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Abstract

Healthcare-associated infections (HAIs), which include hospital-acquired and nosocomial infections,
pose a significant global health threat, leading to high morbidity, mortality, and healthcare costs.
Despite advancements in medical technology, HAls affect millions annually, especially vulnerable
groups such as intensive care patients, older adults, neonates, and immunocompromised individuals.
The rise of multidrug-resistant (MDR) microorganisms complicates prevention and management,
limiting treatment options and worsening outcomes. This review delves into the historical evolution,
epidemiology, etiology, and pathophysiology of HAIs, noting their disproportionate impact on low- and
middle-income countries with limited healthcare resources. Key categories of HAIs include central line-
associated bloodstream infections, catheter-associated urinary tract infections, surgical site infections,
ventilator-associated pneumonia, hospital-acquired pneumonia, and Clostridioides difficile infections.
The article emphasizes the role of bacterial, viral, and fungal pathogens in HAIs, exploring mechanisms
like biofilm formation, environmental contamination, and person-to-person transmission in healthcare
settings. It outlines evidence-based prevention strategies, highlighting the importance of infection
prevention and control (IPC) programs. Critical measures include adherence to hand hygiene, proper
management of invasive devices, aseptic technique during procedures, environmental disinfection, and
isolation precautions. Antimicrobial stewardship to reduce unnecessary antibiotic use is also crucial.
Continuous surveillance and data reporting are essential for monitoring infection trends and guiding
improvements. In conclusion, HAIs can be largely prevented through coordinated, multidisciplinary
approaches employing evidence-based infection control strategies. Strengthening surveillance systems,
enhancing healthcare worker education, and integrating infection control into quality and patient safety
are vital for reducing HAIs and improving global healthcare outcomes.

Keywords: Hospital acquired infection, Quality, Tools- Infection control.

Introduction

In hospitals, infections can spread from person to person or from contaminated surfaces in the
environment. There are several known risk factors that can lead to some healthcare-associated illnesses.
Eze et al. (2017) assert a significant correlation between Clostridioides difficile infection (CDI),
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preexisting conditions, the use of non-selective non-steroidal anti-inflammatory drugs, gastric acid
suppressants, and recent antibiotic exposure.

The occurrence of surgical site infections (SSIs) is influenced by procedural factors, including the
duration of surgery, the efficacy of skin antisepsis, surgical technique, and the application of appropriate
antimicrobial prophylaxis, as well as patient-related factors such as advanced age, diabetes, obesity,
inadequate nutritional status, microbial colonization, and concurrent infections. Some infections like to
settle in the warm, damp areas of the inguinal and perineal regions, as well as the axillae and trunk
(Young et al., 2014).There are many ways that catheter-associated urinary tract infections (CAUTIs)
can happen, such as when microbes grow inside the catheter, when they move up the catheter, when
they spread from the catheter to the urethra, and when biofilms form. Certain bacteria that form biofilms,
such as Pseudomonas and Proteus, possess enzymes that diminish the efficacy of antibiotics,
complicating treatment (del Pozo et al., 2007).Central line-associated bloodstream infections
(CLABSIs) are mostly caused by bacteria growing on the catheter, forming biofilms, and moving
outside of the catheter. Using the femoral insertion site raises the chance of getting an infection.
Coagulase-negative staphylococci, Staphylococcus aureus, and Staphylococcus epidermidis are
important members of the natural skin flora that can easily colonize intravascular devices. These
bacteria are common causes of infections (Patel et al., 2019).Multidrug-resistant (MDR) infections are
a serious threat to hospitals, especially the intensive care unit. They lead to longer hospital stays, more
deaths, and higher healthcare costs. Bacteria and viruses that are resistant to three or more types of
antibiotics are called multidrug-resistant (Serra et al., 2020). Kalil et al. (2016) found that the following
microorganisms, septic shock, acute respiratory distress syndrome, long hospital stays, and renal
replacement treatment are major risk factors for hospital-acquired and ventilator-associated pneumonia.

