International Journal of Medical Toxicology & Legal Medicine Volume 27, No. 4, 2024
e-ISSN: 0974-4614
p-ISSN: 0972-0448

Prevention and Management of Healthcare-Associated

Infections: Focus on Pneumonia and UTI
Abdullah Mana Mohammed Algahtani!, Khalid Ali Zaher Alzahiri?, Saleh Hassan
Ali3, Abdullah Hassan Abdullah Awaji Alsaluli®, Naif Hamoud Dh Alotaibi®, Salman
Bakhet Almutairi®, Ghzeha othman ALotieby’, Laila Ali Musaad Al shehri®, Saleh
Ahmad S Alebaidi®

Internal Medicine!, Pharmacy Technician?3#,
ARMED FORCES HOSPITALS, SOUTHERN REGION
Nurse®, Dawadmi Hospital
Pharmacy technician®, Adderyah hospital, nursing’, Health center Mohammedia, northern sector,
pharmacist®, Ministry of Health, Specialist-Laboratory®— Microbiology, Ministry of Health

bb0507738@gmail.com, alzahri90@gmail.com, saleh7assan@gmail.com, awaji2312@hotmail.com,
nahalotaibi@moh.gov.sa, sabamo97@gmail.com, Ghzeha@moh.gov.sa, lalshehri@gov.moh.sa,
saaalobaidi@moh.gov.sa

Received: 12.09.2024 Revised: 18.10.2024 Accepted: 15.11.2024

ABSTRACT

Patients admitted to an acute care hospital or living in a long-term care facility have an increased risk of
HAIs which usually include a wide range of infections involving different organs or systems, such as those
affecting the lower respiratory tract, urinary tract, and bloodstream/vascular system. Rehabilitation units
serve a specific segment of society, and patients include those at the highest risk for healthcare-associated
illness, particularly those with chronic underlying illnesses, addictions, homelessness, immunosuppression,
malignant diseases, prolonged hospitalizations, long-term endotracheal and intravenous catheters, chronic
wounds, open fractures, and antimicrobial resistance. High vigilance for HAIs must be maintained, with
adherence to guidelines and surveillance measures for prevention and early detection, in strict collaboration
with the public health system, especially when a threatened outbreak of an antimicrobial-resistant strain is
concerned. When HAIs are suspected, early multidisciplinary approaches are required, even as a catalyst to
direct infection control measures. However, cautious use of broad-spectrum antimicrobials, early empirical
treatments, and early diagnostics, with few but comprehensive invasive procedures, should be performed.
Non-antimicrobial preventive therapies could be implemented for specific patient populations, but future
alternatives for disease prevention, such as vaccines, monoclonal antibodies, and new chemical entities,
will be available to clinicians.
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1. Introduction to Healthcare-Associated Infections

Healthcare-associated infections (HAIs) are infections a patient acquires while receiving care in a
healthcare setting (1). These infections were not present at the time of admission but emerged 48 h or more
after hospital admission or within 30 days of treatments (2).

Procedural or device-associated HAIs may arise following an invasive diagnostic or therapeutic procedure
or the insertion of a device (3). They can occur in various locations where patients receive healthcare
delivery. However, hospitals, particularly the intensive care unit (ICU) setting, can significantly increase
the risk of acquiring Infection (4). Intensive care patients are vulnerable to infections due to chronic
underlying diseases and the use of life-sustaining devices (5). The commonly observed HAIs in ICUs
include ventilator-associated pneumonia (VAP), catheter-associated urinary tract infection (CAUTI),
catheter-associated bloodstream infection (CABSI), and surgical site infection (SSI) (6).
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HAIs increase morbidity, mortality, and length of hospital stay (LOS), leading to huge financial losses in
the hospital sector from undisclosed expenditureand the need to clear the Infection (7). The public health
implications are enormous as most of the bacterial pathogens causing HAIs are multidrug-resistant (8).
Monitoring hospital environments is essential to prevent the transmission and spread of HAIs (9).
Contracting an HAI puts patients at risk for serious complications and even death. It also places a burden
on the healthcare system, taking up additional time and resources for monitoring and treatment (10).
However, the good news is that HAIs can be prevented. Healthcare professionals play a crucial role in
preventing HAIs. Therefore, it is essential to understand the issue, causes, and possible solutions (6). The
following sections will discuss the epidemiology, pathophysiology, prevention, and management of
pneumonia and UT], the two most common HAlISs.

