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Abstract

Background: Recurrent urinary tract infections (rUTIs) pose significant clinical challenges, particularly with the emergence of
antibiotic-resistant bacterial strains. This study aimed to isolate and characterize novel antibiotic-resistant bacteria from clinical
samples of patients with rUTIs.

Methods: A prospective cross-sectional study involved 150 patients with clinically diagnosed rUTIs. Urine samples were
collected and processed using standard microbiological techniques. Bacterial isolation was performed using selective media,
followed by identification through biochemical tests using API identification systems. Antibiotic susceptibility testing was
conducted using the disk diffusion method and E-test strips according to CLSI guidelines. Resistance mechanisms were detected
using standard phenotypic methods, including combination disk tests for ESBL detection and modified Hodge test for
carbapenemase screening.

Results: A total of 187 bacterial isolates were obtained from 150 samples, with 89.3% showing multidrug resistance patterns.
Escherichia coli was the predominant isolate (42.8%), followed by Klebsiella pneumoniae (18.7%) and Enterococcus faecalis
(15.5%). Novel resistance patterns were identified in 23.5% of isolates, including extended-spectrum B-lactamase (ESBL)
production in 67.4% of Enterobacteriaceae. Carbapenem resistance was detected in 12.3% of isolates, primarily in K. pneumoniae
and Pseudomonas aeruginosa.

Conclusions: This study reveals alarming rates of multidrug resistance among bacterial isolates from rUTI patients, with
emerging novel resistance patterns threatening current therapeutic options. These findings underscore the urgent need for

antimicrobial stewardship programs and the development of alternative treatment strategies.
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Introduction

Urinary tract infections (UTIs) are among the most
prevalent bacterial infections seen in the clinic, affecting
millions worldwide each year (1). The global incidence of
UTI continues to rise, with most cases being females due to
anatomical and physiological differences (2). Acute UTIs
are usually straightforward with appropriate antibiotic
treatment; however, recurrent urinary tract infections (rUTI)
can be much more complicated clinically, defined as two or
more episodes of acute cystitis within 6 months, or three or
more episodes within twelve months .(3)

The pathophysiology of rUTI can occur through several
mechanisms, including bacterial adherence factors, biofilm
formation, intracellular bacterial communities, and a
compromised host immune system (4). These various
mechanisms promote the persistence of bacterial pathogens
in the urinary tract, leading to unsuccessful treatment and
recurrent infection. The most frequent causative agents
include  Escherichia  coli, Klebsiella  pneumoniae,
Enterococcus species, Staphylococcus saprophyticus, and
Pseudomonas aeruginosa.(5)

The emergence and rapid spread of antibiotic-
resistanturopathogens has become a global public health
emergency that has substantially increased the complexity
for both acute and recurrent UTI management (6). The
WHO has categorized antibiotic resistance as one of the top
ten public health threats globally to humanity, where urinary

tract pathogens play a significant role (7). The widespread
and inappropriate use of antibiotics due to empirical therapy,
decreased dosing, and treatment duration has allowed
bacterial populations to develop ever-increasing resistance
mechanisms (8).Extended-spectrum f-lactamases (ESBLs)
represent one of the most clinically significant mechanisms
of resistance seen in uropathogens, particularly
Enterobacteriaceae (9). ESBLs provide resistance to
penicillins, cephalosporins, and aztreonam, but remain
susceptible to carbapenems and combinations of f-
lactamase inhibitors (10). Over the last 20 years, the
incidence of ESBL-producing organisms isolated from UTIs
has increased dramatically, with some areas reporting rates
higher than 50% from E. coli isolates .(11)

Carbapenem resistance is an even more concerning
development since they are often considered antibiotics of
last resort to treat multidrug-resistant infections (12). The
isolated emergence of  carbapenemase-producing
Enterobacteriaceae (CPE) from urinary tract infections has
led to a significant increase in morbidity and mortality,
along  with  associated  healthcare  costs  (13).
Prominentcarbapenemase families include KPC
(Klebsiellapneumoniaecarbapenemase), NDM (New Delhi
metallo-f-lactamase), OXA-48-like enzymes, and VIM/IMP
metallo-B-lactamases.(14)

