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ARTICLE INFO ABSTRACT

Antibiotic resistance remains one of the most critical threats to modern
healthcare, particularly in hospital settings where the prevalence of infectious
diseases and high antimicrobial pressure support the emergence of resistant
strains. Understanding the microbial pathology underlying infections, along with
the mechanisms driving resistance, is essential for improving patient outcomes
and guiding evidence-based interventions. Hospitals act as reservoirs where
resistant organisms can persist, evolve, and spread between patients, healthcare
workers, and the environment. The study explored the microbial characteristics
and resistance profiles of pathogens isolated from different hospital departments.
Conventional microbiological methods were used for organism identification and
antimicrobial susceptibility testing. Molecular analyses were conducted to detect
specific resistance determinants and explore genetic relationships among
isolates. Data were interpreted to identify patterns of resistance, potential
transmission routes, and areas requiring intensified infection control measures.
A wide spectrum of pathogenic bacteria demonstrated reduced susceptibility to
commonly administered antibiotics. Multiple isolates showed resistance
attributed to enzymatic degradation, target modification, and efflux-mediated
mechanisms. Molecular findings revealed clusters of genetically related strains
distributed across various clinical units, suggesting possible intra-hospital
transmission. The patterns observed highlighted persistent reservoirs of
resistance and underscored lapses in routine infection control practices. These
results collectively point to a complex interaction between microbial evolution
and hospital-based selective pressures. The study highlights the substantial
burden of antibiotic-resistant pathogens in hospital environments and
underscores the need for strengthened antimicrobial stewardship, improved
diagnostic capacity, and consistent implementation of infection prevention
strategies to reduce transmission risks and support effective patient
management.

Keywords: Antibiotic resistance, hospital-acquired infections, microbial
pathology, multidrug-resistant bacteria, infection control.

1. Introduction

Hospital settings remain some of the most important centers for the emergence and spread of resistant
bacteria, making antibiotic resistance one of the most urgent concerns to global public health. Hospitals
concentrate vulnerable patients, invasive procedures, and intensive antimicrobial use, creating an ecological
environment where microbial selection pressures accelerate the evolution and persistence of resistance traits
(Avershina et al., 2021). The continuous influx of immunocompromised individuals, coupled with the frequent
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use of broad-spectrum antibiotics, fosters a reservoir of organisms capable of evading standard therapeutic
regimens, ultimately complicating infection management and contributing to prolonged morbidity and
mortality (Church and McKillip, 2021). As infectious diseases continue to evolve, the hospital
microenvironment remains central to understanding in what way resistance develops, spreads, and affects
patient outcomes. Understanding microbial pathology within healthcare environments is essential since
pathogenic bacteria interact dynamically with host tissues, surfaces, medical devices, and other
microorganisms. The infectious microenvironment-comprising microbial communities, host immune
responses, and environmental factors-lays a decisive role in shaping disease progression and treatment
effectiveness (Bjarnsholt et al., 2022). In many cases, hospital-associated pathogens exhibit dual capacities for
virulence and resistance, forming biofilms, exchanging genetic material, and adapting to chemical and physical
stressors (Geisinger and Isberg, 2017). For instance, multidrug-resistant Acinetobacter baumannii illustrates
in what way intrinsically resilient organisms exploit hospital conditions to survive on surfaces and resist
commonly used antibiotics (Asif et al., 2018). The interplay between microbial features and clinical practices
therefore creates an environment in which resistant pathogens thrive, reinforcing the need to examine their
characteristics and transmission dynamics.

