Cameroon' OR 'Central African Republic' OR 'Chad' OR 'Comoros' OR 'Congo' OR 'Cote d Ivoire' OR 

'Djibouti' OR 'Egypt' OR 'El Salvador' OR 'Eritrea' OR 'Eswatini' OR 'Ethiopia' OR 'Gambia' OR 'Ghana' OR 

'Guinea' OR 'Guinea Bissau' OR 'Haiti' OR 'Honduras' OR 'India' OR 'Indonesia' OR 'Jordan' OR 'Kenya' OR 

'Kiribati' OR 'Kyrgyz Republic' OR 'Korea' OR 'Lao PDR' OR 'Lebanon' OR 'Lesotho' OR 'Liberia' OR 

'Madagascar' OR 'Malawi' OR 'Mali' OR 'Mauritania' OR 'Mozambique' OR 'Myanmar' OR 'Micronesia' OR 

'Morocco' OR 'Nepal' OR 'Nicaragua' OR 'Niger' OR 'Nigeria' OR 'Pakistan' OR 'Papua New Guinea' OR 

'Philippines' OR 'Peru' OR 'Rwanda' OR 'Samoa' OR 'Sao Tome and Principe' OR 'Senegal' OR 'Sierra 

Leone' OR 'Somalia' OR 'South Sudan' OR 'Sudan' OR 'Syria' OR 'Solomon Islands' OR 'Sri Lanka' OR 

'Tanzania' OR 'Tajikistan' OR 'Togo' OR 'Timor Leste' OR 'Tunisia' OR 'Uganda' OR 'Uzbekistan' OR 

'Vanuatu' OR 'Vietnam' OR 'West Bank and Gaza' OR 'Yemen' OR 'Zambia' OR 'Zimbabwe' OR exp 

'developing country'/ OR exp 'poverty area'/ 

 

182047 
 

Combined with AND 16 
 

Scopus Results 
TITLE-ABS-KEY ("antimicrobial stewardship" OR "antibiotic stewardship" OR "anti-bacterial agent*" OR 

"responsible antibiotic use" OR "rational antibiotic use" OR "judicious antibiotic use" OR "infection control 

program*" OR "antimicrobial management" OR "antibiotic use" OR "antimicrobial use" OR "antibiotic" OR 

"antiviral" OR "antifungal" OR "antiparasitic" OR "antibiotic resistance management" OR "antibiotic 

resistance" OR "antimicrobial resistance control" OR "antibiotic prescribing" OR "antimicrobial 

prescribing" OR "antimicrobial therapy optimi*" OR "antimicrobial drug use" OR "appropriate 

antimicrobial prescribing" OR "appropriate antibiotic prescribing" OR "rational antimicrobial therapy" OR 

"antibiotic consumption monitoring" OR "antimicrobial consumption monitoring" OR "antibiotic 

rationalization" OR "antibiotic treatment guide*" OR "appropriate antimicrobial therapy" OR "antimicrobial 

resistance strateg*" OR "antimicrobial resistance" OR "multi-drug resistant" OR "MDR organism*" OR 

"resistant bacteria" OR "superbug*" OR "ESKAPE pathogen*" OR "resistance gene*" OR "extended-

spectrum beta-lactamase" OR "AMR surveillance" OR "resistance pattern*" OR "emerging resistance" OR 

"antimicrobial surveillance" OR "nosocomial infection*" OR "healthcare-associated infection*" OR "drug 

resistance microbial" OR "drug utilization") 

 

1,716,499 

 

TITLE-ABS-KEY ("digital health" OR "eHealth" OR "mHealth" OR "telemedicine" OR "telehealth" OR 

"mobile health application*" OR "digital healthcare" OR "health technology" OR "digital solution*" OR 

"digital tool*" OR "health informatic*" OR "electronic health record*" OR "EHR" OR "electronic medical 

record*" OR "EMR" OR "clinical decision support system*" OR "CDSS" OR "health information 

technology" OR "HIT" OR "healthcare technology" OR "technology-enabled healthcare" OR "blockchain" 

OR "health apps" OR "smartphone health application*" OR "wearable health technology" OR "remote 

patient monitoring" OR "RPM" OR "virtual health" OR "virtual consultation*" OR "online health service*" 

7,118,107 
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OR "e-prescribing" OR "electronic prescribing system*" OR "healthcare innovation" OR "digital 

intervention*" OR "digital health intervention*" OR "artificial intelligence in health" OR "AI in healthcare" 

OR "machine learning in health" OR "healthcare data analytic*" OR "health monitoring app*" OR 

"teleconsultation" OR "health chatbot*" OR "digital health platform*" OR "internet-based healthcare" OR 

"healthcare digitization" OR "remote health service*" OR "virtual care platform*" OR "connected health" 

OR "artificial intelligence" OR "machine learning" OR "natural language processing" OR "algorithms" OR 

"decision support systems, clinical" OR "deep learning" OR "neural network*" OR "convolutional neural 

network*" OR "recurrent neural network*" OR "large language model" OR "generative AI" OR "decision 

support system" OR "clinical decision support" OR "predictive analytic*" OR "data-driven model" OR 

"intelligent system" OR "computer-aided diagnosis" OR "automated detection" OR "algorithmic prediction" 

OR "AI in healthcare" OR "AI-based tool" OR "chatbot" OR "clinical NLP" OR "pattern recognition" OR 

"Bayesian network") 

 

TITLE-ABS-KEY ("community healthcare" OR "primary healthcare" OR "primary care" OR "primary 

health care" OR "community setting*" OR "outpatient care" OR "ambulatory care" OR "ambulatory health 

service*" OR "outpatient service*" OR "outpatient clinic*" OR "general outpatient care" OR "non-hospital 

healthcare" OR "family medicine" OR "family practice" OR "general practice" OR "general practitioner*" 

OR "GP" OR "GP clinic*" OR "primary care provider*" OR "community health center*" OR "community 

health service*" OR "community health worker*" OR "village health worker*" OR "health extension 

service*" OR "health post*" OR "district hospital*" OR "district health center*" OR "regional health 

center*" OR "rural clinic*" OR "urban health services" OR "rural health services" OR "local health clinic*" 

OR "neighborhood clinic*" OR "local healthcare facilit*" OR "local outpatient clinic*" OR "essential health 

service*" OR "secondary healthcare" OR "secondary care" OR "referral hospital*" OR "community-based 

care" OR "community health program*" OR "community health initiative*" OR "health dispensar*" OR 

"local healthcare provider*" OR "community-based medical care" OR "frontline health service*" OR "local 

health service*" OR "health policy planning" OR "community health policy" OR "local healthcare polic*" 

OR "healthcare policymaker*") 

 

822,879 

 

TITLE-ABS-KEY("low- and middle-income countr*" OR "LMIC*" OR "developing countr*" OR 

"developing nation*" OR "developing econom*" OR "developing region*" OR "developing world" OR 

"emerging econom*" OR "emerging market econom*" OR "emerging market*" OR "transitional econom*" 

OR "underdeveloped countr*" OR "least developed countr*" OR "LDC" OR "third world countr*" OR 

"global south" OR "resource-limited setting*" OR "resource-constrained setting*" OR "resource-poor 

setting*" OR "low-resource setting*" OR "low-income countr*" OR "middle-income countr*" OR "lower-

middle-income countr*" OR "low-income setting*" OR "middle-income setting*" OR "low and lower-

middle income countr*" OR "low and middle-income region*" OR "economically developing countr*" OR 

"economically developing nation*" OR "economically disadvantaged region*" OR "financially constrained 

countr*" OR "poverty-stricken region*" OR "low socioeconomic region*" OR "sub-Saharan Africa" OR 

"South Asia" OR "Latin America" OR "Southeast Asia" OR "Caribbean nation*" OR "Pacific Island 

nation*" OR "Afghanistan" OR "Angola" OR "Bangladesh" OR "Benin" OR "Bhutan" OR "Burkina Faso" 

OR "Burundi" OR "Bolivia" OR "Cabo Verde" OR "Cambodia" OR "Cameroon" OR "Central African 

Republic" OR "Chad" OR "Comoros" OR "Congo" OR "Cote d' Ivoire" OR "Djibouti" OR "Egypt" OR "El 

Salvador" OR "Eritrea" OR "Eswatini" OR "Ethiopia" OR "Gambia" OR "Ghana" OR "Guinea" OR 

"Guinea-Bissau" OR "Haiti" OR "Honduras" OR "India" OR "Indonesia" OR "Jordan" OR "Kenya" OR 

"Kiribati" OR "Kyrgyz Republic" OR "Korea" OR "Lao PDR" OR "Lebanon" OR "Lesotho" OR "Liberia" 

OR "Madagascar" OR "Malawi" OR "Mali" OR "Mauritania" OR "Mozambique" OR "Myanmar" OR 

"Micronesia" OR "Morocco" OR "Nepal" OR "Nicaragua" OR "Niger" OR "Nigeria" OR "Pakistan" OR 

"Papua New Guinea" OR "Philippines" OR "Peru" OR "Rwanda" OR "Samoa" OR "Sao Tome and 

Principe" OR "Senegal" OR "Sierra Leone" OR "Somalia" OR "South Sudan" OR "Sudan" OR "Syria" OR 

"Solomon Islands" OR "Sri Lanka" OR "Tanzania" OR "Tajikistan" OR "Togo" OR "Timor-Leste" OR 

"Tunisia" OR "Uganda" OR "Uzbekistan" OR "Vanuatu" OR "Vietnam" OR "West Bank and Gaza" OR 

