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Abstract

Healthcare-associated infections (HAIs) and multidrug-resistant (MDR) pathogens present significant challenges to global health,
exacerbated by emerging threats such as SARS-CoV-2 and the growing immunocompromised population. While isolation precautions are
critical for infection prevention and control (IPC), their indiscriminate application can strain resources and impact patient well-being. This
review proposes a patient-centered framework for optimizing isolation strategies by integrating pathogen-related factors, individual patient
risks, and healthcare facility resources to optimize isolation precautions. By incorporating targeted risk assessments, advanced analytics (e.g.,
omics and machine learning), and infection preventionist leadership, this approach aligns isolation measures with clinical and operational
realities. It aims to enhance IPC efficacy while balancing patient needs and resource efficiency. We highlight strategies to ensure isolation
precautions remain evidence-based, adaptable, and sustainable within healthcare settings. A patient-focused approach to isolation improves
both infection prevention and overall quality of patient care.

(Received 15 January 2025; accepted 28 March 2025)

Introduction

Healthcare-associated infections (HAIs) pose a major challenge to
healthcare systems globally, increasing morbidity, mortality, and
economic burden.1,2 Isolation precautions play a critical role in
reducing transmission; however, their indiscriminate application
can strain resources, compromise patient experience, and lead to
unintended consequences such as increased workload for health-
care workers and psychological distress for patients.3–6

A key limitation of current infection prevention and control
(IPC) strategies is the lack of personalized risk stratification for
patient isolation. Traditional protocols adopt a one-size-fits-all
approach, which may not always align with the specific risks posed
by different pathogens, patient conditions, or healthcare facility
constraints.7 At the same time, emerging multidrug-resistant
(MDR) bacteria, novel viral pathogens, and the growing
immunocompromised population necessitate more efficient and
targeted isolation strategies.4

This review aims to develop a patient-centered approach to
prioritizing isolation precautions, ensuring that interventions are

both effective in infection control and minimally disruptive to
patient care. We propose an integrated framework that considers:

1. Patient risk factors – underlying health conditions, omics-based
susceptibility, and colonization risk.

2. Pathogen-related factors – transmission potential, virulence,
and environmental persistence.

3. Healthcare facility constraints – availability of isolation rooms,
workload pressures, and adherence challenges.

By incorporating advanced analytics (e.g., machine learning,
omics-based risk assessments) and infection prevention leader-
ship, this model seeks to optimize the use of isolation resources
while maintaining high-quality patient care.

This paper first examines the challenges in implementing
isolation precautions, followed by a discussion of key patient,
pathogen, and facility-related factors influencing prioritization. By
integrating a patient-centered approach into IPC strategies, we aim
to provide a more adaptive, evidence-based, and resource-efficient
model for prioritizing isolation precautions in modern healthcare
settings. This approach aims to enhance decision-making in
isolation practices, supported by emerging technologies such as
AI-driven risk stratification and omics-based infection risk
profiling.
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Importance of isolation precautions in IPC

In healthcare facilities, MDR bacteria can be transmitted through
various routes, including direct contact with contaminated
surfaces, exposure to contaminated medical equipment, and
person-to-person transmission among patients and healthcare
workers.8 Isolation of patients who are colonized or infected with
MDR pathogens is the mainstay of IPC precautions.3

On the other hand, the world has witnessed a concerning rise in
the incidence of emerging and re-emerging pathogens, including
the notable example of SARS-CoV-2, the virus responsible for the
COVID-19 pandemic in recent years. Isolation precautions are
critical for managing emerging and re-emerging pathogens, which
pose significant threats to global health. These pathogens, often
characterized by their ability to spread rapidly and cause severe
illness, require stringent isolation measures to prevent trans-
mission within healthcare settings and the community.4

At the same time, limited knowledge of transmission routes for
emerging pathogens during the early stages in hospital settings,
combined with insufficient personal protective equipment (PPE),
greatly increases the risk of infection among healthcare workers
(HCWs). During the initial phase of the COVID-19 pandemic, a
study conducted in Sweden (March–May 2020) found that 33% of
HCWs in an inpatient ward acquired COVID-19. Among them,
96% had direct patient contact, and 78% were linked to exposure
from infectious colleagues, while community and household
transmission were less frequent.5

The significance of isolation precautions cannot be overstated
as they play a critical role for mitigating the transmission of
infectious agents and safeguarding patients, healthcare workers,
and visitors.

Challenges with one-size-fits-all isolation strategies

Despite the critical need for isolation rooms in healthcare settings,
the rising prevalence of MDR pathogens in both hospitals and
communities, along with emerging and re-emerging pathogens
and a growing number of immunocompromised patients, poses
significant challenges for healthcare facilities. The demand for
isolation rooms often exceeds the supply, particularly in develop-
ing and Eastern European countries, where limited staffing and
inadequate availability of isolation rooms leads to low adherence to
isolation precautions.9–11 The ECDC Surveillance Report for 2022–
2023 highlighted the differences in hospital infrastructure across
European acute care hospitals. The median proportion of single-
bed rooms was below 5% in Greece, Hungary, Romania, Kosovo,
Montenegro, and Serbia, and exceeded 50% in France and Sweden.
Meanwhile, the median number of airborne infection isolation
rooms was 16.0 per 1,000 hospital beds, ranging from fewer than
one isolation room per 1,000 beds in Hungary, Montenegro, and
Serbia to 30 or more per 1,000 beds in Finland, Italy, and Sweden.12

