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Urinary tract infections (UTIs) are common community-acquired infections caused by
Escherichia coli and Klebsiella pneumoniae. This study examined the patterns of
antimicrobial resistance and the genetic factors responsible for extended-spectrum B-
lactamase production in E. coli and K. pneumoniae isolates collected from UTI patients.
This study analyzed 42 E. coli and K. pneumoniae isolates from female UTI patients in
Baghdad. Phenotypic and genotypic methods assessed antibiotic resistance, plasmid
types, clonal relationships, and horizontal gene transfer using polymerase chain reaction
(PCR), multilocus sequence typing, Etest, disk diffusion, conjugation, electroporation,
and sequencing techniques. The results revealed high resistance rates to multiple
antibiotics, including ciprofloxacin (92.31%), gentamicin (76.92%), amoxicillin-
clavulanic acid (92.31%), ceftazidime (87.18%), and cefotaxime (76.92%). Imipenem
showed the highest sensitivity (76.92%). Molecular analysis identified blacrx-u-is in K.
pneumoniae ST15 and E. coli ST131 clones, while blakpc-2 was detected in carbapenem-
resistant E. coli. Plasmid profiling revealed IncF-type plasmids as key vectors for
resistance gene dissemination. The fingerprinting techniques confirmed clonal
transmission, with identical isolates detected across hospitals, suggesting nosocomial
spread. Notably, a patient persistently colonized with KPC-2-producing E. coli acted as
a potential reservoir. The research findings underscore that the clonal spread of ST131
and KPC-2 carriage represents significant nosocomial threats, warranting urgent

containment measures.

1. INTRODUCTION

Urinary tract infections (UTIs) rank among the most
prevalent community-acquired infections, substantially
impacting morbidity and mortality rates [1, 2]. They can affect
the lower and upper urinary tract, ranging from asymptomatic
bacteriuria to severe conditions, such as pyelonephritis and
septic shock [3]. UTIs pose a major health concern in both
hospital and community settings, particularly among older
adults with comorbidities. The primary bacterial pathogens,
including Escherichia coli and Klebsiella pneumoniae, are
frequently associated with complicated and recurrent UTIs [4].
According to recent research conducted in Iraq, the incidence
of UTIs ranges from 15% to 25%, with a greater frequency
among women. More than 50% of isolates are multidrug-
resistant (MDR) bacteria, especially ESBL-producing E. coli
and K. pneumoniae, underscoring the significant concerns
about antibiotic resistance [5, 6]. The misuse of antibiotics is
a major factor in the rise of multidrug-resistant (MDR) E. coli
that produce extended-spectrum -lactamases (ESBLs) [7]. In
Iraq [8], the resistance of uropathogenic E. coli to third-
generation cephalosporins increased from 12.1% in 2010 to
14.1%, with ESBL-producing E. coli accounting for 40% of
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community-acquired UTIs. The number of Enterobacteriaceae
that produce ESBL is increasing worldwide. In many regions
of the world, blacrxa-1s and blacry.a14 have displaced other
genotypes, according to research that documented temporal
patterns in blacrxm epidemiology. Horizontal gene transfer
(HGT) of plasmids, successful E. coli clones, ESBLs in food
animals, the natural environment, human migration, and
access to basic sanitation are some of the explanations for
these alterations [9]. Empirical treatment typically involves
oral antibiotics, with nitrofurantoin recommended as a first-
line option. ESBLs hydrolyze B-lactam antibiotics, rendering
penicillin, cephalosporins, and monobactams ineffective.
Resistance genes, which are frequently found on plasmids, aid
in the horizontal gene transfer that spreads resistance.
Plasmids such as IncF are crucial in disseminating blacrx-r and
blakpc.2 genes. Clones like E. coli ST131 and K. pneumoniae
ST15 have been key drivers of the global ESBL spread [8, 10].

Phenotypic characterization was performed using disk
diffusion and E-test methods to assess antibiotic susceptibility
and determine minimum inhibitory concentrations (MICs) [11,
12]. Genotypic analysis involves polymerase chain reaction
(PCR) and sequencing to detect resistance genes, plasmid
types, and mobile genetic elements [13, 14]. Molecular typing
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techniques, including multilocus sequence typing (MLST) and
PCR fingerprinting, were used to determine clonal
relationships [14, 15]. Horizontal gene transfer was evaluated
through conjugation and electroporation experiments [16, 17].
This study analyzed MDR bacterial isolates from UTI patients
in three Baghdad hospitals (Al-Yarmouk Teaching Hospital,
Al-Shaab General Hospital, and Baghdad Medical City)
between March 2023 and April 2024. The objective was to
investigate the genetic mechanisms underlying antibiotic
resistance and identify potential reservoirs facilitating
bacterial persistence and transmission.

The patterns of antibiotic resistance and the genetic factors
responsible for the synthesis of extended-spectrum [-
lactamase in K. pneumoniae and E. coli isolates obtained from
UTI patients were investigated in this study. Identifying key
resistance genes and their plasmid associations emphasizes the
need to implement enhanced surveillance, infection control
measures, and antimicrobial stewardship programs to mitigate
the spread of resistance.

