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Abstract

Antimicrobial resistance (AMR) is one of the most important global public health
concerns of the twenty-first century, and hospital settings play a critical role in the
emergence, amplification, and dissemination of drug-resistant illnesses. Healthcare
facilities offer the ideal conditions for the selection and spread of resistance due to
the concentration of vulnerable patient groups, widespread use of antibiotics,
invasive procedures, and complex care pathways. This study evaluates the
effectiveness of hospital-based management strategies and offers a comprehensive,
evidence-based summary of the ways in which hospitals fuel antibiotic resistance.
A PRISMA-informed evidence synthesis assisted by Litmaps citation-network
analysis was used to locate and examine recent and significant literature from
Scopus, Web of Science, PubMed, and Crossref-indexed sources. Twenty-five
papers that met the inclusion criteria were subjected to a qualitative synthesis. The
primary hospital-specific drivers of resistance found in the analysis include
inappropriate antimicrobial prescribing, selective pressure from broad-spectrum
agents, inadequate infection prevention and control (IPC) practices, environmental
contamination, and healthcare-associated transmission through patients, healthcare
personnel, and shared equipment. High-priority pathogens like methicillin-
resistant Staphylococcus aureus, vancomycin-resistant Enterococcus, multidrug-
resistant Gram-negative bacteria, and Clostridium difficile are highlighted because
of their disproportionate role in healthcare-associated infections, prolonged
hospital stays, increased healthcare costs, and mortality. Numerous studies show
that antimicrobial stewardship programs are the most effective hospital-based
approach for reducing antibiotic use and resistance rates. Although IPC bundles,

Available online at: https://jazindia.com 246




Journal Of Advanced Zoology

surveillance systems, rapid diagnosis, and environmental cleaning all cooperate to
limit transmission pathways, their results vary based on the resources,
infrastructure, and adherence of each location. Underappreciated elements that
contribute to the persistence of resistance include environmental reservoirs and
intra-hospital transmission networks. This synthesis emphasizes that hospital-
driven AMR is a systemic problem that cannot be solved by isolated initiatives.
Coordinated, context-specific actions combining antimicrobial stewardship, robust
IPC, environmental control, and surveillance are essential to reducing the incidence
of drug-resistant diseases and preserving the effectiveness of currently available
antimicrobials.

Keywords: Antimicrobial resistance; Drug-resistant infections; Hospital-acquired
CC License infections; Antimicrobial stewardship; Infection prevention and control;
CC-BY-NC-SA 4.0 Healthcare-associated transmission; Surveillance; Public health