"Yemen" OR "Zambia" OR "Zimbabwe") 

 

3,322,265 

 

Combined with AND  262 
 

 

Cochrane Library Results 
"antimicrobial stewardship" OR "antibiotic stewardship" OR "responsible antibiotic use" OR "rational 

antibiotic use" OR "judicious antibiotic use" OR (infection NEXT control NEXT program*) OR 

"antimicrobial management" OR "antibiotic use" OR "antimicrobial use" OR "antibiotic" OR "antiviral" OR 

"antifungal" OR "antiparasitic" OR "antibiotic resistance management" OR "antibiotic resistance" OR 

"antimicrobial resistance control" OR "antibiotic prescribing" OR "antimicrobial prescribing" OR 

(antimicrobial NEXT therapy NEXT optimi*) OR "antimicrobial drug use" OR "appropriate antimicrobial 

prescribing" OR "appropriate antibiotic prescribing" OR "rational antimicrobial therapy" OR (antibiotic 

60696 
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NEXT consumption NEXT monitoring) OR (antimicrobial NEXT consumption NEXT monitoring) OR 

"antibiotic rationalization" OR (antibiotic NEXT treatment NEXT guide*) OR "appropriate antimicrobial 

therapy" OR (antimicrobial NEXT resistance NEXT strateg*) OR "antimicrobial resistance" OR "multi-drug 

resistant" OR (MDR NEXT organism*) OR "resistant bacteria" OR (ESKAPE NEXT pathogen*) OR 

(resistance NEXT gene*) OR "extended-spectrum beta-lactamase" OR (AMR NEXT surveillance) OR 

(resistance NEXT pattern*) OR "emerging resistance" OR (antimicrobial NEXT surveillance) OR 

(nosocomial NEXT infection*) OR (healthcare-associated NEXT infection*) OR "drug resistance, 

microbial" OR "drug utilization" 

MeSH descriptor: [Antimicrobial Stewardship] explode all trees, MeSH descriptor: [Drug Resistance, 

Microbial] explode all trees, MeSH descriptor: [Drug Resistance, Bacterial] explode all trees, MeSH 

descriptor: [Drug Resistance, Fungal] explode all trees, MeSH descriptor: [Drug Resistance, Viral] explode 

all trees, MeSH descriptor: [Anti-Bacterial Agents] explode all trees, MeSH descriptor: [Drug Utilization] 

explode all trees, MeSH descriptor: [Inappropriate Prescribing] explode all trees, MeSH descriptor: 

[Infection Control] explode all trees 

 

"digital health" OR "eHealth" OR "mHealth" OR "telemedicine" OR "telehealth" OR (mobile NEXT health 

NEXT application*) OR "digital healthcare" OR "health technology" OR (digital NEXT solution*) OR 

(digital NEXT tool*) OR (health NEXT informatic*) OR (electronic NEXT health NEXT record*) OR 

"EHR" OR (electronic NEXT medical NEXT record*) OR "EMR" OR (clinical NEXT decision NEXT 

support NEXT system*) OR "CDSS" OR "health information technology" OR "HIT" OR "healthcare 

technology" OR "technology-enabled healthcare" OR "blockchain" OR "health apps" OR (smartphone 

NEXT health NEXT application*) OR "wearable health technology" OR "remote patient monitoring" OR 

"RPM" OR "virtual health" OR (virtual NEXT consultation*) OR (online NEXT health NEXT service*) OR 

"e-prescribing" OR (electronic NEXT prescribing NEXT system*) OR "healthcare innovation" OR (digital 

NEXT intervention*) OR (digital NEXT health NEXT intervention*) OR "artificial intelligence in health" 

OR "AI in healthcare" OR "machine learning in health" OR (healthcare NEXT data NEXT analytic*) OR 

(health NEXT monitoring NEXT app*) OR "teleconsultation" OR (health NEXT chatbot*) OR (digital 

NEXT health NEXT platform*) OR "internet-based healthcare" OR "healthcare digitization" OR (remote 

NEXT health NEXT service*) OR (virtual NEXT care NEXT platform*) OR "connected health" OR 

"artificial intelligence" OR "machine learning" OR "natural language processing" OR "algorithms" OR 

"decision support systems, clinical" OR "deep learning" OR (neural NEXT network*) OR (convolutional 

NEXT neural NEXT network*) OR (recurrent NEXT neural NEXT network*) OR "large language model" 

OR "generative AI" OR (decision NEXT support NEXT system) OR (clinical NEXT decision NEXT 

support) OR (predictive NEXT analytic*) OR (data-driven NEXT model) OR "intelligent system" OR 

(computer-aided NEXT diagnosis) OR (automated NEXT detection) OR (algorithmic NEXT prediction) OR 

"AI in healthcare" OR "AI-based tool" OR "chatbot" OR "clinical NLP" OR (health NEXT informatic*) OR 

(pattern NEXT recognition) OR "Bayesian network" 

MeSH descriptor: [Artificial Intelligence] explode all trees, MeSH descriptor: [Machine Learning] explode 

all trees 

MeSH descriptor: [Natural Language Processing] explode all trees, MeSH descriptor: [Decision Support 

Systems, Clinical] explode all trees, MeSH descriptor: [Electronic Health Records] explode all trees, MeSH 

descriptor: [Remote Consultation] explode all trees, MeSH descriptor: [Telemedicine] explode all trees, 

MeSH descriptor: [Mobile Applications] explode all trees 

 

61237 

 

"community healthcare" OR "primary healthcare" OR "primary care" OR "primary health care" OR 

"outpatient care" OR (community NEXT setting*) OR "ambulatory care" OR (ambulatory NEXT health 

NEXT service*) OR (outpatient NEXT service*) OR (outpatient NEXT clinic*) OR "general outpatient 

care" OR "non-hospital healthcare" OR "family medicine" OR "family practice" OR "general practice" OR 

(general NEXT practitioner*) OR "GP" OR (GP NEXT clinic*) OR (primary NEXT care NEXT provider*) 

OR (community NEXT health NEXT center*) OR (community NEXT health NEXT service*) OR 

(community NEXT health NEXT worker*) OR (village NEXT health NEXT worker*) OR (health NEXT 

extension NEXT service*) OR (health NEXT post*) OR (district NEXT hospital*) OR (district NEXT 

health NEXT center*) OR (regional NEXT health NEXT center*) OR (rural NEXT clinic*) OR "urban 

health services" OR "rural health services" OR (local NEXT health NEXT clinic*) OR (neighborhood 

NEXT clinic*) OR (local NEXT healthcare NEXT facilit*) OR (local NEXT outpatient NEXT clinic*) OR 

(essential NEXT health NEXT service*) OR "secondary healthcare" OR "secondary care" OR (referral 

NEXT hospital*) OR "community-based care" OR (community NEXT health NEXT program*) OR 

(community NEXT health NEXT initiative*) OR (health NEXT dispensar*) OR (local NEXT healthcare 

NEXT provider*) OR "community-based medical care" OR (frontline NEXT health NEXT service*) OR 

(local NEXT health NEXT service*) OR (health NEXT policy NEXT planning) OR (community NEXT 

health NEXT policy) OR (local NEXT healthcare NEXT polic*) OR (healthcare NEXT policymaker*)  

MeSH descriptor: [Primary Health Care] explode all trees, MeSH descriptor: [Community Health Services] 

explode all trees, MeSH descriptor: [Community Health Workers] explode all trees, MeSH descriptor: 

[Family Practice] explode all trees, MeSH descriptor: [General Practice] explode all trees, MeSH descriptor: 

[Hospitals, District] explode all trees, MeSH descriptor: [Ambulatory Care] explode all trees 

 

525453 
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"low income country" OR "middle income country" OR "low and middle income country" OR "low income 

setting" OR "middle income setting" OR "developing country" OR "developing countries" OR "developing 

nation" OR "developing nations" OR "emerging economy" OR "emerging economies" OR "resource limited 

setting" OR "resource constrained setting" OR "resource poor setting" OR "low resource setting" OR 

"underdeveloped country" OR "least developed country" OR "LDC" OR "third world country" OR "global 

south" OR "sub-Saharan Africa" OR "South Asia" OR "Latin America" OR "Southeast Asia" OR 

"Caribbean" OR "Pacific Islands" OR "Afghanistan" OR "Angola" OR "Bangladesh" OR "Benin" OR 

"Bhutan" OR "Burkina Faso" OR "Burundi" OR "Bolivia" OR "Cabo Verde" OR "Cambodia" OR 

"Cameroon" OR "Central African Republic" OR "Chad" OR "Comoros" OR "Congo" OR "Cote d'Ivoire" 

OR "Djibouti" OR "Egypt" OR "El Salvador" OR "Eritrea" OR "Eswatini" OR "Ethiopia" OR "Gambia" OR 

"Ghana" OR "Guinea" OR "Guinea-Bissau" OR "Haiti" OR "Honduras" OR "India" OR "Indonesia" OR 

"Jordan" OR "Kenya" OR "Kiribati" OR "Kyrgyz Republic" OR "Korea" OR "Lao PDR" OR "Lebanon" OR 

"Lesotho" OR "Liberia" OR "Madagascar" OR "Malawi" OR "Mali" OR "Mauritania" OR "Mozambique" 

OR "Myanmar" OR "Micronesia" OR "Morocco" OR "Nepal" OR "Nicaragua" OR "Niger" OR "Nigeria" 

OR "Pakistan" OR "Papua New Guinea" OR "Philippines" OR "Peru" OR "Rwanda" OR "Samoa" OR "Sao 

