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surveillance remain challenging. Local phenotypic and molecular data are important for guiding
empirical treatment and antimicrobial stewardship.

Objective: To characterize antimicrobial resistance patterns among clinical E. coli isolates from
Karachi, Pakistan, and detect selected antimicrobial-resistance genes using polymerase chain
reaction (PCR).

Methods: A laboratory-based observational study was conducted from January to December
2025 using 177 non-duplicate clinical E. coli isolates recovered from urine (n=145), pus (n=21),

Article History and blood (n=11) specimens. Antimicrobial susceptibility was determined using the Kirby-

gg‘cjs“e’g(.i: }é:g;jggg Bauer disk diffusion method and interpreted according to applicable Clinical and Laboratory
' Standards Institute criteria. Resistance patterns were analyzed according to specimen type, age
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Published: 30-08-2026 group, sex, and residential district. Selected isolates were subjected to PCR targeting tet4, sull,
' and sul2, with amplicons of 502, 430, and 190 bp, respectively.
Results: Among 2,210 antimicrobial susceptibility test results, resistance was highest to
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comparatively low to fosfomycin (2.0%), meropenem (4.7%), and nitrofurantoin (6.7%), while
no resistance was detected against amikacin or polymyxin B/colistin. Pus isolates demonstrated
high resistance to ampicillin and ceftazidime (90.5% each), while blood isolates showed
substantial resistance to ampicillin (81.8%). District-level differences were not statistically
significant (x?=0.49, p=0.92). PCR detected tetA, sull, and sul2 resistance determinants.
Conclusion: Clinical E. coli isolates in Karachi demonstrated substantial resistance to commonly
used antibiotics, while selected agents retained comparatively good activity. Continued local
surveillance integrating phenotypic and molecular approaches is warranted to support
DOI: https//doi:10.65761/pjcr.2026.299 antimicrobial stewardship and evidence-based empirical therapy.

Keywords: Antimicrobial Resistance, Escherichia coli, Karachi, Multidrug Resistance, Clinical
Microbiology, Public Health.

INTRODUCTION

Antimicrobial resistance (AMR) has emerged as one of the most
serious public health challenges of the twenty-first century.’,? It
threatens the effective treatment and prevention of bacterial
infections and undermines major advances in modern medicine.*
The widespread and often inappropriate use of antimicrobial
agents in human medicine, veterinary practice, and food-animal
production has accelerated the emergence and dissemination of
resistant bacterial strains.’,?,* Additional factors, including
inappropriate antibiotic access, self-medication, inadequate
adherence to treatment regimens, and environmental
dissemination, further contribute to the development and spread
of resistance.?,’ Consequently, AMR is associated with increased

morbidity and mortality, prolonged healthcare utilization,
treatment failure, and substantial economic costs worldwide.®,’
Moreover, antimicrobial resistance threatens the safety of critical
medical interventions, including surgery, organ transplantation,
and cancer chemotherapy, which depend on effective
antimicrobial therapy.*,”

Among bacterial pathogens, Escherichia coli (E. coli) is
particularly important in AMR research because of its widespread
distribution, diverse pathogenic mechanisms, and substantial
clinical significance.?,” E. coli is a Gram-negative bacterium that
commonly inhabits the human gastrointestinal tract as part of the
normal intestinal microbiota.® Although many strains are
commensal, pathogenic variants can cause urinary tract
infections, bloodstream infections, neonatal meningitis, intra-
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abdominal infections, and gastrointestinal diseases.?,” The
emergence of multidrug-resistant (MDR) E. coli, including
extended-spectrum  [(-lactamase  (ESBL)-producing and
carbapenem-resistant strains, has become a major global concern
because resistance can substantially reduce therapeutic options
and increase the risk of treatment failure.*°,**

