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Abstract

Urinary tract infections (UTIs) are among the most prevalent bacterial infections globally, and their
clinical management is increasingly complicated by the emergence of antimicrobial resistance
in causative uropathogens. Resistance patterns are known to vary with patient age and clinical
condition; however, comparative data stratified across distinct patient populations remain limited.
This study aimed to isolate and identify uropathogens from three clinically defined patient groups:
individuals below 25 years of age, individuals above 25 years, and hospitalized stroke patients. We
also compared their antimicrobial resistance profiles to characterize the influence of age and clinical
setting on resistance. A cross-sectional observational study was conducted at the Ayurgreen Scientifica
Research Institute from October 2025 to March 2026. A total of eighteen midstream urine samples
were collected from symptomatic patients at Ayurgreen Hospitals, Kerala, India, and Getwell Hospitals,
Naduvattam, Kerala, India. Samples were cultured on Blood Agar and MacConkey Agar, and bacterial
isolates were identified using Gram staining. Further biochemical characterization of the isolates
was performed using the IMViC battery and the catalase, oxidase, coagulase, and motility tests.
Antimicrobial susceptibility testing was performed using the Kirby—Bauer disc diffusion method on
Mueller-Hinton Agar against 18 antibiotics, and the results were interpreted according to the Clinical
and Laboratory Standards Institute (CLSI M100, 2023) guidelines. Pseudomonas spp. were the most
frequently isolated organisms (44.4%), followed by Escherichia coli (22.2%) and Klebsiella spp. (16.7%).
Isolates from patients below 25 years of age generally demonstrated higher susceptibility to the tested
antibiotics, whereas isolates from patients above 25 years exhibited moderate susceptibility. The
stroke patient group showed the highest frequency of multidrug-resistant isolates, including resistance
to carbapenems and fluoroquinolones, among several Pseudomonas isolates. Earlier-generation
B-lactams and fluoroquinolones demonstrated reduced activity across the study groups, whereas
aminoglycosides and nitrofurantoin retained comparatively better antimicrobial activity. The findings
indicate differences in antimicrobial susceptibility patterns among uropathogens isolated from the
three groups, with multidrug-resistant organisms being more frequently observed in the hospitalized
stroke cohort. These results support the importance of continuous local antimicrobial resistance
surveillance and patient-specific empirical treatment strategies to promote appropriate antimicrobial
use and strengthen antibiotic stewardship.
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INTRODUCTION

Urinary tract infections: Epidemiology and clinical
significance

Urinary tract infections (UTls) are
among the most common bacterial infections
worldwide and represent a major public health
concern, accounting for millions of healthcare
visits annually and imposing a substantial clinical
and economic burden. They affect individuals
across all age groups, with women experiencing
a significantly higher lifetime risk because of
anatomical and physiological factors.! Recent
global estimates indicate that approximately 150-
400 million UTI cases occur each year, contributing

considerably to antibiotic consumption in both
community and hospital settings.** The urinary
tract, which comprises the kidneys, ureters,
bladder, and urethra, is normally sterile; however,
bacterial invasion, most commonly through the
ascending urethral route, can establish infection
and disrupt urinary tract homeostasis. While
many infections remain confined to the lower
urinary tract, untreated or inadequately managed
infections may ascend to the kidneys, resulting in
pyelonephritis, bacteremia, and other systemic
complications.®

Clinical manifestations range from
uncomplicated cystitis characterized by dysuria,
urinary urgency, frequency, and suprapubic
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pain to complicated UTIs associated with
structural abnormalities, urinary catheterization,
neurological disorders, or immunosuppression.®
Older adults, individuals with diabetes mellitus, and
hospitalized patients are particularly susceptible to
recurrent and complicated infections. Beyond their
clinical consequences, UTIls impose substantial
economic costs through diagnostic investigations,
antimicrobial treatment, prolonged hospitalization,
and loss of productivity.”

Aetiological agents and common uropathogens

The microbiological aetiology of UTls is
dominated by Gram-negative facultative anaerobes,
with Escherichia coli accounting for the majority of
both community-acquired and hospital-associated
cases. Their pathogenic success is attributable to
a repertoire of virulence determinants, including
type | and P fimbriae, hemolysin, and iron
acquisition systems, which facilitate adhesion
to and colonization of the uroepithelium.®
Other clinically significant uropathogens include
Klebsiella spp., Proteus mirabilis, Pseudomonas
aeruginosa, and, among Gram-positive organisms,
Staphylococcus saprophyticus and Enterococcus
faecalis. The relative prevalence of these
organisms varies considerably according to clinical
context. Pseudomonas aeruginosa, in particular,
is predominantly associated with nosocomial and
healthcare-associated infections, reflecting its
intrinsic resistance mechanisms and capacity to
persist in hospital environments.’

