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Abstract 

With the World Health Organization (WHO) identifying AMR as a pivotal concern, collaborative efforts among healthcare 

stakeholders are imperative to mitigate its multifaceted drivers. Pharmacists, occupying a central position within the 

healthcare framework, play a pivotal role in antimicrobial stewardship programs (ASPs), ensuring the judicious use of 

antimicrobial drugs. Through proactive audits, medication reviews, and adherence to evidence-based guidelines, 

pharmacists contribute significantly to curbing the rise and spread of antimicrobial resistance. Moreover, they serve as 

educators, imparting crucial insights to patients on the prudent utilization of antibiotics and the importance of treatment 

adherence. By emphasizing the perils of antibiotic resistance and advocating for responsible antibiotic usage, pharmacists 

contribute to reducing unnecessary antibiotic consumption and mitigating the emergence of resistant strains. In addition 

to their roles in antimicrobial stewardship and patient education, pharmacists actively engage in infection prevention and 

control measures within healthcare settings. Collaborating closely with infection control teams, pharmacists promote 

rigorous hand hygiene practices, advocate for adherence to infection control guidelines, and monitor antimicrobial 

utilization patterns to identify areas for improvement. Furthermore, pharmacists play a pivotal role in advocating for 

policies and initiatives targeting AMR across various levels, including local, national, and international spheres. Their 

involvement in public health campaigns, legislative actions, and research endeavors underscores their commitment to 

mitigating AMR and safeguarding the efficacy of antimicrobial agents. Technological innovations further empower 

pharmacists in their efforts to combat AMR. From electronic health records (EHR) to artificial intelligence (AI) and 

machine learning (ML) algorithms, pharmacists leverage cutting-edge technologies to monitor antimicrobial consumption 

accurately, enhance adherence to clinical guidelines, and streamline communication across healthcare teams. Despite 

facing challenges such as limited authority and resource constraints, pharmacists' contributions in mitigating AMR remain 

indispensable. By strengthening policy frameworks, fostering interdisciplinary collaboration, and leveraging 

technological innovations, pharmacists can continue to lead efforts in combatting AMR and preserving the efficacy of 

antimicrobial agents for future generations. 
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1. Introduction 

Antimicrobial resistance (AMR) constitutes a major 

global health threat, undermining the effectiveness of 

antibiotics, which are essential for combating bacterial 

infections. The World Health Organization (WHO) has 

identified AMR as a pivotal concern, jeopardizing the 

successful prevention and treatment of a growing 

spectrum of infections across bacterial, parasitic, viral, 

and fungal pathogens (1). AMR emerges as a result of 

microorganisms, such as bacteria, fungi, viruses, and 

parasites, undergoing changes that diminish the 

effectiveness of medications intended to treat the 

infections they provoke. Key contributors to the 

escalation of AMR encompass the excessive 

prescription of antimicrobials, insufficient patient 

adherence to treatment protocols, inappropriate 
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utilization of antibiotics within agriculture, and subpar 

infection control measures. The repercussions are severe 

and far-reaching, spanning prolonged illnesses, 

heightened healthcare expenses, elevated mortality 

rates, and a mounting global burden of treatment 

inadequacy (2). AMR presents a significant public health 

challenge by undermining the efficacy of antimicrobial 

agents, thereby restricting treatment modalities for 

infectious diseases. 

As microorganisms evolve resistance mechanisms, the 

effectiveness of commonly utilized antibiotics, 

antifungals, antivirals, and antiparasitic drugs 

diminishes, resulting in prolonged illnesses, escalated 

healthcare expenditures, and heightened mortality rates. 

The ramifications of AMR transcend individual patient 

outcomes to burden healthcare systems and economies 

on a global scale. Immediate and concerted efforts are 

imperative to mitigate the multifaceted drivers of AMR, 

encompassing the inappropriate utilization of 

antimicrobials in both human and veterinary medicine, 

alongside insufficient infection prevention and control 

strategies (3). Efforts aimed at tackling AMR necessitate 

collaborative endeavors among healthcare practitioners, 

policymakers, researchers, and the general populace to 

enforce judicious antimicrobial stewardship measures, 

advocate for rational pharmaceutical consumption, and 

foster innovation in treatment modalities. The absence of 

a comprehensive approach to addressing AMR not only 

undermines the advancements achieved in contemporary 

medicine but also poses a significant challenge to the 

effective management of infectious ailments in 

forthcoming times (4). 

 

1.1 Evolving Role of Pharmacists: 

Pharmacists occupy a central role in combating AMR 

owing to their distinctive position within the healthcare 

framework. Traditionally acknowledged as authorities in 

medication, pharmacists have broadened their 

professional purview to encompass multifaceted 

responsibilities, spanning medication oversight, patient 

instruction, and advocacy for public health. In the 

context of AMR, pharmacists emerge as indispensable 

constituents of interdisciplinary healthcare cohorts, 

leveraging their specialized knowledge to enhance the 

utilization of antimicrobials and advocate for prudent 

prescription practices (5).  Pharmacists contribute 

significantly to several critical aspects related to 

mitigating AMR Error! Reference source not found.. 

Antimicrobial Stewardship: 

Pharmacists are key players in antimicrobial stewardship 

programs (ASPs), working closely with other healthcare 

providers to ensure the appropriate use of antimicrobial 

drugs. They employ strategies like limiting certain 

antimicrobials on formularies, requiring 

preauthorization for their use, and conducting proactive 

audits with feedback loops. Through comprehensive 

medication reviews and adherence to evidence-based 

guidelines, pharmacists help curb the rise and spread of 

antimicrobial resistance (6). 

Patient Education and Counseling: 

In inpatient education and counseling, pharmacists 

assume a pivotal role in instructing patients on the 

correct utilization of antibiotics and the significance of 

adhering to the prescribed treatment regimen. They offer 

insights into the perils of antibiotic resistance, stressing 

the imperative nature of treatment adherence and the 

mitigation of unnecessary antibiotic consumption. 

Additionally, pharmacists educate patients on the 

optimal handling of prevalent infections, encompassing 

non-pharmacological interventions and strategies for 

symptom management (7). 

Infection Prevention and Control: 

Pharmacists play a crucial role in bolstering infection 

prevention and control measures within healthcare 

settings. Their contributions encompass the promotion 

of hand hygiene, the establishment of rigorous 

environmental cleaning protocols, and the active 

advocacy for adherence to infection control guidelines. 

Collaborating closely with infection control teams, 

pharmacists engage in the systematic monitoring of 

antimicrobial utilization patterns, pinpointing areas ripe 

for enhancement, and deploying tailored interventions 

aimed at mitigating the prevalence of healthcare-

associated infections and the emergence of 

antimicrobial-resistant strains (8). 

Public Health Advocacy: 

Pharmacists actively participate in advocating for 

policies and initiatives targeting AMR across local, 

national, and international spheres. Their involvement 

spans public health campaigns aimed at promoting 

responsible antibiotic usage, antimicrobial stewardship, 

and infection control. Moreover, pharmacists collaborate 

with governmental and non-governmental entities to 

endorse legislative actions, research endeavors, and 

educational schemes focused on mitigating AMR and 

safeguarding the efficacy of antimicrobial agents (6). 
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Figure 1: The multifaceted contributions of pharmacists in combatting antimicrobial resistance (AMR). 

 

1.2 Purpose and Scope of the Review: 

This review endeavors to offer a thorough examination 

of the dynamic involvement of pharmacists in 

combating AMR, with a particular emphasis on their role 

in antimicrobial stewardship, patient education, 

infection prevention and control, and advocacy for 

public health. The review encompasses an analysis of the 

multifaceted contributions of pharmacists within these 

domains. 

Pharmacist-led interventions:  This section delves into 

targeted interventions orchestrated by pharmacists 

aimed at promoting responsible antimicrobial use and 

attenuating AMR. 

Interdisciplinary collaboration:  Here, we scrutinize the 

integral role pharmacists play within interdisciplinary 

healthcare teams, underscoring their collaborative 

efforts to refine antimicrobial therapy and bolster 

infection prevention strategies. 

Global perspectives:  An assessment of global initiatives 

and policy frameworks that engage pharmacists in AMR 

mitigation efforts, with an emphasis on identifying 

effective practices and extracting lessons from diverse 

international contexts. 

Technological innovations: This analysis highlights 

cutting-edge technological solutions that empower 

pharmacists to monitor antimicrobial consumption 

accurately, enhance adherence to clinical guidelines, and 

streamline communication across healthcare teams (5). 

 

2. Innovative Practices in Antimicrobial Stewardship 

Antimicrobial stewardship programs play a critical role 

in addressing the escalating challenge posed by AMR. 

Cutting-edge strategies within antimicrobial 

stewardship capitalize on technological progress, point-

of-care testing, and personalized medicine 

methodologies to refine antimicrobial prescription 

practices, improve diagnostic precision, and counteract 

the proliferation of antimicrobial resistance (9). 

Technological progressions, such as the implementation 

of electronic health record (EHR) systems and the 

integration of clinical decision support systems (CDSS), 

facilitate instantaneous surveillance of antibiotic 

utilization and furnish evidence-grounded guidance for 

antimicrobial prescription practices (10). Point-of-care 

testing (POCT) provides swift diagnostic options for 

informing antimicrobial prescription choices, while 

personalized medicine strategies customize 

antimicrobial treatments according to individual patient 

attributes, thereby enhancing treatment efficacy and 

mitigating adverse effects and antimicrobial resistance. 

These novel methodologies hold significant promise in 

enhancing patient outcomes and addressing the 

pervasive challenge of multidrug-resistant infections on 

a global scale (11). 

 

2.1 Technological Advancements: 

Technological innovations have significantly 

transformed antimicrobial stewardship, providing 

advanced tools that optimize antimicrobial prescribing 

and enhance surveillance capabilities. These 

technological solutions include a variety of sophisticated 

systems that support healthcare professionals in 

addressing AMR. Notably, the integration of EHRs with 

antimicrobial stewardship applications enables the real-

time monitoring of antibiotic use. This integration 

facilitates more precise and timely interventions, 

promoting the judicious use of antimicrobials and 

potentially mitigating the progression of AMR (12). 

These are the following technologies that are utilized for 

Antimicrobial Stewardship Table 1. Integration of 

antimicrobial stewardship tools into EHRs supports real-

time surveillance of antibiotic prescribing patterns. This 

functionality is critical for promptly identifying 

deviations from recommended prescribing practices. By 

enabling such immediate oversight, EHR-integrated 

stewardship tools empower healthcare providers to 

implement precise, evidence-based interventions, thus 

enhancing the appropriateness of antibiotic usage (13). 

Clinical Decision Support Systems (CDSS) represent a 

pivotal advancement in the field of antimicrobial 
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stewardship through their integration of algorithm-

driven analyses and data analytics. These systems 

meticulously process patient-specific data to furnish 

clinicians with evidence-based recommendations 

tailored to optimize antimicrobial prescribing practices 

(14). CDSS incorporates patient-specific variables, 

including age, comorbidities, and microbiological 

profiles, to facilitate informed clinical decision-making 

at the point of care. Additionally, CDSS enhances 

adherence to antimicrobial stewardship programs by 

aligning prescribing practices with established best 

practices and adapting to evolving patterns of 

antimicrobial resistance (15). 