2. Epidemiology of Pneumonia and UTI in Healthcare Settings

To effectively reduce healthcare-associated pneumonia and urinary tract infections (UTI), an
understanding of their prevalence and epidemiology in healthcare settings is crucial (11). Pneumonia
accounts for 36-46% of all infection-related deaths in healthcare environments. ICU patients are at a 6-21
times higher risk for acquiring pneumonia, with one-third of these pneumonias being associated with
mechanical ventilation (12). Despite improvements in preventive measures, the incidence of pneumonia
remains significant in ICU patients (13). General ward patients also acquire pneumonia, albeit through
different mechanisms than those in the ICU (14). Epidemiological data is vital for addressing HAIs as it
helps identify patient groups at increased risk and focus prevention efforts where most needed (15).
Similarly, UTIs are the most common HAIs, with an annual incidence of approximately 3 million (16).
Critically ill patients, particularly in ICUs, are at a 4-30 times greater risk for developing healthcare-
associated UTI (17). These infections account for 31-36% of all HAIs and 1-25% of infection-related
deaths (18).

While UTlIs acquired in ICUs differ in pathogenesis from those in general wards, the latter still
account for significant morbidity and mortality (19). Understanding the epidemiology of pneumonia and
UTI is essential for planning effective preventive measures. Infection rates are influenced by various
factors, including age, gender, and length of stay in healthcare facilities (20). Since the majority of these
infections are associated with antibiotic-resistant pathogens, understanding antibiotic resistance patterns is
crucial (21). Identifying patient groups at highest risk is necessary for planning specific intervention
strategies. The epidemiology of pneumonia and UTI in healthcare settings is reviewed to provide a basis for
discussing risk factors, preventive measures, and management (22).

3. Pathophysiology and Risk Factors

HAIs are a significant challenge in today's healthcare system. Growing antibiotic resistance poses
a threat to already vulnerable populations, leading to increased morbidity and mortality (23). Pneumonia
and UTIs account for nearly one-third of all HAIs, affecting patients already weakened by comorbidities
(22). Understanding the mechanisms of these infections can increase awareness and possibilities for
initiation of preemptive strategies (24). Infection development is complex, as pathogens can invade,
survive, and multiply in hostile environments while evading the immune system (25). Consideration of the
pathogen's point of view can illustrate successful infection establishment (26). Each selected pathogen has
characteristics that promote infection. Risk factors for pneumonias and UTlIs are examined in detail (27).

Most common risk factors are age, various comorbidities, and immunosuppression due to
underlying diseases or treatments (28). Elements in the environment, such as catheter use or prolonged
mechanical ventilation, also contribute significantly (29). One pathogen can exploit several pathways and
host weaknesses, and infection establishment often depends on multiple factors working together (30). A
pathogen actively inducing a disease persists in the infected tissue, usually at the expense of the host's
fitness. Pathogens have evolved elaborate mechanisms to invade, survive, and multiply in host tissues while
evading the immune response (31).

Understanding both pathogen and host responses is essential for describing the infection
mechanisms in detail (32). Inflammation is the first stage of the immune response that attempts to repair
damaged tissue and eliminate invading pathogens. It is characterized by increased blood flow to the
affected site, increased permeability of local blood vessels, and the recruitment of various immune cells to
the tissue (33). Pathogen invasion often triggers inflammation. Depending on the pathogen type, this can be
recognized either directly by immune receptors or indirectly through damaged host cells (34). A complex
network of cytokines and chemokines is activated to attract various immune cells to the infection site (35).
Pathogen transmission often occurs directly, such as through contact with infected secretions, or indirectly
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through contaminated surfaces (36). Most infections begin at mucosal surfaces, constituting a significant
part of the body and acting as a barrier to the environment (37).

Mucosal surfaces are continuously bathed in secretions containing antimicrobial factors, such as
mucins impeding pathogen adhesion, lysozyme disrupting bacterial cell walls, secretory IgA neutralizing
pathogens, and lactoferrin sequestering iron essential for pathogen growth (38, 39). In addition to the innate
immune system, the mucosal surfaces harbor a significant portion of the body's adaptive immune system.
Mucosal antigen sampling induces local immune responses and the generation of memory lymphocytes,
which can also mount systemic responses (40). Despite these defenses, mucosal infections are common.
Most respiratory pathogen infections initially target epithelial cells, and successful infections usually
induce minimal pathogenicity (41).

The host normally clears the infection, often without detectable inflammation or systemic spread
of the pathogen (42). Available evidence indicates that invading respiratory pathogens exploit host
mechanisms to gain entry and restrict pathogen spread (43). Pathogen-induced alterations in host cell
signaling pathways can enhance adherence and invasion while dampening pro-inflammatory cytokine
production (44). In contrast, successful establishment of most systemic infections requires the pathogen to
breach and invade the epithelium (45). This commonly results in tissue damage and local inflammation,
though the pathways exploited to induce tissue invasion are often similar to those used in mucosal
infections (45).

4. Preventive Strategies for Pneumonia and UTI

Pneumonia and urinary tract infections (UTI) are common HAIs that cause significant morbidity
and mortality in healthcare settings (22). Pneumonia is usually the result of an infection acquired during
hospitalization, with VAP occurring in critically ill patients on mechanical ventilation (46). UTIs are the
most common HAIs, primarily due to the use of indwelling urinary catheters. This article aims to
summarize the best preventive measures to significantly reduce the incidence of pneumonia and UTI in
healthcare settings (47). The focus is on the most current, relevant, and evidence-based strategies for
prevention supported by the latest guidelines (48).