The burden of antimicrobial-resistant E. coli is particularly
concerning in low- and middle-income countries, where
inappropriate antimicrobial use, inadequate stewardship, limited
diagnostic capacity, and weaknesses in infection prevention and
control can facilitate the selection and dissemination of resistant
organisms.®,'? The global spread of resistant organisms and the
associated clinical and economic consequences highlight the
importance of systematic surveillance and locally relevant
antimicrobial-resistance data.®'® Resistance patterns may vary
according to geographic location, healthcare setting, patient
population, antimicrobial prescribing practices, and circulating
bacterial lineages, emphasizing the need for context-specific
surveillance.*®,** Such data are essential for guiding antimicrobial
stewardship, informing empirical treatment decisions, and
strengthening infection-prevention strategies.'?,'®

Pakistan represents an important setting for antimicrobial-
resistance surveillance because the effective implementation of
antimicrobial stewardship, infection prevention, and resistance
monitoring remains essential for controlling the spread of
resistant organisms.’>*® Local surveillance is particularly
valuable because resistance patterns cannot necessarily be
extrapolated from international or even national datasets to
individual healthcare settings.*®** Karachi therefore provides a
relevant setting for investigating antimicrobial-resistance
patterns among clinical E. coli isolates and for generating locally
applicable evidence. Such surveillance can contribute to
evidence-based empirical treatment, antimicrobial stewardship,
and public health strategies aimed at limiting the emergence and
dissemination of resistant organisms. *2,*5

Molecular approaches have become increasingly valuable for
characterizing the genetic mechanisms underlying antimicrobial
resistance.’® Polymerase chain reaction (PCR)-based methods
can facilitate the detection of specific resistance determinants,
including genes encoding B-lactamases and carbapenemases, and
can complement phenotypic antimicrobial susceptibility
testing.'®,** Molecular characterization can therefore provide
additional insight into resistance mechanisms and support
epidemiological surveillance of multidrug-resistant
organisms.***

Therefore, the present study aims to investigate antimicrobial
resistance patterns among E. coli isolates obtained from clinical
samples across Karachi and to detect associated resistance genes
using PCR and gel electrophoresis. By integrating phenotypic
antimicrobial susceptibility ~ testing  with molecular
characterization, this study seeks to generate comprehensive
local evidence that can support antimicrobial stewardship,
improve empirical clinical decision-making, and strengthen
public health interventions aimed at controlling antimicrobial
resistance in Pakistan.

METHODOLOGY

A laboratory-based observational study was conducted to
characterize antimicrobial resistance among clinical Escherichia
coli isolates obtained from patients in Karachi, Pakistan, between
January and December 2025. Clinical specimens were processed
in collaboration with participating healthcare and diagnostic
laboratories. A total of 177 non-duplicate E. coli isolates were
included, comprising 145 isolates from urine specimens, 21 from
pus specimens, and 11 from blood specimens. Duplicate isolates

obtained from the same patient were excluded to minimize
overrepresentation. Patient-related information, including age,
sex, and residential district, was recorded where available. Age
was categorized into 0-18, 19-40, 41-60, and 261 years, while
geographical analysis included the North, East, South, and West
districts of Karachi.

Clinical specimens were processed using standard
microbiological procedures according to the participating
laboratories' validated standard operating protocols. Specimens
were cultured on appropriate routine bacteriological media and
incubated under recommended conditions. Suspected E. coli
colonies were identified based on characteristic colony
morphology and conventional biochemical characteristics and/or
validated laboratory identification procedures. Confirmed
isolates were subsequently subjected to antimicrobial
susceptibility  testing.  Antimicrobial susceptibility = was
determined using the Kirby-Bauer disk diffusion method, and
inhibition zones were interpreted according to applicable Clinical
and Laboratory Standards Institute (CLSI) criteria. The
antimicrobial panel included commonly used [-lactams,
fluoroquinolones, aminoglycosides, carbapenems, urinary
antimicrobials, and polymyxins. Urine isolates were tested
against cefuroxime, ampicillin, ciprofloxacin, amikacin,
polymyxin  B/colistin, fosfomycin, nitrofurantoin, and
meropenem. Pus isolates were tested against ampicillin,
ceftazidime, ceftriaxone, cefixime, ciprofloxacin, meropenem,
polymyxin B/colistin, amikacin, and chloramphenicol, whereas
blood isolates were tested against ampicillin, ceftazidime,
cefixime, ceftriaxone, polymyxin B, amikacin, meropenem, and
chloramphenicol. Results were categorized as susceptible,
intermediate, or resistant, and resistance proportions were
calculated for each antimicrobial and specimen category. Overall,
2,210 antimicrobial susceptibility test results were evaluated.
For molecular characterization, selected confirmed E. coli isolates
were subjected to genomic DNA extraction using a validated
extraction procedure. PCR assays were performed using gene-
specific primers targeting tetA, sull, and sul2. Expected amplicon
sizes were 502 bp, 430 bp, and 190 bp, respectively. PCR products
were separated by agarose gel electrophoresis alongside a 100-
bp DNA molecular-weight ladder. Positive and negative controls
were included to verify amplification specificity and exclude
contamination. A resistance gene was considered detected when
a band corresponding to the expected molecular size was
observed.