Advancements in Antimicrobial Susceptibility Testing 

(AST) have been significantly fortified by the 

integration of next-generation sequencing (NGS) 

technologies and automated AST systems. These 

innovative methodologies facilitate the expeditious 

identification of microbial pathogens and the assessment 

of their susceptibility to antimicrobial agents. Utilizing 

high-throughput sequencing coupled with sophisticated 

automated analytical algorithms, contemporary AST 

platforms equip healthcare professionals with precise 

and timely data critical for the formulation of effective 

antimicrobial therapies. This strategic application of 

tailored antimicrobial regimens, informed by the 

specific resistance profiles of the pathogens, plays a 

crucial role in curbing the emergence of antimicrobial 

resistance and enhancing patient treatment outcomes 

(16). 

Matrix-assisted laser desorption/ionization time-of-

flight mass spectrometry (MALDI-TOF MS) has 

emerged as a pivotal technology in clinical 

microbiology, facilitating the rapid identification of 

pathogens directly from clinical samples. By analyzing 

distinct protein spectra unique to various bacteria and 

fungi, MALDI-TOF MS enables precise organism 

identification (17). The expediency and accuracy of this 

method significantly shorten the duration required for 

microbial identification compared to conventional 

culturing techniques. Such prompt identification of 

pathogens is crucial, as it allows for the timely 

administration of targeted antimicrobial therapies, 

thereby improving patient outcomes. Moreover, this 

accelerated identification process reduces the reliance on 

broad-spectrum antibiotics, helping to combat antibiotic 

resistance by promoting the use of more specific 

treatments (18). 

Using pharmacokinetic/pharmacodynamic (PK/PD) 

modeling within antimicrobial stewardship has emerged 

as a promising approach. These models help forecast 

how effective antibiotics will be in different parts of the 

body, considering factors like the organism's 

susceptibility, the drug's concentration over time, and the 

patient's characteristics. They're especially valuable in 

critical care settings, where getting the right dose of 

antibiotics quickly can make a life-or-death difference. 

By incorporating PK/PD models into stewardship 

programs, doctors can fine-tune dosing strategies to 

maximize effectiveness while minimizing the risks of 

toxicity and resistance (19). 

Incorporating artificial intelligence (AI) and machine 

learning (ML) algorithms into antimicrobial stewardship 

is an emerging field with promising applications. These 

technologies leverage extensive datasets encompassing 

factors such as drug resistance patterns, patient 

characteristics, and clinical outcomes to predict optimal 

antimicrobial therapies. Moreover, they can anticipate 

forthcoming resistance trends, facilitating proactive 

stewardship interventions. Through iterative learning 

from real-world data, these AI systems enhance their 

predictive precision over time, thereby establishing 

themselves as integral elements of contemporary 

antimicrobial stewardship paradigms (20). 

 

Table 1:  Summary of technological advancements in antimicrobial stewardship. 
Technology Description 

EHR Integration EHRs allow real-time monitoring of antibiotic prescriptions. 

Clinical Decision 

Support 

Algorithm-driven systems that process patient-specific data to provide evidence-based recommendations for 

optimizing antimicrobial prescribing practices. 

Next-Gen AST Integration of NGS and AST expedites pathogen identification and susceptibility assessment. 

MALDI-TOF MS Rapid technology for identifying pathogens directly from clinical samples based on unique protein spectra, 

reducing reliance on broad-spectrum antibiotics 

PK/PD Modeling Predictive modeling to optimize antibiotic dosing strategies, considering factors like drug concentration, 

susceptibility, and patient characteristics. 

AI and ML Integration of AI and ML algorithms for predicting optimal antimicrobial therapies and anticipating 

resistance trends. 

 

2.2   Point-of-Care Testing and Interventions: 

Point-of-care testing (POCT) has become a crucial 

aspect of antimicrobial stewardship programs, providing 

rapid diagnostic solutions for timely decision-making at 

the patient's bedside or in clinical settings. With the 

ability to deliver actionable results within minutes, 

POCT facilitates targeted antimicrobial therapy, reduces 

unnecessary antibiotic use, and optimizes patient 

management (21). This section explores the significance 

of POCT and its key interventions in greater detail. 

Rapid Diagnostic Tests (RDTs) represent a 

transformative advancement in the field of infectious 

disease diagnosis, offering timely results at the point of 

care. RDTs present a promising avenue for swiftly and 

precisely detecting infectious agents and assessing 

antimicrobial resistance (22). These tests, exemplified 

by those for influenza and urinary tract infections, enable 

swift identification of viral or bacterial pathogens, 

facilitating prompt initiation of targeted antimicrobial 

therapy by healthcare providers. Through the 

differentiation of bacterial and viral origins, RDTs 

contribute significantly to the reduction of antibiotic 

overuse for viral infections, thus safeguarding 

antimicrobial effectiveness and mitigating the 

emergence of antimicrobial resistance (23). 
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Biomarker-driven methodologies utilize distinct 

biomarkers like procalcitonin and C-reactive protein to 

assist clinicians in discerning between bacterial and non-

bacterial infections. Heightened concentrations of these 

biomarkers commonly signify bacterial infections, 

informing decisions regarding antimicrobial 

prescription. Through the integration of biomarker 

testing into clinical settings, practitioners can enhance 

the utilization of antibiotics, diminish unwarranted 

prescriptions, and mitigate the development of 

antimicrobial resistance (24). This precision-guided 

strategy aids in mitigating superfluous antibiotic 

administration for viral illnesses, thereby diminishing 

the probability of antimicrobial resistance emergence 

while concurrently enhancing patient care. 

Emerging POCT platforms, encompassing molecular 

diagnostics and biosensors, present unparalleled 

capacities for swift and precise pathogen and 

antimicrobial resistance marker detection. These 

cutting-edge technologies empower healthcare 

practitioners to promptly discern infectious agents and 

their resistance patterns, thereby enabling tailored 

antimicrobial treatments and well-informed clinical 

decisions. Through bolstering surveillance initiatives 

and guiding antimicrobial stewardship measures, novel 

POCT platforms serve as pivotal assets in the battle 

against antimicrobial resistance, ultimately augmenting 

patient prognoses (25). 

POCT heralds a transformative approach in diagnostic 

assessment, affording clinicians the ability to formulate 

real-time, evidence-driven decisions. Through its 

capacity to streamline targeted antimicrobial 

interventions, curtail superfluous antibiotic 

administration, and bolster surveillance methodologies, 

POCT emerges as a focal asset in advancing 

antimicrobial stewardship objectives and combatting the 

proliferation of antimicrobial resistance. 

 

2.3 Personalized Medicine: 

Personalized medicine has surfaced as a prospective 

avenue within antimicrobial stewardship, endeavoring to 

customize antimicrobial treatment according to 

individual patient attributes. By assimilating patient-

specific variables and genetic data into therapeutic 

determinations, personalized medicine strives to 

enhance treatment efficacy while mitigating adverse 

reactions and the emergence of antimicrobial resistance 

(26). 

Pharmacogenomics stands as a cornerstone in the realm 

of personalized medicine within antimicrobial 

stewardship, offering invaluable insights into how 

individual genetic variations impact drug metabolism 

and treatment response. Integrating pharmacogenomic 

data into antimicrobial stewardship programs empowers 

clinicians to tailor dosing regimens to match the unique 

genetic profiles of patients, thereby optimizing 

therapeutic outcomes while minimizing the risk of 

adverse drug reactions (27). This approach ensures that 

antibiotics are administered at doses most likely to be 

effective based on individual genetic characteristics, 

thus enhancing treatment efficacy and patient safety. For 

instance, variations in drug-metabolizing enzymes like 

cytochrome P450 can significantly influence the 

metabolism of certain antibiotics, necessitating dose 

adjustments to achieve optimal drug concentrations in 

the body. By harnessing pharmacogenomic information, 

clinicians can personalize antibiotic therapy to maximize 

efficacy while minimizing the potential for toxicity or 

treatment failure. Pharmacogenomics offers a promising 

avenue for individualizing antimicrobial therapy, 

representing a key component of personalized medicine 

in antimicrobial stewardship (28). 

Precision antibiotic therapy plays a pivotal role in the 

realm of personalized medicine within antimicrobial 

stewardship, providing a customized strategy for 

antibiotic treatment that takes into account unique 

patient attributes and the distinct traits of the infecting 

pathogen. This methodology strives to enhance 

treatment efficacy while mitigating adverse effects and 

the emergence of antimicrobial resistance (29). 

Fundamentally, precision antibiotic therapy entails the 

selection of antibiotics based on the susceptibility profile 

of the causative pathogen. Utilizing microbiological 

assessments, such as culture and sensitivity testing, 

enables the identification of the specific pathogen 

responsible for the infection and its susceptibility to 

various antibiotics. Armed with this information, 

clinicians can opt for antibiotics that exhibit the highest 

likelihood of efficacy against the infecting organism, 

thereby enhancing treatment effectiveness and 

diminishing the likelihood of treatment failure or the 

emergence of antimicrobial resistance (30). Precision 

antibiotic therapy considers specific patient 

characteristics that may impact antibiotic effectiveness 

and safety. Patients with impaired renal or hepatic 

function, for example, may require dosage changes to 

attain therapeutic medication levels without causing 

toxicity (31). Tailoring antibiotic therapy to the unique 

patient attributes and the specific traits of the infecting 

pathogen represents a pivotal advancement in medical 

precision. This approach optimizes antimicrobial 

stewardship endeavors by fostering prudent antibiotic 

administration and mitigating superfluous usage. 

Therapeutic Drug Monitoring (TDM) is an essential 

aspect of personalized medicine within antimicrobial 

stewardship, allowing for the customized adjustment of 

antimicrobial dosing regimens based on the analysis of 

drug concentrations in patient samples. Through the 

continuous monitoring of drug levels in the blood or 

other bodily fluids, TDM ensures that therapeutic 

concentrations are maintained to achieve the best 

possible treatment outcomes while minimizing the risk 

of toxicity or inadequate dosing. This personalized 

approach enables clinicians to tailor antimicrobial 

therapy to suit the specific needs of each patient, taking 

into account factors such as renal or hepatic function, 

drug interactions, and variations in drug metabolism. 

TDM plays a crucial role in optimizing treatment 

outcomes, especially in patients with altered 

pharmacokinetics or compromised organ function, 

where standard dosing regimens may not be sufficient or 

may increase the likelihood of adverse effects. By 

providing timely feedback on drug levels, TDM assists 

clinicians in making informed decisions regarding 

dosage adjustments, ultimately improving the 

effectiveness and safety of antimicrobial therapy while 
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reducing the development of antimicrobial resistance 

(26). 

