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ABSTRACT

Urinary tract infections (UTIs) are a significant global health
burden, with increasing rates of antimicrobial resistance
complicating treatment strategies. This study aimed to
investigate the prevalence of uropathogens, their antibiotic
susceptibility profiles, and multidrug resistance (MDR) patterns
in relation to patient gender and geographic location within the
Haridwar district of Uttarakhand, India. A total of 250 urine
samples were collected from patients presenting with UTI
symptoms across four sub-regions. Significant bacterial growth
was observed in 102 samples (40.8%), with a higher culture
positivity rate among females (70.6%) compared to males
(29.4%). Klebsiella spp. was the predominant isolate (54.9%),
followed by Escherichia coli (38.2%) and Pseudomonas spp.
(6.9%). Antibiotic susceptibility testing revealed high resistance
to ceftriaxone (98.21%) and gemifloxacin (87.5%) in
Klebsiella, while E. coli exhibited resistance to gemifloxacin
(89.74%) and piperacillin-tazobactam (87.17%). Pseudomonas
isolates showed complete resistance to moxifloxacin and
gemifloxacin. Aminoglycosides, carbapenems, and select
fluoroquinolones retained high efficacy across all isolates.
MDR prevalence was highest in Pseudomonas (85.7%),
followed by E. coli (66.7%) and Klebsiella (60.7%), with a
slightly higher proportional burden in males. These findings
highlight the shifting epidemiology of UTIs, with Klebsiella
predominance and high resistance to commonly prescribed
antibiotics. The study underscores the importance of local
surveillance data in guiding empirical treatment decisions and
emphasizes the urgent need for antimicrobial stewardship
interventions to combat the growing threat of MDR
uropathogens.
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1. INTRODUCTION developing countries. They account for
Urinary tract infections (UTIs) are among millions of physician Vis.i ts. apnually a‘nd. are
the most prevalent bacterial infections a common cause of antibiotic prescriptions

in outpatient settings (Medina & Castillo-

globally, representing a significant burden on Pino, 2019: Czajkowski et al., 2021; Tan &

healthcare systems in both developed and
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Chlebicki, 2016). UTIs affect all age groups
but show a higher incidence among females,
largely due to anatomical predispositions
such as a shorter urethra and proximity to the
anal region (Czajkowski et al., 2021;
Rodriguez-Maiias, 2020). While most cases

are uncomplicated, recurrent and
complicated UTIs pose serious clinical
challenges, particularly in

immunocompromised individuals, pregnant
women, and patients with catheter-associated
infections (Medina-Polo et al., 202I;
Codelia-Anjum et al., 2023).

The majority of community-acquired and
nosocomial UTIs are caused by Gram-
negative  uropathogens, most notably
Escherichia coli, followed by Klebsiella spp.
and Pseudomonas spp. (Gupta et al., 2001;
Ahmed et al., 2019; Zavala-Cerna et al.,
2020). These pathogens exhibit diverse
mechanisms of antibiotic  resistance,
including p-lactamase production, efflux
pumps, and alteration of target sites, leading
to reduced susceptibility to multiple
antimicrobial classes (Khoshnood et al.,
2017; Mazzariol et al., 2017). The growing
prevalence of multidrug-resistant (MDR)
strains has significantly narrowed therapeutic
options and necessitated a re-evaluation of
empirical treatment strategies (Kalin et al.,
2023; Pakzad et al.,, 2019; Gandra et al.,
2018). In many low- and middle-income
regions, the problem is compounded by
unregulated  antibiotic = use, delayed
diagnostic practices, and a lack of regional
antimicrobial resistance surveillance systems
(Sulis et al., 2021; Ehsan, 2025; Singh et al.,
2018).

Empirical therapy is typically initiated before
the availability of culture and sensitivity
results. Its success depends heavily on
current knowledge of local resistance trends.
However, many empirical regimens continue
to be based on outdated or generalized data,
which may not reflect the dynamic patterns
of resistance that vary significantly across

geographical  locations and  patient
populations (Fridkin et al., 2001; Pakyz,
2007; McArthur & Tsang, 2016). The lack of
region-specific antibiograms and the over-
reliance on national or global resistance
profiles often result in therapeutic failure and
further selection pressure on resistant strains
(Sugianli et al., 2017; Lewnard et al., 2020).
This situation underscores the importance of

periodic local surveillance studies that
integrate  microbial, demographic, and
regional data to inform evidence-based
prescribing.

Gender-based differences in UTI incidence
are well documented, but emerging studies
also suggest potential differences in
pathogen distribution and resistance patterns
between males and females (Czajkowski et
al., 2021; Zavala-Cerna et al., 2020).
Additionally, resistance patterns can vary
across sub-regions even within the same
district due to differences in healthcare
access, sanitation infrastructure, population
density, and local antibiotic usage practices
(Medina & Castillo-Pino, 2019; Sulis et al.,
2021).  Therefore, a  comprehensive
understanding of pathogen prevalence and
resistance in relation to both demographic
and geographic variables is essential for
guiding  clinical  decision-making and
antibiotic stewardship interventions.

This study aims to address these gaps by
providing an integrated analysis of
uropathogen prevalence, gender association,
and region-wise antibiotic resistance patterns
in clinical samples collected from four sub-
divisions of the Haridwar district: Haridwar,
Roorkee, Bahadrabad, and Laksar. The
primary objective is to generate data that can
support the development of localized
empirical treatment recommendations for

National Press Associates. (2025). ANTIBIOTIC RESISTANCE PROFILES OF UROPATHOGENS WITH
GENDER DISTRIBUTION AND REGIONAL ASSOCIATIONS IN CLINICAL ISOLATES.
Research & Reviews in Biotechnology & Biosciences, 12(2), 105-122.

https://doi.org/10.5281/zenodo.17892415

UTIs, tailored to the microbial and
demographic characteristics of the region.
2. MATERIALS AND METHODS
2.1 Study Design and Setting
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A cross-sectional, laboratory-based
surveillance study was conducted to
investigate the distribution of uropathogens
and their antibiotic susceptibility patterns in
patients presenting with symptoms of urinary
tract infections (Subedi & Pudasaini, 2017).
The study was carried out over a defined
period in the Haridwar district of
Uttarakhand, India. Clinical urine samples
were obtained from patients attending
healthcare facilities across four distinct sub-
regions: Haridwar, Roorkee, Bahadrabad,
and Laksar (Figure 1). All microbiological

processing and antibiotic susceptibility
testing were performed in a centralized
diagnostic microbiology laboratory

following standard protocols (Ntirenganya et
al., 2015).

2.2 Sample Collection and Processing

A total of 250 midstream clean-catch urine
samples were collected from male and
female patients presenting with clinical
symptoms suggestive of urinary tract
infections (UTIs). Samples were transported
to the laboratory under sterile conditions at
4°C and processed within two hours of
collection to preserve microbial viability
(Bopp et al, 1988). Each sample was
inoculated on MacConkey agar and Cysteine
Lactose Electrolyte Deficient (CLED) agar
using a calibrated loop delivering 0.001 mL
of urine. Plates were incubated aerobically at
37°C for 18-24 hours (Herreros et al., 2015).
Significant bacteriuria was defined as a pure
culture growth of >10° colony-forming units
(CFU)/mL (), whereas samples showing
polymicrobial growth or bacterial counts
below this threshold were excluded from
further analysis (Nelius et al., 2011).

2.3 Identification of Isolates

A total of 250 midstream clean-catch urine
samples were collected from male and
female patients presenting with clinical
symptoms suggestive of urinary tract
infections (UTIs). Samples were transported

to the laboratory under sterile conditions at
4°C and processed within two hours of
collection to preserve microbial viability
(Bopp et al., 1988). Each sample was
inoculated on MacConkey agar and Cysteine
Lactose Electrolyte Deficient (CLED) agar
using a calibrated loop delivering 0.001 mL
of urine. Plates were incubated aerobically at
37°C for 18-24 hours (Herreros et al., 2015).
Significant bacteriuria was defined as a pure
culture growth of >10° colony-forming units
(CFU)/mL (), whereas samples showing
polymicrobial growth or bacterial counts
below this threshold were excluded from
further analysis (Nelius et al., 2011).

2.3 Identification of Isolates

Primary bacterial isolates were identified
based on colony morphology and Gram
staining characteristics (Workneh et al.,
2021). Conventional biochemical tests,
including IMViC, Triple Sugar Iron (TSI),
Urease, and Oxidase tests, were performed to
confirm species-level identification (Sousa et
al., 2013). Biochemical profiles were
interpreted according to standard
microbiology references, such as the Manual
of Clinical Microbiology (Pence & Liesman,
2020). Only the three most frequently
isolated uropathogens Escherichia coli,
Klebsiella spp., and Pseudomonas spp. were
selected for subsequent antimicrobial
susceptibility testing.