Tome and Principe" OR "Senegal" OR "Sierra Leone" OR "Somalia" OR "South Sudan" OR "Sudan" OR 

"Syria" OR "Solomon Islands" OR "Sri Lanka" OR "Tanzania" OR "Tajikistan" OR "Togo" OR "Timor-

Leste" OR "Tunisia" OR "Uganda" OR "Uzbekistan" OR "Vanuatu" OR "Vietnam" OR "West Bank and 

Gaza" OR "Yemen" OR "Zambia" OR "Zimbabwe"  

MeSH descriptor: [Developing Countries] explode all trees, MeSH descriptor: [Poverty Areas] explode all 

trees 

 

68127 

Combined with AND 238 
 

WHO Global Index Medicus Results 

"antimicrobial stewardship" OR "antibiotic stewardship" OR "responsible antibiotic use" OR "rational 

antibiotic use" OR "judicious antibiotic use" OR "infection control program*" OR "antimicrobial 

management" OR "antibiotic use" OR "antimicrobial use" OR "antibiotic" OR "antiviral" OR "antifungal" 

OR "antiparasitic" OR "antibiotic resistance management" OR "antibiotic resistance" OR "antimicrobial 

resistance control" OR "antibiotic prescribing" OR "antimicrobial prescribing" OR "antimicrobial therapy 

optimi*" OR "antimicrobial drug use" OR "appropriate antimicrobial prescribing" OR "appropriate 

antibiotic prescribing" OR "rational antimicrobial therapy" OR "antibiotic consumption monitoring" OR 

"antimicrobial consumption monitoring" OR "antibiotic rationalization" OR "antibiotic treatment guide*" 

OR "appropriate antimicrobial therapy" OR "antimicrobial resistance strateg*" OR "antimicrobial 

resistance" OR "multi-drug resistant" OR "MDR organism*" OR "resistant bacteria" OR "superbug*" OR 

"ESKAPE pathogen*" OR "resistance gene*" OR "extended-spectrum beta-lactamase" OR "AMR 

surveillance" OR "resistance pattern*" OR "emerging resistance" OR "antimicrobial surveillance" OR 

"nosocomial infection*" OR "healthcare-associated infection*" 

 

50840 
 

"digital health" OR "eHealth" OR "mHealth" OR "telemedicine" OR "telehealth" OR "mobile health 

application*" OR "digital healthcare" OR "health technology" OR "digital solution*" OR "digital tool*" OR 

"health informatic*" OR "electronic health record*" OR "EHR" OR "electronic medical record*" OR 

"EMR" OR "clinical decision support system*" OR "CDSS" OR "health information technology" OR "HIT" 

OR "healthcare technology" OR "technology-enabled healthcare" OR "blockchain" OR "health apps" OR 

"smartphone health application*" OR "wearable health technology" OR "remote patient monitoring" OR 

"RPM" OR "virtual health" OR "virtual consultation*" OR "online health service*" OR "e-prescribing" OR 

"electronic prescribing system*" OR "healthcare innovation" OR "digital intervention*" OR "digital health 

intervention*" OR "artificial intelligence in health" OR "AI in healthcare" OR "machine learning in health" 

OR "healthcare data analytic*" OR "health monitoring app*" OR "teleconsultation" OR "health chatbot*" 

OR "digital health platform*" OR "internet-based healthcare" OR "healthcare digitization" OR "remote 

health service*" OR "virtual care platform*" OR "connected health" OR "artificial intelligence" OR 

"machine learning" OR "natural language processing" OR "algorithms" OR "decision support systems, 

clinical" OR "deep learning" OR "neural network*" OR "convolutional neural network*" OR "recurrent 

neural network*" OR "large language model" OR "generative AI" OR "decision support system" OR 

"clinical decision support" OR "predictive analytic*" OR "data-driven model" OR "intelligent system" OR 

"computer-aided diagnosis" OR "automated detection" OR "algorithmic prediction" OR "AI in healthcare" 

OR "AI-based tool" OR "chatbot" OR "clinical NLP" OR "pattern recognition" OR "Bayesian network" 

 

22431 

"community healthcare" OR "primary healthcare" OR "primary care" OR "primary health care" OR 

"outpatient care" OR “community setting*” OR "ambulatory care" OR "ambulatory health service*" OR 

"outpatient service*" OR "outpatient clinic*" OR "general outpatient care" OR "non-hospital healthcare" OR 

"family medicine" OR "family practice" OR "general practice" OR "general practitioner*" OR "GP" OR 

"GP clinic*" OR "primary care provider*" OR "community health center*" OR "community health service*" 

OR "community health worker*" OR "village health worker*" OR "health extension service*" OR "health 

43754 
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post*" OR "district hospital*" OR "district health center*" OR "regional health center*" OR "rural clinic*" 

OR "urban health services" OR "rural health services" OR "local health clinic*" OR "neighborhood clinic*" 

OR "local healthcare facilit*" OR "local outpatient clinic*" OR "essential health service*" OR "secondary 

healthcare" OR "secondary care" OR "referral hospital*" OR "community-based care" OR "community 

health program*" OR "community health initiative*" OR "health dispensar*" OR "local healthcare 

provider*" OR "community-based medical care" OR "frontline health service*" OR "local health service*" 

OR "health policy planning" OR "community health policy" OR "local healthcare polic*" OR "healthcare 

policymaker*" 

 

"low- and middle-income countr*" OR "LMIC*" OR "developing countr*" OR "developing nation*" OR 

"developing econom*" OR "developing region*" OR "developing world" OR "emerging econom*" OR 

"emerging market econom*" OR "emerging market*" OR "transitional econom*" OR "underdeveloped 

countr*" OR "least developed countr*" OR "LDC" OR "third world countr*" OR "global south" OR 

"resource-limited setting*" OR "resource-constrained setting*" OR "resource-poor setting*" OR "low-

resource setting*" OR "low-income countr*" OR "middle-income countr*" OR "lower-middle-income 

countr*" OR "low-income setting*" OR "middle-income setting*" OR "low and lower-middle income 

countr*" OR "low and middle-income region*" OR "economically developing countr*" OR "economically 

developing nation*" OR "economically disadvantaged region*" OR "financially constrained countr*" OR 

"poverty-stricken region*" OR "low socioeconomic region*" OR "sub-Saharan Africa" OR "South Asia" OR 

"Latin America" OR "Southeast Asia" OR "Caribbean nation*" OR "Pacific Island nation*" OR 

"Afghanistan" OR "Angola" OR "Bangladesh" OR "Benin" OR "Bhutan" OR "Burkina Faso" OR "Burundi" 

OR "Bolivia" OR "Cabo Verde" OR "Cambodia" OR "Cameroon" OR "Central African Republic" OR 

"Chad" OR "Comoros" OR "Congo" OR "Cote d'Ivoire" OR "Djibouti" OR "Egypt" OR "El Salvador" OR 

"Eritrea" OR "Eswatini" OR "Ethiopia" OR "Gambia" OR "Ghana" OR "Guinea" OR "Guinea-Bissau" OR 

"Haiti" OR "Honduras" OR "India" OR "Indonesia" OR "Jordan" OR "Kenya" OR "Kiribati" OR "Kyrgyz 

Republic" OR "Korea" OR "Lao PDR" OR "Lebanon" OR "Lesotho" OR "Liberia" OR "Madagascar" OR 

"Malawi" OR "Mali" OR "Mauritania" OR "Mozambique" OR "Myanmar" OR "Micronesia" OR "Morocco" 

OR "Nepal" OR "Nicaragua" OR "Niger" OR "Nigeria" OR "Pakistan" OR "Papua New Guinea" OR 

"Philippines" OR "Peru" OR "Rwanda" OR "Samoa" OR "Sao Tome and Principe" OR "Senegal" OR 

"Sierra Leone" OR "Somalia" OR "South Sudan" OR "Sudan" OR "Syria" OR "Solomon Islands" OR "Sri 

Lanka" OR "Tanzania" OR "Tajikistan" OR "Togo" OR "Timor-Leste" OR "Tunisia" OR "Uganda" OR 

"Uzbekistan" OR "Vanuatu" OR "Vietnam" OR "West Bank and Gaza" OR "Yemen" OR "Zambia" OR 

"Zimbabwe" 

 

140887 

Combined with AND  13 
 

TRIP Database Results 
"antimicrobial stewardship" OR "antibiotic stewardship" OR "responsible antibiotic use" OR "rational 

antibiotic use" OR "judicious antibiotic use" OR "infection control program*" OR "antimicrobial 

management" OR "antibiotic use" OR "antimicrobial use" OR "antibiotic" OR "antiviral" OR "antifungal" 

OR "antiparasitic" OR "antibiotic resistance management" OR "antibiotic resistance" OR "antimicrobial 

resistance control" OR "antibiotic prescribing" OR "antimicrobial prescribing" OR "antimicrobial therapy 

optimi*" OR "antimicrobial drug use" OR "appropriate antimicrobial prescribing" OR "appropriate 

antibiotic prescribing" OR "rational antimicrobial therapy" OR "antibiotic consumption monitoring" OR 

"antimicrobial consumption monitoring" OR "antibiotic rationalization" OR "antibiotic treatment guide*" 

OR "appropriate antimicrobial therapy" OR "antimicrobial resistance strateg*" OR "antimicrobial 

resistance" OR "multi-drug resistant" OR "MDR organism*" OR "resistant bacteria" OR "superbug*" OR 

"ESKAPE pathogen*" OR "resistance gene*" OR "extended-spectrum beta-lactamase" OR "AMR 

surveillance" OR "resistance pattern*" OR "emerging resistance" OR "antimicrobial surveillance" OR 

