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Abstract: Background: Antimicrobial Resistance (AMR) has emerged as a critical global
health challenge, with bacteria, viruses, fungi, and parasites developing the capacity to survive
antimicrobial treatments. This resistance, largely driven by increased antibiotic usage, threatens
public health by diminishing the effectiveness of current infection management strategies.

Aim and Objectives: This study aims to evaluate the antimicrobial resistance patterns of
prevalent pathogens in a secondary care hospital, highlighting the essential role of clinical
pharmacists in addressing AMR through the implementation of Antibiotic Stewardship
Programs (ASPs) to promote responsible antibiotic use.

Methodology: This prospective study analyzed 80 positive microbial culture reports from
six months. Ethical approval was granted by the Institutional Ethical Committee (Ref:
ARTICLE HISTORY ECR/288/Indt/TN/2018/RR-21/001, dated April 6, 2023). Inclusion criteria covered adults
(>18 years) with confirmed infections across various sites, including bloodstream, urinary,
respiratory, and soft tissue. Exclusion criteria eliminated reports with no pathogen growth.
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Accepted: January 29, 2025 assess resistance patterns and correlations across infection types.

poI Results: Of the 80 positive cultures, Escherichia coli 35.0%) was most frequently isolated,

10.2174/0127724344369266250310084603 followed by Klebsiella pneumoniae (12.5%), Pseudomonas aeruginosa (8.8%), Proteus

mirabilis (8.8%), and Klebsiella oxytoca (7.5%). The isolated pathogens displayed high

@ CrossMark resistance to ampicillin (82.5%), cefixime (80.0%), ceftriaxone (78.8%), and ceftazidime

(71.3%), with a strong sensitivity to amikacin (86.3%) and meropenem (70.0%).

Conclusion: The rise of third-generation cephalosporin-resistant pathogens signals an ur-

gent need for sustained AMR monitoring and robust ASPs in healthcare settings, particu-

larly in developing regions. The study underscores the importance of rational antibiotic use

and continuous AMR surveillance to curb resistant infections and protect public health.
Keywords: Antimicrobial resistance, antibiotic stewardship programs, infection control, third-generation
cephalosporins, public health, AMR monitoring.

1. INTRODUCTION microorganisms, including bacteria, viruses, fungi,
and parasites, develop mechanisms to survive and
multiply in the presence of drugs previously effec-
tive against them. The emergence of resistant bac-
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Antimicrobial resistance (AMR) poses a
formidable challenge in modern medicine, as
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bacteria employ to resist antibiotics are two key
methods to limit drug accumulation: influx reduc-
tion and efflux enhancement. Bacterial cells con-
tain outer membrane proteins (OMPs) called
porins, which serve as entry channels for many
antibiotics, such as B-lactams, tetracyclines, and
cephalosporins [3-5]. Resistance often arises when
bacteria reduce drug influx by downregulating,
altering, or removing these porins. At the same
time, nearly all bacteria utilize multidrug trans-
porters that actively pump toxic substances, in-
cluding antibiotics, out of the cell through en-
hanced efflux [6, 7]. Bacterial resistance mecha-
nisms include enzyme-mediated degradation or
modification of antibiotics, altered membrane
permeability to reduce drug uptake; active efflux
pumps that expel antibiotics from the cell, and tar-
get site modifications that prevent the antibiotic
from binding effectively. Bacterial resistance to
antibiotics involves various mechanisms, among
which enzymatic processes play a pivotal role. The
enzymatic mechanisms of resistance observed in
pathogenic bacteria are central to their ability to
survive antibiotic treatment. Beta-lactamases, for
instance, hydrolyze the beta-lactam ring, inactivat-
ing antibiotics such as penicillins and cephalospor-
ins. Extended-Spectrum Beta-Lactamases (ESBLs)
pose a particular challenge by conferring re-
sistance to third-generation cephalosporins, as ob-
served in our study's high resistance rates to ceftri-
axone and cefotaxime. Similarly, aminoglycoside-
modifying enzymes (AMEs) such as acetyltrans-
ferases, phosphotransferases, and nucleotidyltrans-
ferases can chemically alter aminoglycosides, sig-
nificantly reducing their efficacy. Metallo-beta-
lactamases, which require zinc ions for activity,
lead to carbapenem resistance, further complicat-
ing treatment options. Another important mecha-
nism involves the modification of antibiotic target
sites through processes like methylation, mediated
by genes such as erm, which confers macrolide
resistance by altering the 23S rRNA. Bacterial re-
sistance mechanisms include the action of trans-
posons, which enable the rapid spread of re-
sistance genes across populations. Gram-negative
bacteria rely on efflux pumps, porin loss, and beta-
lactamase production due to their outer membrane.
In contrast, gram-positive bacteria lacking this
membrane, often use target site modifications,
such as penicillin-binding protein alterations in
MRSA. These structural differences contribute to
the complexity of antimicrobial resistance. Addi-
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tionally, genetic mutations in enzymes like DNA
gyrase contribute to resistance in both gram-
positive and gram-negative bacteria [8]. In both
gram-positive and gram-negative bacteria, muta-
tions in key enzymes like DNA gyrase-specifically
within the quinolone resistance-determining region
(QRDR) contribute to resistance against fluoro-
quinolones [9-11]. The four main mechanisms of
AMR include limiting drug uptake, modifying
drug targets, inactivating drugs, and increasing
drug efflux. Gram-negative bacteria frequently
employ all four mechanisms, while gram-positive
bacteria tend to use drug uptake limitation less
commonly [12]. The transmission of AMR is also
a significant public health concern, as resistant
pathogens can spread between animals, humans,
and even across environmental surfaces. Faecal
contamination and environmental exposure—such
as contact with beach sand, drinking water, and
recreational water—are key vectors of transmis-
sion [13, 14]. Antibiotic resistance genes (ARGs)
play a central role in this process, often proliferat-
ing in high-concentration environments like
wastewater. Horizontal gene transfer (HGT), facil-
itated by mobile genetic elements such as plas-
mids, integrons, and transposons, enables bacteria
to exchange resistance genes, further accelerating
the spread of AMR [15, 16].