2.4 Antibiotic Susceptibility Testing

Antimicrobial susceptibility testing was
performed using the Kirby-Bauer disk
diffusion method on Mueller-Hinton agar,
following the guidelines of the Clinical and
Laboratory Standards Institute (CLSI)
(Kassim et al., 2016). Bacterial suspensions
were adjusted to a 0.5 McFarland turbidity
standard and evenly spread over the agar
surface. Plates were incubated at 37°C for
18-24 hours, after which zones of inhibition
were measured and interpreted as
susceptible, intermediate, or resistant
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(Mohamed et al., 2020; Wanja et al., 2020).
Quality control was ensured using standard
ATCC strains, including E. coli ATCC 25922
and P. aeruginosa ATCC 27853 (Hirayama et
al., 2024).

The antibiotics tested, representing major
drug classes relevant to UTIs, are
summarized in Table 1.

2.5 Data Categorization and Definitions

Multidrug resistance (MDR) was defined as
non-susceptibility to at least one agent in
three or more antimicrobial classes (Sweeney
et al., 2018). Isolates were grouped based on
patient gender (male, female) and geographic

origin (Haridwar, Roorkee, Bahadrabad,
Laksar) to examine demographic and
regional patterns.
2.6 Data Analysis

All data were compiled in Microsoft Excel
and analyzed descriptively . Frequencies and
percentages were calculated to determine the
prevalence of specific uropathogens, their
distribution across demographic groups, and
their antibiotic resistance profiles (Amin et
al., 2018). Graphical representations were
used to illustrate trends where appropriate.

RESULTS

1. Study
Distribution

Population and Sample

During the study period, a total of 250 urine
samples were collected for microbiological
analysis. Of these, 117 samples (46.8%)
were obtained from male patients, while 133
samples (53.2%) were from female patients,
indicating a slightly higher representation of
females in the study population. Out of the
total 250 samples processed, 102 (40.8%)
yielded significant bacterial growth and were
considered culture-positive, whereas the
remaining 148 samples (59.2%) showed no
detectable growth. The distribution of
uropathogens across male and female
patients is illustrated in Figure 2.

Among the 102 culture-positive samples, 30
(29.4%) were obtained from male patients
and 72 (70.6%) from female patients,
demonstrating that a larger proportion of
culture positivity was observed among
female patients compared to males within the
study group. When analyzed across study
locations, variation in positivity rates was
noted, as presented in Table 2. The highest
positivity rate was observed in Laksar
(53.3%), followed by Bahadrabad (41.3%),
Haridwar (40.6%), and Roorkee (35.3%). A
comparison of culture positivity rates across
the four sub-divisions is further illustrated in
Figure 3, highlighting location-specific
variations in UTI prevalence.

2. Prevalence of Uropathogens

From the 102 culture-positive urine samples,
three major groups of Gram-negative
uropathogens were identified. Klebsiella spp.
constituted  the  predominant isolate,
accounting for 56 cases (54.9%), followed
by Escherichia coli with 39 cases (38.2%).
Pseudomonas spp. were detected less
frequently, with only 7 isolates (6.9%)
recovered during the study period. This
distribution of uropathogens is presented in
Figure 4, highlighting the varying
contribution of different bacterial species to
urinary tract infections within the study
population.

3. ANTIBIOTIC SUSCEPTIBILITY
3.1. Klebsiella

Among the 56 Klebsiella spp. isolates, a
variable  pattern  of  resistance  and
susceptibility was observed across the tested
antibiotics. High levels of resistance were
recorded against ceftriaxone (98.21%),
gemifloxacin (87.50%), and piperacillin +
tazobactam (87.50%), indicating reduced
effectiveness of these agents against
Klebsiella. Moderate resistance was noted
for moxifloxacin (67.85%), cefpodoxime
(71.42%), cefuroxime (57.14%),

ciprofloxacin ~ (50.00%), and cefdinir
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(50.00%), suggesting partial efficacy within
these groups. The complete resistance and
susceptibility distribution is summarized in
Table 3. In contrast, gentamicin, amikacin,
and levofloxacin  exhibited complete
susceptibility (100.00%), while meropenem
(96.43%), norfloxacin (98.22%), aztreonam
(98.22%), cefoperazone +  sulbactam
(98.22%), and sparfloxacin (94.65%) also
showed very high susceptibility rates. These
comparative patterns are further illustrated in
Figure 5, providing a visual representation of
resistance versus susceptibility trends among
Klebsiella isolates.

3.2. E. coli

A total of 39 E. coli isolates were analyzed
for their antibiotic susceptibility patterns.
High  resistance = was  observed to
gemifloxacin (89.74%), aztreonam (84.61%)),
and piperacillin + tazobactam (87.17%),
while moderate resistance occurred with
moxifloxacin (64.10%), cefuroxime
(69.23%), cefpodoxime (64.10%), and
cefdinir (58.97%). Ciprofloxacin showed
comparatively lower resistance at 53.84%.
These findings are summarized in Table 4,
which outlines the complete resistance—
sensitivity distribution across all tested
drugs. By contrast, ceftriaxone retained
strong efficacy, with only 2.56% resistance,
and several agents including norfloxacin,

gentamicin, amikacin, meropenem,
levofloxacin, cefoperazone + sulbactam, and
sparfloxacin demonstrated 100%

susceptibility. The overall trend, contrasting
high resistance against select antibiotics with
complete susceptibility to others, is
illustrated in Figure 6.

3.3. Pseudomonas

A total of 7 Pseudomonas isolates were
tested for their antibiotic susceptibility
profile. Complete resistance (100.00%) was
observed to moxifloxacin and gemifloxacin,
indicating  poor  efficacy of these
fluoroquinolones against the pathogen. High

resistance was also noted for piperacillin +
tazobactam (71.42%), while moderate
resistance occurred with cefprozil (42.85%),
ceftozoxime (42.85%), and cefpirome
(42.85%). These detailed resistance—
sensitivity percentages are presented in Table
5.

On the other hand, resistance levels were
much lower for cefdinir (14.28%),
meropenem (14.28%), and chloramphenicol
(14.28%). Several agents—including
norfloxacin, ceftriaxone, gentamicin,
amikacin, levofloxacin, and sparfloxacin—
showed complete susceptibility (100.00%),
underscoring their retained activity. The
overall distribution of resistance versus
susceptibility across antibiotics is visually
illustrated in Figure 7, highlighting the stark
divide between ineffective and highly
effective agents.

When data from all three pathogens were
analyzed together, distinct resistance patterns
were observed. Fluoroquinolones such as
gemifloxacin and moxifloxacin showed
consistently ~ high  resistance, = while
levofloxacin, norfloxacin, and sparfloxacin
retained complete activity. Piperacillin +
tazobactam demonstrated high resistance,
especially in Klebsiella and E. coli, with a
similar trend in Pseudomonas.
Cephalosporins, including  cefuroxime,
cefpodoxime, cefdinir, and ciprofloxacin,
showed moderate and variable resistance,
indicating limited efficacy. In contrast,
aminoglycosides (gentamicin and amikacin)
exhibited complete susceptibility across all
isolates, and meropenem also maintained
very high effectiveness with minimal
resistance. Overall, this consolidated analysis
highlights marked resistance to commonly
prescribed  beta-lactams  and  select
fluoroquinolones, whereas aminoglycosides,
carbapenems, and certain fluoroquinolones
remain highly effective.
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4. MULTIDRUG
PATTERNS

Analysis of multidrug resistance patterns

RESISTANCE

revealed a high prevalence of MDR
phenotypes among the Pseudomonas
isolates. Out of the 7 culture-positive

isolates, 6 (85.7%) exhibited resistance to
three or more antibiotic classes, thereby
qualifying as MDR, while only one isolate
(14.3%) was non-MDR. Gender-wise
distribution indicated that 3 MDR isolates
(42.9%) were obtained from male patients,
while 3 MDR isolates (42.9%) were
recovered from female patients. The single
non-MDR isolate (14.3%) was also
identified in a male patient.

Among the 39 E. coli isolates, 26 (66.7%)
were classified as MDR, while 13 (33.3%)
were non-MDR. Gender-wise distribution
showed that MDR was more frequent among
females, with 18 of 25 isolates (72.0%)
exhibiting multidrug resistance, compared to
8 of 14 isolates (57.1%) from males. A
detailed numerical summary of these
proportions is presented in Table 6.