The distribution of uropathogens is
further modulated by host factors including age,
sex, immune competence, and prior antimicrobial
exposure, as well as by extrinsic factors such
as urinary catheterization, hospitalization,
and the presence of urological abnormalities.
Accurate pathogen identification through culture-
based methods remains the cornerstone of
microbiological diagnosis and is indispensable
for directing targeted therapy, particularly in the
context of escalating antimicrobial resistance.?*!

Antimicrobial therapy and emerging resistance
Antibiotic therapy is the primary
treatment strategy for bacterial UTIs. Historically,
agents such as trimethoprim-sulfamethoxazole,
ampicillin, and first-generation fluoroquinolones
formed the backbone of empirical treatment

protocols for uncomplicated infection, offering
broad Gram-negative coverage with favorable
oral bioavailability. However, the therapeutic
landscape has deteriorated markedly in recent
decades, with widespread resistance to these
first-line agents rendering them unreliable
for empirical use in many clinical settings.
Nitrofurantoin and fosfomycin have retained
comparatively favourable susceptibility profiles
for uncomplicated lower UTls, while carbapenems
represent a critical reserve option for infections
caused by extended-spectrum [-lactamase (ESBL)-
producing or multidrug-resistant organisms.*?
Current international guidelines recommend that
empirical therapy be guided by local susceptibility
patterns because resistance rates vary considerably
between geographic regions and healthcare
settings.?

The emergence and global
dissemination of antimicrobial resistance (AMR)
among uropathogens have transformed UTI
management from a straightforward clinical
task into an increasingly complex therapeutic
challenge. Resistance arises through multiple
mechanisms, including enzymatic inactivation
of antibiotics (particularly via B-lactamases),
target site modification, reduced outer
membrane permeability, and active drug efflux
systems. The horizontal transfer of resistance
determinants via plasmids and other mobile
genetic elements facilitates the rapid interspecies
and interinstitutional spread of resistance traits,
further complicating containment efforts. The
overprescription of antibiotics, non-adherence
to prescribed courses, and availability of
antimicrobials without prescription in many
regions have collectively accelerated resistance
selection, particularly in uropathogens, given the
high volume of antibiotic use in the management
of UTls.®

Age-related variation in uropathogen
susceptibility

Patientageis animportant determinant of
both UTl occurrence and antimicrobial susceptibility
patterns. In younger individuals, uropathogens
generally exhibit greater susceptibility to standard
antimicrobial agents, a pattern attributable to
relatively preserved immune function and limited
cumulative antibiotic exposure. In contrast, older
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adults demonstrate a progressively higher burden
of antibiotic-resistant infection, reflecting the
interplay of age-related immunosenescence,
increased healthcare contact, a higher prevalence
of comorbid conditions, including diabetes mellitus
and structural urological disease, and a greater
likelihood of prior antibiotic exposure. These
age-stratified differences in resistance have direct
implications for empirical treatment selection and
underscore the inadequacy of uniform treatment
protocols across diverse patient populations.*

UTls in stroke patients: A high-risk population
Stroke patients represent a clinically
distinct and particularly vulnerable population
with respect to UTI acquisition and antimicrobial
resistance.’*” Neurological sequelae of stroke,
including impaired bladder function and
reduced mobility, frequently necessitate urinary
catheterization, which itself constitutes a major
independent risk factor for catheter-associated
UTI (CAUTI).®> Prolonged hospitalization exposes
these patients to a nosocomial microbiological
milieu enriched with multidrug-resistant organisms,
whereas post-stroke immunosuppression further
diminishes the host’s capacity to resist bacterial
colonization.'® Empirical antibiotic use during
inpatient rehabilitation reinforces selective
pressure, favouring the emergence of resistant
strains.’>!® As a consequence, the uropathogen
spectrum and resistance profiles observed in
stroke patients frequently diverge substantially
from those encountered in community-
acquired infection, with opportunistic organisms
such as Pseudomonas aeruginosa assuming
disproportionate clinical significance.!>!%19

Rationale and objectives of the present study
Despite the growing recognition that
antimicrobial resistance in uropathogens is shaped
by host characteristics, comparative analysis
of resistance patterns across distinct clinical
subgroups remains insufficiently characterized
in the published literature. Most existing studies
adopt a cross-sectional, non-stratified approach
that obscures clinically meaningful inter-group
differences in pathogen distribution and resistance
profiles. An appreciation of these differences is
essential both for optimizing individual patient

management and for informing institution-specific
empirical treatment guidelines.

The present study reports the isolation
and identification of uropathogens from three
clinically distinct patient groups - individuals below
25 years of age, individuals above 25 years of age,
and hospitalized stroke patients - and compares
their antimicrobial susceptibility profiles using
standard microbiological methods. The findings
are intended to provide locally relevant evidence
on age- and condition-specific resistance patterns
that may contribute to more rational empirical
antibiotic selection and support institutional
antimicrobial stewardship programs.

