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1. Introduction 

Hospitals are some of the main hotspots for disease-causing microorganisms and need to be 

able to quickly and effectively respond to managing infection risks and outbreaks. 

Technological interventions can often lead to radical and transformative changes in the 

functioning of social systems, and hospital surveillance and infection control is no exception. 

In particular, the application of machine learning has gradually begun to revolutionize the 

infection control domain. The objective of this survey text is to discuss how advanced artificial 

intelligence-powered solutions can be used to monitor, model, and manage hospital-

associated infections. The easy and ready availability of healthcare data, combined with 

sensor-to-cloud communication and analytic services, rolls out a new paradigm for deploying 

such interventions in real life. A healthcare facility is one of the principal hotspots of 

contagious diseases. The rise in infection rates, despite investment in healthcare infrastructure 

around the world, is raising questions about the efficacy of the disease control measures put 

in place. Consequently, managing such risks has become an important component of 

healthcare provision services. The importance of timely surveillance data is especially critical 

in healthcare response, thereby making quicker the personalization of outbreak surgical 

decision-making. Emerging technologies involve appealing to infectious disease modeling 

techniques and predictive analytics. Despite the potential of these technologies, no systematic 

survey discussing the utilization of advanced algorithms exists to handle hospital systems 

and disease interaction. In this work, we bring forward the potential laid by these technologies 

and introduce the reader to the multitude of uses. Infections have posed a significant rise in 

the aging and vulnerable population, especially resulting from problems of antibiotic 

resistance. Public health strategies to reduce the risk of such infections are numerous and 
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could be coordinated by public health authorities, local health jurisdictions, and other 

healthcare networks. 

1.1. Background and Significance 

Hospital-acquired infection (HAI) has always been a significant public health issue. While 

HAI rates have decreased over time, changing patient needs, the global emergence of 

antimicrobial resistance and multi-resistant organisms, and a growing number of high-risk 

procedures and treatments have taken a toll. Now, multi-drug resistant "superbugs" cause 

treatment challenges. There is a need to investigate new solutions for current and rising issues 

concerning infection control. Reduction in HAIs is a major patient safety concern. Reliable and 

cost-effective infection control that does not overly reduce system-wide service and cost 

effectiveness is required, particularly in these contexts: increased international travel, changes 

in global population distributions, and variations in immunity. Technologies and systems that 

can aid hospitals in controlling and monitoring infection rates and risks, and that can fine-

tune action after HAI outbreaks occur or are suspected, are essential. The offspring from such 

a study will eventually lead to safety and economic benefits. The patient safety movement 

globally has led to changes in many aspects of healthcare, from studies that explore the 

epidemiology of adverse clinical incidents to the exploration of new ways of identifying or 

minimizing the occurrence of adverse events. HAI contributes to adverse events in hospitals. 

It has also been suggested that HAI and the presence of multi-resistant organisms may raise 

the cost of institutional healthcare. Recently, the shift to data-informed or data-enhanced 

decision-making is being increasingly encouraged in healthcare. In addition, received opinion 

argues in favor of moving towards hospital-based care, especially as hospitals are deemed as 

the control locus for future pandemics. However, complex interactions cause additional 

problems for healthcare facilities in the management of infection and are noted in discussions 

of emergency planning. Public health increasingly sees the value of far larger positive 

developments in inter-organizational cooperation within cities. Thus, infections pose major 

problems and risks to healthcare systems and communities; urgent interventions are required. 

2. AI Applications in Hospital Infection Control 

Artificial intelligence (AI) has the potential to revolutionize hospital infection control in 

several areas. Firstly, it can improve the monitoring of processes and environments for signs 

of threats, and detect outbreaks and risky situations in real time to prevent and avert 
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transmission. Secondly, in epidemiological surveillance, AI can facilitate early detection, early 

warning, and prediction, using risk factors from a patient’s characteristics and environmental 

circumstances. In a broader scope, the use of AI could improve the management of infection 

risks, from clinical to facility management level. Given the excellent performance of AI 

solutions, there is an opportunity to automate routine infection control procedures, thus 

releasing resources for more strategic work. 