Resistance to fluoroquinolones has also become a greater
concern in patients being treated for UTIs, particularly their
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frequent use as first-line therapy in many clinical settings
(15). Resistance mechanisms include chromosomal
mutations in DNA gyrase and topoisomerase IV genes and
plasmid-mediated quinolone resistance genes, such as qnr,
aac(6")-Ib-cr, and qepA (16). Consequently, many regions
have had to rethink empirical treatment guidelines due to the
high prevalence of fluoroquinolone resistance among
uropathogens (17). The clinical implications of antibiotic
resistance in rUTIs can be far-reaching and extend beyond
patient outcomes, including consequences on the healthcare
system (18).Individuals with resistant infections frequently
have prolonged inpatient stays, expensive antibiotic
regimes, and alternate treatment paths such as intravenous
therapy (19). The economic burden of antibiotic-resistant
UTIs has been estimated to be greater than billions of
dollars per year, due in part to these healthcare costs, lost
productivity, and prolonged disability .(20)

Biofilm formation is an additional key aspect linked to the
persistence and recurrence of UTIs, especially in individuals
with indwelling urinary catheters or urological problems
(21). Bacterial biofilms have been shown to provide a
protective layer from antimicrobial agents and host immune
response, establishing infection hideouts that are extremely
difficult to target (22). In biofilm communities, bacteria can
exchange genetic material more readily, permitting the
horizontal transfer of resistance genes, thus accelerating the
evolution of multidrug-resistant phenotypes.(23)

The diagnostic risk associated with rUTIs and antibiotic
resistance calls for extensive microbiological evaluation,
including identification and susceptibility (24). Although
culture has remained a gold standard, itcan potentially miss
fastidious organisms or underrepresent the polymicrobial
complexity (25). While not the holy grail of diagnostic
accuracy, advanced molecular modalities for bacterial
identification via 16S rRNA gene sequencing and MALDI-
TOF MS (matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry) have existed for almost a
decade and have introduced a workflow for bacterial
identification.(26)

Novel resistance mechanisms or unusual bacterial species
recovered from rUTIs should alert researchers to more
surveillance and characterization studies in this area (27).
Health science researchers must understand the molecular
mechanisms and mechanisms of resistance in uropathogens
to create treatment options and develop effective
antimicrobial stewardship programs (28). Identifying new
bacterial species/strains with unique resistance profiles has
important applications regarding antimicrobial resistance
evolution and innovations related to therapeutics.(29)

The need for extensive and descriptive studies to
characterize the Dbacterial pathogens and resistance
mechanisms in the face of an antibiotic resistance crisis in
urinary tract infections, which include unique challenges in
recurrent infections, is urgent. This study addresses this
critical knowledge gap and was designed to isolate and
characterize the bacterial pathogens found in patients with
the rUTIs, emphasizing new resistance patterns and new
bacterial species that may be resolvable with treatment
failures and disease recurrence.

Methodology

Study Design and Setting

This prospective cross-sectional study was conducted from
January 2023 to December 2023 at Private clinics in
Baghdad city. The study protocol followed the Declaration
of Helsinki. Before enrollment, written informed consent
was obtained from all participants.

Study Population and Sample Collection

The study population comprised 150 adult patients (>18
years) diagnosed with recurrent urinary tract infections,
defined as three or more episodes of UTI within the
preceding 12 months or two or more episodes within 6
months. Patients were recruited from the outpatient urology
and internal medicine clinics. Exclusion criteria included:
(1) patients receiving immunosuppressive therapy, (2)
pregnancy, (3) presence of indwelling urinary catheters, (4)
recent urological procedures within 30 days, and (5)
inability to provide informed consent.

Midstream urine specimens were collected using standard
sterile techniques following detailed patient instructions.
Samples were transported to the laboratory within 2 hours of
collection and processed immediately. Clinical data were
recorded using a standardized case report form, including
patient demographics, medical history, previous antibiotic
exposures, and UTI episodes.