 

3. Integration of Pharmacists in Interdisciplinary 

Teams 

In the fight against AMR, the involvement of 

pharmacists within interdisciplinary teams plays a 

pivotal role. AMR represents a formidable global health 

challenge wherein microorganisms such as bacteria, 

viruses, fungi, and parasites evolve to resist the effects 

of medications, rendering infections more difficult to 

manage and increasing the likelihood of disease 

transmission, severe health consequences, and fatalities 

(32). By incorporating pharmacists into the multifaceted 

approach to AMR mitigation, several significant 

advantages emerge. These include an enhancement in 

patient outcomes, stemming the proliferation of resistant 

strains, and generating substantial cost savings (33) (34). 

This integration capitalizes on the unique expertise of 

pharmacists, ensuring optimized medication 

management, adherence, and stewardship, thereby 

fortifying the arsenal against AMR. Furthermore, their 

involvement fosters collaborative decision-making 

processes within healthcare teams, promoting holistic 

patient care and bolstering antimicrobial stewardship 

initiatives. As pharmacists are ideally positioned at the 

frontline of healthcare delivery, their active engagement 

in combating AMR is indispensable, underscoring the 

imperative for their integration within interdisciplinary 

frameworks aimed at curbing this pressing public health 

threat (6). 

Pharmacists serve as integral pillars within healthcare 

teams, wielding significant influence in medication 

management and offering crucial guidance on the 

appropriate utilization of medicines (35). The education 

and training imparted to pharmacists possess the 

capacity to shape the conduct of fellow healthcare 

professionals and individuals seeking healthcare 

services (36), forming a multifaceted approach aimed at 

transforming practices and upholding the optimal 

utilization of antibiotics (37). Positioned strategically, 

pharmacists possess the capability to enhance 

comprehension regarding antibiotics and promote their 

prudent administration through direct engagement with 

community members (38) and within hospital settings 

(39). This direct interaction allows for personalized 

education on antibiotic usage, empowering individuals 

to make informed decisions regarding their healthcare 

needs. Additionally, within hospital environments, 

pharmacists contribute to antibiotic stewardship 

initiatives, working collaboratively with healthcare 

teams to optimize antibiotic prescribing practices and 

ensure the delivery of high-quality patient care (40). This 

underscores the pivotal role of pharmacists in 

championing the judicious use of antibiotics and 

underscores their significance in safeguarding public 

health against the threat of antimicrobial resistance. 

3.1 Case Studies Demonstrating Pharmacists' 

Crucial Role in Combatting Antimicrobial 

Resistance 

In both hospital and community settings, pharmacists 

occupy a pivotal role as key stakeholders in combatting 

AMR. Their involvement encompasses the 

implementation of diverse strategies aimed at mitigating 

this pressing public health concern. Many case studies 

have been conducted, delineating pharmacist importance 

in reducing or preventing AMR. These case studies 

provide valuable insights into the efficacy of different 

methodologies in reducing the incidence of AMR. A 

study conducted by Sakeena et al. delves into the 

pressing global issue of AMR and its disproportionate 

impact on developing countries. It underscores the 

pivotal role that healthcare workers, particularly 

pharmacists, can play in advocating for the appropriate 

use of antimicrobials to mitigate AMR. The objective of 

the study is to examine the involvement of pharmacists 

in guiding antibiotic usage and to explore avenues for 

bolstering their contributions to combat AMR in 

developing nations. 

Through a comprehensive search of various databases, 

including MEDLINE, EMBASE, Web of Science, and 

Google Scholar, the researchers scrutinized articles 

published between 2000 and August 2017. The key 

findings reveal a disparity in the extent of pharmacist 

involvement in patient care between developing and 

developed countries. While pharmacists in developed 

nations have expanded their roles, providing diverse 

services that lead to improved health outcomes and cost 

reductions, those in developing countries have more 

limited engagement. However, success stories from 

pharmacist-led initiatives in developed countries 

demonstrate the potential for appropriately trained 

pharmacists to play a significant role in addressing AMR 

globally. These pharmacists can educate patients on the 

proper use of antibiotics and offer guidance to healthcare 

colleagues regarding appropriate prescribing practices. 

In conclusion, the study underscores the importance of 

integrating well-trained pharmacists into the healthcare 

system of developing countries to mitigate inappropriate 

antibiotic use, thereby contributing positively to the 

global fight against AMR. Strengthening and enhancing 

the role of pharmacists in these settings holds promise 

for addressing this critical public health challenge (5). 

In Another study conducted by Yan Chan et al. explored 

the involvement of pharmacists in AMS and their 

attitudes toward AMR across various countries. Through 

a cross-sectional survey distributed via the 

Commonwealth Pharmacists' Association and related 

networks, data were gathered from 546 pharmacists 

representing 59 countries, with a significant portion 

from Africa, Asia, and Oceania. Findings revealed that 

pharmacists supplied an average of 46 antibiotic 

prescriptions per week, with 73% of these dispensed in 

response to a prescription. Notably, 60.2% of 

respondents admitted to dispensing antibiotics without a 

prescription at least once. Despite this, pharmacists 

demonstrated good knowledge of antibiotics and held 

positive beliefs about AMR. Interestingly, there was a 

positive correlation between knowledge of antibiotics 

and beliefs about AMR. Factors such as country income 

and work setting influenced these beliefs, with 

pharmacists from lower-income countries more likely to 

supply antibiotics without a prescription. Conversely, 

those with more positive attitudes towards AMR were 

less likely to do so. Overall, the study highlights the need 

for continued education and support for pharmacists 
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worldwide to strengthen their role in antimicrobial 

stewardship efforts and mitigate the global threat of 

AMR (41). 

Another study conducted by Ellis et al. aimed to evaluate 

the impact of pharmacist intervention on the 

appropriateness of antimicrobial prescribing within a 

geriatric psychiatric unit (GPU). Patients aged 18 and 

above who were prescribed oral antibiotics during GPU 

admission were included in the analysis. The study 

compared antimicrobial appropriateness before and after 

pharmacist intervention. During both the six-month pre- 

and post-intervention phases, 63 and 70 patients, 

respectively, were identified as prescribed antibiotics. 

The findings revealed that following the intervention, 

the post-intervention group had significantly fewer 

inappropriate doses for indication compared to the pre-

intervention group, as well as a significant decrease in 

antibiotics prescribed for an inappropriate duration. 

While there were no notable differences in the use of 

appropriate drugs for indication or appropriate doses for 

renal function between the groups, there was a 

significant increase in patients receiving medications 

with appropriate dose, duration, and indication post-

intervention. Overall, pharmacist intervention was 

associated with a notable reduction in inappropriate 

antimicrobial prescribing rates within the geriatric 

psychiatric unit (42). 

In another study performed by Nasr et al., they aimed to 

explore pharmacist-driven interventions in patients with 

COVID-19 and their impact on antimicrobial use, 

considering the potential for misuse exacerbating AMR. 

Using the Joanna Briggs Institute's manual framework 

for scoping reviews, the study identified eleven 

publications focusing on AMS interventions performed 

by pharmacists in COVID-19 patients. These 

interventions primarily included pharmacist-driven 

initiatives, guideline development, and medication 

supply coordination. Results indicated a reduction in 

antimicrobial use and prevention of adverse drug 

reactions, with pharmacist-led interventions garnering 

relatively high acceptance rates from physicians. 

Overall, pharmacists emerged as key players in 

combating AMR during the pandemic, with their 

interventions showing positive impacts on antimicrobial 

use and patient outcomes in COVID-19 cases (43). 

A study conducted by Qamariat et al. delved into the role 

of pharmacists in combating AMR in Saudi Arabia, a 

country grappling with the emergence of this issue. 

Employing a cross-sectional design, the study utilized an 

online questionnaire to gather insights into the enablers 

and barriers experienced by pharmacy personnel in 

addressing AMR, along with strategies to overcome 

these challenges. Among the 109 participants, the 

majority were female pharmacists with several years of 

work experience. Most participants reported having 

antimicrobial stewardship programs in place and were 

actively involved in managing infectious diseases during 

the COVID-19 pandemic. Findings revealed that 

pharmacists perceived preparatory tasks, education, and 

self-directed learning related to AMR as natural aspects 

of their role. However, they encountered various barriers 

such as insufficient education and training opportunities, 

limited time, and restricted access to educational 

resources. On the other hand, participants identified 

continuing professional development activities, funded 

educational programs, and accessible resources as key 

enablers to enhance their capacity to address AMR. The 

study concluded that addressing barriers to AMR 

management requires providing pharmacists with 

adequate time for self-directed learning, access to 

educational tools and resources, and opportunities for 

funded training programs to equip them with the 

necessary knowledge and skills (44). 

Another example of a study conducted by Rusic et al. 

aimed to assess the attitudes and knowledge of 

pharmacists and physicians regarding antimicrobial 

treatment and resistance, with a focus on identifying 

potential gaps and opportunities for collaboration 

between the two professions. Questionnaires were 

administered to both groups, covering various aspects 

such as prescribing/dispensing behaviors, perceptions of 

contributors to AMR, self-rated preparedness for 

practice actions, and knowledge assessment. The study 

involved 180 community pharmacists and 181 

physicians, revealing that a significant proportion of 

physicians would prescribe antimicrobials when unsure 

of the infection's etiology. Family medicine doctors were 

commonly perceived as the greatest contributors to 

AMR, followed by patients. Notably, physicians 

demonstrated higher knowledge scores compared to 

pharmacists. The findings underscored the need for 

improved practices among both professions and 

highlighted the importance of patient consultation in 

antimicrobial prescribing and dispensing to mitigate 

their contribution to AMR (45). 

A study conducted by Fay et al. sought to investigate the 

impact of implementing a pharmacist-led ASP in urgent 

care (UC) settings, an area that has been relatively 

understudied compared to inpatient and emergency 

department (ED) environments. Through a retrospective 

quasi-experimental approach, the study focused on UC 

patients with positive urine or wound cultures post-

discharge. Following the implementation of a 

collaborative practice agreement in 2015, pharmacists 

were empowered to lead UC culture follow-up using a 

stewardship-focused protocol. The primary objective 

was to compare guideline-concordant antibiotic 

prescribing rates before and after the ASP 

implementation. Results showed significant 

improvements in both overall guideline-concordant 

prescribing and antibiotic selection post-ASP. Although 

there was a trend towards fewer patients requiring 

follow-up and a longer median time to follow-up in the 

post-ASP group, these differences were not statistically 

significant. Importantly, there were no notable 

differences in UC or ED revisits within 72 hours or 

hospital admissions within 30 days between the pre-and 

post-ASP groups. In conclusion, the study highlighted 

the effectiveness of a pharmacist-led UC ASP in 

enhancing guideline-concordant antimicrobial 

prescribing practices. The above studies are certain 

examples of pharmacists influencing AMR practices. 

The  
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Table 2 below is a detailed explanation of the case 

studies. 
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Table 2: A detailed description of case studies about Pharmacist's role in influencing AMR practices. 
Authors Setting Objective Outcomes Interdisciplinary 

involvement 

Results Conclusion 

Sakeena 

et al (5) 

Community and 

Hospital settings 

in developed 

countries 

To investigate the role of pharmacists in 

the appropriate use of antibiotics and to 

identify how the pharmacists’ role can 

be enhanced to combat AMR in 

developing countries 

Appropriate use of Antibiotics, 

the role of pharmacist to combat 

AMR. 