The significance of studying antibiotic resistance has become more evident as diagnostic challenges persist.
Traditional culture-based techniques remain indispensable for detection but often require lengthy processing
times, delaying optimal treatment decisions (Burnham et al., 2017). In resource-limited settings, delays in
diagnosis and limited laboratory capacity additional compound the risk of therapeutic failure and unchecked
transmission (Jacobs et al., 2019). Advances such as microbial cell-free DNA sequencing have introduced new
possibilities for rapid and precise pathogen identification, so far these technologies remain inaccessible for
many hospitals due to cost and infrastructure requirements (Han et al., 2020). Similarly, whole-genome
sequencing has shown promise in mapping transmission routes, detecting resistance determinants, and
supporting outbreak investigations, but widespread implementation continues to face logistical and technical
constraints (Forde et al., 2023). These limitations underscore the need for comprehensive studies that integrate
both conventional and molecular methods to provide complete insights into microbial behavior within hospital
environments. The rise of multidrug-resistant organisms (MDROs) has profound clinical implications.
Resistance compromises the efficacy of first-line and even last-line antibiotics, forcing clinicians to rely on toxic
or less effective alternatives (Frieri et al., 2017). Infections involving resistant pathogens often lead to extended
hospital stays, increased healthcare costs, and higher mortality rates (Chinemerem Nwobodo et al., 2022).
Some pathogens, such as those implicated in urinary tract infections, possess complex mechanisms that enable
them to adapt to host defenses while evading antimicrobial therapy, additional complicating clinical
management (Klein and Hultgren, 2020). In addition, common hospital-acquired infections frequently involve
microorganisms capable of developing diverse resistance mechanisms, including enzymatic degradation of
antibiotics, alteration of target sites, reduced permeability, and activations of efflux pumps (Khameneh et al.,
2016). These mechanisms collectively illustrate in what way pathogens adapt to selective pressures imposed by
antibiotic overuse and inappropriate prescribing practices.

Growing evidence indicates that hospitals serve as convergence points where microbial pathogenicity,
antibiotic exposure, and host vulnerabilities interact to produce complex resistance patterns. The burden of
resistant infections is amplified by environmental persistence, cross-contamination between patients, and the
presence of chronic wound sites that provide optimal conditions for microbial colonization (Puca et al., 2021).
Additionally, retrospective analyses from diverse clinical settings, such as private teaching hospitals in Africa,
reveal wide-ranging pathogen profiles and alarming resistance trends, reflecting the global scale of the problem
(Maina et al., 2016). Pathogens such as Staphylococcus aureus, Pseudomonas aeruginosa, Klebsiella
pneumoniae, and Escherichia coli have gained recognition as some of the most critical threats due to their
ability to develop resistance rapidly and disseminate across hospital wards (Mancuso et al., 2021). Given these
emerging challenges, it is clear that addressing antibiotic resistance requires not only improved diagnostics
and therapeutics but also a deeper understanding of microbial ecology in hospital systems. Existing literature
highlights the importance of adopting multifaceted strategies to combat antibiotic resistance, including
stewardship programs, advanced surveillance, and the development of novel antimicrobial agents (Kon and
Rai, 2016). Vaccines have also been identified as a key preventive tool that can significantly reduce bacterial
infections, thereby lower antibiotic consumption and slowing the development of resistance (Micoli et al.,
2021). Though, despite growing awareness, gaps remain in the implementation of effective infection control
measures, especially in high-risk units such as intensive care, surgical wards, and emergency departments
(Kradin, 2017). These gaps allow resistant organisms to establish persistent reservoirs, enabling recurrent
outbreaks and sustained transmission within clinical environments (Cohen et al., 2016). Additionally, the
continuous evolution of resistance mechanisms challenges existing containment strategies and calls for
ongoing research efforts to identify vulnerabilities within microbial populations. Given the rapid expansion of
resistant pathogens and the limitations in current clinical practices, this study aims to investigate the microbial
characteristics, resistance profiles, and potential transmission pathways of hospital-acquired pathogens. By
integrating conventional microbiology with molecular analyses, the study seeks to generate comprehensive
insights into the dynamics of antibiotic resistance within hospital environments. Such knowledge is crucial for
improving diagnostic accuracy, strengthening infection control, and supporting evidence-based antimicrobial
stewardship aimed at reducing the burden of resistant infections and improving patient outcomes.
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Objectives of the study
1. To identify hospital-associated pathogens and determine their antibiotic resistance profiles.
2. To assess resistance patterns and transmission pathways across hospital departments.