Conversely, isolation rooms may negatively affect patient care.
Patients may experience loneliness, anxiety, depression and
reduced interactions with the staff and family. Healthcare workers
face an increased workload and risk of burnout due to additional
precautions. Limited access to family members can cause emo-
tional distress, and strict protocols may lead to errors or cross-
contamination.13–15

In this context, there is a global need to adopt a personalized
approach for prioritizing patient admission to isolation rooms,
considering clinical, epidemiological, and institutional factors.
Effective prioritization of isolation precautions is essential to
enhance their efficacy while minimizing the negative impacts of

IPC measures, such as costs, increased workload, and psychologi-
cal effects.

Factors influencing the prioritization of isolation precautions

Patient-centered infection control offers a transformative
approach to infection prevention by emphasizing tailored
strategies that account for individual patient characteristics,
emerging microbial threats and healthcare facility-specific factors.
This approach moves beyond traditional one-size-fits-all proto-
cols, aiming for more rationalized use of facilities and oppor-
tunities and better patient outcomes.7 This is further supported by
the fact that specific drivers can influence human-to-human
transmission.16

Savoldi et al.13 outlined the core principles of personalized IPC,
which include patient risk assessment (colonization, underlying
diseases, and omics profile), pathogen-related factors (molecular
resistance mechanisms, plasmids, and virulence factors), and
facility characteristics (epidemiology, infrastructure, healthcare
workload and surveillance). The decision to prioritize patients for
isolation requires careful consideration of multiple factors, and
infection preventionists play a critical leadership role in evaluating
these factors to make informed and effective isolation decisions.

A framework for patient-centered isolation prioritization

Patient risk factors

Omics-based susceptibility analysis
Prioritization of patients for placement in isolation rooms can be
significantly enhanced through patient risk assessment and
integration of omics technologies that provide a deeper under-
standing of individual susceptibility and transmission risks.
Advancements in omics technologies have revolutionized the field
of medical research, offering profound insights into the complex
interactions between hosts and pathogens. In the study of
colonization and infection, patient omics, including genomics,
transcriptomics, proteomics, metabolomics, and microbiomics,
can offer a detailed view of biological processes. These insights pave
the way for personalized medicine approaches that can improve
prevention, diagnosis, and treatment for infectious diseases.17

Developments in these technologies have transformed personal-
ized IPC by allowing the identification of host genetic factors that
affect susceptibility to infection and the risk of transmission. By
customizing isolation measures according to individual omics
profiles, isolation strategies can be more precise and effective.
Omics data allow for the identification of host genetic factors that
influence susceptibility to infections and individual responses to
treatments. This facilitates personalized medicine approaches,
where interventions can be tailored based on a person’s genetic
predispositions and microbial profiles.18,19 However, there is a gap
in the literature regarding association between patient omics and
pathogen acquisition, and further studies are needed to address
this issue.

Underlying health conditions and colonization risk
Factors such as increased colonization sites, advanced age,
morbidities, previous antibacterial therapy, cancer chemotherapy,
previous gastrointestinal surgery, prior healthcare exposure
including in long-term facilities and previous detection of MDR
pathogens further increase the risk of colonization.20 A hospital-
based case-control study identified liver cirrhosis, previous MDR-
GNB carriage, digestive surgery, and length of hospital stay within
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the previous year as independent risk factors for MDR-GNB
colonization. However, only liver cirrhosis had a strong association
with MDR colonization.21

Hu et al.22 demonstrated that continuous carriage extends the
shedding of carbapenem-resistant Klebsiella pneumoniae (CRKP)
into the environment, leading to persistent contamination.
Additionally, a prolonged intensive care unit (ICU) stay
(>6 weeks) increases interactions with other patients and
HCWs, thereby expanding contamination and facilitating the
spread of bacterial strains. These index patients can act as “super-
contaminators,” driving extensive and persistent environmental
contamination and amplifying the spread of their CRKP clones,
suggesting that isolating “super-contaminators” should be a
priority. In a study by Lerner et al.,23 18% of carriers accounted
for 80% of environmental contamination, with individuals having
high rectal concentrations of KPC-producing CRE being signifi-
cantly more likely to act as super-spreaders compared to non-
super-spreaders. Additionally, the absence of fecal incontinence
was the only variable significantly associated with being a non-
spreader.

