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ABSTRACT

Clinical informatics has emerged as a valuable approach to enhance antimicrobial 
stewardship programs in healthcare settings. By integrating information technology with 
healthcare services, hospitals can systematically collect, store, and utilize medical data to 
improve antibiotic management. Studies have demonstrated that information technology 
interventions improve antibiotic prescription appropriateness and patient outcomes. The 
implementation of effective antimicrobial stewardship employs a multifaceted approach 
that incorporates diagnostic tools, laboratory findings, and clinical situations through 
advanced dashboard systems and rule-based feedback mechanisms. Recent advances in 
artificial intelligence have shown promising results in predicting antibiotic resistance, and 
the integration of hospital information systems with clinical informatics offers sustainable 
solutions for enhancing antimicrobial stewardship programs in clinical practice.
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INTRODUCTION

Antimicrobial resistance and effective stewardship represent critical challenges in modern 
healthcare, particularly given the global shortage of specialists in infectious disease (ID). 
Although antibiotic stewardship programs (ASPs) involve collaborative efforts from various 
healthcare professionals, including pharmacists, nurses, and information system specialists, 
the shortage of ID specialists remains a significant concern.1,2 Recent studies from Korea 
illustrated this challenge, with approximately 300 practicing ID physicians nationwide.2,3 
The situation is further complicated by declining fellowship program enrollment since the 
COVID-19 pandemic, with only 15–20 new physicians entering annually. These specialists, 
primarily working in tertiary care and general hospitals, manage 350–400 patient beds, 
typically with just 2–3 ID doctors per facility.2 Their weekly workload averages 60 hours, 
predominantly focusing on patient services and consultations, with minimal time allocated 
to infection control and antibiotic stewardship.3

While Korea has established the Korean National Healthcare-associated Infections 
Surveillance System (KONAS) to monitor antimicrobial use and resistance patterns, its 
current limitations include delayed data updates and incomplete hospital participation.4 
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The government of Korea recently initiated ASP pilot projects in November 2024, aiming to 
optimize antibiotic use and combat antimicrobial resistance. These pilot projects mark an 
important step towards institutionalizing stewardship practices across the nation. However, 
implementation faces considerable challenges, particularly owing to the lack of integrated 
hospital information systems. The absence of such systems hinders efficient data collection, 
real-time monitoring, and feedback mechanisms that are essential for the success of ASP 
initiatives. In the case of the Epic system in the United States, standardized ASP activities 
are facilitated through integrated platforms, whereas Korean hospitals must develop their 
own individual computerized systems.5 This fragmentation in hospital information systems 
creates significant barriers to implementing standardized ASP protocols and sharing data 
across institutions, potentially limiting the effectiveness of stewardship efforts.

In this review, we discuss how hospital information systems and emerging technologies can 
be effectively utilized to enhance ASPs in healthcare settings with limited resources for ID 
specialists. We outline a systematic strategy for implementing technology-enhanced ASP and 
explore various technological approaches, from clinical informatics to artificial intelligence 
(AI) applications.

CLINICAL INFORMATICS AND DATA MANAGEMENT

Clinical informatics has emerged as a promising strategy for addressing these challenges in 
ASPs. By integrating information technology with healthcare services, clinical informatics 
automates the collection, storage, and utilization of medical data.6 This field, a subset 
of medical informatics that focuses on clinical practice, offers significant potential for 
enhancing ASPs. Studies have consistently demonstrated that information technology 
interventions improve antibiotic prescription appropriateness and positively impact 
mortality rates.7 Digital interventions have proven particularly effective in reducing 
inappropriate antibiotic use, while enhancing prescription practices across various 
healthcare settings.8 An example demonstrating the real-world impact of clinical informatics 
is a tertiary care hospital in the United States that implemented a clinical decision support 
system to monitor and intervene in restricted antimicrobial prescribing for inpatients. This 
intervention led to a reduced length of hospital stay and cost savings, without a significant 
difference in mortality.9 In a related approach, a multicenter study conducted across 12 
hospitals in Spain found that machine-learning-based software demonstrated non-inferiority 
in antibiotic prescribing decisions compared to traditional physician practices,10 further 
supporting the feasibility and effectiveness of informatics-driven ASP interventions.