"nosocomial infection*" OR "healthcare-associated infection*" 

 

Combined 

in PICO 

strategy 

"digital health" OR "eHealth" OR "mHealth" OR "telemedicine" OR "telehealth" OR "mobile health 

application*" OR "digital healthcare" OR "health technology" OR "digital solution*" OR "digital tool*" OR 

"health informatic*" OR "electronic health record*" OR "EHR" OR "electronic medical record*" OR 

"EMR" OR "clinical decision support system*" OR "CDSS" OR "health information technology" OR "HIT" 

OR "healthcare technology" OR "technology-enabled healthcare" OR "blockchain" OR "health apps" OR 

"smartphone health application*" OR "wearable health technology" OR "remote patient monitoring" OR 

"RPM" OR "virtual health" OR "virtual consultation*" OR "online health service*" OR "e-prescribing" OR 

"electronic prescribing system*" OR "healthcare innovation" OR "digital intervention*" OR "digital health 

intervention*" OR "artificial intelligence in health" OR "AI in healthcare" OR "machine learning in health" 

OR "healthcare data analytic*" OR "health monitoring app*" OR "teleconsultation" OR "health chatbot*" 

OR "digital health platform*" OR "internet-based healthcare" OR "healthcare digitization" OR "remote 

health service*" OR "virtual care platform*" OR "connected health" OR "artificial intelligence" OR 

"machine learning" OR "natural language processing" OR "algorithms" OR "decision support systems, 

Combined 

in PICO 

strategy 
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clinical" OR "deep learning" OR "neural network*" OR "convolutional neural network*" OR "recurrent 

neural network*" OR "large language model" OR "generative AI" OR "decision support system" OR 

"clinical decision support" OR "predictive analytic*" OR "data-driven model" OR "intelligent system" OR 

"computer-aided diagnosis" OR "automated detection" OR "algorithmic prediction" OR "AI in healthcare" 

OR "AI-based tool" OR "chatbot" OR "clinical NLP" OR "pattern recognition" OR "Bayesian network" 

 

"community healthcare" OR "primary healthcare" OR "primary care" OR "primary health care" OR 

"outpatient care" OR “community setting*” OR "ambulatory care" OR "ambulatory health service*" OR 

"outpatient service*" OR "outpatient clinic*" OR "general outpatient care" OR "non-hospital healthcare" 

OR "family medicine" OR "family practice" OR "general practice" OR "general practitioner*" OR "GP" OR 

"GP clinic*" OR "primary care provider*" OR "community health center*" OR "community health 

service*" OR "community health worker*" OR "village health worker*" OR "health extension service*" OR 

"health post*" OR "district hospital*" OR "district health center*" OR "regional health center*" OR "rural 

clinic*" OR "urban health services" OR "rural health services" OR "local health clinic*" OR "neighborhood 

clinic*" OR "local healthcare facilit*" OR "local outpatient clinic*" OR "essential health service*" OR 

"secondary healthcare" OR "secondary care" OR "referral hospital*" OR "community-based care" OR 

"community health program*" OR "community health initiative*" OR "health dispensar*" OR "local 

healthcare provider*" OR "community-based medical care" OR "frontline health service*" OR "local health 

service*" OR "health policy planning" OR "community health policy" OR "local healthcare polic*" OR 

"healthcare policymaker*" 

 

Combined 

in PICO 

strategy 

"low- and middle-income countr*" OR "LMIC*" OR "developing countr*" OR "developing nation*" OR 

"developing econom*" OR "developing region*" OR "developing world" OR "emerging econom*" OR 

"emerging market econom*" OR "emerging market*" OR "transitional econom*" OR "underdeveloped 

countr*" OR "least developed countr*" OR "LDC" OR "third world countr*" OR "global south" OR 

"resource-limited setting*" OR "resource-constrained setting*" OR "resource-poor setting*" OR "low-

resource setting*" OR "low-income countr*" OR "middle-income countr*" OR "lower-middle-income 

countr*" OR "low-income setting*" OR "middle-income setting*" OR "low and lower-middle income 

countr*" OR "low and middle-income region*" OR "economically developing countr*" OR "economically 

developing nation*" OR "economically disadvantaged region*" OR "financially constrained countr*" OR 

"poverty-stricken region*" OR "low socioeconomic region*" OR "sub-Saharan Africa" OR "South Asia" 

OR "Latin America" OR "Southeast Asia" OR "Caribbean nation*" OR "Pacific Island nation*" OR 

"Afghanistan" OR "Angola" OR "Bangladesh" OR "Benin" OR "Bhutan" OR "Burkina Faso" OR "Burundi" 

OR "Bolivia" OR "Cabo Verde" OR "Cambodia" OR "Cameroon" OR "Central African Republic" OR 

"Chad" OR "Comoros" OR "Congo" OR "Côte d'Ivoire" OR "Djibouti" OR "Egypt" OR "El Salvador" OR 

"Eritrea" OR "Eswatini" OR "Ethiopia" OR "Gambia" OR "Ghana" OR "Guinea" OR "Guinea-Bissau" OR 

"Haiti" OR "Honduras" OR "India" OR "Indonesia" OR "Jordan" OR "Kenya" OR "Kiribati" OR "Kyrgyz 

Republic" OR "Korea" OR "Lao PDR" OR "Lebanon" OR "Lesotho" OR "Liberia" OR "Madagascar" OR 

"Malawi" OR "Mali" OR "Mauritania" OR "Mozambique" OR "Myanmar" OR "Micronesia" OR 

"Morocco" OR "Nepal" OR "Nicaragua" OR "Niger" OR "Nigeria" OR "Pakistan" OR "Papua New 

Guinea" OR "Philippines" OR "Peru" OR "Rwanda" OR "Samoa" OR "São Tomé and Principe" OR 

"Senegal" OR "Sierra Leone" OR "Somalia" OR "South Sudan" OR "Sudan" OR "Syria" OR "Solomon 

Islands" OR "Sri Lanka" OR "Tanzania" OR "Tajikistan" OR "Togo" OR "Timor-Leste" OR "Tunisia" OR 

"Uganda" OR "Uzbekistan" OR "Vanuatu" OR "Vietnam" OR "West Bank and Gaza" OR "Yemen" OR 

"Zambia" OR "Zimbabwe" 

 

Combined 

in PICO 

strategy 

Combined using PICO strategy 32 
 

Web of Science  Results 
TS = ("antimicrobial stewardship" OR "antibiotic stewardship" OR "responsible antibiotic use" OR "rational 

antibiotic use" OR "judicious antibiotic use" OR "infection control program*" OR "antimicrobial 

management" OR "antibiotic use" OR "antimicrobial use" OR "antibiotic" OR "antiviral" OR "antifungal" 

OR "antiparasitic" OR "antibiotic resistance management" OR "antibiotic resistance" OR "antimicrobial 

resistance control" OR "antibiotic prescribing" OR "antimicrobial prescribing" OR "antimicrobial therapy 

optimi*" OR "antimicrobial drug use" OR "appropriate antimicrobial prescribing" OR "appropriate 

antibiotic prescribing" OR "rational antimicrobial therapy" OR "antibiotic consumption monitoring" OR 

"antimicrobial consumption monitoring" OR "antibiotic rationalization" OR "antibiotic treatment guide*" 

OR "appropriate antimicrobial therapy" OR "antimicrobial resistance strateg*" OR "antimicrobial 

resistance" OR "multi-drug resistant" OR "MDR organism*" OR "resistant bacteria" OR "superbug*" OR 

"ESKAPE pathogen*" OR "resistance gene*" OR "extended-spectrum beta-lactamase" OR "AMR 

surveillance" OR "resistance pattern*" OR "emerging resistance" OR "antimicrobial surveillance" OR 

"nosocomial infection*" OR "healthcare-associated infection*") 

 

726814 
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TS= ("digital health" OR eHealth OR mHealth OR telemedicine OR telehealth OR "mobile health 

application*" OR "digital healthcare" OR "health technology" OR "digital solution*" OR "digital tool*" OR 

"health informatic*" OR "electronic health record*" OR EHR OR "electronic medical record*" OR EMR 

OR "clinical decision support system*" OR CDSS OR "health information technology" OR HIT OR 

"healthcare technology" OR "technology-enabled healthcare" OR blockchain OR "health apps" OR 

"smartphone health application*" OR "wearable health technology" OR "remote patient monitoring" OR 

RPM OR "virtual health" OR "virtual consultation*" OR "online health service*" OR "e-prescribing" OR 

"electronic prescribing system*" OR "healthcare innovation" OR "digital intervention*" OR "digital health 

intervention*" OR "artificial intelligence in health" OR "AI in healthcare" OR "machine learning in health" 

OR "healthcare data analytic*" OR "health monitoring app*" OR teleconsultation OR "health chatbot*" OR 

"digital health platform*" OR "internet-based healthcare" OR "healthcare digitization" OR "remote health 

service*" OR "virtual care platform*" OR "connected health" OR "artificial intelligence" OR "machine 

learning" OR "natural language processing" OR algorithms OR "decision support systems, clinical" OR 

"deep learning" OR "neural network*" OR "convolutional neural network*" OR "recurrent neural network*" 

OR "large language model" OR "generative AI" OR "decision support system" OR "clinical decision 

support" OR "predictive analytic*" OR "data-driven model" OR "intelligent system" OR "computer-aided 

diagnosis" OR "automated detection" OR "algorithmic prediction" OR "AI-based tool" OR chatbot OR 

"clinical NLP" OR "pattern recognition" OR "Bayesian network")  