Pharmacists In developing nations, pharmacists play a modest role in patient care, whereas 

in developed countries, their involvement is more extensive, leading to better 

health outcomes and cost savings. Pharmacists educate patients on antibiotic 

use and advise healthcare peers on prescribing practices. 

This review emphasizes that well-

trained pharmacists integrated into 

healthcare systems can significantly 

reduce inappropriate antibiotic usage in 

developing nations. 

Yan-chan 

et al (41) 

Across various 

countries 

To explore how pharmacists across the 

world perceive AMR and 

antimicrobials, and how these beliefs 

influence antibiotic supply practices 

Antibiotic supply practices, 

Beliefs about AMR, 

Knowledge 

 

 

Healthcare 

professionals 

Respondents exhibited good knowledge (mean score: 9.6 out of 12) and 

positive beliefs about antimicrobial resistance (mean score: 3.9 out of 5). 

However, individuals from lower-income countries had significantly higher 

odds (7.4 times) of supplying antibiotics without a prescription. Conversely, 

holding more positive beliefs about antimicrobial resistance was associated 

with lower odds of supplying antibiotics without a prescription. 

 

The majority of pharmacists exhibited 

strong knowledge of antibiotics and 

maintained optimistic views regarding 

AMR. These perspectives were shaped 

by variables like expertise, workplace 

dynamics, and economic status. 

Ellis et al 

(42) 

Academic 

medical center 

 

To evaluate how pharmacist 

involvement influences the suitability 

of antimicrobial prescription practices 

within a geriatric psychiatric unit 

(GPU). 

Antimicrobial appropriateness - Significantly fewer inappropriate doses for indication compared to the pre-

intervention group ( 10.6% vs. 23.9%, p = 0.02), and fewer antibiotics 

prescribed for an inappropriate duration (15.8% vs. 32.4%, p < 0.01), more 

patients in the post-intervention group had medications prescribed with 

appropriate dose, duration, and indication (51% vs. 66%, p = 0.04) 

This project exemplifies a multi-

disciplinary approach to enhance 

antimicrobial prescribing without a 

formal stewardship program. It notably 

improved evidence-based selection of 

antimicrobial duration. 

Nasr et al 

(43) 

Clinical setting This review aimed to characterize 

pharmacist-driven interventions that 

have been performed in patients with 

COVID-19 globally and describe their 

impact on antimicrobial use. 

Impact of AMS interventions 

 

Pharmacist-driven The most common AMS intervention was pharmacist-driven interventions 

reported in 63.2% of all studies, followed by guideline development and 

application (26.3%), and medication supply coordination (10.5%), 

respectively. 

Pharmacists played an important role in 

performing AMS-related interventions 

in COVID-19 patients and helped in the 

fight against the worsening of AMR 

during the pandemic. 

Qamariat 

et al (44) 

Ministry Health 

Hospital 

Pharmacies 

To determine Pharmacists’ Perceptions 

of Handling AMR 

- Registered Pharmacist 

practicing in Ministry 

of Health hospitals 

Pharmacists identified various factors such as preparatory tasks, education, 

experience, and self-learning as natural components related to handling 

AMR, with an average score of 3.2. Conversely, barriers like inadequate 

background, limited training, time constraints, and lack of educational 

resources were deemed relevant, with an average score of 4.05. On the other 

hand, enablers such as continuous professional development (CPD) 

activities, accessible resources, and competency evolution were also 

considered relevant, with an average score of 4.12. 

The study found that overcoming 

barriers to addressing AMR requires 

granting pharmacists additional time for 

self-directed education, access to online 

resources, and offering funded courses 

to enhance their knowledge and skills in 

managing AMR. 

Rusic et al 

(45) 

- To evaluate pharmacists' and 

physicians' attitudes and knowledge 

about antimicrobial treatment and 

resistance and based on the results to 

identify possible gaps and suggest 

opportunities for collaboration between 

the two professions. 

Prescribing/Dispensing 

Behaviors,  Perceptions of 

Contributors to AMR, 

Knowledge Assessment. 

Physicians and 

Pharmacist 

Approximately 42% of physicians admitted they would prescribe 

antimicrobials when unsure if an infection was viral or bacterial, indicating a 

potential area of concern for antimicrobial stewardship. Moreover, a majority 

of participants viewed family medicine doctors as the primary contributors to 

antimicrobial resistance (59.8%), closely followed by patients (48.5%). In 

terms of knowledge, physicians outperformed pharmacists significantly, 

highlighting a disparity between the two professions in understanding 

antimicrobial treatment and resistance. 

This research revealed practices among 

pharmacists and physicians that should 

be improved and it highlighted gaps in 

knowledge by both professions. 

Fay et al 

(46) 

Urgent care 

setting 

To determine the impact of 

implementing a pharmacist-led ASP in 

the UC setting. 

total guideline-concordant 

antibiotic prescribing. 

Pharmacist-led In the post-ASP group, guideline-concordant prescribing increased 

significantly to 53.3% compared to 41.3% in the pre-ASP group. 

Additionally, guideline-concordant antibiotic selection improved from 51% 

to 68% post-ASP. Follow-up was required for fewer patients post-ASP 

(10.7%) compared to pre-ASP (18%). The median time to follow-up calls 

increased to 71 hours post-ASP compared to 38 hours pre-ASP. No 

significant differences were found in UC and ED revisits within 72 hours or 

hospital admissions within 30 days between the pre-and post-ASP groups. 

A pharmacist-driven urgent care 

antimicrobial stewardship program 

resulted in notably enhanced adherence 

to prescribing guidelines for antibiotics. 
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3.2  Role of Pharmacist in Public Health Initiatives in 

Reducing AMR 

Pharmacists play a crucial role in public health 

campaigns and education programs aimed at reducing 

AMR. As medication experts, pharmacists are well-

positioned to educate both healthcare professionals and 

the public about the prudent use of antibiotics and other 

antimicrobial agents. They serve as frontline healthcare 

providers, often being the first point of contact for 

individuals seeking medical advice in community 

settings (47). In these campaigns and programs, 

pharmacists disseminate vital information about the 

appropriate use of antibiotics, emphasizing the 

importance of completing prescribed courses and 

avoiding unnecessary or inappropriate antibiotic use. 

They also highlight the consequences of AMR, such as 

increased treatment costs, prolonged illness, and higher 

mortality rates, underscoring the urgent need for action 

(48). Moreover, pharmacists engage in collaborative 

efforts with other healthcare professionals, including 

physicians and nurses, to promote antimicrobial 

stewardship initiatives. This involves implementing 

strategies to optimize antimicrobial use, such as 

antimicrobial stewardship programs in healthcare 

facilities and promoting the use of alternative therapies 

where appropriate (49). 

The goal of the ASP is to maximize the use of 

antibiotics; training and education enhance the efficacy 

of ASP initiatives in hospitals (50). One useful strategy 

for encouraging the responsible use of antibiotics is 

educational intervention (51) (52) (53). Research 

conducted at the National Liver Institute in Egypt 

introduced an educational initiative to healthcare 

providers alongside the ASP. This intervention resulted 

in noticeable enhancements in the knowledge, attitudes, 

and behaviors of healthcare providers (54).  Various 

other studies have also shown significant improvements 

in the rational utilization of antibiotics after the 

educational intervention, particularly led by pharmacists 

(55) (56). 

 

An example of a study conducted by Gilham et al. delved 

into the effectiveness of public health campaigns 

targeting AMR and antibiotic usage behavior. These 

campaigns, aimed at altering behavior by raising 

awareness, face complexities due to the intricate nature 

of AMR. The study aimed to identify effective 

campaigns and assess the outcome measures used to 

gauge their effectiveness. Through a systematic search 

of Ovid MEDLINE and Embase, covering studies 

published between 2010 and September 2022, 41 studies 

and 30 unique interventions were included. The majority 

of campaigns were conducted in Europe, predominantly 

at a national level, and targeted adult members of the 

public or both the public and healthcare professionals. 

The primary focus of these campaigns was to enhance 

knowledge and attitudes towards AMR. Effective 

campaigns often utilize mass media, targeted messaging 

for specific infections, and healthcare professional-

patient interactions. Despite variations in study designs, 

some common themes emerged among effective 

campaigns. However, the reliance on observational 

study designs complicates establishing causation 

between campaigns and changes in outcome measures. 

The study underscores the importance of incorporating 

clear evaluation processes into campaign design, 

suggesting the development of a campaign evaluation 

framework to facilitate this endeavor (57). 

 

4. Economic and Policy Implications 

The concept of pharmacists taking a leading role in 

antibiotic stewardship encompasses examining the 

economic and policy-related ramifications of such 

initiatives. This approach involves exploring how 

pharmacists can help optimize antibiotic use, thus 

potentially reducing the spread of antibiotic resistance, 

lowering healthcare costs, and enhancing patient 

outcomes (58). This topic also considers the necessary 

policies to support pharmacists in these roles and 

evaluates the financial impacts on healthcare systems. 

By analyzing these aspects, we can better understand the 

value and implications of integrating pharmacists more 

deeply into efforts aimed at prudent antibiotic 

management. 

 

4.1 Cost-Effectiveness of Pharmacist Interventions: 

Antibiotic stewardship programs led by pharmacists 

involve pharmacists taking an active role in managing 

and monitoring antibiotic usage in healthcare facilities. 

This strategy not only optimizes the allocation of 

resources but also curtails financial burdens stemming 

from inappropriate antibiotic prescriptions (59). By 

ensuring that antibiotics are prescribed only when 

necessary and in the correct dosages, these programs 

help prevent the development of antibiotic resistance, 

further reducing long-term healthcare costs and 

improving patient outcomes (60). Pharmacists play a 

crucial role in ensuring antibiotics are used judiciously, 

which in turn helps mitigate the rise of antibiotic 

resistance—a major public health issue. This resistance 

can lead to prolonged hospitalizations, more severe 

medical conditions, and increased medical expenses 

(61). The economic advantages of these initiatives are 

further seen in reduced sickness-related absenteeism, 

promoting better workforce productivity and overall 

economic health (62). Additionally, by controlling the 

spread of drug-resistant infections, these stewardship 

programs maintain the effectiveness of current 

antibiotics, thereby postponing the costly development 

of new medications. These programs are increasingly 

recognized to improve patient outcomes (63). Thus 

Assessing the cost-effectiveness of these interventions is 

crucial, especially in light of the urgent necessity to 

enhance healthcare expenditure efficiency while 

tackling antimicrobial resistance. The cost-effectiveness 

programs focus on Reduction in Antimicrobial Costs, 

Decrease in Resistance and Associated Costs, Impact on 

Hospitalization and Readmission Rates, Long-Term 

Cost Savings and Health Outcomes, and Investment in 

Training and Development (64) (65) (Error! Reference 

source not found.). 

