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Healthcare-associated infections (HAIs) are a major cause of mortality, significantly impacting morbidity
rates. They can occur during hospital care or 3 to 30 days after discharge. In developing countries, ten patients
acquire at least one HAI for every 100 hospital admissions, compared to seven in high-income countries. The
World Health Organization (WHO) defines HAls as infections that may develop 2 to 3 days after admission
or discharge, often undetected at hospital presentation. Many pathogens have developed antibiotic resistance,
limiting effective treatments. This review summarizes international initiatives to combat HAIs, based on a lite-
rature review using Google Scholar and PubMed. Handwashing remains a key method for preventing HAISs,
relying on strict adherence to hygiene protocols by nursing professionals. Maintaining a safe medical environ-
ment reduces the transmission of harmful bacteria, especially multi-drug-resistant pathogens. Hand hygiene
and antibiotic stewardship are essential for preserving antibiotic effectiveness. Vaccine development can help
mitigate HAIs by targeting multidrug-resistant organisms like Staphylococcus aureus and Clostridium diffi-
cile. A comprehensive understanding of prevention strategies and challenges is urgently needed.
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1. Introduction

Healthcare-associated infections (HAIs) are a leading
cause of morbidity and mortality, ranking as the second
most common cause of death globally [1-3]. They stem
from poor hygiene, inadequate sterilization of medical
equipment, and improper antibiotic use, and can be trans-
mitted through person-to-person contact, zoonotic trans-
mission, and contamination of food, water, and air. About
10% of patients with HAIs in emerging economies die
from the infection [4], compared to 7% in high-income na-
tions, according to the World Health Organization (WHO).
This disparity highlights the challenges faced by these eco-
nomies, which often lack resources and infrastructure for
effective HAI management. In the U.S., HAIs affect 4.5%
of the population, resulting in approximately 1.7 million
infections and 90,000 to 99,000 deaths annually [5, 6].
In the European Economic Area, around 2.6 million new
HALI cases are reported each year, leading to a loss of 2.5
million years of life [2, 6]. These statistics emphasize the
urgent need for research, preventive measures, and public
awareness regarding HAIs.

HAISs in low- and middle-income countries range from
5.7% to 19.1%, with limited data due to inadequate infras-
tructure [6-8]. The WHO reports that 51% of ICU patients

develop HAISs, resulting in longer hospital stays and higher
risks of secondary infections. About 95% of the 15 mil-
lion annual deaths occur in developing countries, main-
ly from acute respiratory infections, diarrheal diseases,
measles, AIDS, malaria, and tuberculosis [9]. In deve-
loped countries, around 6% of acute care patients report
infections, while in developing countries, the risk can be
up to 20 times higher, reaching 25% [10-12]. The CDC
reports over 3 million annual HAIs in assisted living faci-
lities, leading to disability or death [13]. HAIs contribute
to antibiotic resistance, longer hospital stays, increased
mortality and morbidity, and higher healthcare costs. Re-
ducing HAIs and length of stay (LOS) can improve heal-
thcare facility revenue [ 14]. They create significant econo-
mic burdens, including direct treatment costs and indirect
costs like job loss [15]. In the U.S., HAIs cause 44,000
to 98,000 unexpected deaths, costing at least $17 billion,
potentially up to $29 billion [16]. HAI rates are similar in
high- and low-income countries, with high-income nations
reporting 3.5% to 12% and least-developed countries ran-
ging from 5.7% to 19.1% [17].

Annual surveys of HAIs at the University of Geneva
Hospitals from 2006 to 2012 showed a pooled point preva-
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lence of 7.46% and a period prevalence 0f9.8% [18]. Lower
respiratory tract infections were the most common, com-
prising 49% of HAIs, followed by urinary tract infections
(19%), surgical site infections (13%), and bloodstream
infections. This study outlines infection patterns, causes,
and transmission methods, including direct contact, per-
sonal items, ingestion, airborne routes, and vector-borne
transmission. The CDC has classified HAI sites into 13
categories, covering 50 types of infection sites. Common
infections include skin and soft tissue infections, urinary
tract infections, respiratory tract infections, gastroenteri-
tis, meningitis, and surgical site infections [19]. The most
frequent pathogens are Escherichia coli, Staphylococcus
aureus, and Pseudomonas aeruginosa, though viruses like
influenza and respiratory syncytial virus can also cause
HAIs. Fungi, including Aspergillus species and Candida
albicans, can cause nosocomial infections [20]. Common
pathogens include methicillin-sensitive Staphylococ-
cus aureus, methicillin-resistant Staphylococcus aureus
(MRSA), vancomycin-resistant Enterococci (VRE), and
multidrug-resistant Acinetobacter species [16]. Carbape-
nem-resistant Acinetobacter baumannii is particularly
concerning due to its link to opportunistic infections and
HAIs [21].