2. MATERIALS AND METHODS
2.1 Study population

This cross-sectional study evaluated E. coli and K
pneumoniae isolates from female urinary tract infection (UTI)
patients for antibiotic resistance across three hospitals in
Baghdad, Iraq, between March 2023 and April 2024. Forty-
two [9] bacterial isolates were recovered exclusively from
women with an average age of 40.32 years.

2.2 Collection of urine samples

Urine samples were collected from all the participants. To
minimize contamination, urine samples were collected using
the midstream clean-catch technique [18]. For hospitalized
patients, catheterized urine samples were obtained under
sterile conditions. Additionally, blood samples were collected
from patients suspected of having systemic infections to assess
bacteremia [2, 19].

2.3 Inclusion and exclusion criteria

The study included female patients diagnosed with UTIs
based on positive urine cultures and clinical symptoms.
Patients were excluded if they had non-bacterial infections or
had received antibiotics within 72 hours before sampling.

2.4 Antibiotic susceptibility testing

Antibiotic susceptibility testing was conducted using the
Etest and disk diffusion (Kirby-Bauer) methods to determine
MICs [12, 20]. Bacterial isolates were cultured on Drigalski
agar and incubated at 37°C for 24 hours. Suspensions were
adjusted to 0.5 McFarland (1x10° CFU/mL) and inoculated
onto Mueller-Hinton (MH) agar. The Kirby-Bauer disk
diffusion method was used to evaluate antibiotic susceptibility,
and the chosen antibiotics are listed in Table 1. The results
were interpreted according to EUCAST (2013) guidelines [21].
Inhibitors such as boronic acid (20 mg/mL) and cloxacillin (10
mg/mL) were used to detect group A carbapenemases and
AmpC B-lactamases. MICs were determined via the Etest
method using CTX, CAZ, CFEP, IPM, and MEM strips.
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Combination strips (CTX/CTXL, CAZ/CAZL, CFEP/FEPL)
confirmed ESBL production, while IPM/IPI strips detected
metallo-B-lactamases. Conjugation and electroporation
experiments were performed to evaluate horizontal gene
transfer, providing insight into the dissemination of resistance
genes among UTI-causing bacteria in Iraqi hospitals.

Table 1. Antibiotics used in susceptibility testing

Antibiotics Abbreviation  Disc Conc. (ug)
Ciprofloxacin CIP 5
Gentamicin GEN 10
Cefoxitin FOX 30
Cefotaxime CTX 30
Ceftazidime CAZ 30
Amoxicillin/
Clavulanic AMC 20/10
Acid
Cefepime CFEP 30
Imipenem IPM 10
Meropenem MEM 10
Doripenem DOR 10
Ertapenem ETP 10

2.5 Molecular typing and genetic analysis

The genetic analysis was used to identify resistance genes
and plasmid types through polymerase chain reaction (PCR)
and sequencing. Clonal relationships were assessed using
molecular typing methods, such as MLST and PCR
fingerprinting [22]. Total DNA was extracted using the
boiling-centrifugation method. Genomic characterization was
performed using M13-PCR and BOX-PCR fingerprinting,
followed by MLST of E. coli and K. pneumoniae isolates [21,
23], targeting seven housekeeping genes. Sequences were
analyzed using reference databases. Resistance genes,
including blaKpC, blacz')(, blaTEM, blaSHV, blaDHA, bZaCMy, blao)(A.
48, blaoxsss, and blacgrr, were screened via PCR. In
carbapenem-resistant K. pneumoniae, porin genes (OmpK35,
OmpK36) were analyzed to assess permeability alterations.

2.6 Genetic environment and plasmid analysis

The blakpc.> gene’s genetic surroundings, including ISKpn7,
ISKpn6, tnpA, and tnpR, were examined. ISEcpl and 1S903,
commonly linked to blacrxu, were also studied. Class |
integrons were identified using primers targeting conserved
regions flanking resistance gene cassettes [24]. Plasmid
incompatibility groups were determined via replicon typing
using multiplex and simplex PCR reactions. Plasmid DNA
was extracted using the Kado and Liu [25] method, visualized
on agarose gels, and analyzed for B-lactamase genes.

2.7 Genetic transfer methods

Horizontal gene transfer was assessed through conjugation,
transformation, and electroporation. E. coli J53 (sodium azide-
resistant) served as the recipient strain [26, 27]. Liquid and
solid medium conjugation methods were used, followed by
transconjugant selection on MH agar with sodium azide and
cefotaxime [28]. Competent E. coli JM109 cells were
transformed with purified plasmid DNA via electroporation
and selected on MH agar. PCR amplification and sequencing
confirmed the genetic transfer, with sequences analyzed
through BLAST and Clustal Omega [29].



3. RESULTS AND DISCUSSION

3.1 Distribution of resistance genes and plasmid replicons
in E. coli and K. pneumoniae isolates

The main genetic results of E. coli and K. pneumoniae
isolates, organized by shared traits, are presented in Table 2.
All E. coli isolates with identical genetic environments and

plasmid types carried the blakpc.> gene, indicating a probable
clonal origin. In contrast, K. pneumoniae isolates possessed
the blacrxaris gene and were split into representative groups
depending on shared insertion sequences (e.g., ISKpn7,
ISKpn8, ISEcpl, and 1S903) [30]. Also, Table 2 illustrates
how [-lactamase genes spread in hospital settings through
plasmid-mediated transmission and clonal expansion.