A study conducted by Wang et al. investigated the impact 

of pharmacist-driven antimicrobial stewardship 

programs on antibiotic usage and costs in a Chinese 

hospital setting. The research focused on hepatobiliary 

surgery and respiratory wards, implementing 
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interventions like prescription audits, restrictions, and 

staff education. Results showed significant reductions in 

hospital stays, antibiotic consumption, and costs, 

particularly in the hepatobiliary surgery ward. However, 

broad-spectrum antibiotic misuse remained a concern. 

The study underscores the effectiveness of pharmacist-

led stewardship in improving antibiotic use 

appropriateness, such as reducing irrational 

prescriptions and enhancing timely treatment 

adjustments. It emphasizes the need for sustained 

education for pharmacists and increased governmental 

support to ensure the longevity and efficacy of such 

programs (66). 

In another example of a study conducted in a 194-bed 

hospital without infectious diseases physicians, and 

pharmacists led an ASP. They aimed to assess the 

program's impact on antimicrobial use and its clinical 

and economic implications using the CLEO tool. 

Through a prospective quasi-experimental study, they 

measured changes in antimicrobial use, proposing 847 

pharmacist interventions (PIs) with an acceptance rate of 

88.3%. Most PIs focused on discontinuing antibiotics 

due to excessive duration. The program significantly 

reduced overall antimicrobial consumption, particularly 

carbapenems and quinolones, leading to a decrease in 

direct antibiotic expenditure. The study concludes that 

pharmacist-led ASPs are effective in optimizing 

antibiotic use, even without ID physician support, 

suggesting pharmacists' potential to improve 

antimicrobial stewardship in small hospitals (67). 

A similar study conducted by Leache et al. investigated 

the effects of incorporating a clinical pharmacist into the 

Intensive Care Unit (ICU) to intervene in antimicrobial 

usage. Through a retrospective observational study 

spanning five months, they identified drug-related 

problems and medication errors in ICU patients. The 

pharmacist intervened for each problem, with the 

majority of interventions significantly improving patient 

care. Physicians accepted nearly all interventions. The 

study found a potential cost saving of €10,905 due to 

pharmacist interventions, demonstrating a positive 

impact on patient care and cost reduction in the ICU. The 

findings suggest that integrating clinical pharmacists 

into ICU teams can be both clinically beneficial and 

economically advantageous (68). 

Another research study conducted by Gebretekle et al. 

assessed the cost-effectiveness of implementing AMS at 

Tikur Anbessa Specialised Hospital (TASH) in Ethiopia. 

They developed a model to compare pharmacist-led 

AMS with strengthened laboratory capacity to usual 

care. The study, from a societal perspective, 

demonstrated that the AMS strategy was associated with 

significant cost savings and improved patient outcomes, 

including an expected gain in quality-adjusted life-years 

(QALYs) and a reduction in healthcare costs. The 

findings suggested that despite the need for additional 

initial investments, the laboratory-supported 

pharmacist-led AMS program was economically 

advantageous in a low-resource setting like TASH. 

Sensitivity analyses indicated that the program remained 

cost-effective across a range of scenarios, making a 

compelling case for its implementation in similar 

healthcare settings to improve patient care and reduce 

healthcare costs (69). The studies demonstrate the 

positive impact of Pharmacist-led cost effectiveness 

programs in different healthcare settings in different 

areas of the world. 

 

 
Figure 2: Economic Impact of Pharmacist-led Antimicrobial stewardsips programmes. 
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4.2 Policy Frameworks 

ASPs are crucial in healthcare settings for managing and 

optimizing the use of antibiotics. The involvement of 

pharmacists in these programs is increasingly 

recognized due to their expertise in medication 

management and pharmacotherapy. A well-structured 

policy framework for pharmacist-led antimicrobial 

stewardship is essential to ensure effective 

implementation and success (70). Essential Elements of 

Regulations Supporting Pharmacists in Antimicrobial 

Stewardship: Error! Reference source not found. 

Leadership and Governance: 

Establishing clear leadership structures within 

pharmacist-led ASPs is paramount. Pharmacists 

occupying these roles typically oversee program 

coordination, data management, and collaboration with 

other healthcare professionals. Policy frameworks 

should delineate the scope of pharmacist 

responsibilities, including decision-making autonomy 

and reporting mechanisms. This clarity in defining roles 

ensures pharmacists can efficiently execute their duties, 

fostering effective teamwork and communication 

essential for optimizing antimicrobial use and patient 

care (71). 

Professional Development and Skill Enhancement: 

Ongoing education and training are crucial elements of 

the framework for effective antimicrobial stewardship. 

It's essential that pharmacists continually update their 

knowledge with the most current information on 

antimicrobial treatments, emerging resistance trends, 

and stewardship tactics (72). Such continuous learning 

not only broadens their expertise but also empowers 

them to educate other healthcare professionals, patients, 

and caregivers on the proper use of antibiotics. This 

constant cycle of learning and teaching helps ensure that 

the latest insights and practices in antimicrobial 

management are disseminated widely, fostering a well-

informed approach to antibiotic use across the healthcare 

spectrum (73). 

Partnership and Interdisciplinary Strategy: 

Effective antimicrobial stewardship requires 

collaboration across various departments and 

disciplines. Policies should facilitate and define the 

framework for multidisciplinary teamwork that includes 

infectious disease physicians, microbiologists, nursing 

staff, and hospital administration. This helps in creating 

a cohesive strategy and ensures that interventions are 

comprehensive and accepted across the board (74). 

Policy and Protocol Development: 

Standardizing practices throughout the organization 

requires the creation of particular policies and 

procedures. These protocols cover standards for 

microbiological testing, evaluation and feedback 

processes, and antibiotic usage guidelines. The overall 

results of treatment are improved and prescribing 

practices become less variable thanks to this 

standardization (75). 

 

Monitoring and Reporting: 

It is essential to regularly track and report on patterns of 

antibiotic usage and resistance. When it comes to 

gathering, examining, and interpreting information 

about antimicrobial usage and trends in resistance, 

chemists are essential. The policy ought to specify how 

and when the stewardship team and larger hospital 

committees will review the data, as well as how it will 

be used to educate and modify stewardship procedures 

(76) (40). 

 

Quality Improvement: 

Pharmacists are instrumental in leading improvement 

initiatives within the stewardship program. They can 

spearhead the integration of quality improvement 

procedures, setting standards, conducting audits, and 

establishing feedback loops. These measures allow for 

the measurement of intervention effectiveness and the 

identification of areas ripe for improvement, ultimately 

enhancing stewardship tactics (77) (78). 

 

Thus By implementing a robust policy framework for 

pharmacist-led antimicrobial stewardships, healthcare 

institutions can significantly enhance the effectiveness 

of their ASPs, leading to better patient outcomes, 

reduced antimicrobial resistance, and overall 

improvement in healthcare quality and safety. 
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Figure 3: Implementation of a Robust Policy framewrok for a better Pharmacist-les Antimicrobial stewardship. 

 

5. Challenges and Barriers to Further Integration 

Within the framework of antimicrobial stewardship 

programs led by pharmacists, various hurdles exist 

within healthcare systems that can hinder the 

pharmacist's ability to make optimal contributions to 

efforts in antimicrobial stewardship. These challenges 

encompass a range of factors within healthcare systems 

that may impede the pharmacist's effectiveness in 

addressing  AMR concerns and implementing 

stewardship initiatives (79) (80). Some of the challenges 

are discussed below: 

Limited Authority and Recognition: 

Pharmacists often encounter obstacles in being 

acknowledged as pivotal players in antimicrobial 

stewardship, stemming from hierarchical structures 

prevalent in healthcare systems. These structures may 

restrict their authority in making decisions regarding 

antimicrobial use, impeding their capacity to enact 

impactful stewardship interventions. Additionally, the 

expertise of pharmacists in antimicrobial management 

may not be adequately recognized, further hindering 

their effectiveness in addressing antimicrobial resistance 

concerns. Consequently, the limited acknowledgment of 

pharmacists' authority and expertise within healthcare 

systems presents a significant barrier to their ability to 

contribute effectively to antimicrobial stewardship 

efforts (81). 

Resource Limitations: 

Resource limitations, such as staffing deficiencies, 

restricted availability of diagnostic equipment, and 

financial restrictions, pose significant obstacles to 

pharmacists in executing comprehensive antimicrobial 

stewardship initiatives (82) (83). The absence of 

adequate support may hinder pharmacists' capacity to 

conduct thorough antimicrobial assessments, deliver 

educational sessions to healthcare personnel, and enact 

interventions aimed at enhancing antimicrobial 

utilization. These constraints compromise the 

effectiveness of antimicrobial stewardship programs led 

by pharmacists, limiting their ability to mitigate 

antimicrobial resistance and ensure optimal patient 

outcomes. Consequently, addressing these resource 

deficiencies is paramount to enabling pharmacists to 

fulfill their roles effectively in antimicrobial stewardship 

efforts. 

IT barriers: 

Healthcare systems often face limitations in information 

technology (IT), such as the absence of integrated EHR 

or specialized antimicrobial stewardship software (84). 

These deficiencies hinder real-time monitoring of 

antimicrobial use and impede communication among 

healthcare providers. Pharmacists are consequently 

challenged in accessing patient data, monitoring 

antimicrobial prescribing trends, and implementing 

interventions to optimize antimicrobial usage. The lack 

of robust IT infrastructure undermines the effectiveness 

of pharmacists in antimicrobial stewardship, as they are 

unable to leverage technological tools for data-driven 

decision-making and timely interventions (85). 

Therefore, addressing these IT limitations is crucial for 

enhancing pharmacists' roles in antimicrobial 

stewardship efforts. 

Fostering Collaboration: 

Collaboration across multidisciplinary healthcare teams 

is essential for successful antimicrobial stewardship. 

However, obstacles like hierarchical barriers, 

communication lapses, and professional isolation 

impede interprofessional communication and teamwork, 

hampering pharmacist-led endeavors (86) (87). The 

absence of effective collaboration impedes pharmacists' 
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ability to involve prescribers, nurses, and other 

healthcare professionals in stewardship activities. 

Consequently, efforts to optimize antimicrobial use may 

be compromised, leading to challenges in addressing 

antimicrobial resistance (88). Overcoming these 

interprofessional collaboration barriers is critical for 

enhancing pharmacists' roles in antimicrobial 

stewardship and fostering a cohesive approach to 

combating antimicrobial resistance. 

Managing Time Pressures: 

Pharmacists frequently face time constraints due to 

heavy workloads and diverse responsibilities, which can 

curtail their involvement in antimicrobial stewardship 

activities. Juggling clinical duties, dispensing 

responsibilities, and stewardship initiatives poses a 

significant challenge, especially in environments 

characterized by high patient volumes or understaffed 

pharmacies (89). The limited time available for 

pharmacists to dedicate to stewardship efforts may 

compromise their ability to conduct thorough 

antimicrobial assessments, provide education to 

healthcare professionals, and implement interventions to 

optimize antimicrobial use (90). Addressing these time 

constraints is crucial for maximizing pharmacists' 

contributions to antimicrobial stewardship and ensuring 

comprehensive patient care. 