Similarly, of the 56 Klebsiella isolates, 34
(60.7%) were classified as MDR, while 22

(39.3%) were non-MDR. Gender-based
analysis revealed a slightly higher
proportional burden in males (66.7%)

compared to females (59.1%), even though
the overall number of MDR isolates was
greater in females due to their larger
representation in the study.

When  compared across all  three
uropathogens, the highest proportion of
MDR was observed in Pseudomonas

(85.7%), followed by E. coli (66.7%) and
Klebsiella (60.7%). These interspecies and
gender-wise variations in MDR distribution
are visually illustrated in Figure 8, which
highlights the comparative resistance trends.

DISCUSSION

This study examined the prevalence of
uropathogens, their antibiotic susceptibility
profiles, and their multidrug resistance
(MDR) patterns. These findings add to the
evidence on the changing epidemiology of
urinary tract infections (UTIs) and the
growing  challenge of  antimicrobial
resistance.

Klebsiella spp. was the most frequent isolate
(54.9%), followed by Escherichia coli
(38.2%) and Pseudomonas spp. (6.9%). In
contrast, most studies have reported E. coli
as the dominant UTI pathogen, often
accounting for over 70% of the isolates
(Constantinides et al., 2020; Kawalec et al.,
2023). The predominance of Klebsiella may
reflect local factors such as patient
demographics, prior antibiotic exposure, and
hospital-based sampling, as Klebsiella is
commonly associated with nosocomial
infections (Chung, 2016; Eghbalpoor et al.,
2019; Koksal et al., 2018; Li et al., 2017).
Similar findings in South Asian tertiary
hospitals suggest that antibiotic practices and
healthcare environments influence the
pathogen distribution (Ntirenganya et al.,
2015; Paczosa & Mecsas, 2016; Tsai et al.,
20006).

The resistance profiles showed marked
differences  across species. Klebsiella
displayed very high resistance to ceftriaxone
(98.21%) and gemifloxacin  (87.5%),
consistent with reports associating third-
generation cephalosporin resistance with
ESBL production (Santella et al., 2024;
Walker et al., 2019). Aminoglycosides
(gentamicin and amikacin) and carbapenems
(meropenem), however, retain excellent
activity, likely due to their relatively
restricted use compared to fluoroquinolones
and beta-lactams (Cakir et al., 2018; Sanders
et al., 1989; Terbtothakun et al., 2021)

In E. coli, high resistance was observed
against  gemifloxacin  (89.74%)  and
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piperacillin-tazobactam (87.17%), echoing
studies showing rising fluoroquinolone
resistance (Ambrose et al., 2003; Niu et al.,
2023; Ruiz-Lievano et al., 2024). Notably,
ceftriaxone remained highly effective
(97.44% susceptibility) in contrast to regions
with widespread ESBL prevalence (Luo et
al., 2023). This variation underscores the
geographical diversity of the resistance
patterns and highlights the potential local
utility of ceftriaxone (Bhalodi et al., 2020;
Sharma, 2013).

Pseudomonas isolates demonstrated
complete resistance to gemifloxacin and
moxifloxacin, which is consistent with their
intrinsic resistance mechanisms (Elfadadny
et al., 2024; Pang et al., 2018). Nonetheless,
they remain  highly  susceptible to
aminoglycosides and carbapenems, in line
with global treatment patterns (Karruli et al.,
2023; Oliver et al., 2023).

MDR  prevalence @ was  highest in
Pseudomonas (85.7%), followed by E. coli
(66.7%), and Klebsiella (60.7%). These rates
are comparable to those of previous
surveillance data (Hidalgo et al.,, 2025;
Pereira et al., 2014; Shilpakar et al., 2021).
The relatively lower MDR of Klebsiella
compared to E. coli contrasts with some
reports, possibly due to differences in
stewardship, infection control, and selective
pressures (Shah et al.,, 2025; Viale et al.,
2015). Gender-based analysis revealed a
slightly higher proportional MDR in male
isolates, although absolute MDR numbers
were greater in females due to higher sample
representation. Similar patterns have been
noted in prior studies, where recurrent
infections and anatomical factors in females
have been suggested as contributors (Khanal
et al., 2024; Mares et al., 2024; Prastiyanto et
al., 2024).

Overall, the combined resistance profile
revealed  declining  effectiveness  of
commonly prescribed fluoroquinolones and
beta-lactams, particularly ceftriaxone in

Klebsiella and fluoroquinolones across all
isolates (Hurezeanu et al.,, 2013; Kot &
Witeska, 2024; Rahimzadeh et al., 2024). In
contrast, aminoglycosides, carbapenems, and
fluoroquinolones (levofloxacin, norfloxacin,
and sparfloxacin) remained effective. While
these results support their clinical use,
overreliance on last-resort drugs risks
accelerating future drug resistance (Al-
Rawazq et al., 2019; Petca et al., 2020;
Peters et al., 2020).

In conclusion, the predominance of
Klebsiella over E. coli and high MDR rates
highlight a shift in UTI epidemiology in this
setting (Mouanga-Ndzime et al.,, 2024).
These findings emphasize the need for
continuous surveillance, rational antibiotic

use, and locally tailored antimicrobial
guidelines.
CONCLUSION

The present study demonstrates important
shifts in the etiological profile and resistance
patterns of uropathogens in our setting.
Unlike global trends where Escherichia coli
is consistently the leading cause of urinary
tract infections, Klebsiella spp. emerged as
the most prevalent isolate. This observation
suggests that local epidemiological factors,
hospital practices, and antibiotic usage
patterns may be reshaping pathogen
distribution in clinically significant ways.

Antibiotic susceptibility testing revealed
worrying levels of resistance, particularly
against fluoroquinolones and beta-lactams,
which remain among the most frequently
prescribed drugs for UTIs. The high rates of
resistance to ceftriaxone in Klebsiella and to
gemifloxacin in both E. coli and
Pseudomonas are especially concerning, as
they compromise first-line therapeutic
options. On the other hand, the preserved
activity of aminoglycosides and
carbapenems provides reassurance, but
reliance on these last-resort drugs carries the
inherent risk of further accelerating
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resistance if their use is not judiciously
managed.

The multidrug resistance (MDR) patterns
observed reinforce this concern, with the
highest rates detected in Pseudomonas,
followed by E. coli and Klebsiella. Although
the proportional burden of MDR was
somewhat higher in male patients, the overall
number of resistant isolates was greater in
females, reflecting the higher incidence of
UTIs in women. This gender-based trend is
consistent with the biological and behavioral
predispositions that increase susceptibility in
female patients.

Collectively, these findings emphasize the
urgent need for region-specific antimicrobial
stewardship strategies and continuous
monitoring of local resistance trends.
Tailored empirical therapy guidelines,
supported by routine laboratory surveillance,
are essential to ensure that effective
treatment  options  remain  available.
Furthermore, the observed shift in pathogen
dominance highlights the importance of not
relying solely on global trends but rather
aligning treatment decisions with local
epidemiological realities.

ACKNOWLEDGEMENT

We owe our sincere gratitude to all those
who have supported and guide me during the
preparation of this manuscript.

REFERENCES

1. Ahmed, S. S., Babikir, 1. H.,
Alsalloom, A. A., Shariqg, A., &
Alhomoud, B. N. (2019).
Uropathogens and their antimicrobial
resistance patterns: Relationship with
urinary tract infections. International
Journal of Health Sciences, 13(2),
48-55.

