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ABSTRACT

Background: Antimicrobial resistance (AMR) is a critical public health problem worldwide, affecting the
effectiveness of available antimicrobial therapies. Antimicrobial stewardship programs (ASPs) have been
successful in reducing the use of antimicrobials; however, classic stewardship strategies can be constrained by
resources, time delays, and the complexity of clinical decision making. New digital health technologies have
emerged over the last few years that offer the potential for improving stewardship by providing real-time decision
support, monitoring and forecasting capabilities. Objective: To review the impact of digital technologies on
antimicrobial stewardship, particularly mobile health apps, clinical decision support systems (CDSSs), artificial
intelligence (Al), rapid diagnostics and digital antimicrobial governance. Methods: A narrative review was
performed on the current literature to assess the applications, benefits, challenges and future directions of digital
innovations for antimicrobial stewardship and AMR containment. Results: Digital technologies are
revolutionizing antimicrobial stewardship by enhancing the timeliness, accuracy, and scale of interventions. Al
and machine learning aid in resistance prediction, optimizing empirical therapy, sepsis detection, surveillance,
and antimicrobial management. Rapid diagnostics (RDT) can be integrated to achieve earlier identification of
the pathogen, targeted treatment, and antimicrobial de-escalation. Data-driven decision-making and real-time
monitoring are enhanced with digital surveillance platforms, supporting antimicrobial governance. However,
implementation is still hindered by user adoption, cybersecurity, cost, data quality, interoperability, and
infrastructure issues. Conclusion: An era of closed-loop stewardship models is giving way to a new era of
predictive, proactive, and precision antimicrobial governance as digital health technologies, advanced
diagnostics, and Al combine. These technologies can be strategically integrated to enhance antimicrobial
optimization and contribute to the global fight against AMR.

Keywords: Antimicrobial stewardship; Antimicrobial resistance; Digital health; Mobile health; Clinical
decision support systems; Artificial intelligence; Antimicrobial governance

INTRODUCTION

Background

Antimicrobial resistance (AMR) is one of the most significant threats to global health, undermining decades of
progress achieved through the development and use of antimicrobial agents. The burden of AMR is particularly
important in low- and middle-income countries (LMICs), where limited access to diagnostic services,
weaknesses in surveillance systems, and inappropriate antimicrobial use can contribute to the emergence and
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spread of resistant pathogens. [2]

Antimicrobial stewardship programs (ASPs) are an essential component of strategies aimed at preserving the
effectiveness of antimicrobial agents and promoting their appropriate use. Stewardship interventions have been
associated with improvements in antimicrobial prescribing, reductions in unnecessary antimicrobial use, and
improvements in selected patient and healthcare outcomes. Consequently, antimicrobial stewardship has become
an important component of antimicrobial governance and has been supported by organizations including the
World Health Organization (WHO), the Infectious Diseases Society of America (IDSA), and the Society for
Healthcare Epidemiology of America (SHEA). [3-5]

Conventional stewardship approaches commonly involve prospective audit and feedback, formulary restriction,
educational interventions, manual prescription review, and specialist consultation. Although these approaches
remain important, their implementation can be constrained by workforce requirements, increasing prescribing
complexity, delays in obtaining microbiological information, and the need for continuous surveillance. These
limitations have stimulated interest in the application of digital technologies to antimicrobial stewardship. [6,16—
18]

The increasing availability of electronic health records, computerized prescribing systems, clinical decision
support systems (CDSSs), mobile health applications, advanced diagnostic technologies, artificial intelligence
(Al), and machine learning has created new opportunities for antimicrobial stewardship. These technologies can
facilitate access to treatment guidelines, support antimicrobial prescribing decisions, improve antimicrobial-use
surveillance, assist antimicrobial de-escalation, and enable more timely stewardship interventions. [5,7—12]

Mobile health applications can provide point-of-care access to antimicrobial guidelines and prescribing
information, whereas CDSSs can integrate clinical, microbiological and patient-specific information to support
prescribing decisions. Al and machine learning have additionally been investigated for antimicrobial resistance
prediction, optimization of empirical therapy, early identification of clinical deterioration, and antimicrobial
surveillance. Rapid diagnostic technologies, including molecular diagnostic platforms, MALDI-TOF mass
spectrometry, and automated antimicrobial susceptibility testing, may further enhance stewardship by providing
clinically actionable microbiological information earlier in the course of treatment. [7—13]

The integration of these technologies represents a broader transition from predominantly retrospective
stewardship interventions toward more proactive and data-driven antimicrobial management. However, digital
transformation does not eliminate the need for multidisciplinary stewardship expertise. Infrastructure limitations,
interoperability, data quality, implementation costs, cybersecurity, clinician acceptance, digital literacy, and
regulatory considerations remain important determinants of successful implementation, particularly in resource-
constrained healthcare settings. [5,10]

Justification of the Review

The increasing availability of digital health technologies has created new opportunities to strengthen
antimicrobial stewardship, but their applications, benefits and implementation challenges are distributed across
a heterogeneous body of literature. Evidence differs according to the technology used, healthcare setting,
availability of digital infrastructure, clinical workflow, antimicrobial prescribing practices, and local
epidemiology of antimicrobial resistance. These differences are particularly relevant in LMICs, where the burden
of AMR may be substantial while access to specialist stewardship personnel, diagnostic facilities, interoperable
health information systems and technical infrastructure remains variable.

A focused synthesis of the current evidence is therefore needed to understand how mobile applications, CDSSs,
Al and machine learning, rapid diagnostics, and digital surveillance systems can contribute to antimicrobial
stewardship and antimicrobial governance. In addition to technological capabilities, consideration of
implementation barriers, equity, sustainability, data governance and the applicability of these approaches in
LMICs is necessary for understanding their potential contribution to AMR containment.
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Objectives

The primary objective of this narrative review was to examine the role of digital health technologies in
antimicrobial stewardship and antimicrobial governance.

The specific objectives were:

1.

2.

To examine the applications of mobile health applications in antimicrobial stewardship.
To describe the role of clinical decision support systems in antimicrobial prescribing and optimization.

To examine the applications of artificial intelligence and machine learning in antimicrobial resistance
prediction, antimicrobial prescribing, clinical deterioration detection and surveillance.