Given the need for applications that can handle vast amounts of real-time data that is linked 

both across systems and in relation to the patient, machine learning models can integrate 

several sources of information and consecutively make accurate real-time predictions. 

Machine learning systems conduct computer operations in a way that adapts over time, and 

detect and improve patterns within the data to anticipate outcomes. This can also be crucial 

for infection control, particularly in the identification and progression of outbreaks using data 

available in real time. Machine learning can help to utilize historical data for the development 

of models that can predict outbreaks. For example, machine learning tools based on multi-

level temporal and spatial data on resistance to different antimicrobial agents in populations 

determine resistant patterns that correlate with adverse clinical outcomes. In real time, this 

information may lead physicians to perform quick phenotyping to find breakpoint resistance. 

At present, machine learning used in natural language processing might be able to monitor 

the quality of antibiotic prescription from data about the use of antibiotics in hospitals. This 

enables early intervention in a potential outbreak of antimicrobial resistance. 

2.1. Overview of AI in Healthcare 

There has been a rapid uptake of AI in healthcare in many application areas. AI applications 

are revolutionizing healthcare, with a focus on the areas of diagnostics, treatment 

personalization, and operational efficiency. In diagnostics, AI has been applied to analyze 

images and assist in diagnosing a range of conditions. One example is retinal imaging, which 

identifies eye diseases faster than clinicians. In treatment personalization, AI algorithms have 

been used to develop new drugs, predict adverse drug reactions, and create patient-specific 

drug dosing. In operational efficiency, AI has been used to monitor patients in the intensive 

care unit, estimate patient length of stay, and schedule patient room assignments. There are 

barriers to implementing AI in healthcare, including generating large amounts of data in 

different formats. Furthermore, AI algorithms need to be accurate and reliable, providing 
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actionable insights to achieve healthcare quality and performance goals. The development of 

AI technologies in healthcare is vast, where pathways for machine learning algorithms in 

personalized medicine is a technology that uses big data in healthcare to provide improved 

diagnostics and patient pathway opportunities. 

In recent years, our capacity to generate healthcare data has greatly outpaced our ability to 

analyze data efficiently, but AI can interpret vast quantities of raw data, providing predictive 

analytics and clinical outcomes to support operational decision-making for healthcare 

providers. As health data is highly sensitive and personal, researchers and healthcare 

providers must hold themselves accountable to the highest possible standards of data privacy 

and transparency, both of which are essential to earning patients’ trust. Even when AI is 

correct, it may be difficult to understand its insights or recommendations, leading to concerns 

about methodological biases, regulatory complexities, and poor accountability. In short, 'just 

because a technology potentially delivers benefits does not mean it comes without cost.' As 

such, these considerations are essential to implementing new healthcare technologies safely 

and effectively. 

3. Challenges and Opportunities 

The deployment of AI technologies in hospital infection control presents various challenges 

and opportunities, both of which require deep discussion and advanced research. In any 

hospital, infection control operates within a complex web of processes, regulations, and 

technologies, making widespread adoption of innovative technology a difficult practice. 

Resistance to change in this arena is multifaceted and may include difficulties in integration 

with existing technology. Beyond this, AI developers must also navigate the requirements for 

ethical and responsible data use, as well as logistical concerns about the collection of high-

quality, unbiased, and complete training datasets. Hospitals themselves face their own 

roadblocks, dealing with stakeholder consent, safety, and the numerous privacy regulations 

and mandates that prevent sensitive metabolic data from being used in any broad, public 

undertaking. Finally, systemic issues surrounding the rapid progress of AI technologies also 

require careful consideration and make deployment practices rapidly changeable. It requires 

ongoing research and collaboration for uniformity and adaptation to new guidelines. 

However, when successfully operationalized, AI within hospital infection units can offer a 

range of advantageous opportunities. This includes highly accurate and efficient decision 
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support systems for monitoring and managing patient-level infection risk. Running dynamic 

models in real-time is already a standard for identifying and controlling infectious outbreaks 

within hospitals, as it forecasts the expected infected and susceptible patients by the minute. 