In terms of patient-related factors, isolation should be
prioritized for individuals identified as super-contaminators,
particularly those with symptomatic infections and multiple sites
of colonization. High-risk groups include immunocompromised
patients, those with elevated bacterial or viral loads, individuals
with diarrhea, and patients undergoing extensive medical
interventions or invasive procedures such as catheterization,
mechanical ventilation, or surgery.24,25

Pathogen-related factors

Transmissibility and mode of transmission
Pathogen transmissibility is a key determinant in selecting
appropriate isolation precautions. Highly infectious pathogens
require stringent measures in healthcare settings due to their
potential for rapid spread, from one host to another, and large-
scale outbreaks, often leading to severe disease. Pathogens that
travel through air often exhibit higher transmission rates than
those requiring direct contact. Additionally, pathogens with
prolonged environmental survival pose an increased risk of
transmission.26 Transmission rates, commonly expressed as the
basic reproduction number (R), are influenced by factors such as
modes of transmission, environmental stability, population
density, infection control measures, and immunization coverage.27

High vaccination coverage contributes to herd immunity, limiting
the spread of highly contagious diseases. In contrast, emerging
pathogens lacking herd immunity, such as SARS-CoV2, require
stringent isolation precautions and prioritization.28,29 Additionally,
the rapid horizontal transfer of AMR genes via plasmids and
transposons among enteric bacteria facilitates the persistence and
dissemination of AMR.30 Key drivers of transmission include
specific resistance genes (e.g., ESBL, carbapenemase genes), high-
risk clones such as K. pneumoniae ST147 and ST307, and genomic
factors that enhance pathogen virulence and transmissibility.31

The transmission rates of MDR pathogens can differ, and
different mechanisms may drive patient-to-patient transmission
chains. Studies have shown that ESBL-producingK. pneumoniae is
an ESBL-producing Escherichia coli. In relation to bacterial factors,
studies have demonstrated that environmental contamination
occurs more frequently around patients colonized with Klebsiella
spp. than those colonized with E. coli. These studies indicate that
Klebsiella spp. can persist in the environment for extended periods

because of their biofilm-forming ability. This environmental
contamination facilitates the intra-hospital spread of Klebsiella
spp., explaining their higher rates of cross-transmission and
increased potential for outbreaks.32–34 Person-to-person trans-
mission of certain ESBL-producing E. coli is not a frequent
occurrence in most hospital environments.35–38 In a prospective
multicenter study that included molecular genetic analyses
assessing the impact of single-room contact precautions (SCP)
on the hospital acquisition and transmission of E. coli resistant to
third-generation cephalosporins (3GCR), with screening for
intestinal colonization with 3GCR-E. coli using deep rectal swabs
or stool samples within 72 hours of admission, weekly, and within
72 hours of discharge and bloodstream infection, no advantage was
found for SCP compared to no contact precautions in preventing
3GCR-E. coli hospital acquisition and patient-to-patient trans-
mission in a high-risk setting of hematological and oncological
patients.39 To this end, previous studies have reported that
controlling ESBL-Enterobacterales entails far more difficulties
compared to strategies targeted towards MRSA, owed to their
different microbiological characteristics and epidemiology that
facilitate environmental persistence and transmission.40

In cases of isolation room shortages, de-escalation of isolation
precautions can be guided by pathogen transmissibility. Chang
et al.41 modified isolation protocols for patients colonized or
infected with vancomycin-resistant Enterococci (VRE) following
an observed increase in the incidence of HAIs caused by MDR,
including carbapenem-resistant Enterobacterales (CRE). During
the study period, VRE-positive patients were not isolated or
cohorted, while hand hygiene, contact precautions (e.g., gloves and
gowns), and environmental disinfection protocols remained
unchanged. The study found no significant change in VRE
bacteremia incidence with the relaxation of isolation measures,
provided that other IPC measures were consistently implemented.
Although some studies have reported an association between
discontinuation of contact precautions and active screening
programs for VRE and increased rates of VRE bacteremia,42

recent data suggest that contact precautions can be safely
discontinued without a rise in MRSA or VRE infections. A survey
by the Society for Healthcare Epidemiology of America Research
Network (SRN), a consortium of acute care facilities, showed that
while only 7% of SRN hospitals had discontinued using routine
contact precautions in 2015, this figure increased to 35% by 2021.
More than 90% of facilities that discontinued contact precautions
cited scientific evidence as the primary rationale for their
decisions.43 The decision to discontinue contact precautions
should consider pathogen-related factors (e.g., surveillance
samples, duration of colonization), patient-specific characteristics
(such as symptoms, antibiotic use, length of hospital and intensive
care unit stays), and institutional risk levels. Infection prevention
and control leadership must regularly review and update policies,
especially when there are changes in the epidemiology of
concerning pathogens, such as during outbreaks or hyperendemic
situations.44,45 Further research is still needed to confirm the safety
of discontinuing contact precautions, explore alternative strategies
for their implementation, and address potential patient harms in
settings where they remain in use.