To evaluate the contribution of rapid diagnostic technologies to antimicrobial optimization, targeted
therapy and de-escalation.

To examine the role of digital surveillance and integrated information systems in antimicrobial
governance.

To identify technological, organizational, financial, ethical and regulatory barriers to implementing
digital antimicrobial stewardship.

To consider the applicability of digital stewardship approaches in LMICs, including issues of
infrastructure, equity, digital literacy and sustainability.

To discuss emerging directions in digital antimicrobial governance, including predictive analytics,
precision antimicrobial stewardship, genomics and One Health approaches.

Research Questions

The review was guided by the following research questions:

1. How are digital health technologies being applied to antimicrobial stewardship?

2. How do mobile applications and CDSSs support appropriate antimicrobial prescribing and optimization?

3. What roles do Al and machine learning play in antimicrobial resistance prediction, empirical therapy and
antimicrobial surveillance?

4. How can rapid diagnostic technologies, integrated with digital stewardship systems facilitate targeted
antimicrobial therapy and de-escalation?

5. What technological, organizational, financial, ethical and regulatory barriers influence the implementation
of digital antimicrobial stewardship?

6. What factors influence the applicability and sustainability of digital stewardship approaches in LMICs?

7. How might emerging technologies contribute to future antimicrobial governance and One Health
approaches to AMR containment?

Hypothesis

The review hypothesized that appropriately integrated digital health technologies can strengthen antimicrobial
stewardship by improving the timeliness and accessibility of prescribing information, supporting evidence-based
antimicrobial decisions, facilitating antimicrobial-use and resistance surveillance, and enabling earlier
optimization and de-escalation of antimicrobial therapy. However, the effectiveness, scalability and
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sustainability of these technologies are expected to depend on healthcare infrastructure, data quality,
interoperability, clinician acceptance, digital literacy, affordability, equity, cybersecurity and appropriate
governance.

Definitions of Key Terms

Antimicrobial stewardship: A coordinated set of interventions designed to promote the appropriate use of
antimicrobial agents, improve patient outcomes, and minimize adverse consequences associated with
antimicrobial use, including antimicrobial resistance.

Digital antimicrobial stewardship: The application of digital health technologies to support antimicrobial
prescribing, optimization, monitoring, surveillance, education and stewardship interventions.

Mobile health application: A software application used on a mobile device to provide health-related
information, clinical guidance, educational resources or decision support.

Clinical decision support system: A computerized system that provides clinicians with patient-specific
information, recommendations or alerts to support clinical decision-making within the healthcare workflow.

Artificial intelligence: Computational methods that enable systems to perform tasks involving the analysis of
complex data, pattern recognition, prediction or decision support.

Machine learning: A subset of artificial intelligence in which computational models learn patterns from data to
generate predictions or classifications without relying exclusively on explicitly programmed rules.

Rapid diagnostic technology: A diagnostic method capable of providing clinically relevant information
regarding pathogens or antimicrobial resistance more rapidly than conventional diagnostic approaches.

Digital antimicrobial governance: The use of digital technologies and information systems to support
antimicrobial-use monitoring, antimicrobial resistance surveillance, stewardship performance assessment,
accountability and coordinated decision-making at institutional, regional, national or global levels.

One Health: An integrated approach that recognizes the interconnections among human, animal and
environmental health in addressing health threats, including antimicrobial resistance.

METHODOLOGY

Study Design

This study was conducted as a narrative literature review to synthesize published evidence on the application of
digital health technologies in antimicrobial stewardship (AMS) and antimicrobial resistance (AMR)
containment. The review focused on mobile health applications, clinical decision support systems (CDSSs),
artificial intelligence (AI), machine learning (ML), rapid diagnostic technologies, digital surveillance, and
antimicrobial governance.

Study Area / Literature Sources

As a literature-based review, no specific geographical study area or primary study population was involved.
Literature was searched using PubMed/MEDLINE and Google Scholar from May 2026 to July 2026. Reference
lists of relevant publications were also manually screened to identify additional literature. Evidence from diverse
healthcare settings was considered, with particular attention to low- and middle-income countries (LMICs) and
their infrastructural, technological, and resource-related considerations.

Method of Data Collection

Literature searches were conducted using combinations of keywords related to antimicrobial stewardship,
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antimicrobial resistance, digital health, mobile health applications, clinical decision support systems, artificial
intelligence, machine learning, rapid diagnostics, antimicrobial surveillance, digital governance, and precision
antimicrobial stewardship. Boolean operators were used where appropriate to combine search concepts.

Table 1. Summary of the Literature Search and Review Methodology

Concept Representative search terms

Antimicrobial stewardship "antimicrobial stewardship" OR "antibiotic stewardship"
AMR "antimicrobial resistance" OR "antibiotic resistance"
Digital health "digital health" OR "digital technology"

Mobile technology "mobile health" OR mHealth OR "mobile application"
CDSS "clinical decision support system" OR CDSS

Al "artificial intelligence" OR "machine learning"
Diagnostics "rapid diagnostics" OR "rapid diagnostic testing"
Governance "antimicrobial governance" OR "digital governance"
One Health "One Health" AND antimicrobial resistance

Data Collection Procedure

The literature search and selection process was conducted between May 2026 and July 2026. A total of 71
potentially relevant publications were initially identified through PubMed/MEDLINE and Google Scholar.
Publications were manually screened for relevance to the objectives and research questions, and reference lists
of relevant articles were examined to identify additional sources.

Relevant literature was organized according to the major domains of digital antimicrobial stewardship, including
mobile applications, CDSSs, AI/ML, rapid diagnostics, digital surveillance, antimicrobial governance,
implementation barriers, and future directions.

Study Instrument / Data Extraction Framework

As this was a literature review, no primary field-data collection instrument or questionnaire was used. A
structured literature extraction framework was used to record publication characteristics, healthcare and
geographical setting, digital technology, antimicrobial stewardship application, reported outcomes,
implementation requirements, limitations, and governance considerations

Sampling Technique / Literature Selection

Participant sampling was not applicable to this literature-based review. Publications were purposively selected
based on their relevance to the objectives and research questions. Original research, systematic and scoping
reviews, clinical guidance, consensus documents, and relevant reports from recognized organizations were
considered where directly relevant to the scope of the review. Particular attention was given to evidence
addressing LMIC settings, implementation, equity, and sustainability.