Machine learning presents numerous opportunities to increase the operational efficiency of 

such real-time models in hospitals by learning a variety of data filtering, data correction, and 

data assimilation methods. Machine learning provides the possibility to take predictive 

patterns learned from historic outbreaks to predict where a new hospital outbreak may occur 

as the anonymous movement patterns of staff and patients are learned from the data used to 

train the model. Approaching AI deployment from a broader perspective, there is also a 

heightened emphasis on the need for an ethical and responsible disposition from developers 

creating learning systems in the hospital environment. The human perspective is not the only 

one requiring attention in deployment, with government and the commercial industry now 

also seated as stakeholders in clinical outcome prediction. All considerations should be 

included in discussions for situation readiness. 

3.1. Ethical Considerations 

Ethical Concerns AI systems depend on vast amounts of data for the learning that they are 

made to execute. When it comes to health data, privacy should be the utmost concern. 

However, inherent in the use of AI, especially machine learning, algorithmic bias is a possible 

consequence if not used and handled appropriately. In healthcare, an ethical concern that 

arises from the use of AI would be an impaired trust relationship between patients, providers, 

and institutions should such systems continue without fail-safes on trustworthiness, 

reliability, and intended functionality. Furthermore, many governments do not have specific 

guidelines on how AI can be used and tested for use in a clinical setting. It is imperative that 

we manage our use of AI to support infection control through the lens of fair and ethical AI 

use. Equity and Responsibility Health IT news additionally adds that algorithms should not 

be used as neutral, given outcomes and transparency in data used for AI algorithm creation. 

Neglect of such could result in disparate and inadequate treatment for impoverished or other 

individuals who may have Marfan syndrome but have not been screened, and thus untreated. 

For AI development and use in patient care, both legislative and practice standards are 

recommended. A joint working group has been developed, with the aim of addressing the 

development, governance, and application of healthcare AI. Many of the ethical components 

discussed here need to be applied to the promotion of AI development and use. The recently 
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introduced framework for healthcare proposes fostering AI development and access while 

ensuring an ethical base for AI. Any healthcare worker, as a result, should have at least a basic 

understanding of AI and how it influences patient care in order for them to offer ethical care. 

The practitioner also needs to check the security, data handling, and ethical use of the AI used 

in their social community practice. 

4. Case Studies and Best Practices 

In what follows, we describe the use of AI to develop systems for automatically monitoring 

and managing risks of airborne transmitted infections and outbreaks at hospitals. These two 

case studies illustrate the need for hospitals, even those practicing state-of-the-art infection 

control, to use AI because of the gaps in their monitoring and management workflows. 

Further, the case studies show the components and strategies required for AI to be used 

effectively at different hospitals, providing a basis for identifying general practices in 

practical, real-world AI systems for infection prevention. 

4.1. Monitoring of Tuberculosis and Influenza 4.1.1. Problem for Monitoring and 

Management: VHA Hospitals The Veterans Health Administration (VA), the largest 

integrated health system in the U.S., has teams of practitioners working to stop outbreaks of 

airborne infection, focusing on using the resources already available in VA hospitals. One 

such program, the National Tuberculosis (TB) Program, proved a need for practical, 

explainable models to help networks of these practitioners manage TB transmission. The 

Airborne Hazards Hotline, a service for calling together a national team to assist in managing 

local outbreaks, showed that the VA needed something urgent for influenza pandemics and 

therefore spanning several forecasting horizons. From the first call for such a tool, it took only 

a few weeks until the VA could use the resulting AI system to assess institutional risk of TB 

and influenza transmission. In another real-world situation, the U.S. National Institute for 

Occupational Safety and Health requested the VA’s models for application to airborne risks 

from SARS. Here, we draw from their work, supplemented with additional metrics. 

