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Abstract

Nosocomial infections or hospital-acquired infections (HAIs) are one of the biggest health burdens around the globe
related to higher morbidity, mortality, and healthcare expenses. Most HAls are caused by bacterial pathogens especially
in intensive care units and high-risk patients. The increased incidence of antimicrobial resistance also makes treatment
and control of infection an even bigger struggle. The review gives a full account of the epidemiology, the key causative
pathogens, the risk factors, the dynamics of transmission, and evidence-based prevention and control measures. It is
necessary to enhance infection prevention initiatives, antimicrobial stewardship, surveillance, and international
cooperation to reduce the consequences of HAIs on the global level.
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1. Introduction

Nosocomial infections are also known as hospital-acquired infections (HAls), and they are illnesses that arise at least
48 hours or more following the admission of the patient in the hospital and have not been present or incubating at the
moment the patient was admitted [1]. They are among the most serious negative occurrences linked to the provision of
healthcare in the global arena. HAIs have an impact on millions of patients annually and they are generally known as
vital harbingers of healthcare quality, patient safety and system performance. Their level of occurrence indicates
human-factor intricacy between susceptible hosts, invasive medical care procedures, medical care environments and
microorganisms [2].

Although the number of diagnostic techniques and antimicrobial treatment, sterilization measures and infection control
procedures had significant progress, HAls are still present, and in certain facilities, they grow in size. The healthcare
sector has increasingly become complex, and the use of invasive treatments like mechanical ventilation, central venous
catheterization, urinary catheterization, dialysis, and major surgical interventions has increased [3]. Alongside the fact
that these technologies save lives, they also violate natural host defences and provide points of entry to opportunistic
pathogens. Particularly susceptible to infection are also critically ill patients, neonates, elderly persons, transplant
recipients, oncology patients, and persons undergoing immunosuppressive treatment [4].

HAIs epidemiology is determined by several inseparable factors, among which are microbial virulence, antimicrobial
resistance trends, adherence of healthcare workers to infection control protocols, hospital facilities, and antimicrobial
usage habits [5]. The most common HAls are caused by bacterial pathogens, but Gram-negative organisms are becoming
increasingly prevalent in most locations because of the increasing levels of antimicrobial resistance. The growth of
multidrug-resistant (MDR) organisms has greatly complicated the treatment strategies as well as aggravated clinical
outcomes. The production of extended-spectrum -lactamase, production of carbapenemase, production of methicillin,
and production of vancomycin have led to the decreased efficacy of most of the first-line treatments [6].

HAIs are a significant burden to the world, and the burden is disproportionately high among low- and middle-income
countries (LMICs). There are limited resources, overcrowding, lack of infection control infrastructure, and limited
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access to sophisticated diagnostics, which increases the chances of contracting infections in these countries [7]. But
HAIs do not occur in resource-limited environments only, but high-income health care systems are also endemic in their
transmission, and experience occasional outbreaks of resistant organisms. In very specialized medical facilities, the
density of the vulnerable population and high intensity of invasive services contribute to the creation of conducive
environments in which pathogen spread may occur [8].

HAIs cause a financial burden to healthcare systems economically because of the long-term hospitalization, more
intensive care equipment, extra diagnostic tests, and the use of expensive antimicrobial medication. Long-term
disability, loss of productivity, and burden on the society are considered indirect costs. Regarding the sphere of public
health, HAls lead to the rise in the number of antimicrobial use, which contributes to the development and spread of
resistance [9].

The increasing awareness of antimicrobial resistance as a healthcare problem of global concern has only increased the
significance of preventing and controlling HAIs. The international organizations and national health agencies focus on
surveillance, antimicrobial stewardship, prevention of infections programs and investment in research as key pillars of
healthcare-associated infections. Vast knowledge on the epidemiology, transmission and prevention of HAls is thus
necessary to enhance patient safety and sustainable healthcare delivery [10].

Transmission, Risk Factors, and Prevention Strategies
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Figure 1 Hospital-Acquired bacterial infections (HALSs)

This review will provide a critical analysis of hospital-acquired bacterial infections, epidemiology, key causative agents,
risk factors, resistance trends, and the evidence-based control practices. By combining the current scientific facts with
the perceptions of the general population regarding health, the present paper will help clinicians, microbiologists,
policymakers and scientists to address one of the most significant challenges in modern healthcare [11].