 

4465963 
 

TS=("community healthcare" OR "primary healthcare" OR "primary care" OR "primary health care" OR 

"outpatient care" OR "ambulatory care" OR "ambulatory health service*" OR "outpatient service*" OR 

"outpatient clinic*" OR "general outpatient care" OR "non-hospital healthcare" OR "family medicine" OR 

"family practice" OR "general practice" OR "general practitioner*" OR "GP" OR "GP clinic*" OR "primary 

care provider*" OR "community health center*" OR "community health service*" OR "community health 

worker*" OR "village health worker*" OR "health extension service*" OR "health post*" OR "district 

hospital*" OR "district health center*" OR "regional health center*" OR "rural clinic*" OR "urban health 

services" OR "rural health services" OR "local health clinic*" OR "neighborhood clinic*" OR "local 

healthcare facilit*" OR "local outpatient clinic*" OR "essential health service*" OR "secondary healthcare" 

OR "secondary care" OR "referral hospital*" OR "community-based care" OR "community health 

program*" OR "community health initiative*" OR "health dispensar*" OR "local healthcare provider*" OR 

"community-based medical care" OR "frontline health service*" OR "local health service*" OR "health 

policy planning" OR "community health policy" OR "local healthcare polic*" OR "healthcare 

policymaker*") 

 

450955 
 

TS=("low- and middle-income countr*" OR "LMIC*" OR "developing countr*" OR "developing nation*" 

OR "developing econom*" OR "developing region*" OR "developing world" OR "emerging econom*" OR 

"emerging market econom*" OR "emerging market*" OR "transitional econom*" OR "underdeveloped 

countr*" OR "least developed countr*" OR "LDC" OR "third world countr*" OR "global south" OR 

"resource-limited setting*" OR "resource-constrained setting*" OR "resource-poor setting*" OR "low-

resource setting*" OR "low-income countr*" OR "middle-income countr*" OR "lower-middle-income 

countr*" OR "low-income setting*" OR "middle-income setting*" OR "low and lower-middle income 

countr*" OR "low and middle-income region*" OR "economically developing countr*" OR "economically 

developing nation*" OR "economically disadvantaged region*" OR "financially constrained countr*" OR 

"poverty-stricken region*" OR "low socioeconomic region*" OR "sub-Saharan Africa" OR "South Asia" OR 

"Latin America" OR "Southeast Asia" OR "Caribbean nation*" OR "Pacific Island nation*" OR 

"Afghanistan" OR "Angola" OR "Bangladesh" OR "Benin" OR "Bhutan" OR "Burkina Faso" OR "Burundi" 

OR "Bolivia" OR "Cabo Verde" OR "Cambodia" OR "Cameroon" OR "Central African Republic" OR 

"Chad" OR "Comoros" OR "Congo" OR "Côte d'Ivoire" OR "Djibouti" OR "Egypt" OR "El Salvador" OR 

"Eritrea" OR "Eswatini" OR "Ethiopia" OR "Gambia" OR "Ghana" OR "Guinea" OR "Guinea-Bissau" OR 

"Haiti" OR "Honduras" OR "India" OR "Indonesia" OR "Jordan" OR "Kenya" OR "Kiribati" OR "Kyrgyz 

Republic" OR "Korea" OR "Lao PDR" OR "Lebanon" OR "Lesotho" OR "Liberia" OR "Madagascar" OR 

"Malawi" OR "Mali" OR "Mauritania" OR "Mozambique" OR "Myanmar" OR "Micronesia" OR "Morocco" 

OR "Nepal" OR "Nicaragua" OR "Niger" OR "Nigeria" OR "Pakistan" OR "Papua New Guinea" OR 

"Philippines" OR "Peru" OR "Rwanda" OR "Samoa" OR "São Tomé and Principe" OR "Senegal" OR 

"Sierra Leone" OR "Somalia" OR "South Sudan" OR "Sudan" OR "Syria" OR "Solomon Islands" OR "Sri 

Lanka" OR "Tanzania" OR "Tajikistan" OR "Togo" OR "Timor-Leste" OR "Tunisia" OR "Uganda" OR 

"Uzbekistan" OR "Vanuatu" OR "Vietnam" OR "West Bank and Gaza" OR "Yemen" OR "Zambia" OR 

"Zimbabwe" OR "Developing Countries" OR "Poverty Areas") 

 

2277367 
 

Combined with AND 270 
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Appendix 4: Risk of Bias Full Assessment Tables 

 

Appendix 4.1: Risk of Bias Assessment for randomised controlled trials (RCTs) included in the systematic review using the Cochrane Risk of Bias 2 

Tool. Each study was assessed based on 5 domains. 1) Risk of bias arising from the randomization process 2) Risk of bias due to deviations from the     interventions 3) 

Missing outcome data 4) Risk of bias in measurement of the outcome 5) Risk of bias in selection of the reported result. Response options for the questions included Yes / 

Partially Yes / Partially No / No / No Information. The risk of bias judgement in each domain were then assigned Low, High or Some concerns. A majority of ‘Low’ responses 

overall indicate a positive methodological approach avoiding pitfalls for bias, whereas ‘Some Concern’ or ‘High’ suggests increased susceptibility to bias. 

  

Author/ Year 1 2 3 4 5 Overall Risk of Bias 

RCTs (n= 9) 
Tan et al, 2024 (147) 

 

Low Low Low Low Low Low as all domains were judged low risk, indicating overall low 

risk of bias for the trial 

Tan et al, 2023 (139) 

 

Low Low Low Some 

Concerns 

Low Some concerns mainly from potential bias in outcome 

measurement. All other domains showed low risk 

Tan et al, 2020 (144) 

 

Low Low Low Low Some 

Concerns 

Some concerns. The inherent characteristics of subgroup analyses 

introduce the potential for confounding to bias the results 

Keitel et al, 2019 (145) 

 

Low Low Low Some 

Concerns 

Some 

Concerns 

Some concerns. Strong RCT basis but subgroup design raises 

issues of selective inference and generalizability 

Steinhardt et al, 2019 (143) 

 

Low Low Low Low Low Low risk.  All domains show low risk, indicating a well-conducted 

cluster RCT with strong internal validity 

O’Donovan et al, 2018 
(140) 

Some 

Concerns 

Low Low Low Some 

Concerns 

Some concerns. Small pilot RCT with limited reporting and 

potential of reactivity bias raises transparency and validity 

concerns 

Rambaud-Althaus et, 

2017 (141) 

Low Low Low Low Some 

Concerns 

Some concerns. Well-conducted pilot cluster RCT but outcome 

assessment may be affected by observer bias 

Keitel et al, 2017 (146) 

 

Low Low Low Low Low Low risk. Rigorous non-inferiority RCT with low risk of bias 

across all domains 

Perri-Moore et al, 2015 
(142) 

Some 

Concerns 

Low Low Low Some 

Concerns 

Some concerns. Well-conducted study with real-time outcome 

tracking and valid analysis but moderate concerns due to unclear 

allocation concealment and post-randomization recruitment 



78 
 
 

Author/ Year 1 2 3 4 5 6 7 Overall Risk of Bias 

Observational Studies (n=8) 
Langet et al, 2025 
(149) 

 

Moderate Low Low Low Low Moderate Low Moderate risk of bias due to use of a historical control. However, 

secular trends were adjusted for. Other potential confounders such as 

demographics, clinical features and healthcare access were also 

addressed 

Hürlimann et al, 2024 
(152) 

Serious Low Low Low Low Low Low Serious risk of bias due to use of historical control and no adjustment 

for time-related confounders , although all other domains had a low 

to moderate risk 

Sawant et al, 2024 
(153) 

Serious Low Low Low Low Low Low Serious risk. Lack of a control group and residual confounding leads 

to serious bias risk despite strong design and implementation 

Schmitz T et al, 2022 
(154) 

Serious Low Low Low Low Low Low Serious risk of bias from confounding due to contextual differences 

in epidemiology, health-seeking behaviour and health system factors. 

Potentially, Hawthorne effect may also have influenced outcomes 

Bernasconi et al, 

2019 (150) 

Serious  Low Moderate Low Moderate Moderate Low Serious risk. Lack of confounder adjustment in pre-post design leads 

to serious overall bias risk 

Mekuria et al, 2019 
(148) 

Serious Low Moderate Low Moderate Moderate Low Serious risk due to limited causal control 

Bernasconi et al, 

2018 (151) 

 

Serious Low Moderate Low Low Moderate Low Serious risk. Confounding from secular trends and population 

differences across survey rounds limits causal inference 

Shao et al, 2015 (155) Serious Moderate Low Low Low Moderate Low Serious risk. Lack of randomization and potential facility-level 

confounding result in serious overall risk of bias 

Appendix 4.2: Risk of Bias Assessment for non-randomised controlled trials included in the systematic review using the ROBINS-1 V2 tool.  Each study was assessed based 

on 7 domains. 1) Risk of bias due to confounding 2) Risk of bias in classification of interventions 3) Risk of bias in selection of participants into the study (or into the 

analysis) 4) Risk of bias due to deviations from intended interventions 5) Risk of bias due to missing data 6) Risk of bias arising from measurement of the outcome 7) Risk of 

bias in selection of the reported result. Response options for the questions included Not Applicable/ Yes/ Probably Yes/ No/Probably No/ No Information. The risk of bias 

judgement in each domain were then assigned Low, Moderate, Serious or Critical.  A majority of ‘Low’ responses overall besides in Domain 1 indicate a positive 

methodological approach avoiding pitfalls for bias, whereas at least one domain with ‘Moderate’, ‘Serious’ or ‘Critical’ suggests increased susceptibility to bias. 
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Author/ Year 1 2 3 4 5 6 7 8 9 10 Appraisal Summary 

Qualitative Studies (n= 8) 
Jones et al, 2025 (156) Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Positive. Methodologically sound and ethically robust. The 

study offers valuable contextual insights, though deeper 

reflexivity on researcher-participant dynamics would 

strengthen it. Overall, it informs culturally grounded AMS 

interventions 

Peiffer-Smadja et al, 

2024 (157) 

 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Positive. Well-aligned methodology, sampling and analysis. 