4.1.2. Solution Used by AI in Practice: Real-Time Decision Support System (RT-DSS) The 

corresponding system, now referred to as a Real-Time Decision Support System for pandemic 

influenza (RT-DSS), is an AI system that uses digital data available for each hospital. For 

example, the prevalence of influenza-like illness is computed in real-time using electronic 

records at hospitals, in part because any person coming to a VA hospital with a fever coughs 
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and also has their blood pressure taken. The RT-DSS delivers confidential, hospital-tailored 

infection control recommendations in three basic forms, in order to support a range of users 

and applications in each hospital. A few discrete outputs make it simple for VA hospitals, 

from big cities to rural towns, to use the AI system. The AI system was economically feasible 

because it relied on inferring hospital capacity based on data already being collected and 

utilized for clinical management and report records. The VA anticipated that such a tool to 

forecast possible effects of different AI designs on the organization could save millions of 

dollars and amount to significant changes in policy. 

4.1. Successful Implementation Examples 

This subsection features specific examples of machine learning tools implemented in hospitals 

and systems. Across all showcased examples, the goals of the AI applications focused on 

surveillance, investigation, and infection control, including notifying infection control 

professionals and nurses, and influencing patient assignment and isolation. All 

implementations are currently functioning, with routine evaluations of the programs 

conducted at each to ensure adequate performance. Most of the hospitals and ambulatory 

centers cover large geographical footprints and see high admission volumes, and one 

healthcare system is a national network of emergency room settings. All extended the tools or 

methodologies described in order to meet their needs in terms of specifics and coverage. Even 

without homogeneous methodologies, details from each are discussed. 

Additionally, the information given summarizes the rates at which AI tools notified providers 

of immediate risks or the rates at which surveillance triggered investigations, and includes 

data on overall reductions in HAIs and MDROs as a result of implementation. This 

implementation information typically includes descriptions of data sources and automated 

data cleaning methodologies, infection risk prediction methodologies, infection control alerts 

and notifications, and embedment into hospital systems. Common implementation challenges 

were the need to alter existing care processes and developing customized machine learning 

to fit each of the unique contexts. Additionally, though access to the various data was 

mandated by state regulations and therefore beneficial for these types of implementations, 

those in the study itemize statewide access to unified patient records as one of the primary 

desired features to make further improvements. Feedback from each of the hospitals with 

implemented technologies indicates that continual salesmanship and focus on value, rather 
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than warnings, was important to sign on various stakeholders, and engaging IT was critical. 

Real-time secure communication between case harm modifiers or patients was avoided in a 

few notable cases to date, though one hospital does investigate these nurses with firsthand 

knowledge of incidents that led to isolation triggers as part of investigations. Staff turnover 

and staff changes as a result of changing the process were challenges noted from two 

implementation groups. Finally, additional work concerning cognitive workflows and 

measuring what and how these tools teach clinicians is on the horizon for some, but not 

included in the full detail of the description. 

5. Future Directions 

The field of real-time AI systems for enhanced infection control in hospitals is still in its 

infancy and has only shown its potential recently. Obviously, we expect multicentric and 

multisite prospective and pragmatic studies addressing the outcome benefits of using this 

technology in hospitals of different sizes and specialties in varied settings and populations, 

and these should happen in the short and medium term. Multiple centers across the world 

should devise and undertake projects to know more about combining machine learning 

models for real-time prediction and adaptive response generation of outbreaks and epidemic 

spreading within a range of affected hospitals in order to offer multiple strategies for informed 

collaborative disease containment. A shift towards testing and preserving rather than 

sacrificing the medical staff and the remaining population should be developed and equally 

evaluated. Besides these primary research objectives, we have many other important factors 

that will change. 

In the future, we may see hospital bed utilization change. Policymakers, epidemiologists, and 

public health departments may devise new approaches for managing bed capacity, treating 

and releasing patients, and testing approaches that replace inpatient care. AI providers and 

healthcare providers will develop first-of-a-kind partnerships. Hospitals should not be 

mature enough to perform research and development for effective and comprehensive AI-

based solutions for achieving their needs and goals. Tailored part-time jobs, training, and 

shadowing can also impact the workforce. The study was sculpted to ensure that the hospital 

personnel were sufficiently trained to implement the AI algorithm. We believe that a strategy 

that invests in continuously preparing workers for a time of substantial technological 

modification is crucial to ensuring a successful and fair transition towards the widespread use 
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of AI systems. Efforts for the inclusion of STEM and medical specialties were ineligible and 

are still in progress to improve representation and finance campaigns at medical schools. 

