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Abstract

Infection prevention and control (IPC) is a fundamental component of healthcare quality and patient
safety, aiming to minimize the transmission of infectious agents and reduce healthcare-associated
infections (HAIs). This review examines essential infection control practices and emphasizes the
importance of breaking the chain of infection through coordinated, evidence-based interventions. It
explores the six components of the chain of infection, including infectious agents, reservoirs, portals
of exit, modes of transmission, portals of entry, and susceptible hosts. Particular attention is given to
standard precautions, hand hygiene, personal protective equipment, respiratory hygiene, aseptic
techniques, environmental cleaning, disinfection, and sterilization. The review also highlights
transmission-based precautions and preventive strategies for device-associated infections, surgical site
infections, and ventilator-associated pneumonia. Furthermore, it discusses the growing challenges of
antimicrobial resistance, emerging infectious diseases, and the importance of antimicrobial
stewardship, surveillance systems, and continuous professional education. The findings discussed in
the literature emphasize that effective infection prevention requires multidisciplinary collaboration,
institutional commitment, adequate resources, and consistent adherence to established guidelines.
Strengthening infection control practices and promoting a sustainable culture of safety are essential
for protecting healthcare professionals, improving patient outcomes, and enhancing healthcare system
resilience.
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1. INTRODUCTION
An approach designed by multiple disciplines that aims to halt the spread of infectious
agents and save the patients and professionals working in the healthcare environments is
called infection prevention and control (IPC). There is more IPC is needed now than ever
given the healthcare associated infections (HAIs), antimicrobial resistance (AMR), and new
infections arising in the world. Evidence based interventions, surveillance, education,
environmental interventions, and a commitment to a culture of quality improvement are all
aspects of IPC and help to eliminate infections. Infection control teams are not the only
staff members responsible for infection prevention. Quality and safety in the healthcare
environment is a responsibility of every clinician and member of the healthcare team. They
all play a role in infection control, failure of which results in the infection of patients. This
includes clinicians and support staff in every department from the pharmacy to the lab

(Sartelli et al., 2024; WHO, 2024).

The Global Importance of Preventing Healthcare-Associated Infections

Healthcare-associated infections (HAIs) challenge all healthcare systems throughout the
world. Infections associated with healthcare interventions have the potential to cause
suffering and death, lengthen the time a patient must remain hospitalized, and add to the
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costs of healthcare. The multifaceted nature of HAIs requires approaches to the numerous
contributing factors such as the use of invasive procedures, poor hand hygiene,
contamination of the environment, and misuse of antimicrobials. There is now a substantial
body of evidence that the majority of HAIs can be controlled when healthcare settings adopt
comprehensive infection prevention and control (IPC) strategies, and when these strategies
are supported by trained staff and a concrete commitment from the institution. Infection
prevention promotes the safety of patients while controlling occupational exposure of
healthcare workers to pathogens. Therefore, the enhancement of IPC should be an integral
part of the improvement of the health system, and an important element of the global

health security system (Sandu et al., 2025; ECDC, 2024).

The Chain of Infection as a Prevention Framework

The chain of infection is essential to healthcare because it helps workers determine how they
can block infection from one patient to another. The chain is made of six elements. The
first is the infectious agent. The second is the reservoir. The third is the portal of exit. The
fourth is the mode of transmission. The fifth is the portal of entry. The last is the susceptible
host. Each of these can be disrupted and the spread of infection can be prevented. For
example, the identified goal of cleaning a contaminated environment is to eliminate the
reservoir. The use of personal protective equipment (PPE) helps to control/ eliminate
exposure at the portals of exit and entry, and vaccination is a method to control the
susceptibility of the host. Knowledge of this chain of infection helps each healthcare worker
recognize the risks of infection that are associated with their daily healthcare duties. The
characteristics of microorganisms are extensive and varied, and the same is true for the
mechanisms of their transmission. However, the principles of infection control are

applicable in all contexts of healthcare (Sartelli et al., 2024; Sandu et al., 2025).

Infectious Agents and Their Clinical Significance

Infectious agents which comprise the first step in the chain of infection, are the
microorganisms that can cause illness, including but not limited to, viruses, bacteria, fungi
and parasites. These agents’ ability to cause infection relies on certain characteristics, such as
pathogenicity, virulence, the infectious dose, and how resistant the organism is. Various
types of microbes, including some that are resistant to multiple drugs, can be found in
almost all healthcare environments and can be a threat to creating outbreaks. Due to the
advancements in the field of molecular diagnostics, the identification of infectious agents
and the monitoring of outbreaks has become much more efficient, allowing for the prompt
use of control measures to manage the spread of infection. The infection control measures
that must be implemented vary based on the characteristics of the infectious agents, which is
why the infection control personnel must have a wide range of knowledge. In order to
control the infection and improve the quality of the healthcare environment, personnel

must have in-depth knowledge of the infection and its agents (Sandu et al., 2025; Murray et
al., 2022).

Reservoirs and Sources of Infection in Healthcare Settings

Reservoirs are environments, people, animals, and objects in which infectious
microorganisms live and multiply, and from which infection can spread. In a healthcare
setting, a reservoir can be a patient, healthcare worker, medical equipment, water, a surface,
or the environment. In the absence of symptoms, colonized patients can spread infection,
and this is compounded when they carry multidrug-resistant organisms. Knowing where the
potential reservoirs are located helps healthcare staff to focus on prevention, for example by
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cleaning the environment, sterilizing equipment, isolating patients, and instituting
monitoring programs. Moreover, health workers can be temporary reservoirs if
microorganisms are on their hands, clothing, or personal equipment. Effective control of
infection reservoirs in healthcare environments is reliant on the collaborative efforts of
different clinical teams, environmental services, and infection prevention specialists (Baker

et al.,, 2023; Li et al., 2025).

