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Abstract---Background: Antimicrobial resistance (AMR) poses a 

global health threat, compromising treatment efficacy and increasing 
healthcare costs. Antimicrobial stewardship (AMS) programs optimize 

antimicrobial use, requiring a multidisciplinary approach involving 

laboratory diagnostics, nursing interventions, and pharmacological 
strategies. Aim: This paper explores how integrating these 

components enhances AMS effectiveness in combating resistance and 

improving patient outcomes. Methods: A narrative review synthesizing 
evidence from clinical trials, case studies, and guidelines was 

conducted. The roles of diagnostic technologies, nursing initiatives, 

and pharmacological strategies in AMS were analyzed. Results: 

Laboratory diagnostics enable precise and timely pathogen 
identification, improving antimicrobial targeting. Nursing 

interventions enhance adherence to AMS protocols through education, 

infection prevention, and monitoring. Pharmacological strategies, 
including de-escalation and targeted therapies, reduce inappropriate 

antimicrobial use. Together, these elements lower resistance rates, 

hospital infections, and healthcare costs. Conclusion: Integrating 
diagnostics, nursing, and pharmacology strengthens AMS programs, 

optimizing antimicrobial use and reducing AMR. Future studies 

should assess cost-effectiveness and scalability of multidisciplinary 
AMS models. 
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Introduction  
 

Antimicrobial stewardship (AMS) has emerged as a cornerstone of modern 

healthcare, addressing the urgent and escalating global threat of antimicrobial 
resistance (AMR). Defined as the systematic coordination of interventions to 

optimize antimicrobial use—ensuring the right drug, dose, and duration of 

therapy—AMS aims to improve patient outcomes, curb microbial resistance, and 

limit the spread of multidrug-resistant organisms (MDROs). The World Health 
Organization (WHO) has recognized AMR as one of the top ten global public health 

threats, projecting that drug-resistant infections could cause up to 10 million 

deaths annually by 2050 if left unchecked [1]. The implementation of AMS 
programs represents a proactive response to these alarming trends, safeguarding 

the efficacy of antimicrobials for future generations. 

 
The significance of AMS lies in its multidisciplinary approach, which integrates 

expertise from laboratory diagnostics, nursing, and pharmacology to ensure 

comprehensive and effective intervention strategies. Theoretical frameworks such 
as the "One Health" approach emphasize the interconnectedness of human, 

animal, and environmental health in combatting AMR, advocating for 

collaborative efforts across disciplines [2]. Within healthcare, AMS is informed by 

evidence-based principles that prioritize the precision of prescribing practices. 
This includes the adoption of diagnostic tools, clinical decision-support systems, 

and policies such as formulary restrictions, all aimed at enhancing therapeutic 

outcomes while mitigating resistance risks. 
 

Recent developments have dramatically transformed AMS practices, enabling 

more precise, timely, and impactful interventions. Advancements in laboratory 
diagnostics, such as rapid molecular testing, allow for the early detection of 

pathogens and resistance markers, significantly reducing the time to targeted 

therapy [3]. These tools, including polymerase chain reaction (PCR) and matrix-
assisted laser desorption ionization-time of flight (MALDI-TOF) mass 

spectrometry, provide clinicians with actionable data to tailor antimicrobial 

regimens effectively. Nursing interventions have also gained recognition as pivotal 

elements of AMS. Nurses play a critical role in educating patients on the 
appropriate use of antimicrobials, implementing infection prevention measures, 

and ensuring adherence to AMS protocols [4]. Meanwhile, pharmacological 

innovations, such as the use of pharmacokinetic/pharmacodynamic (PK/PD) 
models, have refined antimicrobial dosing strategies, ensuring therapeutic efficacy 

while minimizing the risk of resistance development [5]. Together, these 

advancements underscore the evolving complexity and multidisciplinary 
integration required for successful AMS implementation. 

 

Despite these advances, the implementation of AMS faces several challenges. 
Resource constraints, particularly in low-income and resource-limited settings, 

hinder the adoption of advanced diagnostics and tailored interventions. 