MATERIALS AND METHODS

Study design and patient groups

A cross-sectional observational study
was conducted at Ayurgreen Scientifica Research
Institute (ASRI), Kerala, India, as part of an
M.Sc. research project from October 2025 to
March 2026. This study aimed to compare the
microbiological characteristics and antimicrobial
resistance patterns of uropathogens isolated from
three clinically distinct patient groups.

Eligible participants were categorized into
three groups: Group 1, patients <25 years of age;
Group 2, hospitalized stroke patients; and Group
3, patients >25 years of age without stroke. Each
group comprised six patients.

The study included all eligible patients
who met the inclusion criteria during the
study period; therefore, no formal sample size
calculation was performed. Patient confidentiality
was maintained throughout the study, and all
microbiological data were analyzed anonymously
for research purposes.

Ethics approval and consent to participate

This study involved only microbiological
and biochemical analysis of urine specimens,
with no direct participation of patients. This
study was conducted at Ayurgreen Scientifica
Research Institute (ASRI), Kerala, India, as part of
an M.Sc. research project. No animals or human
participants were directly involved in the study.
The institute did not have an Institutional Ethics
Committee during the study period; therefore,
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formal ethical approval was not obtained for this
study. This study utilized routine clinical urine
specimens collected for diagnostic purposes.
Patient identifiers were removed before analysis,
and confidentiality was maintained throughout
the study.

Inclusion and exclusion criteria
Inclusion

Patients of either sex presenting with
clinical features suggestive of UTI, including
dysuria, urinary frequency, urgency, suprapubic
pain, fever, or other urinary symptoms, were
considered eligible for inclusion. Only urine
specimens yielding significant bacteriuria (=10°
colony-forming units [CFU]/mL) with a single
predominant bacterial isolate were included for
further analysis.

Exclusion

Urine samples yielding less than 10° CFU/
mL were excluded. Samples were also excluded
if they showed mixed growth of more than two
bacterial species suggestive of contamination,
or if there was inadequate specimen volume,
improper collection, or delayed transport that
could compromise microbiological analysis.

Urine specimens were obtained by
the clean-catch midstream method to minimize
periurethral contamination.?® Patients were
instructed to cleanse the external urogenital area
with a sterile wipe before collection. The initial
urinary stream was discarded, and the midstream
portion was collected directly into a sterile,
wide-mouthed, screw-capped container without
the container or lid contacting the patient. All
specimens were labeled with patient identifiers,
date, and time of collection, and transported to
the microbiology laboratory within two hours of
collection to preserve microbiological integrity.
Where immediate processing was not feasible,
samples were stored at 4 °C for no longer than
four hours before inoculation.

Isolation of uropathogens

Each urine sample was inoculated onto
Blood Agar (BA) and MacConkey Agar (MCA)
using a sterile calibrated loop (0.001 mL) and
incubated aerobically at 37 °C for 24 hours.*
Following incubation, plates were examined

for the presence, morphology, and quantity of
bacterial colonies. Significant bacteriuria was
defined as bacterial growth of >10° CFU/mL. On
MacConkey agar, lactose-fermenting organisms
produced pink colonies, whereas non-lactose
fermenters appeared colourless, facilitating a
preliminary differentiation of Gram-negative
isolates. Haemolytic patterns on blood agar
provided additional presumptive information
regarding Gram-positive organisms. Pure colonies
of each morphologically distinct type were sub-
cultured onto Nutrient Agar for subsequent
identification. Mueller—Hinton Agar (MHA),
Simmons Citrate Agar, SIM agar, and MR-VP broth
were additionally prepared for confirmatory
biochemical testing.

Identification of uropathogens

Bacterial identification was performed
using a systematic combination of colony
morphology, Gram staining, and a panel of
biochemical tests. Gram staining was carried out
by the standard four-step method: crystal violet
primary stain (60 seconds), Gram’s iodine mordant
(60 seconds), decolourisation with Gram’s
decolouriser (until runoff was clear), and safranin
counterstain (45 seconds).?> Gram-positive
organisms appeared violet and Gram-negative
organisms appeared pink under oil-immersion
microscopy, with cellular morphology (cocci versus
bacilli) recorded to guide subsequent testing.

