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ABSTRACT
Antimicrobial resistance (AMR) has emerged as one of the most significant threats to global public health, compromising the effectiveness of antimicrobial therapy and increasing morbidity, mortality, and healthcare expenditure. India bears a substantial burden of antimicrobial resistance owing to high rates of infectious diseases, widespread antimicrobial consumption, variable prescribing practices, and challenges in healthcare infrastructure. Antimicrobial stewardship programs (AMS) have been recognized as a critical strategy for optimizing antimicrobial use, improving patient outcomes, and reducing the emergence and spread of resistant microorganisms.
This narrative review examines the current status of antimicrobial stewardship in Indian tertiary care hospitals, synthesizing available evidence regarding stewardship implementation, prescribing practices, antimicrobial resistance trends, and healthcare system challenges. Relevant literature published between 2010 and 2025 was reviewed from peer-reviewed journals, national surveillance reports, policy documents, and international guidance publications. Particular emphasis was placed on stewardship interventions, the role of multidisciplinary healthcare teams, and the evolving contribution of clinical pharmacists in antimicrobial optimization.
Available evidence suggests that antimicrobial stewardship interventions, including prospective audit and feedback, formulary restriction, guideline-based prescribing, and pharmacist-led initiatives, contribute to improved antimicrobial utilization and enhanced compliance with treatment recommendations. However, significant barriers remain, including limited diagnostic infrastructure, shortage of trained personnel, inconsistent institutional commitment, and variability in stewardship implementation across healthcare settings. National initiatives led by the Indian Council of Medical Research and other public health organizations have provided a framework for stewardship development, yet broader integration into routine clinical practice remains necessary.
Strengthening antimicrobial stewardship programs through multidisciplinary collaboration, enhanced surveillance systems, healthcare professional education, and policy support is essential to address the growing burden of antimicrobial resistance in India. Sustained investment in stewardship infrastructure and research will be critical for preserving antimicrobial effectiveness and ensuring optimal patient care in the future.
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INTRODUCTION
Antimicrobial resistance (AMR) has emerged as one of the most serious global public health challenges of the twenty-first century. The increasing inability of antimicrobial agents to effectively treat bacterial, viral, fungal, and parasitic infections threatens decades of medical progress and undermines the effectiveness of modern healthcare systems.¹ The World Health Organization (WHO) has identified AMR as a major threat to global health, food security, and sustainable development, emphasizing the urgent need for coordinated action across healthcare sectors.¹ Resistant infections are associated with prolonged hospital stays, increased healthcare expenditure, higher morbidity, and elevated mortality rates, thereby imposing substantial clinical and economic burdens on healthcare systems worldwide.²
The growing burden of antimicrobial resistance is largely driven by inappropriate and excessive antimicrobial consumption in both human and veterinary medicine.²˒³ Factors such as unnecessary antibiotic prescribing, inappropriate selection of antimicrobial agents, incorrect dosing, prolonged treatment duration, self-medication, and inadequate infection prevention measures contribute significantly to the emergence and dissemination of resistant microorganisms.²⁻⁴ In low- and middle-income countries, these challenges are further exacerbated by limited diagnostic facilities, inadequate surveillance systems, unrestricted access to antimicrobial agents, and insufficient antimicrobial stewardship practices.⁴
India represents a particularly important setting in the global AMR landscape. As one of the world's largest consumers of antibiotics, the country faces a unique combination of high infectious disease burden, widespread antimicrobial utilization, increasing prevalence of multidrug-resistant organisms, and significant variability in prescribing practices.⁴˒⁵ The widespread use of broad-spectrum antibiotics, coupled with inadequate antimicrobial regulation and disparities in healthcare infrastructure, has contributed to the emergence of resistant pathogens across healthcare settings.⁴ Several studies have reported increasing resistance among clinically significant organisms, including methicillin-resistant Staphylococcus aureus (MRSA), extended-spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae, and carbapenem-resistant Gram-negative bacteria.⁴˒⁶
The consequences of antimicrobial resistance extend beyond individual patient outcomes and significantly impact healthcare systems and national economies. Resistant infections often require prolonged hospitalization, additional diagnostic investigations, and treatment with expensive second-line or reserve antimicrobial agents.²˒⁷ Consequently, AMR has become a major economic concern, particularly in resource-constrained healthcare systems where healthcare expenditure is already limited. The increasing prevalence of resistant pathogens also threatens the safety of routine medical procedures, including surgery, organ transplantation, chemotherapy, and intensive care management, all of which depend heavily on effective antimicrobial therapy.¹˒²
Recognizing the growing threat posed by antimicrobial resistance, antimicrobial stewardship programs (AMS) have emerged as a cornerstone strategy for optimizing antimicrobial use and preserving the effectiveness of existing therapies.⁸ Antimicrobial stewardship refers to a coordinated set of interventions designed to improve and measure the appropriate use of antimicrobial agents by promoting optimal drug selection, dosing, route of administration, and treatment duration.⁸˒⁹ The primary objectives of AMS include improving patient outcomes, minimizing adverse drug events, reducing healthcare costs, and limiting the emergence and spread of antimicrobial resistance.⁸
Over the past decade, antimicrobial stewardship has evolved from a theoretical concept into an essential component of healthcare quality improvement initiatives worldwide. International organizations and professional societies have developed comprehensive stewardship guidelines to support healthcare institutions in implementing evidence-based antimicrobial management strategies.⁸˒¹⁰ Common stewardship interventions include prospective audit and feedback, formulary restriction and preauthorization, antimicrobial utilization reviews, guideline-based prescribing, diagnostic stewardship, and multidisciplinary collaboration among physicians, microbiologists, pharmacists, infection control specialists, and hospital administrators.⁸⁻¹⁰
In India, increasing recognition of the AMR crisis has prompted the development of several national initiatives aimed at strengthening antimicrobial stewardship. Organizations such as the Indian Council of Medical Research (ICMR), National Centre for Disease Control (NCDC), and other public health agencies have established surveillance networks, stewardship frameworks, and policy recommendations to address antimicrobial resistance.¹¹˒¹² Despite these efforts, implementation of stewardship programs remains highly variable across healthcare institutions. Differences in infrastructure, availability of trained personnel, institutional commitment, diagnostic capabilities, and financial resources continue to influence the effectiveness and sustainability of stewardship interventions.¹¹˒¹²
Among the various healthcare professionals involved in antimicrobial stewardship, clinical pharmacists play an increasingly important role in optimizing antimicrobial therapy. Through medication review, dose optimization, therapeutic monitoring, and prescriber education, pharmacists contribute significantly to improving antimicrobial utilization and promoting adherence to stewardship recommendations. Emerging evidence suggests that pharmacist-led stewardship interventions can enhance prescribing appropriateness and support multidisciplinary stewardship efforts in both developed and developing healthcare systems.⁹
Although antimicrobial stewardship has gained increasing attention in recent years, significant challenges remain regarding its implementation, evaluation, and long-term sustainability within Indian healthcare settings. Variability in stewardship practices, limited availability of outcome data, and ongoing antimicrobial resistance trends highlight the need for continued assessment of current evidence and future priorities. Therefore, this narrative review aims to critically examine the current status of antimicrobial stewardship programs in Indian tertiary care hospitals, summarize available evidence regarding stewardship interventions and outcomes, identify implementation barriers, and discuss future directions for strengthening antimicrobial stewardship in India.