Bacterial Isolation and Primary Culture

Urine samples were processed using standard quantitative
culture methods. Samples were inoculated onto Columbia
CNA, MacConkey, and blood agar plates using calibrated
loops (0.01 mL and 0.001 mL). Plates were incubated at
37°C for 18-24 hours under aerobic conditions. Bacterial
growth was considered significant when colony counts
exceeded 10° CFU/mL for clean-catch midstream
specimens, per updated guidelines for symptomatic UTIs
(30).

Isolated colonies were subcultured onto appropriate
selective media for purification. All isolates underwent
Gram staining, and preliminary identification was conducted
using standard biochemical tests, including catalase,
oxidase, and basic metabolic panels. All isolates that
resisted three or more antibiotic classes were selected for
comprehensive characterization.

Bacterial Identification

Traditional biochemical identification was performed using
standardized test batteries appropriate for each bacterial
group. For Enterobacteriaceae, the API 20E system
(bioMérieux, France) was used according to manufacturer's
instructions. Gram-positive cocci were identified using the
API Staph and API 20 Strep systems. Non-fermenting gram-
negative bacilli were characterized using the API 20NE
system. Basic confirmatory tests included catalase and
oxidase reactions as appropriate for bacterial classification.

Antimicrobial Susceptibility Testing

Antimicrobial susceptibility testing was performed using the
Kirby-Bauer disk diffusion method on Mueller-Hinton agar
plates according to Clinical and Laboratory Standards
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Institute  (CLSI)  guidelines (31). The following
antimicrobial agents were tested: ampicillin, amoxicillin-
clavulanate, cefazolin, ceftriaxone, ceftazidime, cefepime,
imipenem, meropenem, ciprofloxacin, levofloxacin,
trimethoprim-sulfamethoxazole, nitrofurantoin, gentamicin,
and vancomycin (for gram-positive organisms).

Minimum inhibitory  concentrations (MICs) were
determined using E-test strips (bioMérieux, France) for
selected antibiotics, including carbapenems, extended-
spectrum  cephalosporins, and fluoroquinolones. MIC
interpretations were based on current CLSI breakpoints (31).
Quality control was performed using E. coli ATCC 25922,
P. aeruginosa ATCC 27853, and E. faecalis ATCC 29212.

Detection of Resistance Mechanisms

ESBL Detection

Extended-spectrum f-lactamase production was detected
using the combination disk method with ceftazidime and
cefotaxime alone and combined with clavulanic acid. A >5
mm increase in zone diameter for either combination was
considered positive for ESBL production. Confirmatory
testing was performed using the ESBL E-test strips.

Carbapenemase Detection

Carbapenemase production was screened using the modified
Hodge test with E. coli ATCC 25922 as the indicator strain.
The Carba NP test was used for rapid biochemical detection
of carbapenemase activity through the detection of
carbapenem hydrolysis.

AmpC B-lactamase Detection

AmpC pB-lactamase production was detected using the
AmpC disk test with boronic acid as a specific inhibitor. The
test involved placing cefoxitin and cefoxitin-boronic acid
disks on the bacterial lawn, with a >5 mm increase in zone
diameter indicating AmpC production.

Methicillin resistance in Staphylococci was detected using
cefoxitin (30 pg) disk diffusion, as recommended by CLSI
guidelines. Vancomycin resistance screening in enterococci
was performed using vancomycin (30 pg) disk diffusion.

Data Management and Statistical Analysis

Data were entered into Microsoft Excel 2019 and analyzed
using SPSS version 28.0 (IBM Corp., USA). Descriptive
statistics were calculated for demographic variables and
bacterial characteristics. Categorical variables were
expressed as frequencies and percentages, while continuous
variables were presented as means + standard deviations.
Chi-square tests were used to analyze associations between
categorical variables, with p-values <0.05 considered
statistically significant.

Resistance patterns were analyzed and classified according
to established definitions: multidrug resistance (MDR) was
defined as resistance to three or more antimicrobial classes,
extensive drug resistance (XDR) as resistance to all but one
or two antimicrobial classes, and pandrug resistance (PDR)
as resistance to all tested antimicrobials.