Pathophysiology

In hospitals, germs can spread through dirty places or by meeting healthcare workers. There are several
well-known risk factors that can lead to healthcare-associated infections. Eze et al. (2017) identified
comorbidities, gastric acid suppressants, non-selective NSAIDs, and recent antibiotic exposure as
significant risk factors for Clostridioides difficile infection (CDI). Surgical site infections (SSIs) are
caused by several things, including the patient's age, diabetes, obesity, poor nutrition, colonization, and
co-existing infections, as well as the length of the procedure, the effectiveness of the skin antisepsis,
the surgical technique, and the use of antimicrobial prophylaxis. Young et al. (2014) discovered that
specific pathogens, including bacteria and fungi, preferentially colonize warm and moist regions of the
body.

Some of the things that can cause catheter-associated urinary tract infections (CAUTIs) are the spread
of bacteria inside and outside the catheter, the rise of bacteria from the bladder, and the growth of
biofilms on urinary catheters. Some microbes that form biofilms, like Pseudomonas and Proteus, have
enzymes that make antibiotics work less well, which can make treatment harder (del Pozo et al., 2007).
Biofilm formation, extraluminal migration, and catheter colonization are the most common causes of
central line-associated bloodstream infections (CLABSIs). The femoral insertion sites are the most
likely places for these infections to happen. Common organisms that can cause this are Staphylococcus
aureus, Staphylococcus epidermidis, and coagulase-negative staphylococci that come from skin flora
(Patel et al., 2019).

ICUs are not immune to the rise of multidrug-resistant (MDR) infections, which lead to longer hospital
stays, more deaths, and higher overall healthcare costs. Bacteria and viruses that can survive three or
more types of antibiotics are called multidrug-resistant (Serra et al., 2020). Kalil et al. (2016) found that
certain microorganisms, septic shock, acute respiratory distress syndrome, long hospital stays, and renal
replacement treatment are major risk factors for hospital-acquired and ventilator-associated pneumonia.
Acute illness and sepsis significantly alter pharmacokinetics and pharmacodynamics, affecting drug
distribution and clearance. Because of this, it is very important that the dose of antibiotics be based on
each patient's specific renal function and drug profile. For example, time-dependent medicines should
aim for higher peak levels, while concentration-dependent medicines should have longer infusion times
(Kalil et al., 2016).
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To make a correct diagnosis of infections caught in a healthcare setting, you need a full medical history,
a physical exam, and some lab tests. To improve patient outcomes and suggest the best antimicrobial
treatment, it is essential to obtain an early culture sample prior to the initiation of antibiotics (Monegro
et al., 2023).

Management

Antibiotics, fluid resuscitation, standard goal-directed therapy for sepsis, and close monitoring for organ
dysfunction are the most important parts of managing infections acquired in the hospital. After giving
fluids to the patient, their clinical and hemodynamic status should be checked on a regular basis.
Choosing the right antibiotic and when to give it are very important. When choosing an empiric
antibiotic, you should think about things like the patient's clinical stability and the factors that lead to
multidrug-resistant infections. Start taking antibiotics as soon as you can, ideally within an hour. A
central line-associated bloodstream infection gets two blood cultures: one from a peripheral venous site
and one from the central venous catheter site. After that, begin antibiotic treatment. You should take
out the catheter and send the tip for culture right away if you see any signs of organ failure, low blood
pressure, or hypoperfusion (Singh. 2016).

Flores et al. conducted a study in 2019, a catheter-associated UTL. It’s best to take out the old catheter
and get a urine sample from the new one before starting antibiotics. These steps make it easier to get
microbiological samples. As part of the standby precautions, all catheters, including urinary and central
lines, should be taken out when they are no longer needed. For UTIs that are linked to catheters, doctors
usually give antibiotics for seven days. If you have bacteremia or a delayed response, you may need to
take antibiotics for another 10 to 14 days. Antimicrobial catheters, minimizing dwell time, and antibiotic
prophylaxis can all help prevent catheter-associated urinary tract infections (CAUTISs).

For HAP or VAP, a seven-day course of antibiotics is usually recommended unless there is a clear
medical reason to extend the treatment. Most of the time, antibiotics work against Staphylococcus
aureus and Pseudomonas aeruginosa. Special medications are needed to fight bacteria that are resistant
to many drugs (Kalil et al., 2016).