Data were summarized using frequencies, percentages, and
resistance proportions. Descriptive comparisons were performed
across specimen type, age group, sex, and residential district.
Associations between categorical demographic/geographical
variables and antimicrobial resistance were assessed using the
chi-square test of independence. Statistical significance was set at
p < 0.05. The overall association analysis yielded x* = 0.49 and p
= 0.92. Statistical analyses were performed using SPSS version
25.0.

RESULTS

A total of 177 clinical E. coli isolates and 2,210 antimicrobial
susceptibility test results were evaluated. The overall
antimicrobial resistance profile demonstrated substantial

resistance to several commonly used antibiotics. The highest
resistance was recorded against ampicillin (90.5%) and
ceftazidime (90.5%), followed by cefixime, ceftriaxone, and
ciprofloxacin (85.7% each). Resistance to amoxicillin/clavulanate
was 57.1%, while co-trimoxazole and piperacillin/tazobactam
showed resistance rates of 47.6% and 42.9%, respectively.
Resistance to gentamicin (33.3%) and chloramphenicol (19.0%)
was comparatively lower. Amikacin showed 4.8% resistance,
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whereas meropenem and colistin/polymyxin showed no
resistance (0.0%) among the tested isolates. (Figure 1)

Figure 1:
Overall Antimicrobial Resistance Profile for E.Coli Isolates
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Specimen- and District-specific Resistance

Resistance patterns varied according to both specimen type and
geographical location. Among urine isolates, the highest mean
resistance was observed in the North district (42.7%), followed
by East (39.9%) and South (38.6%), whereas West demonstrated
the lowest mean resistance (25.0%). Pus swab isolates showed
comparatively higher resistance, with the highest mean
resistance in South (53.8%), followed by North (50.8%) and East
(47.4%). Blood isolates demonstrated the greatest geographical
variation, with resistance reaching 73.1% in West and 53.8% in
South, compared with 28.2% in East and 20.5% in North (Figure
2).

Figure 2:

District-wise Mean Antimicrobial Resistance by Specimen Type
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The antimicrobial profile of pus swab isolates was particularly
notable, with 90.5% resistance to both ampicillin and
ceftazidime, and 85.7% resistance to ceftriaxone, cefixime,
and ciprofloxacin. Conversely, meropenem and polymyxin
B/colistin showed 0% resistance, while amikacin demonstrated
4.8% resistance. Blood isolates also showed substantial
resistance to ampicillin (81.8%), ceftazidime (72.7%), cefixime
(63.6%), and ceftriaxone (63.6%).

Age-specific Resistance Patterns

Age-stratified analysis demonstrated heterogeneous resistance
patterns across specimen types. For urine isolates, mean
resistance was highestamong patients aged 0-18 years (44.3%),
followed by those aged 261 years (41.2%), while the 19-40-year
group had the lowest resistance (36.8%). In pus swabs, resistance
was highest among patients aged 41-60 years (59.6%), followed
by those aged 0-18 years (53.8%), whereas the 19-40-year group
showed 40.2% resistance. Among blood isolates, the highest
mean resistance occurred in the 19-40-year group (53.8%),
followed by patients aged 261 years (46.2%) (Figure 3).