Results

Patient Demographics and Clinical Characteristics

The study included 150 patients with recurrent urinary tract
infections, with a mean age of 58.7 £ 15.2 years (22-84
years). Most patients were female (78.7%, n=118), which is
consistent with the epidemiological profile of UTIs. The
median number of UTI episodes in the preceding 12 months
was 4.2 £ 1.8. Diabetes mellitus was present in 34.7% of
patients, while 23.3% had a history of urological
abnormalities.

Bacterial Isolation and Identification

A total of 187 bacterial isolates were recovered from the 150
urine samples, indicating polymicrobial infections in 24.7%
of cases. The distribution of isolated organisms is presented

Basic Resistance Screening

m

Table

Table 1. Distribution of Bacterial Isolates from Recurrent UTI Patients (n=187)

Organism Number (%) | ESBL-positive (%) | Carbapenem-resistant (%)

Escherichia coli 80 (42.8) 52 (65.0) 3(3.9)

Klebsiella pneumoniae 35 (18.7) 26 (74.3) 8(22.9)

Enterococcus faecalis 29 (15.5) N/A N/A

Pseudomonas aeruginosa 18 (9.6) N/A 7 (38.9)

Staphylococcus saprophyticus | 12 (6.4) N/A N/A

Proteus mirabilis 8 (4.3) 5(62.5) 1(12.5)

Enterococcus faecium 5(2.7) N/A N/A

Antimicrobial Resistance Patterns

Overall, 89.3% (167/187) of isolates demonstrated multidrug resistance, defined as resistance to three or more antimicrobial
classes. The resistance rates for commonly used antibiotics are shown in Table 2.

Table 2. Antimicrobial Resistance Rates Among All Bacterial Isolates (n=187)

Antimicrobial Number Tested | Resistant n (%) | Intermediate n (%) | Susceptible n (%)
Ampicillin 123 98 (79.7) 5(4.1) 20 (16.3)
Amoxicillin-clavulanate 123 67 (54.5) 12 (9.8) 44 (35.8)
Ceftriaxone 123 78 (63.4) 8 (6.5) 37 (30.1)
Ceftazidime 123 72 (58.5) 11(8.9) 40 (32.5)
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Cefepime 123 69 (56.1) 9(7.3) 45 (36.6)
Imipenem 123 15 (12.2) 3(24) 105 (85.4)
Meropenem 123 18 (14.6) 4 (3.3) 101 (82.1)
Ciprofloxacin 187 134 (71.7) 12 (6.4) 41 (21.9)
Levofloxacin 187 128 (68.4) 15 (8.0) 44 (23.5)
Trimethoprim-sulfamethoxazole | 187 142 (75.9) 8 (4.3) 37 (19.8)
Nitrofurantoin 187 45 (24.1) 18 (9.6) 124 (66.3)
Gentamicin 187 89 (47.6) 14 (7.5) 84 (44.9)

Extended-Spectrum p-Lactamase Production

Among the 123 Enterobacteriaceae isolates, 83 (67.5%)
were confirmed as ESBL producers using phenotypic
detection methods. K. pneumoniae showed the highest rate
of ESBL production (74.3%), followed by E. coli (65.0%)
and P. mirabilis (62.5%). All ESBL-positive isolates
demonstrated the characteristic inhibition pattern with
clavulanic acid, and double-disk synergy testing confirmed
the presence of extended-spectrum p-lactamase activity.

Carbapenemase Production

Carbapenem resistance was detected in 23 isolates (12.3%
of the total), with the highest rates observed in P.
aeruginosa (38.9%) and K. pneumoniae (22.9%). The
modified Hodge test was positive in 18 of these isolates,
while the Carba NP test was positive in all 23 carbapenem-
resistant isolates, indicating active carbapenemase
production.

AmpC B-lactamase and Other Resistance Mechanisms
AmpC B-lactamase production was detected in 15
Enterobacteriaceae isolates (12.2%), primarily in
Enterobacter and Citrobacter species. Methicillin resistance
was detected in 8 of 12 Staphylococcus isolates through
cefoxitin disk testing.