Several studies highlight the alarming rise of
AMR across regions. The Global Burden of Bacte-
rial Antimicrobial Resistance (AMR) report pro-
vides a sweeping assessment of the impact of
AMR worldwide. Conducted in 2019 by the Anti-
microbial Resistance Collaborators, this study un-
derscores the severe and growing burden of AMR,
particularly in lower-income countries where
healthcare infrastructure often falls short. The
analysis reveals stark regional disparities in AMR
prevalence, drawing attention to the urgent need
for globally coordinated public health policies
aimed at reducing the misuse of antibiotics and
improving access to effective treatments [17]. In
Thailand, researchers Boonyasiri and colleagues
examined AMR across various reservoirs, includ-
ing healthy adults, food sources, food animals, and
the broader environment. Their study demonstrates
the pervasive spread of resistant bacteria beyond
clinical settings, highlighting the significant role
that animal agriculture and environmental factors
play in facilitating AMR transmission. This re-
search emphasizes the need for stringent regulato-
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ry policies in agricultural practices to prevent re-
sistant strains from spilling over into human popu-
lations [18]. A study in Cape Coast, Ghana, con-
ducted by Anning et al., focuses on AMR among
patients attending a private diagnostic center. This
research identifies alarmingly high resistance rates
to commonly prescribed antibiotics, especially in
pathogens responsible for bloodstream infections.
The findings point to the pressing need for im-
proved infection control and responsible antibiotic
use within the healthcare system to prevent further
escalation of resistance [19]. In his research on
bloodstream infections, Akova highlights the criti-
cal challenge posed by AMR in treating these life-
threatening infections. Bloodstream infections re-
quire prompt, reliable antibiotic intervention, yet
high resistance levels limit treatment options, en-
dangering patient outcomes. Akova’s study under-
scores the importance of robust antibiotic steward-
ship and the development of alternative therapies
to manage resistant bloodstream infections effec-
tively [20]. Finally, Obakiro et al. study in Eastern
Uganda investigates AMR in patients at two ter-
tiary hospitals. The study documents high re-
sistance rates to several commonly used antibiot-
ics, complicating the treatment of both communi-
ty-acquired and hospital-acquired infections. It
calls attention to the need for stringent infection
control practices and targeted antibiotic steward-
ship programs to curb the spread of resistant path-
ogens within healthcare settings [21]. Each of the-
se studies collectively reinforces the pressing need
for a global, multi-faceted approach to managing
AMR. Advanced computational techniques, such
as molecular Modeling and simulation, provide
insights into resistance mechanisms at the molecu-
lar level, aiding in drug design and therapeutic op-
timization. Molecular modeling and simulation
offer valuable tools for understanding bacterial
resistance. Homology modeling enables the con-
struction of 3D structures for resistance-associated
proteins, such as beta-lactamases. Molecular dock-
ing can predict antibiotic binding affinities to these
proteins, revealing potential resistance mecha-
nisms. Molecular dynamics simulations further
assess the stability of these interactions under
physiological conditions. For example, docking
studies with carbapenems and metallo-beta-
lactamases have elucidated key structural features
responsible for resistance, as described in recent
studies [22].
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In light of the urgent need to address the global
AMR crisis, this study aims to underscore the crit-
ical role that clinical pharmacists play in curbing
antimicrobial resistance through the implementa-
tion of Antibiotic Stewardship Programs (ASPs) in
healthcare settings. By promoting the judicious use
of antibiotics, these programs can significantly re-
duce AMR spread, optimize patient outcomes, and
foster a more resilient healthcare system. This ob-
jective emphasizes the importance of coordinated
strategies, including rigorous surveillance, robust
infection control measures, and the establishment
of tailored antimicrobial policies within hospitals.
Together, these actions are essential for effectively
managing and mitigating the rising threat of AMR.
Various factors, including the environmental con-
ditions during bacterial cultivation influence anti-
microbial resistance. Physical agents such as tem-
perature, pH, humidity, and oxygen levels can sig-
nificantly impact bacterial phenotypes, including
virulence and resistance traits. The cultivation pro-
cess must be carefully controlled to ensure that the
observed resistance patterns accurately reflect the
clinical scenarios without being influenced by arti-
ficial environmental conditions. This study aims to
analyze resistance profiles under standardized cul-
tivation parameters to ensure methodological con-
sistency.

This study evaluates antimicrobial resistance
profiles in a secondary care hospital, emphasizing
the transition from empirical to targeted therapy
based on resistance profiling. By systematically
analyzing data in a resource-constrained setting,
the study offers actionable insights into antibiotic
stewardship, particularly in developing regions.
These findings also provide a valuable case-based
perspective to train healthcare professionals on the
importance of sensitivity testing and tailored anti-
biotic therapy.

2. METHODOLOGY

2.1. Ethical Declaration

This study received ethical approval from the
Institutional Ethical Committee at Vels Institute of
Science, Technology, and Advanced Studies,
Chennai, under reference number
ECR/288/Indt/TN/2018/RR-21/001, dated April 6,
2023. Ethical approval ensures that all research
activities adhere to established standards for the
safety, rights, and welfare of participants. In this
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study, informed written consent was obtained from
each participant, affirming their voluntary in-
volvement and understanding of the study’s pur-
pose and procedures. Obtaining ethical clearance
and participant consent is fundamental to uphold
transparency, respect for individuals, and the in-
tegrity of the research process, particularly when
addressing public health issues such as antimicro-
bial resistance.

2.2. Study Design

This study was conducted as a six-month pro-
spective analysis of microbial culture sensitivity
reports at Employees State Insurance Corporation
Hospital, a secondary care hospital in Ayanava-
ram, Chennai. The prospective design was chosen
to allow for real-time data collection and analysis,
providing an accurate snapshot of antimicrobial
resistance patterns and trends within the study pe-
riod. A total of 343 microbial culture reports were
initially gathered, with 263 reports excluded due to
negative cultures showing no pathogen growth,
ensuring the analysis focused only on relevant pos-
itive cases of microbial infection. It's important to
note that all these samples were obtained from pa-
tients who had already been treated with antibiot-
ics as part of their previous treatment.

2.2.1. Cultivation and Processing of Microbial
Culture

All 343 microbial cultures were processed un-
der standardized physical conditions to ensure
consistent and reliable growth parameters. The
samples were incubated at 37°C, with aerobic or
anaerobic conditions applied as per the pathogen’s
requirements. The pH and nutrient composition of
the media were maintained to closely replicate
physiological conditions, minimizing external
stress that could alter microbial phenotypes. This
rigorous standardization ensured that the results
accurately reflected natural resistance traits with-
out external modulation. To prevent the artificial
induction of resistance mechanisms, no antibiotics
were added to the cultivation media during prima-
ry isolation. This ensured that the resistance pro-
files observed in this study were intrinsic or clini-
cally acquired rather than a result of experimental
conditions.

The bacterial cultures were grown on standard-
ized media designed to promote optimal growth,
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ensuring consistent results. However, it is im-
portant to note that the composition of culture me-
dia can influence bacterial resistance. For exam-
ple, nutrient-rich media promote optimal bacterial
growth, which may, in turn, enhance the expres-
sion of resistance genes. Stress-inducing condi-
tions, such as altered pH or high salt concentra-
tions, can trigger adaptive resistance mechanisms
like efflux pump activation or biofilm formation.
To replicate clinical conditions more closely, anti-
biotic-laden media might also be used to enrich for
resistant mutants selectively.

2.3. Author Roles and Study Context

This study was conducted in collaboration with
clinicians at the Employees State Insurance Corpo-
ration Hospital. The authors, as medical pharma-
cologists and researchers, were responsible for da-
ta collection, antimicrobial resistance profiling,
and subsequent analysis. The clinicians at the hos-
pital performed patient care and initial sampling,
while the authors ensured the rigorous application
of methodology and data interpretation to maintain
research integrity.

2.4. Participant Selection Criteria

Patients were selected based on strict inclusion
and exclusion criteria, focusing on adults with
confirmed infections. Microbial cultures were pro-
cessed using standardized protocols, and antimi-
crobial susceptibility testing was performed ac-
cording to the CLSI guidelines.

2.4.1. Inclusion Criteria

To capture a comprehensive view of antimicro-
bial resistance across varied infections, the study
included patients aged 18 and above who present-
ed with known infections. Types of infections ana-
lyzed included bloodstream, urinary tract, respira-
tory tract, gastrointestinal, skin and soft tissue, ear,
and surgical site infections. Patients with co-
morbid conditions, such as diabetes and hyperten-
sion, were also included, as these factors often in-
fluence susceptibility to infection and response to
antimicrobial treatments. Additionally, patients
with social histories of smoking and alcohol use
were selected, given that these behaviors can im-
pact immune function and infection outcomes. By
including patients across these categories, the
study aimed to assess a representative sample of
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individuals most affected by or vulnerable to in-
fections and antimicrobial resistance.