2. Al-Rawazq, H. S., Hussein, A. A., &
Mohammed, A. K. (2019). Antibiotic
Resistance of Isolated Gram Negative
Bacilli from Different Clinical

Sample in a Central Teaching
Hospital of Pediatric in

Baghdad. Journal of Pure and
Applied Microbiology, 13(1),

349. https://doi.org/10.22207/jpam.13
.1.38

. Ambrose, P. G., Jones, R.N., &

Bhavnani, S. M. (2003).
Pharmacokinetics-
pharmacodynamics of cefepime and
piperacillin-tazobactam against
Escherichia coli and Klebsiella
pneumoniae strains producing
extended-spectrum beta-lactamases:
report from the ARREST program.
Antimicrobial Agents and
Chemotherapy, 47(5), 1643—1646.
https://doi.org/10.1128/aac.47.5.1643
-1646.2003

. Amin, E. T., Njumkeng, C., Kika, B.,

Fualefac, A., & Njukeng, P. (2018).
Pattern of Antimicrobial Resistance
among Bacterial Isolates from
Urogenital Clinical Specimens: A
Descriptive Study from the Buea
Health District, Cameroon. Drugs -
Real World Outcomes, 5(2),

101. https://doi.org/10.1007/s40801-
018-0132-2

. Bhalodi, A. A., Magnano, P., &

Humphries, R. M. (2020).
Performance of ceftriaxone
susceptibility testing on the
Accelerate Pheno® system of ESBL-
producing isolates. Diagnostic
Microbiology and Infectious

Disease, 98(4),

115171. https://doi.org/10.1016/j.diag
microbio.2020.115171

. Bopp, H., Brennan, K., Ellner, P. D.,

Fisher, T., & Hosmer, M. (1988).
Urine Collection and Transport for
Culture and Screening

Tests. Laboratory Medicine, 19(8),

National Press Associates. (2025). ANTIBIOTIC RESISTANCE PROFILES OF UROPATHOGENS WITH
GENDER DISTRIBUTION AND REGIONAL ASSOCIATIONS IN CLINICAL ISOLATES.
Research & Reviews in Biotechnology & Biosciences, 12(2), 105-122.

https://doi.org/10.5281/zenodo.17892415

112


https://doi.org/10.22207/jpam.13.1.38
https://doi.org/10.22207/jpam.13.1.38
https://doi.org/10.1007/s40801-018-0132-2
https://doi.org/10.1007/s40801-018-0132-2
https://doi.org/10.1016/j.diagmicrobio.2020.115171
https://doi.org/10.1016/j.diagmicrobio.2020.115171

Research & Reviews in Biotechnology & Biosciences

Website: www.biotechjournal.in
Volume: 12, Issue: 2, Year: 2025
DOI: https://doi.org/10.5281/zenodo.17892415

ISSN: 2321-8681

Research Paper

PP: 105-122

Peer Reviewed Refereed Journal

10.

11.

490. https://doi.org/10.1093/labmed/1
9.8.490

Cakir, N., Siier, K., SB, O., Guler, E.,
& Etikan, . (2018). Phenotypic
Characterization of Non-Beta Lactam
Multidrug Resistance in Extended-
Spectrum Beta-Lactamase Producer
and Non-Producer
Enterobacteriaceae. Journal of
Infectious Diseases and

Treatment, 4(1). https://doi.org/10.21
767/2472-1093.100039

Chaisaeng, S., Phetburom, N.,
Kasemsiri, P., Putthanachote, N.,
Wangnadee, N., Boueroy, P., Kerdsin,
A., & Chopjitt, P. (2024). Phenotypic
and Genotypic Profiles of Extended-
Spectrum Beta-Lactamase-Producing
Multidrug-Resistant Klebsiella
pneumoniae in Northeastern
Thailand. Antibiotics (Basel,
Switzerland), 13(10), 917.
https://doi.org/10.3390/antibiotics131
00917

Chung, P. Y. (2016). The emerging
problems of Klebsiella pneumoniae
infections: carbapenem resistance and
biofilm formation. FEMS
Microbiology Letters, 363(20),
fhw219.
https://doi.org/10.1093/femsle/fnw21
9

Codelia-Anjum, A., Lerner, L. B.,
Elterman, D., Zorn, K. C., Bhojani,
N., & Chughtai, B. (2023).
Enterococcal Urinary Tract
Infections: A Review of the
Pathogenicity, Epidemiology, and
Treatment. Antibiotics, 12(4), 778.
https://doi.org/10.3390/antibiotics 120
40778

Constantinides, B., Crook, D. W.,
Lipworth, S., Quan, T. P., Walker, A.
S., Stoesser, N., Peto, T. E. A.,
Gweon, H. S., Peniket, A., Holdaway,

12.

13.

14.

15.

M., Gibbons, C., Pike, G., Rodger,
G., Millo, J., Chau, K. K., Jeffery, K.,
Byukusenge, M., Mathers, A. J., &
Andersson, M. 1. (2020). Genomic
surveillance of Escherichia coli and
Klebsiella spp. in hospital sink drains
and patients. Microbial Genomics,
6(7).
https://doi.org/10.1099/mgen.0.00039
1

Czajkowski, K., Bros-Konopielko,
M., & Teliga-Czajkowska, J. (2021).
Urinary tract infection in women.
Przeglad Menopauzalny =
Menopause Review, 20(1), 40-47.
https://doi.org/10.5114/pm.2021.1053
82

Eghbalpoor, F., Bouzari, S., Azizi, O.,
Asadi Karam, M. R., & Habibi, M.
(2019). Antibiotic resistance,
virulence and genetic diversity of
Klebsiella pneumoniae in
community- and hospital-acquired
urinary tract infections in Iran. Acta
Microbiologica et Immunologica
Hungarica, 66(3), 349-366.
https://doi.org/10.1556/030.66.2019.0
06

Ehsan, H. (2025). Antibiotic
Resistance in Developing Countries:
Emerging Threats and Policy
Responses. Public Health
Challenges, 4(1).
https://doi.org/10.1002/puh2.70034

Elfadadny, A., Ragab, R. F., Alharbi,
M., Badshah, F., Ibafiez-Arancibia,
E., Farag, A., Hendawy, A. O., Rios-
Escalante, P. D. los, Aboubakr, M.,
Zakai, S. A., & Nageeb, W. M.
(2024). Antimicrobial resistance of
Pseudomonas aeruginosa: navigating
clinical impacts, current resistance
trends, and innovations in breaking
therapies. Frontiers in

National Press Associates. (2025). ANTIBIOTIC RESISTANCE PROFILES OF UROPATHOGENS WITH
GENDER DISTRIBUTION AND REGIONAL ASSOCIATIONS IN CLINICAL ISOLATES.

Research & Reviews in Biotechnology & Biosciences, 12(2), 105-122.
https://doi.org/10.5281/zenodo.17892415

113


https://doi.org/10.1093/labmed/19.8.490
https://doi.org/10.1093/labmed/19.8.490
https://doi.org/10.21767/2472-1093.100039
https://doi.org/10.21767/2472-1093.100039

Research & Reviews in Biotechnology & Biosciences

Website: www.biotechjournal.in
Volume: 12, Issue: 2, Year: 2025
DOI: https://doi.org/10.5281/zenodo.17892415

ISSN: 2321-8681

Research Paper

PP: 105-122

Peer Reviewed Refereed Journal

16.

17.

18.

19.

20.

Microbiology, 15. https://doi.org/10.3
389/fmicb.2024.1374466

Fridkin, S. K., Edwards, J. R.,
Mcgowan, Jr, J. E., Tenover, F. C., &
Gaynes, R. P. (2001). Antimicrobial
resistance prevalence rates in hospital
antibiograms reflect prevalence rates
among pathogens associated with
hospital-acquired infections. Clinical
Infectious Diseases, 33(3), 324-330.
https://doi.org/10.1086/321893

Gandra, S., Tseng, K. K., Arora, A.,
Bhowmik, B., Robinson, M. L.,
Panigrahi, B., Laxminarayan, R., &
Klein, E. Y. (2018). The Mortality
Burden of Multidrug-resistant
Pathogens in India: A Retrospective,
Observational Study. Clinical
Infectious Diseases: An Official
Publication of the Infectious Diseases
Society of America, 69(4), 563-570.
https://doi.org/10.1093/cid/ciy955

Gupta, K., Mayfield, D., Stamm, W.
E., & Sahm, D. F. (2001).
Antimicrobial resistance among
uropathogens that cause community-
acquired urinary tract infections in
women: a nationwide analysis.
Clinical Infectious Diseases, 33(1),
89-94.
https://doi.org/10.1086/320880

Herreros, M. L., Tagarro, A., Garcia-
Pose, A., Sanchez, A., Caiiete, A., &
Gili, P. (2015). Accuracy of a new
clean-catch technique for diagnosis
of urinary tract infection in infants
younger than 90 days of

age. Paediatrics & Child

Health. https://doi.org/10.1093/pch/2
0.6.e30

Hidalgo, E., Alvaredo-Carrillo, T.,
Gil-Belda, J.-M., Portela-Pino, C.,
Bares-Moreno, C., Jareno-Moreno,
S., Fuente, P. de la, Platero, L., &
Pérez-Tanoira, R. (2025). High

21.

22.

23.

24.