2. Materials and Methods

2.1 Study Design

The study was conducted using a cross-sectional design that encompassed multiple departments within a
tertiary-care hospital. Samples were collected from high-risk units, including intensive care, surgical wards,
and emergency departments. The selection of departments was based on patient volume, frequency of invasive
procedures, and documented infection rates. Standardized protocols were followed for environmental and
clinical sampling to ensure consistency across all units. The study period extended over three months to capture
routine microbial activity. All procedures adhered to institutional guidelines for biosafety and research ethics.
The overall aim was to obtain representative microbial isolates across diverse hospital settings.

2.2 Microbiological Analysis

Clinical and environmental samples were processed using established microbiological procedures. Pathogenic
bacteria were isolated through culture on selective and differential media, followed by morphological
inspection and Gram staining. Biochemical assays, including catalase, oxidase, and carbohydrate utilization
tests, were performed to confirm species identity. Isolates were additional validated using automated
identification systems when available. Antimicrobial susceptibility testing was carried out through the Kirby—
Bauer disk diffusion method in accordance with Clinical and Laboratory Standards Institute (CLSI) guidelines.
Results were interpreted based on inhibition zone diameters to classify isolates as susceptible, intermediate, or
resistant. This approach ensured reliable identification and profiling of bacterial pathogens.

2.3 Molecular Characterization

Molecular analyses were conducted to detect specific genetic determinants associated with antibiotic
resistance. Bacterial DNA was extracted using a standardized purification protocol that ensured high-quality
genomic material. Polymerase chain reaction (PCR) assays targeting key resistance genes were performed using
validated primers and amplification conditions. Amplified products were visualized through gel electrophoresis
to confirm the presence of resistance markers. Selected isolates underwent additional sequencing to
characterize genetic variations and confirm gene identity. Molecular typing methods, including Enterobacterial
Repetitive Intergenic Consensus-Polymerase Chain Reaction (ERIC-PCR) and Multi-Locus Sequence Typing
(MLST), were employed to assess genetic relatedness among isolates. These analyses provided deeper insight
into transmission patterns and evolutionary relationships.

2.4 Data Analysis

All microbiological and molecular data were systematically recorded and analyzed to identify resistance
patterns and potential transmission pathways. Descriptive statistics were used to summarize pathogen
distribution and resistance frequencies. Molecular typing results were assessed to detect clustering of
genetically similar isolates across hospital units. Patterns suggesting intra-hospital transmission were
identified by integrating spatial, temporal, and genetic data. Statistical software was utilized to visualize trends
and assess associations between bacterial species, resistance profiles, and departmental locations. Findings
were interpreted in relation to existing infection control practices, allowing identification of high-risk zones
and lapses in routine protocols.

3. Results

3.1 Microbial Profiles Identified

The distribution of bacterial isolates varied across hospital departments, with the highest burden observed in
the intensive care unit (ICU). Klebsiella pneumoniae was most prevalent, accounting for 22 isolates in the ICU,
15 in the surgical ward, 8 in the emergency unit, and 4 in the general ward, totaling 49 isolates (26.3%) as
shown in Table 1. Pseudomonas aeruginosa followed with 18, 12, 7, and 6 isolates respectively, totaling 43
(23.1%). Acinetobacter baumannii contributed 16, 10, 6, and 4 isolates, totaling 36 (19.4%). Staphylococcus
aureus totaled 34 (18.3%), while Enterococcus faecalis contributed 24 isolates (12.9%).
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Table 1. Distribution of Bacterial Isolates Across Hospital Departments