2.4.2. Exclusion Criteria

Patients without documented infections were
excluded to focus specifically on cases where mi-
crobial culture results were relevant to the study
objectives. Individuals under 18 years of age were
also excluded, as pediatric populations may have
different infection patterns and resistance profiles,
necessitating separate investigations. This exclu-
sion criterion helped to streamline the study scope,
ensuring consistency in the analysis of adult cases
and yielding data pertinent to commonly affected
demographics within this hospital setting. This
carefully structured study design enabled the tar-
geted examination of microbial sensitivity in a de-
fined adult patient population, optimizing data rel-
evance and study accuracy.

2.5. Statistical Analysis

The statistical analysis in this study was con-
ducted to evaluate the patterns and associations
between different types of infections, patient char-
acteristics, and microbial resistance trends. By ap-
plying statistical methods, we aimed to identify
significant relationships and potential risk factors
that contribute to antimicrobial resistance across
various infection types. Analyzing these data
through statistical measures is crucial in clinical
research, as it enables the detection of meaningful
differences and associations within patient groups,
providing insights that support evidence-based de-
cision-making.

Data from the surgical site, skin, and soft tissue
infections—including abscesses, pyoderma, cellu-
litis, ulcers, and wounds—as well as upper respira-
tory and urinary tract infections, were systemati-
cally extracted from microbiological reports. Soci-
oeconomic and physiological information was also
collected and organized in an Excel spreadsheet.
SPSS Software version 26.0 for Windows was
then employed for data analysis, with categorical
variables summarized as proportions. The Chi-
Square test was applied to assess statistically sig-
nificant differences between patient groups. This
test helps identify whether variations observed
among categories (e.g., infection type, resistance
patterns) are likely due to chance or reflect under-
lying associations. Calculating 95% confidence
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intervals further strengthened the analysis by
quantifying the reliability of these associations,
providing a robust measure of their strength and
direction. A p-value threshold of less than 0.05
was considered statistically significant, meaning
that observed differences were unlikely to have
occurred by chance alone. The application of sta-
tistics in this study is essential for validating find-
ings, as it allows us to objectively interpret com-
plex datasets and derive actionable insights. By
determining significant associations, this analysis
supports the identification of high-risk patient
groups, resistance patterns, and infection types.
Such insights are critical for guiding treatment
strategies, informing public health policies, and
ultimately improving patient care outcomes.

3. RESULTS

3.1. Patient Demographics

During the study period, a total of 343 speci-
mens were collected, out of which 80 patients with
positive microbial cultures were ultimately includ-
ed in our analysis. This selection allowed us to fo-
cus specifically on cases with confirmed infec-
tions, providing a clearer understanding of patient
characteristics and the prevalence of antimicrobial
resistance patterns within this population. Among
the 80 patients, 47 (58.7%) were female and 33
(41.3%) were male, indicating a slightly higher
prevalence of infection among female patients.
This gender distribution is consistent with known
patterns in certain infection types, particularly uri-
nary tract infections, which are often more com-
mon in females. The demographic data by gender
are presented in Table 1.

Table 1. Classification based on gender.

Patient Gender Frequency Percentage
Male 33 41.30%
Female 47 58.70%

In terms of age distribution, the study encom-
passed a broad range of adult age groups, allowing
for a detailed analysis of infection susceptibility
across different life stages. The largest proportion
of patients fell within the 41-50 age range, with 27
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individuals (34%) in this category. This was fol-
lowed by the 51-60 age group, which included 21
patients (26%). The remaining participants were
distributed as follows: 3 patients (4%) in the 18-20
age group, 11 patients (14%) in the 21-30 age
group, 8 patients (10%) in the 31-40 age group, 7
patients (9%) in the 61-70 age group, and 3 pa-
tients (3%) in the 71-80 age group. These results
are detailed in Table 2. The inclusion of patients
across diverse age groups enhances the study's rel-
evance by reflecting how antimicrobial resistance
impacts individuals of varying ages, especially
those in middle to older adulthood, who may have
increased susceptibility to infection due to co-
morbidities or age-related immune changes. This
demographic analysis is crucial for tailoring effec-
tive interventions and for understanding popula-
tion-specific risks, aiding in the development of
more targeted strategies for managing antimicrobi-
al resistance in clinical settings.

Table 2. Classification based on age.

Patient Age Frequency Percentage
18-20 3 3.80%
21-30 11 13.80%
31-40 8 10%
41-50 27 33.80%
51-60 21 26.20%
61-70 7 8.80%
71-80 3 3.70%

3.2. Specimen Types and Distribution of

Culture-positive Results

Throughout the observation period, 80 speci-
mens with positive microbial cultures were ana-
lyzed, providing valuable insights into the distribu-
tion of infections across different specimen types.
The breakdown of specimen sources revealed that
the majority of infections were associated with
urinary samples: 39 (49%) of the positive cultures
were urine specimens. This high proportion of cul-
ture-positive urine samples aligns with the preva-
lence of urinary tract infections (UTIs) as a com-
mon health concern, especially in healthcare set-
tings where risk factors such as catheter use, co-
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morbidities, and certain patient demographics in-
crease susceptibility. Pus swabs accounted for 21
(26%) of the culture-positive specimens, indicat-
ing a significant occurrence of skin and soft tissue
infections, including wound infections, abscesses,
and cellulitis cases. These infections can be chal-
lenging to treat, especially in patients with under-
lying conditions that compromise wound healing
or immune function. The presence of culture-
positive results in pus swabs highlights the im-
portance of close monitoring and effective treat-
ment for infections that may complicate surgical or
trauma recovery. Lastly, sputum specimens made
up 20 (25%) of the culture-positive samples, rep-
resenting a notable number of respiratory tract in-
fections within the study group. This finding is
especially pertinent in clinical environments where
respiratory infections can spread rapidly and may
be associated with antimicrobial-resistant patho-
gens, particularly in vulnerable patients or those
with chronic respiratory conditions.

The distribution of positive cultures among the-
se specimen types emphasizes the need for vigilant
infection control measures and targeted antimicro-
bial therapies in diverse infection types. Table 3
summarizes the results, offering a comprehensive
view of infection prevalence and guiding clinical
efforts to prioritize areas most impacted by micro-
bial resistance. This analysis underscores the im-
portance of appropriate specimen management and
pathogen identification in mitigating the spread of
antimicrobial resistance across various infection
sites.

Table 3. Classification based on biological specimens
with positive culture.

Patients Fiological Frequency Percentage
Specimens
Pus swabs 21 26.30%
Urine culture 39 48.70%
Sputum culture 20 25.0%

3.3. Antibiotics Used before Culture Sensitivity
Test and its Implications

In the cohort of 80 patients whose microbial
culture sensitivity reports were analyzed, it was
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Table 4. Classification of antibiotics used before specimen collection.