Prevalence of Multidrug-Resistant
Bacterial Colonization Among
Patients and Healthcare Workers in a
Rural Ethiopian

Hospital. Antibiotics, 14(7),

717. https://doi.org/10.3390/antibiotic
s14070717

Hirayama, J., Aoki, K., Komori, K.,
Sugawara, Y., Arai, C., Ishii, Y.,
Sugai, M., & Tateda, K. (2024).
Selection and Evaluation of Suitable
Quality Control Strains for
Meropenem Antimicrobial
Susceptibility Testing through
Preliminary External Quality
Assessment. Journal of Infection and
Chemotherapy. https://doi.org/10.101
6/j.jiac.2024.11.003

Hurezeanu, D., Dragonu, L.,
Canciovici, C., Ristea, D., Ene, D.,
Cotulbea, M., Peter, M., Dumitrascu,
F., & Bélan, M. (2013). Comparative
study of resistance to antibiotics of
strains of Klebsiella isolated in
urinary and respiratory

infections. BMC Infectious

Diseases, 13. https://doi.org/10.1186/
1471-2334-13-s1-p39

Kalin, G., Chouaikhi, A., Roger, C.,
& Alp, E. (2023). Antimicrobial
Multidrug Resistance: Clinical
Implications for Infection
Management in Critically Ill Patients.
Microorganisms, 11(10), 2575.
https://doi.org/10.3390/microorganis
ms11102575

Karruli, A., Catalini, C., D’Amore,
C., Foglia, F., Mari, F., Harxhi, A.,
Galdiero, M., & Durante-Mangoni, E.
(2023). Evidence-Based Treatment of
Pseudomonas aeruginosa Infections:
A Critical

Reappraisal. Antibiotics, 12(2),

399. https://doi.org/10.3390/antibiotic
s12020399

National Press Associates. (2025). ANTIBIOTIC RESISTANCE PROFILES OF UROPATHOGENS WITH
GENDER DISTRIBUTION AND REGIONAL ASSOCIATIONS IN CLINICAL ISOLATES.

Research & Reviews in Biotechnology & Biosciences, 12(2), 105-122.
https://doi.org/10.5281/zenodo.17892415

114


https://doi.org/10.3389/fmicb.2024.1374466
https://doi.org/10.3389/fmicb.2024.1374466
https://doi.org/10.1093/pch/20.6.e30
https://doi.org/10.1093/pch/20.6.e30
https://doi.org/10.3390/antibiotics14070717
https://doi.org/10.3390/antibiotics14070717
https://doi.org/10.1016/j.jiac.2024.11.003
https://doi.org/10.1016/j.jiac.2024.11.003
https://doi.org/10.1186/1471-2334-13-s1-p39
https://doi.org/10.1186/1471-2334-13-s1-p39
https://doi.org/10.3390/antibiotics12020399
https://doi.org/10.3390/antibiotics12020399

Research & Reviews in Biotechnology & Biosciences

Website: www.biotechjournal.in
Volume: 12, Issue: 2, Year: 2025
DOI: https://doi.org/10.5281/zenodo.17892415

ISSN: 2321-8681

Research Paper

PP: 105-122

Peer Reviewed Refereed Journal

25.

26.

27.

28.

29.

Kassim, A., Omuse, G., Premji, Z., &
Revathi, G. (2016). Comparison of
Clinical Laboratory Standards
Institute and European Committee on
Antimicrobial Susceptibility Testing
guidelines for the interpretation of
antibiotic susceptibility at a
University teaching hospital in
Nairobi, Kenya: a cross-sectional
study. Annals of Clinical
Microbiology and

Antimicrobials, 15(1). https://doi.org/
10.1186/s12941-016-0135-3

Kawalec, A., Jozefiak, J., & Kilis-
Pstrusinska, K. (2023). Urinary Tract
Infection and Antimicrobial
Resistance Patterns: 5-Year
Experience in a Tertiary Pediatric
Nephrology Center in the
Southwestern Region of Poland.
Antibiotics, 12(9), 1454.
https://doi.org/10.3390/antibiotics 120
91454

Khanal, N., Cortie, C. H., Story, C.,
Jones, S., Mansfield, K. J., Miyakis,
S., & Keighley, C. (2024). Multidrug
resistance in urinary E. coli higher in
males compared to females. BMC
Urology, 24(1). https://doi.org/10.118
6/512894-024-01654-x

Khoshnood, S., Heidary, M.,
Mirnejad, R., Bahramian, A., Sedighi,
M., & Mirzaei, H. (2017). Drug-
resistant gram-negative
uropathogens: A review [Review

of Drug-resistant gram-negative
uropathogens: A

review]. Biomedicine &
Pharmacotherapy, 94, 982. Elsevier
BV. https://doi.org/10.1016/j.biopha.2
017.08.006

Koksal, E., Tulek, N., Sonmezer, M.
C., Temocin, F., Bulut, C., Hatipoglu,
C., Erdinc, F. S., & Ertem, G. (2018).
Investigation of risk factors for

30.

31.

32.

33.

community-acquired urinary tract
infections caused by extended-
spectrum beta-lactamase Escherichia
coli and Klebsiella species.
Investigative and Clinical Urology,
60(1), 46.
https://doi.org/10.4111/icu.2019.60.1.
46

Kot, B., & Witeska, M. (2024).
Review: Review of antimicrobial
resistance of Klebsiella pneumoniae
isolated from poultry, cattle and
pigs. Animal, 18(11),

101345. https://doi.org/10.1016/j.ani
mal.2024.101345

Lewnard, J. A., Lo, N. C.,
Arinaminpathy, N., Frost, ., &
Laxminarayan, R. (2020). Childhood
vaccines and antibiotic use in low-
and middle-income countries. Nature,
581(7806), 94-99.
https://doi.org/10.1038/s41586-020-
2238-4

Li, X., Chen, Y., Wen, Z., Ye, H.,
Wei, J., Shen, Z., & Gao, W. (2017).
A 6-year study of complicated
urinary tract infections in southern
China: prevalence, antibiotic
resistance, clinical and economic
outcomes. Therapeutics and Clinical
Risk Management, 13(1), 1479-1487.
https://doi.org/10.2147/tcrm.s143358

Luo, H., Xu, L., & Chen, Y. (2023).
Drug resistance and susceptibility of
amikacin in children with extended-
spectrum beta-lactamase-producing
Enterobacterales: a systematic review
with meta-analysis. Diagnostic
Microbiology and Infectious

Disease, 106(4),

115956. https://doi.org/10.1016/j.diag
microbio.2023.115956

. Mares, C., Petca, R., Popescu, R.-L.,

Petca, A., Multescu, R., Bulai, C.,
Ene, C., Geavlete, P., Geavlete, B., &

National Press Associates. (2025). ANTIBIOTIC RESISTANCE PROFILES OF UROPATHOGENS WITH
GENDER DISTRIBUTION AND REGIONAL ASSOCIATIONS IN CLINICAL ISOLATES.

Research & Reviews in Biotechnology & Biosciences, 12(2), 105-122.
https://doi.org/10.5281/zenodo.17892415

115


https://doi.org/10.1186/s12941-016-0135-3
https://doi.org/10.1186/s12941-016-0135-3
https://doi.org/10.1186/s12894-024-01654-x
https://doi.org/10.1186/s12894-024-01654-x
https://doi.org/10.1016/j.biopha.2017.08.006
https://doi.org/10.1016/j.biopha.2017.08.006
https://doi.org/10.1016/j.animal.2024.101345
https://doi.org/10.1016/j.animal.2024.101345
https://doi.org/10.1016/j.diagmicrobio.2023.115956
https://doi.org/10.1016/j.diagmicrobio.2023.115956

Research & Reviews in Biotechnology & Biosciences

Website: www.biotechjournal.in
Volume: 12, Issue: 2, Year: 2025
DOI: https://doi.org/10.5281/zenodo.17892415

ISSN: 2321-8681

Research Paper

PP: 105-122

Peer Reviewed Refereed Journal

35.

36.

37.

38.

39.

Jinga, V. (2024). Update on Urinary
Tract Infection Antibiotic
Resistance—A Retrospective Study
in Females in Conjunction with
Clinical Data. Life, 14(1),

106. https://doi.org/10.3390/1ife1401
0106

Mazzariol, A., Bazaj, A., &
Cornaglia, G. (2017). Multi-drug-
resistant Gram-negative bacteria
causing urinary tract infections: a
review. Journal of Chemotherapy,
29(supl), 2-9.
https://doi.org/10.1080/1120009x.201
7.1380395

Mcarthur, A. G., & Tsang, K. K.
(2016). Antimicrobial resistance
surveillance in the genomic age.
Annals of the New York Academy of
Sciences, 1388(1), 78-91.
https://doi.org/10.1111/nyas.13289

Medina, M., & Castillo-Pino, E.
(2019). An introduction to the
epidemiology and burden of urinary
tractinfections. Therapeutic Advances
in Urology, 11, 175628721983217.
https://doi.org/10.1177/17562872198
32172

Medina-Polo, J., Naber, K. G., &
Johansen, T. E. B. (2021).
Healthcare-associated urinary tract
infections in urology. [Review

of Healthcare-associated urinary
tract infections in urology.]. DOAJ
(DOAJ: Directory of Open Access
Journals), 9. https://doi.org/10.3205/1
d000074

Mohamed, E. H., Alghamdi, Y. S.,
Abdel-Hafez, S. M., Soliman, M. M.,
Alotaibi, S. H., Hassan, M. Y., Hany,
N. A.-D., & Amer, H. H. (2020).
Susceptibility Assessment of
Multidrug Resistant Bacteria to
Natural Products. Dose-

40.