Data Analysis and Synthesis

The identified literature was analyzed using a qualitative thematic synthesis approach. Evidence was organized
according to the major domains of digital antimicrobial stewardship and examined in relation to clinical
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applications, reported benefits, implementation requirements, limitations, and governance considerations.

Particular attention was given to infrastructure, interoperability, data quality, workforce capacity, digital literacy,
cost, cybersecurity, privacy, equity, sustainability, and LMIC applicability. Owing to the heterogeneity of the
available literature, quantitative meta-analysis was not undertaken.

Limitations

This narrative review has certain methodological limitations. The heterogeneity of the available literature with
respect to study designs, interventions, healthcare settings, and outcome measures limited direct comparison of
findings and precluded quantitative meta-analysis. Furthermore, evidence from low- and middle-income
countries (LMICs) remains limited for certain digital technologies, which may constrain the generalizability of
findings to resource-limited settings. Further systematic reviews and implementation studies are warranted to
strengthen the evidence base.

Evolution of Antimicrobial Stewardship Programs: From Traditional Stewardship to Digital
Governance

Initial stewardship initiatives were focused mainly on limiting use of antimicrobial agents and on rational
prescribing by means of education, formulary controls and proactive audit-and-feedback interventions, with
manual intervention by infectious disease specialists or stewardship teams playing a dominant role. While they
were effective in limiting unnecessary antimicrobial use and enhancing antimicrobial prescribing practices, they
were often limited by the requirements of the healthcare workforce, resource constraints, and delays in clinical
interventions. [16]

One of the key milestones in the evolution of stewardship was the publication of stewardship guidelines by the
Infectious Diseases Society of America (IDSA) and the Society for Healthcare Epidemiology of America
(SHEA), which recognized stewardship as a fundamental educational piece of healthcare. Later guidelines
highlighted the need for institutional stewardship governance and need to embed stewardship into the standard
clinical practice. [17]

However, traditional stewardship models still are challenged in their operation, despite their widespread
adoption. Indeed, labour is needed to ensure effective stewardship, by personnel who are knowledgeable in
infectious diseases and clinical microbiology as well as antimicrobial pharmacotherapy. Furthermore, manual
stewardship is time-consuming and is becoming harder to maintain in complex healthcare settings with
increasing antimicrobial choices and patient numbers in many health institutions, especially in LMICs.[18]

With electronic healthcare data becoming more and more available, the stewardship landscape has changed.
With the transition to electronic infrastructure, stewardship programs were increasingly integrated into the
routine of healthcare organizations with electronic surveillance tools, automated alerts, prescribing dashboards,
and clinical decision-support mechanisms. [5,12]

This transition has given rise to the concept of digital antimicrobial stewardship. Digital stewardship tools
provide real-time decision support, continuous surveillance of antimicrobial use, and proactive antimicrobial
optimization, which can help reduce inappropriate prescribing patterns, monitor antimicrobial use, follow
and track resistance trends, and intervene sooner in the prescribing process to enhance efficiency and scalability.
[21]

CDSSs are a clinical stewardship initiative that is often the first to integrate the principles of stewardship into a
clinical workflow, thus changing stewardship from a corrective model to a prospective decision-support model.
This has been further speeded up by developments in diagnostic microbiology. With digital stewardship systems
integrated with these technologies, it is possible to rapidly move from empirical to targeted therapy, facilitate
antimicrobial de-escalation, and encourage culture guided prescribing, which can significantly reduce the time
needed to identify a pathogen and determine its susceptibility. [21]

In more recent years, stewardship has become a more dynamic and data-driven field, including the use of mobile
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health apps, cloud-based surveillance systems, predictive analytics, and artificial intelligence (Al). [7,11,13] The
evolution of antimicrobial stewardship from audit-based interventions to digitally enabled governance
frameworks are summarized in Figure 1.

Traditional ASP
7
Audit & Feedback
W4
Electronic Prescribing
c
Clinical Decision Support Systems (CDSS)
i
Mobile Stewardship Applications
NS
Rapid Diagnostics Integration
W4
Artificial Intelligence
W4
Predictive Analytics
7
Precision Antimicrobial Governance

Figure 1: Evolution of Antimicrobial Stewardship: From Traditional Stewardship to Digital Antimicro-
bial Governance

This evolution also reflects a broader shift toward digital antimicrobial governance. Today, antimicrobial
optimization is becoming an important part of infection prevention and control programs, microbiological
surveillance systems, resistance monitoring networks and quality-improvement efforts. Digital dashboards,
automated reporting systems and real-time stewardship utilisation monitoring allow for ongoing measurement
of stewardship performance and quicker response to new resistance risks. [10]

However, the digital technologies cannot substitute for stewardship expertise. They require a multidisciplinary
approach to clinical management, strong microbiological support and the will of the institution. Interoperability
and data quality issues, as well as implementation costs, cybersecurity concerns, clinician acceptance and
regulatory challenges, remain to impact adoption within healthcare systems.

Digital Health and Antimicrobial Stewardship: Foundations of A Connected Stewardship Ecosystem

The advent of digitalization in healthcare has revolutionized the generation, storage and use of clinical data,
which has opened up additional opportunities to enhance antimicrobial stewardship. Digital health encompasses
a wide spectrum of technologies such as electronic health records (EHRs), clinical decision support systems
(CDSSs), mobile health applications, artificial intelligence (AI), cloud computing, and advanced data analytics,
and in the context of infectious diseases, has been increasingly important in tackling the growing complexity of
antimicrobial prescribing and antimicrobial resistance (AMR). [26,27]

Many traditional stewardship programs are based on manual review and a retrospective intervention approach,
which can hinder the ability to provide timely support for antimicrobial decision making. Digital health tools, in
contrast, can facilitate the integration of clinical, microbiological, pharmaceutical, and epidemiological data,
enabling the transition from reactive stewardship to proactive, data-driven antimicrobial stewardship. [28] By
bringing relevant information together within clinical workflows, these technologies can support more timely
assessment of antimicrobial therapy and facilitate informed prescribing decisions.