1. Introduction

Antimicrobial-resistant (AMR) microorganisms are often found in hospitals, where they can live on surfaces,
medical equipment, as well as water distribution systems (Davey et al., 2006).Patients in health-system
facilities are at increased risk of colonization or infection with drug-resistant organisms (DROs), such as
methicillin-resistant Staphylococcus aureus (MRSA), vancomycin-resistant Enterococcus (VRE), multidrug-
resistant Gram-negatives (MDR-GN), and Clostridioides difficile (C. difficile). These kinds of infections make
hospital stays longer, raise expenditures, and cause too many deaths and illnesses (Nelson et al., 2022).
Environmental channels and the contaminated hands of healthcare providers are significant elements of
transmission networks. Previous studies have shown that hospitals can create or make microbial resistance
worse in many ways. Nonetheless, despite this understanding, a comprehensive synthesis and systematic
analysis of the specific patterns and mechanisms remain absent from the existing corpus of research. This
difference is especially clear when you look at how different patient demographics, varied exposure scenarios,
and the hospital atmosphere during the acute phase effect resistance to different illnesses. In light of these
considerations, the present evaluation seeks to investigate the dynamics of transmission and other essential
elements of microbial resistance within hospital settings (Mody et al.,2019 & Kizny Gordon et al ., 2017). The
idea is to gain a complete picture of how these critical pieces fit together with patterns of antimicrobial usage
and the many diverse factors that go into taking care of patients. This study also finds the kind of diseases,
illnesses, and treatments that are most likely to cause resistant microbes to grow in hospitals. It also tries to
describe certain things that could help stop the development of resistance, which would enable healthcare
settings undertake the best stewardship efforts to get better results in the fight against microbial resistance
(Barlam et al.,2016 & Holmes et al.,2016). People all throughout the world agree that finding antibiotics and
vaccines are two of the most important things that have happened in clinical medicine. In the 1940s,
sulfonamides, penicillin, and streptomycin were first sold. This was the start of the flow of antibacterial
medications. Antibiotics have totally changed the future of medicine by curing diseases that used to be
lethal(Giamarellou et al., 2023). The antibiotic resistance pattern is frequently utilized as a surrogate for
bacterial relatedness, notwithstanding its insufficient sensitivity and specificity. Typing can be used to find out
how closely related bacteria are, however traditional methods don't have the selection strength to tell how
closely related bacteria are above the level of bacterial clones. In the end, figuring out if there is an outbreak is
still primarily a subjective process that relies on the gut feelings of experienced infection control
professionals(Peacock et al., 2018). Antimicrobial resistance (AMR) is an increasing threat to the health of
people all over the world. More than 14 million people develop enteric fever every year, and more than 135,000
die from it. Antimicrobial treatment is the primary method for illness control; however, antimicrobial resistance
(AMR) is increasingly complicating this process. Our goals were to find out how widespread AMR is in
Salmonella enterica serovars Typhi and Paratyphi A infections around the world and where it is most common.
We wanted to figure out how serious the problem is and make it easier to build geospatial maps of AMR
prevalence to help with focused public health action(Browne et al., 2020). The European Centre for Disease
Prevention and Control published a research in 2009 that found that strains of antibiotic-resistant bacteria
infected over 400,000 individuals in 28 European nations. The most common pathogens were Escherichia coli
and Klebsiella pneumoniae. The percentage of E. coli isolates resistant to four classes of antibiotics increased
from 0.6% in 2002 to 3.4% in 2009, while the percentage of third-generation cephalosporin-resistant E. coli
surged from 1.7% in 2002 to 8% in 2009. The growth in K pneumoniae antibiotic resistance is far worse. The
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European Centre for Disease Prevention and Control says that K pneumonia’s resistance to strong, last-resort
antibiotics like carbapenems went from less than 1% to more than 25% in the EU in 2009(Tseng et al., 2011).
Antimicrobial resistance (AMR) is a big public health problem in the twenty-first century. It makes it harder
to stop and cure a lot of diseases caused by bacteria, parasites, viruses, and fungi. The first World Health
Organization (WHO) worldwide report on AMR surveillance showed how widespread AMR is over the world.
It also pointed out some big problems with the current surveillance system. Drug-resistant diseases caused
roughly 4.95 million deaths around the world in 2019. If nothing is done right away, this number might rise to
10 million deaths a year by 2050. Several recent AMR-related outbreaks have shown how serious this problem
is. Carbapenem-resistant Klebsiella pneumoniae (CRKP) is a serious global health problem, especially in
hospitals. It causes severe pneumonia, bloodstream infections, and urinary tract infections, and there aren't
many treatment options(Nazir et al., 2025).If not stopped, antimicrobial resistance (AMR) might kill 10 million
people per year by 2050, putting both modern medicine and global health at risk. This research looks at global
attempts to manage antibiotic resistance and the ecological and molecular reasons behind it in order to come
up with feasible ways to lessen the consequences of AMR that are getting worse(Nazir et al., 2025). Nurses
and other relevant healthcare workers must be involved in the best possible use of antibiotics in order to combat
the global issue of drug-resistant illnesses. Taking into account the many antimicrobial stewardship (AMS)
nursing models now used in the UK could help other regions develop practical and contextually suitable nursing
role decisions and policies(Castro-Sanchez et al., 2019). AMR threatens clinical management, public health,
and international healthcare systems. Drug-resistant diseases are becoming a global issue. They prolong
sickness, increase mortality, treatment failures, and costs. This chapter provides a complete picture of drug-
resistant diseases by focusing on epidemiological indicators such DALYs, QALYSs, mortality estimates, and
healthcare system stress. It also discusses how AMR affects regional healthcare systems, diseases, and
healthcare systems overall. Recent forecasts suggest that population shifts, antibiotic misuse, and
environmental risk factors will contribute to the predicted AMR burden increase. This chapter discusses
evidence-based policy changes and stewardship models. Standardized surveillance systems like WHO-GLASS
and coordinated clinical tools like SOWs are also mentioned (Murray et al., 2022; Naylor et al., 2018) (Holmes
et al., 2016)(WHO-2018). By choosing priority pathogens and using global estimates, this work helps create
data-driven strategies that will keep antibiotics working and slow the rise of AMR. The chapter also talks about
future projects that will be important for lowering the expected global burden of AMR in the next decades.
These projects include the development of new antimicrobials, data-driven surveillance innovation, and One
Health integration(Sharma et al., 2025).

. Relevance to AMR Burden
Metric Type Examples Estimation
DALYs, QALYs, Years of Life
Epidemiological | Lost (YLL), infection-
attributable deaths

Treatment failure rates, infection
relapse, mortality, complication
rates

Captures overall population-level
health impact

Evaluates direct clinical severity
and management outcomes

Clinical
Outcome-Based

Health  System | Length of hospital stay, ICU | Reflects resource strain and
Burden admissions, readmissions capacity implications

. . .. Measures financial burden at
Direct medical costs, indirect

Economic patient, household, and system
costs
levels
. Resistance rates by pathogen . .
Surveillance- . Y pathogen, Supports tracking, comparison,
. regional prevalence, data from .
Driven and early warning frameworks

GLASS

Table-1: Metrics used in estimating the global burden of antimicrobial resistance.