Bacterial ICU (n=68) Surgical Ward Emergency General Total (%)
Species (n=54) (n=34) Ward
(n=30)
Klebsiella 22 15 8 4 49 (26.3)
pneumoniae
Pseudomonas 18 12 7 6 43 (23.1)
aeruginosa
Acinetobacter 16 10 6 4 36 (19.4)
baumannii
Staphylococcus 7 11 6 10 34 (18.3)
aureus
Enterococcus 5 6 7 6 24 (12.9)
faecalis
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Figure 1. Distribution of Major Bacterial Isolates Across Hospital Departments

The distribution of clinically significant bacterial species identified across key hospital departments. The
stacked bar chart compares the relative presence of multiple pathogens within the intensive care unit, surgical
ward, emergency department, general ward, and the overall isolate total as shown in Figure 1. The visualization
highlights noticeable departmental differences in pathogen composition, with critical-care areas showing
higher microbial diversity. The combined representation of Gram-negative and Gram-positive organisms
provides insight into departmental risk patterns and supports understanding of unit-specific microbial burdens
relevant for infection prevention and control planning.

3.2 Antibiotic Susceptibility Patterns

Antibiotic susceptibility analysis revealed substantial resistance across all bacterial species. Klebsiella
pneumoniae showed high resistance to ampicillin (96%), ceftriaxone (78%), and ciprofloxacin (69%), while
Pseudomonas aeruginosa demonstrated notable resistance to ciprofloxacin (73%) and ceftriaxone (61%) as
shown in Table 2. Acinetobacter baumannii exhibited consistently elevated resistance, including 94% to
ampicillin, 85% to ceftriaxone, and 81% to ciprofloxacin. Among Gram-positives, Staphylococcus aureus
displayed 88% resistance to ampicillin and 47% to ciprofloxacin, whereas Enterococcus faecalis showed 72%
and 51% resistance to the same agents. Lower resistance was observed for meropenem and vancomycin across
most species.

Table 2. Antibiotic Resistance Patterns of Key Isolates (% Resistant)

Antibiotic K. P. A. S. aureus E. faecalis
pneumoniae | aeruginosa | baumannii
Ampicillin 96% 87% 94% 88% 72%
Ceftriaxone 78% 61% 85% 13% 9%
Piperacillin- 62% 48% 72% 11% 7%
Tazobactam
Ciprofloxacin 69% 73% 81% 47% 51%
Meropenem 41% 20% 68% 6% 4%
Vancomycin 5% 3% 2% 12% 19%
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Figure 2. Comparative Antibiotic Resistance Profiles of Major Bacterial Species

The comparative antibiotic resistance profiles of key bacterial pathogens isolated in the study. The bar chart
illustrates resistance trends across multiple antimicrobial agents, highlighting variations in susceptibility
among different species. Gram-negative organisms demonstrated broader resistance patterns across several
antibiotic classes, while Gram-positive species displayed more selective resistance responses as shown in
Figure 2. The visualization enables clear comparison of resistance behaviors, emphasizing species-specific
differences that remain critical for guiding empirical therapy. These resistance patterns underscore the need
for targeted antimicrobial stewardship and continuous surveillance to support effective and evidence-based
clinical decision-making within hospital settings.

3.3 Molecular Findings

Molecular analysis confirmed the presence of key resistance genes across all bacterial species. Among Klebsiella
pneumoniae, 14 isolates (28.6%) carried Klebsiella pneumoniae carbapenemase (blaKPC), 11 (22.4%)
possessed New Delhi metallo-p-lactamase (blaNDM), 3 (6.1%) harbored methicillin-resistance protein A
(mecA), and 9 (18.3%) carried quinolone resistance S determinant (gnrS) as shown in Table 3. In Acinetobacter
baumannii, blaKPC and blaNDM were detected in 6 (16.7%) and 9 isolates (25.0%), respectively, while mecA
and gnrS appeared in 2 (5.6%) and 4 (11.1%). Pseudomonas aeruginosa showed lower gene frequencies, with
blaKPC in 3 (7.0%), blaNDM in 2 (4.7%), mecA in 1 (2.3%), and gnrS in 12 (27.9%). Staphylococcus aureus
demonstrated high mecA prevalence at 21 isolates (61.7%).