A computerized physician order entry (CPOE) system that integrates antimicrobial prescribing into the electronic
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workflow also enables real-time monitoring of antimicrobial use and provides easier access to clinically relevant
information, helping to ensure adherence to institutional stewardship guidelines. [21] Integration of antimicrobial
prescribing within electronic workflows can therefore strengthen the ability of stewardship teams to monitor
prescribing practices and identify opportunities for timely intervention.

One of the critical success factors of digital stewardship is interoperability between health care information
systems. Connectivity with EHRs, pharmacology databases, microbiology laboratories, infection prevention
programs, and surveillance platforms provides clinicians and stewardship teams with access to comprehensive
information to support antimicrobial prescribing decisions. [29] This connectivity also provides access to real-
time information regarding antimicrobial utilization, resistance trends and stewardship performance indicators,
which can help identify inappropriate prescribing practices earlier and provide opportunities for timely
intervention. [22,30]

Healthcare institutions can now share, view, and analyze stewardship information across health care networks
and institutions through cloud-based technologies. Concurrently, embedding microbiological diagnosis into a
digital ecosystem enables earlier communication of laboratory results, facilitating earlier optimization of
antimicrobial therapy and supporting the transition from "empirical" to "directed" therapy. [23,31] Such
integration can improve the availability and timeliness of microbiological information at the point of
antimicrobial decision making.

While interoperability, infrastructure, cybersecurity and user adoption issues remain, these integrated systems
are increasingly serving as the backbone of today's antimicrobial stewardship programs. [11,26] The
interconnected components of a contemporary digital antimicrobial stewardship ecosystem are illustrated in
Figure 2.

With the ongoing evolution of healthcare systems, connected digital ecosystems will be key to enable evidence-
based antimicrobial prescribing, real-time surveillance and continuous stewardship improvement. They are the
technological infrastructure on which current and future digital stewardship innovations are built.

Digital Antimicrobial Stewardship Ecosystem (Treemap)

Electronic Health Records Clinical... Mobile Applications m

Point-of-Care

Support G

Antibiotic Selection Monitoring

Patient Data Integration Support Guideline Educational Stewards
Access Resources hip
Dashboa | Audit &
Rapid Diagnostics rds
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Dose Optimization

AST Integration

Clinical
Documentati | Prescriptio Molecular
on n Records | De-escalation Alerts | Diagnostics MALDI-TOF

Figure 2: Digital Antimicrobial Stewardship Ecosystem

Mobile Applications in Antimicrobial Stewardship

The rise of the smartphone and mobile technologies has opened new possibilities for antimicrobial stewardship
implementation. [10] Mobile health (mHealth) apps have become practical tools to provide evidence-based
prescribing guidance, provide access to antimicrobial resources, and support clinical decision-making at the
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point of care. Their increasing relevance is due to the need for prompt antimicrobial data in increasingly complex
and time-limited health care settings.

The traditional stewardship interventions are mostly based on print guidelines, educational programs, manual
audits and specialist consultation. These strategies are effective, but can be constrained by access and availability
of stewardship staff. Mobile stewardship applications help mitigate these issues, as they enable the rapid access
of recommendations on antimicrobial use, dosing and institutional policies, treatment algorithms and local
antibiograms directly via a clinician's smartphone or tablet. [18]

Early stewardship applications to a large degree were online versions of institutional antimicrobial guidelines.
Modern platforms, however, have become more all-encompassing decision support programmes that include
syndrome-specific treatment pathways, dosage calculators, microbiological data, antimicrobial restriction
criteria and stewardship alerts. A large number of applications also contain content that can be searched to
efficiently find evidence-based recommendations during daily clinical practice. [25]

One of the greatest benefits of mobile stewardship apps is access to antimicrobial information that is more
accessible. These platforms could eliminate prescription variation and enhance prescription adherence to
institutional policies, while offering centralized and continually updated stewardship resources, several studies
have shown improvements in prescription adherence to guidelines, in prescribing confidence, and in satisfaction
of the prescribers after these mobile applications have been implemented. Hoff and colleagues showed that a
mobile clinical decision support application facilitated access to antimicrobial recommendations and met the
objectives of local stewardship. [7,23]

In low- and middle-income countries (LMICs), where few people have access to infectious disease specialists
and disease-specific stewardship teams, mobile applications can be especially useful. In these environments,
mobile technologies can be used to bring stewardship support to the frontline clinician by delivering easy-to-
access, evidence-based recommendations, which can improve stewardship implementation and ensure more
appropriate use of antimicrobials. [34]

Many stewardship applications also have educational roles, such as education about appropriate antimicrobial
use through algorithms for clinical selection of antimicrobials, stewardship updates and learning materials. [16]
Integration with local microbiological surveillance data adds value, supporting empirical antimicrobial selection,
and enabling earlier transition to culture guided therapy. [18]

There are a number of difficulties to be overcome with mobile stewardship applications. There are also multiple
other obstacles that arise like differences in digital literacy, technological infrastructure, data security needs, and
user engagement, which require regular content updates to ensure the information remains relevant. [24] In
addition, further mobile stewardship platforms will likely include artificial intelligence, integration of
microbiological data in real time, cloud-based analytics, and personalised decision support. [26] The integration
of EHRs and hospital information system (HIS) could augment their capabilities even more and drive seamless
stewardship workflows. [35]

Clinical Decision Support Systems in Antimicrobial Stewardship

CDSSs are one of the most powerful digital interventions in antimicrobial stewardship, and they provide
evidence-based recommendations tailored to the individual patient within the clinical workflow, rather than
mobile applications for accessing antimicrobial guidelines and education. [36,37] CDSSs integrate clinical
information, laboratory data, microbiological data, medication records, and institutional policies into the clinical
care environment for the purpose of informing real-time antimicrobial prescribing decisions.