In the Kingdom of Saudi Arabia (KSA), few studies
have reported the prevalence of HAIs. A study by Sabra
and Abdel-Fattah [22] in Taif Hospitals found that respi-
ratory tract infections were the most common at 32.3%,
followed by urinary tract infections (25.3%), blood in-
fections (18.2%), and surgical site infections (12.9%). A
comprehensive infection prevention and control strategy
is essential to reduce HAIs, promoting hand hygiene, envi-
ronmental disinfection, and proper training for healthcare
workers (HCWs). HAIs are a significant public health
concern, affecting patient safety and healthcare costs. This
review summarizes the latest international initiatives to
combat HAIs.

2. Healthcare-associated infection prevention strate-
gies and challenges

Stakeholders in the healthcare system, including medi-
cal practitioners, patients, and the public, are increasingly
concerned about the global burden of HAIs and their pre-
vention [4, 23, 24]. The rise of multidrug-resistant bacteria
complicates this issue, as they resist standard treatments
like antibiotics, making them difficult to eliminate and in-
creasing their prevalence. Many antibiotics in use are inef-
fective against these resistant strains, and few new antimi-
crobials are being developed due to misuse and overuse
of existing antibiotics. Klebsiella pneumoniae is a particu-
larly concerning resistant infection, especially in intensive
care units [3, 25]. Preventing and controlling HAIs is a
significant challenge that requires multiple strategies. The
following sections will discuss common strategies identi-
fied in reputable studies to manage the HAI burden (Figure
1), providing insights into effective approaches.

2.1. Hand hygiene

In the mid-19th century, scholars in the U.S. and Eu-
rope conducted studies to address HAIs [26, 27]. They
identified inadequate hand hygiene and improper use of
medical equipment as common sources of HAIs. Despite
conducting separate investigations, the researchers pro-
posed a theory that HCWs might inadvertently spread

bacteria by touching patients with contaminated hands,
even when wearing gloves. There have been numerous
studies over the past century showing that health care wor-
kers commonly transfer harmful microbes from one place
to another [28-30]. Health care workers often come into
contact with various patients and surfaces, making it easy
to spread germs. Thus, proper hand hygiene and the use of
protective equipment, like gloves and gowns, are crucial.
Semmelweis was the first to highlight the importance of
hand hygiene in preventing infections. He noted that infec-
tion-related mortality was higher in hospitals than at home
due to poor hygiene and suggested that washing hands
with a chlorine solution before patient examinations could
reduce infections and save lives [31-33].

The CDC prioritized identifying the illness's source
over the importance of hand hygiene in preventing disease
spread, which hindered outbreak control. They recom-
mended improving handwashing procedures in healthcare
facilities, emphasizing non-antimicrobial soaps before and
after procedures, especially for high-risk patients. Alco-
hol-based products were suggested only when wash-hand
basins were unavailable [34]. A 1995 study also recom-
mended that patients with multidrug-resistant bacteria use
antimicrobial soap or waterless antiseptics before leaving
their rooms to reduce the spread of resistant bacteria, as
waterless antiseptics are more effective than regular soap
[35].

HAISs pose a significant threat to patient safety in hos-
pitals globally, impacting both high- and low-income
countries. They result in many hospitalizations each year,
leading to increased morbidity, mortality, and costs for
individuals and communities [36]. Hand hygiene is the
most critical behavioral change HCWs can adopt to pre-
vent HAIs. Research shows that strict adherence to hand
hygiene can reduce hospital infections by 40% to 70% [37,
38]. However, healthcare professionals often fail to com-
ply with hygiene standards over 40% of the time in many
inpatient units. This underscores the need for consistent
regulations, ongoing monitoring, and further research to
improve public health standards.