Empirical Antibiotic Therapy Frequency Percentage
Cefaperazone/sulbactam 2 2.50%
Ceftriaxone 40 50.0%
Cefixime 2 2.50%
Cefotaxime 24 30.0%
Ciprofloxacin 1 1.30%
Norfloxacin 1 1.30%
Amikacin 1 1.30%
Piperacillin/tazobactam 10 12.50%
Gentamycin 1 1.30%
Azithromycin 1 1.30%

noteworthy that all patients (100%) had received
antibiotics prior to specimen collection. This ex-
tensive prior exposure to antimicrobial agents is a
critical factor influencing the interpretation of cul-
ture results. It underscores the importance of un-
derstanding the impact of empirical therapy on mi-
crobial flora and resistance patterns. The most
commonly prescribed empirical antibiotics were
ceftriaxone, utilized in 40 cases (50% of patients).
Ceftriaxone is a broad-spectrum cephalosporin ef-
fective against a wide range of gram-positive and
gram-negative bacteria, making it a popular choice
in empirical therapy, especially in hospital settings
where serious infections may be present. Follow-
ing ceftriaxone, cefotaxime was administered to 24
patients (30%), another cephalosporin with similar
activity, further indicating a reliance on this class
of antibiotics for initial treatment.

Additionally, piperacillin/tazobactam was pre-
scribed in 10 cases (12.5%). This combination an-
tibiotic is often used for polymicrobial infections
and provides coverage against beta-lactamase-
producing organisms, which is particularly rele-
vant in healthcare-associated infections. Lastly, a
category labelled as "other antibiotics" accounted
for 9 cases (11.5%), representing a variety of less
frequently prescribed agents, possibly tailored to
specific patient needs or local resistance patterns.
The high rate of antibiotic exposure prior to cul-
ture testing is significant as it can potentially skew
the results of sensitivity testing, leading to chal-
lenges in accurately identifying the causative
pathogens and their susceptibility profiles. This

highlights the critical need for careful considera-
tion of antibiotic use in the context of microbial
culture sensitivity testing, as well as the potential
implications for treatment decisions. Table 4 pro-
vides a detailed breakdown of the antibiotics pre-
scribed, allowing for a more thorough analysis of
pre-treatment practices and their potential influ-
ence on the observed microbial resistance patterns
in this patient population. Understanding these dy-
namics is essential for refining empirical treatment
guidelines and fostering responsible antibiotic
stewardship within clinical settings.

3.4. Pathogen Isolation and Distribution from
Culture Sensitivity Tests

In our analysis of 80 positive cultures, a diverse
range of pathogens were isolated, reflecting the
complexity of microbial infections encountered in
this patient population. The most frequently isolat-
ed pathogen was Escherichia coli, identified in 28
cases (35% of total isolates). This predominance is
consistent with its well-known role as a leading
cause of urinary tract infections (UTIs), particular-
ly among female patients, where E. coli accounted
for 33 cases (84.6%) of UTIs in females. This
finding underscores the importance of E. coli as a
primary target for empirical therapy in suspected
UTlIs, given its high prevalence in this clinical con-
text. Following E. coli, Klebsiella pneumoniae was
the second most commonly isolated pathogen, found
in 10 cases (12.5%). Notably, 6 of these isolates
(30% of K. pneumoniae isolates) were recovered
from sputum cultures, indicating their significant
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Table 5. Classification based on bacterial isolates.
Bacterial Isolates Frequency Percentage
Escherichia coli 28 35.0%
Klebsiella pneumoniae 10 12.50%
Klebsiella oxytoca 6 7.50%
Staphylococcus aureus 4 5.0%
Staphylococcus epidermidis 2 2.50%
Pseudomonas aeruginosa 7 8.80%
Streptococcus pneumoniae 2 2.50%
Acinetobacter baumannii 2 2.50%
Enterobacter spp. 2 2.50%
Citrobacter koseri 4 5.0%
Proteus mirabilis 7 8.80%
Enterococcus spp. 6 7.50%
Table 6. Classification of biological specimens based on gender.
Type of Patients Biological Specimen Analysed P-value
- Total
Pus Swabs Sputum Urine
Female 5 9 33 47
Patient Gender
Male 16 11 6 33 0.000*
Total 21 20 39 80

Note: *The data were analysed statistically using chi-square test.

role in respiratory infections, particularly in pa-
tients with underlying respiratory conditions. The
isolation of K. pneumoniae is of particular concern
due to its potential for antimicrobial resistance,
necessitating vigilant monitoring and targeted
treatment strategies. Other notable pathogens in-
cluded Pseudomonas aeruginosa and Proteus mi-
rabilis, both isolated in 7 cases (8.8%). P. aeru-
ginosa is known for its association with
healthcare-associated infections and is particularly
challenging to treat due to its robust resistance
mechanisms. Meanwhile, P. mirabilis was pre-
dominantly found in pus swabs, accounting for
33.3% of isolates from this specimen type, sug-
gesting its involvement in skin and soft tissue in-
fections.

Additionally, Klebsiella oxytoca and Entero-
coccus spp. were each isolated in 6 cases (7.5%),

further highlighting the variety of pathogens pre-
sent in the study. Lesser-known pathogens such as
Citrobacter koseri (4 cases, 5%), Staphylococcus
aureus (4 cases, 5%), Staphylococcus epidermidis
(2 cases, 2.5%), Streptococcus pneumoniae (2 cas-
es, 2.5%), Acinetobacter baumannii (2 cases,
2.5%), and Enterobacter spp. (2 cases, 2.5%) were
also identified, demonstrating a broad spectrum of
bacterial diversity among the infections studied.
The results presented in Table S5 provide a com-
prehensive overview of the isolated pathogens,
while Tables 6 and 7 further dissect the distribu-
tion of these organisms across different specimen
types and patient demographics. These findings
emphasize the necessity for tailored antibiotic
treatment strategies, informed by the specific
pathogens present and their susceptibility profiles.
The high prevalence of multi-drug-resistant organ-
isms necessitates ongoing surveillance and
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Table 7. Classification of isolated pathogens based on biological specimens.
Type of Patients Biological Specimen Analysed
- Total P-Value
Pus Swabs Sputum Urine
Acinetobacter baumannii 1 0 1 2
Citrobacter spp. 3 0 1 4
Enterobacter spp. 1 0 1 2
Enterococcus spp. 0 0 6 6
Escherichia coli 2 4 22 28
Klebsiella oxytoca 1 2 3 6
Isolated Pathogens From Klebsiella pneumoniae 2 6 2 10
Culture Sensitivity Test Proteus mirabilis 7 0 0 7 0.000*
Pseudomonas aeruginosa 0 4 3 7
Staphylococcus aureus 2 2 0 4
Staphylococcus epidermidis 2 0 0 2
Streptococcus pneumoniae 0 2 0 2
Total 21 20 39 80

Note: *The data were analysed statistically using chi-square test.

judicious use of antibiotics to combat the rising
threat of antimicrobial resistance effectively. Un-
derstanding the epidemiology of these pathogens
is critical for guiding clinical decisions and opti-
mizing patient outcomes in the face of complex
infections.