The IMVIC battery (Indole, Methyl Red,
Voges-Proskauer, and Citrate tests) was applied to
Gram-negative isolates to differentiate members
of the Enterobacteriaceae.?®*** Indole production
was detected using Kovac’s reagent. The Methyl
Red test assessed mixed-acid fermentation. Voges-
Proskauer reactivity was determined with Barritt’s
reagents A and B; and citrate utilization was
assessed on Simmons Citrate Agar.?® Additional
confirmatory tests included the catalase test (3%
H,O, applied to a fresh colony on a glass slide, with
bubble formation indicating a positive result), the
oxidase test (colony rubbed on an oxidase disc,
with development of a dark purple colour within
10 seconds indicating a positive result), and the
coagulase test (slide and tube methods using
rabbit plasma) for differentiation of Staphylococcus
aureus from coagulase-negative staphylococci.?*?*
Motility was assessed using SIM (Sulphide-Indole-
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Motility) semi-solid agar by the stab inoculation
technique, with diffuse growth radiating from the
stab line indicating motility.

Bacterial identification was based
exclusively on conventional phenotypic and
biochemical methods. Automated identification
systems and molecular identification techniques
such as polymerase chain reaction (PCR) or gene
sequencing were not performed.

Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was
performed using the Kirby—Bauer disc diffusion
method on Mueller—Hinton Agar following
the Clinical and Laboratory Standards Institute
(CLSI) M100, 33 Edition (2023) guidelines. A
standardised bacterial suspension was prepared
in sterile normal saline from overnight cultures
and adjusted to a turbidity equivalent to a
0.5 McFarland standard, corresponding to
approximately 1-2 x 10® CFU/mL. Within 15
minutes of preparation, the suspension was
inoculated onto the surface of MHA plates using
a sterile cotton swab in three directions to achieve
a uniform bacterial lawn. Antibiotic-impregnated
discs were dispensed onto the inoculated surface
with @ minimum inter-disc distance of 24 mm
and a disc-to-plate edge distance of at least 10
mm to prevent overlapping of inhibition zones.
Plates were then inverted and incubated at 37 °C

45
4.0
0 I <25year
3.5 | [ stroke
[ ]>25year

Prevalance

oli
lebst

1a sPP
: l’sendom

chie © g o T coces s

s PP
onds b 0c!
£ gt rept®

Esd‘evl

Figure 1. Distribution of uropathogens by patient group.
Each bar represents the proportional contribution of
each species within the group

for 24 hours. The diameters of zones of inhibition
were measured to the nearest millimetre using a
calibrated ruler and interpreted as sensitive (S),
intermediate (1), or resistant (R) according to CLSI
breakpoint criteria.”®

Routine quality-control procedures
were performed in accordance with CLSI
recommendations to ensure the reliability of
antimicrobial susceptibility testing. However, the
specific quality-control reference strains used
during routine laboratory quality assurance were
not documented in the study records.

The antibiotics tested were selected to
represent all four major mechanistic classes: cell
wall synthesis inhibitors (cefuroxime, cefixime,
cefoperazone-sulbactam, cefotaxime, ceftriaxone,
cephalexin, cefepime, piperacillin-tazobactam),
protein synthesis inhibitors (amikacin,
azithromycin, gentamicin, colistin), nucleic acid
synthesis inhibitors (ciprofloxacin, cotrimoxazole,
levofloxacin, norfloxacin, ofloxacin), and metabolic
pathway inhibitors (nitrofurantoin). The full panel
is presented in Table 1.

Data recording and analysis

All microbiological findings, including
organism identity, patient group allocation, and
susceptibility results for each antibiotic, were
recorded on standardized data collection forms
and entered into a spreadsheet for analysis.
Resistance rates for each organism were calculated
as the percentage of isolates classified as resistant
(R) for a given antibiotic. Inter-group comparisons
of resistance profiles were conducted descriptively,
with patterns stratified by patient group (Group
1: below 25 years; Group 2: stroke patients;
Group 3: above 25 years) and by antibiotic class.
Intermediate results were recorded separately
and not collapsed into the resistant category to
preserve the granularity of the susceptibility data.

RESULTS

Uropathogen isolation and distribution

A total of 18 bacterial isolates were
recovered from urine samples across the three
patient groups, with six isolates obtained from
each cohort. Pseudomonas spp. were the most
frequently isolated organisms overall, accounting
for eight of eighteen isolates (44.4%), with a
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disproportionately high representation in the
stroke patient group (Group 2, n = 4). Escherichia
coli was the second most common organism (n
=4, 22.2%), and was distributed across all three
groups. Klebsiella spp. were recovered from each
group (n = 3, 16.7%), whereas Enterobacter spp.,
Staphylococcus spp., and Streptococcus spp. were
each isolated as single representatives (5.6%),
confined to Groups 3, 2, and 1, respectively. The
full distribution of isolates across the patient
groups is presented in Table 2 and illustrated in
Figure 1.