METHODOLOGY
This narrative review was conducted to evaluate the current status of antimicrobial stewardship programs (AMS) in Indian tertiary care hospitals and to examine available evidence regarding stewardship interventions, antimicrobial prescribing practices, antimicrobial resistance trends, implementation barriers, and future opportunities for improvement. The review aimed to provide a comprehensive overview of antimicrobial stewardship within the Indian healthcare context while identifying areas requiring further development and research.
Relevant literature was identified through a structured search of electronic databases, including PubMed, Scopus, and Google Scholar. Additional information was obtained from official publications, policy documents, surveillance reports, and guidance materials issued by organizations such as the World Health Organization (WHO), the Indian Council of Medical Research (ICMR), the National Centre for Disease Control (NCDC), and professional societies involved in antimicrobial stewardship. The search focused on literature published between 2010 and 2025 to capture contemporary developments in antimicrobial stewardship and antimicrobial resistance.
Search terms included combinations of keywords such as “antimicrobial stewardship,” “antibiotic stewardship,” “antimicrobial resistance,” “antibiotic prescribing,” “hospital stewardship,” “tertiary care hospitals,” “clinical pharmacy,” and “India.” Relevant studies, review articles, policy documents, surveillance reports, and institutional guidelines were examined to obtain a broad understanding of stewardship practices and challenges in Indian healthcare settings.
Priority was given to peer-reviewed publications, national surveillance reports, and internationally recognized guidance documents. Literature describing stewardship interventions, antimicrobial utilization patterns, resistance surveillance, healthcare policy initiatives, and multidisciplinary stewardship approaches was considered relevant for inclusion. Publications lacking relevance to antimicrobial stewardship or those focusing exclusively on basic laboratory research without clinical application were excluded from the review.
The identified literature was reviewed and synthesized narratively. Findings were organized into thematic areas, including antimicrobial prescribing practices, antimicrobial resistance trends, stewardship interventions, the role of clinical pharmacists, implementation barriers, and future policy directions. This approach enabled a comprehensive examination of current evidence while highlighting practical implications for strengthening antimicrobial stewardship programs in Indian tertiary care hospitals.

CURRENT STATUS OF ANTIMICROBIAL STEWARDSHIP IN INDIA
Antimicrobial stewardship has gained increasing recognition in India over the past decade as an essential strategy for addressing the growing burden of antimicrobial resistance (AMR). The rising prevalence of multidrug-resistant organisms, combined with high rates of antimicrobial consumption and variable prescribing practices, has prompted healthcare institutions and public health agencies to prioritize stewardship initiatives.⁴˒¹¹
India is among the world's largest consumers of antibiotics, and this extensive utilization has contributed significantly to the emergence and dissemination of resistant pathogens.⁴ Several studies have demonstrated increasing resistance among Gram-negative organisms, methicillin-resistant Staphylococcus aureus (MRSA), and carbapenem-resistant Enterobacteriaceae, creating substantial challenges for clinicians managing severe infections.⁴˒⁶ These concerns have highlighted the need for systematic interventions aimed at optimizing antimicrobial use while maintaining high-quality patient care.
Recognizing the seriousness of the AMR crisis, the Indian Council of Medical Research (ICMR) initiated several national programs focused on antimicrobial resistance surveillance and antimicrobial stewardship implementation. The ICMR Antimicrobial Resistance Surveillance and Research Network (AMRSN) was established to monitor resistance patterns across the country and generate evidence to support policy decisions.¹¹ In parallel, national guidance documents and policy frameworks have been developed to encourage hospitals to establish structured antimicrobial stewardship programs and promote rational antibiotic prescribing.¹²
Hospital-based stewardship programs have gradually expanded across tertiary care institutions. Common stewardship strategies include prospective audit and feedback, antimicrobial restriction policies, formulary management, development of institutional antibiotic guidelines, antimicrobial consumption monitoring, and multidisciplinary review of antimicrobial prescriptions.⁸˒¹² The implementation of these interventions has demonstrated varying degrees of success depending on institutional infrastructure, leadership support, and availability of trained personnel.
Evidence from Indian tertiary care hospitals suggests that stewardship interventions can significantly improve prescribing practices. Rupali et al. reported that post-prescription review and feedback conducted by infectious disease specialists resulted in improved antimicrobial utilization and increased rates of antibiotic de-escalation in intensive care units.¹³ Similarly, Verma et al. demonstrated that implementation of an antimicrobial stewardship program in a tertiary trauma centre improved prescribing practices while highlighting operational challenges associated with stewardship implementation.¹⁴ Swamy et al. further demonstrated the feasibility of implementing stewardship interventions in a medicine unit of a tertiary care teaching hospital, with improvements observed in prescribing appropriateness and antibiotic utilization.¹⁵
Despite these encouraging developments, stewardship implementation remains inconsistent across Indian healthcare institutions. A nationwide assessment of hospital stewardship practices revealed substantial variability in program structure, availability of dedicated stewardship teams, microbiology support, and monitoring systems.¹⁶ While some tertiary care hospitals have developed mature stewardship frameworks, many institutions continue to face challenges related to workforce shortages, limited financial resources, inadequate diagnostic infrastructure, and competing clinical priorities.¹⁶˒¹⁷
The role of multidisciplinary collaboration has emerged as a critical factor influencing stewardship success. Effective programs typically involve infectious disease physicians, microbiologists, clinical pharmacists, infection control professionals, and hospital administrators working together to optimize antimicrobial use.¹² Clinical pharmacists, in particular, have demonstrated significant value through medication review, antimicrobial optimization, dose adjustment, and prescriber education. Their growing involvement reflects the evolving nature of stewardship programs and the increasing emphasis on team-based approaches to antimicrobial management.
