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ABSTRACT
Objective: To determine the prevalence and patterns of antibiotic resistance of Escherichia coli isolated from
urinary tractinfection patients.
Study Design: Retrospective cross-sectional study.
Place and Duration of Study: This study was conducted at the Department of Microbiology, Combined Military
Hospital (CMH), Karachi, Pakistan, from January 2024 to December 2024.
Methods: Urine samples received from hospitalized patients with clinical features of urinary tract infection
were processed using standard microbiological techniques. Isolates were identified as Escherichia coli by
conventional biochemical methods. The Kirby-Bauer disk diffusion method was used to test for antimicrobial
susceptibility in compliance with Clinical and Laboratory Standards Institute (CLSI) M100, 33" Edition, 2023
guidelines. The combined disk diffusion method was used to detect the production of extended-spectrum
beta-lactamase. Demographic and clinical data were analyzed using statistical software 25, and associations
were assessed using appropriate statistical tests.
Results: A total of 453 non-duplicate Escherichia coli isolates were recovered from urine samples. Female
patients accounted for 60% of cases, while male patients accounted for 40%. The highest frequency of infection
among females was observed in the 20—40-year age group, whereas infections in males were more commonin
older age groups. Resistance was universal to amoxicillin and markedly high to beta-lactam and beta-lactamase
inhibitor combinations, cephalosporins, fluoroquinolones, aminoglycosides, and trimethoprim-
sulfamethoxazole. Nitrofurantoin and carbapenems showed comparatively lower rates of resistance.
Extended-spectrum beta-lactamase—producing isolates constituted a substantial proportion of cases,
indicating limited therapeutic options.
Conclusion: The research shows that urinary Escherichia coli isolates from a tertiary care hospital setting
exhibit a high level of antibiotic resistance. The predominance of extended-spectrum beta-
lactamase—producing strains highlights the urgent need for rational antibiotic prescribing, routine culture-
based therapy, and strengthened antimicrobial stewardship programs.
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escalating burden of antimicrobial resistance (AMR),
with theriseinthe prevalence of E. coli that produces
extended-spectrum B-lactamase (ESBL) and
multidrug-resistant (MDR).>#

AMR has been recognized by the World Health
Organization (WHO) as one of the main risks to world
health, forecasting that without effective
interventions, antimicrobial-resistant infections
could result in millions of deaths annually.® In the
context of UTls, the spread of MDR E. coli
substantially narrows empiric treatment options and
leads to higher rates of therapeutic failure, hospital
stay prolongation, and mortality.

In South Asia, including Pakistan, several recent
studies have documented alarming resistance trends
in uropathogens. For instance, Khan A et al. reported
a high frequency of MDR E. coli harboring virulence
and efflux genes among women with uncomplicated
UTls in Pakistan.® Another large-scale surveillance
from Pakistan and India indicated MDR rates of 43 %
and 59 %, respectively, with a further rise to ~66 % in
some settings.” In Pakistan specifically, mapping of
antimicrobial susceptibility in UTI isolates
demonstrated widespread resistance patterns
amongE. coli, including to first-line agents.®

Globally, meta-analyses and surveillance studies
reflect an elevated incidence of ESBL-producing E.
coli. A recent global mapping study estimated the
annual incidence of MDR and ESBL-producing E. coli
at 12.38 and 12.95 per 1,000 population,
respectively, in Africa alone.® In another meta-
analysis, the pooled prevalence of human intestinal
carriage of ESBL E. coli was 21.1 %, indicating
substantial community reservoirs.” Surveillance in
Thailand and elsewhere has documented that
roughly 42—45 % of clinical E. coli isolates are ESBL-
producers, frequently with co-resistance to
fluoroquinolones and trimethoprim-
sulfamethoxazole." In Pakistan, investigations of
urinary E. coli isolates have confirmed high rates of
ESBL production and multidrug resistance, with
concomitant resistance to cephalosporins,
fluoroquinolones, and aminoglycosides."

The emergence of extensively drug-resistant (XDR) E.
coli (resistant to all but one or two antibiotic classes)
is a further clinical threat, forcing reliance on
carbapenems or last-resort agents.” However,
reports of carbapenem-nonsusceptible E. coli have
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started to emerge. A recent genomic surveillance
study from the Indian subcontinent disclosed
isolates co-harboring bla_NDM and mcr-1, signaling
resistance to both carbapenems and colistin.” The
trend toward reduced carbapenem susceptibility in
UTI pathogens poses a grave challenge to therapy
and underscores the urgency of antimicrobial
stewardship.

Moreover, the mechanisms underpinning MDR and
ESBL emergence in E. coli are well studied:
Resistance genes can spread horizontally via mobile
genetic elements, including integrons, plasmids, and
transposons; efflux pumps, porin loss, and enzymatic
degradation further compound resistance
phenotypes.” Given the convergence of high
resistance, constrained treatment options, and
potential for dissemination across hospital and
community settings, ongoing surveillance and
phenotypic and genotypic characterization are
critical.