2.2. Nurses' challenges in practicing hand hygiene
Nurses are the largest group of healthcare professio-
nals, spending the most time with patients. A meta-analy-
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sis of six studies examined hand hygiene practices among
nurses, including three randomized controlled trials and
one pre- and post-intervention study [39]. Haque et al. [4]
found that while individual and group interventions can
promote hand hygiene, integrative strategies are more ef-
fective. A review of nineteen studies showed that student
nurses have poor knowledge and behaviors regarding hand
hygiene, often affected by organizational and interperso-
nal issues [40]. Noncompliance with hand hygiene gui-
delines is a global public health issue that raises the risk
of HAIs. A consistent, multi-faceted policy and a robust
surveillance program are necessary. Healthcare workers
often spread HAIs, but they are more likely to follow gui-
delines when they are uniformly enforced. A surveillance
program would help quickly identify and address issues.
Nurses encounter various challenges related to hand hy-
giene, impacting their practices. The data was categorized
as follows:

2.2.1. Challenges in the workplace
2.2.1.1. Shortage of materials

Nurses often struggle with hand hygiene due to a lack
of essential resources like soap and functional sinks. They
believe that more conveniently located sinks would im-
prove compliance. Some find it difficult to reach restrooms
at the end of shifts, leading them to wash their hands in
other areas. Many nurses report that cold water and
unpleasant odors from cleaning products discourage hand-
washing [41]. They feel that proper hygiene is ineffective
when their hands remain wet while handling patients, for-
cing them to dry their hands on their clothing.

2.2.1.2. Lack of time and staff

Nurses faced heavy workloads, particularly during eve-
ning and night shifts, which affected their hand hygiene
practices. Four studies showed that the high patient vo-
lume required significant time for handwashing. The stress
of frequent hand hygiene led some nurses to skip washing
their hands after each patient, opting to change gloves
instead. In a study by Marjadi & McLaws [42], one nurse
mentioned encouraging patients to dress their own wounds
to save time and keep their hands clean. A lack of staff also
hindered hand hygiene efforts.

2.2.2. Compliance challenge

Nurses are facing two challenges that make it difficult
for them to follow the rules in regards to hand hygiene that
make it difficult to follow these rules.

2.2.2.1. Insufficient role models

Complete compliance with hand hygiene was unat-
tainable due to nurses' subjective assessments, resulting
in inconsistent adherence, such as neglecting cleanliness
when attaching intravenous infusions [41]. A nurse's eva-
luation suggested that the hospital hierarchy's poor perfor-
mance contributed to these unfavorable results. Gonzalez
et al. [43] noted that physicians significantly influence the
hand hygiene practices of other healthcare workers. In
this study, 28 of the 55 participants were nurses. McLaws
et al. [44] found that, among 80 participants, 36 were
nurses, and doctors often failed to adhere to hand hygiene
rules, lacking appropriate role models. One nurse noted
that some doctors ignored their advice on hand hygiene
[43]. Lohiniva et al. [45] reported that some nurses felt

embarrassed to ask doctors for time to wash their hands.
Findings from two studies suggest that best practices for
hand hygiene should be implemented at all organizatio-
nal levels. Nurses should follow leaders who exemplify
proper practices, including doctors and infection control
nurses. Having role models is beneficial, providing nurses
with aspirational figures.

2.2.2.2. Unsatisfactory feedback

Several nurses [46] noted that constructive criticism
could enhance progress and improve hand hygiene prac-
tices. Of the twenty-five participants, nine were nurses
who found feedback on infection prevention and control
beneficial, as it recognized strong performance and iden-
tified areas for improvement. Feedback is well-received
when both parties are professionals [47]. The infection
control nurse reported that her feedback was specific and
motivating, consistently guiding nurses on proper hand
hygiene.

2.3. Environmental hygiene

To prevent infections, especially HAIs, maintaining a
clean environment is crucial [48]. Contaminated surfaces
in hospitals can harbor antibiotic-resistant bacteria like
Clostridium difficile, MRSA, and VRE, which can survive
for long periods. These pathogens pose a significant risk
to patients, particularly those with weakened immune sys-
tems, as they can easily contaminate absorbent materials
and non-porous surfaces. [49, 50]. Urgent implementation
of stringent sanitation procedures in hospitals is essential
to reduce HAIs. The CDC and the Healthcare Infection
Control Practices Advisory Committee stress that infection
prevention and control are vital in all healthcare settings.
These practices protect patients, healthcare personnel, and
the community, forming the foundation of an effective
healthcare system. They can significantly reduce the risk
of healthcare-associated infections and their related mor-
bidity and mortality. Routine deep cleaning in all facilities,
including inpatient and outpatient areas, is an effective
measure to prevent the spread of infectious diseases [51].