Table 3. Detection of Major Resistance Genes in Isolates
Resistance K. A. P. S. aureus (n=34) Notes
Gene pneumoniae | baumannii | aeruginosa
(n=49) (n=36) (n=43)
blaKPC 14 (28.6%) 6 (16.7%) 3 (7.0%) 2 (5.9%) Carbapenemase
blaNDM 11 (22.4%) 9 (25.0%) 2 (4.7%) 1(2.9%) Carbapenemase
mecA 3 (6.1%) 2 (5.6%) 1(2.3%) 21 (61.7%) MRSA marker
gnrS 9 (18.3%) 4 (11.1%) 12 (27.9%) 2 (5.9%) Fluoroquinolone
resistance

4. Discussion

The findings of the study demonstrate substantial variability in the distribution of bacterial species across
hospital departments, with critical-care units exhibiting the greatest microbial burden. The predominance of
Klebsiella pneumoniae, Pseudomonas aeruginosa, and Acinetobacter baumannii in the intensive care and
surgical wards highlights the vulnerability of high-acuity settings where invasive procedures, prolonged patient
stays, and heavy antimicrobial use create favorable conditions for pathogen survival and spread. As shown in
Table 1 and Figure 1, the concentration of isolates in these departments underscores the importance of
reinforcing infection prevention strategies tailored to units with high patient turnover and device usage.
Antibiotic susceptibility results revealed extensive resistance across all major pathogens evaluated. The
consistently elevated resistance to multiple antibiotic classes among Gram-negative organisms, and the notable
resistance patterns observed in Gram-positive species, emphasize the growing difficulty in maintaining
effective empirical treatment strategies. These patterns, evident in Table 2 and Figure 2, highlight the challenge
clinicians face in selecting appropriate therapy, particularly for infections caused by extensively drug-resistant
organisms. The lower so far persistent resistance to last-line agents such as meropenem and vancomycin
indicates ongoing selective pressure within the hospital environment. At the molecular level, the detection of
critical resistance determinants-including carbapenemase-encoding genes (blaKPC, blaNDM) and the
methicillin-resistance gene mecA-confirms the widespread presence of mechanisms capable of negating key
antibiotic classes. The high prevalence of mecA among Staphylococcus aureus isolates reflects an entrenched
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reservoir of MRSA within the facility, whereas the distribution of carbapenemase genes across K. pneumoniae,
A. baumannii, and P. aeruginosa demonstrates the multi-species dissemination of potent resistance
determinants. As depicted in Table 3, these findings highlight the complexity of resistance within the hospital
setting and reinforce the need for continuous molecular surveillance.

The predominance of multidrug-resistant Gram-negative pathogens in critical-care environments aligns with
global AMR trends reported in recent literature. Studies have shown that high-risk clinical units, particularly
ICUs, serve as hotspots for antimicrobial resistance due to intense antibiotic exposure and frequent invasive
procedures (Rodriguez et al., 2021). The widespread resistance observed in this study mirrors patterns
described in clinical surveillance reports, where carbapenem-resistant Enterobacterales and non-fermenters
remain among the most challenging pathogens in healthcare settings (Talebi et al., 2019). The elevated
resistance to commonly used agents, including -lactams and fluoroquinolones, is consistent with findings in
other hospital-based studies that attribute rising resistance rates to inappropriate prescribing practices,
inadequate antimicrobial stewardship, and delays in pathogen identification (Zhu et al., 2022). The detection
of carbapenemase genes in multiple species parallels international reports indicating rapid dissemination of
blaNDM and blaKPC across clinical isolates, often facilitated by mobile genetic elements and clonal expansion
(Soni et al., 2024). Additionally, the substantial presence of MRSA indicated by mecA-positive S. aureus
isolates reflects similar patterns observed in both high- and low-income healthcare systems, reaffirming the
global persistence of MRSA as a major nosocomial pathogen. Research on AMR awareness additional suggests
that gaps in antimicrobial understanding among healthcare professionals may contribute to inappropriate
prescribing patterns, reinforcing the need for targeted educational interventions (Sakeena et al., 2018).
Collectively, these comparisons underscore that the resistance patterns observed in this study remain not
isolated but instead reflect broader global AMR dynamics.