This study aimed to determine the prevalence and
resistance patterns of E. coli isolates from UTI
patients in a tertiary care hospital in Pakistan and to
highlight the clinical implications of increasing
resistancein routine practice.

Methods

This retrospective cross-sectional study was carried
out at the Department of Microbiology, Combined
Military Hospital (CMH), Karachi, Pakistan, from
January 2024 to December 2024, after taking
approval from the Institutional Review Board of the
hospital vide letter no: 133/2023/Trg/ERC, dated:
11" August 2023. There were 453 urine samples that
yielded pure Escherichia coli growth, collected from
patients admitted to gynecology, surgery, medicine,
urology, and nephrology wards. Consecutive non-
probability sampling was employed. Patients of all
ages with symptomatic urinary tract infections
(UTls), including both catheterized and non-
catheterized individuals, were eligible, while those
with mixed growth, contaminated samples, or prior
antibiotic therapy within 72 hours before sample
collection were excluded. All urine samples were
cultured on cysteine lactose electrolyte-deficient
(CLED) agar, and isolates were identified as E. coli
using standard biochemical methods, including
indole positivity, lactose fermentation, motility
positivity, citrate negativity, urease negativity, and
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characteristic reactions on Triple Sugar Iron (TSI)
agar. The Kirby-Bauer disk diffusion technique was
used to perform antimicrobial susceptibility testing
(AST), and the Clinical and Laboratory Standards
Institute (CLSI) 2023 criteria were followed for
interpretation.

Antibiotics tested included first-line agents
(amoxicillin, augmentin, cefixime, cefotaxime,
ceftriaxone, ciprofloxacin, levofloxacin,
cotrimoxazole, nitrofurantoin) and second-line
agents (cefepime, meropenem, imipenem,
piperacillin/tazobactam, gentamicin, amikacin).
Phenotypic detection of extended-spectrum -
lactamase (ESBL) production was carried out using
the combined disk diffusion method with cefotaxime
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and cefotaxime—clavulanate discs, following CLSI
recommendations.” SPSS version 25 was used to
analyze the data, and descriptive statistics were
presented as percentages and frequencies. The
relationship between gender and catheter-
associated UTIs was examined using the Chi-Square
test; a P-value of less than 0.05 was deemed
statistically significant.

Results

Culture of 453 urinary samples yielded growth of E.
coli. These samples were received from various
wards, including gynaecology 27%, urology 26%,
medicine 19%, nephrology 17%, and surgery 12%
(Table 1).

Table 1: Patient distribution by ward (N= 453)

Ward
Gynaecology
Surgery
Medicine
Nephrology
Urology

Number of Patients (%)
121 (27)
55 (12)
84 (18)
77 (17)
116 (26)

Table 2: Prevalence of urinary tract infection in different age groups of females and males (N=453)

Age Group Number of Females (%) Number of Males (%)

(Years) N =271 (60%) N = 182 (40%)

20-30 69 (25) 30 (17)

31-40 69 (25) 12 (7)

41-50 15 (6) 42 (23)

51-60 15 (6) 19 (10)

61-70 60 (22) 42 (23)

>70 43 (16) 37 (20)

Table 3: Prevalence of Catheter-Associated UTI (N=453)

Patients Catheter-Associated Non-Catheter-Associated Total (%)
UTI N (%) UTI N (%)

Females 82 (55) 189 (62) 271 (60)

Males 67 (45) 115 (38) 182 (40)

Total 149 (33) 304 (67) 453 (100)

UTI = urinary tract infection association between gender and catheter-associated UTI was not significant, as the P-

value> 0.05. Chi-Square test (X =2.12, df = 1, P = 0.145)

Among participants of the study, 60% were females,
while 40% were males. Among females, fifty percent
of the participants (50%) were between the ages of
20 and 40, whereas 23% of the male participants
were between the ages of 41 to 50 and 61 to 70 years
(Table 2).

Catheter-associated UTI was observed in 149
patients, among them 82 were females and 67 were

males; however, 304 patients had no catheter-
associated UTI, including 189 females and 115 males.
There was no significant association (X*=2.12,df =1,
P =0.145) between gender and catheter-associated
UTI, asthe P-value was greater than 0.05 (Table 3).