Overcoming Prescriber Resistance: 

Resistance to change from prescribers and healthcare 

providers presents a formidable obstacle to pharmacist-

led antimicrobial stewardship endeavors. Clinicians' 

reluctance to alter prescribing behaviors or embrace 

stewardship guidelines stems from entrenched 

prescribing patterns, concerns regarding patient 

outcomes, or a sense of autonomy in decision-making. 

This resistance inhibits the adoption of stewardship 

recommendations and impedes efforts to optimize 

antimicrobial use. Pharmacists encounter challenges in 

engaging prescribers and healthcare professionals in 

stewardship initiatives, limiting their effectiveness in 

combating antimicrobial resistance (91). Overcoming 

this resistance to change is essential for fostering a 

culture of collaboration and ensuring the success of 

pharmacist-led antimicrobial stewardship programs 

(92). 

Several case studies have been described further about 

challenges faced by ASPs: 

A study conducted by researchers focused on identifying 

obstacles to establishing and executing hospital-based 

ASPs in tertiary care centers across three low- and 

middle-income countries (LMICs). Through interviews 

with 45 physicians in Sri Lanka, Kenya, and Tanzania, 

the study examined various factors influencing 

antimicrobial prescribing practices and ASP 

implementation. Key findings revealed common barriers 

including limited antimicrobial availability, resistance to 

changing prescribing practices, and inadequate 

diagnostic capabilities. Despite limited awareness of 

ASPs, most participants showed receptiveness to 

protocols involving documentation and ASP 

consultation. The study suggests addressing barriers 

through improved drug availability, enhanced access to 

microbiological data, local guideline development, and 

physician education on antimicrobial prescribing (93). 

Another study conducted by Appaneal et alexamined the 

barriers and facilitators to antibiotic stewardship within 

Veterans Affairs (VA) medical centers, focusing on 

qualitative interviews with pharmacists. Despite the 

VA's leadership in antibiotic stewardship and the Centers 

for Disease Control and Prevention's (CDC) efforts to 

outline core elements for improved antibiotic use, 

challenges persist in implementing successful programs, 

especially in nonacute care settings. Through interviews 

with pharmacists from six VA medical centers in the VA 

New England Healthcare System, three main themes 

emerged: the importance of a supportive organizational 

culture, protected time for stewardship efforts, and a 

cohesive organizational structure. The study underscores 

the significance of leadership commitment, sufficient 

time allocation, and organizational cohesion in 

advancing and sustaining effective antibiotic 

stewardship programs, aligning with CDC core 

elements(94). 

A similar study conducted by Mathew et al investigated 

the challenges of implementing AMS programs in 

secondary-level hospitals in LMIC contexts, focusing on 

experiences in Kerala, India. Employing qualitative 

methods, nodal officers were interviewed using a semi-

structured guide to understand AMS implementation 

challenges. Results revealed various factors influencing 

antibiotic use, including patient expectations, physician 

practices, promotional activities, and hospital income 

dynamics. Challenges in sustainable stewardship 

programs encompass inter-doctor competition, time 

constraints, lack of leadership, and inadequate 

infrastructure. Discussion highlights the complexity of 

AMS in resource-limited settings, emphasizing the need 

for financial support, technological access, and capacity 

building. Addressing these challenges requires 

international collaboration, regulatory support, and 

tailored adaptation of stewardship models to LMIC 

contexts (95). 

 

6. Future Directions and Recommendations 

In anticipation of the dynamic trajectory of AMR 

mitigation, it is imperative to delineate future trajectories 

and offer recommendations essential for bolstering the 

involvement of pharmacists in combatting this 

ubiquitous health threat. Drawing upon the 

contemporary scholarly discourse, several pivotal 

domains emerge as focal points necessitating scrutiny: 

the imperative deployment of advanced training and 

educational interventions aimed at endowing 

pharmacists with requisite proficiencies in antimicrobial 

stewardship, infectious diseases, and pharmacotherapy, 

thereby fortifying their adeptness in navigating intricate 

AMR-centric scenarios (96). Incorporating pharmacists 

within primary care environments, including community 

pharmacies and outpatient clinics, is imperative for the 

extension of antimicrobial stewardship services and the 

enhancement of patient outcomes (97). Utilizing digital 

health technologies such as electronic health records and 

clinical decision support systems can optimize 

communication channels, streamline operational 

processes, and enable evidence-based decision-making 

within antimicrobial stewardship initiatives. Moreover, 

proactive involvement in research endeavors and 
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surveillance protocols remains essential for monitoring 

antimicrobial consumption patterns, monitoring the 

emergence of resistance, and evaluating the efficacy of 

interventions in mitigating antimicrobial resistance 

prevalence (98). 

Expanding Scope of Practice: 

Expanding the pharmacists' sphere of practice within 

AMR management entails their integration into 

multidisciplinary teams focused on antimicrobial 

stewardship across healthcare facilities and community 

settings. In this augmented capacity, pharmacists engage 

in various activities, including conducting thorough 

medication reviews, offering evidence-based 

recommendations for antimicrobial therapy, and 

monitoring patient progress. Additionally, pharmacist-

led interventions in community pharmacies are 

instrumental in promoting judicious antibiotic utilization 

and enhancing awareness of AMR among the populace. 

Leveraging their proficiency in medication management 

and patient education, pharmacists wield significant 

potential in influencing efforts to mitigate AMR and 

advancing public health outcomes (99). 

Innovative Education and Training Models 

Innovative educational and training frameworks are 

imperative in furnishing pharmacists with the requisite 

expertise and proficiencies to effectively tackle AMR. 

Indications propose that conventional pedagogical 

methodologies may fall short in adequately priming 

pharmacists to navigate the multifaceted landscape of 

AMR within clinical settings (5). Hence, there is an 

escalating demand for pioneering approaches aimed at 

augmenting pharmacists' comprehension of AMR and 

their proficiency in executing evidence-supported 

interventions. Continuing education initiatives and 

avenues for professional advancement significantly 

contribute to augmenting pharmacists' proficiency in 

managing AMR. These initiatives can be customized to 

target precise deficiencies in expertise or abilities 

identified through continual evaluation and feedback 

mechanisms. Notably, studies underscore the efficacy of 

interactive workshops and simulation activities in 

enhancing healthcare practitioners' compliance with 

antimicrobial prescribing protocols and mitigating 

unwarranted antibiotic utilization (100). Engaging in 

collaborations with public health entities and 

professional associations represents a pivotal tactic in 

advancing pharmacist education and training regarding 

AMR. Through these partnerships, the creation of online 

materials, toolkits, and protocols can be facilitated, 

offering pharmacists access to current evidence-based 

practices in AMR management. Furthermore, 

interprofessional training endeavors encompassing 

pharmacists, physicians, nurses, and other healthcare 

practitioners can cultivate a comprehensive approach to 

mitigating AMR while fostering synergistic decision-

making in patient management (96). Innovative 

approaches to education and training play a pivotal role 

in equipping pharmacists with the necessary skills to 

effectively combat AMR. By incorporating AMR-

focused material into pharmacy curricula, offering 

ongoing educational avenues, and fostering partnerships 

with public health bodies and professional associations, 

pharmacists can bolster their capacity as vital 

contributors to the battle against AMR. 

 

Conclusion 

In conclusion, pharmacists play a critical role in 

combating AMR through antimicrobial stewardship, 

patient education, infection prevention, and advocacy 

for public health. Their integration into interdisciplinary 

teams and utilization of technological advancements 

enhance their impact. However, challenges such as 

limited authority and resource constraints persist. To 

address these, policymakers must prioritize leadership, 

professional development, and partnership strategies to 

support pharmacists in their vital role. By fostering 

collaboration and innovation, pharmacists can continue 

to lead efforts in mitigating AMR and preserving the 

efficacy of antimicrobial agents for future generations. 

Antimicrobial resistance (AMR) constitutes a 

formidable global health challenge, undermining the 

efficacy of antibiotics essential for combating bacterial 

infections. This paper delineates the indispensable role 

of pharmacists, nursing in addressing AMR through 

multifaceted strategies, innovative approaches, and 

seamless integration into healthcare systems. 

 

Acknowledgments 

All the authors are thankful to Open Access Libraray, 

Journals, Antimicrobial societies, and other open access 

database like DOAJ, Pubmed and Google scholar etc, for 

providing the useful information to complete article. 

 

Authors Contribution 

All authors are involved and contributing in data 

collection, filtration and manuscript preparation 

including table,  figures and final proof of manuscript. 

 

Conflict of interest statement 

Authors declare they do not have any conflict of interest. 

 

References 

1. Aslam B, Wang W, Arshad MI, Khurshid M, 

Muzammil S, Rasool MH, et al. Antibiotic 

resistance: a rundown of a global crisis. Infection 

and drug resistance. 2018;11:1645-58. 

2. Prestinaci F, Pezzotti P, Pantosti A. Antimicrobial 

resistance: a global multifaceted phenomenon. 

Pathogens and global health. 2015;109(7):309-18. 

3. Jindal AK, Pandya K, Khan ID. Antimicrobial 

resistance: A public health challenge. Medical 

journal, Armed Forces India. 2015;71(2):178-81. 

4. Velazquez-Meza ME, Galarde-López M, Carrillo-

Quiróz B, Alpuche-Aranda CM. Antimicrobial 

resistance: One Health approach. Veterinary world. 

2022;15(3):743-9. 

5. Sakeena MHF, Bennett AA, McLachlan AJ. 

Enhancing pharmacists' role in developing 

countries to overcome the challenge of 

antimicrobial resistance: a narrative review. 

Antimicrobial resistance and infection control. 

2018;7:63. 

6. Lai WM, Islahudin FH, Ambaras Khan R, Chong 

WW. Pharmacists' Perspectives of Their Roles in 

Antimicrobial Stewardship: A Qualitative Study 

65 



among Hospital Pharmacists in Malaysia. 

Antibiotics (Basel, Switzerland). 2022;11(2). 

7. Muñoz EB, Dorado MF, Guerrero JE, Martínez 

FM. The effect of an educational intervention to 

improve patient antibiotic adherence during 

dispensing in a community pharmacy. Atencion 

primaria. 2014;46(7):367-75. 

8. Allegranzi B, Pittet D. Role of hand hygiene in 

healthcare-associated infection prevention. The 

Journal of hospital infection. 2009;73(4):305-15. 

9. Bankar NJ, Ugemuge S, Ambad RS, Hawale DV, 

Timilsina DR. Implementation of Antimicrobial 

Stewardship in the Healthcare Setting. Cureus. 

2022;14(7):e26664. 

10. Forrest GN, Van Schooneveld TC, Kullar R, Schulz 

LT, Duong P, Postelnick M. Use of electronic 

health records and clinical decision support 

systems for antimicrobial stewardship. Clinical 

infectious diseases : an official publication of the 

Infectious Diseases Society of America. 2014;59 

Suppl 3:S122-33. 

11. Antoñanzas F, Juárez-Castelló CA, Rodríguez-

Ibeas R. Using point-of-care diagnostic testing for 

improved antibiotic prescription: an economic 

model. Health economics review. 2021;11(1):29. 