Objective:

To evaluate the efficacy of hospital-based methods for the prevention and control of antimicrobial-resistant
infections, as well as to thoroughly synthesize and review the evidence regarding the role that hospital
environments play in the emergence, spread, and persistence of these illnesses.
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Current global burden of AMR

Recent estimates suggest that the impact of AMR on global morbidity and mortality is on par with or even
higher than that of some serious infectious diseases. According to thorough analyses, bacterial AMR was
directly responsible for an estimated 1.27 million deaths globally in 2019 and was connected to an additional
4.95 million deaths in which resistance was a contributing factor but not the primary cause of death. These
figures show that AMR is a high-burden health issue that has a direct and indirect impact on clinical
outcomes(Sharma et al., 2025). Recent surveillance and burden modeling have identified significant bacterial
diseases that disproportionately contribute to this global burden. The most important of them are Acinetobacter
baumannii, Pseudomonas aeruginosa, Staphylococcus aureus, Escherichia coli, and Klebsiella pneumoniae.
These organisms frequently develop resistance to a range of drugs, including fluoroquinolones, carbapenems,
and broad-spectrum beta-lactams (Tacconelli et al., 2018). The preceding table shows expected death rates,
significant resistance profiles, regional distribution, model-based QALY loss, and DALY's (when available)
for certain illnesses. This illustrates how many different areas they affect. These measures offer a thorough
picture of the health burden associated with priority drug-resistant infections and are generated from economic
modeling studies and worldwide epidemiological investigations (Table 2).

Estimated
deaths  per | DALY .. | QALY Loss/ | Regions most | Main drugs
Pathogen year (annual, if Estimate affected resisted
(attributable | available)
to AMR)
Escherichia Data 777103 per | g ih Asia, Sub- 3rd-generation
. ~200,000 L patient (ESBL . cephalosporins,
coli limited Saharan Africa .
model) fluoroquinolones
Modeled in
Klebsiella ~150.000 Partial population- South Asia, | Carbapenems,
pneumoniae ’ Estimates | based QALY | Southern Europe cephalosporins
simulations
Associated
Acznetobq.cter 80,000 Limited with . ICU | Asia-Pacific, . low- Car.bapenerng,
baumannii mortality resource hospitals aminoglycosides
burden
Pseudomonas Not Contributes to Healthcare settings Carbapenems, (-
aeruginosa ~60,000 available model-based loball lactams,
g QALY loss & Y fluoroquinolones
Used in
Staphylococcus 33 mllllon AMR_.QALY Americas, Middle | Methicillin,
~80,000 (estimated, | modeling in . .
aureus N East, North Africa macrolides
2019) high-income
settings

(Table-2): Major antimicrobial-resistant bacterial diseases' worldwide burden: estimated mortality,
DALYs/QALYs, regional impact, and important drug resistance trends

Regional mortality rates:

Sub-Saharan Africa and South Asia have the highest age-standardized mortality rates from resistant illnesses.
About 24 deaths per 100,000 people in sub-Saharan Africa and more than 22 deaths per 100,000 people in
South Asia in 2019 were directly caused by AMR. While rates were lower in high-income regions such as
Western Europe and North America (usually less than 5 per 100,000), multidrug-resistant infections
nevertheless lead to substantial hospital costs and healthcare expenditures (Cassini et al., 2019). Geographical
variations also exist in pathogen-specific resistance patterns. In portions of Southern Europe and South and
Southeast Asia, carbapenem-resistant K. pneumoniae is common. While ESBL-producing E. coli is now
common in both high- and low-income areas, MRSA has historically presented a significant threat in North
America. These differences emphasize the necessity of region-specific data to inform burden estimation and
intervention strategies(Logan & Weinstein, 2017; Nordmann et al., 2011; Klein et al., 2013; David et
al.,2010;Woerther et al., 2013).
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2. Conceptual Framework

Like other compounds, antibiotics can be lost or degraded in effluents. Hospitals routinely receive abnormally
large amounts of many antibiotics. Emissions from hospital wastewater pose a serious and hazardous risk to
the environmental spread of drug-resistant microorganisms. The remaining antibiotics in these effluents may
establish new environmental reservoirs, enabling a cycle of resistance that could affect both human and
ecological health(Luyt et al., 2014) (H. Karkada et al., 2011).

3. Historical Overview of Drug-Resistant Infections in Hospital Settings

Antimicrobial resistance became a major public health issue in the late 20th century. Epidemiological
monitoring of certain diseases in community and clinical settings and drug-resistant organisms were observed.
Discovering hospital strains of Staphylococcus aureus resistant to -lactams (penicillin and cephalosporins)
led to the development of initial management measures. The first global antibiotic resistance study on
commensal bacteria and hospital infections began in 1986. The Oxford English Dictionary included
"antimicrobial resistance" in 1983, thirty years after "antimicrobial" was first used (Wang et al., 2018).
Hospitals focused on Mult resistant pathogens instead of antibiotic-resistant microorganisms. The World
Health Organization has designated five major pathogens—Mycobacterium tuberculosis, Pseudomonas
aeruginosa, Acinetobacter spp., Enterococcus fecium, and Staphylococcus aureus as of particular concern due
to their alarming antibiotic resistance and rising incidence worldwide. More accurate diagnostic procedures
and tests make it easier to promptly identify these organisms, especially those resistant to high-priority
antibiotics, which are essential for treating serious infections. Resistance in Gram-positive bacteria like
Mycobacterium tuberculosis has drawn global attention in recent years. Researchers, legislators, and healthcare
authorities must immediately address this grave and growing threat to public health systems worldwide (Davey
et al., 2006).