Biochemical identification

Gram staining established the preliminary
identity of all isolates: Gram-negative bacilli
predominated, whereas Gram-positive cocci
(Staphylococcus spp. and Streptococcus spp.)
were confined to Groups 1 and 3. Confirmatory
biochemical profiling was consistent with expected
species-specific patterns. E. coli isolates were
indole-positive, methyl red-positive, Voges-

Proskauer-negative, and citrate-negative
(IMViC: + + - -), and demonstrated motility and
lactose fermentation. Klebsiella spp. displayed the
reciprocal IMViC pattern (- - + +) with characteristic
mucoid colonies and lactose fermentation,
but were non-motile. Pseudomonas spp. were
oxidase-positive, non-lactose fermenters with
demonstrable motility, consistent with their
established biochemical profile.?? Staphylococcus
spp. were catalase-positive and coagulase-
positive, confirming their identity as S. aureus,
while Streptococcus spp. were catalase-negative.?®

Representative IMViC test results for
the three principal Gram-negative organisms are
illustrated in Figure 2, and the characteristic IMViC
profiles used for identification are summarised in
Table 3.

The catalase test distinguished
Staphylococcus spp. (positive; effervescence
with H,0,) from Streptococcus spp. (negative).
The oxidase test identified Pseudomonas spp.
(positive; dark purple colour within 10 seconds,

a) E. coli

b) Klebsiella spp.

¢) Enterobacter spp.

Figure 2. IMVIiC test results. (a) E. coli; (b) Klebsiella spp.; (c) Enterobacter spp.

Table 1. Antibiotic disc panel used for susceptibility testing, classified by mechanism of action

Cell Wall Synthesis
Inhibitors

Protein Synthesis
Inhibitors

Nucleic Acid
Synthesis Inhibitors

Metabolic
Pathway Inhibitors

Amikacin (AK)
Azithromycin (AZK)
Gentamicin (GM)

Cefuroxime (CB)
Cefixime (SF)
Cefoperazone-
sulbactam (CM)
Cefotaxime (CF)
Ceftriaxone (RP)
Cephalexin (PR)
Cefepime (ZX)
Piperacillin-
tazobactam (PT)

Colistin (CL)

Ciprofloxacin (RC)
Cotrimoxazole (BA)
Levofloxacin (QB)

Nitrofurantoin (FD)

Norfloxacin (NX)
Ofloxacin (ZN)
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Figure 3), distinguishing them from the oxidase-
negative Enterobacteriaceae. The tube coagulase
test confirmed the presence of coagulase-positive
Staphylococcus aureus in the relevant isolates.
Motility testing in SIM agar demonstrated motility
in E. coli, Enterobacter spp., and Pseudomonas
spp., while Klebsiella spp. were consistently non-
motile. Results are summarised in Table 4.

Antibiotic susceptibility

Antibiotic susceptibility testing was
performed on all isolates using 18 discs spanning
four mechanistic classes. Results are presented in
Table 5, and the antibiotic susceptibility patterns of
the three groups are shown in Figure 4. The isolate-
wise antimicrobial susceptibility profiles, including
sensitive, intermediate, and resistant responses
across the tested antibiotics, are visualised in the
heatmap presented in Figure 5.

Group 1 (Below 25 years)

Isolates from Group 1 demonstrated the
most favorable overall susceptibility profile across
all antibiotic classes. Pseudomonas spp. in this
group were sensitive to most tested agents, with
onlyisolated intermediate and resistant responses

noted against select B-lactams and nucleic acid
synthesis inhibitors. E. coli isolates were broadly
susceptible, with intermediate responses to
certain cephalosporins and fluoroquinolones,
indicating the early emergence of resistance.
Klebsiella spp. exhibited comparatively greater
resistance, particularly to cephalosporins and
cotrimoxazole, consistent with previously reported
resistance trends in this genus. Streptococcus
spp. showed mixed susceptibility, with resistance
observed to certain cell wall synthesis inhibitors.
Taken together, the resistance burden in Group 1
was low, suggesting that infections in this cohort
are largely amenable to standard therapeutic
regimens.

Group 2 (stroke patients)

The most complex and clinically
concerning resistance patterns were observed
in Group 2. Pseudomonas spp. dominated this
cohort and demonstrated extensive multidrug
resistance, with resistant phenotypes recorded
across B-lactams, fluoroquinolones, and protein
synthesis inhibitors in several isolates. One
Pseudomonas isolate exhibited resistance to most
agents in the panel, consistent with a pan-resistant

Table 2. Distribution of uropathogens across the three patient groups

Organism Group 1 Group 2 Group 3 Total
(<25 yrs) (Stroke) (>25 yrs)
Escherichia coli 2 1 1 4
Klebsiella spp. 1 1 1 3
Pseudomonas spp. 2 4 2 8
Enterobacter spp. 0 0 1 1
Staphylococcus spp. 0 0 1 1
Streptococcus spp. 1 0 0 1
Total 6 6 6 18

Table 3. IMViC reaction profiles for Gram-negative
uropathogens

Organism Indole Methyl VP Citrate
Red

Escherichia coli + + - -

Klebsiella spp. - - + +

Enterobacter spp. - - + +

Figure 3. Oxidase test result
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or near-pan-resistant phenotype attributable
to the synergistic action of efflux pumps, porin
loss, and PB-lactamase production.?” E. coli and
Klebsiella spp. in this group also showed elevated
resistance compared to equivalent isolates in
Groups 1 and 3, particularly to carbapenems
and fluoroquinolones, suggesting the possible
presence of ESBL-producing or carbapenem-
resistant strains driven by prolonged antibiotic
exposure during hospitalisation.?® Nitrofurantoin
and aminoglycosides (amikacin, gentamicin)
retained partial activity, representing the most
reliable agents within the panel for this group.