Hospital hygiene utilizes antibiotics, which can be
single or multicomponent products that combat bacteria,
viruses, or fungi. Cleaning products in hospitals include
sprays, liquids, powders, and gases, with around 275 dif-
ferent ingredients [52]. A disinfection process can elimi-
nate most metabolically active bacteria, excluding bacte-
rial spores [53]. Hydrogen peroxide at 7.5% concentration
is commonly used for high-level disinfection [54]. Isopro-
pyl alcohol, at 70% to 90%, provides intermediate-level
disinfection by killing all animal and vegetative germs,
except some spores [54]. A quaternary ammonium micro-
bial detergent can achieve low-level disinfection, elimina-
ting most active bacteria, certain fungi, and viruses, but
not inactive spores [54].

2.4. Antimicrobial stewardship

In recent years, many antimicrobial drugs have shown
increased resistance to bacteria. Antimicrobial resistance
(AMR) is a significant global health threat, as noted in
the Political Declaration of the High-Level Committee on
AMR (September 2017) and the World Health Assembly's
Global Action Plan on AMR (May 2015). To combat anti-
biotic resistance, several legislative initiatives have been
proposed to address the harmful effects of inadequate and
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excessive antibiotic use, highlighting the need for optimi-
zation [55]. Antimicrobial stewardship (AMS) promotes
the prudent use of antibiotics through interconnected
practices that impact public health, the environment, and
animal welfare globally. AMS strategies can reduce AMR
and healthcare-associated infections (HAIs), improving
patient outcomes and optimizing antibiotic use.

Antibiotic management strategies can significantly re-
duce antibiotic use, costs, and rates of antibiotic-resistant
infections, as well as hospital stays [55, 56]. By limiting
antibiotic use to necessary cases, the risk of resistance is
diminished. Proper dosing and timing protocols can lead
to cost savings and shorter hospital stays. Future studies
should evaluate the long-term effects of Antimicrobial
Stewardship (AMS) programs on mortality and infection
rates [57]. The Al Habib Medical Group's stewardship
plan focuses on improving patient care, reducing antimi-
crobial resistance, and optimizing drug use, including the
establishment of an Antimicrobial Stewardship Team for
monitoring and education [55, 56].

2.5. Infection surveillance systems

Surveillance in healthcare systems entails the systema-
tic collection and analysis of information, which is crucial
for developing effective strategies and evaluating public
health activities. This ensures secure data distribution to
those in need [58]. Effective surveillance in healthcare
begins with evaluating the patient population, clinical
interventions, and prevalent infections. This assessment
is vital for establishing a strong surveillance framework.
Healthcare institutions, including long-term care facilities,
should consider various potential infections and their im-
pact on prevention. HAIs surveillance is crucial for iden-
tifying and reducing infections through data collection,
analysis, and dissemination. It also involves monitoring
infection data to analyze trends and determine measures to
control HAIs, contributing to quality improvement efforts
[59].

The WHO [60] emphasizes that surveillance is essen-
tial for preventing HAIs by tracking disease spread, esta-
blishing endemic rates, and assessing control measures.
However, many healthcare organizations, even in deve-
loped countries, still use manual surveillance methods,
requiring infection control staff to spend excessive time
reviewing records to identify potential HAIs and necessa-
ry patient isolation interventions. This reliance on manual
processes hinders real-time data collection and analysis,
reducing the effectiveness of surveillance systems and de-
laying reporting, which can compromise timely HAI treat-
ment [61]. These reporting issues prevent the identification
of preventable infections among high-risk patients, leading
to misallocated resources. A 1985 study in U.S. hospitals
(SENIC) showed that HAI surveillance, when paired with
prompt feedback and effective infection control strategies,
significantly reduced HAls, with 25 hospitals achieving a
32% reduction in infection rates [62]. This study reported
that 25 hospitals that assigned the three core components
and including physicians and microbiologists, were suc-
cessful in minimizing the hospital-acquired infection rates
by 32% [62]. Surveillance programs in Germany have
significantly reduced HAIs [63]. However, deficiencies in
surveillance systems hinder infection control. Accurately
tracking hospital staff immunization status allows insti-
tutions to monitor and improve practices, aiding in HAI

prevention.