The use of antimicrobials has become increasingly complex thus the need for technology that aids in making
decisions. There are many factors to be taken into consideration such as infection source, susceptibility of
pathogen, local resistance pattern, organ function, allergy status, drug interaction and pharmacokinetic-
pharmacodynamic principles. One way to address this challenge is for CDSSs to aggregate large quantities of
information and generate actionable recommendations at the point of care. [5]
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Initially, CDSSs were used to detect antimicrobial allergies, contraindications and dosages. With the
development of more complex systems in the field of healthcare informatics, antimicrobial selection,
optimization of dosing, duration of antimicrobial therapy, conversion of intravenous-to-oral, and antimicrobial
de-escalation are now supported. Existing platforms can also be integrated to provide institution-specific policies
and microbiological data to provide tailored recommendations for prescription. [23]

Stewardship CDSSs are one of the most critical applications to support empirical antimicrobial therapy. Such
systems can optimize the initial selection of antimicrobials by integrating local antibiograms and patient-specific
risk factors and automatically adapting recommendations to patient's body weight, hepatic function, renal
function, severity of illness and age to improve antimicrobial efficacy/safety. [18]

Increasingly the effectiveness of CDSSs is being proven. Others found that the use of CDSS was correlated with
decrease in antimicrobial use, antimicrobial prescribing variability, and antimicrobial documentation errors. [22-
24]

There are however some barriers. This can contribute to fatigue, and reduce clinician responsiveness to
stewardship recommendations. Quality and complete clinical and microbiological data are also correlated with
the effectiveness of the system. Limited clinical impact can be achieved due to poor integration with existing
workflows, poor interoperability and outdated stewardship protocols. [36]

The implementation of a high-end CDSS system requires investments in information technology, in training of
people and in integrating systems. Adoption may be affected due to resource constraints, especially in the low-
and middle-income countries. There are numerous other things to take into account, including cybersecurity,
legal liability and ethical management of patient data. [18]

The future of stewardship CDSSs increasingly is linked to Artificial Intelligence and predictive analytics. Al-
driven systems could further improve resistance prediction, identification of high-risk patients and the more
tailored recommendations for antimicrobial treatment. All of these are part of the overall goal of precision
antimicrobial stewardship (PAMS): selecting the right antimicrobial therapy for the right patient at the right time
for the right reason. [11]

Artificial Intelligence and Machine Learning in Antimicrobial Stewardship

The integration of artificial intelligence (Al) and machine learning (ML) into antimicrobial stewardship presents
novel opportunities to tackle the most pressing stewardship challenges, ranging from diagnostic uncertainty, to
delayed microbiological results and inappropriate empirical therapy, to a rising tide of antimicrobial resistance
(AMR). [10,11,37]

Al models can analyze vast amounts of data to detect patterns that aid in more accurate and personalized
treatment decisions for antimicrobial use, unlike traditional rule-based decision-support systems. Their potential
to consider several patient-specific and microbiological variables makes them especially useful in antimicrobial
stewardship, as many clinical factors impact on antibiotic prescribing decisions. [23]

Antimicrobial resistance prediction is one of the most widely researched applications of Al. Traditional
antibiograms offer population susceptibility information while machine learning can model individual patient
susceptibility risk by using demographic, clinical, microbiological and healthcare utilization data. Several studies
have shown that such models can aid in the selection of more appropriate antimicrobials and minimise the need
for unnecessary exposure to broad spectrum agents whilst still providing adequate therapeutic coverage. [38,39]

Al has also demonstrated significant potential for optimising empirical antimicrobial therapy. While empirical
treatment is still recommended in many clinical scenarios including the critically ill, inappropriate empirical
treatment is a driver of treatment failure, extended hospitalisation and resistance selection pressure. Al systems
can be used to make better recommendations for antimicrobial prescribing that improve the chances of both
effectiveness and stewardship compliance by taking into account patient-related factors, local resistance
epidemiology and historical prescribing practices. [40]
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One of the other major uses is the early identification of sepsis and clinical deterioration. Physiological
parameters, laboratory data, medication history, and clinical records can be constantly analyzed by machine
learning models, providing the ability to identify patients at risk of sepsis ahead of time, aiding timely
antimicrobial initiation, and potentially improving patient outcomes. [42]

Al is not only used for empirical therapy and sepsis management, but it is also being used for personalized
antimicrobial therapy. Al-driven platforms offer a template for how all these factors can be combined and how
they can be used in more individual treatment decisions. [27]

Al, combined with state-of-the-art diagnostics, further increases stewardship capabilities. Combining machine
learning with rapid diagnostics, whole genome sequencing, MALDI-TOF mass spectrometry and automated
susceptibility testing could help identify pathogens earlier, predict a pathogen's susceptibility, and help select
appropriate antimicrobials more quickly, reducing the time required to move from empirical to definitive
therapy. [2,44]

Population-level use of Al can assist with antimicrobial surveillance and antimicrobial governance by analysing
antimicrobial usage patterns, antimicrobial resistance trends, and HAIN data, as well as epidemiological data.
Predictive analytics can potentially be used to detect new threats to resistance and anticipate future resistance
trends and to inform better, more proactive stewardship planning. [23,45]

The potential of these technologies remains unexploited, however, due to several limitations. The effectiveness
of Al systems largely relies on the quality and representativeness of the data used for training, and Al models
created in one healthcare context may not be as effective in another. Some caveats are warranted before
widespread implementation: limited transparency of “black box™ algorithms, trust by the clinician of the
algorithms, algorithmic bias, data privacy, and regulatory oversight. [43-45]

Integration Of Rapid Diagnostics and Digital Stewardship

Timely and accurate microbiological information is essential for effective antimicrobial stewardship. Several
days are often required for culture-based methods to identify the pathogen and determine their antimicrobial
sensitivity, leading to broad spectrum empirical antibiotic therapy being continued in many cases. [ 13] Therefore,
the adoption of rapid diagnostic technologies alongside digital stewardship systems are critical to antimicrobial
optimization and precision antimicrobial management. [47]

Diagnostic stewardship is the complementary approach to antimicrobial stewardship that focuses on the
thoughtful selection, interpretation and utilization of microbiologic investigations to inform evidence-based
antimicrobial therapy. Rapid diagnostics and digital health technologies mean earlier access to clinically
actionable information and easier stewardship intervention. [22]