Table 2. Plasmid-mediated B-lactamase resistance and mobile genetic elements in E. coli and K. pneumoniae from tertiary
healthcare facilities

Sample Resistance Genetic Plasmid Origin
Number Hospital/Unit ) G?nes (B-) Environment of Replication KPC CTX SHV TEM ISKpn6 ISKpn7 ISKpn8 ISEcpl 18903
E. coli Isolate
AY-TH Identical to IncFIA, IncFIB,
! (Nephrology) blagre: isolates 2, 3, 49 IncF * ND - ND - ND * - - - -
AY-TH Identical to IncFIA, IncFIB,
2 (Emergency) blaxec2 isolates 1, 3, 49 IncF - ND ND ND * ° ° ° :
AY-TH Identical to IncFIA, IncFIB,
3 (Emergency) blaxec2 isolates 1, 2, 49 IncF - ND ND ND * ° ° ° :
ASGH (general Identical to IncFIA, IncFIB,
49 ward) blaxrc isolates 1, 2, 3 IncF + ND ND ND + ° i i :
K. pneumoniae Isolate
. Representative of
35 Three BOSpital  pacrcaas a 13-isolate IncF - + ND  ND - + + + +
group
. Representative of
40 Three BOSpital pocrcnas a 13-isolate IncF - + ND ND - + + + +
umts group
7 Three hospital blacrs  Representative of IncF - + ND  ND i + + + +
units a 4-isolate group
17 Three hospital blacrs  Representative of IncF - + ND  ND i + + + +
units a 4-isolate group
29 Three hpspltal blactsis. Replfesentatlve of IncF B + ND ND B . . . 4
units a 4-isolate group
43 Three hospital blactsis. Representative of IncF B + ND ND B . . . 4

units a 4-isolate group

The isolates were grouped based on their common characteristics; +: Present; -: Absent; ND: Not detected; KPC: Klebsiella pneumoniae carbapenemase; CTX:
Cefotaxime; SHV: Sulthydryl variable B-lactamase; TEM: Temoniera B-lactamase; ISKpn6: Insertion Sequence Klebsiella pneumoniae 6; ISKpn7: Insertion
Sequence Klebsiella pneumoniae 7; ISKpn8: Insertion Sequence Klebsiella pneumoniae 8; ISEcpl: Insertion Sequence for Escherichia coli promoter 1; IS903:
Insertion Sequence 903.

Antibiotic Sensitivity Distribution

92.31

92.31

80

60

40
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Figure 1. Percentage of isolates demonstrating resistance, intermediate levels of resistance, and sensitivity to the test antibiotics
Gentamicin (GNTM), ciprofloxacin (CFX), amoxicillin with clavulanic acid (AMXCA), cefoxitin (CEFT), ceftazidime (CEFZ), cefotaxime (CTX), and
imipenem (IPM).

. blue symbol refers to the percentage of resistant isolates to antibiotics
. red symbol refers to the percentage of intermediate levels of resistance to antibiotics
. green symbol refers to the percentage of sensitive isolates to antibiotics
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3.2 Selection and characteristics of isolates

Seven K. pneumoniae isolates were selected based on their
antibiotic resistance profiles. Four isolates were resistant to
cefotaxime (CTX) and ceftazidime (CAZ), while three isolates
demonstrated intermediate susceptibility or were susceptible
to CTX but resistant to CAZ and CFEP. These isolates were
selected primarily due to their susceptibility or intermediate
resistance to IPM and MEM, alongside resistance to DOR and
ETP. Five Enterobacter isolates were selected: two were
responsive to carbapenems but resistant to CAZ and CEFT,
and three were resistant to cephalosporins (CTX, CAZ, and
ceftazidime (CEFT)) and carbapenems (IPM and ETP).

3.3 Antibiotic susceptibility

Antibiograms were performed using the disk diffusion
method on Mueller-Hinton (MH) agar to evaluate the
resistance profiles of the 42 Enterobacteriaceae isolates. The
isolates were obtained from various hospital services, with
detailed resistance data provided. The results for key antibiotic
categories are presented in Figure 1. A high proportion of the
isolates showed resistance to ciprofloxacin (92.31%) and
gentamicin (76.92%), as well as to B-lactam antibiotics
including amoxicillin-clavulanic acid (92.31%), ceftazidime
(87.18%), and cefotaxime (76.92%). Imipenem demonstrated

the highest sensitivity percentage at 76.92% among antibiotics.

Most imipenem-sensitive isolates are K. pneumoniae strains
that resist cephalosporins CEFZ and CTX. The imipenem-
resistant isolates consist of four E. coli strains exhibiting
resistance to the cephalosporins CEFZ and CTX. The results
revealed three primary categories of multidrug-resistant
bacteria. The first included four E. coli isolates resistant to the
carbapenem imipenem (IPM) and the cephalosporins
cefotaxime (CTX) and cefazolin (CEFZ). The second group
comprised 19 K. prneumoniae isolates resistant to CTX and
CEFZ but susceptible to carbapenems, suggesting the presence
of extended-spectrum B-lactamases (ESBLs), particularly
CTX-M types. The graph was constructed using the values
recorded from the antibiograms of 39 of the 42 isolates under
study, since the number of antibiotics tested for E. cloacae
isolates 5, 8, and 14 was not sufficient to construct the graph.