Portals of Exit and Transmission Pathways

The exit portal describes the pathway taken by pathogens from their reservoir and how they
become available for spread. In a healthcare environment, exit portals may include the
respiratory tract, blood, body fluids, drainage from wounds, and excretions from the
gastrointestinal tract. Suctioning, surgical procedures, and injection and wound care may
provide more opportunities for pathogens to exit and spread unless proper precautions are
applied. Healthcare workers should identify the situations that heighten the risk for
transmission and provide the appropriate respiratory protection, gloves, gowns, and safe
handling of contaminated waste. In addition, the healthcare team should understand the
pathways of transmission to determine the necessary precautions to address transmission via
contact, droplets, or aerosols, or via contaminated materials. Stopping the pathways of
transmission is critical to control the spread of infections from patients to healthcare

workers (Siegel et al., 2022; Rezaee et al., 2025).

Modes of Transmission in Healthcare Settings

Modes of transmission denote pathways that infectious agents utilize to reach a susceptible
host. Within the context of healthcare-associated transmission, infections may spread via
direct and indirect contact, via contaminated surfaces or equipment, via droplets and
particles that are transported in the air, and, on rare occasions, via vehicles such as infected
food, water, or pharmaceutical products. The hands and clothes of healthcare workers, as
well as their clinical equipment, may all facilitate the movement of microorganisms, making
the workers vital to the prevention of the spread of infection. Of the various interventions
that may be implemented to improve hand hygiene, the most important and most
challenging to implement are the indirect determinants such as the personnel’s workload,
their level of knowledge, the resource availability, and the culture of the institution. Recent
advances in the field indicate that, in addition to the technical aspects of the infection
control (IPC) programs, the behavioral aspects that improve the adherence of healthcare
workers are equally important. The knowledge of the various modes of transmission
empowers professionals from various disciplines to adopt the appropriate infection control

measures to safeguard the health of patients during the delivery of care (Alhumaid et al.,
2023; Cen et al., 2025).

Portals of Entry and Patient Susceptibility

A portal of entry refers to the route by which the microbes gain access to the susceptible host
to cause infection. The portals of entry in the healthcare environment include the
respiratory mucous membranes, the dermis at the site of injury, surgical wounds, vascular
access devices, urinary catheters and other implanted devices. Hospital in-patients tend to be
more susceptible because of factors like old age, chronic disease, intentional
immunosuppression, multiple invasive procedures, and the cumulative effect of prolonged
occupancy in healthcare facilities. Infection risks can be reduced by healthcare workers
through the application of aseptic techniques, appropriate care of devices, appropriate

management of wounds, and the application of standard precautions. Special emphasis
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should be given on preventing the access of microorganisms to the portals of entry of
patients in an intensive care unit and surgical patients because of their multiple risk factors.
The knowledge of the portals of entry also helps the healthcare worker to be aware of the
circumstances that predispose the patient to infection and the appropriate measures to
prevent infection (Loveday et al., 2023; Kampf et al., 2024).

The Susceptible Host and Risk Factors for Infection

As the name suggests, the vulnerable host is the final segment in the chain of infection, and
is defined as those who can most easily contract an infection. There are numerous factors
that may contribute to the vulnerability of a host, including, but not limited to, use of
chemotherapy, the presence of an advanced age group, the presence of a chronic disease,
malnutrition, exposure to an invasive medical procedure, and organ transplantation. It is
well known that healthcare workers should be concerned about more than just exposure to a
pathogen when assessing the potential for infection; an important consideration is the level
of vulnerability of the patient. Interventions that can be employed to prevent infection
among vulnerable hosts include vaccination, provision of adequate nutrition, early detection
of potential infection, use of antimicrobials when needed, and the diligent implementation
of infection prevention control (IPC) measures. It is also of utmost importance to consider
healthcare workers who are vulnerable hosts. A healthcare worker who is infected can
potentially disrupt the entire healthcare system as a result of absence from work due to the
infection. A healthcare worker-centered approach to IPC means that the potential individual
risks to healthcare workers must be assessed, while at the same time, the goal of
implementing universal precaution for all healthcare interactions must be upheld (Magill et

al., 2023; WHO, 2024).

Strategies to Break the Chain of Infection Using Evidence

Breaking the chain of infection involves the use of many interventions at once because a
singular approach is insufficient. Some of the interventions include: hand hygiene; use of
PPE; environmental decontamination; sterilization; vaccination; use of antimicrobials; and
the early identification and response to the risk posed by an infection. Each of these
interventions will act on many of the links of the chain of infection and will help to reduce
the spread of a given pathogen. Contemporary approaches to infection prevention and
control (IPC) emphasize the mixed approach of education for the healthcare worker
(HCW), provision of appropriate resources at the facility, and the use of indicators to drive
the process of continual improvement. Evidence suggests that healthcare facilities that have
reached a higher level of compliance to the IPC standards see a measurable reduction in
healthcare-associated infections (HAIs) and improved patient safety. Infection control and
prevention should be an integral part of healthcare delivery, and should not be treated as an

administrative task (Asghar et al., 2025; Sartelli et al., 2024).

The Role of Healthcare Workers in Infection Prevention

Infection prevention and control programs must involve healthcare workers because their
behavior influences how pathogens are spread within a population. To keep a health care
environment safe, healthcare workers, including doctors, nurses, pharmacists, lab workers,
dentists, and various therapists and assistants, must follow safe clinical and research
procedures. This includes proper handwashing, the correct use of PPE, safe practices for the
disposal of used healthcare equipment, and a heightened state of awareness regarding the
environment and reporting potential and active infection concerns. While personal
knowledge of infection prevention and control practices and procedures is one of the factors
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that influence prevention, healthcare institutions must provide personnel with the
prevention and control procedures and practices, healthy and safe resources, and the caring
and safe culture of the workplace. Recent studies indicate that when the competency of
healthcare workers is improved and they are adequately engaged, a considerable
improvement in the control of infection prevention compliance is observed, and a reduced
infection rate is achieved for health care infections that could have been prevented (Cen et

al., 2025; Rezaee et al., 2025).