Group 3 (above 25 years)

Group 3 displayed an intermediate
resistance profile between the relatively
susceptible Group 1 and the highly resistant
Group 2 cohort. Pathogen diversity was greatest
in this group, with isolates of E. coli, Klebsiella

50

Antibiotic Susceptibility Pattern I
B Sensitive

Intermediate
| Resistant

40

Percentage

10

Group 1- Below 25 Group 2-Stroke patients Group 3- Above 25

Susceptibility

Figure 4. Comparative antibiotic susceptibility pattern
across the three patient groups. Group 1: below 25
years; Group 2: stroke patients; Group 3: above 25 years

spp., Pseudomonas spp., Enterobacter spp., and
Staphylococcus spp. all represented. Enterobacter
spp. exhibited pronounced resistance across
multiple antibiotic classes, consistent with
the inducible AmpC [-lactamase production
characteristic of this genus.?® Pseudomonas spp.
isolates showed variable resistance, with some
demonstrating intermediate profiles and others
displaying frank resistance to carbapenems and
fluoroquinolones. Staphylococcus spp. showed
resistance to several B-lactam and nucleic acid
synthesis inhibitors, warranting consideration of
methicillin-resistant phenotypes. The elevated
resistance relative to Group 1 likely reflects
cumulative antibiotic exposure and age-related
immune decline in this cohort.*

Antibiotic class-wise resistance comparison
Analysis stratified by antibiotic class
revealed a consistent gradient of resistance
across the three groups, as depicted in Figure 6.
Cell wall synthesis inhibitors, particularly earlier-
generation cephalosporins and ampicillin, showed
markedly reduced efficacy in Groups 2 and 3
relative to Group 1, consistent with widespread
[B-lactamase dissemination among Gram-negative
uropathogens.?® Fluoroquinolones demonstrated
substantially diminished activity across all
groups, with the highest resistance rates in stroke
patient isolates, corroborating global trends
of fluoroquinolone resistance in Pseudomonas
and Enterobacteriaceae.?” Protein synthesis
inhibitors, particularly aminoglycosides, retained
comparatively better activity, though intermediate
responses were increasingly common in Group
2. Metabolic pathway inhibitors, principally
nitrofurantoin, maintained a broadly active
profile, particularly against Gram-negative enteric

Table 4. Summary biochemical characterisation of isolated uropathogens

Organism Catalase =~ Oxidase Coagulase Motility Lactose Ferm. H.S
Escherichia coli + - + + -
Klebsiella spp. + - - + -
Pseudomonas spp. + + + - -
Enterobacter spp. + - + + -
Staphylococcus spp. + - - Vv -

Streptococcus spp. - -

V = variable.
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organisms in Groups 1 and 3, though its activity
against Pseudomonas spp. was expectedly limited.
The summarised class-wise resistance trends are
presented in Table 6.

DISCUSSION

Uropathogen spectrum and Its clinical
determinants

The microbiological findings of this
study are consistent with established global
patterns of uropathogen prevalence, while

E. coli (Young)

Klebsiella (Young)

Pseudomonas (Stroke)

Clinical Isolates

E. coli (Stroke)

Enterobacter (Above 25)

W Resistant (R)
e Intermediate (1)
mmm Sensitive (S)

simultaneously revealing clinically meaningful
inter-group differences that reflect the influence
of patient characteristics on infection ecology.
The overall predominance of Gram-negative
organisms, particularly E. coli, Klebsiella spp.,
and Pseudomonas spp., aligns with the published
literature across diverse geographical settings.>*!
However, the disproportionate isolation of
Pseudomonas spp. in the stroke patient cohort
is a notable and clinically significant departure
from the E. coli dominant pattern typically
observed in community-acquired UTIs.?23% This

NIT
Antibiotics

Figure 5. Heatmap of antimicrobial susceptibility profiles for all 18 isolates. S = sensitive (green); | = intermediate

(amber); R = resistant (red)

Antimicrobial Resistance Rate Comparison

B cell wallinhibitors [l Metabolic blockers

50%

I Protein/Nucleic acid inhibitors

40% -

36.8%

30% -

Resistance Rate (%)

20% 1
16.7%
10%

|

Group 1
(Below 25)