3.4 B-lactamase inhibitory activity

Inhibitor assays were conducted with 10 pL of boronic acid
or cloxacillin added to antibiotic discs to detect group A
carbapenemases and AmpC B-lactamases. A positive result
was defined as an increase in the inhibition zone of more than
5 mm. Seven E. coli isolates were initially included in the
study; however, two were excluded due to the absence of
cephalosporin resistance. Four isolates (1, 2, 3, and 49)
exhibited resistance to all tested antibiotics, including
cephalosporins and carbapenems. However, isolate 37 was
sensitive to carbapenems but resistant to CTX and CAZ,
indicating the development of an ESBL of the CTX-M type.

3.5 Carbapenemase and ESBL confirmation

Boronic acid significantly increased inhibition zones for
MEM, ETP, and DOR in isolates 1, 2, 3, and 49, confirming
K. pneumoniae carbapenemase (KPC) production. However,
cloxacillin and imipenem + EDTA (IPM/IPI) did not affect
inhibition zones, ruling out AmpC f-lactamases and metallo-
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B-lactamases. MIC was determined using Etest strips. For
isolate 37, CTX, CTX/CTXL, CAZ, CAZ/CAZL, CFEP, and
CFEP/FEPL were tested. For isolates 1, 2, 3, and 49, imipenem
(IPM), meropenem (MEM), and imipenem + EDTA (IPM/IPT)
were used. MIC values ranged from 8 to 24 mg/L for IPM and
MEM (Figure 2), confirming carbapenemase production.
There were no significant changes in susceptibility with the
use of IPM/IPI strips, effectively ruling out metallo-p-
lactamase production. Isolate 37 exhibited minimum
inhibitory concentrations (MICs) greater than 256 mg/L for
cefotaxime (CFX), cefazolin (CFZ), and cefepime (CEFP),
supporting the classification of this isolate as an extended-
spectrum B-lactamase (ESBL) producer. The use of
CFX/CFXL, CFZ/CFZL, and CEFP/CEFPL combination
strips enables the identification of ESBL-producing isolates by
comparing results against established reference thresholds:
CFX MICs > 0.5 mg/L with a CFX/CFXL ratio > 8; CFZ MICs
> 1 mg/L with a CFZ/CFZL ratio > 8; or CEFP MICs > 0.25
mg/L with a CEFP/CEFPL ratio > 8. In the case of isolate 37,
the results obtained with the CFZ/CFZL and CEFP/CEFPL
strips met these criteria, thereby confirming the presence of
ESBL activity.
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25 26 28 % N 3 39 40|23 24|35

# 10000 bp
> 6000 bp
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#1000 bp

» 7200bp

»s500bp

»250bp

I

Figure 2. Electrophoretic profiles generated by M13 and
BOX fingerprinting molecular typing methods using 2%

agarose gel
A: Profile of E. coli isolates; B: Profile of K. pneumoniae isolates; M:
GeneRuler™ 1kb DNA ladder molecular weight marker.

Tests were conducted on K. pneumoniae isolates using
inhibitors to assess P-lactamase activity. Cloxacillin was
added to discs containing ceftazidime (CAZ),
amoxicillin/clavulanic acid (AMX/CA), cefotaxime (CTX),
cefepime (CFEP), and imipenem (IPM). The lack of
alterations in inhibitory zones suggested that AmpC (-
lactamases were not produced by these isolates. Another
inhibitor, boronic acid, was tested with imipenem (IPM),
meropenem (MEM), doripenem (DOR), and ertapenem (ETP).
No significant changes were observed in inhibition zones,
except in a group of seven isolates where an increased
inhibition zone in the DOR + boronic acid disc suggested the
presence of a carbapenemase.

The Etest technique was used to verify the existence of
ESBLs. With ranges of 8 mg/L to >256 mg/L for cefotaxime
(CTX), 12 mg/L to >256 mg/L for ceftazidime (CAZ), and 24
mg/L to >256 mg/L for CFEP, the minimum inhibitory
concentrations (MIC) for all three medications were
noticeably high. Resistance to these medicines was validated
by these high MIC values. Furthermore, when clavulanic acid
was diffused into CTXL, CAZL, or FEPL zones, the inhibition
ellipse on CTX, CAZ, or CFEP strips showed a "ghost zone"



or distortion, which suggested the existence of ESBLs. This
trait was most noticeable in K. pneumoniae isolate 24, which
was sensitive to carbapenems but resistant to cephalosporins.
The molecular typing techniques analyzed the genetic
relationships between isolates, including M13-PCR, BOX-
PCR fingerprinting, and MLST. In E. coli isolates, M13-PCR
fingerprinting established a genetic link between isolates 1, 2,
and 49, while BOX-PCR fingerprinting demonstrated
similarities between isolate 3 and the other E. coli isolates.
These analyses confirmed a close genetic relationship among
isolates 1, 2, 3, 49, and 37 from Yarmouk Teaching Hospital.
Notably, isolates 1 and 2 were collected from the same patient
at different times, one from the nephrology unit and another
three months later from the emergency room, while isolates 3,
49, and 37 were obtained from different biological samples of
unrelated patients across multiple hospital units.