Data utilization plays a crucial role in modern healthcare management. Advanced dashboard 
systems enable healthcare providers to monitor various metrics, including the influenza 
immunization status, across different patient populations and hospital services. Combined 
with other healthcare metrics such as hand hygiene performance and clinical guideline 
adherence, these systems provide comprehensive insights into prevention strategies.11 ASP 
programs have also begun to develop and utilize these tools to streamline data collection 
and analysis, further supporting stewardship. For instance, dashboard systems and analytics 
tools can assist in monitoring antibiotic use patterns and identifying areas of improvement. 
Notable developments include an open-source software application from the Netherlands 
that allows detailed analysis of antibiotic prescriptions, utilizing metrics like ‘Defined Daily 
Dose’ and ‘Days of Therapy.’12

2/6

Data-Driven Antibiotic Stewardship in Hospitals

https://doi.org/10.3346/jkms.2025.40.e163https://jkms.org



The complexity of antibiotic prescription is further illustrated by studies from the United 
States and China, which have developed different approaches for assessing prescription 
appropriateness.13,14 In the United States, the evaluation focused on the appropriateness 
of antibiotic use at each prescribing stage, emphasizing a step-by-step review of decision-
making processes.11 In contrast, a study from Beijing evaluated appropriateness based on 
diagnostic indications for antibiotic use, and assessed whether prescriptions were justified 
by specific diagnoses.14 These findings also highlight the challenges of applying informatics 
solutions to such evaluations, given the complexity and variability of prescribing practices 
across healthcare systems.

STRATEGIES AND TOOLS

The implementation of effective ASPs requires a comprehensive approach that considers 
multiple factors in antibiotic prescription. This includes diagnostic tools, laboratory 
findings, clinical situations, patient comorbidities, and medical history.15 Based on 
our experience with these complexities, we propose a systematic three-step strategy for 
implementing technology-enhanced antimicrobial stewardship. The first step in the 
development strategy focuses on creating real-time monitoring dashboards for antibiotic 
prescriptions, allowing healthcare providers to track usage patterns and identify areas 
requiring intervention. The second step implements rule-based feedback systems for 
prescribing optimization, including alerts for drug-bug mismatches, opportunities for 
intravenous (IV)-to-oral conversion, and warnings regarding unnecessary combination 
therapy. The third step involves the development of sophisticated predictive models powered 
by AI, enabling more precise antibiotic selection based on local resistance patterns and 
patient-specific factors.

Additionally, integrating tools to monitor antibiotic resistance data can further enhance 
these systems.16 By combining real-time resistance surveillance with predictive analytics, 
empirical antibiotic regimens tailored to specific patient scenarios can be recommended. 
These tools can consider factors such as the patient’s clinical status, comorbidities, and 
previous antibiotic exposure, offering data-driven guidance to optimize empirical antibiotic 
use in hospitalized patients. This approach holds significant potential for improving 
antibiotic selection while reducing the risk of resistance development.

The practical implementation of the proposed framework requires careful consideration of 
system integration and maintenance factors. Integration with existing hospital information 
systems is crucial for successful implementation of the proposed framework. Additionally, 
the successful operation of such systems requires regular evaluation of the system 
performance and user feedback to ensure continuous improvement and adaptation to 
changing clinical needs.