3.5. Pathogen Isolation and Antimicrobial Re-
sistance Patterns

The antimicrobial resistance patterns observed
in our study provide a critical insight into the
evolving landscape of pathogenic bacteria preva-
lent in our hospital environment. Among the iso-
lated pathogens, Escherichia coli emerged as the
most frequently identified organism, exhibiting
alarmingly high resistance rates across multiple
antibiotics. Specifically, resistance to ampicillin
was observed in 96.3% of isolates, while re-
sistance to cefixime, ceftriaxone, and cefotaxime
was noted in 92.6%, 88.9%, and 85.2% of cases,
respectively. Such high resistance rates underscore
the urgent need for ongoing surveillance and pru-
dent use of antibiotics, particularly in the treatment
of urinary tract infections where E. coli is a com-
mon etiological agent. Similarly, Klebsiella pneu-

moniae demonstrated significant resistance, par-
ticularly to ampicillin (90%) and third-generation
cephalosporins like cefepime and cefotaxime
(70%). These findings highlight the importance of
tailoring empirical therapy based on local re-
sistance patterns, especially given the potential for
K. pneumoniae to cause serious infections, includ-
ing pneumonia and bloodstream infections. Staph-
vlococcus aureus, another critical pathogen identi-
fied in our study, exhibited complete resistance
(100%) to both ampicillin and ciprofloxacin. Fur-
thermore, a high level of resistance was also noted
for cefepime, ceftriaxone, cefixime, cefotaxime,
and erythromycin (75%). These results are particu-
larly concerning due to the potential for these
strains to cause severe infections, compounded by
the emergence of Methicillin-resistant Staphylo-
coccus aureus (MRSA), found in 3.8% of our S.
aureus isolates. In the case of Pseudomonas aeru-
ginosa, resistance to a range of antibiotics was
similarly troubling, with 80% of isolates resistant
to amoxicillin/clavulanic acid, ampicillin, ceftri-
axone, cefixime, and cefotaxime. Resistance to
ceftazidime was noted in 60% of cases. Strepto-
coccus pneumoniae also showed 100% resistance
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to cefepime, ceftriaxone, cefixime, cefotaxime,
cefuroxime, and ceftazidime, raising significant
concerns regarding treatment options for infections
caused by this pathogen. The resistance profiles of
Acinetobacter baumannii and Enterobacter spp.
were particularly alarming, with both showing
near-universal resistance to the antibiotics tested,
including imipenem (100%). The resistance of
Citrobacter koseri and Proteus mirabilis to multi-
ple antibiotics, including 100% resistance to ampi-
cillin and third-generation cephalosporins, further
highlights the challenge posed by these organisms.
Overall, the highest resistance rates observed
across all isolated pathogens were 82.5% to ampi-
cillin, 80% to cefixime, and 78.8% to ceftriaxone
and cefotaxime.

Approximately 74% of pathogens exhibited re-
sistance to conventional antibiotic therapy, empha-
sizing the need for healthcare providers to recon-
sider their empirical treatment choices in light of
these findings. Conversely, the study also identi-
fied some antibiotics with higher sensitivity rates,
with amikacin showing an encouraging sensitivity
of 86.3%, followed by meropenem (70%) and pip-
eracillin/tazobactam (67.5%). This suggests that
while resistance is a significant concern, certain
antibiotics remain effective and should be priori-
tized in treatment protocols. The identification of
Extended Spectrum Beta-Lactamase (ESBL) spe-
cies in 17.5% of isolates and multi-drug-resistant
species in 12.5% 1is particularly noteworthy, as
these organisms pose a substantial therapeutic
challenge and are often associated with worse clin-
ical outcomes. Additionally, the presence of coag-
ulase-negative Staphylococcus spp. and the identi-
fication of MRSA further underline the complexity
of managing infections in our patient population.
In summary, the resistance patterns outlined in this
study not only reflect the current challenges in
treating bacterial infections but also serve as a
clarion call for the implementation of effective an-
tibiotic stewardship programs. By closely monitor-
ing resistance trends and adapting treatment proto-
cols accordingly, we can better manage the risks
posed by these resistant pathogens and improve
patient outcomes. The results presented in Tables
(8-13) offer crucial insights into the microbiologi-
cal landscape of our institution, guiding clinicians
in their decision-making processes to combat the
rising tide of antimicrobial resistance effectively.
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3.6. Post-culture Sensitivity Antibiotic Prescrip-
tions: Tailoring Therapy to Resistance Patterns

Following the analysis of culture sensitivity test
results, a targeted approach was adopted in pre-
scribing antibiotics for patients with confirmed
infections. The objective was to ensure the most
effective treatment by utilizing antibiotics that
demonstrated sensitivity against the isolated path-
ogens, thus enhancing the chances of a favorable
clinical outcome. Among the antibiotics pre-
scribed, piperacillin/tazobactam emerged as the
most frequently utilized option, accounting for
26.3% of prescriptions. This broad-spectrum anti-
biotic is particularly valuable in treating infections
caused by various gram-negative bacteria. It is a
suitable choice given the high prevalence of re-
sistant organisms identified in our study. Piperacil-
lin/tazobactam’s  effectiveness against beta-
lactamase-producing strains further underscores its
role as a critical component of empirical therapy,
especially in settings where multi-drug-resistant
pathogens are common. Amikacin was the second
most prescribed antibiotic, representing 25% of the
cases. As an aminoglycoside, amikacin is known
for its potent activity against a wide range of aero-
bic gram-negative bacteria, including Pseudomo-
nas aeruginosa. Its use in this context is particular-
ly warranted, given the high levels of resistance
observed in other antibiotics for pathogens preva-
lent in our patient population. By prioritizing ami-
kacin, clinicians can harness its efficacy against
resistant strains, thereby improving treatment out-
comes. Additionally, imipenem, a member of the
carbapenem class, was prescribed in 12.5% of cas-
es. Imipenem is renowned for its broad-spectrum
activity and stability against many beta-
lactamases, making it an invaluable agent in the
treatment of serious infections caused by resistant
bacteria. The decision to include imipenem in
therapy regimens reflects a strategic choice aimed
at addressing the substantial resistance patterns
identified in pathogens such as Klebsiella pneu-
moniae and Acinetobacter baumannii. These pre-
scribing trends emphasize the importance of utiliz-
ing culture-sensitivity data to guide antibiotic ther-
apy. By moving away from broad-spectrum empir-
ical therapy towards more precise treatment based
on laboratory findings, healthcare providers can
not only improve individual patient outcomes but
also contribute to the broader goal of combating
antimicrobial resistance. Such targeted therapy can
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Table 8. Antimicrobial resistance pattern among bacterial isolates.
. Escherichia Klebsiella Klebsiella Staphylococcus Staphylococcus Pseudomonas
Antlb;::;fs; :lslzlated coli pneumonia oxytoca aureus epidermidis aeruginosa
n =27 (%) n=10 (%) n =06 (%) n =4 (%) n =2 (%) n =5 (%)
Amoxycillin/
clavulanic acid 33.30 40 66.70 25 - 80
Ampicillin 96.30 90 83.30 100 100 80
Cefepime 85 70 33.30 75 100 20
Co-trimoxazole 55.60 30 16.70 - - 40
Ceftriaxone 88.90 60 66.70 75 100 80
Cefixime 92.60 60 66.70 75 100 80
Cefotaxime 85.20 70 66.70 75 100 80
Cefuroxime 37 10 33.30 - - 40
Ciprofloxacin 70.40 20 33.30 100 50 20
Norfloxacin 63 10 16.70 - 50 40
Ceftazidime 85.20 60 50 50 100 60
Meropenem 7.40 - - - - -
Amikacin 3.70 20 - - - -
Piperacillin/
Tazobactam 11.10 20 16.70 25 - -
Gentamycin 25.90 30 - 50 - 20
Nitrofurantoin 11.10 - 50 - - -
Chloramphenicol - 40 33.30 - - -
Imipenem 18.50 10 50 - 50 20
Clindamycin - - - - 50 -
Erythromycin - - - 75 50 40

Table 9. Antimicrobial resistance pattern among less common bacterial isolates identified in the study.