2. Epidemiology of Hospital-Acquired Bacterial Infections

2.1. Global Burden

Globally, HAIs affect an estimated 5-15% of hospitalized patients, with higher rates reported in intensive care units.
Mortality attributable to HAIs is substantial, especially in vulnerable populations such as neonates, elderly patients, and
immunocompromised individuals. Healthcare-associated bloodstream infections and ventilator-associated pneumonia
contribute significantly to hospital mortality rates [12].

Surveillance data reveal regional variability influenced by infection control practices, antimicrobial use, healthcare

infrastructure, and socioeconomic factors. Developing countries often report higher prevalence rates due to
overcrowding, limited resources, and inadequate infection control measures [13].
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2.2. Common Bacterial Pathogens

The most frequently isolated bacterial pathogens in HAls include [14]:

Staphylococcus aureus (including MRSA strains)
Escherichia coli

Klebsiella pneumoniae

Pseudomonas aeruginosa

Acinetobacter baumannii

Gram-negative bacteria have gained increasing importance due to rising antimicrobial resistance, particularly
carbapenem resistance. Methicillin-resistant S. aureus (MRSA) remains a major cause of surgical site infections and
bloodstream infections. Polymicrobial infections are also common, especially in surgical and trauma patients [15].

2.3. Types of Hospital-Acquired Infections
Major categories of HAls include [16]:
e Ventilator-Associated Pneumonia (VAP) - Occurs in mechanically ventilated patients and is associated with
high mortality.
e Central Line-Associated Bloodstream Infections (CLABSI) - Linked to intravascular catheter use.

e Catheter-Associated Urinary Tract Infections (CAUTI) - Among the most common HAIs globally.
e Surgical Site Infections (SSI) - Occur postoperatively and increase hospital stay and costs.

Each category has distinct risk factors and prevention strategies.

Ventilator-Associated Pneumonia (VAP) Central Line-Associated Bloodstream Infection (CLABSI)

Pneumonia in mechanically ventilated patients.
High mortality rate.

Catheter-Associated Urinary Tract Infection (CAUTI)

Infections due to urinary catheters. Infections at surgical wound sites.

—————— Common Hospital-Acquired Infections and Their Key Features ————————

Figure 2 Types of hospital-aquired infections

3. Risk Factors and Transmission Dynamics

3.1. Patient-Related Factors

Patient variables are determinant in the occurrence of hospital-acquired infections (HAIs). Old age correlates with
immunosenescence that decreases the ability of the innate and adaptive immune responses. The opportunistic
pathogens are especially dangerous to immunosuppressed people, chemotherapy and corticosteroid users. Host
defense mechanisms are further compromised by such chronic comorbidities like diabetes mellitus and malignancies.
Also, the long stay in hospitals means cumulative exposure of resistant microorganisms in the healthcare facility [17].
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3.2. Healthcare-Related Factors

There are medical practices that play a great role in the spread of infectious agents in hospitals. Direct points of entry
of pathogens are offered by the use of invasive medical equipment, which includes central venous catheters and
mechanical ventilators. The exposure to broad-spectrum antibiotics introduces selective pressure that favors the
appearance of resistant strains. Lack of compliance with hand hygiene measures is one of the major causes of cross-
transmission. Wards are also overcrowded and there is a scarcity of resources to control infections that further weaken
preventive measures [18].

3.3. Modes of Transmission

Transmission of bacteria within a healthcare setting happens in a number of major ways. The most frequent way of
transmission is direct contact especially through the hands of the medical personnel. Indirect transmission is by
contamination of surfaces, medical equipment or items of common use. Airborne dissemination can be carried out with
certain pathogens in certain conditions, although less often. These channels of transmission need a good understanding
to apply specific measures aimed at controlling the infection [19].