AI APPLICATIONS AND FUTURE DIRECTIONS

Recent advances in AI have shown promising results in antibiotic resistance prediction, 
particularly for urinary tract infections. Models incorporating various antibiotics achieved 
area under the receiver operating characteristic curve values of approximately 0.7. SHapley 
Additive exPlanations analysis has identified key factors influencing resistance, including 
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antibiotic exposure duration, hospitalization length, and specific medical conditions, such 
as chronic respiratory and kidney diseases. These findings, while not establishing direct 
causality, provide valuable insights into previously unknown resistance patterns.17

The development of technology in this field is further supported by the availability of open 
data resources.18 Korea has implemented systems for anonymized medical data sharing, 
enabling the development and validation of algorithms to predict antibiotic resistance. 
Similar initiatives using intensive care unit data from the UK and US have demonstrated 
success in predicting the appropriate timing for IV-to-oral medication transitions.19 
Machine learning applications in hospital settings now span a wide range of functions from 
monitoring and diagnosis to outcome prediction and treatment decision-making.20

Current antimicrobial treatments face challenges due to fragmented data streams from 
various clinical, diagnostic, and research sources. This fragmentation often results in 
imprecise, non-personalized treatment approaches, and unnecessary healthcare expenses. 
The future lies in developing interconnected data systems that facilitate collaboration among 
healthcare providers, policymakers, and researchers, ultimately enabling more precise 
antimicrobial treatment strategies.15 To address hospital information system fragmentation 
in Korea, we propose three solutions: first, developing standardized data exchange protocols 
specifically for antimicrobial stewardship metrics; second, establishing a national ASP 
data repository with standardized reporting templates; and third, providing government 
incentives for hospitals adopting these standards. This phased approach would significantly 
enhance ASP data interoperability across Korean healthcare institutions even before 
complete system standardization becomes feasible.

Recent evaluations of AI in clinical settings have yielded inconsistent results. A study of 
ChatGPT-4 in bloodstream infection management showed varying degrees of success; while 
achieving 59% accuracy in diagnosis matching and 80% satisfaction in diagnostic workups, 
only 2% of cases achieved optimal management.21 Large language models (LLMs) show 
promise, but face significant challenges, including information fabrication and contextual 
limitations.22 Nevertheless, the rapid advancement of this technology necessitates active 
involvement of ID specialists to guide its proper implementation as a supportive tool rather 
than a replacement for clinical expertise.

Despite its promise, AI implementation in ASP faces several critical limitations. First, most 
current AI models for antibiotic resistance prediction achieve moderate accuracy, which may 
be insufficient for high-stakes clinical decisions. Second, these models often function as 
‘black boxes,’ limiting clinician trust and adoption. Third, most models are developed using 
data from single institutions, raising questions about generalizability across different patient 
populations and resistance patterns. To address these limitations, I would recommend: 
1) developing hybrid models that combine rules-based clinical knowledge with machine 
learning to improve interpretability; 2) establishing multicenter collaborative networks for 
model development and external validation; and 3) implementing continuous performance 
monitoring with regular model updating to maintain accuracy as resistance patterns evolve. 
These approaches could help bridge the gap between AI’s theoretical potential and practical 
clinical implementation in ASP.
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CONCLUSION

In conclusion, although the shortage of infectious disease specialists presents ongoing 
challenges, the integration of clinical informatics and AI technologies offers promising 
solutions for enhancing antimicrobial stewardship programs. The complexity of antibiotic 
prescriptions necessitates comprehensive technological solutions at various decision-
making points. While innovative technologies, such as LLMs, show potential, their current 
limitations emphasize the need for careful implementation alongside human expertise in 
clinical practice.

REFERENCES

	 1.	 Yoon YK, Kwon KT, Jeong SJ, Moon C, Kim B, Kiem S, et al. Guidelines on implementing antimicrobial 
stewardship programs in Korea. Infect Chemother 2021;53(3):617-59.    PUBMED | CROSSREF

	 2.	 Jang Y, Park SY, Kim B, Lee E, Lee S, Son HJ, et al. Infectious diseases physician workforce in Korea. J 
Korean Med Sci 2020;35(49):e428.    PUBMED | CROSSREF

	 3.	 Kim B, Eun BW, Lee E, Kim TH, Park S, Park SY. Professional status of infectious disease specialists in 
Korea: a nationwide survey. J Korean Med Sci 2022;37(47):e320.    PUBMED | CROSSREF

	 4.	 Yun IJ, Park HJ, Chae J, Heo SJ, Kim YC, Kim B, et al. Nationwide analysis of antimicrobial prescription 
in Korean hospitals between 2018 and 2021: the 2023 KONAS report. Infect Chemother 2024;56(2):256-65.    
PUBMED | CROSSREF