Building a Sustainable Infection Prevention Culture

Establishing a sustainable culture of infection prevention is only possible when a health care
system moves away from singular solutions and develops an environment in which safety is a
core value. The strength of an IPC culture hinges on a multitude of factors, including, but
not limited to, committed leadership, education, and effective communication, with a
healthy measure of accountability and collaboration. Infection control should be viewed by
healthcare personnel as a collective responsibility and not as a task solely belonging to
infection control. Technology and other innovative solutions should be used to build the
next generation of infection prevention and control systems. These systems should offer
greater flexibility in meeting new and emerging infection threats, as well as addressing global
demands such as antimicrobial resistant infections, newly emerging infections, and current
pressures on healthcare systems. As the culture of infection prevention is strengthened,
healthcare workers are able to protect both patients and health workers in various
permanent and temporary health care settings (WHO, 2024; Asghar et al., 2025).

Standard Precautions and Core Infection Control Practices

The Development and Application of Standard Precautions in Healthcare

Standard precautions are the basal requirements for infection control that must be
instituted for every healthcare intervention undertaken, regardless of the patient’s diagnosis
or the healthcare worker’s assumptions regarding the patient’s status concerning
communicable infections. Standard precautions were originally intended to minimize the
potential for infection as a result of contact with blood or other body fluids, as well as with
other potentially infectious materials that come in contact with skin and mucous
membranes and materials that are contaminated. In the contemporary healthcare system,
standard precautions have been expanded beyond simple barrier techniques to a
comprehensive system that includes safety of the environment and of the healthcare
personnel, protection in all the healthcare services, and the safety of the healthcare
processes. Given that many infections are still unrecognized and consequently undiagnosed,
it is critical that standard precautions are applied universally. For the effective application of
standard precautions in healthcare, infection prevention must be integrated into everyday
healthcare practice and every healthcare worker must be trained to recognize the infection
transmission potential that exists in every healthcare interaction (Puro et al., 2022;

Allegranzi et al., 2023).

Hand Hygiene as the Cornerstone of Infection Control

The removal of pathogens from the hands of health care workers (HCW) remains the
primary mechanism toward controlling infection in the health care setting. There are many
interactions HCWSs have with patients and equipment that enable them to take
microorganisms from one patient to another. During routine care, infections can be
introduced to other patients through HCWs and even to equipment and the environment.

There are recognized best practices for hand hygiene. If hands are not visibly dirty, the best
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practice is to use alcohol-based hand rub. If hands are contaminated or dirty, the best
practice is to wash hands with soap and water. Though, hand hygiene has proven to be the
most difficult to implement for systematic and behavioral reasons. Some of the reasons are
irritation of the hands and increased work load. The best practice for changing hand
hygiene is to use all of the known strategies at once. This includes education, reminders,
monitoring and feedback (Lotfinejad et al., 2022; Kingston et al., 2024).

Factors Influencing Hand Hygiene Compliance Among Healthcare Workers

Although hand hygiene is the foundation of effective infection prevention, optimum
adherence remains an even greater challenge in many healthcare settings. Compliance of
healthcare workers is contingent on several factors, such as attitude, knowledge, workload,
provision of hand hygiene resources, committed leadership, and organizational culture.
There is evidence that the degree of compliance is negatively correlated to high and/or
emergent clinical demand and low staffing. In addition, the frequent use of alcohol-based
hand rubs may lead to hand skin irritation, which negatively affects the propensity to
perform hand hygiene. Improving hand hygiene compliance is, therefore, ineffective when
only the behavior of the healthcare worker is the focal point. Positive safety culture,
continuous educational provision, and feedback on performance are the best strategies to
sustain hand hygiene compliance and reduce the infection rate (Sikora & Zahra, 2023;

Kingston et al., 2024).

Personal Protective Equipment: Selection, Use, and Limitations

Personal Protective Equipment (PPE) is the first line of defense between health care
personnel and potential exposure to infectious agents. PPE selection is based on the risk
level of the exposure, the nature of the clinical activity, and the pathway of the infective
agent’s transmission. Along with eye and respiratory protection, PPE may consist of gloves,
gowns, and masks. In order to provide the added protection needed, all PPE must be
properly utilized. It is essential to utilize PPE in the proper way, as its ineffectiveness is equal
to the ineffectiveness of other infection control measures, such as, cleaning the
environment, safety in the practice and preparation of the clinical activities, and hygiene.
Recently, it has been reported PPE may create an added risk of contamination if it is
improperly selected, donned, or doffed, or if it is ineffectively utilized. Evidence suggests
PPE may be less effective if it is utilized in environments where health care workers are not
properly trained on PPE and where the PPE is not accessible. It is therefore an
organizational imperative that health care workers at all levels become educated on the
proper selection, use, and limitations of PPE. (Chughtai et al., 2023; Tabah et al 2022).

Respiratory Hygiene and Prevention of Respiratory Pathogen Transmission

Hygiene of the respiratory system along with cough etiquette is useful in minimizing the
transmission of respiratory pathogens within healthcare environments. There are many
droplets and aerosolized respiratory pathogens that may contaminate surfaces and thus come
into contact with hands. These pathogens can be found in congested clinical zones due to
rapid interactions. It is thus the responsibility of the healthcare worker to reinforce the use
of respiratory etiquette to visitors and patients alike. This can include the use of face masks,
safety ventilation of the area, and the proper disposal of secretions through sneezing and
coughing as well as the washing of hands. These strategies may help to safeguard the
personnel and patients of the healthcare system from emerging respiratory infections such as
COVID-19, influenza, and many other viral infectious diseases. The healthcare system may
use many initiatives and administrative measures along with the environmental strategy of
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influenza vaccination and respiratory hygiene practices to protect and safeguard the
healthcare workers from the transmission of respiratory pathogens (Klompas et al., 2023;

Cheng et al., 2024).

Preventing Medication-Related Infections and the Role of Safe Injection Practices

Improvements in injection safety are key to the prevention of medication-related infections.
Safe injection practices are critical to the prevention of infections caused by improper
preparation and handling of injection medication. Healthcare employees must adhere to the
principles of using sterile equipment, not reusing needles and/or syringes, maintaining an
aseptic environment when preparing medication, and the disposal of sharp instruments in
the appropriate containers. In disseminating unsafe injections, there have been reported
cases of the transmission of pathogens that result in viral and/or bacterial infections.
Individual employees must adhere to these principles, but it is the responsibility of the
healthcare organization to ensure the employees have the appropriate supplies to be able to
adhere to these principles and to routinely assess the competency of its employees. Safe
injection practices demand that healthcare employees such as nurses, physicians, and
pharmacists who prepare and administer medications recognize that even small breaches of
injection safety have the potential to adversely affect a large number of patients (Gualano et

al., 2022; Dolan et al., 2024).