The rate of catheter-associated bloodstream infections (CLABSIs) in the United States has been steadily
going down because of better education and the use of proven ways to stop them. Some of these steps
are using aseptic techniques when putting them in a catheter, taking out any catheters that aren't needed,
taking a chlorhexidine bath, using antimicrobial dressings, and using catheter lock solutions. How long
antibiotics are needed to treat bloodstream infections caused by central lines depends on how bad the
illness is and whether the catheter stays in place or is taken out. There are several things that can cause
complicated bloodstream infections that can happen because of a central line. These include suppurative
thrombophlebitis, osteomyelitis, endocarditis, positive cultures that don't go away after 72 hours, active
cancer, or immunosuppression. Miller and Maragakis (2012) say that. It may be necessary to change
the underlying antibiotic regimen for primary infection to treat Clostridium difficile infections, but oral
vancomycin is usually the best choice. Metronidazole is another medicine. Fidaxomicin is an example
of modern medicine.

Researchers are looking into other options, such as teicoplanin and other antibiotics. Fecal microbiota
transplantation is only considered in the most extreme cases of refractory illness. According to a study
by Al Momani et al. from 2018. It is very important to wash your hands well and follow the rules for
preventing infection when caring for surgical areas after surgery. Skin decontamination and antibiotic
prophylaxis are two other important factors in preventing SSI. It's important to start giving antibiotics
right away to cover common bacteria in case of infections at the surgery site. Then, based on culture
reports, the dose should be changed. Most of the time, antibiotics are given to people who have
staphylococcus aureus and other bacteria, like Pseudomonas, based on how sick they are. It may be
necessary to investigate antibiotics that work against bacteria that are resistant to many drugs, like
Enterobacteriaceae and methicillin-resistant Staphylococcus aureus.

Young et al. (2014) is the source. To lower the number of multidrug-resistant pathogens that spread, it
is very important to use universal standard infection control measures. Before and after each patient
visit, these steps include washing hands with soap and water or using an alcohol-based disinfectant.
Even when participants wore protective gear like gloves and gowns, research showed that there was
still a chance of contamination (Furuya et al., 2018).
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Potential Etiologies of Hospital-Acquired Infections: Bacterial Sepsis, Clostridium Difficile Colitis,
Pseudomonas, Acinetobacter, Enterococcal Infections, Methicillin-resistant Staphylococcus aureus,
Legionella, Viral Hepatitis, HIV, Tuberculosis Complications, Sepsis, Meningitis, Endocarditis,
Osteomyelitis, Peritonitis, and Acute Respiratory Discharge. Over the years, different steps have been
taken to keep hospital-acquired infections to a minimum. Some of the basic rules for preventing
infections are washing your hands often and correctly, taking contact precautions when necessary,
practicing antibiotic stewardship to stop the spread of bacteria that are resistant to many drugs, using
the right antimicrobial prophylaxis, positioning patients correctly, using subglottic suction to stop
aspiration, following strict asepsis protocols when putting in a central line, limiting the use of
unnecessary external devices, taking out catheters as soon as they are no longer needed, and giving
chlorhexidine baths to patients in the intensive care unit (Flores et al; 2019).

Healthcare-associated infections cost the healthcare system billions of dollars every year and cause a
lot of pain and death. An interdisciplinary approach is necessary to enhance healthcare team outcomes.
Over the years, many protocols for central line monitoring, infection isolation, and performance have
been improved. If this is going to work, everyone on the healthcare team needs to work together. One
of the most important things hospitals do is keep patients and staff from meeting any germs (Tunkel et
al., 2017).

Nurses are very important in prevention efforts because they often meet sick patients first. The most
important thing is to make sure that everyone follows the rules for avoiding infections and washes their
hands often. Some category 1A recommendations are to teach healthcare workers how to properly
secure catheters, wash their hands often, and follow aseptic procedures during invasive procedures to
stop the spread of infection. It is also a good idea to clean hospital rooms and cut down on pollution in
the environment. Lastly, because bacteria and other microbes that don't respond to antibiotics are
becoming more common, hospitals need to set up committees led by pharmacists to keep an eye on how
antibiotics are used. This will stop them from being used too often and make sure that certain antibiotics
can't be given without committee approval (Boev and Kiss; 2017).