	 5.	 Pettit NN, Han Z, Choksi AR, Charnot-Katsikas A, Beavis KG, Tesic V, et al. Improved rates of 
antimicrobial stewardship interventions following implementation of the Epic antimicrobial stewardship 
module. Infect Control Hosp Epidemiol 2018;39(8):980-2.    PUBMED | CROSSREF

	 6.	 Degoulet P, Fieschi M. Introduction to Clinical Informatics. New York, NY, USA: Springer; 1997.
	 7.	 Baysari MT, Lehnbom EC, Li L, Hargreaves A, Day RO, Westbrook JI. The effectiveness of information 

technology to improve antimicrobial prescribing in hospitals: a systematic review and meta-analysis. Int J 
Med Inform 2016;92:15-34.    PUBMED | CROSSREF

	 8.	 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. J Antimicrob Chemother 
2022;77(7):1828-37.    PUBMED | CROSSREF

	 9.	 McGregor JC, Weekes E, Forrest GN, Standiford HC, Perencevich EN, Furuno JP, et al. Impact of 
a computerized clinical decision support system on reducing inappropriate antimicrobial use: a 
randomized controlled trial. J Am Med Inform Assoc 2006;13(4):378-84.    PUBMED | CROSSREF

	10.	 Tejeda MI, Fernández J, Valledor P, Almirall C, Barberán J, Romero-Brufau S. Retrospective validation 
study of a machine learning-based software for empirical and organism-targeted antibiotic therapy 
selection. Antimicrob Agents Chemother 2024;68(10):e0077724.    PUBMED | CROSSREF

	11.	 Simpao AF, Ahumada LM, Gálvez JA, Rehman MA. A review of analytics and clinical informatics in health 
care. J Med Syst 2014;38(4):45.    PUBMED | CROSSREF

	12.	 Luz CF, Berends MS, Dik JH, Lokate M, Pulcini C, Glasner C, et al. Rapid analysis of diagnostic and 
antimicrobial patterns in R (RadaR): interactive open-source software app for infection management and 
antimicrobial stewardship. J Med Internet Res 2019;21(6):e12843.    PUBMED | CROSSREF

	13.	 Magill SS, O’Leary E, Ray SM, Kainer MA, Evans C, Bamberg WM, et al. Assessment of the 
appropriateness of antimicrobial use in US hospitals. JAMA Netw Open 2021;4(3):e212007.    PUBMED | 
CROSSREF

	14.	 Zhao H, Wei L, Li H, Zhang M, Cao B, Bian J, et al. Appropriateness of antibiotic prescriptions in 
ambulatory care in China: a nationwide descriptive database study. Lancet Infect Dis 2021;21(6):847-57.    
PUBMED | CROSSREF

	15.	 Howard A, Reza N, Aston S, Woods B, Gerada A, Buchan I, et al. Antimicrobial treatment imprecision: 
an outcome-based model to close the data-to-action loop. Lancet Infect Dis 2024;24(1):e47-58.    PUBMED | 
CROSSREF

	16.	 Yarahuan JKW, Flett K, Nakamura MM, Jones SB, Fine A, Hunter RB. Digital antimicrobial stewardship 
decision support to improve antimicrobial management. Appl Clin Inform 2023;14(3):418-27.    PUBMED | 
CROSSREF