Additionally, the need for training and interprofessional collaboration poses 
barriers to the widespread adoption of AMS practices. Addressing these 

challenges requires a systematic understanding of how laboratory diagnostics, 

nursing, and pharmacology can work synergistically to achieve AMS goals. 
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This paper explores the integration of laboratory diagnostics, nursing 

interventions, and pharmacological strategies within AMS programs. The first 

section focuses on laboratory diagnostics, highlighting their role in improving 
precision and reducing the lag between infection detection and treatment. The 

second section examines nursing interventions, emphasizing their contribution to 

AMS through patient education, infection control, and protocol adherence. The 
third section delves into pharmacological strategies, including targeted therapies 

and the application of emerging innovations in antimicrobial development. The 

paper concludes with a discussion of the synergistic benefits of these 
components, recommendations for enhancing AMS practices, and an emphasis on 

the importance of interdisciplinary collaboration in combating AMR effectively. 

 
Laboratory Diagnostics in Antimicrobial Stewardship 

Role of Diagnostics 
 

Laboratory diagnostics are pivotal in the implementation and success of 
antimicrobial stewardship (AMS), providing a critical foundation for precise, 

effective, and responsible antimicrobial use. Diagnostics play a central role in the 

early detection and identification of infections, offering detailed insights into 
resistance patterns that guide timely and informed decision-making in clinical 

settings. The ability of diagnostic tools to identify specific pathogens and 

determine their susceptibility profiles allows healthcare providers to tailor 
antimicrobial therapies to the individual needs of patients. This precision reduces 

the reliance on broad-spectrum antibiotics, which are often used as a default in 

the absence of specific diagnostic information, and minimizes the risk of fostering 
antimicrobial resistance (AMR) through inappropriate or excessive antimicrobial 

use [6]. 

 

Beyond pathogen identification, diagnostic tools are instrumental in 
distinguishing between bacterial, viral, and fungal infections. This differentiation 

is crucial in ensuring that antibiotics are prescribed only when necessary and 

appropriate, aligning with AMS goals. Misdiagnosis or the absence of diagnostic 
confirmation can lead to the unnecessary use of antibiotics in cases of viral or 

fungal infections, which do not respond to these treatments. By avoiding such 

misuse, diagnostics help preserve the efficacy of existing antibiotics, a critical 
objective in the fight against the escalating global threat of AMR. 

 

Furthermore, the targeted approach enabled by accurate diagnostics improves 
patient outcomes by facilitating rapid and appropriate treatment. Early and 

precise interventions not only alleviate the burden of infection more effectively but 

also prevent complications associated with delayed or incorrect treatments. This 

approach supports a holistic strategy in AMS, where the judicious use of 
antimicrobials is combined with enhanced diagnostic accuracy to combat AMR. 

Thus, laboratory diagnostics are not merely supportive tools but integral 

components of AMS, driving both the optimization of antimicrobial use and the 
safeguarding of public health [7]. 
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Technological Advancements 
 

Recent advancements in diagnostic technology have transformed AMS practices, 

allowing for more rapid and precise interventions. Molecular diagnostic tools, 
such as polymerase chain reaction (PCR), have emerged as critical assets in AMS. 

PCR enables the amplification and detection of genetic material from pathogens, 

providing highly sensitive and specific results within hours rather than days [8]. 

This rapid turnaround significantly shortens the time to targeted therapy, 
particularly in critical care settings where delays can lead to adverse outcomes. 

Another breakthrough technology is matrix-assisted laser desorption ionization-

time of flight (MALDI-TOF) mass spectrometry, which rapidly identifies pathogens 
at the species level by analyzing their protein profiles. MALDI-TOF has proven to 

be a cost-effective and efficient tool in AMS, with studies demonstrating its ability 

to reduce the use of unnecessary antibiotics and hospital length of stay [9]. 
 

Point-of-care (POC) testing represents another significant development, allowing 

diagnostic tests to be conducted at or near the site of patient care. POC tests, 
such as lateral flow assays and nucleic acid amplification tests, provide 

immediate results, enabling clinicians to initiate appropriate treatment without 

delays. These tools are particularly valuable in resource-limited settings, where 

access to centralized laboratory facilities may be limited. By facilitating rapid and 
decentralized testing, POC diagnostics enhance the reach and effectiveness of 

AMS programs, particularly in outpatient and rural healthcare settings [10]. 

 
Challenges in Implementation 
 

Despite their promise, the implementation of advanced diagnostic tools in AMS 

faces several challenges. Cost barriers remain a significant obstacle, particularly 

in low-income and resource-constrained settings. Advanced technologies such as 

PCR and MALDI-TOF often require substantial initial investment in equipment, as 
well as ongoing costs for reagents and maintenance. These financial constraints 

limit the accessibility of these tools in under-resourced healthcare facilities, where 

the burden of AMR is often highest [11]. 
 