Environmental persistence and outbreak potential
Pathogens that can survive in environmental conditions for long
periods of time pose a significant outbreak risk because they can
persist on surfaces and equipment and facilitate transmission in
healthcare environments.
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Acinetobacter spp. is a common cause of HAIs with increasing
frequency of MDR in recent years. Numerous outbreaks have been
reported because of high environmental contamination rates and
the ability for prolonged survival at these sites.46,47 Acinetobacter
spp. are known to persist on environmental surfaces for extended
periods lasting several weeks.48 Additionally, studies have
demonstrated the airborne dispersal of MDR A. baumannii.49 In
a study by Wong et al.,50 they prioritized COVID-19 cases for
isolation rooms during the pandemic and used open cubicles for
patients with MDR A. baumannii. They implemented contact
precautions, active screening of all hospitalized patients, cohort
nursing, and environmental disinfection for new cases of MDR A.
baumannii infections. Environmental and air samples were
collected for MDR A. baumannii culture, and nosocomial
transmission of A. baumannii was described. Their findings
concluded thatMDRA. baumannii could be dispersed through the
air, as it was detected in air samples and contaminated hard-to-
reach surfaces. They strongly recommended single-room isolation
or the addition of a portable high-efficiency particulate air (HEPA)
filter to conventionally designed open cubicles, particularly when
the cubicles are fully occupied by patients with MDR A.
baumannii. Moreover, they suggested that hospital renovation
and redevelopment programs should include the installation of an
air ventilation system with self-contained air inflow and exhaust
within each cubicle, preferably with the door closed. Other studies
have also shown that MRSA and carbapenemase-producing
Enterobacterales can be spread through the air, highlighting the
necessity for targeted measures to reduce the risk of airborne
transmission in healthcare facilities.51

Clostridioides difficile and norovirus are other common
pathogens that can cause nosocomial outbreaks owing to
environmental contamination. Owing to their ability to survive
for prolonged periods on surfaces, environmental contamination
plays an important role in their transmission in healthcare
institutions and can thus be considered a priority.48 Although
contact precautions are generally recommended to continue for
the duration of illness in C. difficile infections and for at least 48
hours after symptom resolution or to manage institutional
outbreaks in norovirus, a personalized approach may be
appropriate for extending these precautions. Such an approach
should consider patients with ongoing risk factors for colonization
and/or contamination, such as advanced age, antibiotic use,
incontinence, immunosuppression.52,53

Several factors influence the survival of bacteria in the
environment. Although the type of bacterium and its inoculum
size are key factors for survival, the material of the surface also
plays a significant role in determining how long bacteria can
persist. Neely54 conducted a study on seven common gram-
negative nosocomial bacteria and tested their survival on seven
different materials. The findings revealed that the bacteria tended
to survive longer on synthetic surfaces than on cotton, and even
longer on plastic surfaces than on fabrics. Additionally, bacterial
viability varied depending on the microorganism, with Pseudomonas
surviving for a shorter duration than Enterobacterales and
Acinetobacter spp. However, another experimental study that
quantitatively investigated the impact of environmental conditions
on the survival of 60 healthcare-associated MDR bacteria, including
MRSA, VRE, K. pneumoniae, and A. baumannii, reported
controversial results. Factors such as textile type, presence of
nutrients, temperature, and humidity were examined in this study.
The researchers found that Gram-positive MRSA and VRE had
significantly higher survival rates on polyester compared to cotton,

while Gram-negative MDRAcinetobacter spp showed significantly
lower survival on polyester than on cotton. Additionally, MDR
K.pneumoniae and MRSA survival rates increased significantly in
nutrient broth compared to the control conditions, whereas the
presence of nutrients did not significantly affect the of MDR
Acinetobacter spp and VRE.55 Understanding how different
environmental conditions affect the survival of Gram-positive
and Gram-negative bacteria is valuable for isolation measures and
identifying outbreak sources.

Therefore, isolation precautions for multidrug-resistant (MDR)
pathogens should be determined according to patient-specific
factors, the types of procedures (i.e., small particle-forming
procedures) performed, and the specific characteristics of the
healthcare facility.

Healthcare facility constraints

Hospital capacity and infrastructure
Facility characteristics are key determinants of the effectiveness of
isolation measures. These include infrastructure, design, equipment,
staffing levels, surveillance/screening strategies, and the local
epidemiology of pathogens. Transmission rates of identical bacteria
can vary depending on staff workload, facility design and infra-
structure, screening strategies, antimicrobial stewardship, and patient
population. Architectural features such as the separation of clean and
contaminated areas, strategic patient flow, proper ventilation system
in wards and isolation rooms with negative pressure ventilation are
critical to prevent cross-contamination and controlling infectious
agents, thus improving overall IPC outcomes.56

Risk-based stratification & implementation strategies

Risk categories for isolation precautions

Isolation prioritization is a key strategy in IPC, focusing on
categorizing patients into high-risk, medium-risk, and low-risk
groups based on patient factors, pathogen characteristics, and
healthcare facility constraints (Figure 1). High-risk patients
include those with symptomatic infections, immunocompromised
status, and exposure to highly transmissible pathogens (R> 2.5)
with high environmental stability andmortality rates. These patients
require immediate isolation with strict precautions, especially in
facilities with poor infrastructure, low IPC adherence, or insufficient
staffing. Medium-risk patients, such as those requiring extensive
medical interventions, prolonged ICU stays, or colonized atmultiple
sites, are exposed to moderately transmissible pathogens (R< 2.5)
with moderate environmental stability and mortality rates. They
need isolation with standard precautions and regular monitoring,
particularly in facilities with limited IPC programs or funding. Low-
risk patients, including asymptomatic individuals, those without
invasive procedures, or with short ICU stays, are exposed to low-
transmissibility pathogens that have low environmental stability and
high population immunity. These patients requireminimal isolation
measures, especially in facilities with proper infrastructure, audited
IPC programs, and adequate funding. By prioritizing isolation based
on these risk categories, healthcare facilities can optimize resource
allocation, implement targeted IPCmeasures, and effectively reduce
the risk of healthcare-associated infections.