Figure 3:
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Statistical Association

Despite the observed geographical variation, the Chi-square test
of independence showed no statistically significant association
between district/social class and antimicrobial resistance (}* =
0.49, p = 0.92). Thus, the differences observed between districts
did not reach statistical significance in the analyzed dataset.
Molecular Characterization of Resistance

PCR analysis identified three antimicrobial resistance-associated
genes: tetA, sull, and sul2. The corresponding amplicons were
detected at the expected sizes of 502 bp, 430 bp, and 190 bp,
respectively. Amplification was confirmed using positive controls
and a 100-bp DNA ladder, supporting the successful detection of
these resistance determinants (Figure 4, 5).

Figure 4:

PCR Detection of Antimicrobial Resistance Genes
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Figure 5:

PCR Detection of Antiomicrobial Gene
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DISCUSSION

The present study demonstrates a substantial burden of
antimicrobial resistance among Escherichia coli isolates obtained
from clinical specimens across Karachi. The overall resistance
profile was characterized by particularly high resistance to
several commonly used -lactam  antibiotics  and
fluoroquinolones, whereas lower resistance was observed against
fosfomycin, nitrofurantoin, amikacin, and meropenem. These
findings are consistent with the broader global concern that
increasing antimicrobial resistance is progressively narrowing
effective therapeutic options and complicating the empirical
management of bacterial infections.*,*¢,22

The high resistance observed against cefuroxime (89.3%),
ampicillin (85.3%), and ciprofloxacin (76.0%) in urine-derived
isolates is clinically important because these agents have
historically been widely used for the treatment of urinary tract
infections (UTIs). High resistance to fluoroquinolones and (-
lactam agents has been reported internationally and is
increasingly recognized as an important challenge in the
treatment of E. coli infections.*,?® The observed pattern suggests
that empirical treatment based solely on commonly used oral
agents may be unreliable in this study population and reinforces
the importance of culture-directed therapy and local
antimicrobial-resistance surveillance.

The comparatively low resistance to fosfomycin (2.0%) and
nitrofurantoin (6.7%) is an important finding for urinary isolates.
Both agents retain activity against many uropathogenic E. coli
strains and are widely recognized as useful therapeutic options
for uncomplicated lower UTIs when clinically appropriate.*®,*®
However, susceptibility findings from a single laboratory
population should not automatically be interpreted as evidence
that these agents are universally suitable as first-line therapy,
because treatment selection should also consider infection site,
patient characteristics, susceptibility testing standards, and
clinical guidelines.*®

Meropenem showed relatively low resistance in urine (4.7%), pus
(0%), and blood isolates (9.1%), while amikacin also
demonstrated comparatively low resistance. These findings
indicate preservation of activity against the tested isolates, but
carbapenems and other reserve agents should be protected
through antimicrobial stewardship because excessive use can
promote selection and dissemination of carbapenem-resistant
organisms.’®,*1,*® The absence of detected resistance in a
particular subgroup should therefore be interpreted cautiously,
particularly where the number of isolates is small.

The resistance profile of pus isolates was particularly concerning,
with ampicillin and ceftazidime showing 90.5% resistance and
ceftriaxone, cefixime, and ciprofloxacin each showing 85.7%
resistance. Such extensive resistance among isolates associated
with skin and soft-tissue infections substantially limits
conventional antimicrobial choices and may increase the need for
microbiological  investigation and  susceptibility-guided
treatment. Antimicrobial resistance in clinical infections is
associated with poorer treatment outcomes, increased healthcare
utilization, and greater economic burden, particularly where
diagnostic and therapeutic resources are constrained.®,?®

The relatively preserved activity of meropenem and
colistin/polymyxin against pus isolates, together with the low
resistance observed against amikacin, is noteworthy.
Nevertheless, these findings should not be interpreted as
justification for routine use of last-resort agents. Colistin, in
particular, is generally reserved for infections caused by
organisms resistant to safer and more routinely recommended
alternatives, and susceptibility results should be interpreted
using appropriate laboratory standards.'®,*® The relatively low