A Streptococcus Acinetobacter Enterobacter s Citrobacter Proteus Enterococecus s
Antll;)loglc s/ Isolated pneumonia baumannii Pp- koseri mirabilis pp-
athogens =2 (° =6(°

& n=2 (%) n=1(%) n=2(%) n=4(%) | n=7(%) n=6(%)
Amoxycillin/
50 - 100 100 28.60 -
clavulanic acid
Ampicillin 50 100 100 100 100 16.70
Cefepime 100 100 100 100 100 33.30
Co-trimoxazole - 100 - 100 85.70 100
Ceftriaxone 100 100 100 100 100 66.70
Cefixime 100 100 100 100 100 66.70

(Table 9) contd...
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Streptococcus Acinetobacter Citrobacter Proteus
Antibiotics/ Isolated pneumonia baumannii Enterobacter spp- koseri mirabilis Enterococcus spp-
Pathogens n=2(%) n=1(%) n=2(%) n=4(%) | n=7(%) n =6 (%)
Cefotaxime 100 100 100 100 100 66.70
Cefuroxime 100 100 50 50 71.40 -
Ciprofloxacin 50 - - 100 57.10 66.70
Norfloxacin 50 - - 50 - 16.70
Ceftazidime 100 100 100 100 100 33.30
Meropenem - - - 25 - -
Amikacin 50 - - - - 16.70
Piperacillin/tazobactam 50 - 50 50 - -
Gentamycin 50 100 - 50 29 50
Nitrofurantoin - - - - - -
Chloramphenicol - - - - 85.70 16.70
Imipenem - - 100 50 14.30 -
Clindamycin - - - - - 50
Erythromycin - - - - - 83.30
Table 10. Classification of frequently resistant antibiotics.
Antibiotic Resistant Patterns Frequency Percentage
Amoxycillin/Clavulanic acid 31 38.80%
Ampicillin 66 82.50%
Cefepime 56 70.0%
Co-trimoxazole 38 47.50%
Ceftriaxone 63 78.80%
Cefixime 64 80.0%
Cefotaxime 63 78.80%
Cefuroxime 26 32.50%
Ciprofloxacin 42 52.5%
Norfloxacin 26 32.50%
Ceftazidime 57 71.30%
Meropenem 3 3.80%
Amikacin 5 6.30%
Piperacillin/tazobactam 11 13.80%
Gentamycin 22 27.50%
Nitrofurantoin 6 7.50%
Chloramphenicol 13 16.30%
Imipenem 16 20.0%
Cefaperazone/sulbactam 2 2.50%
Clindamycin 4 5.0%
Erythromycin 11 13.80%
No significant resistance 4 5.0%
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Table 11. Classification of highly sensitive antibiotics.

Antibiotic Sensitivity Patterns Frequency Percentage
Amoxyecillin/Clavulanic acid 45 56.30%
Ampicillin 9 11.30%
Cefepime 19 23.80%
Co-trimoxazole 35 43.80%
Ceftriaxone 10 12.50%
Cefixime 9 11.30%
Cefotaxime 15 18.80%
Ciprofloxacin 27 33.80%
Norfloxacin 13 16.30%
Ceftazidime 16 20.0%
Meropenem 56 70.0%
Amikacin 69 86.30%
Piperacillin/tazobactam 54 67.50%
Gentamycin 52 65.0%
Nitrofurantoin 27 33.80%
Chloramphenicol 16 20.0%
Imipenem 37 46.30%
Cefaperazone/sulbactam 1 1.30%
Clindamycin 5 6.30%
Erythromycin 3 3.80%
Azithromycin 2 2.50%
Vancomycin 13 16.30%
Poly Myxin B 7 8.80%
Cloxacillin 2 2.50%
Colistin 5 6.30%

Table 12. Classification of resistant species among isolated pathogens.

Resistance to Empirical Therapy Frequency Percentage
Resistant spp. 59 73.80%
Non-Resistant spp. 21 26.30%

Table 13. Classification based on Bacterial characteristics among isolated pathogens.

Bacterial Characteristics Frequency Percentage
Extended spectrum beta-lactamase spp. 14 17.50%
Methicillin-resistant Staphylococcus aureus 3 3.80%
Multi-drug resistant spp. 10 2.50%
Coagulase negative Staphylococcus spp. 1 1.30%
Normal significant growth spp. 52 65.0%
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Table 14. Classification of antibiotics used after specimen collection.

Definite Antibiotic Therapy Frequency Percentage
Linezolid 1 1.30%
Cefaperazone/sulbactam 1 1.30%
Ceftriaxone 5 6.30%
Cefotaxime 9 11.30%
Ciprofloxacin 1 1.30%
Meropenem 1 1.30%
Amikacin 20 25.0%
Piperacillin/tazobactam 21 26.30%
Gentamycin 8 10.0%
Nitrofurantoin 2 2.50%
Imipenem 10 12.50%
Azithromycin 2 2.50%

help preserve the efficacy of critical antibiotics
and reduce the risk of further resistance develop-
ment. The post-culture sensitivity antibiotic regi-
men exemplifies a shift towards evidence-based
medicine, where specific susceptibility patterns
inform the choice of antibiotics. This approach not
only maximizes the likelihood of therapeutic suc-
cess but also aligns with current best practices in
antimicrobial stewardship, ultimately enhancing
patient care and mitigating the impact of antibiotic
resistance in the clinical setting. The data present-
ed in Table 14 further illustrate these prescribing
patterns and their implications for clinical practice.

3.7. Patient Outcomes Following Antibiotic
Therapy

The evaluation of patient outcomes is a critical
component of our study, providing insight into the
effectiveness of both empirical and definitive anti-
biotic therapies administered to the cohort of 80
patients with positive culture results. Each patient
received initial empirical antibiotic therapy, fol-
lowed by a tailored approach based on culture sen-
sitivity reports, allowing us to assess the impact of
these strategies on clinical outcomes. Among the
patients assessed, a notable 60% reported a posi-
tive response to definitive therapy, reflecting a fa-
vorable clinical outcome characterized by resolu-
tion of infection symptoms and overall improve-
ment in health status. This high percentage under-

scores the importance of utilizing culture sensitivi-
ty data to guide antibiotic selection, ensuring that
the prescribed therapies align with the resistance
patterns of the isolated pathogens. The effective
switch to targeted antibiotics is critical in manag-
ing infections, especially in settings marked by
significant antimicrobial resistance. In contrast,
13.8% of patients experienced intermediate out-
comes. This group included individuals whose
clinical responses were mixed; while some im-
provements were noted, they did not achieve com-
plete resolution of symptoms. Factors contributing
to these intermediate outcomes may include the
severity of the infection, the presence of underly-
ing comorbidities, or delayed response to therapy
due to the initial use of less effective empirical
treatments. Recognizing this subgroup is essential
for understanding the complexities of treating in-
fections in a resistant bacterial landscape. Alarm-
ingly, 70% of patients experienced poor outcomes
during the empirical antibiotic therapy phase. This
high rate indicates the inadequacy of initial treat-
ment choices, likely due to the prevalence of re-
sistant organisms that were not effectively targeted
by the empirical therapies prescribed. This finding
emphasizes the critical need for prompt and accu-
rate microbiological diagnostics, as well as the ne-
cessity of refining empirical treatment protocols
based on local resistance patterns. The reliance on
empirical therapy, while necessary in some cases,
underscores the potential for suboptimal outcomes,
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Table 15. Classification based on patient’s outcome.