Recent evaluations conducted under ICMR-supported initiatives have shown that structured stewardship interventions can be implemented successfully across diverse healthcare settings when supported by institutional leadership and appropriate training.¹⁶ However, considerable disparities continue to exist between institutions, emphasizing the need for standardized implementation frameworks and sustainable stewardship models. As antimicrobial resistance continues to evolve, strengthening stewardship capacity remains a critical public health priority for India.¹¹˒¹²
Overall, the current evidence suggests that India has made substantial progress in recognizing and addressing antimicrobial resistance through stewardship initiatives. Nevertheless, broader implementation, stronger surveillance systems, improved diagnostic support, and greater integration of stewardship principles into routine clinical practice are necessary to ensure long-term effectiveness and sustainability of antimicrobial stewardship programs across the country.
Table 1. Key Evidence Supporting Antimicrobial Stewardship Implementation and Outcomes in Indian Healthcare Settingss
	Author (Year)
	Setting
	Stewardship Intervention
	Major Findings

	Rupali et al. (2019)
	ICU, tertiary-care hospital
	Post-prescription review and feedback
	Improved antimicrobial utilization, increased de-escalation rates, reduced inappropriate antibiotic use

	Verma et al. (2019)
	Tertiary trauma centre
	Comprehensive AMS program
	Improved prescribing practices and highlighted implementation challenges

	Swamy et al. (2019)
	Medicine unit, tertiary teaching hospital
	Prospective audit and feedback
	Improved prescribing appropriateness and demonstrated feasibility of AMS implementation

	Vijay et al. (2022)
	20 tertiary-care hospitals
	ICMR-supported AMS implementation framework
	Demonstrated feasibility of stewardship implementation across diverse hospitals

	ICMR AMRSN (2020)
	National surveillance network
	AMR surveillance and stewardship support
	Identified increasing resistance trends and emphasized stewardship necessity

	NCDC NARS-Net (2019)
	National surveillance program
	Resistance surveillance
	Reported growing antimicrobial resistance burden across healthcare facilities

	Debnath et al. (2024)
	Primary and secondary hospitals
	AMS implementation assessment
	Identified facilitators and barriers to stewardship expansion in India



ANTIBIOTIC PRESCRIBING PRACTICES IN INDIAN HOSPITALS
Appropriate antimicrobial prescribing is a fundamental component of effective patient care and serves as the cornerstone of antimicrobial stewardship programs. However, inappropriate antibiotic use remains a significant challenge across healthcare settings worldwide, particularly in low- and middle-income countries where infectious diseases are highly prevalent and healthcare resources may be limited.²˒⁴ In India, antibiotic prescribing practices have attracted considerable attention due to their direct association with the growing burden of antimicrobial resistance and increasing healthcare costs.
Several studies have demonstrated that inappropriate prescribing patterns continue to occur in both inpatient and outpatient settings. Common prescribing concerns include unnecessary initiation of antibiotic therapy, use of broad-spectrum agents when narrower-spectrum alternatives would be appropriate, prolonged treatment duration, failure to de-escalate therapy based on microbiological findings, and inadequate adherence to institutional treatment guidelines.⁴˒¹³⁻¹⁵ These practices contribute to excessive antimicrobial exposure and create selective pressure that facilitates the emergence and dissemination of resistant microorganisms.
Empirical antibiotic therapy remains a common practice in Indian tertiary care hospitals, particularly in intensive care units (ICUs), emergency departments, and high-dependency units. While empirical treatment is often clinically justified in critically ill patients where delayed therapy may worsen outcomes, prolonged empirical therapy without microbiological confirmation has been identified as a major contributor to inappropriate antimicrobial use.¹³ Clinicians frequently face challenges related to delayed diagnostic results, limited access to rapid microbiological testing, and uncertainty regarding local resistance patterns. Consequently, broad-spectrum antibiotics are often prescribed as a precautionary measure, even when narrower-spectrum options may be adequate.
Among the various antimicrobial classes, cephalosporins, carbapenems, fluoroquinolones, and β-lactam/β-lactamase inhibitor combinations are commonly prescribed within tertiary care hospitals.⁴˒⁶ The extensive utilization of these agents reflects their broad antimicrobial coverage and effectiveness against severe infections. However, overreliance on broad-spectrum antibiotics has been linked to increasing rates of resistance among clinically important pathogens. Studies conducted in Indian healthcare settings have documented rising resistance to third-generation cephalosporins, fluoroquinolones, and carbapenems, raising concerns regarding the future effectiveness of these essential therapeutic agents.⁴˒⁶
Another important factor influencing prescribing practices is variability in adherence to antimicrobial treatment guidelines. Although national and institutional guidelines have been developed to promote evidence-based prescribing, implementation remains inconsistent across healthcare institutions.¹¹˒¹² Several hospitals have established antibiotic policies and stewardship frameworks; however, compliance with these recommendations varies among departments and individual prescribers. Factors contributing to this variability include differences in clinical experience, diagnostic uncertainty, local prescribing culture, patient expectations, and concerns regarding treatment failure.
Prescription audits performed as part of antimicrobial stewardship programs have consistently demonstrated opportunities for improving prescribing appropriateness.¹³⁻¹⁵ Regular review of antimicrobial prescriptions enables stewardship teams to identify inappropriate therapy, recommend de-escalation when appropriate, optimize treatment duration, and ensure compliance with institutional guidelines. These interventions not only improve antimicrobial utilization but also enhance awareness among healthcare professionals regarding responsible prescribing practices.
The integration of microbiological data into clinical decision-making is another critical component of rational antibiotic prescribing. Culture and sensitivity testing provide valuable information regarding pathogen identification and antimicrobial susceptibility patterns, facilitating targeted therapy and reducing unnecessary exposure to broad-spectrum agents. Nevertheless, limited laboratory infrastructure and delays in reporting continue to restrict the utilization of microbiological evidence in some healthcare settings. Strengthening diagnostic stewardship alongside antimicrobial stewardship is therefore essential for improving prescribing quality and patient outcomes.