Aseptic Technique and Prevention of Healthcare-Associated Infections

Aseptic technique encompasses methods to protect sterile medical apparatus, tissues, and
environments from contaminations throughout healthcare activities. Aseptic technique is
vital for many invasive medical interventions, such as catheter insertions, surgeries, wound
dressings, intravenous medical interventions, and laboratory specimen collections. It is
essential to maintain aseptic techniques throughout healthcare procedures, as the breach of
aseptic techniques can allow the introduction of microorganisms to sterile regions of the
body and result in severe infections. Aseptic practice entails preparation, use of sterile
equipment, control of the environment, and attention to details at all times. It is also
pertinent that healthcare professionals understand that practices for the maintenance of
aseptic techniques extend to all areas of the practice of healthcare and all procedures that
are invasive, and are not confined to the operating theater. Education, along with
assessments in the practice setting, is crucial for consistent standards, as errors in technique
are most often related to inadequate instruction or an oppressive work environment. There
is a significant reduction in the rate of healthcare-associated infections that are preventable
by the strengthening of aseptic practices (Ling et al., 2023; Mitchell et al., 2024).

Environmental Cleaning, Disinfection, and Healthcare Facility Safety

The presence of microbes along surfaces, medical instruments, and fomites means that the
healthcare setting conduces to the spread of infections. Environmental cleaning and
disinfection programs that are effectively implemented can diminish microbial
contamination and reduce the risk of indirect infection transmission from patients to
healthcare workers. Bed rails, door handles, monitoring equipment, and
treatment/evaluation control areas involve transmission of infection and, therefore, require
special attention. The modern approach to the environmental prevention of infections calls
for standardization of cleaning procedures, careful choice and use of disinfectants, staff
training, and the use of different means to assess and monitor cleaning effectiveness. Also,
the use of technology such as ultraviolet irradiation for disinfection and automated

monitoring systems is being studied. Though technology has the potential to support the
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methods, it cannot be a substitute for the disinfection methods and trained environmental
service teams. To achieve a safe health care environment, there must be a working
partnership between the clinical staff and environmental services (Dancer, 2023; Alfa,

2024).

Fundamentals of Medical Device Reprocessing and Sterilization

Infections associated with contaminated instruments and equipment can be controlled using
properly reprocessed medical devices. Each medical device is assigned a classification level
due to its risk of causing infections which informs the method of cleaning, disinfection, or
sterilization that is most appropriate for its intended use. Complete sterilization is a
requirement for critical devices which come into contact with sterile tissues or within the
vascular system. Semi-critical and non-critical devices require the appropriate level of
disinfection. The cleaning process must be done adequately in order to ensure that the
subsequent sterilization process is not rendered ineffective due to the presence of organic
material which can serve as a barrier to microorganisms. There are Standard Operating
Procedures for the handling, transportation, and storage as well as the quality control of
medical devices in the healthcare facility. Device management requires additional training
for healthcare workers in order to be compliant with the prescribed standards. The infection
risks encountered along the continuum of surgical, diagnostic and therapeutic care can be

mitigated with proper medical device reprocessing (Rutala & Weber, 2022; McDonnell et
al., 2023).

Occupational Health Measures and Protection of Healthcare Workers

An essential part of many infection control programs is to protect the healthcare worker
from occupational risk. There are many routes that healthcare workers encounter risks from
exposure to infections, including blood and body fluid exposure, respiratory pathogens, or
exposure to contaminated environments. The measures of occupational health are wide
ranging. They may include the provision of vaccines, the setting up of systems to report
exposures and the provision of health surveillance, post exposure services and the provision
of safety equipment. The vaccination of healthcare staff is vital in the prevention of
healthcare workers acquiring and transmitting infections to at risk patients. A reporting
culture is vital to the protection of the healthcare worker. It is essential to the culture that
staff report exposures to the institutions and are not afforded the blame for the exposure.
The protection of the healthcare worker from risks is the greater protection of the entire
workforce and may lower the absence rates and increase the resilience of the healthcare

system. (Gomez-Ochoa et al., 2022; Chou et al., 2024).

Education, Training, and Competency-Based Infection Prevention Programs

Healthcare workers must receive supplemental training and ongoing education to ensure
effective infection prevention. Initial training and education are not enough, as infection
challenges, appropriate technologies, and recommended practices are subject to change.
Competency-based education emphasizes the practical application of infection prevention
practices through the use of demonstrations, simulations, assessments, and constant
updates. Infection prevention efforts rely upon the interdependent actions of the entire
health system. Thus, all healthcare workers, including clinicians, laboratorians, janitorial
staff, and members of the Administration, should participate. Evidence suggests that
education efforts that include monitoring and feedback increase compliance, and it is
recommended that healthcare organizations develop comprehensive infection prevention
training programs that include continuous education as part of the organization’s
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professional development programs. For infection prevention, continuous education fosters

compliance and cultivates the organization’s commitment to an infection prevention culture

(Musu et al., 2023; Houghton et al., 2024).

Integrating Standard Precautions into all levels of Day-to-Day Healthcare Practice

To ensure that standard precautions are seamlessly integrated into daily practices at all levels
of healthcare, infection control (IC) should be treated as an inherent aspect of the
professional culture. Sustainable practices of infection control (IC) are a function of the
commitment of leadership, healthcare workers as a resource, and the quality of engagement
and communication. When infection control (IC) is treated as an organizational value, staff
is more likely to be proactive in identifying hazards and in the reporting of adverse events.
Quality control processes are complemented by the auditing procedures, and the provision
of feedback and data to the involved parties. Healthcare organizations need to be responsive
to new infections, the emergence and spread of antimicrobial resistant organisms, and the
new complexities in the healthcare environment. A positive safety culture is complemented
by diverse standard precautions that are implemented in various healthcare environments.
In a sustained culture of prevention of infections (PI), all staff members are responsible

(Zingg et al., 2023; Haque et al., 2025).