4. Mechanisms Driving Resistance Emergence in Hospitals

Drug resistance in healthcare institutions cannot be explained by one path or condition. Hospitals' effects on
resistance dynamics are unknown, which could aid solution development. This conceptual framework and
assessment of supporting evidence describes the primary resistance mechanisms. Nursing homes, veterans'
hospitals, and ordinary hospitals exist. Antibiotic, antiviral, and antifungal-targeting bacteria, viruses, and fungi
are therapeutic. This article covers antibiotic-responsive bacteria (Luyt et al., 2014). AMR occurs when
antibiotics selectively push hospital bacteria. Alongside pharmaceutical antimicrobials, environmental
pollutants, disinfectants, biocides, and heavy metals exert selective pressure (Thakur et al., 2008).
"Antimicrobial stewardship" controls hospital antibiotic prescriptions to avoid selective pressure. antibiotic
stewardship decreases facility antibiotic use, reducing resistance. It is unclear how medications and dosing
regimens affect selection pressure. Hospital-acquired and transfer-associated infections are serious public
health issues. HAIs' direct and indirect economic effects on facilities and society are widely documented.
Infection prevention and control may improve resistance patterns, depending on the situation. Transmission
dynamics include staff and patient movement, patient colonization and infection risk, and setting-specific
pathogen and resistance factors. Healthcare design and operations involve patient flow, treatment, room
assignments, cleaning, disinfection, water systems, equipment reuse, and turnaround times.

4.1. Antimicrobial Use and Stewardship

The selection pressure that promotes antimicrobial resistance is directly affected by clinical antibiotic use (Luyt
et al., 2014). Most hospitalized patients receive antimicrobials, according to (Davey et al. (2006). Stronger
drugs may cause drug-resistant germs to spread. A robust antimicrobial stewardship program reduces selection
pressure for non-targeted or resistant organisms and promotes antibiotic use for defined objectives. Following
treatment duration, dose, and regimen guidelines is crucial. Diagnostic ambiguity can lead to overprescription
of broad-spectrum beta-lactams at high doses. Pseudomonas aeruginosa, Enterobacteriaceae, and other targets
often develop resistance due to these patterns. These organisms' remaining reservoirs must be reduced by better
environmental cleaning between patients.

4.2. Infection Prevention and Control Practices

Hospitals have traditionally used infection prevention and control (IPC) to reduce medical care-associated
illnesses and patient mortality. They prevent antibiotic-resistant infections from spreading. Numerous
epidemiological studies have linked patient and hospital resistance to poor IPC adherence. After improving
prevention and control efforts, some institutions and countries have seen a decrease in resistance (Davey et al.,
2006). Drug-resistant microbes and the rise of people colonized by them are connected. Nosocomial
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transmission patterns from hospital-acquired infections or colonization’s show that patient-to-patient transfer
is the main source of colonization and that infectious patients are not community members. Fine-scale
molecular typing investigations have shown horizontal transmission between patients and employees for
numerous diseases (Jaime Henry et al., 1970).

4.3. Healthcare-Associated Transmission Dynamics

Hospital patients' colonization with resistant microbes can propagate antibiotic resistance to other patients.
Patients who come into touch with colonized patients, the environment, medical staff, or equipment may get
colonized at admission or during their stay. Pathogen resistance, competition with other usual pathogens, and
infection prevention and treatment strategies all affect colonization. Despite being developed to better
understand healthcare-related infection dynamics, few within-hospital transmission models address antibiotic
resistance. Much modeling has been done to study population or community-level illness transmission
dynamics. Despite several articles linking resistance to healthcare-related illnesses and death, there are limited
quantitative estimates of its impact on transmission dynamics in the healthcare system(H. Karkada et al., 2011).

4.4. Environmental and Operational Factors

Hospital operations and settings spread antibiotic resistance and healthcare-associated disorders despite
inconclusive evidence. Hospital facilities and services vary by ward architecture, patient types, staff numbers,
operational norms, infection control, and cleaning and disinfection. To focus analysis, these requirements
establish suitable settings: Enterobacteriaceae, Pseudomonas aeruginosa, Acinetobacter baumannii,
Staphylococcus aureus, Klebsiella pneumoniae, vancomycin-resistant Enterococcus, Mycobacterium
tuberculosis, and Clostridium (1) Acute care; (2) Inpatient; (3) >48 hours post-hospitalization.
Enterobacteriaceae germs are resistant to cephalosporins, carbapenems, and extended-spectrum B-lactamases.
Healthcare infrastructure includes aquatic ecosystems and ward transmission links. Antibiotic use, infection
prevention, environmental reservoirs, and transmission patterns generate healthcare-related antibiotic
resistance and illnesses. Pathogen landscape, clinical practice, antibiotic policy, infection prevention bundle,
and population changes affect these drivers. Hospitals cause health-related illnesses and antibiotic resistance.
Patient-to-patient transmission and healthcare-related resistance factors spread these diseases (A. Cohen,
2018).