There have been a number of innovations which have revolutionized diagnostic microbiology. Rapid molecular
diagnostic platforms, such as the polymerase chain reaction (PCR) based assays, multiplex molecular panels and
nucleic acid amplification technologies, can identify pathogens and select resistance determinants in hours
instead of days. [18,29] Automated antimicrobial susceptibility testing (AST) can assess resistance patterns
quickly and more routinely. Together, these technologies facilitate earlier antimicrobial optimization and more
targeted treatment. [3,4,48,49]

Rapid diagnostics have the greatest clinical impact when embedded in digital stewardship ecosystems.
Microbiological results, clinical decision support systems (CDSSs), stewardship platforms can all automatically
alert clinicians to microbiological data, can generate stewardship alerts, and can suggest antimicrobial
modifications for all this data and institutional guidelines for susceptibility. This integration minimizes the lag
time between laboratory reporting and clinical action, thereby aiding in quicker and evidence-based
antimicrobial management. [27]

Results have been shown in a few studies that rapid diagnostics and stewardship interventions are more effective
than diagnostics alone. In other infectious disease contexts, the combination of rapid molecular diagnostics and
antimicrobial stewardship activities has been shown to be associated with improvements in survival, time to

Page 5030

www.rsisinternational.org



https://rsisinternational.org/journals/ijrsi
https://rsisinternational.org/journals/ijrsi
http://www.rsisinternational.org/

INTERNATIONAL JOURNAL OF RESEARCH AND SCIENTIFIC INNOVATION (IJRSI)
ISSN No. 2321-2705 | DOI: 10.51244/1JRSI |Volume XIII Issue VIII August 2026

effective therapy, and antimicrobial optimization. [11,16]

The use of rapid detection tests is especially useful in aid of antimicrobial de-escalation. Early detection and
understanding of pathogen mechanisms and resistance allows for faster selection of specific treatment
approaches, thereby minimizing exposure to agents that include carbapenems, anti-MRSA agents and
combination products. This helps to reduce antimicrobial use, lower health care costs and the selection pressure
for antimicrobial resistance. [5]

Evidence of the usefulness of rapid diagnostics in conjunction with stewardship systems has been particularly
promising in the management of blood stream infections and sepsis where effective antimicrobial therapy is
essential and needs to be administered promptly. Digital stewardship platforms that are integrated with rapid
diagnostic technologies enable rapid initiation of appropriate therapy and timely optimization as soon as
microbiologic data is available. [12]

There are key challenges to implementation. However, adoption can be hindered by high acquisition costs,
infrastructure needs, staff training requirements, and interoperability challenges, especially in resource-poor
environments. Moreover, RTDs require good stewardship engagement and receptivity to changing therapies
based on new microbiological data. [20]

These developments will further improve diagnostic stewardship — integration of these approaches into digital
stewardship platforms will enable more personalized antimicrobial management and the faster approach to
precision antimicrobial governance. [50] Major applications of artificial intelligence within antimicrobial
stewardship are summarized in Figure 3.

Resistance
Prediction

* AMR Risk Prediction
® Resistance
Forecasting

* Trend Analysis

Personalised Therapy
Optimization

® Dose Optimization
* PK/PD Modelling
e Treatment Duration
Artificial
Intelligence
in
Antimicrobial
Stewardship

Diagnostic Stewardship

* Rapid Diagnostic
Interpretation
e Culture-Guided
Therapy

Surveillance &
Governance

e Automated Audits
e Stewardship
Dashboards
® Outbreak Detection

Figure 3: Artificial Intelligence Applications in Antimicrobial Stewardship
Digital Antimicrobial Governance

Digital health technologies have expanded the scope of antimicrobial stewardship beyond the patient and
prescriber and are introducing antimicrobial governance. The modern antimicrobial governance framework is
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moving beyond optimizing antimicrobial use at the patient level to also incorporate institutional, regional,
national and global antimicrobial stewardship efforts to enhance antimicrobial use, monitor antimicrobial
resistance trends and reduce antimicrobial resistance (AMR). [32] Digital technologies have played an
increasingly important role in this evolution, providing real-time monitoring, automated reporting, advanced
analytics, and continuous performance monitoring. [33]

To achieve good antimicrobial governance there is a need for accurate measurement of antimicrobial use,
monitoring for resistance trends, evaluation of antimicrobial stewardship performance and implementation of
evidence-based interventions. Traditionally, these tasks were very dependent on manual data gathering and
retrospective reporting. This process has been digitalized with access to real-time clinical, microbiological and
pharmaceutical data, which help to enable more responsive stewardship strategies. [28]

Digital antimicrobial governance is built on electronic monitoring. Modern platforms are used to provide
constant surveillance of antimicrobial prescribing, utilization, antibiotic resistance trends and monitoring of
healthcare-associated infections as well as stewardship performance indicators. These systems allow for earlier
detection of troubling trends and more prompt stewardship actions. [3]

The introduction of electronic prescribing systems, pharmacy databases, microbiology laboratories and
stewardship platforms have greatly enhanced the monitoring of antimicrobial use. Standardised reporting tools
such as defined daily doses (DDD) and days of therapy (DOT) can be employed to monitor antimicrobial use
and facilitate benchmarking, assessment of antimicrobial stewardship interventions and identification of high
use of antimicrobials and opportunities for targeted interventions. [11]

Stewardship dashboards also support governance by bringing together information on antimicrobial use,

microbiological results, antimicrobial resistance, and performance indicators in easy-to-grab visual displays.
These tools facilitate informed decision making for the clinician, pharmacist, microbiologist, administrator and
policymaker, and enhance stewardship oversight and resource allocation. [14]

Prospective audit and feedback activities have also been enhanced by the use of digital platforms.
Complementary to this, the integration of microbiology laboratories with electronic reporting systems has
extended stewardship reach and improved surveillance of antimicrobial resistance, leading to the creation of
institutional antibiograms, regional antimicrobial resistance maps and national antimicrobial resistance
surveillance datasets for the guidance of antimicrobial stewardship policies and empirical treatment guidance.
[51]

The digital technologies at national and international level enables coordination of antimicrobial stewardship
and AMR surveillance programmes. Standardized digital reporting frameworks for surveillance and reporting
changes in antimicrobial resistance and the use of antimicrobials, such as the Global Antimicrobial Resistance
and Use Surveillance System (GLASS) by the World Health Organization, also underscore the value of
standardized digital reporting systems. [1]