Group 2
(Stroke patients)

Group 3
(Above 25)

Figure 6. Comparative antibiotic resistance rates (%) by mechanistic class across the three patient groups. Group
1: below 25 years; Group 2: stroke patients; Group 3: above 25 years
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Table 6. Summary of antibiotic resistance trends by class across patient groups

Antibiotic (Class) Group 1 Group 2 Group 3 Overall

% R % R % R Trend
[B-lactams (Cell Wall) Low - Mod High Moderate Increasing with healthcare exposure
Carbapenems (Cell Wall) Low Moderate Low Reservoir; resistance emerging in stroke
Fluoroquinolones (Nucleic Acid) Low - Mod High Moderate Substantially reduced efficacy
Aminoglycosides (Protein) Low Moderate Low-Mod Relatively preserved activity
Nitrofurantoin (Metabolic) Low Low - Mod Low Retained; variable in stroke group
Linezolid (Protein) Low Moderate Low-Mod  Active vs. Gram-positives

finding reflects the well-recognised capacity of
Pseudomonas spp. to colonise catheterised and
immunocompromised patients in nosocomial
environments, where selective antibiotic pressure,
biofilm formation on catheter surfaces, and
reduced host immune surveillance collectively
facilitate their establishment and persistence.?*3*

The absence of Enterobacter spp. and
Staphylococcus spp. from the below 25 cohort, and
their occurrence exclusively in older patients, is
consistent with observations that these organisms,
often associated with healthcare exposure and
comorbid conditions, are uncommon causes of
primary community-acquired UTls in younger,
otherwise healthy individuals.?>?* Similarly, the
isolation of Streptococcus spp. only in Group 1
may reflect its recognized association with UTls
in younger patients, particularly in the absence
of the structural and physiological risk factors that
predispose older individuals to Gram-negative
nosocomial pathogens.

Resistance in the below 25 Cohort: Early signals

Although the below 25 group
demonstrated the most favourable susceptibility
profile overall, the presence of intermediate and
resistant phenotypes, particularly in Klebsiella
spp. and Streptococcus spp., is clinically relevant
and should not be dismissed. In populations
with limited prior antibiotic exposure, such
resistance signals often reflect community-level
dissemination of resistant clones rather than
individual selective pressure, and may represent
the early stages of a trajectory that, without
intervention, will mirror the more pronounced
resistance patterns observed in older cohorts.?¢*’
The findings from this group reinforce the
importance of culture-directed therapy even

in younger patients presenting with apparently
uncomplicated infection, and underscore the
need for community-level antibiotic stewardship
to preserve the efficacy of first-line agents.*®

Multidrug resistance in stroke patients:
Mechanistic and clinical implications

The pronounced multidrug-resistance
observed in the stroke patient cohort warrants
detailed consideration. The clinical circumstances
of stroke patients create a convergence of risk
factors that are individually significant and
collectively synergistic in promoting resistant
infection. Prolonged urinary catheterization
provides both a direct portal of bacterial entry
and a substrate for biofilm formation, within which
bacteria are phenotypically and genotypically
distinct from their planktonic counterparts and
substantially more tolerant of antibiotic exposure.?*
Extended inpatient stays increase the probability
of cross-acquisition of resistant strains circulating
within the hospital environment, while repeated or
prophylactic antibiotic courses impose sustained
selective pressure that enriches for resistant
populations.?”% Post-stroke neurological changes,
including stroke-induced immunodepression
syndrome (SIDS), further compromise the host’s
capacity to limit bacterial proliferation and clear
early infection.

The resistance profile of Pseudomonas
spp. in this cohort is consistent with the organism’s
well-characterized intrinsic and acquired resistance
mechanisms. Intrinsic low outer membrane
permeability, constitutive expression of efflux
pumps (notably MexAB-OprM), and the capacity
for rapid mutational and horizontal gene transfer-
mediated resistance acquisition collectively render
P. aeruginosa one of the most therapeutically
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challenging uropathogens in hospitalised
patients.” The elevated resistance of E. coli and
Klebsiella spp. in this group, relative to their
behaviour in community-acquired settings, may
indicate ESBL-producing or carbapenem-resistant
phenotypes; however, molecular confirmation was
not performed in this study.?*

Age-related resistance gradient and its drivers

The progressive increase in antimicrobial
resistance across Groups 1, 3, and 2, from lowest
to highest, suggests an age-related trend in
antimicrobial resistance that is driven by the
interplay of biological and environmental factors.*
The accumulation of prior antibiotic courses
over a lifetime imposes a cumulative selective
pressure that progressively enriches for resistant
strains within an individual’s microbiome. Age-
associated immunosenescence reduces the
immunological barrier to infection by less virulent
but more resistant opportunistic organisms. The
increasing burden of comorbidities in older adults,
particularly diabetes mellitus, which impairs
phagocytic function and creates a glucose-rich
urinary environment favourable to bacterial
growth, further compounds this risk. These
observations align with published multicentre
data demonstrating that resistance rates in UTI
isolates increase significantly with patient age
and highlight the importance of considering
patient characteristics, rather than applying
uniform protocols without age stratification, when
selecting empirical therapy.3®4