5. Surveillance, Diagnostics, and Data Analytics

Three biological processes drive hospital-based AMR prevalence, transmission, and generation. Antibiotics
first produce microorganism resistance (Davies & Davies, 2010). (2) Integrons, transposons, and plasmid
exchange can horizontally transfer commensal bacteria or environmental reservoir resistance determinants to
pathogenic species (Davies & Davies, 2010; Tacconelli et al.). (3) Patient-derived resistant bacterial cloning
promotes hospital AMR This usually happens with poor infection management (Palmore & Henderson, 2013).
These interventions affect hospital AMR. Avoiding antibiotics lowers bacteria resistance (Baur et al., 2017).
To prevent resistant illnesses, use active surveillance, patient isolation, and hand hygiene (Palmore &
Henderson, 2013; Tacconelli et al., 2018). Hospital sanitation protects MDR (Chemaly et al., 2014; Chia,
2020). Hospitals must monitor AMR's ecological and epidemiological effects (Tacconelli et al., 2018; WHO,
2014). Manage hospital preventative and mitigation therapy to prevent resistant illness (Harbarth et al., 2015).
Infection control, environmental cleaning, and antibiotic stewardship are assessed, although pathogen and
hospital reservoir resistance trends are restricted. These additional surveillance methods study healthcare AMR.
These include: (1) passive notification systems for newly detected resistance events (Tacconelli et al., 2018);
(2) regular reporting of resistant pathogens isolated from patients and hospital environments (Chemaly et al.,
2014); (3) molecular characterization of resistance genes and genetic determinants conferring fitness
advantages, which enhances understanding of transmission pathways and evolutionary dynamics (Davies &
Davies, 2010); (4) surveillance of antimicrobial consumption coupled with structured analyses of its association
with resistance emergence (Baur et al., 2017); (5) systematic observation of nursing and clinical care routines,
particularly adherence to standard operating procedures during intensive care unit patient transfers (Harbarth
et al., 2015); (6) follow-up of environmental decontamination campaigns through targeted monitoring of high-
risk reservoirs (Chemaly et al., 2014; Chia et al., 2020); and (7) laboratory-based bio surveillance of
periodically deployed biocontrol or disinfection products to assess their impact on resistant microbial
populations (Dancer, 2014).
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6. Hospital-Based Interventions and Their Effectiveness

The effectiveness of hospital-based initiatives aimed at lowering antibiotic resistance is only partially
documented. The evidence for antimicrobial stewardship programs is strong and consistent, but the impacts of
infection prevention and environmental decontamination interventions are less clear (Baur et al., 2017; Davey
et al., 2017). Similarly, the effects of cohosting, point-of-care testing, rapid diagnosis, and patient isolation on
resistance dynamics remain unclear (Dancer, 2014; Chemaly et al., 2014). These constraints make it more
challenging to assess optimization prospects in specific hospital settings or in current approaches that have
high collateral resistance costs (Harbarth et al., 2015; Tacconelli et al., 2018) (Holmes et al., 2016).

6.1. Antibiotic Stewardship Programs

Hospital antibiotic use greatly affects gram-positive and gram-negative bacteria resistance. Therefore,
"antimicrobial stewardship “educating personnel on how to properly administer these drugs could help stop
hospital resistance. These efforts usually focus on broad-spectrum antibiotics, which are given regardless of
the ailment and are most associated to multidrug resistance and major health issues. The 2015 Global Action
Plan on Antimicrobial Resistance emphasizes hospital antibiotic management. It deems it a "critical element"
of national antimicrobial resistance measures (World Health Organization, 2015).

6.2. Infection Prevention and Control Bundles

Infection prevention and control bundles are crucial. AICH, ASSIST4SAFE, COMMIT, DRIP, HAI-PRO,
SCIPC1, and IPC CARE are hospital drug-resistant infection prevention organizations. The WHO, Joint
Commission, Safe Injection Practices Coalition5, and CDC issued four well-known guidelines for preventing
healthcare-acquired infections before voluntary guidelines were established to stop drug-resistant pathogens
from spreading from societal reservoirs. When enough knowledge was public, attempts to codify bundles
resulted to infection prevention and control bundles (Yakob et al., 2014). Epidemiologic concerns and local
transmission dynamics have led several hospitals worldwide to bundle recruit.

6.3. Environmental Cleaning and Disinfection

The environment must be cleaned to prevent hospital infections. Despite growing hygiene awareness, many
hospitals still risk healthcare-associated illnesses. Workflow issues make it hard to clean and disinfect high-
touch surfaces to prevent disease spread. Microbes resistant to various medications can infect others.
Environmental contamination transmits germs, especially drug-resistant ones, beyond droplet, contact, and
airborne precautions. Environmental cleanliness reduces methicillin-resistant Staphylococcus aureus,
Clostridium difficile, Acinetobacter species, vancomycin-resistant Enterococcus, and other germs (A.
Reynolds et al., 2021). Multidrug-resistant organisms persist in hospitals despite cleaning advancements,
increasing the risk of transmission to patients and staff. Pneumatic tubes, nurse-call buttons, and shared laptops
are often contaminated (Apisarnthanarak & J. Weber, 2018). Multidrug-resistant bacteria menace hospitals
worldwide. Effective cleaning and disinfection and routine monitoring reduce surface environment, inanimate
object, and high-touch surface contamination.