5/6

Data-Driven Antibiotic Stewardship in Hospitals

https://doi.org/10.3346/jkms.2025.40.e163https://jkms.org

http://www.ncbi.nlm.nih.gov/pubmed/34623784
https://doi.org/10.3947/ic.2021.0098
http://www.ncbi.nlm.nih.gov/pubmed/33350186
https://doi.org/10.3346/jkms.2020.35.e428
http://www.ncbi.nlm.nih.gov/pubmed/36472083
https://doi.org/10.3346/jkms.2022.37.e320
http://www.ncbi.nlm.nih.gov/pubmed/38960739
https://doi.org/10.3947/ic.2024.0013
http://www.ncbi.nlm.nih.gov/pubmed/29950188
https://doi.org/10.1017/ice.2018.130
http://www.ncbi.nlm.nih.gov/pubmed/27318068
https://doi.org/10.1016/j.ijmedinf.2016.04.008
http://www.ncbi.nlm.nih.gov/pubmed/35388414
https://doi.org/10.1093/jac/dkac112
http://www.ncbi.nlm.nih.gov/pubmed/16622162
https://doi.org/10.1197/jamia.M2049
http://www.ncbi.nlm.nih.gov/pubmed/39194206
https://doi.org/10.1128/aac.00777-24
http://www.ncbi.nlm.nih.gov/pubmed/24696396
https://doi.org/10.1007/s10916-014-0045-x
http://www.ncbi.nlm.nih.gov/pubmed/31199325
https://doi.org/10.2196/12843
http://www.ncbi.nlm.nih.gov/pubmed/33861334
https://doi.org/10.1001/jamanetworkopen.2021.2007
http://www.ncbi.nlm.nih.gov/pubmed/33515511
https://doi.org/10.1016/S1473-3099(20)30596-X
http://www.ncbi.nlm.nih.gov/pubmed/37660712
https://doi.org/10.1016/S1473-3099(23)00367-5
http://www.ncbi.nlm.nih.gov/pubmed/36918166
https://doi.org/10.1055/a-2054-0270


	17.	 İlhanlı N, Park SY, Kim J, Ryu JA, Yardımcı A, Yoon D. Prediction of antibiotic resistance in patients with a 
urinary tract infection: algorithm development and validation. JMIR Med Inform 2024;12:e51326.    PUBMED | 
CROSSREF

	18.	 Pandemic prevention bigdata exchange. https://www.bigdata-covid.kr/. Updated 2025. Accessed January 
27, 2025.

	19.	 Bolton WJ, Wilson R, Gilchrist M, Georgiou P, Holmes A, Rawson TM. Personalising intravenous 
to oral antibiotic switch decision making through fair interpretable machine learning. Nat Commun 
2024;15(1):506.    PUBMED | CROSSREF

	20.	 Hong N, Liu C, Gao J, Han L, Chang F, Gong M, et al. State of the art of machine learning-enabled clinical 
decision support in intensive care units: literature review. JMIR Med Inform 2022;10(3):e28781.    PUBMED | 
CROSSREF

	21.	 Maillard A, Micheli G, Lefevre L, Guyonnet C, Poyart C, Canouï E, et al. Can chatbot artificial intelligence 
replace infectious diseases physicians in the management of bloodstream infections? A prospective 
cohort study. Clin Infect Dis 2024;78(4):825-32.    PUBMED | CROSSREF

	22.	 Schwartz IS, Link KE, Daneshjou R, Cortés-Penfield N. Black box warning: large language models and the 
future of infectious diseases consultation. Clin Infect Dis 2024;78(4):860-6.    PUBMED | CROSSREF

6/6

Data-Driven Antibiotic Stewardship in Hospitals

https://doi.org/10.3346/jkms.2025.40.e163https://jkms.org

http://www.ncbi.nlm.nih.gov/pubmed/38421718
https://doi.org/10.2196/51326
http://www.ncbi.nlm.nih.gov/pubmed/38218885
https://doi.org/10.1038/s41467-024-44740-2
http://www.ncbi.nlm.nih.gov/pubmed/35238790
https://doi.org/10.2196/28781
http://www.ncbi.nlm.nih.gov/pubmed/37823416
https://doi.org/10.1093/cid/ciad632
http://www.ncbi.nlm.nih.gov/pubmed/37971399
https://doi.org/10.1093/cid/ciad633

	Leveraging Hospital Information Data for Effective Antibiotic Stewardship
	INTRODUCTION
	CLINICAL INFORMATICS AND DATA MANAGEMENT
	STRATEGIES AND TOOLS
	AI APPLICATIONS AND FUTURE DIRECTIONS
	CONCLUSION
	REFERENCES