Among the 19 selected K. pneumoniae isolates, two distinct
genetic profiles, B and C, were identified. Profile B included
13 isolates from different patients across three hospitals. In
contrast, Profile C consisted of isolates collected from a single
patient within a four-day interval at two hospitals, namely Al-
Shaab General Hospital and Baghdad Medical City. In contrast,
molecular typing of Enterobacter isolates and the seven
selected K. pneumoniae isolates did not provide sufficient

resolution to establish a clear genetic relationship. Further
details on sample origins, hospital sources, and electrophoretic
profiles are provided in Table 3. The MLST technique was
performed to characterize the bacterial isolates further and
confirm their clonal relationships. This method involves
amplifying internal fragments of seven housekeeping genes,
which are constitutive and species-specific [31]. Based on
nucleotide variations, each isolate was assigned an allelic
profile that, when analyzed against a reference database,
allows for identifying different sequence types (STs) through
homology with previously described profiles. Klebsiella
pneumoniae isolates 35 and 40 (Profile B), isolate 24 (Profile
C), and E. coli isolates 1, 3, 49, and 37 (Profile A) were all
subjected to MLST. Additionally, it was performed on K.
pneumoniae isolates 7, 17, and 29, which exhibited resistance
to cephalosporins and intermediate resistance to carbapenems
in antibiograms. In E. coli isolates 1, 3, 49, and 37, the globally
disseminated clone ST131 [32] was identified, which is
recognized for its role in the spread of the CTX-M-15 enzyme.
The allelic profile of these isolates was determined by
sequencing seven housekeeping genes [31]: adk, fumC, gyrB,
icd, mdh, purA, and recA. The detailed allelic profiles of these
isolates are provided in Table 4.

Table 3. Strain identification, sample type, hospital service, unit of origin, and electrophoretic profiles of the studied isolates

Isolate Isolate No. Sample Hospital Service Section Hospital Electrophoretic Profile
1 Urine Nephrology AY-TH A
Escherichia coli 2 Urine General Urgency ASGH A
49 Urine Kidney Transplant AY-TH A
37 Urine Nephrology AY-TH A
25 Urine UCI Internment BMC B
26 Urine Kidney Transplant AY-TH B
30 Urine UCIC Orthopedics ASGH B
31 Urine Oncology ASGH B
36 Urine Urology BMC B
39 Urine UCI Internment BMC B
Klebsiella pneumoniae 40 Ur@ne Internment Medicine IV ASGH B
35 Urine Urology BMC B
38 Urine UCI Internment Cardiothoracic Surgery AY-TH B
48 Urine  Hospitalization for Cardiothoracic Surgery ~ AY-TH B
17 Urine Internment Infectiology BMC X
29 Urine Hematology ASGH X
43 Urine Kidney Transplant AY-TH X
46 Urine Hematology ASGH X

AY-TH: Al-Yarmouk Teaching Hospital; ASGH: Al-Shaab General Hospital; BMC: Baghdad Medical City; A: found in E. coli isolates; B: found in K.
pneumoniae isolates with one grouping, and X: found in K. pneumoniae isolates with a distinct genetic profile.

Table 4. Allelic profile of E. coli isolates

Isolate Sequence Type adk fumC gyrB icd mdh purAd recA
1 ST131 P P P P P P P
3 ST131 P p P P p p p
49 ST131 P p P P p p p
37 ST131 P P P P P P P

P: Present (indicates detecting the characteristic nucleotide sequence for each housekeeping gene in ST131 isolates, and ST131 is a globally disseminated clone
frequently associated with the spread of the CTX-M-15 extended-spectrum B-lactamase enzyme).

To properly describe the bacterial isolates and validate their
clonal connection, the MLST methodology was applied to the
most representative profiles that were generated using the
earlier techniques. Following analysis of the profiles in a
database, the various sequence types may be identified based
on their similarity with the previously mentioned profiles. This
technique was used for E. coli isolates 1, 3, 49, and 37 (Profile
A) and for K. pneumoniae isolates 35 and 40 (Profile B) and
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24 (Profile C). It was also applied to K. pneumoniae isolates 7,
17, and 29, showing a resistance profile to cephalosporins and
intermediate resistance to carbapenems in the antibiograms. In
E. coli isolates 1, 3, 49, and 37, the globally disseminated
clone ST131 was identified, which is known for its role in
spreading the CTX-M-15 enzyme (Table 4). The allelic profile
of these isolates was determined by analyzing the nucleotide
sequences of seven housekeeping genes, including adk, fumC,



gvrB, icd, mdh, purd, and recA. The detailed allelic profiles of
these isolates are presented in Table 4.