Limited reflexivity but overall offers valuable insights for AI 

implementation in clinical practice 

Ellington et al, 2021 
(159) 

Yes Yes Yes Yes Yes Can’t 

Tell 

Yes Yes Yes Yes Positive. Methodologically strong across most criteria with 

minor limitation in reflexivity reporting 

Peiffer-Smadja et al, 

2020 (162) 

Yes Yes Yes Yes Yes Can’t 

tell 

Yes Yes Yes Yes Strong methodology with clear focus on CDSS acceptability. 

Minor limitation in reflexivity reporting 

Bessat et al, 2019 (160) 

 

Yes Yes Yes Yes Yes Can’t 

tell 

Yes Yes Yes Yes Positive. Methodologically sound with robust qualitative 

methods. A minor limitation is the limited reporting on 

researcher reflexivity 

Mekuria et al, 2019 
(148) 

 

Yes Yes Yes Yes Yes Can’t 

tell 

Yes Yes Yes Yes Positive. High-quality qualitative component offering valuable 

context for digital health implementation in low-resource 

settings 

Shao et al, 2015 (158) 

 

Yes Yes Yes Yes Yes Can’t 

tell 

Yes Yes Yes Yes Positive. Strong methodological quality with minor reflexivity 

limitations. Offers valuable insights into health worker views 

on mobile decision support tools 

Mitchell et al, 2012 
(161) 

 

Yes Yes Yes Can’t 

tell 

Yes No Can’t 

tell 

Can’t 

tell 

Yes Yes Positive. Clear aims, suitable qualitative methods and well-

presented findings. Minor gaps in reflexivity, ethics and 

analysis detail but overall valuable and reliable for digital 

health implementation 

 Appendix 4.3: Risk of Bias Assessment for qualitative studies included in the systematic review using the CASP checklist.  Each study was assessed based on 10 questions. 

1) Was there a clear statement of the aims of the research? 2) Is a qualitative methodology appropriate? 3) Was the research design appropriate to address the aims of the 

research? 4) Was the recruitment strategy appropriate to the aims of the research? 5) Was the data collected in a way that addressed the research issue? 6) Has the relationship 

between researcher and participants been adequately considered?  7) Have ethical issues been taken into consideration? 8) Was the data analysis sufficiently rigorous? 9) Is 

there a clear statement of findings? 10) How valuable is the research? Response options for the questions included Yes, No and Can’t Tell. A majority of ‘Yes’ responses 

overall indicate a positive methodological approach avoiding pitfalls for bias, whereas ‘No’ or ‘Can’t Tell’ suggests increased susceptibility to bias.
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Appendix 5: Data Extraction Table Full Version 

Author,  

Year 

Country Study  

Type 

Settings Population Disease Intervention Comparison Outcomes 

Studied 

Findings 

Patient + Provider Studies (n=1) 
Mekuria et 

al, 2019 
(148) 

 

Kenya 

 

Explanatory 

sequential 

mixed-methods 

study 

 

Private not-

for-profit 

outreach 

clinics in 

urban Nairobi 

slums 

 

21,913 patients 

with 36,210 

clinic visits 

from April–Dec 

2016  

Acute 

respiratory 

infections 

(ARIs) 

 

M-TIBA mobile 

phone-based 

digital 

healthcare data 

and payment 

exchange 

platform 

 

Standard non-

digital antibiotic 

prescribing 

practices and 

national 

guidelines 

 

Antibiotic use for ARI 

diagnoses, types 

prescribed and 

clinician/patient 

attitudes and reasons for 

overprescription 

 

78.5% of ARIs 

treated with 

antibiotics, mainly 

Amoxicillin (45%) 

Provider Studies (n=21) 
Langet et 

al, 2025 
(149) 

 

Kenya, 

Senegal 

 

Quasi-

experimental 

pre-post study 

 

Primary 

healthcare 

facilities in 

Kakamega, 

Kitui and 

Uasin Gishu 

counties in 

Kenya and in 

five health 

districts of 

the Thiès 

region in 

Senegal 

 

50,580 sick 

children aged 

0–59 months  

 

Acute 

childhood 

illnesses 

(including 

respiratory 

illnesses and 

sepsis) 

 

Implementation 

of pulse 

oximetry and 

Clinical 

Decision 

Support 

Algorithms 

(CDSAs) 

 

Pre-intervention 

vs post-

intervention 

groups 

 

Urgent referrals, 

antibiotic prescription 

rates, SpO₂ levels, 

referral completion, 

hospital admissions, 

caregiver-reported 

recovery and severe 

complications 

Antibiotic 

prescriptions 

dropped by 14.6% 

(1–59 days) and 

22.6% (2–59 

months) post-

intervention in the 

post-intervention 

period 

Hürlimann 

et al, 2024 
(152) 

 

Somalia 

 

Pre-post 

observational 

study 

 

Seven health 

facilities in 

South-Central 

Somalia 

 

1250 children 

aged 2–59 

months 

 

Childhood 

illnesses 

including 

URTI, 

diarrhoea, 

parasitosis, 

anaemia 

 

ALMANACH - 

IMCI-based 

digital clinical 

decision support 

system 

 

Pre-

implementation 

routine care 

without 

ALMANACH 

 

Reduced antibiotic 

prescriptions including 

less inappropriate URTI 

use and improved IMCI 

adherence 

 

Antibiotic 

prescriptions fell 

from 58.1% to 

16.0%, 

inappropriate 

URTI use dropped 

30-fold, and 

danger sign checks 

rose from 1.3% to 

99% 

Tan et al, 

2024 (147) 

 

Tanzania 

 

Cross-sectional 

cluster RCT 

 

Rural and 

semiurban 

primary 

450 children 

aged 2–59 

months (225 in 

General 

childhood 

illnesses 

ePOCT+ digital 

clinical decision 

support 

Usual care 

(without CDSA) 

 

Mean assessment of 14 

key IMCI signs, 

antibiotic prescription 

Primary outcome 

improved (46.4% 

vs 26.3%, adj. diff. 
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Author,  

Year 

Country Study  

Type 

Settings Population Disease Intervention Comparison Outcomes 

Studied 

Findings 

healthcare 

facilities in 

Mbeya and 

Morogoro 

regions 

 

intervention and 

225 in control) 

 

assessed 

using the 

IMCI 

guidelines 

 

algorithm + 

point-of-care 

tests (CRP, 

haemoglobin, 

pulse oximetry) 

+ training + 

mentorship 

 

rate, appropriateness of 

antibiotic use and 

quality of counselling 

and history-taking 

15.1%, p=0.007); 

antibiotic use 

dropped (37.3% vs 

76.4%, aRR 0.5, 

p<0.001) and 

appropriate 

prescribing rose 

(81.9% vs 51.4%, 

aRR 1.5, p=0.003) 

Peiffer-

Smadja et 

al, 2024 
(157) 

 

Senegal, 

Ivory 

Coast, 

Burkina 

Faso, Mali, 

Gabon 

Qualitative 

implementation 

research (semi 

structured 

interviews) 

 

Hospital-

based and 

community 

healthcare 

settings  

 

21 physicians, 

microbiologists, 

project 

managers, AMR 

experts, 

technical 

coordinators 

and an 

anthropologist  

 

Antimicrobial 

resistance 

and 

prescribing 

practices 

 

Antibioclic 

Afrique – CDSS 

for antimicrobial 

prescribing 

 

None (pre-

implementation 

exploratory 

study) 

 

Identified CDSS 

implementation barriers 

and facilitators 

Barriers included 

inconsistent 

prescribing 

training, workflow 

resistance, OTC 

access and absent 

guidelines. 