resistance observed in this study therefore supports continued
surveillance rather than unrestricted use of reserve antibiotics.
Blood isolates demonstrated high resistance to ampicillin
(81.8%), ceftazidime (72.7%), cefixime (63.6%), and ceftriaxone
(63.6%). Because bloodstream infections require prompt
effective antimicrobial therapy, such resistance patterns have
important clinical implications. Resistance to third-generation
cephalosporins may be compatible with the presence of ESBL-
producing organisms; however, phenotypic resistance alone
cannot establish ESBL production unless appropriate
confirmatory testing was performed.'®,*” Therefore, the present
findings should be interpreted as evidence of substantial 3-lactam
resistance rather than definitive evidence of ESBL production.
The relatively low resistance to meropenem (9.1%) and amikacin
(9.1%) among blood isolates suggests that these agents retained
considerable in-vitro activity during the study period. However,
the blood-isolate subgroup appears substantially smaller than the
urine and pus groups, as indicated by the 9.1% increments, and
the estimates may therefore be statistically unstable.
Consequently, these findings should be considered preliminary
and should be validated using larger numbers of bloodstream
isolates before informing empirical treatment protocols.
Gender-based analysis showed relatively similar overall
resistance levels in urine isolates, with females demonstrating a
modestly higher average resistance than males. In contrast,
resistance was higher among males in the blood-isolate analysis.
These differences should not be interpreted as evidence of a
direct biological effect of sex because the study did not establish
the underlying mechanisms or adjust for potential confounding
factors such as previous antibiotic exposure, hospitalization,
comorbidities, infection severity, or healthcare-associated
acquisition. Previous antimicrobial exposure and healthcare-
related factors are recognized contributors to the selection and
dissemination of resistant organisms.*,*?

Age-specific analysis also demonstrated variation in resistance
across patient groups. Among urine isolates, the highest average
resistance was observed in patients aged 0-18 years, whereas
among blood isolates the highest average resistance occurred in
the 19-40-year group. Pus isolates showed the highest resistance
among adults aged 41-60 years. These differences may reflect
variations in antimicrobial exposure, healthcare utilization,
underlying disease, infection type, and the epidemiological
characteristics of the sampled populations; however, these
potential explanations were not directly evaluated in the present
study. Such heterogeneity reinforces the importance of
interpreting antimicrobial-resistance patterns within specific
clinical and demographic contexts rather than assuming a
uniform resistance profile across all patient groups.*3,**
Geographical analysis revealed considerable descriptive variation
among Karachi districts. For urine isolates, the highest average
resistance was observed in North district (42.7%), whereas West
district had the lowest observed value (25.0%). For pus isolates,
South district demonstrated the highest resistance (53.8%), while
blood isolates showed the highest resistance in West district
(73.1%). These differences are epidemiologically noteworthy
because antimicrobial-resistance patterns can vary according to
healthcare setting, antimicrobial exposure, patient
characteristics, and circulating bacterial populations.*®,**
However, the observed district-level differences should not be
interpreted as evidence that a particular district caused or
independently determined resistance.

Importantly, the chi-square analysis did not demonstrate a
statistically significant association between district/social class
and AMR (x* = 0.49, p = 0.92). Thus, although descriptive
resistance percentages differed between districts, the available
statistical evidence does not support a significant relationship
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between the investigated geographical/social variables and
resistance status. This distinction between descriptive variation
and statistical association is important and prevents
overinterpretation of apparent geographical differences. Larger,
multicenter studies with stratification by specimen type,
healthcare facility, antibiotic exposure, and patient
characteristics would be useful to determine whether the
observed geographical patterns are reproducible.

The molecular findings provide additional evidence that
resistance in the studied E. coli isolates was associated with
recognizable genetic determinants. Conventional PCR detected
tetA at 502 bp, sull at 430 bp, and sul2 at 190 bp, with
amplification confirmed by the expected bands, positive controls,
and a 100-bp DNA ladder. The detection of these genes is
consistent with established mechanisms of antimicrobial
resistance involving altered tetracycline susceptibility and
sulfonamide resistance.'* Molecular characterization can
complement phenotypic antimicrobial susceptibility testing by
providing information about specific resistance determinants
that cannot be obtained from susceptibility testing alone.**,**
The coexistence of substantial phenotypic resistance with
detectable resistance genes highlights the value of integrating
microbiological and molecular approaches in AMR surveillance.
Nevertheless, detection of a resistance gene should not
automatically be equated with phenotypic resistance to a
particular antimicrobial in every isolate, because gene expression,
genetic context, regulatory mechanisms, and additional
resistance determinants may influence the observed
phenotype.'* Molecular findings should therefore be interpreted
alongside antimicrobial susceptibility results rather than
independently.