Clinical pharmacists have increasingly emerged as valuable contributors to antimicrobial prescribing optimization. Through medication review, dosage adjustment, therapeutic drug monitoring, and participation in multidisciplinary stewardship teams, pharmacists help ensure that antimicrobial therapy is appropriate, effective, and safe. Their involvement has been associated with improved guideline adherence, enhanced prescribing appropriateness, and greater acceptance of stewardship recommendations.⁹
Addressing inappropriate antibiotic prescribing requires a multifaceted approach involving education, surveillance, policy implementation, and multidisciplinary collaboration. Healthcare institutions must prioritize evidence-based prescribing, regular prescription audits, continuous professional training, and effective stewardship interventions to promote rational antimicrobial use. By improving prescribing practices, hospitals can reduce unnecessary antimicrobial exposure, slow the development of resistance, and enhance the overall quality of patient care.
Overall, the available evidence indicates that antibiotic prescribing practices remain a major determinant of antimicrobial resistance in India. While substantial progress has been achieved through stewardship initiatives, continued efforts are required to strengthen prescribing behaviour, improve diagnostic support, and ensure sustainable implementation of evidence-based antimicrobial management strategies across healthcare settings.
ANTIMICROBIAL RESISTANCE TRENDS AND EMERGING CHALLENGES
Antimicrobial resistance (AMR) has emerged as one of the most pressing healthcare challenges in India and represents a major threat to the effectiveness of modern medicine. The increasing prevalence of resistant pathogens compromises the management of infectious diseases, prolongs hospitalization, increases treatment costs, and contributes substantially to morbidity and mortality.¹˒² The growing burden of AMR is particularly concerning in developing countries where high infectious disease prevalence, widespread antibiotic consumption, and limitations in healthcare infrastructure create favorable conditions for the emergence and dissemination of resistant microorganisms.⁴
India has witnessed a substantial increase in antimicrobial resistance over the past two decades. National surveillance initiatives and hospital-based studies have consistently demonstrated increasing resistance among both Gram-positive and Gram-negative pathogens.⁶˒¹¹˒¹⁶ The Indian Council of Medical Research (ICMR) Antimicrobial Resistance Surveillance and Research Network (AMRSN) was established to systematically monitor resistance patterns across healthcare institutions and generate evidence to support policy development and clinical decision-making.¹⁶ The surveillance data generated through this network have highlighted alarming trends in resistance among clinically important bacterial pathogens, particularly those responsible for bloodstream infections, urinary tract infections, respiratory infections, and healthcare-associated infections.¹⁶
Among Gram-negative organisms, Escherichia coli and Klebsiella pneumoniae remain major contributors to antimicrobial resistance in Indian hospitals. Multiple surveillance reports have documented declining susceptibility to third-generation cephalosporins, fluoroquinolones, and carbapenems among these pathogens.⁶˒¹⁶ Recent analyses from the ICMR surveillance network have demonstrated progressive reductions in susceptibility to several commonly prescribed antimicrobial agents, raising concerns regarding the long-term effectiveness of available treatment options.¹⁶ Resistance among these organisms is often mediated through the production of extended-spectrum beta-lactamases (ESBLs) and carbapenemases, mechanisms that significantly limit therapeutic choices and increase dependence on reserve antimicrobial agents.
Carbapenem resistance has emerged as one of the most serious challenges confronting healthcare systems in India. Carbapenems are frequently considered last-line therapeutic options for severe infections caused by multidrug-resistant Gram-negative organisms. However, increasing resistance to carbapenems has been reported across multiple healthcare settings, particularly among Klebsiella pneumoniae, Acinetobacter baumannii, and Pseudomonas aeruginosa.¹⁷˒¹⁸ The emergence of carbapenem-resistant Enterobacterales (CRE) is especially concerning because treatment options for these infections are often limited, costly, and associated with poorer clinical outcomes. The increasing prevalence of carbapenem resistance highlights the urgent need for stronger stewardship interventions aimed at preserving the effectiveness of these critical antimicrobial agents.
Methicillin-resistant Staphylococcus aureus (MRSA) continues to represent an important challenge among Gram-positive pathogens. Although improvements in infection prevention and control practices have contributed to better management of MRSA in some institutions, resistance remains prevalent in both community and hospital settings.⁶ In addition, the emergence of resistance among enterococci and other healthcare-associated pathogens further complicates treatment strategies and underscores the evolving nature of the AMR crisis.
The burden of AMR extends beyond microbiological resistance patterns and has significant implications for patient outcomes and healthcare systems. Global estimates indicate that bacterial antimicrobial resistance was associated with approximately 4.95 million deaths in 2019, including 1.27 million deaths directly attributable to resistant infections.¹⁹ The impact is particularly pronounced in low- and middle-income countries, where limited access to effective antimicrobial therapy and diagnostic services may further worsen clinical outcomes. These findings highlight that AMR should not be viewed solely as a microbiological problem but as a broader public health emergency requiring coordinated national and international responses.
Several factors contribute to the continued growth of antimicrobial resistance in India. Inappropriate antibiotic prescribing, self-medication, over-the-counter availability of antimicrobial agents, inadequate infection prevention measures, and limited antimicrobial stewardship implementation remain important drivers of resistance.⁴˒²⁰ Additionally, environmental contamination, agricultural antimicrobial use, and insufficient surveillance capacity contribute to the complex epidemiology of AMR. The interaction of these factors creates substantial challenges for healthcare providers attempting to contain resistance and optimize antimicrobial utilization.
Another emerging concern is the growing gap between resistance patterns and the availability of effective therapeutic options. As resistance increases, clinicians are increasingly required to rely on expensive reserve antibiotics or combination therapies that may be associated with greater toxicity and uncertain effectiveness. This situation places additional strain on healthcare systems and emphasizes the importance of preserving existing antimicrobial agents through stewardship initiatives.¹⁸
The economic consequences of AMR are equally significant. Resistant infections often result in prolonged hospitalization, increased laboratory investigations, additional antimicrobial therapy, and higher overall treatment costs.²˒⁷ The resulting financial burden affects patients, healthcare institutions, and national healthcare systems. Consequently, addressing AMR is not only a clinical priority but also an economic necessity.