The addition of predictive analytics and Al further enhances digital governance. Machine learning models can
detect new resistance patterns, predict antimicrobial use and trends, pinpoint outbreaks and guide proactive
stewardship planning. These technologies allow for a shift from reactive surveillance to more proactive and
predictive strategies for managing AMR. [26]

Table 2. Comparison of Major Digital Technologies in Antimicrobial Stewardship

Technology | Primary Key Clinical Major Key Reference
Function Applications Advantages Limitations (s)
Mobile Point-of- Guidelines, dosing Available, easy Requires 5,7, 10,
Health care tools, antibiograms, to scale, supports | updates, 32-34
prescribing advice education
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(mHealth) stewardship variable

Applications | support adoption

Clinical Patient- Drug selection, dose Improves Alert fatigue, 8, 20-23,

Decision specific optimization, de- prescribing interoperability | 30

Support prescribing | escalation, [V-to-oral quality and issues

Systems support conversion guideline

(CDSSs) adherence

Artificial Predictive Resistance prediction, | Advanced Bias, limited 10, 11,

Intelligence | and empirical therapy, analytics, explainability, | 23, 38

and Machine | precision sepsis detection, individualized validation

Learning stewardship | personalized treatment | recommendations | concerns

Rapid Rapid PCR, MALDI-TOF Earlier targeted High cost, 10, 12,

Diagnostic pathogen MS, susceptibility therapy, supports | infrastructure 13, 18, 27,

Technologies | and testing de-escalation requirements 29, 35,
resistance 47-50
detection

Digital Stewardship | Dashboards, utilization | Real-time Data 1,3,5,11,

Surveillance | monitoring | tracking, resistance monitoring, integration and | 13, 14, 26,

and and surveillance, supports privacy 29-31, 51

Governance | oversight benchmarking governance challenges

Platforms

The possible future antimicrobial governance models are proposed to be part of a single digital ecosystem that
will incorporate stewardship platforms, surveillance systems, electronic health records, Al applications, and
databases of public health. These can contribute to more adaptive, transparent and data-driven strategies in AMS
and to global efforts to control AMR. [30,47]

At the heart of digital antimicrobial governance is a vision of how to improve surveillance, add complied
stewardship oversight, boost evidence-based policy making, and foster proactive approaches to AMR. Digital
technologies are transforming antimicrobial governance and are playing a role in promoting more sustainable
implementation of antimicrobial stewardship by integrating real-time monitoring, advanced analytics and
coordinated surveillance networks.

Challenges And Barriers to Implementing Digital Antimicrobial Stewardship

Digital technologies have significant potential to support antimicrobial stewardship, but there are significant
barriers to implementation in many healthcare settings. The use of mobile apps, clinical decision support systems
(CDSSs), and artificial intelligence (Al), as well as digital surveillance platforms has the potential to significantly
enhance antimicrobial use and the fight against antimicrobial resistance (AMR) but requires technological
infrastructure, data quality, organizational preparedness, user engagement, and regulatory support.

One of the primary obstacles is the inconsistencies in the healthcare infrastructures. Robust electronic health
records (EHRSs), laboratory information systems, secure data storage solutions, and reliable internet connectivity
are essential for effective digital stewardship. But there are significant differences among healthcare institutions
and regions in terms of digital maturity. Despite rising AMR burdens in many low- and middle-income countries
(LMICs), the implementation of these systems is still limited due to challenges related to fragmented information
systems, limited technical support, and inadequate digital infrastructure. [49]

Another big challenge is interoperability. The key to digital stewardship is the ability to connect EHRs, a
pharmacy database, the microbiology lab, surveillance systems, and decision support. While interoperability is
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crucial to maximise the value of digital stewardship interventions, the current level of integration can lead to
various issues, such as incomplete data exchange, duplication of effort, delayed information transfer, and reduced
system effectiveness. [3]

Data quality and data standardization are also key to digital stewardship success. The clinical, microbiological
and prescribing information needs to be accurate to enable effective surveillance, decision support and Al
applications. Good data governance and quality assurance processes are essential to the successful
implementation of stewardship recommendations and for creating reliable digital tools. [27]

The acceptance of the user is also essential. The introduction of digital tools may be resisted by clinicians if they
feel they are disruptive, time consuming or do not fit well with clinical workflows. Stiff resistance to change,
low digital literacy and fears of automated recommendations could also be barriers to uptake. User-centered
design, stakeholder engagement, and continued education are thus critical to ensuring sustained implementation,
as "alert fatigue" has become a related challenge with too many alerts being produced from electronic prescribing
and decision support systems decreasing the ability of the clinician to respond to the most critical alerts.

The use of Al poses further transparency, explainability, and bias challenges. Many machine learning models
are “black boxes” that are hard for clinicians to understand, as to the logic behind recommendations.
Additionally, any algorithm trained on a small or unrepresentative data set might not work well in various
healthcare environments and patient populations, so it is important that they are thoroughly validated and
monitored before they are broadly implemented. [1,18]

There are also implementation considerations related to financial factors. Digital stewardship infrastructure
investments in software, hardware, cybersecurity, personnel training, and technical support, are significant for

development, deployment, maintenance and updating. [5] Further, cyber security, privacy and regulatory issues
need to be considered. Digital stewardship platforms tend to be quite large, and can contain sensitive clinical
and microbiological data, which can raise concerns about access to this information, data breaches and regulatory
adherence. Stewardship systems need to be working under a suitable legal, ethical and data protection
framework. [26]

However, they are especially strong in LMICs, where infrastructure constraints or the limited availability of
health workers and of laboratories could make adoption difficult. However, scalable solutions, like mobile health
apps and cloud-based platforms, could potentially help to increase stewardship support in resource-poor settings.

[11]

While there are many factors supporting successful digital antimicrobial stewardship, there is one main factor
that will support the successful sustainable implementation: The establishment and use of a framework that
includes adequate infrastructure, access to quality data, collaboration and communication among all
stakeholders, clinician involvement; and an appropriate and supportive governance structure. These factors will
be crucial to overcoming the common barriers to fully utilizing digital technology to improve the use of
antimicrobials and reduce AMR.