Antibiotic class performance and therapeutic
implications

The antimicrobial susceptibility profiles
observed in this study provide useful information
for local empirical therapy while recognizing the
limitations of the dataset. Earlier-generation
B-lactams, including ampicillin and first-generation
cephalosporins, demonstrated reduced activity
against several isolates, suggesting that their
empirical use may require confirmation by local
susceptibility data.*® Fluoroquinolones also
exhibited reduced activity, particularly among
isolates recovered from hospitalized stroke
patients, consistent with recent reports describing
increasing fluoroquinolone resistance among
uropathogens.”’

Aminoglycosides, particularly amikacin
and gentamicin, retained comparatively better
activity against many isolates and may remain
useful options for the treatment of moderate-to-
severe infections when clinically appropriate.?*3®
Nitrofurantoin also demonstrated favourable
activity against many community-associated
Gram-negative isolates, supporting current
guideline recommendations for uncomplicated
lower urinary tract infections. However, its limited
activity against Pseudomonas spp. and poor tissue
penetration restrict its use in complicated or
upper urinary tract infections.?®*” Carbapenems
and B-lactam/B-lactamase inhibitor combinations
remained active against several resistant isolates,
although their use should continue to be guided by
antimicrobial stewardship principles to minimise
the emergence of further resistance.®

Limitations and future directions

Several limitations should be considered
when interpreting the findings of this study. First,
the study included only 18 bacterial isolates (six
per patient group), limiting statistical power
and reducing the generalisability of the results.
Second, this was a single-center investigation,
and the observed resistance patterns may not
represent those of other healthcare institutions or
geographic regions. Third, patient-specific clinical
information, including prior antibiotic use, duration
of hospitalization, catheterization history, diabetes
mellitus, recurrent UTls, renal disease, and other
comorbidities, was not systematically collected;
consequently, these potential confounding factors
could not be evaluated. Fourth, antimicrobial
susceptibility was assessed using the Kirby—
Bauer disc diffusion method only, and molecular
characterization of resistance mechanisms,
including extended-spectrum [3-lactamase (ESBL)
production and carbapenemase genes, was not
performed. Finally, no statistical analyses were
undertaken to determine whether differences
observed between study groups were statistically
significant. Therefore, the findings should be
regarded as descriptive and hypothesis-generating
rather than definitive.

Future investigations should include larger
multicentre cohorts with adequate statistical power
to evaluate differences among patient populations
while controlling for potential confounding
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variables through multivariable analyses. The
incorporation of molecular techniques for
detecting resistance determinants, biofilm
formation assays, and longitudinal surveillance
would provide greater insight into resistance
evolution and transmission.?* Such studies would
contribute to the development of institution-
specific empirical treatment guidelines and
strengthen antimicrobial stewardship programs
based on local epidemiological evidence.?#3¢

CONCLUSION

This study describes the distribution of
uropathogens and their antimicrobial susceptibility
profiles among three clinically distinct patient
groups: individuals below 25 years of age,
individuals above 25 years of age, and hospitalized
stroke patients. Pseudomonas spp. were the most
frequently isolated organisms, particularly in the
stroke patient group, whereas Escherichia coli
and Klebsiella spp. were identified across all study
groups. The susceptibility patterns observed in this
study suggest variation among the patient groups,
with isolates from younger individuals generally
exhibiting greater susceptibility and isolates from
hospitalized stroke patients demonstrating more
extensive multidrug resistance.

The higher frequency of resistant
isolates in the stroke patient group may be
associated with factors such as hospitalization,
urinary catheterization, prior antimicrobial
exposure, underlying comorbidities, and post-
stroke immune dysfunction, although these
factors were not specifically evaluated in the
present study. Earlier-generation p-lactams
and fluoroquinolones demonstrated reduced
activity against several isolates, whereas
aminoglycosides and nitrofurantoin retained
comparatively favourable activity against many
isolates, particularly those associated with
community-acquired infections. These findings
may help inform empirical treatment decisions
when interpreted alongside local antimicrobial
susceptibility data and current clinical guidelines.

Given the limited sample size, single-
center study design, and absence of molecular
characterization and statistical analysis, the findings
should be considered descriptive and interpreted
with appropriate caution. Nevertheless, this study

provides locally relevant baseline data that may
contribute to antimicrobial stewardship initiatives
and supports the need for continued surveillance,
larger multicentre studies, and patient-specific
approaches to empirical antimicrobial therapy.
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