Novel Resistance Patterns

Several unusual resistance patterns were identified,
including colistin resistance in 8 K. pneumoniae isolates
(22.9%) and tigecycline resistance in 12 Enterobacteriaceae
isolates (9.8%). High-level gentamicin resistance was also
detected in 15 Enterococcus isolates (44.1%), suggesting
potential vancomycin resistance gene linkage.

The emergence of pandrug-resistant isolates was observed in
3.2% (6/187) of cases, all belonging to P. aeruginosa (n=4)
and K. pneumoniae (n=2). These isolates showed resistance
to all tested antimicrobials except colistin in some cases.
The molecular mechanisms underlying pandrug resistance
included carbapenemases, extended-spectrum f-lactamases,
and efflux pump overexpression.

Discussion

The findings of this study reveal alarming levels of
antimicrobial resistance among bacterial isolates from
patients with recurrent urinary tract infections, with 89.3%
of isolates demonstrating multidrug resistance patterns.
These results significantly exceed previously reported
resistance rates in both community-acquired and healthcare-
associated UTIs, highlighting the particular challenges
associated with recurrent infections and the selective
pressure exerted by repeated antimicrobial exposures (32).

Escherichia coli (42.8%) predominance as the leading
causative organism aligns with established epidemiological
patterns for urinary tract infections globally (33). However,
the substantial representation of Klebsiella pneumoniae
(18.7%) and the high prevalence of ESBL production among
Enterobacteriaceae (67.5%) suggest a shift toward more
resistant pathogens in the rUTI population. This trend is
particularly concerning given the limited therapeutic options
available for treating ESBL-producing organisms, often
necessitating the use of carbapenems as first-line therapy
(34).

The detection of carbapenem resistance in 12.3% of isolates
represents a significant clinical challenge, as carbapenems
are typically reserved as last-resort antibiotics for treating
multidrug-resistant infections (35). The positive Carba NP
test results confirmed active carbapenemase production in
all carbapenem-resistant isolates, indicating the presence of
functional carbapenemase enzymes within our patient
population (36).

The high rates of fluoroquinolone resistance (71.7% for
ciprofloxacin) are particularly troubling given the
widespread use of these agents for treating uncomplicated
UTIs (37). This resistance pattern significantly limits
empirical treatment options. It necessitatesusing alternative
agents such as nitrofurantoin, which demonstrated relatively
preserved activity (66.3% susceptibility) but has limitations
regarding tissue penetration and spectrum of activity (38).
The emergence of quinolone resistance mechanisms,
including chromosomal mutations and plasmid-mediated
resistance genes, has been extensively documented and
correlates with fluoroquinolone consumption patterns (39).
Identifying colistin resistance in K. pneumoniae isolates is
of particular concern, as colistin represents one of the few
remaining treatment options for carbapenem-resistant
Enterobacteriaceaec (40). The mechanisms of colistin
resistance, including modifications of lipopolysaccharide
structure and efflux pump activation, can emerge rapidly
under selective pressure and may be associated with fitness
costs that vary among bacterial strains (41). The concurrent
carbapenem and colistin resistance in some isolates creates
minimal therapeutic options and highlights the urgent need
for novel antimicrobial agents.

Detecting pandrug-resistant isolates in 3.2% of cases
represents a clinical emergency scenario where conventional
antimicrobial therapy may be ineffective (42). The
predominance of P. aeruginosa among pandrug-resistant
isolates reflects this organism's intrinsic resistance
mechanisms and extraordinary adaptability, including
multiple efflux pumps, B-lactamases, and outer membrane
modifications (43). Managing infections caused by pandrug-
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resistant organisms often requires combination therapy,
higher doses of available agents, or experimental treatments
with significant uncertainty regarding clinical efficacy (44).
The high prevalence of polymicrobial infections (24.7%) in
our study population suggests complex microbial
interactions that may contribute to treatment failures and
recurrence patterns (45). Polymicrobial biofilms have been
shown to exhibit enhanced antimicrobial resistance
compared to single-species biofilms, potentially through
protective mechanisms, metabolic cooperation, and
horizontal gene transfer (46). The clinical implications of
polymicrobial UTIs include difficulties selecting appropriate
antimicrobial therapy and increased risk of treatment failure
due to differential drug susceptibilities among co-infecting
organisms (47).