Transmission-Based Precautions and Prevention of Healthcare-Associated Infections
Introduction to Transmission-Based Precautions in Healthcare Settings

Standard precautions serve as the baseline for all infection control strategies in a healthcare
setting. Transmission-based precautions (TBPs) are applied in addition to standard
precautions in patients with infections presenting symptoms that warrant specialized
containment measures. TBPs are focused on interrupting the various transmission
mechanisms of infectious pathogens. These mechanisms are contact, droplet, and airborne.
Unlike standard precautions that are employed for all patients, TBPs are modified based on
the situation and the characteristics of the infectious agent. Effective TBPs depend on
appropriate and timely risk assessment, placement of the patient in the appropriate location,
and the correct and timely use of the various PPE. This set of principles must be understood
by all healthcare workers, as TBPs that are applied too late, or not at all, are a primary means
by which healthcare-associated infections are transmitted. The application of TBPs is

necessary to safeguard all patients and healthcare workers from infections that can easily be
avoided through the use of best practice (Siegel et al., 2022; Weber et al., 2023).

Contact Precautions and Prevention of Contact-Transmitted Infections

Contact precautions are utilized for direct contact with infected persons or indirect contact
with contaminated surfaces, equipment, or health care facilities. Contact precautions are
effective for preventing the transmission of multidrugresistant organisms, such as
methicillin-resistant  Staphylococcus aureus (MRSA), vancomycin-resistant enterococci
(VRE), and some bowel pathogens. Contact precautions include the use of gloves and
gowns, single-use or dedicated patient-care equipment, thorough cleaning of the
environment, and compliance with hand hygiene. Healthcare workers must understand the
importance of cleaning the health care environment because contaminated surfaces and
frequently touched objects may facilitate contact transmission. Although prevention of
infection by the use of contact precautions is warranted, the positive and negative impacts
on the patient must be considered. It is necessary to improve contact precautions with the
use of new evidence to evaluate infection risk, patient communication, and the quality of

care that is offered (Morgan et al., 2022; Marra et al., 2024).
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Droplet Precautions and Control of Respiratory Pathogen Spread

Droplet Precautions limit the spread of pathogens that are transmitted in droplets from the
respiratory tract during coughing, sneezing, talking, and some activities done in the
healthcare environment. Droplets have a short range and may come into contact with the
mucous membranes of people in close proximity, endangering other healthcare workers and
other patients. The spread of illnesses such as influenza and some other viral illnesses can be
controlled using droplet precautions along with the use of medical masks, appropriate
placement of patients, respiratory droplet hygiene, and the reduction of contact during the
heightened periods of droplet spread. Healthcare workers must understand the variances in
droplet and other respiratory pathogen transmission with changes in the environment and
clinical activities. The COVID-19 pandemic has shown the need for immediate and flexible
respiratory precautions to control transmission and for the design of flexible infection
control measures to respond to threats of new infections that emerge (Henderson et al.,

2023; Wong et al., 2024).

Airborne Precautions and Protection Against Aerosol-Transmitted Diseases

Some infections are caused by pathogens that can be suspended in the air and travel larger
distances. In the case of tuberculosis, measles, and varicella, there can be transmission of the
disease by the inhalation of infectious particles. There are several infection transmission
airborne control measures, including the use of respiratory protective equipment such as fit-
tested respirators, and the use of proper ventilation and airborne infection isolation rooms.
Health care workers must be trained regularly on the requirements for the selection of
respirators and the procedures for fit-testing and doffing, as exposure through the improper
use of these respirators may compromise protection. Also, health care facilities should
maintain preparedness for protection of workers from occupation exposure to newly
emerging airborne pathogens through their surveillance and infrastructure planning
programs. The use of airborne infection isolation control measures enables health care
workers to conduct timely actions in control of infections and containment of outbreaks
that are associated with the health care system.

Isolation Practices and Patient Placement Strategies

A foundational component of transmission-based precautions is the practice of isolation; it
limits the pathways infectious microorganisms use to jump between patients, healthcare
workers, and visitors. The choice of patient placement largely depends on the mode of
transmission, the level of infection, the availability of isolation resources, and the level of
threat to other susceptible populations. The use of single patient rooms, cohort isolation,
and dedicated care areas is practiced to manage the spread of infection during an outbreak
or in the case of patients infected with infectious organisms that have high levels of
transmissibility. Isolation is more than just physical distance; it is communication, signage,
protective equipment, and oversight of healthcare workers. Isolation that is prolonged
and/or unnecessary has negative consequences on patients and on the practice of
healthcare. Therefore, the application of isolation measures is advisable on the basis of
clinical risk, and is in accordance with the most current evidence on infection control (Abad

et al., 2023; Loveday et al., 2024).

Prevention of Catheter-Associated Urinary Tract Infections (CAUTI)
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The use of indwelling urinary catheters is directly correlated to one of the more prevalent
infections acquired during a hospital stay, catheter-associated urinary tract infections
(CAUTIs). Although urinary catheters are a clinical necessity in some cases, the insertion of
urinary catheters beyond what is clinically necessary as well as the prolongation of
catheterization, both create greater risks for infection. Strategies for the prevention of
CAUTIs include the insertion of catheters only as clinically necessary, use of aseptic
insertion technique, closed systems of urinary drainage, good catheter care, and urinary
catheters being removed as soon as they are no longer needed. The entire healthcare team
contributes to CAUTI prevention by assessing the need for catheter insertion, the ongoing
need for catheter use, and the adherence to catheter care protocols. The successful
prevention of CAUTIs has been achieved through implementing evidence-based bundles
along with the education, monitoring, and feedback of healthcare personnel. The
prevention of CAUTIs reduces the risk of exposing patients to unnecessarily prolonged,
broad spectrum, antimicrobial therapy. CAUTI prevention is a cost-savings measure and
creates safer healthcare environments. (Meddings et al., 2022; Titsworth et al., 2024)

Prevention of Central Line-Associated Bloodstream Infections (CLABSI)