ST15, a clone that has recently been linked to the spread of
CTX-M enzymes in isolates of K. pneumoniae, was found in
isolates 35, 40, 7, 17, and 29 [24]. A distinct ST was found in
isolate 24, which is in line with the profiles derived using the
BOX fingerprinting typing technique. The closest ST to the
one discovered in this isolate is ST20, whose nucleotide

sequences of the genes under study vary from isolate 24 only
in the mdh gene, as shown in Table 5. The ST detected in this
isolate is not mentioned in the database that was utilized.
Considering the nucleotide sequences of the housekeeping
genes gapA, infB, mdh, pgi, phoE, rpoB, and tonB, Table 5
shows the allelic profile for K. pneumoniae isolates 35, 40, 24,
7,17, and 29 [33].

Table 5. Allelic profile of K. pneumoniae isolates

Isolate ST Type gapA infB mdh pgi phoE rpoB tonB Profile in Database
35 ST15 " " " " " "T" "T" "T"
40 ST15 " " " " " "T" "T" "T"
7 ST15 " " " " " "T" "T" "T"
17 STIS "I" llIll "I" IYI" IYI" Hlll IYIIY IYIIY
29 STIS "I" llIll "I" IYI" IYI" Hlll IYIIY IYIIY
24 NE(CIOSCSt:STZO) "I" llIll "I" IYI" IYI" Hlll IYIIY IYIIY

“I”: identical allelic sequences matching those found in ST15 or the nearest sequence type; Variant: a sequence difference, as seen in the mdh gene of isolate 24;
Profile in Database: reflects whether the full allelic profile corresponds to an existing entry in the MLST database.

3.6 Genetic determinants of resistance

PCR analysis was performed to detect resistance genes
(Figure 3), including the carbapenemases blaxpc, blaoxi-4s, and
blaox,q.58, and ESBLS, blacTX, blarEM, blasHV, blaDHA, blacMyv
and blacgrr. Enterobacter isolates 28, 29, 30, and 32 tested
negative for blacrx and blaxpc and were excluded from further
study. Their resistance may be due to alternative mechanisms,
such as porin modifications or efflux pump activity. In E. coli
isolates 1, 2, 3, and 49, blaxrc amplification correlated with
carbapenem resistance and increased inhibition zones in
boronic acid disk tests. Sequencing confirmed the blaxpc.:
variant, the most globally widespread KPC enzyme, primarily
found in K. pneumoniae. The blarey gene was also detected,
identifying the TEM-1 B-lactamase [34]. No amplification was
observed for blacry, blaoxi.4s, blaoxa-ss, or blasyy. The E. coli
ST131 clone, known for spreading the CTX-M-15 enzyme,
was first reported carrying blaxpc-> in Ireland [35]. Its presence
in this highly transmissible lineage raises concerns about the
rapid dissemination of carbapenem resistance.

» 10000 bp

» 1000 bp

» 750 bp

» 500 bp

» 250 bp

Figure 3. PCR products related to amplifying the blaxprc gene

of 871 bp (base pairs) in a 1% agarose gel
M: GeneRuler™ 1kb DNA ladder molecular weight marker.

PCR amplification detected the blacrx gene in E. coli isolate
37 and K. pneumoniae isolates 25, 26, 28, 30, 31, 36, 39, 40,
35, 24, 38, 41, 42, and 48, all of which were resistant to CTX
and CEFZ but susceptible to carbapenems. Sequencing
confirmed the blacry.as s variant in isolates 37, 36, 40, 35, and
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24, a globally prevalent enzyme conferring resistance to third-
and fourth-generation cephalosporins, such as CTX, CEFZ,
and cefepime (CFEP). The blarey gene was also identified,
and sequencing of E. coli isolate 37 and K. pneumoniae
isolates 40 and 24 confirmed the blareu.; variant, responsible
for resistance to first-generation penicillins and
cephalosporins. The blasyy gene was absent in E. coli isolate
37 but detected in K. pneumoniae isolates 35, 40, and 24.
Sequencing revealed blasuy-2s in isolates 35 and 40 and blasgy-
121n isolate 24. The SHV-12 enzyme demonstrated enhanced
hydrolytic activity against cephalosporins, particularly CEFZ
and CTX, while SHV-28 preferentially hydrolyzes CTX over
CEFZ, reflecting the resistance patterns observed in isolates
35 and 40. The blaoxs.4s gene was absent in all E. coli and K.
pneumoniae isolates. Among seven K. pneumoniae isolates (7,
17,29, 43, 33, 46, and 47) with susceptibility or intermediate
resistance to [PM and MEM but resistance to doripenem (DOR)
and ertapenem (ETP), no amplification of blaxprc, blaoxi.ss,
blapa, blacyy, or blacgrr was observed. However, isolates 7,
17, 29, and 43, resistant to CTX and CEFZ, tested positive for
blacrx, blarey, and blasyy (Figure 4). Sequencing of isolate 17
confirmed blacrya.1s, blarem.;, and blasgy.;. In isolates 33, 46,
and 47, which showed intermediate or susceptible levels to
CTX but resistance to ceftazidime (CEFT) and CFEP, only the
blasyy.; gene was identified, conferring resistance to first-
generation penicillins and cephalosporins.

23 24 25 26 28 30 31 M

37 38 39 40 41 42 448 M

Figure 4. PCR products related to amplifying the 544 bp

blacrx gene in a 1% agarose gel
M: GeneRuler™ 1kb DNA ladder molecular weight marker.