Frequency Percentage
Patients Outcomes Good Feedback| Intermediate Feed-| Poor Feedback |Good Feedback| Intermediate Feed- | Poor Feedback
of Results back of Results of Results of Results back of Results of Results
During empirical therapy 10 14 56 12.50% 17.50% 70.0%
) Good Feedback | Intermediate Feed- EI;O ;ﬁﬁ%ﬁ;&_ Good Feedback | Intermediate Feed- Elrjloiﬂ:i:ﬁi;la-
of Results back of Results p of Results back of Results P
py py
During definite therapy 48 11 21 60.0% 13.80% 26.20%

particularly in an era of rising antimicrobial re-
sistance. The data presented in Table 15 encapsu-
late these outcomes, providing a clear visual repre-
sentation of the differential responses to empirical
versus definitive antibiotic therapies. The stark
contrast in patient outcomes serves as a powerful
reminder of the importance of timely culture and
sensitivity testing, as well as the necessity for
healthcare providers to remain vigilant in monitor-
ing and adjusting treatment plans based on emerg-
ing data.

The analysis of patient outcomes demonstrates
that while empirical therapies may frequently fail
to provide adequate treatment responses in a land-
scape of antibiotic resistance, transitioning to cul-
ture-guided definitive therapy significantly en-
hances patient outcomes. These findings not only
highlight the efficacy of targeted antibiotic use but
also reinforce the urgent need for ongoing educa-
tion and training in antibiotic stewardship practic-
es to ensure optimal patient care. By continuously
evaluating and adapting treatment strategies based
on resistance patterns and patient feedback,
healthcare providers can significantly improve
clinical outcomes in the face of escalating antimi-
crobial resistance.

4. DISCUSSION

The study conducted on antimicrobial re-
sistance patterns and patient outcomes in a cohort
of 80 patients with confirmed infections sheds
light on critical aspects of clinical practice, partic-
ularly in the face of increasing antimicrobial re-
sistance. This research was driven by the urgent
need to understand the demographic and clinical
factors associated with infections in our healthcare
environment, as well as the implications of empir-
ical antibiotic therapy and resistance patterns on

patient outcomes. The cultivation of bacteria under
controlled physical conditions is critical to accu-
rately assessing antimicrobial resistance patterns.
In this study, standardized parameters such as
temperature (37°C), pH, and oxygen availability
were maintained to provide optimal conditions for
microbial growth while preventing environmental
stress-induced phenotypic changes. Prolonged sub-
lethal antibiotic exposure during cultivation can
induce adaptive resistance mechanisms, such as
overexpression of efflux pumps or modification of
target sites. Conversely, the absence of selective
pressure in controlled cultivation can lead to the
attenuation of resistance traits over successive
generations due to a lack of fitness advantage.
These phenomena underscore the importance of
methodological rigor in AMR studies, as incon-
sistent cultivation conditions can lead to mislead-
ing conclusions about resistance or susceptibility.
By adhering to standardized cultivation protocols,
this study ensures that the resistance profiles ob-
tained reflect clinically relevant scenarios, thereby
providing reliable data for guiding antibiotic stew-
ardship programs. Future studies could explore
how slight wvariations in cultivation conditions
might influence resistance phenotypes, further en-
hancing our understanding of AMR dynamics.

The composition of bacterial culture media
plays a crucial role in the expression of antimicro-
bial resistance. In nutrient-rich environments, bac-
teria grow optimally, which can enhance the ex-
pression of resistance genes, particularly under
conditions of selective pressure. Stress-inducing
conditions, such as low pH or high salt concentra-
tions, can activate adaptive resistance mechanisms,
including the overexpression of efflux pumps or
biofilm formation. These mechanisms are known
to confer resistance to multiple classes of antibiot-
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ics and are often observed in clinical settings. Fur-
thermore, antibiotic-laden media can be used to
select resistant mutants, a critical consideration
when investigating the development of resistance
in vitro. The media used in this study was selected
to ensure reproducibility, but future studies should
consider how variations in media composition
might impact resistance expression in different
bacterial species.

One of the most striking findings from the re-
sults is the high prevalence of infections in fe-
males, particularly related to urinary tract infec-
tions (UTIs). The data indicating that 58.7% of the
patients were female aligns with established trends
in infectious disease epidemiology, where UTIs
disproportionately affect women due to anatomical
and physiological factors. This emphasizes the ne-
cessity for clinicians to maintain a high index of
suspicion for UTIs in this demographic, thus al-
lowing for prompt diagnosis and treatment. The
diverse age distribution of the patient population
also highlights the importance of considering age-
related susceptibility to infections when formulat-
ing treatment strategies. The distribution of cul-
ture-positive results was dominated by urinary
specimens, which accounted for nearly half of the
positive cultures. This finding underscores the rel-
evance of UTIs as a significant health concern,
particularly in settings where factors such as cathe-
ter use and co-morbidities may heighten the risk of
infection. The notable number of pus swabs and
sputum cultures further indicates the diverse spec-
trum of infections prevalent in the patient popula-
tion, necessitating targeted infection control
measures. A critical observation in the study was
the complete prior antibiotic exposure among the
patient cohort, with 100% receiving antibiotics
before culture testing. This factor complicates the
interpretation of resistance patterns, as previous
antibiotic use can skew the results and limit the
identification of the true susceptibility profile of
pathogens. The results highlight the need for care-
ful antibiotic stewardship practices and the consid-
eration of the impact of empirical therapy on mi-
crobial flora. The study identified a concerning
prevalence of multidrug-resistant organisms, with
E. coli and Klebsiella pneumoniae exhibiting
alarmingly high resistance rates to commonly used
antibiotics. For instance, resistance to ampicillin
reached 96.3% among E. coli isolates. Such high
resistance rates necessitate a reevaluation of em-
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pirical treatment protocols and underscore the im-
portance of tailoring therapy based on local re-
sistance data. The emergence of methicillin-
resistant Staphylococcus aureus (MRSA) in the
patient cohort further emphasizes the need for con-
tinuous surveillance and adaptation of treatment
strategies to combat resistant pathogens effective-
ly. Patient outcomes following antibiotic therapy
demonstrated the importance of transitioning from
empirical to definitive therapy based on culture
sensitivity results. A significant 60% of patients
achieved a favorable clinical outcome following
targeted therapy, highlighting the effectiveness of
tailoring antibiotic treatment to the susceptibility
profiles of isolated pathogens. However, the 70%
poor outcome rate during the empirical therapy
phase signals the inadequacies of initial treatment
choices in a setting marked by significant antimi-
crobial resistance.

Our study reports that among the 80 patients
analyzed, infections were more prevalent in fe-
males, with urinary tract infections (UTIs) being
the most common type. This trend aligns with
findings from Saravanan and Raveendaran in 2013
[23], which also observed a higher incidence of
UTIs in females, likely due to anatomical and
physiological factors. Additionally, our study in-
cluded a predominance of patients in the 41-50
and 51-60 age groups, which supports findings in
other studies indicating that middle-aged and older
adults are more susceptible to infections, often due
to comorbidities and age-related immune changes.
These demographic insights are critical for devel-
oping targeted antimicrobial resistance (AMR) in-
terventions for high-risk age groups. In our study,
urine samples accounted for nearly half of the pos-
itive cultures, with pus swabs representing 26%
and sputum samples 25%. The high prevalence of
UTl-causing pathogens, particularly Escherichia
coli (E. coli), reflects established infection trends
observed in studies like that of Handa ef al. in
2024 [24], where E. coli was also predominant,
especially among female patients. Both studies
underscore the importance of addressing AMR in
UTlIs, given their frequent occurrence in clinical
settings.