Boev and Kiss (2017) say that. Healthcare-associated infections can lead to longer hospital stays, higher
medical bills, and even death. Surgical site infections are the most common type of healthcare-
associated infection, and they cost the most money each year, $9.8 billion. People know that any
surgical or medical department, even the intensive care unit, can have costs related to healthcare. There
used to be a lot of cases of sepsis and central line infections, but they seem to be getting less common
because of better standards and more public awareness. Most hospitals now have best practices for
taking care of wounds and putting them in central lines. Everyone on the interdisciplinary healthcare
team must take part in this.

As indicated in the research by Danna et al. (2018). A healthcare-associated infection (HCAI) is when
a patient who was not present at the time of admission gets an infection while getting medical care at a
healthcare facility. These infections can come back even after patients leave the hospital and are getting
care for other problems. Also, they include work-related illnesses in the medical field. These infections
are connected to medical devices that are used in modern medicine, like catheters and ventilators.
CDC (2016). In developed countries, one healthcare-associated infection can spread to seven out of
every hundred hospitalized patients. In poor countries, it can spread to ten out of every hundred.
Populations at risk include neonates, patients in burn units, individuals undergoing organ transplants,
and those in intensive care units (ICUs). The Extended Prevalence of Infection in Intensive Care (EPIC
II) says that up to 51% of patients in the ICU may be infected. According to large-scale studies done in
the US and Europe, the incidence density of HCAI episodes was between 13.0 and 20.3 per thousand
patient-days.

According to a study by Raja et al. in 2014 As the number of infections goes up, so do the length of
hospital stays, the number of long-term disabilities, the number of people who are resistant to
antibiotics, the number of people who die, and the number of people who are affected by socioeconomic
changes. Due to inadequate surveillance systems and absent management mechanisms, data regarding
the burden of nosocomial infections is lacking. For instance, a lot of people probably get respiratory
infections while they are being treated for other problems, which makes it hard to find out how common
nosocomial infections are in a primary care center. People only pay attention to these infections when
they become widespread, and no group or country can say that they have gotten rid of this problem
(Gupta et al., 2015)
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In our earlier study, we discussed strategies for averting nosocomial infections. This review article will
give a short summary of how these diseases are spread around the world, talk about new causes, and
briefly talk about ways to control them. The primary emphasis will be on contemporary surveillance.
Nosocomial infections can show up in many ways, but the most common ones are infections of the
bloodstream, urinary tract, surgical sites, and pneumonia that is linked to a ventilator. Here is a short
summary of some of these: central line-associated bloodstream infections (CLABSIs) are a type of
nosocomial infection that can kill 12% to 25% of the time. Long-term use of catheters in central lines
can cause serious infections in the bloodstream, which can hurt health and raise the cost of care. In the
United States, there are still about 30,100 CLABSI cases each year in intensive care units and other
acute care wards, even though the number of cases dropped by 46% from 2008 to 2013 (WHO, 2016).
One of the most common types of infections that can happen in hospitals is catheter-associated urinary
tract infections (CAUTIs). Data from acute care hospitals show that UTIs were responsible for more
than 12% of all infections in 2011. The patient's own native microflora is what causes CAUTIs.
Catheters don't drain properly, which lets bacteria into the body and stay there. This is why bacteria can
settle in the bladder. Men can get orchitis, epididymitis, and prostatitis, while everyone can get
pyelonephritis, cystitis, and meningitis. These are all possible complications of CAUTI (CDC., 2016).
Two to five percent of people who have surgery will get a nosocomial infection called a surgical site
infection (SSI). Staphylococcus aureus is the most common cause of nosocomial infections, which are
the second most common type. These infections can cause serious complications and require longer
hospital stays. Infections that lead to surgical site infections (SSIs) come from the patient's own
microbiome. The incidence can be as high as 20%, depending on the procedure and the criteria used for
surveillance. Anderson (2011) says that. Nosocomial pneumonia, or ventilator-associated pneumonia
(VAP), affects 9-27% of patients who use mechanically assisted ventilators. It usually happens within
48 hours of the tracheal incubation. Ventilation is a part of 86% of cases of nosocomial pneumonia.
Patients with VAP typically exhibit symptoms such as bronchial sounds, fever, and leucopenia (Boev
and Kiss; 2017).