Table 6 outlines P-lactamase genes, porin presence,
electrophoretic profiles, and sequence types of E. coli and K.
pneumoniae isolates. Most E. coli belonged to STI131



harboring blagpc.,, while K. pneumoniae mainly carried
blacry.m.1s and belonged to ST15, indicating clonal and gene-
specific resistance patterns.

Resistance to B-lactam antibiotics can result from altered
outer membrane permeability due to reduced expression or
absence of porin-encoding genes. Since the seven K.
pneumoniae isolates (7, 17, 29, 33, 43, 46, and 47) with
susceptibility or intermediate resistance to [IPM and MEM but
resistance to DOR and ETP tested negative for blakpc, the

presence of the OmpK35 and OmpK36 porins was investigated.

Most non-ESBL-producing K. pneumoniae express both
porins, while ESBL-producing isolates commonly express
only OmpK36. The absence of both porins has been linked to
B-lactam resistance. Recent studies suggest that OmpK35 is
associated with ceftazidime susceptibility, whereas OmpK36
expression correlates with cefotaxime susceptibility. Loss of
OmpK36 is linked to increased resistance to cefoxitin and

carbapenems in -lactamase-producing strains. The OmpK35
gene was found in all isolates, while OmpK36 was detected in
only five (7, 17, 29, 43, and 46). OmpK36 was absent in
isolates 33 and 47, which might account for their increased
vulnerability to ceftazidime. The absence of OmpK36 may
contribute to increased carbapenem resistance. Further
analysis is needed to determine porin expression levels [36],
as the presence of a gene does not guarantee its expression.
Based on these findings, the following isolates were selected
for further study: E. coli ST131 isolates 1, 2, 3, and 49
producing KPC-2 carbapenemase; E. coli ST131 isolate 37
producing ESBL CTX-M-15 (Profile A); K. pneumoniae
isolate 24 with a distinct sequence type (Profile C); K.
pneumoniae isolates 35 and 40 with ST15 (Profile B); and K.
pneumoniae isolates 7, 17, 29, and 43 with distinct
electrophoretic profiles (X) but sharing ST15, all producing
ESBLcrx-M-15.

Table 6. Primary resistance genes identified in the studied isolates and their corresponding hospitals of origin

E. coli Isolate Sample No. f-Lactamase Genes Porins (OmpK35/0mpK36) Electrophoretic Profile ST Type

1 blakpc-2 NA NA ST131
2 blakpc-2 NA NA ST131

3 blakpc-2 NA NA ST131
37 blactx-M-15 NA A ST131
49 blakpc-2 NA NA ST131

K. pneumoniae

7 blactx-M-15 Present/Present X ST15
17 blalt)el:?tcl:-t)l(:ll\o/[l;llslsq’v-l Present/Present X STI15
24 Ctx-m-15 NA C Distinct ST
29 blactx-M-15 Present/Present X ST15
33 Blashv-1 Present/Present NA NA
35 blactx-M-15 NA B ST15
40 blactx-M-15 NA B ST15
43 blactx-M-15 Present/Present X ST15
46 blashv-1 Present/Present NA NA
47 blashv-1 Present/Absent NA NA

NA: Not applicable or not available; ST: Sequence type based on molecular typing; EP: Electrophoretic profile (distinct molecular profiles of isolates).

Table 7. Primers designed in the laboratory and PCR conditions used to determine the genetic environment of the blaxpc.> gene

Primer Sequence (5' — 3') Initial No. of Cycle Final
q Denaturation Cycles Conditions Extension
F:GGTGCCTCACTGATTAAGCA 95°C, 46 sec
ISKpn8 R-CAGTTCACCGACCGCTTCA 95°C, 11 min 35 5720% 4;6nsnerf 73°C, 11 min
F:TCATGCCATCCGTAAGATGC 95°C, 46 sec
ISKpn8T R:CCAACTCCTTCAGCAACAAA 95°C, 11 min 35 57730% 4;6nile; 73°C, 11 min
F:CATCCGAAAGTGGCAAAACC 95°C, 46 sec
o . 63°C, 46 sec o .
KPCT R:TGAAGCGGTCGGTGAACTG 95°C, 11 min 31 73°C,2min > C» 11 min
31sec

ISKpn8: internal region of the ISKpn8 insertion sequence; ISKpn8T: region between ISKpn8 and the truncated blarzy gene; KPCT: region between the truncated
blarg) gene and the blaxpc., gene; F: forward primer; A: reverse primer.