Culture and sensitivity testing was performed on E.
coliisolates, and the highest resistance was observed
to amoxicillin (100%), followed by augmentin (75%).
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Table 4: Antibiotic Susceptibility Pattern of E.coli Isolates (N=453)

Antibiotics

First Line of Antibiotics
Amoxycillin

Cefixime

Cefotaxime

Ceftriaxone
Ciprofloxacin
Cotrimoxazole
Levofloxacin
Nitrofurantoin

Second Line of Antibiotics
Cefepime

Meropenem
Piperacillin/Tazobactam
Gentamycin

Imipenem

Augmentin

Amikacin

ESBL

XDR

Resistant N (%)

453 (100)
333 (74)
333 (74)
333 (74)
295 (65)
232 (52)
275 (61)

98 (22)

333 (74)
116 (26)
310 (68)
259 (57)
123 (27)
340 (75)
251 (55)
326 (72)
127 (28)

ESBL = Extended-spectrum beta-lactamases, XDR = Extensive drug resistance

About 74 % of isolates were resistant against
cephalosporins like cefixime, cefotaxime,
ceftriaxone, and cefepime. Resistance against other
antimicrobials was piperacillin/tazobactam 68%,
ciprofloxacin 65%, levofloxacin 61%, gentamicin
57%, amikacin 55%, cotrimoxazole 52%, imipenem
27%, meropenem26%, and nitrofurantoin 22%.
ESBL-producing isolates were 72%; however, XDR
isolates were 28% (Table 4). Multidrug-resistant
(MDR) isolates were defined as isolates non-
susceptible to at least one agent in three or more
antimicrobial categories. Extensively drug-resistant
(XDR) isolates were defined as isolates non-
susceptible to at least one agent in all but two or
fewer antimicrobial categories.

Discussion

This study indicates that among UTI patients in a
Pakistani tertiary care hospital, multidrug-resistant
(XDR) and extended-spectrum B-lactamase (ESBL)-
producing Escherichia coli isolates are more
prevalent.

A significant finding was the universal resistance to
amoxicillin and the high rates of resistance to B-
lactam/B-lactamase inhibitor combinations and
cephalosporins. These results are consistent with
recent reports from South Asia and other low- and
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middle-income countries documenting similar
resistance profiles."* Similar resistance patterns have
been documented in Pakistan, South Asia, and global
surveillance studies, emphasizing the clinical
relevance of these findings."*”

Fluoroquinolone and aminoglycoside resistance
rates exceeding 50% further limit available
treatment options, corroborating findings from
previous studies in Pakistan and regional
surveillance networks.”** The high prevalence of
ESBL-producing isolates (72%) in this study is
particularly concerning, as it exceeds the global
average of 25-50% reported in multicountry
analyses.”

The ESBL prevalence of 72% observed in the present
study is higher than that reported in Thailand and
several international studies, suggesting substantial
local antimicrobial selection pressure and
dissemination of resistant clones.”

Imipenem and meropenem, two carbapenems,
remained effective against most isolates, although
resistance was observed in approximately one-
fourth of strains. This trend of carbapenem
resistance parallels recent findings from India and
other South Asian countries.” Nitrofurantoin showed
the highest efficacy among first-line agents,
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confirming its continued role as a preferred oral
option for uncomplicated UTIs.”** Nitrofurantoin
demonstrated the lowest rate of resistance and
remains a useful oral option for uncomplicated
urinary tractinfections.”

The prevalence of ESBL-producing E. coli (72%)
observed in the present study is considerably higher
than rates reported in Europe and North America,
but with reports from South Asia, 71 (32.1%) E.coli
isolates were phenotypically confirmed as ESBL
producers. *

Carbapenem resistance observed in the present
study is consistent with reports from Pakistan
showing the increasing emergence of carbapenem-
resistant Enterobacterales. Recent surveillance
studies have identified the dissemination of blaNDM
and other carbapenemase genes among urinary E.
coliisolates, raising concerns about the preservation
of carbapenem efficacy.”

The high prevalence observed for ESBL may reflect
the tertiary-care setting of the study, where patients
often have prolonged hospital stays, prior antibiotic
exposure, recurrent infections, and multiple
comorbidities.

The retrospective, single-center design of this study
is a limitation, as molecular typing and analyses of
host-related risk factors were not performed. Future
multicenter studies incorporating genomic
surveillance and molecular epidemiology are
required to track the dissemination of resistance
determinants. However, these results highlight the
urgency with which antimicrobial stewardship
initiatives are needed, routine culture and
susceptibility testing, and strict infection control
policies to mitigate an increasing number of E. Coli
that produce ESBLs and MDR in both community and
hospital settings

Conclusion

Urinary Escherichia coli isolates demonstrated high
resistance to commonly prescribed antibiotics,
including cephalosporins, fluoroquinolones, and
aminoglycosides. The high prevalence of ESBL-
producing and XDR strains significantly limits
therapeutic options. Nitrofurantoin and
carbapenems retained comparatively better activity
and may remain useful treatment options.
Continuous surveillance, antimicrobial stewardship
programs, and culture-guided therapy are essential
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to control the growing burden of antimicrobial
resistance in Pakistan.
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