2.6. Identifying and cohorting patients for screening
and follow-up

Growing concerns among politicians and the commu-
nity stem from the failure to prevent HAIs during hospi-
tal stays, leading to high rates of morbidity and mortality
from antimicrobial-resistant infections. Contributing fac-
tors include poor hand hygiene, non-adherence to infection
prevention protocols, and insufficient resources, which
have resulted in increasingly resistant bacterial strains.
To reduce and manage HAISs, it is crucial to implement a
culture monitoring program and isolate infected and high-
risk patients [64].

The use of cultures and contact precautions for high-
risk patients may help reduce multidrug-resistant orga-
nisms that cause hospital-acquired infections [65]. Active
surveillance cultures should be implemented based on ac-
curate assessments of public health impact and a compa-
rison of costs and benefits with existing prevention strate-
gies [66]. Researchers have concluded that thorough eva-
luations are necessary for their implementation. The pre-
valence of infections from multidrug-resistant organisms
has been increasing in hospitals for years, yet a review of
20 articles shows that the effectiveness and cost-efficiency
of active surveillance cultures are still unclear [67].

A controlled trial found that active surveillance cultures
in intensive care patients did not identify harmful microor-
ganisms linked to severe microbiological illnesses, sug-
gesting they may not be effective in detecting bloodstream
infections [68]. Consequently, alternative methods may be
necessary. A four-year study indicated that active surveil-
lance cultures are not needed to control MRSA infections
in intensive care settings [69]. Countries implementing and
destroying" measures have successfully reduced MRSA
severity and hospitalizations [70]. This strategy involves
identifying, isolating, and treating infected patients with
antibiotics to prevent infection spread, proving effective
in healthcare settings. Managing these measures after an
MRSA outbreak includes testing patients and staff, evalua-
ting high-risk cases, and making necessary assessments.
Assessing HCWs on leave as potential carriers is crucial,
along with decontamination and halting new admissions
in areas with multiple identified carriers [71]. Hospitals
often harbor multidrug-resistant bacteria, such as MRSA
and VRE, posing outbreak risks. HCWs can transmit these
bacteria through direct or indirect contact and contamina-
ted surfaces, leading to healthcare-associated infections
that may spread and increase outbreak risks.

3. Preventing infection through transmission-based
precautions

Preventive measures are essential in healthcare to
control infection spread. Transmission-based precautions
(TBPs) effectively interrupt the transmission routes of in-
fectious pathogens and include standard infection control
precautions (SICPs) like vaccinations and personal protec-
tive equipment (PPE) [72]. A study [73] assessed commit-
ment to infection prevention and control (IPC) practices
among individuals and institutions, revealing significant
differences in adherence and variations influenced by spe-
cific practices. Education and peer assessment enhanced
commitment, while education alone or with additional
support had limited impact. Education on respiratory dro-
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plet dispersion showed little effect on awareness, and addi-
tional support minimally influenced adherence to preven-
tive measures. TBPs are classified by transmission mode
and include contact, aerosol, and respiratory droplet pre-
cautions [74]. Contact precautions prevent transmission
through direct or indirect contact in urgent care settings,
involving the use of gloves, gowns, appropriate sharps dis-
posal, and biohazard waste containers, as well as reducing
healthcare worker interactions with patients.

To minimize the risk of transmitting respiratory pa-
thogens, implement Droplet Precautions when a patient
coughs, sneezes, or talks. Daily decontamination, inclu-
ding wearing safety goggles and maintaining bed spa-
cing, is essential. The Airborne Precaution System pre-
vents the spread of pathogens like measles, chickenpox,
tuberculosis, and SARS-CoV, which can remain airborne
for extended periods [75]. Isolation rooms are crucial
for patients requiring airborne precautions (AIIR) [76].
Healthcare facilities have various infection prevention
and control (IPC) policies, each with specific procedures.
Practitioners must follow minimum infection prevention
practices when handling potential sources of infection.
Noncompliance may stem from inadequate training, lack
of awareness, or disinterest in infection prevention. Eva-
luating the components that ensure effective implementa-
tion of new IPC policies is vital [77].