Facilitators were 

physician 

targeting, 

partnerships, 

training and 

academic channels 

Tan et al, 

2023 (139) 

 

Tanzania 

 

Cluster RCT 

 

Rural and 

semiurban 

primary 

healthcare 

facilities in 

Mbeya and 

Morogoro 

regions 

 

44,306 children 

aged 0–14 years  

 

General 

febrile and 

acute 

paediatric 

illnesses 

 

ePOCT digital 

clinical decision 

support 

algorithm with 

integrated point-

of-care tests 

(CRP, 

haemoglobin, 

pulse oximetry), 

training and 

mentorship 

 

Usual care (no 

CDSA) 

 

Antibiotic prescription 

at first visit, clinical 

failure by day 7, death, 

reattendance, 

hospitalization, referrals 

and follow-up 

medications 

Antibiotic use 

dropped (23.2% vs 

70.1%, aRR 0.35); 

no difference in 

clinical failure 

(3.7% vs 3.8%), 

death, or 

hospitalization; 

unplanned 

reattendance 

slightly reduced 

Schmitz T 

et al, 2022 
(154) 

 

Nigeria 

 

Observational 

study (quasi-

experimental, 

non-randomized 

controlled) 

Primary 

health care 

facilities in 

rural 

Adamawa 

1929 children 

aged 2–59 

months 

 

Common 

childhood 

illnesses 

(including 

pneumonia, 

ALMANACH 

digital clinical 

decision support 

system 

 

Standard care 

(no 

ALMANACH) 

 

Caregiver-reported day 

7 recovery, prescription 

rates (oral/parenteral), 

referrals, diagnosis and 

Day 7 recovery 

was higher (85.4% 

vs 71.4%), with 

more referrals, 

better diagnosis 
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Author,  

Year 

Country Study  

Type 

Settings Population Disease Intervention Comparison Outcomes 

Studied 

Findings 

 State, North-

Eastern 

Nigeria 

 

diarrhoea, 

malaria, 

anaemia, 

malnutrition) 

 

follow-up 

communication 

 

communication 

and follow-up 

advice. Parenteral 

antibiotic use 

increased while 

oral antibiotic 

rates were similar 

(30.0% vs 34.0%) 

Ellington et 

al, 2021 
(159) 

 

Uganda 

 

Exploratory 

qualitative study 

(semi structured 

interviews) 

Primary 

health centres 

(rural and 

peri-urban) in 

Jinja District 

 

28 health 

workers, 3 

administrators 

 

Paediatric 

acute lower 

respiratory 

infections 

(ALRI) 

 

Acute Lower 

Respiratory 

Illness 

Treatment and 

Evaluation 

(ALRITE) 

mHealth tool  

 

Usual practice  

 

Perceived acceptability, 

usability, feasibility, 

impact on decision-

making and patient 

interaction and 

implementation barriers 

ALRITE was 

found usable and 

helpful for support 

and training, with 

barriers like 

limited device 

access, stockouts, 

and provider–

patient dynamics 

Peiffer-

Smadja et 

al, 2020 
(162) 

 

Burkina 

Faso, Togo, 

Senegal, 

Mali, 

Gabon, 

Guinea, 

Guinea-

Bissau, 

Ivory 

Coast, 

Niger 

 

Qualitative pre-

implementation 

study 

 

Primary care 

healthcare 

workers in 

West Africa 

 

47 healthcare 

professionals 

(mainly from 

Burkina Faso) 

 

37 infectious 

disease 

Workshop 

introducing 

CDSS 

(Antibioclic) 

with 

questionnaire 

and roundtable 

discussion 

 

No formal 

comparator, 

exploratory 

analysis of 

perceptions 

 

Identification of CDSS 

implementation barriers 

and facilitators and 

perceptions of its 

impact on prescribing, 

knowledge and AMR 

surveillance 

100% of 

participants 

believed CDSS 

would improve 

prescribing quality 

and guideline 

adherence; 91–

94% saw benefits 

for patient care, 

error reduction and 

AMR control 

while 81% felt it 

would save 

consultation time 

Tan et al, 

2020 (144) 

 

Tanzania 

 

Post hoc 

subgroup 

analysis from 

RCT 

 

Public 

outpatient 

primary care 

clinics in Dar 

es Salaam 

 

106 febrile 

children aged 

2–59 months 

Severe 

malnutrition 

with acute 

febrile illness 

 

ePOCT clinical 

decision 

algorithm using 

anthropometric 

measures 

(weight-for-age, 

MUAC) 

 

ALMANACH 

algorithm using 

clinical signs 

(visible wasting, 

bipedal edema) 

 

Clinical failure by Day 

7, antibiotic 

prescription, hospital 

referral and admission, 

severe adverse events  

 

 

Clinical failure 

was lower with 

ePOCT (1.8%) 

than ALMANACH 

(16.7%; RR 0.11, 

95% CI 0.01–

0.83); ePOCT had 

higher Day 0 
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Author,  

Year 

Country Study  

Type 

Settings Population Disease Intervention Comparison Outcomes 

Studied 

Findings 

antibiotic use 

(98.2% vs 47.9%) 

and referral rates 

(98.2% vs 14.6%) 

Bernasconi 

et al, 2019 
(150) 

 

Nigeria 

 

Implementation 

research (pre-

post comparison 

using two cross-

sectional 

surveys) 

 

6 primary 

Health Care 

Centres 

(PHCCs) in 

Adamawa 

State, a post-

conflict 

region 

 

424 

consultations of 

children aged 

2–59 months 

 

Common 

childhood 

illnesses: 

malaria, 

URTI, 

pneumonia, 

acute watery 

diarrhoea, 

typhoid fever 

 

ALMANACH: 

electronic CDSS 

based on IMCI 

 

Baseline (pre-

implementation) 

data from the 

same PHCCs 

 

Improvements in 

quality of care 

including danger sign 

screening, correct 

diagnosis and treatment, 

appropriate antibiotic 

use 

 

Improved danger 

sign screening 

(60% vs 37.1%), 

rise in correct 

treatment (29.5% 

to 48.4%) and 

antibiotic use 

dropped (77.7% to 

69.8%). Nearly all 

caregivers (99.2%) 

found digital 

consultations more 

thorough 

Keitel et al, 

2019 (145) 

 

Tanzania 

 

Randomized 

controlled 

noninferiority 

trial (subgroup 

analysis) 

 

Urban public 

outpatient 

clinics in Dar 

es Salaam 

 

1726 children 

aged 2–59 

months 

 

Acute 

respiratory 

infections 

(suspected 

pneumonia) 

 

CRP-informed 

strategy using 

ePOCT 

algorithm (CRP 

≥80 mg/L plus 

clinical features) 

 

WHO standard 

using respiratory 

rate ≥50 

breaths/minute 

(ALMANACH 

algorithm) 

 

Clinical failure by day 7 

and  

antibiotic prescription at 

day 0, secondary 

hospitalization, death 

by day 30 

 

Clinical failure 

was lower in the 

intervention group 

(2.9% vs 4.8%) by 

day 7; Day 0 

antibiotic use was 

significantly 

reduced (2.3% vs 

40.4%; RR 0.06, 

95% CI: 0.04–

0.09), and severe 

adverse events by 

Day 30 were fewer 

(0.5% vs 1.5%) 

Bessat et 

al, 2019 
(160) 

 

Burkina 

Faso 

 

Qualitative study 

(in-depth 

interviews and 

focus group 

discussions) 

 

Primary 

healthcare 

facilities 

(CSPS) in 

rural Yako 

and Toma 

districts 

 

21 primary 

healthcare 

workers 

Childhood 

illnesses and 

antibiotic 

resistance 

 

Electronic 

Integrated 

Management of 

Childhood 

Illness (eIMCI) 

via the REC tool 

 

Paper-based 

IMCI 

consultations 

 

Health workers’ views 

on tool usability and 

antibiotic impact in 

addition to system 

changes, AMR 

knowledge, and training 

feedback 

eIMCI was highly 

accepted and 

viewed as useful 

for managing 

antibiotic use. 

AMR/AMS were 

addressed, though 

knowledge gaps 
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Author,  

Year 

Country Study  

Type 

Settings Population Disease Intervention Comparison Outcomes 

Studied 

Findings 

remained among 

lower-trained staff 

Steinhardt 

et al, 2019 
(143) 

 

Malawi 

 

Cluster RCT 

 

105 

outpatient 

health 

facilities in 

seven 

districts of 

southern 

Malawi 

 

2360 patients 

(including 

children <5 

years)  

 

Malaria, 

pneumonia 

and diarrhoea 

 

Text message 

reminders to 

health workers 

on malaria case 

management 

(arm 1) or on 

malaria, 

pneumonia and 

diarrhoea (arm 

2) 

 

Control arm 

with no 

messages (arm 

3) 

 

Correct management of 

uncomplicated malaria, 

including testing, 

treatment and 

counselling. Also 

covers appropriate care 

for pneumonia and 

diarrhoea including 

antibiotic use and health 

worker knowledge and 

practices 

Correct malaria 

management 

improved in all 

arms but 

differences were 

not statistically 

significant. 

Antibiotic use for 

pneumonia in 

children rose 

overall but 

dropped slightly in 

Arm 2 (effect size 

−4.1%). Patient 

dosing knowledge 

significantly 

improved in Arm 2 

(DiD +18.2%, 

p=0.012) 

Bernasconi 

et al, 2018 
(151) 

 

Afghanistan 

 

Pre-post 

implementation 

study 

 

3 primary 

health centres 

(urban and 

rural) in 

Kabul 

province 

 

Children aged 

2–59 months 

(n=8047 during 

implementation; 

n=599 baseline) 

 

Childhood 

illnesses 

(including 

URTI, 

pneumonia, 

diarrhoea, 

malnutrition, 

GAS 

pharyngitis) 

 

ALMANACH – 

a tablet-based 

digital CDSS 

integrating 

IMCI guidelines 

 

Paper-based 

IMCI guidelines 

 

Antibiotic prescription 

rate, quality of 

diagnosis and treatment 

adherence to guidelines 

 

Antibiotic 

prescription 

dropped from 

63.9% to 21.8% 

(p<0.01), 

malnutrition 

screening 

increased from 

1.8% to 4.4%, 

deworming 

increased from 

7.5% to 50.2%, 

Wrong antibiotic 

use reduced by 

>50% 

O’Donovan 

et al, 2018 
(140) 

Uganda 

 

Pilot randomised 

controlled trial 

 

3 sub-

counties in 

Mukono 

129 Community 

Health Workers 

(CHWs) 

Pneumonia in 

children 

under 5 

Tablet-based 

training using 

locally made 

Traditional one-

day in-person 

training session 

Change in knowledge 

acquisition (MCQ test 

scores) and clinical 

Both groups had 

improved in test 

scores post-
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Author,  

Year 

Country Study  

Type 

Settings Population Disease Intervention Comparison Outcomes 

Studied 

Findings 

 District 

(Mpatta, 

Nakisunga, 

Mpunge) 

 

  educational 

videos on 

pneumonia 

 

 assessment 

performance. CHW 

feedback and 

satisfaction with tablet-

based training 

 

training, but the 

difference wasn’t 

significant (t = 

1.15, p = 0.254). 