Develop and introduce ethical AI benchmarks. When added to healthcare, AI technology 

necessitates the development and establishment of ethical principles that provide the 

foundation for a particular value system. Authorities should encourage AI solutions that meet 

the performance and other formal requirements under the law. Given the growing public 

interest, policymaking of this kind should gradually transform into obligations. Authorities 

and patients will join forces, adhering to the required quality assurance standards. There is 

currently no standard for AI technologies in healthcare. This is important. However, for 

organizations, an approval process that certifies that a healthcare AI solution has been 

independently tested and verified through portable, competent, and ethical assessment 

operations is required. This will need a new type of regulatory agency to oversee certification, 

and the new Clinical Practice Research Data Strategy, which encourages the development and 

validation of AI technologies, would facilitate this process. An area for future debate is the 

delineation of responsibilities between notifying 'approved' AI software and those that wish 

to use it. 

5.1. Emerging Technologies in Infection Control 

The emerging frontier of technology has brought with it a number of developments that are 

expected to make a huge impact on hospital infection control practices. Wearable devices, 

sensors, and machine learning-based cloud systems are a few examples of the many new tools 

that are expected to allow for real-time monitoring and management of data about infection 

risks and outbreaks in hospitals. Many of these have plans to incorporate systems that will be 

able to analyze large chunks of data quickly and then send out alerts based on predefined 

algorithms that, if a certain threshold is breached, measures for infection control such as 

isolating a patient, conducting a check-up, or decontaminating a portion of the hospital should 

be taken. Infection control in telecommunication with AI can be conducted in other parts of 

the patient care process, with systems being used in telemedicine to help prescribe treatment 

and aid diagnosis, and telemonitoring to keep an eye on vulnerable patients and make cost-

efficient decisions. 

There is a growing body of research concerned with the question of how to integrate analytics 

with AI in order to allow hospitals to make value-based and data-driven decisions. Emerging 
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technologies also have a strong reliance on cloud-based systems. As a result, many infections 

currently are the focus of a great deal of research and development. As the healthcare industry 

develops, many of the challenges and gaps that have been identified are being targeted. 

Currently, the most popular applications in hospital infection control largely rely on up-to-

date data yet have grown to include intraoperative proximity sensing for the prevention of 

interoperative contamination between a sterile site. With the increasing demand for hospitals 

to perform transmission investigations, a number of systems have arisen to promote real-time 

capabilities. These largely rely on data streams transmitted by networks of wearable devices 

or sensors to detect contacts between patients, between professional staff, or a mix of both. 

6. Conclusion 

6. Conclusion 

AI-based systems are being developed and piloted, which may have wide-ranging 

implications across a number of areas in hospital infection prevention and control. This essay 

has highlighted that one possible area for development is in relation to tightening procedures 

for infection control by using real-time machine learning technologies to alert staff and guide 

enhanced cleaning of both the environment and patient care pathways in both day-to-day 

situations and in managing outbreaks. The rate at which such a system is able to respond to 

changing situations is a critical issue, affecting the balance between system benefits and 

concerns related to the wrap-around resources required to make the system effective. 

AI represents the development of yet another advance in technology that will revolutionize 

the way in which healthcare is delivered, with the potential to reduce error and maximize 

patient safety outcomes. However, these developments are not without challenge, many of 

which are discussed in previous essays. Continual research, development, and the 

involvement of all stakeholders will help to ensure that AI is used in the most effective 

manner. The final presentation of the case studies highlights the progress that has already 

been made in relation to AI in infection prevention and control, serving as a practical example 

of how AI can be applied. The case studies are also indicative of what the future may hold in 

hospital infection control, based on the increasing sophistication of the technology deployed. 

There is also scope to enhance resilience through technology-supported change, nurturing the 

potential to accelerate and increase healthcare service and system safety within a forward-

looking regulatory system. 
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