6.4. Rapid Diagnostics and Point-of-Care Testing

Advancements in clinical microbiology are transforming rapid diagnostics for different infectious diseases and
monitoring of pathogens to guide antimicrobial therapy. New testing technologies show promise to impact
disease management and control antimicrobial resistance. Rapid diagnostics may limit the time between sample
collection and definitive diagnosis, thus directing appropriate therapy sooner after presentation. However,
diagnostic tests, especially for antimicrobial resistance, need to be aligned with clinical workflows and
procedures. Assessment of strategic timing and optimal integration of diagnostics with existing clinical
practices may improve therapy processes and control of overall antimicrobial consumption (Bassetti et al.,
2022);(P. Hays et al., 2019).

6.5. Patient Isolation and Cohorting

Following pathogen acquisition, factors that enable successful expression and amplification in the host are
paramount (Marit Andersen, 2018). Hospital environments support pathogen establishment through
biophysical, physiological, and chemical compatibility with host cells and tissue. Infections in hospitals also
evolve under selective pressures. Selection arises from antimicrobial use in treatment, post-surgical
prophylaxis, and colonization clearance; from concurrent clostridial infection therapy; and from sterilization
and cleaning products that encourage resurgent organisms (Ghosh et al., 2018; Meijer et al., 2019). Transfer of
genetically similar strains is central to resistance dissemination and resistant clones can dominate species
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populations after introduction (Andersson et al., 2022). Reduction of access to traditional antimicrobials
extends survival time and increases the likelihood of acquisition of alternative resistance mechanisms (Fluit,
2018). Pathogen-genome analyses reveal that transfers among patients and relatives along with transmission
via healthcare staff and contaminated environments create well-established networks in hospitals (Bonnin et
al., 2018; Hurlimann et al., 2020).

7. Regional and Global Implications: Mobility, Transfer of Patients, and Networks

Numerous nations and regions are impacted by the spread of AMR infections. On the basis of patient arrivals
and departures, international health services—such as patient migrations, appointments in nearby nations,
ambulance inter-facility transfers, and seasonal visits—emphasize this significance (H. Karkada et al., 2011).
A worldwide approach might not be effective for all circumstances and outbreaks, however several national
and international programs seek to stop the spread of AMR infections. Antimicrobial resistant (AMR)
microorganisms are those that have the potential to withstand antimicrobial agents. AMR is a leading source
of morbidity and mortality globally and a significant barrier to the treatment of infectious diseases. MRSA,
VRE, CR-Enterobacteriaceae, and P. aeruginosa can be acquired by hospitalized patients, which reduces the
effectiveness of treatment, lengthens hospital stays, and raises mortality. The ability of a microorganism to
resist drugs that kill or inhibit its growth is known as antimicrobial resistance (AMR).AMR refers to a
microorganism's resistance to the actions of an antimicrobial agent. Multidrug-resistant organisms (MDRO)
such as MRSA, VRE, CR-Enterobacteriaceae, and P. aeruginosa are a concern for medical facilities because
they reduce treatment options, lengthen hospital stays, and raise mortality rates.

8. Economic and Policy Dimensions

Hospitals and health systems worldwide suffer antibiotic resistance. Drugs, therapies, medical histories, and
hospitals can cause infections. Drug-resistant infections aggravate it. Hospital difficulties hinder antibiotic
resistance management. Resistant germs proliferate in hospitals (Stalteri Mastrangelo et al., 2022). Policy
impacts antibiotic use, thus the link is crucial. Hospital antibiotic resistance is complex and involves multiple
measures. OECD hospitals' antibiotic use and resistance are affected by macro, meso, and micro variables.
Finances and national policies affect antibiotic use, research, and supply. At the meso level, hospital
characteristics, organizational variables, and policies affect antibiotic supply, clinical recommendations, and
infection control (Luyt et al., 2014). Rapid diagnoses make transfers and treatment interruptions easier for
hospitals. Microscopically, professional norms, social networks, and prescribing behavior rule, while
monitoring tools provide prescription pattern feedback. All levels offer financial incentives. Hospitals and units
need funds for main antibiotics. Disinfectant costs, research incentives, and stewardship program funding
depend on the national market. Hospital antibiotic use is governed by national guidelines, academic research,
and therapeutically relevant older medicines (Jansen et al., 2006 Addressing antimicrobial resistance requires
economic and equity considerations.

9. Methodological Considerations in Evidence Synthesis

Methodology:

Study Design:

This study employed a comprehensive evidence-based review using citation network analysis to examine the
role of hospitals in the development and spread of drug-resistant infections. A Litmaps-assisted systematic
mapping approach was applied to identify, track, and analyze influential and recent literature, ensuring both
historical depth and contemporary relevance.