12. Bremmer DN, Trienski TL, Walsh TL, Moffa MA. 

Role of Technology in Antimicrobial Stewardship. 

Medical Clinics of North America. 

2018;102(5):955-63. 

13. Rezel-Potts E, Gulliford M. Electronic Health 

Records and Antimicrobial Stewardship Research: 

a Narrative Review. Current epidemiology reports. 

2022:1-10. 

14. Durand C, Alfandari S, Béraud G, Tsopra R, 

Lescure FX, Peiffer-Smadja N. Clinical Decision 

Support Systems for Antibiotic Prescribing: An 

Inventory of Current French Language Tools. 

Antibiotics (Basel, Switzerland). 2022;11(3). 

15. Sutton RT, Pincock D, Baumgart DC, Sadowski 

DC, Fedorak RN, Kroeker KI. An overview of 

clinical decision support systems: benefits, risks, 

and strategies for success. NPJ digital medicine. 

2020;3:17. 

16. van Belkum A, Dunne WM, Jr. Next-generation 

antimicrobial susceptibility testing. Journal of 

clinical microbiology. 2013;51(7):2018-24. 

17. Clark AE, Kaleta EJ, Arora A, Wolk DM. Matrix-

assisted laser desorption ionization-time of flight 

mass spectrometry: a fundamental shift in the 

routine practice of clinical microbiology. Clinical 

microbiology reviews. 2013;26(3):547-603. 

18. Tsai YW, Lin TC, Chou HY, Hung HY, Tan CK, Wu 

LC, et al. Shortening the Time of the Identification 

and Antimicrobial Susceptibility Testing on 

Positive Blood Cultures with MALDI-TOF MS. 

Diagnostics (Basel, Switzerland). 2021;11(8). 

19. Pereira LC, Fátima MA, Santos VV, Brandão CM, 

Alves IA, Azeredo FJ. 

Pharmacokinetic/Pharmacodynamic Modeling and 

Application in Antibacterial and Antifungal 

Pharmacotherapy: A Narrative Review. Antibiotics 

(Basel, Switzerland). 2022;11(8). 

20. Rabaan AA, Alhumaid S, Mutair AA, Garout M, 

Abulhamayel Y, Halwani MA, et al. Application of 

Artificial Intelligence in Combating High 

Antimicrobial Resistance Rates. Antibiotics 

(Basel, Switzerland). 2022;11(6). 

21. Dhesi Z, Enne VI, O‘Grady J, Gant V, Livermore 

DM. Rapid and Point-of-Care Testing in 

Respiratory Tract Infections: An Antibiotic 

Guardian? ACS Pharmacology & Translational 

Science. 2020;3(3):401-17. 

22. Beganovic M, McCreary EK, Mahoney MV, 

Dionne B, Green DA, Timbrook TT. Interplay 

between Rapid Diagnostic Tests and Antimicrobial 

Stewardship Programs among Patients with 

Bloodstream and Other Severe Infections. The 

journal of applied laboratory medicine. 

2019;3(4):601-16. 

23. Kaprou GD, Bergšpica I, Alexa EA, Alvarez-

Ordóñez A, Prieto M. Rapid Methods for 

Antimicrobial Resistance Diagnostics. Antibiotics 

(Basel, Switzerland). 2021;10(2). 

24. Nora D, Salluh J, Martin-Loeches I, Póvoa P. 

Biomarker-guided antibiotic therapy-strengths and 

limitations. Annals of translational medicine. 

2017;5(10):208. 

25. St John A, Price CP. Existing and Emerging 

Technologies for Point-of-Care Testing. The 

Clinical biochemist Reviews. 2014;35(3):155-67. 

26. Garzón V, Bustos R-H, G. Pinacho D. Personalized 

Medicine for Antibiotics: The Role of 

Nanobiosensors in Therapeutic Drug Monitoring. 

2020;10(4):147. 

27. White C, Scott R, Paul CL, Ackland SP. 

Pharmacogenomics in the era of personalised 

medicine. The Medical journal of Australia. 

2022;217(10):510-3. 

28. Aung AK, Haas DW, Hulgan T, Phillips EJ. 

Pharmacogenomics of antimicrobial agents. 

Pharmacogenomics. 2014;15(15):1903-30. 

29. Watkins RR. Antibiotic stewardship in the era of 

precision medicine. JAC-antimicrobial resistance. 

2022;4(3):dlac066. 

30. Gajic I, Kabic J, Kekic D, Jovicevic M, Milenkovic 

M, Mitic Culafic D, et al. Antimicrobial 

Susceptibility Testing: A Comprehensive Review 

of Currently Used Methods. Antibiotics (Basel, 

Switzerland). 2022;11(4). 

31. Rawson TM, O'Hare D, Herrero P, Sharma S, 

Moore LSP, de Barra E, et al. Delivering precision 

antimicrobial therapy through closed-loop control 

systems. The Journal of antimicrobial 

chemotherapy. 2018;73(4):835-43. 

32. Amann S, Neef K, Kohl S. Antimicrobial 

resistance (AMR). Eur J Hosp Pharm. 

2019;26(3):175-7. 

33. Dalton K, Byrne S. Role of the pharmacist in 

reducing healthcare costs: current insights. 

Integrated pharmacy research & practice. 

2017;6:37-46. 

34. Salman B, Al-Hashar A, Al-Khirbash A, Al-

Zakwani I. Clinical and Cost Implications of 

Clinical Pharmacist Interventions on Antimicrobial 

Use at Sultan Qaboos University Hospital in 

66 



Oman. International Journal of Infectious Diseases. 

2021;109:137-41. 

35. Williford SL, Johnson DF. Impact of pharmacist 

counseling on medication knowledge and 

compliance. Military medicine. 1995;160(11):561-

4. 

36. Smith RE, Olin BR. Wellness: Pharmacy 

education's role and responsibility. American 

journal of pharmaceutical education. 

2010;74(4):69. 

37. Magedanz L, Silliprandi EM, dos Santos RP. 

Impact of the pharmacist on a multidisciplinary 

team in an antimicrobial stewardship program: a 

quasi-experimental study. International journal of 

clinical pharmacy. 2012;34(2):290-4. 

38. Booth JL, Mullen AB, Thomson DA, Johnstone C, 

Galbraith SJ, Bryson SM, et al. Antibiotic 

treatment of urinary tract infection by community 

pharmacists: a cross-sectional study. The British 

journal of general practice : the journal of the Royal 

College of General Practitioners. 

2013;63(609):e244-9. 

39. Farley TM, Shelsky C, Powell S, Farris KB, Carter 

BL. Effect of clinical pharmacist intervention on 

medication discrepancies following hospital 

discharge. International journal of clinical 

pharmacy. 2014;36(2):430-7. 

40. Mansour O, Al-Kayali R. Community Pharmacistsꞌ 

Role in Controlling Bacterial Antibiotic Resistance 

in Aleppo, Syria. Iranian journal of pharmaceutical 

research : IJPR. 2017;16(4):1612-20. 

41. Chan AHY, Beyene K, Tuck C, Rutter V, Ashiru-

Oredope D. Pharmacist beliefs about antimicrobial 

resistance and impacts on antibiotic supply: a 

multinational survey. JAC-antimicrobial 

resistance. 2022;4(4):dlac062. 

42. Ellis K, Rubal-Peace G, Chang V, Liang E, Wong 

N, Campbell S. Antimicrobial Stewardship for a 

Geriatric Behavioral Health Population. 

Antibiotics (Basel, Switzerland). 2016;5(1). 

43. Peters SM, Sheik S, Werner JL, Davies MA, 

Willems B. Antimicrobial stewardship in the 

Western Cape: A situational analysis of existing 

facility-level initiatives. S Afr Med J. 

2021;111(5):421-425. 

doi:10.7196/SAMJ.2021.v111i5.14645. 

44. Zahra AL Qamariat DA. Pharmacists’ Perceptions 

of Handling Antimicrobial Resistance (AMR): A 

Case Study in Saudi Arabia. Infection and Drug 

Resistance. 2021; 3: e23561. 

45. Rusic D, Bozic J, Bukic J, Vilovic M, Tomicic M, 

Seselja Perisin A, et al. Antimicrobial Resistance: 

Physicians' and Pharmacists' Perspective. 

Microbial Drug Resistance. 2020;27(5):670-7. 

46. Fay LN, Wolf LM, Brandt KL, DeYoung GR, 

Anderson AM, Egwuatu NE, et al. Pharmacist-led 

antimicrobial stewardship program in an urgent 

care setting. American journal of health-system 

pharmacy : AJHP : official journal of the American 

Society of Health-System Pharmacists. 

2019;76(3):175-81. 

47. Torres NF, Solomon VP, Middleton LE. 

Pharmacists' practices for non-prescribed antibiotic 

dispensing in Mozambique. Pharmacy practice. 

2020;18(3):1965. 

48. Paravattil B, Zolezzi M, Nasr Z, Benkhadra M, 

Alasmar M, Hussein S, et al. An Interventional 

Call-Back Service to Improve Appropriate Use of 

Antibiotics in Community Pharmacies. Antibiotics. 

2021;10(8). 

49. Netthong R, Kane R, Ahmadi K. Antimicrobial 

Resistance and Community Pharmacists' 

Perspective in Thailand: A Mixed Methods Survey 

Using Appreciative Inquiry Theory. Antibiotics 

(Basel, Switzerland). 2022;11(2). 

50. Apisarnthanarak A, Kwa AL-H, Chiu C-H, Kumar 

S, Tan BH, Zong Z, et al. Antimicrobial 

stewardship for acute-care hospitals: an Asian 

perspective. 2018;39(10):1237-45. 

51. Harbarth S, Balkhy H, Goossens H, Jarlier V, 

Kluytmans J, Laxminarayan R, et al. Antimicrobial 

resistance: one world, one fight! Antimicrob Resist 

Infect Control 2015; 4: 49. 

52. Barlam TF, Cosgrove SE, Abbo LM, MacDougall 

C, Schuetz AN, Septimus EJ, et al. Implementing 

an antibiotic stewardship program: guidelines by 

the Infectious Diseases Society of America and the 

Society for Healthcare Epidemiology of America. 

2016;62(10):e51-e77. 

53. Godman B, Egwuenu A, Haque M, Malande OO, 

Schellack N, Kumar S, et al. Strategies to improve 

antimicrobial utilization with a special focus on 

developing countries. 2021;11(6):528. 

54. Tahoon MA, Khalil MM, Hammad E, Morad WS, 

awad SM, Ezzat SJELJ. The effect of educational 

intervention on healthcare providers’ knowledge, 

attitude, & practice towards antimicrobial 

stewardship program at, National Liver Institute, 

Egypt. 2020;10:1-7. 

55. Monmaturapoj T, Scott J, Smith P, Abutheraa N, 

Watson MCJJoHI. Pharmacist-led education-based 

antimicrobial stewardship interventions and their 

effect on antimicrobial use in hospital inpatients: a 

systematic review and narrative synthesis. 

2021;115:93-116. 