Role of AI & machine learning in IPC

Machine learning, a branch of artificial intelligence (AI), focuses
on developing algorithms and models that enable computers to
learn from data andmake predictions, analyze a variety of variables
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in electronic health records to go beyond traditional HAI risk
stratification, and create custom models for specific facilities or
populations. It adapts to dynamic healthcare changes and alerts
IPC teams to evolving patient risks.57,58 Although further research
is needed, this approach has the potential to revolutionize HAI
surveillance and IPC by identifying high-risk patients and
optimizing treatment. In addition, AI improves IPC processes
by improving hand hygiene compliance and implementation.
Integrating machine learning into IPC strategies enables the rapid
identification of high-risk patients. Predictive models can
process complex, patient-centralized data to predict which
individuals require immediate isolation, optimize resource
allocation, and improve patient outcomes. By leveraging these
models, healthcare facilities can more effectively identify
potential “super-contaminators” early on, allowing for more
targeted IPC measures. However, most studies evaluating AI in
IPC are retrospective, highlighting the need for prospective
evaluations in real-world, often unpredictable clinical settings.
The success of AI relies on high-quality, comprehensive data,
well-defined reference standards (often lacking in IPC), and
strong collaboration with IPC experts to interpret findings and
ensure clinical relevance. Without these elements, machine-
learning models can introduce errors and lead to false negatives,
misclassifications, or limited applicability. Additionally, IPC
practitioners must be aware of the limitations of AI, including
underfitting (poor classification of new data), overfitting
(difficulty recognizing similar patterns in new data), and
potential biases in the training data.59

Environmental controls and disinfection strategies

Environmental contamination plays a crucial role in the trans-
mission of infections within healthcare settings, as patient

surroundings often serve as reservoirs for cross-contamination,
leading to colonization and subsequent infection.15 The recent
Global Technical Consultation Report by the World Health
Organization (WHO) defines “infectious respiratory particles
(IRPs)” as airborne particles that contain pathogens. The report
emphasizes that several environmental factors—including temper-
ature, humidity, air velocity, ultraviolet radiation, and airflow
distribution within enclosed spaces—affect the dispersion and
transmission of IRPs, as well as their viability and infectivity upon
reaching other individuals.60 Consequently, these findings have
direct implications for the design and implementation of
isolation precautions. Therefore, maintaining optimal temper-
ature and humidity within the hospital environment is critical
for minimizing microbial growth and transmission. Advanced
ventilation systems, including proper air filtration, regular air
exchanges, and humidity control, can significantly reduce the
spread of infections, such as tuberculosis and COVID-19.
Technologies such as HEPA filters and ultraviolet germicidal
irradiation (UVGI) further enhance air quality and reduce
microbial loads.61,62 Raggi et al.63 evaluated the effectiveness of
UV-C terminal disinfection in reducing HAIs caused by MDR
bacteria in a community hospital setting. Using a pre-post study
design, this study analyzed HAI rates, emergency room wait
times, and cost savings over a 12-month period. The results
demonstrated a 19.2% reduction in HAIs (from 4.87 to 3.94 per
1,000 patient days; P = .006), no negative impact on emergency
department wait times (297.9 vs 296.2 minutes; P = .18), and
direct cost savings of $1,219,878. Despite the need for further
studies to confirm its clinical effectiveness and identify optimal
implementation strategies, UV disinfection represents a prom-
ising solution for resource-constrained healthcare systems,
offering a potential pathway to reduce infections and improve
patient outcomes.

Figure 1. *Infectous respiratory parcles (IRP) are trtransmitted ough the air via a) airborne transmission/inhalaalator b) direct depositon.61 **Contact mode of transmission
includes a) direct contact b) indirect contact.61
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Patient engagement strategies

Patient engagement plays a critical role in ensuring adherence to
personalized isolation measures. Educating patients about their
unique risk factors and involving them in decision-making not
only improves adherence to these isolation measures but also
fosters a sense of responsibility and engagement in their own care.
This partnership between patients and healthcare providers is
essential, particularly for those identified as high-risk or through
predictive modeling, as active involvement in isolation strategies
can significantly reduce environmental contamination and the
spread of infections.64

Policy in resource limited countries

In resource-limited countries, the main challenges in IPC arise
from inadequate government regulations, a lack of support and
guidance for building effective IPC infrastructure, and limited
financial resources to establish strong IPC programs and supply of
PPE. These constraints lead to poor adherence to isolation
measures, contributing to the endemic spread of MDR pathogens
in hospitals.65 Without effective isolation measures, MDR
pathogens become endemic in these hospitals, continuing the
cycle of transmission. In settings where MDR pathogens are
endemic, IPC measures may differ from those applied during
epidemics.36 In endemic settings, when isolation and cohorting are
impractical due to barriers such as high colonization pressure,
open-plan ICUs, insufficient bed separation, lack of isolation
rooms, and staff shortage, applying universal contact precautions
can effectively prevent the horizontal spread of pathogens in ICUs
with severe disease conditions and high colonization pressures.66,67

In resource-limited settings where multidrug-resistant bacteria are
endemic, each healthcare facility should determine its own IPC
policies in terms of isolation priority of microorganisms (eg.
Acinetobacter vs. ESBL-producing E.coli) and rationale use of PPE,
alternative PPE strategies (eg.reusable gowns vs. disposable plastic)
and strategically allocate resources to effectively address the
challenges.