The Role of Hospitals in the Development and Spread of Drug-Resistant Infections: A Qompr%haqsx;\fﬁ:_

EvidencepBasegAnalysis

- V.
LD
R Al aTToyar 5353

b
m )
Chahg Parkhill Stelling

Giamarellou, 2023

MORE CITATIONS

Tenover, 2005

S [ J
Moonan, 2013 -
Peacock, 2018 Liang, 2024

MORE RECENTLY PUBLISHED

Figure-1: Data source from different articles
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Data Source and Search Strategy

The literature search and mapping were conducted using Litmaps (Litmaps Ltd.), a bibliometric discovery and
citation-tracking platform that integrates data from Scopus, Web of Science, Crossref, and PubMed-indexed
sources. An initial seed article was selected based on its high citation impact and relevance to hospital-
associated antimicrobial resistance:(van der Togt et al., 2003).This article served as the anchor paper for the
Litmaps exploration.

Litmaps Evidence Mapping Procedure
The Litmaps analysis was conducted in a stepwise and reproducible manner:

PRISMA-Style Flow Diagram:

Duplicates removed Records after duplicates removed
(n=18) (n =78)

Screening

Records screened (title & abstract)
(n =78)

Records excluded
(n =34)
= Community-only studies
= Non-hospital settings
= Editorials / commentaries
= Non-relevant outcomes

Eligibility Full-text articles excluded
e (n=19)
Full-text articles assessed = Insufficient hospital focus
for eligibility - No resistance-specific outcomes
(n =44) = Overlapping or redundant data

Included

Studies included in qualitative
evidence synthesis
n = 25)

Figure-2: PRISMA-style flow diagram of study selection using Litmaps-based evidence mapping

This study employed a comprehensive evidence-based analysis to systematically examine the role of hospitals
in the development and spread of drug-resistant infections. A PRISMA-informed study selection framework,
supported by Litmaps citation network analysis, was applied to ensure transparency, methodological rigor, and
reproducibility.

Identification of Studies:

The literature identification process was initiated using Litmaps, a citation-mapping platform that integrates
data from major bibliographic databases, including Scopus, Web of Science, PubMed, and Crossref. A highly
cited and conceptually foundational article related to hospital-associated antimicrobial resistance was used as
the seed paper. Through automated forward citation tracking, backward reference exploration, and thematic
clustering, Litmaps generated a citation network capturing both foundational and recent studies relevant to the
research question. A total of 96 records were identified through this citation network analysis.

Duplicate Removal:

All identified records were screened for duplication using Litmaps’ automated tools, followed by manual
verification to ensure accuracy. This process resulted in the removal of 18 duplicate records, leaving 78
unique records for subsequent screening.

Available online at: https://jazindia.com 254



Journal Of Advanced Zoology

Screening:

The 78 unique records underwent title and abstract screening to assess relevance to hospital-based
antimicrobial resistance. Screening criteria focused on studies addressing:

Hospital or healthcare facility settings, Drug-resistant or antimicrobial-resistant infections & Human health
outcomes

During this phase, 34 records were excluded because they focused exclusively on community settings, non-
hospital environments, editorial or commentary formats, or outcomes unrelated to antimicrobial resistance.
Following screening, 44 studies were retained for full-text assessment.

Eligibility Assessment:

Full-text versions of the 44 studies were retrieved and evaluated against predefined eligibility criteria. Studies
were excluded if they demonstrated insufficient focus on hospital settings, lacked resistance-specific outcomes,
or presented overlapping or redundant datasets. As a result, 19 full-text articles were excluded at this stage.

Final Inclusion:

After completion of the eligibility assessment, 25 studies met all inclusion criteria and were included in the
final qualitative evidence synthesis. These studies formed the analytical foundation for evaluating hospital-
related drivers of antimicrobial resistance, healthcare-associated transmission dynamics, and the effectiveness
of hospital-based interventions.

Evidence Synthesis and Analytical Approach:

Given the heterogeneity of study designs, settings, and outcomes, a qualitative narrative synthesis was
conducted. The included studies were systematically analyzed to identify recurring themes related to
antimicrobial stewardship, infection prevention and control practices, healthcare-associated transmission,
environmental and operational factors, and surveillance systems. Citation-network visualization further
supported identification of influential studies and temporal trends in the literature.

Methodological Rigor and Reporting Standards”

This comprehensive evidence-based analysis adheres to PRISMA 2020 reporting principles and follows
internationally accepted standards for narrative and scoping-style evidence synthesis. As the study relied
exclusively on previously published literature, ethical approval and informed consent were not required. Key

authors identified through Litmaps included Chang, Tseng, Lin, Lee, Parkhill, Stelling, Malik, Giannarellou,
and Liang, reflecting strong citation interconnectivity and thematic coherence.

Identification of Eligible Studies

Standardized Data Extraction

Author(s) & Year of Study Design & Type of Healthcare Facility F'alhopgaetl;\:r:sReslslance
Publication (2000-2024) Setting
Hospital-related AMR
Antimicrobial Stewardship Interventions IPC Measures Drivers
Data Verification and Consistency Check

Thematic Categorization of Extracted
Data
Narrative Synthesis and Evidence
Mapping

Data Extraction and Analysis

Figure-3. Data Extraction and Analysis Process
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Results and Discussion:

This comprehensive evidence-based synthesis demonstrates that hospitals play a pivotal role in the emergence,
amplification, and dissemination of drug-resistant infections. Across the 25 studies included in the final
synthesis, healthcare facilities consistently functioned as ecological niches where intensive antimicrobial use,
high patient vulnerability, and complex care pathways converge to accelerate resistance selection and
transmission.