Among the many harmful, infection-related sequelae of modern healthcare, Central line-
associated bloodstream infections (CLABSIs) are among the most damaging, increasing
mortality, morbidity, and expenditure. Although essential for vascular access, central venous
catheters (CVCs) may be compromised at their point of entry, at the catheter hub, or via
inappropriate handling of equipment. To effectively manage the risk of CLABSI, evidence-
based strategies must be observed to the highest degree, and include the use of maximum
sterile barriers, the application of chlorhexidine for skin antisepsis, hand hygiene, hub
disinfection, and a daily review of the catheter’s clinical indication. Safety of catheters is a
shared responsibility of the entire multidisciplinary team, including physicians, nurses,
pharmacists, and infection prevention specialists. A sustained CLABSI rate reduction has
been reported in association with the consistent use of an intervention bundle.
Improvement and the identification of unaddressed needs is best served by the ongoing
observation and reporting of the interventions (Ista et al., 2023; Buetti et al., 2024).

Prevention of Surgical Site Infections (SSI)

Surgical site infections (SSIs) are among the most common postoperative complications and
are associated with extended hospital stays, secondary procedures, and increased costs and
diminished outcomes. Prevention is best approached in a multidisciplinary manner,
beginning in the preoperative phase and continuing throughout the postoperative phase.
Several interventions can be employed that include the use of appropriate antimicrobial
prophylaxis, the control of temperature and blood sugar, and skin preparation, in
combination with sterile technique and control of the operating room and postoperative
wound care. All members of the surgical team should recognize that the prevention
infection is a joint effort of the surgeons, nurses, anesthetists, pharmacists, and the
personnel who maintain the environment. The SSIs are the result of multiple risk factors,
the interactions of which are best addressed with multiple interventions. Recent studies have
shown that the combined effects of infection rate and the adherence to prevention protocols
is a critical factor to lasting improvement in the safety of surgery and outcomes (Ban et al.,

2022; Allegranzi et al., 2025).

Prevention of Ventilator-Associated Pneumonia (VAP)
48



Cultura. International Journal of Philosophy of Culture and Axiology 23(4s)/2026
Ventilator-associated pneumonia (VAP) is one of many infections associated with healthcare
services among patients receiving mechanical ventilation, particularly in an intensive care
unit (ICU). Patients are at even higher risk for VAP the longer they are on mechanical
ventilation, the longer they are in the hospital, and the higher the healthcare costs and risk
of mortality. The use of healthcare-associated evidence-based prevention bundles is needed
to mitigate the risk of VAP through oral care, ventilation sedation, and aspiration care. The
prevention of VAP requires teamwork of nurses, doctors, and respiratory therapists and
other allied healthcare staff. Prevention of VAP is challenging, requiring constant education,
monitoring of adherence, and a flexible approach to adapting healthcare resources and
protocols to the needs of individual patients. Effective teamwork is essential to reduce VAP
and related complications among critically ill patients (Klompas et al., 2022; Papazian et al.,

2023).

Surveillance Systems and Monitoring of Healthcare-Associated Infections

The occurrence and spread of healthcare-associated infections can be effectively monitored
through the implementation of a surveillance system. Such systems are integral to infection
prevention programs and rely heavily on data. Surveillance systems may enable a healthcare
facility to identify the presence of an outbreak, assess the effectiveness of the outbreak
prevention measures, and compare the infection rates to the standards or goals set, as well as
aid in determining appropriate interventions for infection control. Current trends in
infection surveillance combine techniques of clinical surveillance, microbiology, and
electronic medical record systems to enhance surveillance for accuracy and efficiency.
Surveillance requires the support of personnel from many diverse system components,
including the clinical department, the service laboratory, the epidemiology unit, and the
infection prevention and control teams. Surveillance systems should be designed to compel
action by promoting the translation of surveillance findings to interventions aimed at
improving patient safety. Digital health technologies and automated data processing are
improving the capacity of healthcare systems to identify infection control issues and rapidly
respond to newly identified threats. Surveillance is necessary for the continued efficacy of
infection control programs (Dixon et al., 2023; Menegueti et al., 2024).

Outbreak Investigation and Infection Control Response

Healthcare-associated outbreaks present serious risks to the safety of patients because of the
rapid outbreaks that can occur. Outbreak investigations require many steps, such as
recognizing diagnostic criteria, identifying cases, formulating epidemiologic hypotheses, and
applying control measures. Infection control teams primarily lead the coordination of
investigations, though many others are needed to manage an outbreak properly, such as
clinicians, microbiologists, hospital administrators and public health staff. Filtration units,
healthcare worker behavior, and environmental surfaces can all serve as outbreak
transmission vehicles. Flexibility to the evolving state of evidence is critical. Communication,
rapid turnaround of results, and the ability to change measures are needed the most. Recent
outbreaks of infectious disease have caused a great deal of harm, and added evidence further
demonstrates increased IPC resource sustainment, flexibility of measures, and preparedness

on the frontline against potential outbreaks in the future (Baker et al., 2022; Choi et al.,
2024).

Future Directions in Transmission Prevention and HAI Reduction
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Innovative systems engaging technology, cutting edge sciences, and innovative infection
prevention cultures will lead the future of HAI infection prevention. They will enable the
development of Al-based surveillance, automated environmental assessment tools, rapid
diagnosis tests, and risk assessment tools. Technology offers great potential, but cannot
replace fundamental infection prevention (e.g., hand hygiene, the appropriate use of
precautions and safe environments, and education of the healthcare workers).
Comprehensive strategies to prevent HAls further demand commitment to training
programs, infrastructure development, and leadership and partnership engagement of all
sectors. Healthcare workers need to be prepared to respond to the challenges of the
increased complexity of the healthcare environment and the threats posed by new pathogens
and the growing problem of antimicrobial resistance. An innovative and proactive approach
to IPC will focus on prevention and the integration of transmission-based precautions as the
standard approach in all healthcare practice. The enhanced systems will protect healthcare
workers and improve the safety of patients globally (Boehm et al., 2023; Storr et al., 2025).