Nosocomial Pathogens, Epidemiology, and Control Strategies

Nosocomial infections, also referred to as healthcare-associated infections (HAIs), are caused by a wide
range of microorganisms, including bacteria, viruses, and fungi. The distribution and prevalence of
these pathogens vary considerably across healthcare facilities and patient populations. Bacteria are
responsible for most nosocomial infections, many of which originate from the patient’s endogenous
flora and become pathogenic when host immune defenses are compromised. Among these,
Acinetobacter species are prominent pathogens in intensive care units, commonly found in soil and
water, and are responsible for a substantial proportion of ICU-related infections. Bacteroides fragilis, a
commensal organism of the gastrointestinal tract, may cause infections when acting synergistically with
other bacteria. Clostridium difficile is a major cause of antibiotic-associated diarrhea and colitis,
resulting from disruption of normal gut flora; transmission commonly occurs via inadequate hand
hygiene among healthcare workers (Diseases and organisms in healthcare settings, 2016).

Members of the Enterobacteriaceae family, including Klebsiella and Escherichia coli,
particularly carbapenem-resistant strains, pose significant therapeutic challenges due to high
antimicrobial resistance. Methicillin-resistant Staphylococcus aureus (MRSA) spreads through direct
contact, contaminated hands, and open wounds, leading to severe infections such as sepsis, pneumonia,
and surgical site infections, and exhibits resistance to beta-lactam antibiotics (Flores et al; 2019).
Viruses account for approximately 5% of nosocomial infections and are transmitted via respiratory,
fecal-oral, and hand-to-mouth routes. Viral hepatitis, particularly hepatitis B and C, is a major
occupational and patient safety concern, frequently associated with unsafe injection practices. Other
notable viral pathogens include influenza virus, rotavirus, herpes simplex virus, and human
immunodeficiency virus. Opportunistic fungal pathogens primarily affect immunocompromised
patients. Aspergillus species cause infections through inhalation of spores, often during construction or
renovation activities within healthcare facilities, while Candida albicans and Cryptococcus neoformans
typically arise from the patient’s endogenous microbiota (Emily & Sydnor, 2011).
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Epidemiology and Global Burden

Nosocomial infections represent a significant global health burden, contributing to increased morbidity,
mortality, and healthcare costs. The World Health Organization estimates that approximately 15% of
hospitalized patients worldwide acquire at least one nosocomial infection. Mortality rates among
neonates range from 4% to 56%, with the highest incidence observed in South-East Asia and Sub-
Saharan Africa, where infection rates may reach 75%. In high-income countries, prevalence ranges
from 3.5% to 12%, while middle- and low-income countries report rates between 5.7% and 19.1%.
Overall infection rates in low-income countries are three times higher than those in high-income
countries, and among neonates, the risk is increased by 3—20 fold (Nejad et al., 2011).

Determinants, Reservoirs, and Transmission

The occurrence of nosocomial infections is influenced by environmental conditions, patient
susceptibility, and deficiencies in infection control knowledge and practices among healthcare workers.
Environmental contributors include poor hygiene standards and improper waste disposal. Patient-
related factors include immunosuppression, prolonged ICU stays, and extensive antibiotic exposure.
Inadequate awareness of infection prevention, improper use of invasive devices, and absence of robust
control policies further increase transmission risks. In low-income settings, these issues are exacerbated
by poverty, insufficient funding, staff shortages, and lack of essential equipment (Ducel and Nicolle;
2002).

Patients themselves serve as reservoirs of infection, as endogenous flora may contaminate surgical
wounds or invasive sites. Gram-negative bacteria from the gastrointestinal tract are a frequent cause of
surgical site infections following abdominal procedures. Transmission occurs through direct and
indirect contact between patients and healthcare workers, as well as through contaminated food, water,
and medical equipment. Each infected individual may become a new reservoir, perpetuating the cycle
of transmission (Emily, and Sydnor; 2011).