41.

42.

43.

44,

Response, 18(3). https://doi.org/10.11
77/1559325820936189

Mouanga-Ndzime, Y., Bisseyé¢, C.,
Longo-Pendy, N. M., Bignoumba,
M., Dikoumba, A.-C., & Onanga, R.
(2024). Trends in Escherichia coli
and Klebsiella pneumoniae Urinary
Tract Infections and Antibiotic
Resistance over a 5-Year Period in
Southeastern

Gabon. Antibiotics, 14(1),

14. https://doi.org/10.3390/antibiotics
14010014

Nelius, T., Filleur, S., & Jonathan, S.
(2011). Asymptomatic Bacteriuria:
Significance for Different Patient
Population. In InTech

eBooks. https://doi.org/10.5772/2373
4

Niu, X., Yang, L., Yu, Q., Mao, M.,
Shen, W., Wang, W., & Hou, B.
(2023). Patterns of Drug Resistance
and Bacterial Pathogen Distribution
in Patients with Urinary Tract
Infections in the Jiaxing Region from
2020 to 2022. Infection and Drug
Resistance, 16(4), 5911-5921.
https://doi.org/10.2147/idr.s424158

Ntirenganya, C., Manzi, O.,
Muvunyi, C. M., & Ogbuagu, O.
(2015). High Prevalence of
Antimicrobial Resistance Among
Common Bacterial Isolates in a
Tertiary Healthcare Facility in
Rwanda. American Journal of
Tropical Medicine and

Hygiene, 92(4),

865. https://doi.org/10.4269/ajtmh.14
-0607

Ntirenganya, C., Manzi, O.,
Muvunyi, C. M., & Ogbuagu, O.
(2015). High Prevalence of
Antimicrobial Resistance Among
Common Bacterial Isolates in a
Tertiary Healthcare Facility in

National Press Associates. (2025). ANTIBIOTIC RESISTANCE PROFILES OF UROPATHOGENS WITH
GENDER DISTRIBUTION AND REGIONAL ASSOCIATIONS IN CLINICAL ISOLATES.

Research & Reviews in Biotechnology & Biosciences, 12(2), 105-122.
https://doi.org/10.5281/zenodo.17892415

116


https://doi.org/10.3390/life14010106
https://doi.org/10.3390/life14010106
https://doi.org/10.3205/id000074
https://doi.org/10.3205/id000074
https://doi.org/10.1177/1559325820936189
https://doi.org/10.1177/1559325820936189
https://doi.org/10.3390/antibiotics14010014
https://doi.org/10.3390/antibiotics14010014
https://doi.org/10.5772/23734
https://doi.org/10.5772/23734
https://doi.org/10.4269/ajtmh.14-0607
https://doi.org/10.4269/ajtmh.14-0607

Research & Reviews in Biotechnology & Biosciences

Website: www.biotechjournal.in
Volume: 12, Issue: 2, Year: 2025
DOI: https://doi.org/10.5281/zenodo.17892415

ISSN: 2321-8681

Research Paper

PP: 105-122

Peer Reviewed Refereed Journal

45.

46.

471.

48.

Rwanda. American Journal of
Tropical Medicine and

Hygiene, 92(4),

865. https://doi.org/10.4269/ajtmh.14
-0607

Oliver, A., Rojo-Molinero, E., Arca-
Suarez, J., Besli, Y., Bogaerts, P.,
Canton, R., Cimen, C., Croughs, P.,
Denis, O., Giske, C. G., Graells, T.,
Huang, T., lorga, B. L., Karatuna, O.,
Kocsis, B., Kronenberg, A., Lopez-
Causapé, C., Malhotra-Kumar, S.,
Martinez-Martinez, L., ... Jeannot, K.
(2023). Pseudomonas aeruginosa
antimicrobial susceptibility profiles,
resistance mechanisms and
international clonal lineages: update
from ESGARS-ESCMID/ISARPAE
Group. Clinical Microbiology and
Infection, 30(4),

4609. https://doi.org/10.1016/j.cmi.202
3.12.026

Paczosa, M. K., & Mecsas, J. (2016).
Klebsiella pneumoniae: Going on the
Offense with a Strong

Defense. Microbiology and
Molecular Biology Reviews, 80(3),
629. https://doi.org/10.1128/mmbr.00
078-15

Pakyz, A. L. (2007). The Utility of
Hospital Antibiograms as Tools for
Guiding Empiric Therapy and
Tracking Resistance: Insights from
the Society of Infectious Diseases
Pharmacists. Pharmacotherapy: The
Journal of Human Pharmacology
and Drug Therapy, 27(9), 1306—
1312.
https://doi.org/10.1592/phco.27.9.130
6

Pakzad, 1., Mortazavi-Tabatabaei, S.
R., Ghaderkhani, J., Nazari, A.,
Sayehmiri, K., & Sayehmiri, F.
(2019). Pattern of antibacterial
resistance in urinary tract infections:

49.

50.

ol.

52.

53.

A systematic review and meta-
analysis [Review of Pattern of
antibacterial resistance in urinary
tract infections: A systematic review
and meta-analysis]. International
Journal of Preventive

Medicine, 10(1), 169.

Medknow. https://doi.org/10.4103/ijp
vm.ijpvm_419 17

Pang, Z., Raudonis, R., Glick, B. R.,
Lin, T.-J., & Cheng, Z. (2018).
Antibiotic resistance in Pseudomonas
aeruginosa: mechanisms and
alternative therapeutic

strategies. Biotechnology

Advances, 37(1),

177. https://doi.org/10.1016/j.biotech
adv.2018.11.013

Pence, M. A., & Liesman, R. (2020).
Clinical microbiology. Contemporary
Practice in Clinical Chemistry,

985. https://doi.org/10.1016/b978-0-
12-815499-1.00055-7

Pereira, S. G., Marques, M., Pereira,
J., & Cardoso, O. (2014). Multidrug
and Extensive Drug Resistance in
Pseudomonas aeruginosa Clinical
Isolates from a Portuguese Central
Hospital: 10-Year Survey. Microbial
Drug Resistance, 21(2),

194. https://doi.org/10.1089/mdr.201
4.0137

Petca, R., Mares, C., Petca, A.,
Negoitd, S., Popescu, R.-I., Bot, M.,
Barabas, E., & Chibelean, C. (2020).
Spectrum and Antibiotic Resistance
of Uropathogens in Romanian
Females. Antibiotics, 9(8),

472. https://doi.org/10.3390/antibiotic
$9080472

Peters, D. M., Winter, J., Droege, C.,
Ernst, N., & Liao, S. (2020).
Comparison of Ceftriaxone and
Antipseudomonal B-Lactam
Antibiotics Utilized for Potential

National Press Associates. (2025). ANTIBIOTIC RESISTANCE PROFILES OF UROPATHOGENS WITH
GENDER DISTRIBUTION AND REGIONAL ASSOCIATIONS IN CLINICAL ISOLATES.

Research & Reviews in Biotechnology & Biosciences, 12(2), 105-122.
https://doi.org/10.5281/zenodo.17892415

117


https://doi.org/10.4269/ajtmh.14-0607
https://doi.org/10.4269/ajtmh.14-0607
https://doi.org/10.1016/j.cmi.2023.12.026
https://doi.org/10.1016/j.cmi.2023.12.026
https://doi.org/10.1128/mmbr.00078-15
https://doi.org/10.1128/mmbr.00078-15
https://doi.org/10.4103/ijpvm.ijpvm_419_17
https://doi.org/10.4103/ijpvm.ijpvm_419_17
https://doi.org/10.1016/j.biotechadv.2018.11.013
https://doi.org/10.1016/j.biotechadv.2018.11.013
https://doi.org/10.1016/b978-0-12-815499-1.00055-7
https://doi.org/10.1016/b978-0-12-815499-1.00055-7
https://doi.org/10.1089/mdr.2014.0137
https://doi.org/10.1089/mdr.2014.0137
https://doi.org/10.3390/antibiotics9080472
https://doi.org/10.3390/antibiotics9080472

Research & Reviews in Biotechnology & Biosciences

Website: www.biotechjournal.in
Volume: 12, Issue: 2, Year: 2025
DOI: https://doi.org/10.5281/zenodo.17892415

ISSN: 2321-8681

Research Paper

PP: 105-122

Peer Reviewed Refereed Journal

54,

55.