In the control 

group, more years 

of education 

correlated with 

greater 

improvement (r = 

0.26, p = 0.03). 

Most CHWs found 

tablets useful for 

training, though 

some faced 

technical issues (n 

= 9) 

Rambaud-

Althaus et, 

2017 (141) 

 

Tanzania 

 

Pilot cluster-

randomized 

implementation 

study 

 

9 urban 

primary 

healthcare 

facilities in 

Dar es 

Salaam 

 

504 children 

aged 2–59 

months 

 

Common 

childhood 

illnesses 

including 

pneumonia, 

diarrhoea, 

malaria, UTI, 

viral 

infections 

 

Use of 

ALMANACH 

clinical decision 

support tool  

Routine standard 

practice (no 

ALMANACH) 

 

Assessment 

completeness, antibiotic 

prescribing, 

classification accuracy, 

treatment 

appropriateness and 

danger sign recognition 

Danger sign 

checks: 74% 

(electronic) vs 

41% (paper) vs 3% 

(control); 

antibiotic 

prescriptions: 

25%, 26%, 70% 

respectively. 

Appropriate 

management: 63% 

(electronic), 62% 

(paper), 37% 

(control). 

Electronic arm 

improved 

assessment and 

viral diagnosis 

(aRR 2.2, 

p=0.001) 
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Author,  

Year 

Country Study  

Type 

Settings Population Disease Intervention Comparison Outcomes 

Studied 

Findings 

Keitel et al, 

2017 (146) 

 

Tanzania 

 

Randomized 

controlled non-

inferiority trial 

 

9 outpatient 

clinics in Dar 

es Salaam 

 

3192 children 

aged 2–59 

months 

 

Febrile 

illnesses 

including 

respiratory 

infections, 

malaria, etc 

 

e-POCT 

algorithm using 

host biomarker 

POCTs (CRP, 

PCT, Hb, 

oximetry, 

glucometer, 

mRDT) 

 

ALMANACH 

electronic 

algorithm 

(IMCI-derived) 

 

Clinical failure by day 

7, antibiotic 

prescription on day 0, 

primary referrals, 

severe adverse events 

by day 30 

(hospitalizations/deaths) 

e-POCT reduced 

clinical failure 

(2.3% vs 4.1%, 

RR 0.57), severe 

adverse events 

(0.6% vs 1.5%, 

RR 0.42), and 

antibiotic use 

(11.5% vs 29.7%, 

RR 0.39) 

compared to 

ALMANACH. 

Versus routine 

care, e-POCT cut 

clinical failure by 

49% and antibiotic 

use from 94.9% to 

11.5% 

Shao et al, 

2015 (155) 

 

Tanzania 

 

Controlled non-

inferiority 

interventional 

study 

 

4 health 

facilities in 

Dar es 

Salaam 

 

1467 children 

aged 2-59 

months  

 

Common 

childhood 

illnesses 

(including 

pneumonia, 

malaria, 

diarrhoea) 

 

ALMANACH 

mobile decision 

support 

algorithm 

implemented on 

smartphones 

 

Standard 

Integrated 

Management of 

Childhood 

Illness (IMCI) 

paper guidelines 

 

Proportion of clinical 

cure at day 7 and 14.  

Antibiotic prescription 

rate, re-consultation 

rate, danger sign 

identification 

Clinical cure in 

ALMANACH 

group was 97.3% 

vs 92.0% in 

control (non-

inferior); antibiotic 

prescription 

reduced by ~50% 

with 

ALMANACH. 

130/842 (15.4%) 

in ALMANACH 

and 241/623 

(38.7%) in control 

arm were 

diagnosed with an 

infection in need 

for antibiotic 

Shao et al, 

2015 (158) 

 

Tanzania 

 

Qualitative study 

(in-depth 

interviews and 

6 public 

primary 

health 

Primary health 

workers (n=40. 

24 in-depth 

Childhood 

illnesses 

(including 

ALMANACH 

algorithm 

implemented via 

Routine practice 

(no structured 

electronic 

Health worker 

perceptions of uptake 

and usability of 

Health workers 

found 

ALMANACH on 
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Author,  

Year 

Country Study  

Type 

Settings Population Disease Intervention Comparison Outcomes 

Studied 

Findings 

focus group 

discussions) 

 

facilities in 

Dar es 

Salaam 

 

interviews, 16 

focus group 

participants) 

respiratory 

infections, 

diarrhoea, 

malaria) 

 

smartphones and 

tablets 

 

clinical decision 

support) 

 

ALMANACH via 

mobile devices.  

Perceived effects on 

antibiotic prescribing, 

diagnostic accuracy, 

workflow, trust, 

technical usability and 

health system barriers 

mobile devices 

useful for 

diagnosis and 

reducing 

unnecessary 

antibiotics. 

Barriers included 

longer 

consultations, staff 

shortages, dual 

documentation, 

and limited 

incentives. 

Devices were 

accepted by 

patients, but 

uptake was 

constrained by 

systemic issues 

Perri-

Moore et 

al, 2015 
(142) 

 

Tanzania 

 

Cluster-

randomized 

controlled trial 

 

6 government 

clinics in Dar 

es Salaam 

 

41 providers 

and 172 

caretakers 

(eIMCI); 25 

providers and 

180 caretakers 

(pIMCI) of 

children aged 

2–59 months 

 

Childhood 

illnesses 

(including 

malaria, 

pneumonia, 

diarrhoea) 

under IMCI 

protocol 

 

Electronic 

IMCI-derived 

decision support 

protocol with 

embedded 

counselling 

messages and 

summary screen 

 

Paper-based 

IMCI protocol 

 

Provider explanation 

and caregiver recall of 

key treatment and 

follow-up details, 

including illness 

understanding, 

medication use and 

return visit instructions 

eIMCI improved 

provider 

communication 

(98.8% vs. 77.8%) 

and caretaker 

recall of condition 

and return 

instructions 

(22.9% vs. 50%) 

but not recall of 

medication 

frequency or 

duration 

Mitchell et 

al, 2012 
(161) 

 

Tanzania 

 

Qualitative pilot 

study nested 

within a 

quantitative 

implementation 

study 

 

4 districts in 

the Pwani 

Region, 

including 

Bagamoyo, 

Morogoro 

Town, 

11 health care 

providers and 

20 caretakers at 

12 Ministry of 

Health centres 

Childhood 

illnesses 

(including 

malaria, 

pneumonia, 

diarrhoea) 

Electronic IMCI 

(eIMCI) via 

handheld PDAs 

 

Paper-based 

IMCI protocol 

 

Perceived improvement 

in clinical workflow 

and adherence to IMCI.  

Caretaker satisfaction, 

perceived provider 

competence, 

Providers and 

caregivers viewed 

eIMCI positively; 

providers found it 

faster, easier and 

helpful for IMCI 

adherence, while 



88 
 
 

Author,  

Year 

Country Study  

Type 

Settings Population Disease Intervention Comparison Outcomes 

Studied 

Findings 

Mkuranga 

and 

Morogoro 

Rural 

 

under IMCI 

protocol 

 

thoroughness of 

examination 

caregivers noted 

better service, 

thorough 

examination of 

their child and 

more 

knowledgeable 

providers 

Policymaker Studies (n=2) 
Jones et al, 

2025 (156) 

 

Nepal Participatory 

Research 

(Qualitative 

Case Study 

Evaluation) 

1 urban and 1 

peri-urban 

community in 

Bhaktapur 

and 

Chandragiri 

municipalities 

 

20 community 

members 

(diverse 

demographic 

representation) 

with no prior 

AMR 

knowledge or 

video 

experience 

 

Antimicrobial 

resistance 

(AMR) 

Participatory 

video (PV) 

production 

workshops with 

AMR education 

and community 

showcasing 

events 

No formal 

control group – 

qualitative 

evaluation of 

perceptions pre- 

and post-

intervention 

 

Community 

engagement, 

knowledge-sharing, 

empowerment and 

advocacy reach in 

addressing AMR in 

addition to policymaker 

attitudes 

PV empowered 

communities to 

advocate against 

AMR while 

policymakers 

found the videos 

effective for AMR 

education, 

highlighting PV’s 

potential as a 

grassroots AMS 

tool in LMICs 

Sawant et 

al, 2024 
(153) 

 

India Cross-sectional 

descriptive study 

Rural 

households in 

two blocks 

(Junnar – 

tribal/distant, 

and Mulshi – 

rural/urban-

adjacent) in 

Pune District 

 

443 rural 

households 

 

Not disease-

specific – 

focuses on 

predictors of 

over the 

counter 

(OTC) 

antibiotic use 

 

Machine 

Learning 

algorithms 

(stepwise 

logistic, lasso, 

random forest, 

XGBoost and 

Boruta)  

 

Not applicable 

(no formal 

control group; 

predictive 

modelling 

framework) 

 

XGBoost+Boruta with 

7 predictors was the top 

model for predicting 

OTC antibiotic use, 

identifying key factors 

like perceived 

usefulness, eye-related 

use, high dose and long 

duration 

OTC antibiotic use 

prevalence: 35.9% 

(95% CI: 31.6–

40.5). 

XGBTree+Boruta 

with AUROC: 

0.934 (95% CI: 

0.891–0.978), log-

loss: 0.279 
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