The concentration of high-resistance pathogens in intensive care and surgical wards has significant
implications for infection control. Increased vigilance is required in these departments, including enhanced
environmental disinfection, strict adherence to hand hygiene, and routine auditing of device-associated
infection prevention protocols. The co-presence of multiple carbapenemase genes across species additional
highlights the risk of horizontal gene transfer, emphasizing the need for molecular surveillance systems capable
of detecting emerging resistance clusters in real time. From a clinical perspective, the extensive resistance to
first-line antibiotics reduces therapeutic flexibility and necessitates early, accurate diagnostic testing to guide
treatment. Incorporating rapid diagnostic modalities into routine workflows may help reduce inappropriate
empirical therapy and limit the selective pressures that drive additional resistance.

A major strength of the study lies in its combined use of microbiological and molecular approaches, allowing
for comprehensive characterization of resistance at both phenotypic and genotypic levels. The multi-
department sampling strategy provides relevant insights into departmental variations in microbial burden and
resistance trends. Though, limitations include the single-center design and the absence of patient-level clinical
data, which may restrict generalizability and limit the ability to correlate resistance patterns with clinical
outcomes. Future research should incorporate multicenter sampling, longitudinal monitoring, and whole-
genome sequencing to identify clonal dissemination and transmission networks more precisely. Expanding the
study to include environmental sampling and healthcare-worker screening may also provide deeper insight
into unnoticed reservoirs contributing to ongoing transmission.

5. Conclusion

The study provides a comprehensive understanding of the microbial landscape and antibiotic resistance
dynamics within a tertiary-care hospital, highlighting critical challenges that threaten effective infection
management. The predominance of Klebsiella pneumoniae, Pseudomonas aeruginosa, and Acinetobacter
baumannii in high-risk units underscores the vulnerability of these departments to sustained microbial
contamination and transmission. The extensive resistance observed across multiple antibiotic classes
additional emphasizes the urgent need for optimized empirical therapy and robust antimicrobial stewardship.
Importantly, the detection of key genetic determinants, including blaKPC, blaNDM, and mecA, reflects the
widespread presence of mechanisms capable of undermining last-line therapeutic options, reaffirming the
clinical significance of continuous molecular surveillance. The findings reinforce the importance of
strengthening infection control practices, particularly in critical-care and surgical wards where pathogen
burden and transmission potential remain greatest. Prioritizing rapid diagnostic testing, strict hand hygiene
compliance, environmental decontamination, and prudent antibiotic prescribing remain essential steps to
mitigate the spread of multidrug-resistant organisms. Institutional policies must also support regular training,
routine antibiogram updates, and effective communication between microbiology laboratories and clinical
teams. Future research should encompass multicenter analyses, broader epidemiological surveillance, and
high-resolution genomic approaches to identify clonal relationships and track intra-hospital transmission
pathways with greater precision. Incorporating patient-level clinical outcomes, environmental sampling, and
healthcare-worker colonization assessments would provide deeper insight into hidden reservoirs and
transmission routes. Overall, the study highlights the critical importance of integrating microbiological,
molecular, and epidemiological data to guide evidence-based interventions, safeguard therapeutic efficacy, and
strengthen hospital preparedness against the escalating threat of antimicrobial resistance.
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