Single prevention strategies alone are often insufficient to reduce pneumonia and UTI rates
significantly (9, 16). Instead, a combination of approaches should be used for the best results. Simple
measures, such as ensuring proper hand hygiene or raising the head of the bed, can reduce the incidence of
pneumonia (49). More complex strategies, such as active and intensivist-led management protocols for
sedation and neuromuscular blocking agents, are needed to prevent pneumonia in patients with a high risk
of VAP (50).

Similarly, for UTI, basic strategies focusing on the proper insertion technique and maintenance of
urinary catheters can be implemented (51). More comprehensive strategies require a multi-disciplinary
team to review the appropriateness of urinary catheters and other preventive measures at regular intervals
(52). These strategies can achieve significant reductions in the incidence of HAIs, sometimes by more than
50% (53). However, achieving and maintaining compliance with some preventive measures, especially
complex strategies for HAls , can be difficult. Nonetheless, the message is clear: pneumonia and UTIs can
and should be prevented, and the best approach is systematic, multi-faceted, and proactive vigilance (54).

5. Management and Treatment Approaches

Preventative strategies are critically important in limiting the spread of HAIs, and they necessitate
thorough planning of ideal patient management pathways in close collaboration with Infection Prevention
and Control (IPC) teams (6, 16, 22). However, it ultimately falls upon the clinical staff to ensure that these
planned pathways are adequately enacted and followed through. Consequently, careful consideration is
given to the clinical management of HAI specifically in patients, with particular emphasis placed on
pneumonia and UTI (55).

Effectively treating pneumonia and UTI within healthcare settings demands a comprehensive,
multi-faceted approach (56). Among key therapeutic strategies, the utilization of antibiotics takes
precedence, with the appropriate selection of these medications being guided primarily by culture and
sensitivity results (57). However, challenges such as the evolving landscape of antibiotic resistance
necessitate that alternative treatment modalities are carefully considered and judiciously implemented (58).
Prompt clinical intervention is absolutely critical in managing HAIs infections, where a strong emphasis is
placed on the ongoing monitoring of patients for potential treatment failures (59).

The significance of prompt clinical intervention is immense, as it has the potential to greatly affect
and enhance the results for patients. Additionally, interdisciplinary teams are crucial in addressing
infections stemming from various diseases (60). Specialists in infectious diseases play a vital role in
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ensuring that patient care is delivered consistently and effectively across all care levels. It is also crucial for
thorough discussions to occur with patients and their families concerning follow-up care, rehabilitation, and
recovery after an infection (61).

These discussions should address the holistic needs of the individual during their healing journey.
Management plans must not be static; they should be regularly assessed and thoughtfully adjusted based on
new evidence and each patient's response to treatment strategies. A collaborative approach among various
disciplines involved in patient care is essential, ensuring integration throughout the management process.
Prespectives and future directions

The diversity of challenges and opportunities related to hospital care, prevention, and management
of infections and antimicrobial stewardship was reflected in the presentations and discussions of the Deans
of Infection Control Symposium (62). Topics addressed encompassed epidemiology of infectious diseases,
prevention, and control of hospital-acquired infections, infection control recommendations, and issues
specific to healthcare institutions, identification of the most common microorganisms and their resistance
phenotypes, new technologies for rapid diagnosis and susceptibility testing, new drug development,
treatment guidelines, and novel therapies (63). Universal access to antimicrobials and multistrategies for
individual therapy choices have been recognized as major challenges for developing the control of
infections (64).

Consequently, in the current era, rapid technological advancements reshape infection management
(65). The awareness of such developments is a critical aspect of modern medical practice, and their impact
on both the predisposing host conditions as well as the related microbiological questions, such as genomic
sequencing opening new roads in microbiology, typically allowing identification and person-based
guidance within hours and antibiotic sensitivity in a few days (66, 67). These are needed more than ever,
taking into account that the quality and timeliness of care are still necessities in the healthcare system 68.
The timely diagnosis and appropriate empiric therapy are fundamental for optimized infection management
and essential for patient care as well as comprehensive stewardship to maintain antibiotic effectiveness for
the next generations (69).

CONCLUSION

Infections acquired during the provision of healthcare are a major cause of morbidity and
mortality. They also contribute to increases in the costs of care. From an economic perspective, many of
these infections are preventable. This is particularly true of those associated with the provision of critical
care. Not only can a patient suffer the consequences of a healthcare-acquired infection, but the presence of
these infections may also bring about isolation, anxiety and depression, with a consequent impairment of
rehabilitation. Good knowledge of the factors responsible for the development of these infections combined
with good preventive measures and the correct management of the infection when it is diagnosed should
permit a great reduction in the level of morbidity and mortality resulting from these serious problems.
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