Despite these challenges, growing awareness of antimicrobial resistance has led to increased surveillance efforts, policy initiatives, and stewardship interventions throughout India.¹¹˒¹²˒¹⁶ Continued investment in antimicrobial stewardship programs, diagnostic infrastructure, infection prevention measures, and resistance surveillance systems will be essential for limiting the spread of resistant pathogens and ensuring the continued effectiveness of antimicrobial therapy. The future success of AMR containment strategies will depend on sustained collaboration among healthcare professionals, policymakers, researchers, and public health organizations.
STEWARDSHIP INTERVENTIONS AND THEIR IMPACT
Antimicrobial stewardship programs (AMS) are designed to optimize antimicrobial use while improving patient outcomes, reducing healthcare costs, and minimizing the development of antimicrobial resistance.⁸ The growing burden of AMR in India has accelerated interest in stewardship initiatives, particularly within tertiary care hospitals where antibiotic utilization is high and resistant infections are frequently encountered. Over the past decade, several Indian healthcare institutions have implemented stewardship interventions with encouraging results, demonstrating the feasibility and effectiveness of AMS in diverse clinical settings.¹³⁻¹⁷
Among the various stewardship strategies, prospective audit and feedback has emerged as one of the most effective and widely adopted interventions. This approach involves regular review of antimicrobial prescriptions by stewardship teams, followed by evidence-based recommendations to prescribing clinicians. The primary objective is to ensure that antimicrobial therapy remains appropriate with respect to drug selection, dosage, route of administration, and treatment duration.⁸˒¹³ Studies have demonstrated that audit and feedback can significantly improve antimicrobial prescribing practices while maintaining clinician autonomy and encouraging collaborative decision-making.
One of the landmark Indian studies evaluating stewardship effectiveness was conducted by Rupali et al., who assessed the impact of post-prescription review and feedback within intensive care units of a tertiary care hospital.¹³ The investigators reported improvements in antimicrobial utilization, enhanced de-escalation of therapy, and increased appropriateness of prescribing following implementation of stewardship interventions. Importantly, the study demonstrated that stewardship activities could be successfully integrated into routine clinical practice without adversely affecting patient outcomes. These findings provide strong evidence supporting the value of prospective review strategies in resource-limited healthcare settings.
Similarly, Verma et al. evaluated the implementation of an antimicrobial stewardship program in a tertiary trauma centre in North India.¹⁴ Their study demonstrated improvements in antimicrobial prescribing behaviour while simultaneously identifying practical challenges associated with stewardship implementation. The findings highlighted the importance of institutional support, multidisciplinary collaboration, and continuous monitoring in ensuring the long-term success of stewardship initiatives. The study further emphasized that stewardship programs must be adapted to local healthcare environments rather than relying solely on models developed in high-income countries.
Institutional antibiotic guidelines represent another important stewardship intervention. Clinical guidelines provide prescribers with evidence-based recommendations regarding antimicrobial selection, treatment duration, and management of common infectious diseases. When effectively implemented, these guidelines reduce variability in prescribing practices and encourage adherence to best-practice recommendations.¹² Hospitals that have integrated guideline-based prescribing into stewardship activities have generally reported improvements in antimicrobial appropriateness and greater consistency in clinical decision-making.
Formulary restriction and antimicrobial preauthorization are additional strategies frequently incorporated into stewardship programs. These interventions aim to limit unnecessary use of selected broad-spectrum or reserve antimicrobial agents by requiring approval prior to prescription.⁸ Although formulary restriction may initially be perceived as limiting clinician autonomy, studies have demonstrated that such approaches can effectively reduce inappropriate utilization of high-risk antimicrobials while preserving therapeutic effectiveness. When combined with clinician education and audit mechanisms, formulary management can contribute substantially to stewardship success.
Another important component of contemporary stewardship programs is diagnostic stewardship. The concept emphasizes appropriate utilization of microbiological testing to support evidence-based antimicrobial decision-making. Timely culture and susceptibility testing facilitate targeted therapy, reduce unnecessary exposure to broad-spectrum antibiotics, and improve opportunities for antimicrobial de-escalation. Despite its recognized value, diagnostic stewardship remains underutilized in many healthcare settings due to infrastructure limitations, delayed laboratory reporting, and resource constraints.¹¹˒¹² Strengthening diagnostic capabilities therefore remains an essential priority for maximizing the effectiveness of stewardship programs.
The contribution of clinical pharmacists to antimicrobial stewardship has received increasing recognition in recent years. Pharmacists play a vital role in reviewing antimicrobial prescriptions, identifying drug-related problems, optimizing dosage regimens, monitoring adverse drug reactions, and educating healthcare professionals regarding rational antimicrobial use.⁹ Several studies have demonstrated that pharmacist-led interventions can improve prescribing appropriateness, enhance compliance with institutional guidelines, and support antimicrobial optimization. As healthcare systems continue to evolve, pharmacist involvement is increasingly viewed as an indispensable component of successful multidisciplinary stewardship programs.
Stewardship interventions have also demonstrated important clinical and economic benefits. Optimized antimicrobial utilization may reduce unnecessary drug exposure, minimize adverse events, and lower the risk of selecting resistant organisms. Improved prescribing practices can contribute to shorter hospital stays, reduced healthcare expenditure, and more efficient use of healthcare resources.¹³˒¹⁴ Although the magnitude of these benefits may vary depending on institutional characteristics and implementation strategies, the overall direction of evidence strongly supports the positive impact of stewardship activities on healthcare quality and patient safety.
National initiatives have further strengthened stewardship efforts within India. The Indian Council of Medical Research (ICMR) has played a pivotal role in promoting stewardship through surveillance programs, capacity-building activities, institutional guidance, and implementation frameworks.¹¹˒¹⁶ These initiatives have encouraged hospitals to establish stewardship teams, develop antibiotic policies, and monitor antimicrobial consumption patterns. The increasing involvement of governmental organizations reflects growing recognition that stewardship must be integrated into broader national strategies for combating antimicrobial resistance.
Despite substantial progress, stewardship implementation remains heterogeneous across healthcare institutions. Some hospitals have developed mature and sustainable stewardship programs, whereas others continue to struggle with limited infrastructure, workforce shortages, financial constraints, and competing clinical priorities.¹⁶˒¹⁷ Nevertheless, the available evidence consistently indicates that stewardship interventions are both feasible and beneficial within Indian healthcare settings. Continued investment in stewardship infrastructure, multidisciplinary collaboration, and healthcare professional education will be essential for expanding the reach and effectiveness of these programs.