Conclusion

The growing demand for isolation rooms in healthcare facilities,
driven by the increasing prevalence of MDR bacteria, emerging
pathogens, and a rising population of immunosuppressed
individuals, highlights the critical need to prioritize effective
isolation precautions. This prioritization must consider key
factors, including effective microorganism characteristics
(e.g.,transmissibility, infectivity, environmental contamination,
survival on surfaces, tenacity), patient-specific aspects (e.g.,
susceptibility, microbial load, and omics profiles), and institutional
infrastructure and resources (e.g., availability of isolation rooms,
adherence to IPC practices, hand hygiene practices, staff workload,
and staff levels).

Effective prioritization also relies on systematically addressing
challenges to implementation within healthcare systems, including
staff training, resource allocation, institutional culture, and
communication processes. These factors are crucial for ensuring
that isolation precautions are applied where they are most needed
and can achieve the greatest impact. Although further research is
required to strengthen the evidence linking these factors to
optimal IPC strategies, the current challenges posed by rapidly
evolving pathogens and vulnerable patient populations demand a

comprehensive and well-structured approach to prioritizing
isolation measures.

Future directions

Emerging technologies such as AI, omics, and UV disinfection
provide promising opportunities to advance infection prevention
and control (IPC) practices and achieve better patient outcomes.

More research is needed to validate AI applications in IPC,
explore omics-based risk assessments, and evaluate the long-term
benefits of advanced technologies like UV disinfection, especially
in resource-limited areas. Healthcare leaders play a key role in
implementing these strategies, and there is a strong call for
international standardization of IPC practices to ensure consis-
tency and effectiveness worldwide.

By focusing on these areas and promoting collaboration among
researchers, policymakers, and healthcare providers, we can
strengthen IPC efforts, reduce healthcare-associated infections,
and create safer environments for patients and healthcare
workers alike.

Acknowledgments. None.

Financial support. No financial support was provided relevant to this article.

Competing of interest. All authors report no conflicts of interest relevant to
this article.

References

1. Report on the burden of endemic health care-associated infection
worldwide. https://www.who.int/publications/i/item/report-on-the-
burden-of-endemic-health-care-associated-infection-worldwide. Accessed
August 2024.

2. Alp E, Damani N. Healthcare-associated infections in Intensive Care Units:
epidemiology and infection control in low-to-middle income countries.
J Infect Dev Ctries 2015;9:1040–1045

3. Siegel JD, Rhinehart E, JacksonM, Chiarello L, and the Healthcare Infection
Control Practices Advisory Committee, 2007 Guideline for Isolation
Precautions: Preventing Transmission of Infectious Agents in Healthcare
Settings. https://www.cdc.gov/infection-control/hcp/isolation/isolation-
precautions/index.html

4. Spernovasilis N, Tsiodras S, Poulakou G. Emerging and re-emerging
infectious diseases: humankind’s companions and competitors.
Microorganisms 2022;10:98

5. Mathabire Rücker SC, Gustavsson C, Rücker F, Lindblom A, Hårdstedt M.
Transmission of COVID-19 among healthcare workers-an epidemiological
study during the first phase of the pandemic in Sweden. Epidemiol Infect
2022;150:e68

6. Centers for Disease Control and Prevention (2007). Management of
Multidrug-Resistant Organisms in Healthcare Settings, 2006. https://www.
cdc.gov/infectioncontrol/guidelines/mdro/index.html. Accessed August
2024.

7. Gastmeier P. From ‘one size fits all’ to personalized infection prevention.
J Hosp Infect 2020;104:256–260

8. Facciolà A, Pellicanò GF, Visalli G, et al. The role of the hospital
environment in the healthcare-associated infections: a general review of the
literature. Eur Rev Med Pharmacol Sci 2019;23:1266–1278

9. Tacconelli E, Buhl M, Humphreys H, et al., EUCIC StopNegative group.
Analysis of the challenges in implementing guidelines to prevent the
spread of multidrug-resistant gram-negatives in Europe. BMJ Open. 2019;9:
e027683

10. Büchler AC, Haddad Galas M, Buetti N, et al.Challenges and success stories
of the implementation of infection control and antimicrobial stewardship
strategies: proceedings of the 5th Global Ministerial Summit on Patient
Safety, 2023. Antimicrob Resist Infect Control 2024;13:16

6 Emine Alp Meşe et al.

https://doi.org/10.1017/ash.2025.173 Published online by Cambridge University Press

https://www.who.int/publications/i/item/report-on-the-burden-of-endemic-health-care-associated-infection-worldwide
https://www.who.int/publications/i/item/report-on-the-burden-of-endemic-health-care-associated-infection-worldwide
https://www.cdc.gov/infection-control/hcp/isolation/isolation-precautions/index.html
https://www.cdc.gov/infection-control/hcp/isolation/isolation-precautions/index.html
https://www.cdc.gov/infectioncontrol/guidelines/mdro/index.html
https://www.cdc.gov/infectioncontrol/guidelines/mdro/index.html
https://doi.org/10.1017/ash.2025.173


11. Alp E, Leblebicioglu H, Doganay M, Voss A. Infection control practice in
countries with limited resources.Ann ClinMicrobiol Antimicrob 2011;10:36

12. European Centre for Disease Prevention and Control. Point Prevalence
Survey of Healthcare Associated Infections and Antimicrobial use in
European Acute Care Hospitals. Stockholm: ECDC; 2024.