56.

S7.

AmpC B-Lactamase-Producing
Organisms. Hospital

Pharmacy, 56(5),

560. https://doi.org/10.1177/0018578
720931463

Prastiyanto, M. E., Iswara, A.,
Khairunnisa, A., Sofyantoro, F.,
Siregar, A. R. M., Mafiroh, W. U.,
Setiawan, J., Nadifah, F., Wibowo, A.
T., & Putri, W. A. (2024). Prevalence
and antimicrobial resistance profiles
of multidrug-resistant bacterial
isolates from urinary tract infections
in Indonesian patients: A cross-
sectional study. Clinical Infection in
Practice, 22,

100359. https://doi.org/10.1016/j.clin
pr.2024.100359

Rahimzadeh, G., Rezai, S., Abbasi,
G., Soleimanpour, S., Valadan, R.,
Vahedi, L., Sheidaei, S., Movahedi, F.
S., Rezai, R., & Rezai, M. S. (2024).
High prevalence of antimicrobial
resistance genes in multidrug-
resistant-ESBLs-producing Klebsiella
pneumoniae post-COVID-19
pandemic. Iranian Journal of
Microbiology. https://doi.org/10.1850
2/ijm.v1616.17247

Rodriguez-Maias, L. (2020). Urinary
tract infections in the elderly: a
review of disease characteristics and
current treatment options. Drugs in
Context, 9(1), 1-8.
https://doi.org/10.7573/dic.2020-4-13

Ruiz-Lievano, A. P., Cervantes-
Flores, F., Nava-Torres, A., Carbajal-
Morales, P. J., Villasenor-Garcia, L.
F., & Zavala-Cerna, M. G. (2024).
Fluoroquinolone Resistance in
Escherichia coli Causing
Community-Acquired Urinary Tract
Infections: A Systematic

Review. Microorganisms, 12(11),

58.

59.

60.

61.

62.

2320. https://doi.org/10.3390/microor
ganisms12112320

Sanders, C. C., Thomson, K. S.,
Iaconis, J. P., & Sanders, W. E.
(1989). Meropenem: activity against
resistant gram-negative bacteria and
interactions with beta-lactamases.
Journal of Antimicrobial
Chemotherapy, Suppl 24 a(suppl A),
187-196.
https://doi.org/10.1093/jac/24.suppl
a.187

Santella, B., Fortino, L., Boccia, G.,
Franci, G., Vozzella, E. A., Galdiero,
M., Capunzo, M., Schiavo, L.,
Iervolino, D., Boccella, M., Serio, B.,
Folliero, V., & Pagliano, P. (2024).
Antimicrobial Susceptibility Profiles
of Klebsiella pneumoniae Strains
Collected from Clinical Samples in a
Hospital in Southern Italy. Canadian
Journal of Infectious Diseases and
Medical Microbiology, 2024, 1-8.
https://doi.org/10.1155/2024/5548434

Shah, A. A., Alwashmi, A. S. S.,
Abalkhail, A., & Alkahtani, A. M.
(2025). Emerging Challenges in
Klebsiella pneumoniae:
Antimicrobial Resistance and Novel
Approach. Microbial Pathogenesis,
107399. https://doi.org/10.1016/j.mic
path.2025.107399

Sharma, M. (2013). Prevalence and
antibiogram of Extended Spectrum -
Lactamase (ESBL) producing Gram
negative bacilli and further molecular
characterization of ESBL producing
Escherichia coli and Klebsiella

spp. JOURNAL OF CLINICAL AND
DIAGNOSTIC

RESEARCH. https://doi.org/10.7860/j
cdr/2013/6460.3462

Shilpakar, A., Ansari, M., Raj, K.,
Rai, G., & Kumar, S. (2021).
Prevalence of multidrug-resistant and

National Press Associates. (2025). ANTIBIOTIC RESISTANCE PROFILES OF UROPATHOGENS WITH
GENDER DISTRIBUTION AND REGIONAL ASSOCIATIONS IN CLINICAL ISOLATES.

Research & Reviews in Biotechnology & Biosciences, 12(2), 105-122.
https://doi.org/10.5281/zenodo.17892415

118


https://doi.org/10.1177/0018578720931463
https://doi.org/10.1177/0018578720931463
https://doi.org/10.1016/j.clinpr.2024.100359
https://doi.org/10.1016/j.clinpr.2024.100359
https://doi.org/10.18502/ijm.v16i6.17247
https://doi.org/10.18502/ijm.v16i6.17247
https://doi.org/10.3390/microorganisms12112320
https://doi.org/10.3390/microorganisms12112320
https://doi.org/10.1016/j.micpath.2025.107399
https://doi.org/10.1016/j.micpath.2025.107399
https://doi.org/10.7860/jcdr/2013/6460.3462
https://doi.org/10.7860/jcdr/2013/6460.3462

Research & Reviews in Biotechnology & Biosciences
Website: www.biotechjournal.in

Volume: 12, Issue: 2, Year: 2025

DOI: https://doi.org/10.5281/zenodo.17892415

ISSN: 2321-8681

Research Paper

PP: 105-122

Peer Reviewed Refereed Journal

extended-spectrum beta-lactamase
producing Gram-negative isolates
from clinical samples in a tertiary
care hospital of Nepal. Tropical
Medicine and

Health, 49(1). https://doi.org/10.1186
/s41182-021-00313-3

63. Singh, A. K., Das, S., Singh, S.,
Gajamer, V. R., Pradhan, N., Lepcha,
Y. D., & Tiwari, H. K. (2018).
Prevalence of antibiotic resistance in
commensal Escherichia coli among
the children in rural hill communities
of Northeast India. PLoS ONE, 13(6),
e0199179.
https://doi.org/10.1371/journal.pone.0
199179

64. Sousa, A. M., Machado, 1., Nicolau,
A., & Pereira, M. O. (2013).
Improvements on colony morphology
identification towards bacterial
profiling. Journal of Microbiological
Methods, 95(3),

327. https://doi.org/10.1016/j.mimet.
2013.09.020

65. Subedi, N., & Pudasaini, S. (2017).
Bacteriological profile and antibiotic
sensitivity pattern in patients with
Urinary tract infection. Journal of
Pathology of Nepal, 7(1),

1066. https://doi.org/10.3126/jpn.v7i
1.16910

66. Sugianli, A. K., Pasaribu, A. P.,
Gronthoud, F., De Jong, M. D., Van
Leth, F., Geerlings, S., Schultsz, C.,
Parwati, 1., Ginting, F., Kusumawati,
R. L., & Pranggono, E. H. (2017).
Antimicrobial resistance in
uropathogens and appropriateness of
empirical treatment: a population-
based surveillance study in Indonesia.
Journal of Antimicrobial
Chemotherapy, 72(5), dkw578.
https://doi.org/10.1093/jac/dkw578

67.

68.

69.

70.

71.

Sulis, G., Sayood, S., & Gandra, S.
(2021). Antimicrobial resistance in
low- and middle-income countries:
current status and future directions.
Expert Review of Anti-Infective
Therapy, 20(2), 147-160.
https://doi.org/10.1080/14787210.202
1.1951705

Sweeney, M. T., Lubbers, B. V.,
Schwarz, S., & Watts, J. L. (2018).
Applying definitions for multidrug
resistance, extensive drug resistance
and pandrug resistance to clinically
significant livestock and companion
animal bacterial pathogens. Journal
of Antimicrobial

Chemotherapy, 73(6),

1460. https://doi.org/10.1093/jac/dky
043

Tan, C., & Chlebicki, M. (2016).
Urinary tract infections in adults.
Singapore Medical Journal, 57(9),
485-490.
https://doi.org/10.11622/smed;.20161
53

Terbtothakun, P., Nwabor, O. F.,
Siriyong, T., Voravuthikunchai, S. P.,
& Chusri, S. (2021). Synergistic
Antibacterial Effects of Meropenem
in Combination with
Aminoglycosides against
Carbapenem-Resistant Escherichia
coli Harboring blaNDM-1 and
blaNDM-5. Antibiotics, 10(8),