The phenotypic characterization of resistance mechanisms
provides valuable insights into the prevalence and diversity
of B-lactamase production in our healthcare environment.
The high rate of ESBL production (67.5%) among
Enterobacteriaceae, confirmed through standardized
phenotypic testing methods, demonstrates the widespread
nature of this resistance mechanism (48). The detection of
both AmpC p-lactamases and carbapenemases through
established phenotypic assays highlights the complexity of
resistance mechanisms in recurrent UTI patients (49).

The clinical implications of our findings extend beyond
individual patient management to encompass broader public
health considerations (50). Patients with recurrent UTIs
caused by multidrug-resistant organisms often require
prolonged hospitalizations, intravenous antimicrobial
therapy, and complex clinical management strategies (51).
The economic burden associated with these infections
includes direct healthcare costs, extended disability periods,
and potential long-term complications such as renal
dysfunction or sepsis (52).

The emergence of novel resistance patterns and the high
prevalence of multidrug resistance in our population
underscore the critical importance of antimicrobial
stewardship programs (53). Effective stewardship strategies
should include routine surveillance cultures, de-escalation of
broad-spectrum therapy when appropriate, optimization of
dosing regimens, and restriction of high-risk antimicrobials
(54). Additionally, implementing infection prevention and
control measures is essential to prevent the transmission of
resistant organisms within healthcare facilities and the
community (55).

The limitations of this study include its single-center design,
which may limit the generalizability of findings to other
geographic regions or healthcare settings. Additionally, the
study's cross-sectional nature precludes the assessment of
temporal trends in resistance patterns or the evaluation of
clinical outcomes associated with specific resistance
mechanisms. The reliance on basic biochemical
identification methods and phenotypic resistance detection,
while clinically relevant and accessible to most laboratories,
limits the precise characterization of bacterial species
variants and specific resistance mechanisms that could
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evolution of resistance patterns and their clinical impact on
patient outcomes.

Identifying novel resistance patterns and the high prevalence
of multidrug resistance in recurrent UTI patients have
important implications for clinical practice guidelines and
antimicrobial prescribing practices (56). Empirical therapy
for rUTIs should be guided by local surveillance data and
individual patient risk factors, with strong consideration for
culture-guided therapy whenever possible (57). Developing
rapid diagnostic techniques that identify resistance
mechanisms within hours rather than days may significantly
improve clinical decision-making and patient outcomes (58).

Conclusions
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multidrug-resistant bacteria among patients with recurrent
urinary tract infections, with 89.3% of isolates
demonstrating resistance to three or more antimicrobial
classes. The identification of novel resistance patterns,
including high rates of ESBL production (67.5%), emerging
carbapenem resistance (12.3%), and the presence of
pandrug-resistant isolates (3.2%), represents a significant
threat to current therapeutic approaches and patient
outcomes.

The predominance of E. coli and K. pneumoniae as
causative organisms, combined with their high rates of
resistance to commonly used antibiotics, including
fluoroquinolones and B-lactams, necessitates a fundamental
reassessment of empirical treatment strategies for recurrent
UTIs. The phenotypic detection of diverse resistance
mechanisms, including ESBLs, carbapenemases, and AmpC
B-lactamases, highlights the complexity of resistance
patterns and the challenges facing clinicians in selecting
appropriate antimicrobial therapy.

These findings underscore the critical importance of
implementing comprehensive antimicrobial stewardship
programs, enhanced infection prevention and control
measures, and robust surveillance systems to monitor
resistance trends. Clinicians managing patients with
recurrent UTIs should prioritize culture-guided therapy,
consider combination antimicrobial regimens for resistant
organisms, and explore non-antimicrobial approaches,
including immunomodulation and biofilm disruption
strategies.

The public health implications of widespread antimicrobial
resistance in recurrent UTIs extend beyond individual
patient care to encompass healthcare system sustainability
and global efforts to combat antimicrobial resistance.
Immediate action is required to address this growing crisis
through coordinated efforts involving clinicians, researchers,
public health officials, and policymakers to preserve the
effectiveness of existing antimicrobials and develop
innovative therapeutic = approaches for the future.
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