Future Of Antimicrobial Stewardship: Toward Precision Antimicrobial Governance

Advancements in precision medicine, data science, digital health and artificial intelligence (Al) are ushering in
a new era for antimicrobial stewardship. Future stewardship models are likely to become more proactive,
predictive, and personalized, and the current expansion of digital technologies, sophisticated diagnostics, and
clinical informatics will help usher in a new era of antimicrobial governance, beyond the traditional stewardship
programs, that is characterized by precision. [53]

Precision antimicrobial therapy is a key aspect of this shift. Much of the current stewardship advice is founded
on evidence from the population level and standardised treatment guidelines. There is however a significant
variability in immune status, comorbidities, pharmacokinetic parameters, pathogen characteristics, resistance
mechanisms, and treatment response between the patients. Precision stewardship aims to synergize these factors
to provide personalized antimicrobial recommendations that are optimally therapeutic and with the lowest risk
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of toxicity and antimicrobial resistance. [51]

Al is thought to have significant impact in helping to attain this objective. More sophisticated Al stewardship
systems are likely to adapt to changing resistance trends and clinical outcomes, driving even better stewardship
performance. [47]

Pathogen genomics will also change stewardship practice as a result of advances in pathogen genetics. The pace
with which resistance determinants, virulence factors and transmission routes are identified is increasing and the
results are becoming more accurate and precise using whole genome sequencing and metagenomic technologies.
Using genomic data to support digital stewardship can help identify resistant organisms earlier, assist with
targeted antimicrobial treatment and enhance outbreak investigations and surveillance efforts. [7]

Predictive analytics and integrated surveillance systems are likely to play an increasing role at the population
level. New stewardship platforms could integrate antimicrobial usage information, microbiological results,
genomic data, health services utilization data and public health data to determine new resistance risk and be able
to prioritize interventions. This can help healthcare organizations predict the resistance instead of reacting to it
once it has occurred. [10]

The One Health approach will also shape the future of stewardship, bringing together human, animal and
environmental health. Digital surveillance systems that are capable of inter-sectoral data integration could
potentially be used to reinforce antimicrobial resistance monitoring and enable more robust containment efforts.
[50] The anticipated evolution from current stewardship models toward precision antimicrobial governance is
presented in Figure 4.

Current ASP

.

Digital Health Integration
\NZ
Al-Assisted Stewardship
\NZ
Genomics-Based Stewardship
\NZ
Predictive Analytics
\NZ
Precision Antimicrobial Therapy
\NZ
One Health Digital Surveillance
\NZ

Precision Antimicrobial Governance

Figure 4: Future Roadmap for Precision Antimicrobial Governance

Future stewardship models should be based on clinical skill, multiple disciplines, and ethical oversight. Digital
technologies should be used in addition to professional judgment to maintain the patient-centred nature of
antimicrobial choices and to ensure that they are consistent with stewardship principles.

The future of antimicrobial stewardship will likely see advancements in precision-based approaches through the
use of artificial intelligence (AI), genomics, new technologies for advanced diagnostics, predictive analytics, and
integrated surveillance systems. These developments may lead to a shift from reactive to predictive, personalised
and data-driven designs of antimicrobial usage, thereby enhancing global efforts to maintain effective use of
antimicrobics against antimicrobial resistance (AMR).
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Implications For Clinical Practice and Public Health

With growing antimicrobial resistance (AMR) challenge in healthcare systems, digital technology can help to
make antimicrobial stewardship more effective, better prescribe and expand the reach of evidence-based
antimicrobial management. [55]

On the clinical side, digital stewardship tools can help to inform and facilitate timely and informed prescribing
decisions. These tools can help improve antimicrobial appropriateness, minimize unnecessary broad-spectrum
antimicrobial exposure, and maximize outcomes for your patients. [56] Taken together; these tools can help you
optimize patient care and make more effective use of antimicrobials. [8]

The public health level is also enhanced by digital technologies that enable more effective monitoring, real-time
surveillance, and data-driven policy decisions. [26,27] The ability to monitor antimicrobial usage and trends in
antimicrobial resistance at the national level can be enhanced by the integration of electronic prescribing systems,
microbiological laboratories and surveillance systems, allowing for more timely identification of emerging
antimicrobial resistance threats, more rapid detection of outbreaks and targeted antimicrobial stewardship
interventions. [25, 27-29] In addition, large-scale digital surveillance networks can play a role in national action
plans on antimicrobial resistance and in global initiatives to maintain the effectiveness of antimicrobials.

Investment in supporting digital infrastructure, workforce, interoperability, cybersecurity, and regulatory
frameworks are critical to successful implementation, with a focus on engaging clinicians and designing a user-
centric approach. [34] Investing in these areas and supporting scalable and sustainable stewardship strategies,
especially in low- and middle-income countries, is critical to successful implementation.

Digital technologies can be seen as tools that complement and do not replace clinical knowledge and stewardship
leadership of multidisciplinary teams, with well-planned implementation in healthcare systems that can enhance
antimicrobial stewardship, patient care and global public health to manage the spread of antimicrobial resistance.

CONCLUSION

Antimicrobial resistance (AMR) continues to pose a major global health challenge, requiring innovative
approaches to optimize antimicrobial use and preserve the effectiveness of existing therapies. Digital
transformation is reshaping antimicrobial stewardship by enabling a shift from reactive, manual approaches
toward proactive, data-driven practice through mobile applications, clinical decision support systems, artificial
intelligence, rapid diagnostics, and advanced surveillance platforms.

These technologies can support timely, personalized antimicrobial decision-making, improve surveillance and
governance, and facilitate early optimization and de-escalation of therapy. However, their successful adoption
remains dependent on adequate infrastructure, interoperability, data quality, cybersecurity, clinician acceptance,
affordability, and appropriate regulatory oversight, particularly in resource-constrained settings.

The future of antimicrobial stewardship lies in the careful integration of digital technologies with clinical
expertise and multidisciplinary stewardship leadership. Sustained investment in digital infrastructure,
interdisciplinary collaboration, and evidence-based implementation strategies will be essential to realize the
potential of digital health and strengthen antimicrobial governance in the continuing fight against AMR.
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