Another challenge lies in the integration of diagnostic tools into clinical workflows. 

To maximize their utility, diagnostics must provide actionable results that can be 
seamlessly incorporated into decision-making processes. However, delays in data 

interpretation, lack of trained personnel, and limited interoperability with 

electronic health records can hinder their effective use. Addressing these barriers 
requires comprehensive strategies that include capacity building, infrastructure 

investment, and the development of standardized protocols for diagnostic use in 

AMS [12]. 

 
Laboratory diagnostics are indispensable in AMS, providing the evidence base for 

precise and effective antimicrobial use. While recent technological advancements 

such as PCR, MALDI-TOF, and POC testing have enhanced the speed and 
accuracy of diagnostics, challenges in cost and clinical integration must be 

addressed to realize their full potential. Future efforts should focus on increasing 

the accessibility of advanced diagnostics in resource-limited settings and fostering 
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collaboration between diagnostic developers, healthcare providers, and 

policymakers to integrate these tools into AMS programs. 

 
Nursing Interventions in Antimicrobial Stewardship 

Education and Advocacy 
 
Nursing interventions are integral to the success of antimicrobial stewardship 

(AMS) programs, with education and advocacy forming a foundational pillar of 

their involvement. Nurses, as frontline healthcare providers, are uniquely 
positioned to educate patients about the appropriate use of antibiotics. This 

includes informing patients about the dangers of antimicrobial resistance (AMR), 

the importance of completing prescribed antibiotic courses, and the need to avoid 
self-medication with leftover antibiotics [13]. Through patient education, nurses 

can address misconceptions about antibiotics, such as their ineffectiveness 

against viral infections, and promote adherence to prescribed regimens, a critical 

factor in minimizing resistance development [14]. 
 

Nurses also play a vital role in promoting adherence to AMS protocols among 

healthcare teams. By serving as advocates for best practices, they ensure that 
AMS guidelines are consistently implemented in clinical settings. For instance, 

nurses often facilitate the use of clinical decision-support tools that guide 

antimicrobial prescribing and administration. They act as intermediaries between 
patients and prescribers, ensuring that treatments align with stewardship 

principles and that deviations are addressed promptly [15]. 

 

 
Figure 1: The Interventions and Challenges of Antimicrobial Stewardship in the 

Emergency Department 
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Infection Prevention 
 

Nurses play a vital role in enhancing antimicrobial stewardship (AMS) initiatives 

within the realm of infection prevention. Nurses greatly mitigate the risk of 
healthcare-associated infections (HAIs) by rigorously implementing and 

supervising infection control measures, which encompass strict hand hygiene 

practices, compliance with isolation rules, and comprehensive environmental 

disinfection procedures. Healthcare-associated infections (HAIs) significantly 
contribute to antimicrobial utilization in medical environments, since their 

emergence frequently requires the commencement of empirical or broad-spectrum 

antibiotic treatments [16]. Evidence highlights the significant effect of adhering to 
adequate hand hygiene, with studies showing a notable reduction in HAI 

incidence, which closely correlates with decreased need on antibiotics for 

treatment [17]. 
 

Nurses are essential proponents of vaccination, guaranteeing that patients and 

healthcare staff have requisite vaccines as a component of comprehensive 
infection protection measures. Immunizations for diseases like seasonal influenza 

and pneumococcal infection are essential for safeguarding at-risk groups, 

including the elderly and immunocompromised individuals. These preventive 

approaches not only decrease the occurrence of respiratory and other diseases 
but also lessen the necessity for medications that may otherwise be needed to 

treat these conditions [18]. The participation of nurses in vaccine advocacy 

mitigates the strain on antimicrobial resources, hence advancing the objectives of 
AMS programs. 

 

In addition to preventive measures, nurses act as primary monitors for possible 
indicators of antibiotic abuse or the emergence of resistance. This involves 

identifying instances where patients have enduring signs of infection despite 

continuous therapy or acknowledging the emergence of secondary infections that 
may exacerbate the clinical scenario. Timely identification of these concerns 

enables immediate intervention, such as altering treatment protocols or 

conducting supplementary diagnostic evaluations, hence reducing the 

proliferation of antibiotic resistance [19]. Nurses play a crucial role in reducing 
the misuse of antimicrobials and improving the efficacy of antimicrobial 

stewardship initiatives by integrating infection prevention strategies with diligent 

monitoring and patient advocacy. 
 