Prevention and Control Measures

Given their significant impact, preventing nosocomial infections is a fundamental priority.
Environmental hygiene is critical, as contaminated air, water, and food facilitate pathogen transmission.
Strict policies must be implemented for cleaning hospital surfaces and medical equipment. Adequate
ventilation and regular maintenance of air filtration systems in operating rooms, ICUs, and general
wards are essential. Water quality should be monitored microbiologically, and infected patients should
be bathed separately. Food handling practices must adhere to established safety standards (Boev and
Kiss; 2017).

Healthcare workers play a central role in infection prevention. Personal hygiene, effective hand
decontamination, use of sterile equipment, adherence to safe injection practices, and consistent use of
personal protective equipment are essential components of infection control. Proper hospital waste
management is equally important, as 10-25% of healthcare waste is considered hazardous. Infectious
waste must be segregated, securely stored, and disposed of appropriately, and staff must be trained in
safe waste-handling practices (Ducel & Nicolle, 2002).

Despite extensive efforts, nosocomial infections remain prevalent, with approximately one in 25
hospitalized patients acquiring at least one infection daily (CDC, 2016). Effective infection control
programs require institutional commitment, involving hospital administration, healthcare workers, and
patients. Comprehensive programs integrating surveillance, prevention, and control strategies are
essential for reducing infection rates (Gupta et al; 2015).

Antimicrobial Use, Resistance, and Surveillance

Antimicrobial resistance is a growing global threat driven largely by inappropriate antibiotic use.
Approximately 100 million antibiotic prescriptions are issued annually in outpatient settings, with
nearly half deemed unnecessary. Rational antibiotic use should be guided by accurate diagnosis,
pathogen susceptibility, and patient tolerance, aiming to minimize resistance and adverse effects.
Antimicrobial prophylaxis is recommended in specific situations, such as prior to surgery, and may
require extension in immunocompromised patients (Colgan, 2001).
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Antibiotic resistance has severe consequences, including increased mortality, particularly in South-East
Asia, where resistant infections contribute to frequent pediatric deaths. Resistance among MRSA and
multidrug-resistant Gram-negative bacteria undermines treatment of UTIs, pneumonia, and
bloodstream infections. Regional surveillance reports demonstrate high resistance rates to third-
generation cephalosporins among E. coli and K. pneumoniae, and methicillin resistance among S.
aureus (Singh, 2016).

The World Health Organization emphasizes reducing antibiotic demand through improved hygiene,
water sanitation, vaccination, and development of novel diagnostics. Pharmacists, clinicians, and
policymakers must collaborate to promote antimicrobial stewardship and transparency (University of
Washington, 2014). Although infection prevention aims to eradicate nosocomial infections, continuous
epidemiological surveillance remains essential. Effective surveillance systems require systematic data
collection, analysis, and feedback, supported by trained personnel and institutional oversight. Regular
evaluation of surveillance effectiveness ensures sustainability and guides targeted interventions (Yallew
et al; 2016).

Conclusion

Healthcare-associated infections (HAIs) are still a big problem in healthcare around the world, even
though medical treatment and infection management have improved. They kill more people, keep
people in the hospital longer, and cost a lot of money. In low- and middle-income countries, where
resources and surveillance systems are often limited, HAIs disproportionately affect patients because
of the complex interaction between patient vulnerability, invasive medical procedures, environmental
contamination, and deficiencies in infection prevention practices, as this review shows. Antimicrobial
stewardship and prudent antibiotic utilization are critically important, particularly in light of the
increasing prevalence of multidrug-resistant organisms (MROs), which further complicate prevention
and management strategies. Hand hygiene, aseptic techniques, appropriate handling of invasive devices,
environmental sanitation, and continuous monitoring are established methods to avert the majority of
healthcare-associated infections (HAIs). To lower the number of hospital-acquired infections (HAISs)
and improve health outcomes around the world, infection control needs to be a part of frameworks for
healthcare quality and patient safety. This needs to be done in a coordinated way by people from
different fields. This strategy necessitates ongoing education, monitoring, and a steadfast commitment
to policy.
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