Chapter 4: Antimicrobial Stewardship and Emerging Infection Control Challenges

The Interdependence of Infection Prevention and Antimicrobial Stewardship
Antimicrobial stewardship and infection prevention work interdependently to control the
spread of infectious diseases and reduce antimicrobial resistance (AMR) across health
systems. Infection prevention aims to stop the spread of infection. In contrast, antimicrobial
stewardship guides the selection, dose, time and method of administration of antimicrobials.
Together, infection prevention and antimicrobial stewardship reduce the spread of resistant
organisms and minimize the unnecessary risk of resistance to the antimicrobial agents.
Infection control and antimicrobial stewardship are complementary practices that require
the input and collaboration of multidisciplinary teams including clinicians, pharmacists,
nurses, microbiologists, and infection prevention specialists. The health care workforce must
recognize that the irrational use of antimicrobials leads to the loss of effective antimicrobials
and increases the burden of resistance. The most effective method of achieving improved
patient outcomes and reduced harm to the public is the appropriate management of
antimicrobials in conjunction with infection prevention strategies (Baur et al., 2022;

Charani et al., 2023).

Antimicrobial Resistance as a Global Healthcare Challenge

The presence of resistant microorganisms complicates the management of infections and
renders vital treatments ineffective. This results in economic and social burdens due to led
to infections with prolonged hospitalization and increased mortality. Proliferation of
resistant microorganisms can be attributed to misuse and overuse of antimicrobials (AM)
coupled with substandard infection control. Healthcare environments can be incubators and
disseminators for resistant organisms due to vulnerable patients and high use of
antimicrobials. In order to mitigate AMR, an interdisciplinary approach is called for
involving integration of the clinical and public health domains, research, and education.
Healthcare workers can control resistance with appropriate prescribing, infection control,
and the use of antimicrobials guided by the best available evidence (Naghavi et al. 2024;
Dadgostar 2022).

Mechanisms and Drivers of Antimicrobial Resistance
The development of resistant microorganisms is a result of intricate biological systems that
promote survival in the presence of antimicrobials. Resistance can develop through a variety

of mechanisms, including but not limited to, the inactivation of antimicrobials via enzymes,
50



Cultura. International Journal of Philosophy of Culture and Axiology 23(4s)/2026
alteration of the target sites of antimicrobials, modification of the cell membrane
permeability, and removal of the antimicrobials through efflux systems. Resistance can be
effectively and rapidly spread to other microorganisms via horizontal gene transfer. It is well
established that AMR is driven by a variety of factors, including but not limited to, the
inappropriate prescription of antimicrobials, the self-prescription of antimicrobials, poor
prescription compliance of antimicrobials, and inadequate practices of controlling the
spread of infections. Antimicrobial therapies, due to their invasive nature, are prolonged in
many patients. A thorough understanding of the mechanisms of resistance is imperative to
making informed choices of antimicrobials to be prescribed and choosing the most effective
way to prevent infections. Thus, all healthcare workers who interact with patients should be
continuously educated in the principles of microbiology and antimicrobials (Reygaert, 2022;

Murray et al., 2022).

The Role of Healthcare Workers in Antimicrobial Stewardship

Antimicrobial stewardship programs require the engagement of all healthcare workers. Their
stewardship efforts impact the effectiveness of antimicrobials or the development of
antimicrobial resistance. The selection of the most appropriate antimicrobial therapy falls on
the physician. The pharmacist aids in the optimization of the antimicrobial regimen by
providing advice on appropriate dosing or potential drug interactions. The nurse
administers the prescribed medication as well as monitors the patient for potential adverse
drug reactions, therapeutic medication outcomes, or develops patient awareness of the
prescribed antimicrobials. Laboratory professionals also participate in the efforts of
antimicrobial stewardship by providing accurate microbiological data and the results of
susceptibility testing that aid the clinician in providing the most appropriate and targeted
antimicrobial therapy. Effective antimicrobial stewardship demands a multidisciplinary
effort that is supported by the policies of the institution, clinical protocols, and the
provision of real-time feedback. The healthcare profession must also strive to find the right
balance of treating infections in a timely manner while minimizing non-indicated
antimicrobial exposure. Improved stewardship efforts in this area will also be instrumental
in the global challenge of antimicrobial resistance (Dyar et al., 2023; Pollack et al., 2024).

Principles of Appropriate Antimicrobial Use

The basis of antimicrobial stewardship is appropriate antimicrobial use—selecting the right
drug, at the right dose, by the right route, and for the right duration. The quality of an
antimicrobial prescription is fundamentally reliant upon an accurate diagnostic, knowledge
of the local resistance patterns and the individual patient, and the frequent reassessment of
the intervention. Inappropriate or excessive use of antimicrobials may promote resistance,
alter the microbiome, and increase the risk of adverse effects. The antimicrobial stewardship
principles of antimicrobial de-escalation, timely reassessment of the therapy, and switching
from broad-spectrum to narrow-spectrum therapy when indicated, should be applied by the
healthcare professional. Antimicrobial stewardship programs empower clinicians to
implement these principles through the provision of up-to-date literature, diagnostic aids,
and specialist advice. The integration of these principles of antimicrobial stewardship into
routine practice enhances the outcomes of healthcare interventions whilst protecting the
efficacy of antimicrobials for future generations (Bassetti et al., 2022; Rodriguez-Bafo et al.,

2023).