13. Savoldi A, Mutters NT, Tacconelli E. Personalized infection prevention and
control: a concept whose time has arrived. Antimicrob Steward Health
Epidemiol 2023;3:e151

14. Ibert F, Eckstein M, Günther F, Mutters NT. The relationship between
subjective perception and the psychological effects of patients in spatial
isolation. GMS Hyg Infect Control 2017;10:12

15. Abad C, Fearday A, Safdar N. Adverse effects of isolation in hospitalised
patients: a systematic review. J Hosp Infect 2010;76:97–102

16. Herfst S, Böhringer M, Karo B, et al. Drivers of airborne human-to-human
pathogen transmission. Curr Opin Virol 2017;22:22–29

17. Tebani A, Afonso C, Marret S, Bekri S. Omics-based strategies in precision
medicine: toward a paradigm shift in inborn errors of metabolism
investigations. Int J Mol Sci 2016;17:1555

18. Bosnjak M, Karpe AV, Van TTH, et al. Multi-omics analysis of hospital-
acquired diarrhoeal patients reveals biomarkers of enterococcal prolifer-
ation and Clostridioides difficile infection. Nat Commun 2023;14:7737

19. Fishbein SR, Robinson JI, Hink T, et al. Multi-omics investigation of
Clostridioides difficile-colonized patients reveals pathogen and commensal
correlates of C. difficile pathogenesis. Elife 2022;11:e72801

20. Bearman GM, Harris AD, Tacconelli E. Contact precautions for the control
of endemic pathogens: finding themiddle path.Antimicrob StewardHealthc
Epidemiol 2023;3:e57

21. Fernández-Martínez NF, Cárcel-Fernández S, De la Fuente-Martos C, et al.
risk factors for multidrug-resistant gram-negative bacteria carriage upon
admission to the intensive care unit. Int J Environ Res Public Health
2022;19:1039

22. Hu Y, Zhang H, Wei L, et al. Competitive transmission of carbapenem-
resistant Klebsiella pneumoniae in a newly opened intensive care unit.
mSystems 2022;7:e0079922

23. LernerA, Adler A, Abu-Hanna J, Cohen Percia S, KazmaMatalonM,Carmeli
Y. Spread of KPC-producing carbapenem-resistant Enterobacteriaceae: the
importance of super-spreaders and rectal KPC concentration. Clin Microb
Infect 2015;21:470

24. Blanco N, O’Hara LM, Harris AD. Transmission pathways of multidrug-
resistant organisms in the hospital setting: a scoping review. Infect Control
Hosp Epidemiol 2019;40:447–456

25. Drees M, Snydman DR, Schmid CH, et al. Antibiotic exposure and room
contamination among patients colonized with vancomycin-resistant
enterococci. Infect Control Hosp Epidemiol 2008;29:709–715

26. Wang CC, Prather KA, Sznitman J, et al. Airborne transmission of
respiratory viruses. Science 2021;373:1–12.

27. Janik E, Ceremuga M, Niemcewicz M, Bijak M. Dangerous pathogens as a
potential problem for public health. Medicina (Kaunas). 2020;56:591

28. Clemente-Suárez VJ, Hormeño-Holgado A, Jiménez M, et al. Dynamics of
population immunity due to the Herd Effect in the COVID-19 pandemic.
Vaccines (Basel). 2020;8:236

29. Richard M, Knauf S, Lawrence P, et al. Factors determining human-to-
human transmissibility of zoonotic pathogens via contact. Curr Opin Virol
2017;22:7–12

30. Uwanibe JN, Olawoye IB, Happi CT, Folarin OA. Genomic characterization
of multidrug-resistant pathogenic enteric bacteria from healthy children in
Osun State, Nigeria. Microorganisms 2024; 12:505

31. Kochan, T.J., Nozick, S.H., Medernach, R.L. et al. Genomic surveillance for
multidrug-resistant or hypervirulent Klebsiella pneumoniae among United
States bloodstream isolates. BMC Infect Dis 2022;22: 603

32. Facciolà A, Pellicanò GF, Visalli G, et al. The role of the hospital
environment in the healthcare-associated infections: a general review of the
literature. Eur Rev Med Pharmacol Sci 2019;23:1266–1278

33. Ndlovu T, Kgosietsile L, Motshwarakgole P, Ndlovu SI. Evaluation of
potential factors influencing the dissemination of multidrug-resistant
Klebsiella pneumoniae and alternative treatment strategies. Trop Med Infect
Dis 2023;8:381

34. Guet-Revillet H, Le Monnier A, Breton N, et al. Environmental
contamination with extended-spectrum β-lactamases: is there any differ-
ence between Escherichia coli and Klebsiella spp? Am J Infect Control
2012:845–848