Overall, antimicrobial stewardship interventions have demonstrated considerable potential to improve prescribing practices, support rational antimicrobial use, and mitigate the growing threat of antimicrobial resistance. The collective evidence from Indian healthcare institutions underscores the importance of stewardship as a fundamental component of quality healthcare delivery and highlights its critical role in safeguarding the effectiveness of antimicrobial therapy for future generations.

ROLE OF CLINICAL PHARMACISTS IN ANTIMICROBIAL STEWARDSHIP
The increasing complexity of antimicrobial therapy and the growing burden of antimicrobial resistance have reinforced the need for multidisciplinary approaches to antimicrobial stewardship. Among the healthcare professionals involved in stewardship activities, clinical pharmacists have emerged as key contributors to optimizing antimicrobial use and improving patient outcomes. Their expertise in pharmacotherapy, medication management, and evidence-based prescribing places them in a unique position to support stewardship initiatives and promote rational antimicrobial utilization.⁸˒⁹
Traditionally, antimicrobial prescribing decisions were primarily driven by physicians and infectious disease specialists. However, contemporary stewardship models increasingly recognize the value of clinical pharmacists as integral members of multidisciplinary antimicrobial stewardship teams. Pharmacists contribute to stewardship programs through medication review, assessment of antimicrobial appropriateness, dosage optimization, therapeutic drug monitoring, identification of drug-drug interactions, adverse drug reaction monitoring, and promotion of evidence-based prescribing practices.⁸˒⁹ These responsibilities enable pharmacists to play an active role in ensuring that antimicrobial therapy remains safe, effective, and aligned with stewardship principles.
One of the most important contributions of clinical pharmacists is the review of antimicrobial prescriptions. Through systematic evaluation of medication orders, pharmacists can identify inappropriate antimicrobial selection, excessive treatment duration, incorrect dosing regimens, unnecessary duplication of therapy, and opportunities for antimicrobial de-escalation. Early identification of these issues allows timely intervention and helps prevent unnecessary antimicrobial exposure. Studies evaluating pharmacist-led stewardship interventions have demonstrated improvements in prescribing appropriateness and enhanced compliance with institutional treatment guidelines.⁹˒¹³
Dose optimization represents another critical area in which pharmacists contribute significantly to stewardship activities. Appropriate antimicrobial dosing is essential for achieving therapeutic success while minimizing toxicity and reducing the risk of resistance development. Patients with renal impairment, hepatic dysfunction, obesity, critical illness, or altered pharmacokinetic profiles often require individualized dosage adjustments. Clinical pharmacists possess specialized knowledge that enables them to optimize dosing strategies and ensure that antimicrobial therapy achieves desired therapeutic targets without compromising patient safety.
Therapeutic drug monitoring (TDM) further illustrates the important role of pharmacists in antimicrobial stewardship. Several antimicrobial agents, including vancomycin and aminoglycosides, require close monitoring to balance efficacy and toxicity. Pharmacist involvement in TDM programs facilitates appropriate dose adjustment, improves attainment of therapeutic concentrations, and reduces the risk of adverse drug reactions. Such interventions contribute to improved patient outcomes while supporting stewardship goals related to antimicrobial optimization.
Clinical pharmacists also play a vital role in antimicrobial education and awareness. Education of healthcare professionals is a recognized component of successful stewardship programs and contributes to sustainable improvements in prescribing behaviour. Pharmacists frequently participate in educational activities, guideline development, academic detailing, and feedback sessions designed to promote rational antimicrobial use. Through these initiatives, pharmacists help increase awareness regarding resistance patterns, antimicrobial selection, treatment duration, and stewardship principles among prescribers and other healthcare professionals.
Participation in prospective audit and feedback programs represents another important stewardship function performed by pharmacists. During these activities, pharmacists collaborate with physicians, microbiologists, and infectious disease specialists to review ongoing antimicrobial therapy and provide evidence-based recommendations. Such multidisciplinary collaboration promotes more informed prescribing decisions and strengthens stewardship implementation across healthcare settings.¹³˒¹⁴
In addition to clinical responsibilities, pharmacists contribute to stewardship through surveillance and quality improvement activities. Monitoring antimicrobial consumption, evaluating prescribing trends, analyzing resistance patterns, and assessing compliance with institutional policies are important stewardship functions that support continuous program evaluation and improvement. These activities generate valuable data that can be used to identify areas requiring intervention and guide institutional antimicrobial policies.
Despite their demonstrated value, several barriers continue to limit pharmacist involvement in antimicrobial stewardship programs within India. Workforce shortages, limited clinical pharmacy infrastructure, inadequate specialized training, and restricted integration into multidisciplinary clinical teams remain important challenges. In many healthcare institutions, pharmacists continue to be primarily involved in dispensing functions rather than direct patient care activities. Expanding opportunities for advanced clinical pharmacy practice and strengthening stewardship-focused training programs may help address these limitations and maximize pharmacist contributions to stewardship efforts.
The future role of clinical pharmacists in antimicrobial stewardship is likely to expand further as healthcare systems increasingly emphasize multidisciplinary patient care and evidence-based antimicrobial management. Integration of pharmacists into stewardship teams can improve prescribing quality, support antimicrobial optimization, enhance patient safety, and strengthen institutional stewardship capacity. As antimicrobial resistance continues to evolve, the involvement of skilled clinical pharmacists will remain essential for ensuring the success and sustainability of antimicrobial stewardship programs.
Overall, clinical pharmacists represent a valuable and underutilized resource within antimicrobial stewardship programs. Their expertise in pharmacotherapy, medication safety, therapeutic monitoring, and healthcare professional education enables them to make meaningful contributions to antimicrobial optimization and resistance containment. Strengthening the role of pharmacists within stewardship frameworks should therefore be considered a priority for healthcare institutions seeking to improve antimicrobial utilization and combat the growing threat of antimicrobial resistance.