Role in AMS Committees 
 
Nurses are essential stakeholders in multidisciplinary AMS teams, where their 

clinical expertise and patient-centered perspective inform policy development and 

implementation. As members of AMS committees, nurses contribute to the 
development of protocols that guide antimicrobial use, such as criteria for 

initiating or discontinuing therapy and guidelines for switching from intravenous 

to oral antibiotics. Their insights, derived from daily patient interactions, ensure 
that these protocols are practical, feasible, and tailored to the specific needs of 

their healthcare settings [20]. 
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In addition to protocol development, nurses play a key role in compliance 

monitoring. They oversee the administration of antibiotics, ensuring that 

prescribed treatments adhere to AMS guidelines. This involves verifying the 
appropriateness of antibiotic choice, dosage, and duration, as well as 

documenting and reporting any deviations. By acting as a bridge between 

prescribers, pharmacists, and patients, nurses enhance communication and 
coordination within AMS teams, fostering a collaborative approach to stewardship 

[21]. 

 
Nursing interventions are indispensable to the effective implementation of AMS 

programs. Through education, advocacy, infection prevention, and active 

participation in AMS committees, nurses not only support the rational use of 
antimicrobials but also strengthen the overall healthcare response to AMR. By 

leveraging their frontline position and clinical expertise, nurses contribute to 

reducing unnecessary antibiotic use, improving patient outcomes, and mitigating 

the spread of resistance. Future efforts should focus on expanding nursing 
education in AMS principles and integrating their roles more deeply into 

multidisciplinary stewardship strategies. 

 
Pharmacological Strategies in Antimicrobial Stewardship 

Optimizing Antimicrobial Prescribing 
 
Optimizing antimicrobial prescribing is a central goal of antimicrobial stewardship 

(AMS), aimed at ensuring effective treatment while minimizing the development of 

antimicrobial resistance (AMR). One key strategy is de-escalation, which involves 
the transition from broad-spectrum empiric antibiotics to narrow-spectrum 

agents based on culture and sensitivity results. This practice reduces 

unnecessary exposure to broad-spectrum antibiotics, thereby preserving their 

efficacy for severe or resistant infections [22]. De-escalation has been shown to 
maintain clinical outcomes while decreasing the risk of resistance and adverse 

drug events, making it a cornerstone of AMS protocols [23]. 

 
Pharmacokinetic/pharmacodynamic (PK/PD) principles play an equally critical 

role in optimizing antimicrobial use. PK/PD modeling ensures that antibiotics 

achieve effective concentrations at the site of infection, maximizing therapeutic 
efficacy while minimizing toxicity and resistance selection. For instance, time-

dependent antibiotics such as beta-lactams require sustained drug levels above 

the minimum inhibitory concentration (MIC), while concentration-dependent 
agents like aminoglycosides and fluoroquinolones rely on achieving high peak 

concentrations [24]. Tailoring antimicrobial dosing based on PK/PD principles has 

demonstrated significant improvements in clinical outcomes, particularly in 

critically ill patients, where altered drug metabolism can complicate dosing 
strategies [25]. 

 

Stewardship Tools 
 

Antimicrobial stewardship (AMS) programs employ a diverse range of tools to 

promote judicious antimicrobial prescribing and combat the growing challenge of 
resistance. Among these, antibiotic cycling, also referred to as antibiotic rotation, 

is a strategy that involves the systematic substitution of specific antibiotics within 
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a healthcare setting over defined periods. The goal of cycling is to reduce the 
selective pressure that drives the emergence of resistance to a single agent by 

rotating antibiotics, thereby limiting the opportunity for multidrug-resistant 

organisms (MDROs) to develop dominance against any one class. While the 
evidence on the effectiveness of antibiotic cycling is mixed, with some studies 

demonstrating reductions in resistance and others showing limited or no benefit, 

it remains a potentially valuable approach in settings with a high burden of 

MDROs and limited therapeutic options [26]. Its success often depends on 
adherence to protocol, robust infection surveillance systems, and alignment with 

local resistance patterns. 