Additionally, the prevalence of Klebsiella
pneumoniae in respiratory samples resonates with
findings from studies like that of Saini ef al.,
which observed shifts in respiratory pathogen re-
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sistance patterns, particularly during the COVID-
19 pandemic [25]. Our study revealed alarming
resistance levels in E. coli to commonly prescribed
antibiotics such as ampicillin (96.3%) and third-
generation cephalosporins (up to 92.6% re-
sistance), consistent with rising resistance trends
documented by Saravanan, Handa [23, 24]. The
elevated resistance to cephalosporins in E. coli and
Klebsiella pneumoniae highlights the need to reas-
sess empirical therapies in our hospital and similar
settings. Studies by Saini ef al. in 2021 [25] have
also highlighted this trend, particularly noting in-
creased cephalosporin resistance in the pandemic
and post-pandemic periods, likely driven by ele-
vated antibiotic use. Staphylococcus aureus in our
study exhibited 100% resistance to both ampicillin
and ciprofloxacin, echoing concerns across multi-
ple studies where Methicillin-resistant Staphylo-
coccus aureus (MRSA) rates have risen. These
findings underline the ongoing challenge posed by
resistant Staphylococcus strains in healthcare-
associated infections and emphasize the necessity
of enhanced infection control measures. A notable
finding in our study was the improvement in pa-
tient outcomes when shifting from empirical to
culture-guided antibiotic  therapy. Piperacil-
lin/tazobactam and amikacin, both demonstrating
high sensitivity rates in our study, proved to be
effective choices. This finding aligns with studies
by Handa ef al. and Saini et al. [24, 25], where
targeted therapies were associated with better pa-
tient outcomes than empirical treatments. These
results reinforce the value of culture sensitivity
testing in optimizing antibiotic selection and im-
proving treatment efficacy, especially in settings
with high AMR prevalence. The resistance mech-
anisms of gram-negative and gram-positive bacte-
ria differ due to their structural and genetic charac-
teristics. In gram-negative bacteria, the outer
membrane acts as a barrier to many antibiotics,
and resistance is often mediated by porin channel
modifications that limit drug influx. Efflux pumps
further reduce intracellular antibiotic concentra-
tions, while beta-lactamase enzymes degrade beta-
lactam antibiotics, including penicillins and cepha-
losporins. These mechanisms collectively make
gram-negative bacteria highly resistant to many
antibiotic classes. On the other hand, gram-
positive bacteria lack an outer membrane but rely
on enzymatic processes and genetic adaptations
for resistance. Target site modifications are partic-
ularly prominent; for instance, the alteration of
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penicillin-binding proteins (PBPs) in MRSA con-
fers resistance to beta-lactam antibiotics. Addi-
tionally, the methylation of 23S rRNA by erm
genes confers resistance to macrolides. The ab-
sence of an outer membrane makes gram-positive
bacteria less reliant on efflux mechanisms but
equally challenging to treat due to their adaptabil-
ity. These differences underscore the importance
of tailored therapeutic approaches based on the
bacterial group and resistance profile, as highlight-
ed in our findings. For instance, the high resistance
to ceftriaxone observed in gram-negative isolates
aligns with beta-lactamase activity, while re-
sistance in gram-positive isolates may be due to
PBP modification.

Although the resistance patterns observed align
with known trends, this study's systematic ap-
proach in a secondary care hospital highlights its
novelty. The clinical impact of resistance profiling
after empirical therapy underscores the importance
of transitioning to targeted therapy, particularly in
resource-limited settings where such analyses are
rarely conducted systematically. These findings
offer practical strategies for improving antibiotic
stewardship programs and reducing antimicrobial
resistance globally. This study is clinically impact-
ful as it reinforces the importance of culture and
sensitivity testing in guiding antibiotic therapy,
particularly in patients with infections caused by
resistant organisms. The findings provide a clear
rationale for improving diagnostic practices and
refining empirical treatment guidelines based on
local resistance patterns. From a social perspec-
tive, the implications of this research extend be-
yond individual patient care; it emphasizes the
need for public health initiatives aimed at promot-
ing responsible antibiotic use and enhancing
awareness of antimicrobial resistance. Moreover,
this study differentiates itself from other research
in the field by providing a comprehensive analysis
of pathogen distribution, resistance patterns, and
clinical outcomes in a defined patient population
within a specific healthcare setting.

The study also serves as a training tool for
healthcare professionals, illustrating the signifi-
cance of antimicrobial resistance profiling in op-
timizing therapy. By presenting real-world data
from a diverse patient population, it emphasizes
the role of sensitivity testing in clinical decision-
making, providing a framework for educational
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and institutional practices. By presenting detailed
demographic data and linking it to resistance pat-
terns and treatment outcomes, the study contrib-
utes valuable insights to the existing literature. It
guides prescribers in making informed treatment
decisions. For prescribers, the study underscores
the necessity of adhering to evidence-based guide-
lines informed by local resistance data and empha-
sizes the importance of targeted antibiotic therapy.
For the public, it highlights the pressing issue of
antimicrobial resistance, promoting awareness of
the risks associated with inappropriate antibiotic
use and encouraging collaboration between
healthcare providers and patients to foster respon-
sible antibiotic stewardship. This study not only
illuminates the current landscape of antimicrobial
resistance and its clinical implications but also
serves as a clarion call for continued research and
education in this critical area. By adopting a proac-
tive and informed approach to antimicrobial thera-
py, healthcare providers can significantly enhance
patient outcomes while contributing to the global
effort to combat the rising tide of antibiotic re-
sistance. The findings align with global AMR
goals outlined by the WHO, which advocate for
the systematic monitoring of antimicrobial re-
sistance. By demonstrating the benefits of targeted
therapy over empirical treatments, this study pro-
vides a case-based perspective that can inspire
similar efforts in other institutions. The approach
outlined here can guide resource-constrained set-
tings to implement effective antibiotic stewardship
programs.

CONCLUSION

This study highlights the critical issue of anti-
microbial resistance among isolated pathogens in
hospitalized patients. Escherichia coli emerged as
the most frequently isolated pathogen, followed by
Klebsiella pneumoniae, Pseudomonas aeruginosa,
Proteus mirabilis, and Klebsiella oxytoca. Alarm-
ingly, we observed high resistance rates to essen-
tial antibiotics, including ampicillin, cefixime,
ceftriaxone, and ciprofloxacin, while maintaining
sensitivity to amikacin, meropenem, piperacil-
lin/tazobactam, and gentamicin. The significant
resistance to third-generation cephalosporins un-
derscores the urgent need for robust monitoring of
both community-acquired and hospital-acquired
infections. We advocate for genetic characteriza-
tion of these pathogens to enhance infection con-

Ramanisankar et al.

trol strategies in healthcare settings. This research
equips clinicians with vital information to guide
antibiotic selection tailored to local resistance pat-
terns, reinforcing the importance of effective anti-
microbial stewardship. Addressing the challenge
of antimicrobial resistance requires ongoing vigi-
lance, targeted interventions, and collaborative ef-
forts to safeguard patient health and improve clini-
cal outcomes.
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