BARRIERS TO EFFECTIVE ANTIMICROBIAL STEWARDSHIP IMPLEMENTATION
Despite increasing recognition of antimicrobial stewardship as a critical strategy for combating antimicrobial resistance, the implementation of antimicrobial stewardship programs (AMS) remains inconsistent across many Indian healthcare institutions. While several tertiary care hospitals have successfully established stewardship frameworks, numerous barriers continue to hinder widespread adoption and long-term sustainability of stewardship interventions. Understanding these challenges is essential for developing practical and effective strategies that can strengthen stewardship implementation across diverse healthcare settings.¹¹˒¹²˒¹⁶
One of the most significant barriers is the lack of adequate diagnostic infrastructure. Effective antimicrobial stewardship relies heavily on timely microbiological identification and antimicrobial susceptibility testing to support evidence-based treatment decisions. However, many healthcare institutions continue to face limitations in laboratory capacity, availability of advanced diagnostic technologies, and delayed turnaround times for microbiological reports.¹¹˒²3 Delays in obtaining diagnostic results frequently encourage clinicians to initiate or continue empirical broad-spectrum antimicrobial therapy, thereby reducing opportunities for targeted treatment and antimicrobial de-escalation. Consequently, strengthening diagnostic stewardship must be considered a fundamental component of stewardship development.
Limited availability of trained healthcare professionals represents another major challenge. Successful stewardship programs require collaboration among infectious disease physicians, microbiologists, clinical pharmacists, infection control specialists, and hospital administrators.⁸˒¹² However, shortages of trained personnel remain common in many healthcare settings, particularly outside large academic institutions. In several hospitals, stewardship responsibilities are assigned in addition to existing clinical duties, limiting the time and resources available for effective program implementation. The absence of dedicated stewardship teams can significantly reduce the consistency and effectiveness of stewardship activities.
Financial constraints also contribute substantially to implementation difficulties. Establishing and maintaining stewardship programs often requires investment in microbiology laboratories, surveillance systems, information technology infrastructure, workforce training, and dedicated personnel.²4 Although the long-term economic benefits of stewardship programs have been well documented, healthcare administrators may be reluctant to allocate resources toward stewardship initiatives when immediate financial returns are not readily apparent. This challenge is particularly relevant in resource-constrained healthcare environments where competing priorities frequently influence institutional decision-making.
Prescriber-related barriers have also been identified as important obstacles to stewardship success. Some clinicians may perceive stewardship recommendations as restrictions on clinical autonomy or may be hesitant to modify established prescribing practices.¹⁴˒²5 Concerns regarding treatment failure, uncertainty about local resistance patterns, and fear of adverse patient outcomes can contribute to reluctance in adopting stewardship recommendations. Furthermore, variations in clinical training, professional experience, and familiarity with stewardship principles may influence prescribing behaviour and compliance with institutional guidelines.
Inadequate awareness and education regarding antimicrobial stewardship remain persistent challenges. Although awareness of antimicrobial resistance has increased substantially in recent years, knowledge gaps regarding appropriate antimicrobial use continue to exist among healthcare professionals.²⁰ Continuous professional education, stewardship-focused training programs, and regular feedback mechanisms are essential for promoting evidence-based prescribing and improving compliance with stewardship recommendations. Educational interventions have consistently been identified as key components of successful stewardship programs and should be integrated into institutional quality improvement initiatives.
The absence of standardized stewardship policies and monitoring systems further contributes to variability in implementation. While national organizations such as the Indian Council of Medical Research (ICMR) and the National Centre for Disease Control (NCDC) have developed stewardship frameworks and guidance documents, adoption remains inconsistent across healthcare institutions.¹¹˒¹² Some hospitals possess well-established stewardship programs with routine audits and antimicrobial utilization monitoring, whereas others lack formal stewardship structures altogether. This heterogeneity limits the ability to evaluate stewardship performance and compare outcomes across institutions.
Another emerging challenge is the increasing complexity of antimicrobial resistance itself. The rapid evolution of multidrug-resistant organisms, carbapenem-resistant pathogens, and other highly resistant microorganisms has created situations in which treatment options are increasingly limited.¹⁷˒¹⁹ Clinicians managing severe infections often face difficult therapeutic decisions, particularly when local resistance patterns are uncertain or effective alternatives are unavailable. These circumstances can complicate stewardship implementation and reinforce reliance on broad-spectrum antimicrobial agents.
Healthcare infrastructure disparities across India further influence stewardship effectiveness. Large academic and tertiary care centres often possess greater access to microbiological services, specialist expertise, and stewardship resources compared with smaller healthcare facilities.¹⁶˒²3 As a result, stewardship implementation varies considerably between institutions, creating unequal opportunities for optimizing antimicrobial use and controlling resistance. Addressing these disparities will require coordinated national efforts, resource allocation, and capacity-building initiatives that support stewardship development across all levels of healthcare delivery.
The integration of clinical pharmacists into stewardship programs also remains inconsistent despite growing evidence supporting their effectiveness. Many healthcare institutions continue to underutilize pharmacists in direct patient care and stewardship activities, limiting opportunities for medication optimization and multidisciplinary collaboration. Expanding clinical pharmacy services and stewardship-specific training programs could significantly strengthen stewardship capacity while improving antimicrobial utilization.
Overcoming these barriers requires a comprehensive and multifaceted approach involving healthcare institutions, policymakers, professional organizations, and public health agencies. Strengthening diagnostic capabilities, investing in workforce development, promoting stewardship education, establishing standardized monitoring systems, and enhancing institutional commitment are essential steps toward improving stewardship implementation. Addressing these challenges will be critical for ensuring the long-term success of antimicrobial 

CONCLUSION
Antimicrobial resistance represents one of the most significant challenges confronting modern healthcare systems and poses a substantial threat to patient safety, healthcare quality, and sustainable infectious disease management. India, as one of the world's largest consumers of antimicrobial agents, faces unique challenges related to antimicrobial utilization, resistance surveillance, healthcare infrastructure, and stewardship implementation. The growing prevalence of multidrug-resistant pathogens underscores the urgent need for coordinated interventions aimed at preserving the effectiveness of existing antimicrobial therapies.
This review highlights the critical role of antimicrobial stewardship programs in promoting rational antimicrobial use, improving prescribing practices, supporting evidence-based clinical decision-making, and mitigating the emergence and spread of antimicrobial resistance. Available evidence suggests that stewardship interventions such as prospective audit and feedback, antimicrobial restriction policies, guideline-based prescribing, diagnostic stewardship, and multidisciplinary collaboration can significantly improve antimicrobial utilization and contribute to better patient outcomes.