The findings of this study have several implications for
antimicrobial stewardship in Karachi. The high resistance
observed against commonly used antibiotics indicates that
empirical treatment strategies should be informed by current
local susceptibility data rather than relying exclusively on
historical prescribing practices. Surveillance systems that
combine phenotypic susceptibility testing with molecular
characterization can provide more informative evidence for
antimicrobial stewardship, infection-control planning, and
empirical treatment guidelines.*?,*¢,*°

The findings are also consistent with the broader international
concern regarding increasing antimicrobial consumption and the
selection of resistant organisms. Global increases in antimicrobial
consumption, including use in food-producing animals, have been
identified as important contributors to the wider AMR
problem.?,?” Although the present study did not investigate
antibiotic consumption, prescribing behavior, or environmental
reservoirs, the high resistance levels observed in clinical isolates
emphasize the importance of addressing antimicrobial use
through coordinated stewardship, prescription control,
surveillance, and infection-prevention measures.*?,?*,%?

Several limitations should be considered when interpreting these
findings. First, the study was based on clinical isolates obtained
from selected laboratory and healthcare settings in Karachi and
may not represent the entire city or the wider Pakistani
population. Second, the number of isolates differed substantially
between specimen types, and the relatively small blood-isolate
subgroup limits the precision of its resistance estimates. Third,
the observational nature of the analysis prevents causal
conclusions regarding the effects of gender, age, district,
socioeconomic factors, or presumed antibiotic exposure on
resistance. Fourth, although PCR identified tetA, sull, and sul2,
the molecular analysis does not by itself establish the complete
resistome or explain all phenotypic resistance observed in the
isolates. Finally, the study did not report detailed information on

previous antimicrobial exposure, hospitalization status,
comorbidities, infection severity, or healthcare-associated versus
community-acquired infection, all of which could influence
resistance patterns.

Despite these limitations, the study provides useful local evidence
of substantial antimicrobial resistance among clinical E. coli
isolates from Karachi and demonstrates the value of combining
phenotypic susceptibility testing with molecular detection of
resistance determinants. The particularly high resistance
observed against several commonly used (-lactams and
fluoroquinolones, together with the relatively preserved activity
of selected agents, underscores the need for continuous local
surveillance. Future studies should include larger multicenter
populations, standardized antimicrobial susceptibility testing,
detailed patient-level risk factors, confirmatory ESBL and
carbapenemase testing where indicated, and broader molecular
characterization of resistance determinants.

Overall, the findings indicate that antimicrobial resistance among
clinical E. coli isolates in Karachi represents an important public-
health and clinical concern. The absence of a statistically
significant district/social-class association despite substantial
descriptive variation suggests that resistance should be
addressed as a broad surveillance and antimicrobial-stewardship
priority rather than being attributed to a single geographical or
socioeconomic group. Continued culture-guided therapy, rational
antibiotic prescribing, molecular surveillance, infection-
prevention measures, and coordinated antimicrobial-
stewardship interventions are warranted to limit further
dissemination of resistant E. coli in Pakistan.?, 1924

CONCLUSION

This study demonstrates a substantial burden of antimicrobial
resistance among clinical Escherichia coli isolates in Karachi,
particularly against cefuroxime, ampicillin, and ciprofloxacin. In
contrast, fosfomycin, nitrofurantoin, meropenem, amikacin, and
polymyxin B/colistin retained comparatively greater activity.
Although resistance varied across specimen types, age groups,
and residential districts, no statistically significant association
was identified with district or social class. Detection of tetA, sull,
and sul2 further indicates the presence of important
antimicrobial-resistance determinants. These findings
underscore the need for strengthened antimicrobial stewardship,
routine susceptibility-guided therapy, and continuous phenotypic
and molecular surveillance to monitor emerging resistance and
support evidence-based infection-control strategies in Karachi.
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