Preventing Transmission of Multidrug-Resistant Organisms
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The control of multisite, antibiotic-resistant, and invasive organisms has been a challenge for
healthcare systems in the last few decades, primarily due to limited treatment options and
ability to spread quickly in healthcare systems. Some of the more common MDROs include
methicillin-resistant Staphylococcus aureus (MRSA), organisms that produce extended-
spectrum beta-lactamases, carbapenem-resistant Enterobacterales, and vancomycin-resistant
enterococci. The transmission of MDROs requires a simultaneous combination of many
different interventions, such as stewardship of antimicrobials (preservations), appropriate
use of surveillance and/or screening, contact precautions, thorough cleaning of
surroundings, and an overall commitment to hand hygiene. MDROs are best combated
through a combination of infection prevention and control (IPC) measures and efforts to
minimize antimicrobial selection pressure or stewarship. Screening, surveillance, and
measures like precaution-based highly targeted interventions, are implemented more
frequently in high-risk units such as specialized transplants and intensive care units. A
focused and coordinated multidisciplinary team approach that includes healthcare workers,
infections control personnel, and antimicrobials is necessary to battle the organisms that

have become resistant to many antibiotics and pose a threat to vulnerable patients

(Tacconelli et al., 2023; Mag

Surveillance of Antimicrobial Resistance and Resistance Patterns

Surveillance of antimicrobial resistance (AMR) gives the baseline data that helps recognize
the trends related to antimicrobial resistance, assists in choosing the correct empiric therapy,
and determines the impact of antimicrobial stewardship and infection control measures.
Healthcare systems monitor the microbiological data, the data on antimicrobial
consumption, and epidemiological data to identify new resistance trends and potential
outbreaks. Sound surveillance systems help establish local antibiograms. These assist in
choosing the most appropriate empiric therapy. National and international surveillance
systems help describe the changing resistance patterns on a larger scale. However,
surveillance is only as good as laboratory practices, harmonized surveillance reporting, and
integration of clinical and public health practices. Genomic sciences have enabled
surveillance systems to describe the state of resistance and control the pathways of
transmission. Bolstering surveillance systems is critical to control and mitigate AMR and
improve the management of infectious diseases (Sader et al., 2022; Klein et al., 2023).

Diagnostic Stewardship and Optimizing Antimicrobial Decisions

Diagnostic stewardship focuses on employing an optimal range of diagnostic tools to enable
better clinical decisions and allows for the prescription of targeted antimicrobial therapy.
Efficient and accurate diagnostic tools allow differentiation between bacterial and non-
bacterial infections, the identification of bacterial pathogens, and the premature adjustment
of antimicrobial therapy. Subpar use of diagnostic tools may result in the prescription of
unnecessary antimicrobials, misdiagnosis, or a protracted failure to identify severe infections.
The clinician’s knowledge of available diagnostic tools should include an understanding of
the tool’s context, the result’s diagnostic value, and the patient’s clinical value. The context
of diagnostic value becomes increasingly important with the rapid advances in diagnostic
technology. Diagnostic stewardship is integrates the various domains of laboratory medicine,
infection control, and the judicious use of antimicrobials (Messacar et al., 2022; Banerjee et

al., 2024).

Emerging and Re-emerging Infectious Diseases
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Re-emerging and novel communicable diseases perplex the healthcare industry with shifting
modes of transmission, unfamiliar agents, and sudden demands for the capacity to design
and implement control measures. Among numerous drivers of the emergence of novel
infection risks are global warming, the movement and density of populations, urban growth,
and the evolving relationship between humans and non-human animals. Healthcare settings
are uniquely impacted by the complexities of managing patients with extreme manifestations
of diseases whilst attempting to control ongoing transmission of infection to exposed, at-risk
patients and healthcare personnel. Rapid response requires the ability to diagnose and
classify infections, the capacity to implement physical isolation, control measures, and the
availability of prophylactic vaccines. Effective and efficient communication between
healthcare and public health systems is also a vital component of rapid response. It is
imperative that healthcare professionals stay knowledgeable of emerging pathogens and the
changing nature of infection control recommendations. Maintaining an operational balance
between the control of infection and the delivery of healthcare services is a measure of an
effective and adaptive health systems response (Frontera et al., 2023; Morens and Fauci

2022).

Lessons Learned from Global Infectious Disease Outbreaks

Recent outbreaks of global infectious diseases have shown how resilient infection control
systems should be supported by continuous infection control preparedness in all healthcare
environments. The COVID-19 pandemic brought infection control issues for healthcare
workers such as containment of respiratory threats and the control of environmental
impacts, as well as provision challenges within the healthcare supply chain and the
management of the rapidly changing infection control guidance. Large-scale, disruptive
outbreaks remind us that infection control is an interdisciplinary effort that harmonizes
surveillance and laboratory resources, skilled health workforce, emergency management
systems, and a solid health governance structure. Healthcare workers learned firsthand the
value of adaptable, multidisciplinary, and pragmatic protocols in the face of uncertainty and
the importance of collaboration. The lessons learned extend beyond respiratory infections
and pandemics to the whole spectrum of future fungal, bacterial, and viral infections. To
maintain dedication to infection control preparedness, health systems require sustained
investment in infrastructure, workforce, and research to promote effective response to
contemporary infectious challenges (Baker et al., 2023; Del Rio & Malani, 2022).

Infections are easier to control and predict alongside antimicrobial resistance with the
combination of technology and surveillance. With the right technology, infections can be
predicted, monitored, and trends in antimicrobial resistance can be observed. With digital
systems, potential patients and threats can be predicted and observed. More targeted
antimicrobial therapies can be used with the rapid development of diagnostics. Like with
any new technology, diagnostics and therapeutic technology require testing and validation
before being used in the field and hospitals. Technology should enhance and support the
practice of infection control and prevention. With more innovative technology, infection
control prevention can create systems that improve and control infections in the field and in
hospitals while also maintaining an established standard (Topol, 2023; Ruppé et al., 2024).

Challenges and Opportunities Ahead in Infection Prevention

Infection prevention and antimicrobial stewardship will shape the future of healthcare.
Antimicrobial resistance, infections from healthcare interventions, newly emerging
pathogens, as well as the complexity of the healthcare system, call for multifaceted
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approaches and strategies. The future will be characterized by a focus on the collaboration of
multiple clinical disciplines, more powerful and effective surveillance systems, greater
research initiative, and more pervasive continuing education. Infection prevention and
control as well as the rational use of antimicrobial agents will largely be the responsibility of
the healthcare worker. Leaders managing the development of sustainable systems for
infection prevention will need to nurture supportive environments with the necessary
resources. International collaboration will be necessary to balance the inequitable burden of
infection prevention on various healthcare systems. Healthcare systems will be able to
address future threats by integrating the scientific knowledge of infection prevention with
pragmatic approaches and empirical methodologies in infection prevention, protection, and
preparedness. (Cassini et al., 2024; Storr et al., 2025.)
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