1023. https://doi.org/10.3390/antibiot
ics10081023

Tsai, M., Lu, C., Huang, C., Chuang,
Y.-C., Tsai, N., Tsai, H.-H., Chen, S.-
F., Li, C.-S., Chang, H.-W., Chien,
C., & Chang, W. (2006). Bacterial
Meningitis in Young Adults in
Southern Taiwan: Clinical
Characteristics and Therapeutic
Outcomes. Infection, 34(1),

National Press Associates. (2025). ANTIBIOTIC RESISTANCE PROFILES OF UROPATHOGENS WITH
GENDER DISTRIBUTION AND REGIONAL ASSOCIATIONS IN CLINICAL ISOLATES.
Research & Reviews in Biotechnology & Biosciences, 12(2), 105-122.

https://doi.org/10.5281/zenodo.17892415

119


https://doi.org/10.1186/s41182-021-00313-3
https://doi.org/10.1186/s41182-021-00313-3
https://doi.org/10.1016/j.mimet.2013.09.020
https://doi.org/10.1016/j.mimet.2013.09.020
https://doi.org/10.3126/jpn.v7i1.16910
https://doi.org/10.3126/jpn.v7i1.16910
https://doi.org/10.1093/jac/dky043
https://doi.org/10.1093/jac/dky043
https://doi.org/10.3390/antibiotics10081023
https://doi.org/10.3390/antibiotics10081023

Research & Reviews in Biotechnology & Biosciences

Website: www.biotechjournal.in
Volume: 12, Issue: 2, Year: 2025
DOI: https://doi.org/10.5281/zenodo.17892415

ISSN: 2321-8681

Research Paper

PP: 105-122

Peer Reviewed Refereed Journal

72.

73.

74.

2. https://doi.org/10.1007/s15010-
006-4144-6

Viale, P., Giannella, M., Bartoletti,
M., Tedeschi, S., & Lewis, R. E.
(2015). Considerations About
Antimicrobial Stewardship in
Settings with Epidemic Extended-
Spectrum B-Lactamase-Producing or
Carbapenem-Resistant
Enterobacteriaceae. Infectious
Diseases and Therapy, 4,

65. https://doi.org/10.1007/s40121-
015-0081-y

Walker, G. T., Quan, J., Sapiro, V.,
Motyl, M., Saeed, A., Sahm, D.,
Pitzer, K., Lopansri, B. K., Whitfield,
N., Toraskar, N., Higgins, S. G., &
Chang, W. (2019). Predicting
Antibiotic Resistance in Gram-
Negative Bacilli from Resistance
Genes. Antimicrobial Agents and
Chemotherapy, 63(4).
https://doi.org/10.1128/aac.02462-18

Wanja, D. W., Mbuthia, P. G.,
Waruiru, R. M., Bebora, L. C.,
Ngowi, H., & Nyaga, P. N. (2020).
Antibiotic and Disinfectant
Susceptibility Patterns of Bacteria
Isolated from Farmed Fish in

75.

76.

Kirinyaga County,

Kenya. International Journal of
Microbiology, 2020,

1. https://doi.org/10.1155/2020/88973
38

Workneh, A., Gadisa, D. A., &
Orjino, T. A. (2021). Prevalence of
bacterial uropathogens and their
antimicrobial susceptibility patterns
among pregnant women in Eastern
Ethiopia: hospital-based cross-
sectional study. BMC Women s
Health, 21(1). https://doi.org/10.1186
/s12905-021-01439-6

Zavala-Cerna, M. G., Segura-Cobos,
M., Gonzalez, R., Zavala-Trujillo, L.
G., Navarro-Perez, S. F., Rueda-Cruz,
J. A., & Satoscoy-Tovar, F. A. (2020).
The Clinical Significance of High
Antimicrobial Resistance in
Community-Acquired Urinary Tract
Infections. The Canadian Journal of
Infectious Diseases & Medical
Microbiology = Journal Canadien
Des Maladies Infectieuses et de La
Microbiologie Médicale, 2020(12),
1-7.
https://doi.org/10.1155/2020/2967260

Table 1: Antibiotics Tested and Their Classes

Class

Antibiotic (Disc Code, ug)

Fluoroquinolones

Norfloxacin (NX 10), Ciprofloxacin (RC 5), Levofloxacin
(@B 5), Moxifloxacin (ML 10), Sparfloxacin (DC 10),
Gemifloxacin (GA 10)

Cephalosporins

Ceftriaxone (RP 30), Cefuroxime (CB 30), Cefdinir (CDR
5), Cefpodoxime (CE 10)

Monobactam Aztreonam (AC 30)
Aminoglycosides Gentamicin (GM 10), Amikacin (AK 30)
Carbapenems Meropenem (MP 10)

B-lactam/B-lactamase
inhibitor combinations

Cefoperazone + Sulbactam (CM 105), Piperacillin +
Tazobactam (PT 110)
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Table 2: Distribution of Culture-Positive UTI Samples Across Study Locations

Location Total Samples Culture-Positive Positivity Rate
Collected Samples (%)

Haridwar 106 43 40.56

Bahadrabad 46 19 41.3

Roorkee 68 24 35.29

Laksar 30 16 53.33

Total 250 102 40.8

Table 3: Antibiotic Resistance and Sensitivity Patterns of Klebsiella Isolates from
Culture-Positive Urinary Samples

Antibiotic (Abbreviation) Resistant (%) Sensitive (%)
Ciprofloxacin (RC) 50.0 50.0
Moxifloxacin (ML) 67.85 32.15
Gemifloxacin (GA) 87.5 12.5
Norfloxacin (NX) 1.78 98.22
Aztreonam (AC) 1.78 98.22
Ceftriaxone (RP) 98.21 1.79
Cefuroxime (CB) 57.14 42.86
Gentamicin (GM) 0.0 100.0
Amikacin (AK) 0.0 100.0
Cefdinir (CDR) 50.0 50.0
Meropenem (MP) 3.57 96.43
Levofloxacin (QB) 0.0 100.0
Cefpodoxime (CE) 71.42 28.58
Cefoperazone + Sulbactam (CM) 1.78 98.22
Piperacillin + Tazobactam (PT) 87.5 12.5
Sparfloxacin (DC) 5.35 94.65

Table 4. Antibiotic resistance and sensitivity pattern of E. coli isolates

Antibiotic (Abbreviation) Resistant (%) Sensitive (%)
Ciprofloxacin (RC) 53.84 46.16
Moxifloxacin (ML) 64.10 35.90
Gemifloxacin (GA) 89.74 10.26
Norfloxacin (NX) 0.0 100.0
Aztreonam (AC) 84.61 15.39
Ceftriaxone (RP) 2.56 97.44
Cefuroxime (CB) 69.23 30.77
Gentamicin (GM) 0.0 100.0
Amikacin (AK) 0.0 100.0
Cefdinir (CDR) 58.97 41.03
Meropenem (MP) 0.0 100.0
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Levofloxacin (QB) 0.0 100.0
Cefpodoxime (CE) 64.10 35.90
Cefoperazone + Sulbactam (CM) | 0.0 100.0
Piperacillin + Tazobactam (PT) 87.17 12.83
Sparfloxacin (DC) 0.0 100.0

Table 5. Antibiotic resistance and sensitivity pattern of Pseudomonas isolates

Antibiotic (Abbreviation) Resistant (%) | Sensitive (%)
Ciprofloxacin (RC) 42.85 57.15
Moxifloxacin (ML) 100.0 0.0
Gemifloxacin (GA) 100.0 0.0
Norfloxacin (NX) 0.0 100.0
Aztreonam (AC) 28.57 71.43
Ceftriaxone (RP) 0.0 100.0
Cefuroxime (CB) 42.85 57.15
Gentamicin (GM) 0.0 100.0
Amikacin (AK) 0.0 100.0
Cefdinir (CDR) 14.28 85.72
Meropenem (MP) 14.28 85.72
Levofloxacin (QB) 0.0 100.0
Cefpodoxime (CE) 42.85 57.15
Cefoperazone + Sulbactam (CM) 14.28 85.72
Piperacillin + Tazobactam (PT) 71.42 28.58
Sparfloxacin (DC) 0.0 100.0

Table 6: Distribution of Multidrug Resistance (MDR) Among Isolated Uropathogens by

Gender
Pathogen Total MDR MDR | MDR | MDR MDRin | MDR in
Isolates | Isolates | (%) in in Females | Females
(n) Males | Males | (n) (%)
(L)) (%)
Pseudomonas | 7 6 85.7 3 42.9 3 42.9
E. coli 39 26 66.7 8 57.1 18 72
Klebsiella 56 34 60.7 8 66.7 26 59.1
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