4. Antimicrobial Resistance in HAIs

The problem of antimicrobial resistance (AMR) is a major problem in the management of hospital-acquired infections.
Multidrug-resistant organisms (MDROs) restrict treatment choices and are linked to high morbidity and mortality. Of
particular concern are MRSA (methicillin-resistant Staphylococcus aureus), ESBL-producing (extended-spectrum f3-
lactamase) and carbapenem-resistant Enterobacterales. Misuse or overuse of antibiotics speeds up the process of
resistance development by the mechanism of selective pressure. In addition, resistance genes carried in plasmids
promote rapid horizontal gene transfer in healthcare settings [20].

5. Infection Control Strategies

5.1. Standard Precautions

The basis of infection prevention in healthcare facilities is standard precautions. The strict compliance with the hand
hygiene has been identified as the most effective preventive measure. Proper usage of personal protective equipment
(PPE) helps to eliminate the risk of direct exposure to infectious agents. Bloodborne diseases are prevented by safe
injection. Frequent cleaning and disinfection of the environments help reduce the infection of microbes in the patient
care units [21].

5.2. Transmission-Based Precautions

The precautions applied in transmission of patients who are infected or colonized with highly transmissible or resistant
organisms are those that are implemented as transmission-based precautions. Contact precautions involve the use of
gloves and gowns in order to avoid the spread of pathogens. The isolation/cohorting of colonized patients aids in the
outbreak control in healthcare facilities. Specialized medical equipment will minimize chances of cross-contamination.
Regular use of the measures is effective in breaking transmission chains [22].

5.3. Device-Associated Infection Prevention Bundles

Evidence based prevention bundles have proven to be highly effective in preventing device related infections. Central
line sterile insertion technique has a great reduction in blood stream infection rates. Eliminating unwarranted device
exposure happens through the daily evaluation of the need of the catheter. Head of bed elevation decreases the chances
of ventilator-associated pneumonia (VAP). Before invasive surgeries, skin should be properly antisepticized to reduce
the risk of colonization with local microbes and infection [23].
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Figure 3 Infection control strategies

6. Antimicrobial Stewardship Programs (ASPs)

Antimicrobial stewardship initiatives are developed to enhance the clinical outcomes and optimize the use of antibiotics.
The policy of restricting availability to high-risk antimicrobials restricts the inappropriate use of antimicrobials.
Prescribing is improved by the prospective audit and feedback mechanisms. Microbiological-based de-escalation of
therapy minimizes unwarranted broad-spectrum coverage. Dose optimization provides therapeutic efficacy with little
toxicity and development of resistance [24].

7. Surveillance and Reporting Systems

The surveillance systems need to be continuous so that early detection and trend analysis can be done. Regular data
gathering allows to track the infection rates and patterns of resistance. To reduce the spread of infections in the hospital,
hospital infection control committees interpret surveillance data to initiate remedial interventions. The national
reporting systems facilitate the benchmarking and policy making. Evidence-based decision making enhances
prevention and distribution of resources [25].

8. Emerging Technologies and Future Directions

The use of innovative technologies is changing the approach to infection prevention and control. Quick solutions Rapid
molecular diagnostics make it possible to detect resistant pathogens early and direct treatment. AID tools can help with
prediction and analysis of outbreaks as well as dynamics of transmission. Antimicrobial surfaces coating decreases the
pollution of the environment in the high-risk areas. Also, vaccination regimens and bacteriophage therapy are some of
the promising future cure measures of resistant infections [26].

9. Economic and Public Health Impact

HAIs cause immense financial problems to the healthcare system. Long-term hospitalization and other interventions
are also bound to raise direct medical expenses. Extreme complications can result in long-term disability and mortality.
The indirect costs are loss of productivity and financial burden on the society. Prevention programs are economical to
invest in and boost the overall patient safety outcomes [27].
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10. Conclusion

Bacterial infections that are hospital-acquired continue to be a significant problem with the worldwide health care
systems. The interaction of invasive medical approaches, antimicrobial resistance, and shortcomings of the healthcare
infrastructure makes them persistent. The key elements of reducing the burden of HAI include comprehensive infection
prevention programs, antimicrobial stewardship programs, effective surveillance, and international cooperation. It will
require sustainable investments in research and building health care capacity to guarantee the control of the long term
and better results of patients.
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