A dominant finding across studies was the strong association between antimicrobial consumption particularly
broad-spectrum B-lactams, fluoroquinolones, and carbapenems and the emergence of multidrug-resistant
organisms (MDROs). Facilities implementing structured antimicrobial stewardship programs showed
consistent reductions in antimicrobial use and subsequent resistance rates, supporting stewardship as the most
robust hospital-based intervention currently available. Transmission dynamics within hospitals were largely
driven by patient-to-patient spread, mediated through healthcare workers, shared equipment, and contaminated
environments. Molecular epidemiology and genomic surveillance studies repeatedly demonstrated clonal
expansion of resistant strains, particularly in intensive care and high-dependency units. These findings
underscore that resistance persistence is less often due to repeated external introductions and more frequently
the result of internal amplification within hospital systems. Environmental reservoirs emerged as critical yet
under-addressed contributors to resistance persistence. High-touch surfaces, water systems, and shared medical
equipment were frequently contaminated with MDROs, extending transmission risk beyond recommended
isolation periods. While enhanced cleaning and disinfection strategies reduced environmental bioburden, their
effectiveness was markedly greater when integrated with stewardship and infection prevention measures.
Despite advances in surveillance, significant gaps remain in translating microbiological and genomic data into
real-time clinical decision-making. Hospitals with integrated surveillance systems demonstrated earlier
outbreak detection, yet such systems remain unevenly implemented, particularly in low- and middle-income
settings. Overall, the findings highlight that hospital-driven antimicrobial resistance is a systems-level problem.
Single interventions implemented in isolation are insufficient. Coordinated strategies integrating antimicrobial
stewardship, infection prevention and control, environmental management, and surveillance are essential to
mitigate resistance emergence and spread.

10. Knowledge Gaps and Future Research Directions

Identifying knowledge gaps related to the influence of hospital environments on the emergence and spread of

drug-resistant infections can guide future research in this critical area. The following topics warrant further

investigation:

v" The extent to which hospital settings, patient types, and pathogen groups shape resistance dynamics.

v' The interplay between antimicrobial use, infection prevention, transmission networks, and environmental
factors specific to hospitals.

v" The effects of antimicrobial consumption metrics and feedback mechanisms on resistance trends.

Such issues are crucial for developing interventions tailored to the characteristics of individual hospitals and

assessing the challenges of extending action beyond single facilities. Addressing these evidence gaps can

enhance understanding of the mechanisms and drivers by which hospitals contribute to the emergence and

spread of drug-resistant pathogens and inform the design and implementation of appropriate control measures.

(Zilahi et al., 2016)

11. Conclusion

The evidence reviewed demonstrates that hospital settings exert a prominent influence on the emergence and
spread of drug-resistant infections. Specific mechanisms that enable resistance to develop or expand within
healthcare facilities are identified, along with the major interventions that can counteract them. Hospitals
provide ideal conditions for drug-resistant pathogens to thrive, and extensive use of antimicrobials creates
strong selection pressures. The combination of these two factors causes resistance to emerge and spread and
accounts for the disproportionately high occurrence of new resistance mechanisms in healthcare settings.
Resistance is often caused by the widespread introduction of resistant organisms into patient populations, with
initial human-to-human transmission dominating outbreaks. However, sustained persistence of resistance
usually depends on amplification within the hospital environment, primarily through clonal spread or
environmental reservoirs. Key drivers of resistance emergence and spread relevant specifically to hospitals
include antimicrobial use patterns, infection prevention and control practices, systemic patient flow, and
environmental factors (Davey et al., 2006) (H. Karkada et al., 2011).Operationalizing the evidence base on

Available online at: https://jazindia.com 256




Journal Of Advanced Zoology

hospitals and drug resistance not only facilitates the formulation of clear and precise research questions, but
also significantly supports better data collection, comprehensive analysis, and the implementation of effective
control measures within healthcare systems. A wide range of critical knowledge gaps still exists concerning
the development and amplification of resistance in hospital environments, which poses a serious challenge to
public health. This is particularly true regarding the intricate influence of existing surveillance on resistance
pathways and the overall effectiveness of targeted interventions that are specifically designed to mitigate these
pressing resistance issues. Closing these significant knowledge gaps is essential and will enable the strategic
design of tailored research programmes that comprehensively investigate the multifaceted role of hospitals and
other healthcare facilities in this complex context. Such dedicated efforts are essential to improve our overall
understanding of how to control drug-resistant infections effectively and efficiently across a variety of different
settings. Ultimately, this comprehensive approach will contribute to better patient outcomes and enhanced
public health responses, reinforcing the critical importance of strengthening our healthcare infrastructure
against the looming threat of antimicrobial resistance.
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