 
Similarly, formulary restrictions are a cornerstone of AMS efforts and serve to 

limit the availability of certain antibiotics for specific clinical scenarios or 

prescribers. By narrowing access to broad-spectrum agents or last-resort 
antibiotics, such restrictions aim to prevent overuse and misuse, particularly in 

situations where less potent or narrower-spectrum options are clinically 

sufficient. Formulary restrictions are frequently reinforced by prior authorization 
systems, which require prescribers to obtain approval before initiating therapy 

with certain high-risk or restricted antibiotics. These systems ensure that 

antibiotic use is reviewed for appropriateness before being administered, adding a 

layer of oversight that safeguards against unnecessary escalation to critical 
therapies [27]. However, their success relies on prompt and well-coordinated 

implementation to avoid delays in treatment, especially in acute care settings. 

 
The integration of clinical decision-support systems (CDSS) into AMS programs 

represents another transformative advancement in guiding antimicrobial 

prescribing. CDSS leverages real-time, evidence-based data to assist clinicians in 
making informed decisions, tailoring antibiotic selection to the patient’s specific 

characteristics, infection type, and local resistance profiles. These systems have 

consistently demonstrated their value by reducing inappropriate antibiotic use, 
optimizing the duration of therapy, and ensuring compliance with AMS guidelines 

[28]. Importantly, CDSS enhances the efficiency and consistency of AMS 

interventions by automating complex decision-making processes and reducing 

variability in prescribing practices. This is particularly crucial in high-pressure 
clinical environments such as emergency departments, intensive care units, and 

other settings where clinicians must make rapid decisions with limited time for 

deliberation [29]. 
 

By integrating tools such as antibiotic cycling, formulary restrictions, prior 

authorization, and CDSS, AMS programs create a multifaceted framework that 
supports evidence-based prescribing while mitigating the risks of resistance. 

These strategies underscore the critical need for continuous innovation, 

surveillance, and collaboration to adapt AMS interventions to the evolving 
landscape of antimicrobial resistance. 

 

Emerging Therapies 
 

The development and implementation of novel antibiotics and adjunct therapies 

are critical to countering AMR and supporting AMS initiatives. New antimicrobial 

agents, particularly those targeting multidrug-resistant pathogens such as 
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carbapenem-resistant Enterobacterales (CRE) and methicillin-resistant 

Staphylococcus aureus (MRSA), provide clinicians with additional options for 

treating severe infections. Agents such as ceftazidime-avibactam and meropenem-
vaborbactam have shown promise in addressing resistance in Gram-negative 

bacteria, while novel anti-MRSA agents like delafloxacin and omadacycline 

expand the armamentarium against resistant Gram-positive pathogens [30]. 
 

In addition to new antibiotics, adjunct therapies such as immunomodulators, 

monoclonal antibodies, and bacteriophage therapy offer innovative approaches to 
infection management. Bacteriophage therapy, which uses viruses to target and 

lyse specific bacterial pathogens, has gained renewed interest as a non-antibiotic 

alternative, particularly for infections caused by multidrug-resistant organisms 

[31]. Preliminary clinical trials have demonstrated the efficacy of phages in 
treating chronic and biofilm-associated infections, though further research is 

needed to standardize their application and address potential regulatory 

challenges [32]. 
 

Pharmacological strategies are vital components of AMS, encompassing both 

established practices and emerging innovations. Optimizing antimicrobial 
prescribing through de-escalation and PK/PD principles enhances the precision 

and efficacy of treatment, while stewardship tools such as antibiotic cycling, 

formulary restrictions, and CDSS support sustainable prescribing behaviors. 
Emerging therapies, including novel antibiotics and bacteriophage-based 

interventions, provide promising avenues for addressing AMR. However, the 

successful implementation of these strategies requires ongoing investment in 

research, education, and infrastructure to support AMS programs and mitigate 
the global burden of AMR. 

 

Conclusion 
 

Antimicrobial stewardship (AMS) represents a cornerstone in the global fight 

against antimicrobial resistance (AMR), demanding a multidisciplinary and 
integrative approach to optimize antimicrobial use, enhance patient outcomes, 

and safeguard the efficacy of these critical therapies for future generations. The 

synthesis of laboratory diagnostics, nursing interventions, and pharmacological 
strategies within AMS programs underscores the significance of collaborative 

efforts to combat the complex and evolving challenges posed by AMR. 