35. Jones K, Bradshaw SB. Biofilm formation by the enterobacteriaceae: a
comparison between Salmonella enteritidis, Escherichia coli and a nitrogen-
fixing strain of Klebsiella pneumoniae. J Appl Bacteriol 1996;80:458–464

36. Tacconelli E, Cataldo MA, Dancer SJ, et al. European Society of Clinical
Microbiology. ESCMID guidelines for the management of the infection
control measures to reduce transmission of multidrug-resistant Gram-
negative bacteria in hospitalized patients. Clin Microbiol Infect 2014; 1:1–55

37. Duval A, Obadia T, Boëlle P-Y, et al. Close proximity interactions support
transmission of ESBL-K. pneumoniae but not ESBL-E. coli in healthcare
settings. PLoS Comput Biol 2019;15:e1006496

38. Gurieva T, Dautzenberg MJD, Gniadkowski M, Derde LPG, Bonten MJM,
Bootsma CJM. The transmissibility of antibiotic-resistant enterobacter-
iaceae in intensive care units. Clin Infect Dis 2018;66:489–493

39. Biehl LM, Higgins P, Wille T, et al. Impact of single-room contact
precautions on hospital-acquisition and transmission of multidrug-
resistant Escherichia coli: a prospective multicentre cohort study in
haematological and oncological wards. Clin Microbiol Infect 2019;25:
1013–1020

40. Zahar JR, Lesprit P. Management of multidrug resistant bacterial endemic.
Médecine et Maladies Infectieuses 2014; 44:405–411

41. Chang E, Im D, Lee HY, et al. Impact of discontinuing isolation in a private
room for patients infected or colonized with vancomycin-resistant
enterococci (VRE) on the incidence of healthcare-associated VRE
bacteraemia in a hospital with a predominantly shared-room setting.
J Hosp Infect 2023;132:1–7

42. Johnstone J, Shing E, Saedi A, et al. discontinuing contact precautions for
Vancomycin-Resistant Enterococcus (VRE) is associated with rising VRE
bloodstream infection rates in ontario hospitals, 2009–2018: a quasi-
experimental study, Clin Infect Dis 2020;71:1756–1759

43. Martin E, Morgan DJ, Pryor R, Bearman G. Contact precautions for MRSA
and VRE: where are we now? A survey of the Societyfor Healthcare
Epidemiology of America Research Network. Antimicrob Steward Healthc
Epidemiol 2024;4:e137:1–6.

44. Kleyman R, Cupril-Nilson S, Robinson K, et al.Does the removal of contact
precautions for MRSA and VRE infected patients change health care-
associated infection rate? A systematic review andmeta-analysis.Am J Infect
Control 2021;49:784–791

45. Banach DB, Bearman G, Barnden M, et al. Duration of contact precautions
for acute-care settings. Infect Control Hosp Epidemiol 2018;39:127–144

46. Ahmed SS, Alp E, Ulu-Kilic A, et al. Spread of carbapenem-resistant
international clones of Acinetobacter baumannii in Turkey and Azerbaijan:
a collaborative study. Eur J Clin Microbiol Infect Dis 2016;35:1463–1468

47. Alp E, Altun D, Cevahir F, Ersoy S, Cakir O, McLaws ML. Evaluation of the
effectiveness of an infection control program in adult intensive care units: a
report from a middle-income country. Am J Infect Control 2014;42:1056–1061

48. Weber DJ, Rutala WA, Miller MB, Huslage K, Sickbert-Bennett E. Role of
hospital surfaces in the transmission of emerging health care-associated
pathogens: Norovirus, Clostridium difficile, and Acinetobacter species. Am J
Infect Contr 2010; 38:25–33

49. Yakupogullari Y, Otlu B, Ersoy Y, et al. Is airborne transmission of
Acinetobacter baumannii possible: a prospective molecular epidemiologic
study in a tertiary care hospital. Am J Infect Control 2016;44:1595–1599

50. Wong SC, Chau PH, So SY, et al. Epidemiology of multidrug-resistant
organisms before and during COVID-19 in Hong Kong. Infect Prev Pract
2023;5:100286

51. Wong SC, Chen JH, Kwok MO, et al. Air dispersal of multi-drug-resistant
organisms including meticillin-resistant Staphylococcus aureus, carbape-
nem-resistant Acinetobacter baumannii and carbapenemase-producing
Enterobacterales in general wards: surveillance culture of air grilles. J Hosp
Infect 2024;149:26–35

52. Skyum F, Pedersen C, Andersen V, et al. Risk factors for contagious
gastroenteritis in adult patients with diarrhoea in the emergency department
– a prospective observational multicentre study. BMC Infect Dis 2019;19:133

Antimicrobial Stewardship & Healthcare Epidemiology 7

https://doi.org/10.1017/ash.2025.173 Published online by Cambridge University Press

https://doi.org/10.1017/ash.2025.173


53. White MB, Rajagopalan S, Yoshikawa TT. Infectious diarrhea: norovirus
and Clostridium difficile in older adults. Clin Geriatr Med 2016;32:509–522

54. Neely AN. A survey of gram-negative bacteria survival on hospital fabrics
and plastics. J Burn Care Rehabil 2000;21:523–527
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