56. Lai WM, Islahudin FH, Ambaras Khan R, Chong 

WW. Pharmacists’ Perspectives of Their Roles in 

Antimicrobial Stewardship: A Qualitative Study 

among Hospital Pharmacists in Malaysia. 

2022;11(2):219. 

57. Kesten JM, Bhattacharya A, Ashiru-Oredope D, 

Gobin M, Audrey S. The Antibiotic Guardian 

campaign: a qualitative evaluation of an online 

pledge-based system focused on making better use 

of antibiotics [published correction appears in 

BMC Public Health. 2017 Sep 22;17 (1):736]. 

BMC Public Health. 2017;18(1):5. 

doi:10.1186/s12889-017-4552-9. 

58. Gajdács M, Paulik E, Szabó A. Knowledge, 

Attitude and Practice of Community Pharmacists 

Regarding Antibiotic Use and Infectious Diseases: 

A Cross-Sectional Survey in Hungary (KAPPhA-

HU). 2020;9(2):41. 

59. Ha DR, Haste NM, Gluckstein DP. The Role of 

Antibiotic Stewardship in Promoting Appropriate 

67 



Antibiotic Use. American journal of lifestyle 

medicine. 2019;13(4):376-83. 

60. Doron S, Davidson LE. Antimicrobial stewardship. 

Mayo Clinic proceedings. 2011;86(11):1113-23. 

61. Majumder MAA, Rahman S, Cohall D, Bharatha 

A, Singh K, Haque M, et al. Antimicrobial 

Stewardship: Fighting Antimicrobial Resistance 

and Protecting Global Public Health. Infection and 

drug resistance. 2020;13:4713-38. 

62. Asfaw A, Rosa R, Pana-Cryan R. Potential 

Economic Benefits of Paid Sick Leave in Reducing 

Absenteeism Related to the Spread of Influenza-

Like Illness. Journal of occupational and 

environmental medicine. 2017;59(9):822-9. 

63. Jishna Shrestha; Farah Zahra; Preston Cannady J. 

Antimicrobial Stewardship. StatPearls [Internet]. 

2022. 

64. MacDougall C, Polk RE. Antimicrobial 

stewardship programs in health care systems. 

Clinical microbiology reviews. 2005;18(4):638-

56. 

65. Nathwani D, Varghese D, Stephens J, Ansari W, 

Martin S, Charbonneau C. Value of hospital 

antimicrobial stewardship programs [ASPs]: a 

systematic review. Antimicrobial Resistance & 

Infection Control. 2019;8(1):35. 

66. Wang Y, Zhou C, Liu C, Liu S, Liu X, Li X. The 

impact of pharmacist-led antimicrobial 

stewardship program on antibiotic use in a county-

level tertiary general hospital in China: A 

retrospective study using difference-in-differences 

design. Frontiers in public health. 

2022;10:1012690. 

67. Cantudo-Cuenca MR, Jiménez-Morales A, 

Martínez-de la Plata JE. Pharmacist-led 

antimicrobial stewardship programme in a small 

hospital without infectious diseases physicians. 

Scientific reports. 2022;12(1):9501. 

68. Leache L, Aquerreta I, Aldaz A, Monedero P, 

Idoate A, Ortega A. Clinical and economic impact 

of clinical pharmacist interventions regarding 

antimicrobials on critically ill patients. Research in 

Social and Administrative Pharmacy. 

2020;16(9):1285-9. 

69. Gebretekle GB, Mariam DH, Mac S, Abebe W, 

Alemayehu T, Degu WA, et al. Cost-utility analysis 

of antimicrobial stewardship programme at a 

tertiary teaching hospital in Ethiopia. BMJ open. 

2021;11(12):e047515. 

70. Walia K, Ohri VC, Madhumathi J, 

Ramasubramanian V. Policy document on 

antimicrobial stewardship practices in India. The 

Indian journal of medical research. 

2019;149(2):180-4. 

71. MONITORING THE BUILDING BLOCKS OF 

HEALTH SYSTEMS. A HANDBOOK OF 

INDICATORS AND THEIR MEASUREMENT 

STRATEGIES. 2010. 

72. Owens RC, Jr., Shorr AF, Deschambeault AL. 

Antimicrobial stewardship: shepherding precious 

resources. American journal of health-system 

pharmacy : AJHP : official journal of the American 

Society of Health-System Pharmacists. 2009;66(12 

Suppl 4):S15-22. 

73. Pereira NR, Castro-Sanchez E, Nathwani D. How 

can Multi-Professional Education Support Better 

Stewardship? Infectious disease reports. 

2017;9(1):6917. 

74. Palavecino EL, Williamson JC, Ohl CA. 

Collaborative Antimicrobial Stewardship: Working 

with Microbiology. Infectious disease clinics of 

North America. 2020;34(1):51-65. 

75. Özgenç O. Methodology in improving antibiotic 

implementation policies. World journal of 

methodology. 2016;6(2):143-53. 

76. Berrevoets MAH, ten Oever J, Sprong T, van Hest 

RM, Groothuis I, van Heijl I, et al. Monitoring, 

documenting and reporting the quality of antibiotic 

use in the Netherlands: a pilot study to establish a 

national antimicrobial stewardship registry. BMC 

Infectious Diseases. 2017;17(1):565. 

77. Foy R, Skrypak M, Alderson S, Ivers NM, 

McInerney B, Stoddart J, et al. Revitalising audit 

and feedback to improve patient care. BMJ 

(Clinical research ed). 2020;368:m213. 

78. McGregor JC, Fitzpatrick MA, Suda KJ. 

Expanding Antimicrobial Stewardship Through 

Quality Improvement. JAMA network open. 

2021;4(2):e211072-e. 

79. Dyar OJ, Pagani L, Pulcini C. Strategies and 

challenges of antimicrobial stewardship in long-

term care facilities. Clinical Microbiology and 

Infection. 2015;21(1):10-9. 

80. Saleh D, Abu-Farha R, Mukattash TL, Barakat M, 

Alefishat E. Views of Community Pharmacists on 

Antimicrobial Resistance and Antimicrobial 

Stewardship in Jordan: A Qualitative Study. 

2021;10(4):384. 

81. Currie K, Laidlaw R, Ness V, Gozdzielewska L, 

Malcom W, Sneddon J, et al. Mechanisms affecting 

the implementation of a national antimicrobial 

stewardship programme; multi-professional 

perspectives explained using normalisation process 

theory. Antimicrobial resistance and infection 

control. 2020;9(1):99. 

82. Abbas S, Sultan F. Infection control practices and 

challenges in Pakistan during the COVID-19 

pandemic: a multicentre cross-sectional study. 

Journal of infection prevention. 2021;22(5):205-

11. 

83. Maki G, Zervos M. Health Care-Acquired 

Infections in Low- and Middle-Income Countries 

and the Role of Infection Prevention and Control. 

Infectious disease clinics of North America. 

2021;35(3):827-39. 

84. Bowman S. Impact of electronic health record 

systems on information integrity: quality and 

safety implications. Perspectives in health 

information management. 2013;10(Fall):1c. 

85. Evans RS, Olson JA, Stenehjem E, Buckel WR, 

Thorell EA, Howe S, et al. Use of computer 

decision support in an antimicrobial stewardship 

program (ASP). Applied clinical informatics. 

2015;6(1):120-35. 

68 



86. Etherington C, Burns JK, Kitto S, Brehaut JC, 

Britton M, Singh S, et al. Barriers and enablers to 

effective interprofessional teamwork in the 

operating room: A qualitative study using the 

Theoretical Domains Framework. PloS one. 

2021;16(4):e0249576. 

87. Zielińska-Tomczak Ł, Cerbin-Koczorowska M, 

Przymuszała P, Gałązka N, Marciniak R. 

Pharmacists' Perspectives on Interprofessional 

Collaboration with Physicians in Poland: A 

Quantitative Study. International journal of 

environmental research and public health. 

2021;18(18). 

88. Ranjalkar J, Chandy SJ. India's National Action 

Plan for antimicrobial resistance - An overview of 

the context, status, and way ahead. Journal of 

family medicine and primary care. 

2019;8(6):1828-34. 

89. Owens CT, Baergen R. Pharmacy Practice in High-

Volume Community Settings: Barriers and Ethical 

Responsibilities. Pharmacy (Basel, Switzerland). 

2021;9(2). 

90. Nachtigall I, Tafelski S, Heucke E, Witzke O, 

Staack A, Recknagel-Friese S, et al. Time and 

personnel requirements for antimicrobial 

stewardship in small hospitals in a rural area in 

Germany. Journal of infection and public health. 

2020;13(12):1946-50. 

91. Mohsen Ali Murshid ZM. Models and theories of 

prescribing decisions: A review and suggested a 

new model. 2017;15. 

92. Soumerai SB, McLaughlin TJ, Avorn J. Improving 

Drug Prescribing in Primary Care: A Critical 

Analysis of the Experimental Literature: Milbank 

Q. 2005 Dec;83(4). doi: 10.1111/j.1468-

0009.2005.00435.x. 

93. Rolfe R, Kwobah C, Muro F, Ruwanpathirana A, 

Lyamuya F, Bodinayake C, et al. Barriers to 

implementing antimicrobial stewardship programs 

in three low- and middle-income country tertiary 

care settings: findings from a multi-site qualitative 

study. Antimicrobial Resistance & Infection 

Control. 2021;10(1):60. 

94. Appaneal HJ, Luther MK, Timbrook TT, LaPlante 

KL, Dosa DM. Facilitators and Barriers to 

Antibiotic Stewardship: A Qualitative Study of 

Pharmacists’ Perspectives. 2019;54(4):250-8. 

95. Mathew P, Ranjalkar J, Chandy SJ. Challenges in 

Implementing Antimicrobial Stewardship 

Programmes at Secondary Level Hospitals in 

India: An Exploratory Study. Frontiers in public 

health. 2020;8:493904. 

96. Uchil RR, Kohli GS, Katekhaye VM, Swami OC. 

Strategies to combat antimicrobial resistance. 

Journal of clinical and diagnostic research : JCDR. 

2014;8(7):Me01-4. 

97. Rusic D, Bukić J, Seselja Perisin A, Leskur D, 

Modun D, Petric A, et al. Are We Making the Most 

of Community Pharmacies? Implementation of 

Antimicrobial Stewardship Measures in 

Community Pharmacies: A Narrative Review. 

Antibiotics (Basel, Switzerland). 2021;10(1). 

98. Van Dort BA, Penm J, Ritchie A, Baysari MT. The 

impact of digital interventions on antimicrobial 

stewardship in hospitals: a qualitative synthesis of 

systematic reviews. The Journal of antimicrobial 

chemotherapy. 2022;77(7):1828-37. 

99. Garau J, Bassetti M. Role of pharmacists in 

antimicrobial stewardship programmes. 

International journal of clinical pharmacy. 

2018;40(5):948-52. 

100. Batista JPB, Torre C, Sousa Lobo JM, Sepodes B. 

A review of the continuous professional 

development system for pharmacists. Hum Resour 

Health. 2022;20(1):3. 

 

69 


	5Primary Health Care Center- Madhya, Jizan 82714, Saudi Arabia