Clinical pharmacists have emerged as valuable members of antimicrobial stewardship teams through their contributions to medication optimization, therapeutic monitoring, antimicrobial review, and healthcare professional education. Their increasing involvement reflects the importance of multidisciplinary approaches in achieving sustainable stewardship outcomes and strengthening healthcare delivery.
Despite encouraging progress, several barriers continue to limit the widespread implementation of stewardship programs across Indian healthcare institutions. Challenges related to diagnostic capacity, workforce availability, infrastructure limitations, financial constraints, and variability in institutional commitment must be addressed to ensure long-term stewardship success. Strengthening surveillance systems, expanding stewardship training, integrating digital health technologies, and promoting national policy support will be essential for enhancing stewardship effectiveness in the future.
Ultimately, antimicrobial stewardship should be viewed not merely as a strategy for controlling antibiotic use but as an integral component of healthcare quality improvement and patient safety. Sustained investment in stewardship infrastructure, multidisciplinary collaboration, research, and public health initiatives will be critical for preserving antimicrobial effectiveness and combating the growing threat of antimicrobial resistance. By strengthening stewardship practices across healthcare settings, India can make substantial progress toward safeguarding the effectiveness of antimicrobial therapy for future generations.
stewardship programs and mitigating the growing threat of antimicrobial resistance in India.
FUTURE DIRECTIONS AND POLICY IMPLICATIONS
The growing burden of antimicrobial resistance (AMR) necessitates a coordinated and sustainable approach to antimicrobial stewardship across all levels of healthcare delivery. Although considerable progress has been made in strengthening antimicrobial stewardship programs (AMS) within Indian healthcare institutions, substantial opportunities remain for further development, expansion, and integration of stewardship principles into routine clinical practice. Future efforts should focus not only on optimizing antimicrobial prescribing but also on strengthening healthcare infrastructure, surveillance systems, workforce capacity, and national policy implementation.¹¹˒¹²
One of the most important priorities for the future is the expansion of antimicrobial stewardship programs beyond tertiary care hospitals. While many academic medical centres have established stewardship initiatives, implementation remains limited in secondary care facilities, district hospitals, and rural healthcare settings.¹⁶ Expanding stewardship capacity across all levels of healthcare delivery would promote more uniform antimicrobial prescribing practices and strengthen national efforts to contain antimicrobial resistance. Development of scalable stewardship models adapted to resource-constrained settings may facilitate broader implementation and improve healthcare equity.
Strengthening diagnostic stewardship should also be considered a critical priority. Rapid and accurate microbiological diagnosis is essential for guiding targeted antimicrobial therapy and reducing unnecessary use of broad-spectrum antibiotics.¹¹˒²¹ Investment in laboratory infrastructure, molecular diagnostic technologies, and improved reporting systems would enhance clinical decision-making and support more effective stewardship interventions. Increased availability of rapid diagnostic tools may also facilitate earlier identification of resistant pathogens and improve opportunities for antimicrobial de-escalation.
Digital health technologies offer significant opportunities for advancing antimicrobial stewardship. Electronic prescribing systems, clinical decision-support tools, antimicrobial utilization dashboards, and integrated surveillance platforms can improve monitoring of prescribing practices and facilitate real-time stewardship interventions.²6 Several healthcare systems worldwide have demonstrated the value of digital stewardship solutions in improving compliance with treatment guidelines and optimizing antimicrobial use. Adoption of similar technologies within Indian healthcare institutions could substantially enhance stewardship efficiency and data-driven decision-making.
Education and workforce development will remain central to the long-term success of antimicrobial stewardship programs. Comprehensive stewardship training should be incorporated into undergraduate and postgraduate curricula for physicians, pharmacists, nurses, microbiologists, and other healthcare professionals.²7 Continuous professional development initiatives can further strengthen knowledge regarding antimicrobial prescribing, resistance mechanisms, and stewardship principles. Increased awareness among healthcare professionals is likely to improve adherence to evidence-based prescribing practices and promote a culture of responsible antimicrobial use.
The role of clinical pharmacists in stewardship programs should continue to expand. As healthcare systems increasingly recognize the value of multidisciplinary care, pharmacists are expected to assume greater responsibility in antimicrobial optimization, therapeutic drug monitoring, adverse drug reaction surveillance, and stewardship education.⁹ Enhanced integration of clinical pharmacists into stewardship teams may improve prescribing quality while supporting sustainable stewardship implementation across healthcare settings.
National policy support will be essential for ensuring long-term stewardship success. Government agencies, regulatory authorities, and professional organizations should continue to strengthen antimicrobial stewardship frameworks through the development of standardized guidelines, accreditation requirements, and performance indicators.¹¹˒¹² Greater alignment between stewardship initiatives and national health policies may facilitate more consistent implementation across institutions and improve accountability regarding antimicrobial utilization.
Surveillance systems must also continue to evolve in response to changing resistance patterns. The Indian Council of Medical Research (ICMR) Antimicrobial Resistance Surveillance and Research Network has already demonstrated the value of coordinated national surveillance efforts.¹⁶ Future initiatives should focus on expanding surveillance coverage, improving data quality, and integrating antimicrobial consumption monitoring with resistance surveillance. Such systems would provide valuable evidence for policy development and support more targeted stewardship interventions.
Research priorities should extend beyond antimicrobial consumption and resistance surveillance to include long-term clinical outcomes, economic evaluations, implementation science, and behavioural determinants of prescribing practices. Many existing studies have focused on short-term stewardship outcomes; however, greater understanding of sustainability, cost-effectiveness, and patient-centred outcomes is required.²² Future multicentre studies may provide stronger evidence regarding the most effective stewardship models for different healthcare environments.
Public awareness and community engagement should also be incorporated into national antimicrobial resistance strategies. Inappropriate antimicrobial use is not limited to hospitals and frequently occurs in community settings through self-medication, incomplete treatment courses, and misuse of antibiotics for viral infections.²⁰ Public health campaigns promoting responsible antimicrobial use can complement hospital-based stewardship programs and contribute to broader resistance containment efforts.
Ultimately, the future success of antimicrobial stewardship in India will depend upon sustained collaboration among healthcare professionals, policymakers, researchers, public health agencies, and educational institutions. A comprehensive approach that combines stewardship implementation, surveillance, diagnostic capacity strengthening, workforce development, and policy support is essential for preserving antimicrobial effectiveness and protecting future generations from the growing threat of antimicrobial resistance.¹˒²˒¹¹
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