 

Laboratory diagnostics have transformed AMS practices by enabling the rapid and 
precise identification of pathogens and resistance mechanisms. Technologies such 

as polymerase chain reaction (PCR), matrix-assisted laser desorption ionization-

time of flight (MALDI-TOF) mass spectrometry, and point-of-care testing facilitate 
timely, targeted antimicrobial therapy, reducing the reliance on broad-spectrum 

agents and mitigating resistance risks. Similarly, nursing interventions are pivotal 

in AMS implementation, with nurses serving as educators, advocates, and 
monitors of infection prevention and protocol adherence. Their role in 

multidisciplinary AMS teams ensures that stewardship principles are seamlessly 

integrated into clinical practice. 
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Pharmacological strategies, including de-escalation, 
pharmacokinetic/pharmacodynamic (PK/PD)-guided dosing, and emerging 

therapies such as bacteriophage-based interventions, provide robust tools for 

addressing AMR. These strategies, combined with stewardship tools like 
formulary restrictions and decision-support systems, enhance the precision and 

sustainability of antimicrobial prescribing practices. 

 

Despite these advances, challenges such as cost barriers, resource limitations, 
and the need for interdisciplinary collaboration persist. Addressing these issues 

requires sustained investment in research, education, and infrastructure to 

expand AMS accessibility and effectiveness. By strengthening the integration of 
diagnostics, nursing, and pharmacology, AMS programs can achieve their 

ultimate goal of preserving antimicrobial efficacy and improving global health 

outcomes. 
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 التدبير العلاجي لمضادات الميكروبات: دمج التشخيصات المخبرية، التدخلات التمريضية، والاستراتيجيات الدوائية 

 الملخص: 

 الخلفية:

العامة على    للصحة 
ً
 كبيرا

ً
الحيوية تهديدا الميكروبات للمضادات  المرض والوفيات وتكاليف  يمثل مقاومة  إلى زيادة معدلات  العالم، مما يؤدي  مستوى 

( إلى تحسين استخدام المضادات الحيوية لتحقيق أفضل نتائج للمرض ى AMSالرعاية الصحية. تهدف برامج التدبير العلاجي لمضادات الميكروبات )

لفعّالة، وتقليل تطور المقاومة. يعتمد نجاح هذه البرامج على نهج متعدد التخصصات يدمج بين التشخيصات المخبرية الدقيقة، التدخلات التمريضية ا 

 والاستراتيجيات الدوائية المستهدفة. 

 الهدف:

الت برامج  فعالية  لتحسين  الدوائية  والاستراتيجيات  التمريضية،  التدخلات  المخبرية،  التشخيصات  دمج  كيفية  استكشاف  إلى  المقال  دبير يهدف هذا 

 العلاجي لمضادات الميكروبات وتقليل معدلات المقاومة.

 الطرق:

التكامل الأدوار  لتحليل  التوجيهية،  والإرشادات  الحالة  ودراسات  السريرية  الدراسات  ذلك  في  بما  الحديثة،  العلمية  الأدبيات  مراجعة  ية تمت 

 .AMSللتشخيصات المخبرية والتدخلات التمريضية والاستراتيجيات الدوائية في برامج 

 النتائج:

التدخلات  عزز 
ُ
ت مقاومتها.  وأنماط  العدوى  مسببات  عن  والدقيق  السريع  الكشف  خلال  من  العلاج  دقة  تحسين  في  المخبرية  التشخيصات  تساعد 

ببروتوكولات   الالتزام  الدقيقة. كما تساهم الاستراتيجيات   AMSالتمريضية  العدوى، والمراقبة  الوقاية من  تنفيذ تدابير  المرض ى،  من خلال تثقيف 

 الدوائية، بما في ذلك توجيه العلاج وتقليل الاستخدام غير الملائم للمضادات، في الحد من المقاومة.

 الخلاصة:

برامج   لتقوية   
ً
أساسيا يُعد  الدوائية  والاستراتيجيات  التمريضية،  التدخلات  المخبرية،  التشخيصات  دمج  من AMSإن  يقلل  المتكامل  النهج  هذا   .

أكثر استخدام المضادات الحيوية غير الضرورية، يحسن سلامة المرض ى، ويحد من مقاومة الميكروبات. هناك حاجة مستمرة إلى البحث لتطوير نماذج  

 فعالية وقابلة للتطبيق على نطاق واسع. 

 الكلمات المفتاحية: 

 المرض ى. التدبير العلاجي لمضادات الميكروبات، مقاومة الميكروبات، التشخيصات المخبرية، التدخلات التمريضية، الاستراتيجيات الدوائية، سلامة 

 

 
 