Additional measures, such as surveillance, can help
manage infections before they escalate. Khuan and Sprin-
ghorn (2012) emphasized that monitoring HAIs is critical
for a successful IPC strategy. Healthcare organizations
should provide training to keep staff informed about infec-
tion control precautions. Ongoing training in [PC areas,
such as hand hygiene and equipment decontamination, is
essential for preventing infections among healthcare wor-
kers. Education and training ensure that workers are aware
of new IPC procedures [78]. HCWs must understand the
importance of knowledge in IPC. Regular training in hand
hygiene, sharps safety, and equipment decontamination is
vital for reducing infections. Educating all workers on new
IPC procedures is essential. Research shows that effective
infection prevention relies on monitoring and training,
especially in initial phases [79]. The WHO highlights that
organized IPC implementation is crucial for preventing
HAIs and demonstrates readiness for disease outbreaks
[60]. Key factors for successful IPC programs include or-
ganization, technical guidelines, human resources, disease
surveillance, laboratory support, a clean environment, pro-
gram evaluation, and public health collaboration.

To ensure infection control and patient safety, the
WHO has prioritized the prevention of healthcare-asso-
ciated infections (HAIs) since establishing the World Al-
liance for Patient Safety in 2005 [80]. The Care is Safer
Care to reduce HAIs and communicable diseases. HCWs
are often a primary source of nosocomial infections, trans-
mitting HAIs between patients, particularly in ICUs [81].
Patients in these wards face a 5- to 10-fold higher risk of
HAIs compared to other departments. ICU nurses, as key
HCWs, are crucial for hygiene maintenance, infection
monitoring, and microbiological sampling, significantly
contributing to HAI prevention [82]. A decrease in nursing
staff correlates with increased HAI occurrences, as nurses
are essential in infection control.

To minimize infection risks between HCWs and pa-
tients, all staff—whether in direct or indirect contact—

must follow established infection control strategies. Heal-
thcare organizations should implement effective infection
control programs to reduce HAIs and enhance safety [83].
Professionals must observe and report infectious disease
outbreaks and adopt preventive measures, such as hand-
washing. The WHO mandates that healthcare institutions
appoint a designated individual or team to ensure com-
pliance with IPC. Strict adherence to these strategies can
prevent up to 55% of HAIs [84].

Countries should recruit qualified personnel to manage
infection control at the national level, including public
health specialists and nurse practitioners. These profes-
sionals must have expertise in IPC and collaborate with
public health authorities [85]. The WHO recommends
establishing infection control policies to reduce disease
incidence and ensure early detection. Prioritizing high-risk
activities, such as safe injections and surgical operations,
is essential for effective HAI control. WHO's Care is Safer
Care hand hygiene compliance among healthcare workers
[86].

4. The contribution of room ventilation to prevent air-
borne transmission

Scientific data show that indoor transmission is signifi-
cantly higher than outdoor transmission [87]. Proper ven-
tilation is the best way to prevent infection, as indoor envi-
ronments pose a considerable risk for disease spread [88].
Hospital-acquired SARS-CoV-2 infections significantly
contributed to the outbreak's initial spread. The SARS-
CoV-2 working group in healthcare aimed to minimize
contact and droplet exposure [89]. Airborne transmission
remains a critical vector for virus spread, despite its reco-
gnition. Airborne transmission is a significant vector for
virus spread. Resource-rich hospitals are increasingly iso-
lating COVID-19 patients in negative-pressure chambers
with controlled air exchange rates to prevent transmission,
but information on SARS-CoV-2 contamination in these
settings is limited.

The spread of SARS-CoV-2 has led authorities to pro-
tect healthcare professionals, a vulnerable group facing si-
gnificant infection rates. This has strained health services,
especially in low- and middle-income countries, which
struggled to retain staff even before the pandemic [90, 91].
Understanding transmission risks is vital for developing
mitigation strategies, including engineering controls and
personal protective equipment. Poor ventilation poses a
significant exposure risk to aerosolized particles. Recogni-
zing the potential for airborne transmission is essential for
creating effective safety guidelines in healthcare facilities.
WHO recommends that hospital wards and outpatient cli-
nics maintain ventilation rates of 60 litres per second per
person, and 160 litres per second per person in outpatient
areas during aerosol-generating procedures. Achieving
these rates depends on air exchange efficiency, influenced
by outdoor area, cross ventilation, and population density
[92, 93].

5. An evaluation of sanitation procedures for reducing
microbial bioburden in healthcare facilities

Infection prevention and control in healthcare is essen-
tial for mitigating risks from environmental pollution [94,
95]. Bacteria from infected patients can linger in the envi-
ronment and spread through contact. Research shows that
the risk of infection increases six-fold if the previous occu-
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pant of a room had a serious infection. Studies show that
environmental dissemination (air and surfaces) is crucial
in the transmission of transitory microbes that can cause
illness. A qualified healthcare professional must manually
clean and disinfect areas to significantly reduce bioburden
[96, 97]. Various microorganisms, such as Clostridioides
difficile and MRSA, can survive for long on surfaces. Car-
ling et al. reported that only 49% of surfaces in twenty-
three acute care hospitals were effectively cleaned. Mi-
croorganisms are often transmitted between portable de-
vices and surfaces, with bed rails, countertops, call lights,
drapes, and bedside tables being the most frequently tou-
ched items.

6. Prevent HAIs by vaccinating HCWs

To prevent the spread of HAIs from multidrug-resistant
bacteria, HCWs must be immunized for two main reasons
[98]. First, HCWs often care for patients at risk of infec-
tious diseases, including those who cannot be vaccina-
ted, such as infants under six months. They also handle
hazardous materials and are exposed to various infectious
agents, which can lead to severe illness or death [99]. Herd
immunity is relevant in healthcare, as immunized indivi-
duals reduce the risk of infection for vulnerable communi-
ty members. Vaccination can also lower infectivity among
those still susceptible. Second, HCWs face a high risk of
contracting multidrug-resistant bacteria, making vaccina-
tion crucial. A study of 400 HCWs and 400 controls found
no significant difference in infection rates between those
caring for multidrug-resistant patients and those who did
not [100].

This strategy faces several challenges. Vaccinations
should reduce pathogen transmission among HCWs.
While Staphylococcus aureus (S. aureus) HAls mainly
arise from endogenous sources [101], interactions with
HCWs carrying S. aureus can increase patient coloniza-
tion rates. Many outbreaks of S. aureus-related HAIs have
been traced to contaminated HCWs [102], with infec-
tion prevalence among HCWs exceeding 30%. A vaccine
for HCWs and patients must effectively reduce carriage
to prevent the spread of infections and HAIs caused by
exogenous S. aureus. However, current vaccines have
shown limited impact on nasal carriage. About 15% of the
general population and healthcare workers may asymp-
tomatically carry toxigenic C. difficile, and current vac-
cine developments have not affected C. difficile carriage
[103]. Most infections result from poor hand hygiene after
handling patient strains and vomit, contributing to high
transmission rates. Thus, the effectiveness of vaccines for
HCWs in reducing C. difficile infections may be limited.

Establishing a vaccination program to prevent HCWs
from contracting HAIs faces several challenges. There is
no global standard for HCW vaccination; it is mandatory
in some countries and merely recommended or not recom-
mended in others. HCWs share the same vaccine hesitancy
as the general population [104, 105]. Barriers to vaccina-
tion among HCWs include anxiety about side effects, ne-
gative experiences, perceptions of vaccines as a business
strategy, the need for extra physician appointments, and
a belief in low personal risk. During the COVID-19 out-
break, self-protection motivated HCWs to vaccinate. Pre-
dicting vaccine acceptance for patient protection is chal-
lenging, necessitating the identification of specific HCW
demographics, especially in intensive care units and those

in contact with immunocompromised patients.

Study limitations

This review article is not exhaustive and does not claim to
be comprehensive. Due to the broad scope of HAI preven-
tion strategies, it is impossible to cover all discussions in
a single publication. Thus, the authors focus on the most
significant aspects of the debate, providing a simplified
overview.

Conclusions

Healthcare professionals, patients, and the public are in-
creasingly concerned about HAIs due to the rise of mul-
ti-drug-resistant bacteria. This study highlights hygienic
practices and antibiotic stewardship as key strategies to
reduce HAIs and improve treatment outcomes. Enhanced
hygiene limits pathogen transmission, while responsible
antibiotic use prevents resistance. Effective infection sur-
veillance and adherence to infection control measures are
essential. Good hand hygiene is critical for preventing
HAIs and minimizing germ transmission. Improving nur-
sing practices and patient safety involves identifying fac-
tors that influence hand hygiene. Infection control must
be prioritized until effective vaccinations are available.
Future research should focus on infection monitoring and
data analysis to enhance infection control and improve
global healthcare.
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