3.7 Dissemination of genetic determinants of resistance

The spread of ESBLs in Enterobacteriaceae is driven by
clonal dissemination and mobile genetic elements like
plasmids, transposons, and integrons. The blagpc.> gene is
carried by the Tn3-type transposon Tn4401, which includes
tnpA, tnpR, and insertion sequences ISKpn6 and ISKpn7.
Tn4401, found in various species and regions, exists in three
isoforms (a, b, and c) that differ by 100-200 bp deletions
upstream of blakpc.2, highlighting its high mobility and role in

resistance gene spread. Other variants of Tn4401 have been
described, mainly involving modifications in the upstream
region of blakpc.2, indicating its instability. In China, a novel
genetic environment for blaxprc.> was identified, featuring an
ISKpn6-like sequence downstream of the gene, a newly
described ISKpn8 insertion sequence upstream, and a
truncated blarem gene [37, 38]. For E. coli isolates 1, 2, 3, and
49, which carry blakpc.», the presence of Tn4401 elements was
investigated using PCR with primers targeting ISKpn7,
ISKpn6, tmpA, and tnpR. Only ISKpn6 was amplified, and
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sequencing confirmed its identity with the previously
described Tn4401 transposon. No amplification of tnpA, tnpR,
or ISKpn7 was observed. Given this, primers were designed to
detect the novel genetic structure described in China, targeting
ISKpn8, the region between ISKpn8 and the truncated blarem
gene, and the region between blarey and blaxpc.2, as detailed
in Table 7 [37].

Genes upstream of blagpc.» could not be identified since no
amplification was observed in any of the regions examined.
The genetic environment of blacrx.a.;s was also examined,
given its association with mobile elements like the ISEcpl
insertion sequence, which plays a key role in mobilizing
blacrx.um genes. Additional elements, such as 1S26 and 15903,
also contribute to gene transfer. In E. coli isolates 37 and K.
pneumoniae 24, 35, 40, 7, 17, 29, and 43, ISEcpl was
consistently identified upstream of blacrxais. With the
exception of E. coli isolate 37 and K. pneumoniae isolate 24,
which exhibited different genetic profiles, IS903 was present.
In K. pneumoniae ST15 isolates, both ISEcpl and IS903 were
found flanking blacrxarsss, facilitating its mobilization
between plasmids and chromosomes. Integron analysis in E.
coli isolates 49 and 37, and K. pneumoniae isolates 35, 40, 24,
7, 17, 29, and 43, revealed a class I integron in E. coli isolate
49, containing the dhafrV gene linked to trimethoprim
resistance. To investigate plasmid dissemination mechanisms,
plasmid incompatibility groups were identified using replicon
typing. Five multiplex and three simplex PCR reactions were
conducted targeting 18 replication origin groups. E. coli
isolates 1, 2, 3, and 49 tested positive for IncFIA, IncFIB, and
IncF, while E. coli isolate 37 harbours IncFIA and IncF.
Among K. pneumoniae isolates, only isolate 7 carried IncN,
with no positive results in others. These findings are consistent
with previous research showing that IncFII plasmids are
associated with the spread of blaCTX-M-15 in E. coli. At the
same time, K. pneumoniae producers of CTX-M [-lactamase
are commonly associated with IncFII, IncN, and IncL/M
plasmid groups [9].

3.8 Plasmid DNA extraction

The plasmid DNA extraction technique developed by Kado
and Liu [25] was used for E. coli isolates 49 and 37 and K.
pneumoniae isolates 24, 35,40, 7, 17, 29, and 43 to determine
the presence of plasmids in bacterial isolates. It was possible
to identify plasmids in all isolates studied, with more than one
plasmid observed in E. coli isolates 49 and 37 and K
pneumoniae isolate 43 (Figure 5). However, since plasmid
DNA molecules can exist in different conformations with
varying degrees of supercoiling, these isolates may not contain
several plasmids but rather several isoforms of the same
plasmid, resulting in the visualization of several bands on the
agarose gel. E. coli isolates 49 (carrying a KPC-2
carbapenemase) and 37 (carrying an extended-spectrum [-
lactamase CTX-M-15) have two isoforms of the plasmid of the
same size, with isolate 49 having a smaller form,
approximately 9 kb, which is not found in isolate 37. In K.
pneumoniae isolates 35 and 40, which are identical both by the
previous typing methods and in terms of the resistance genes
they carry (CTX-M-15 and SHV-28), it is possible to identify

1230

two plasmids of different sizes, with the size of the plasmid of
isolate 40 being similar to that of isolate 17, which carries a
CTX-M-15, SHV-1, and TEM-1. The plasmid of isolate 24,
which carries the resistance genes CTX-M-15, SHV-12, and
TEM-1, is superior to that of the other isolates. This
investigation shows the diversity of plasmids found in the
various isolates, plasmids that can acquire various resistance
genes and serve as a vehicle for their spread [38]. It is possible
to observe the chromosomal fragments and RNA.

Chromosomal
fragments

10000 bp+
8000 bp+
6000 bp+

RNA

3000 bp+

Figure 5. Visualization of plasmid DNA on 0.7% agarose gel
a: Visualization of plasmid DNA extracted from E. coli and K. pneumoniae;
b: Visualization of plasmid DNA extracted from K. pneumoniae; M:
GeneRuler™ 1kb DNA ladder molecular mass marker.

To determine whether the identified resistance genes were
plasmid-borne, plasmids were extracted, purified, and
analyzed by PCR using DNA recovered from agarose gel. The
extracted bands were designated as follows: 37.1 and 37.2 for
E. coli 37 (37.1 being the highest molecular mass and 37.2 the
lowest), 40.1 for K. pneumoniae 40, 24.1 for K. pneumoniae
24, 35.1 for K. pneumoniae 35, 7.1, 17.1, 29.1, and 43.2
(lowest molecular mass) for K. pneumoniae isolates 7, 17, 29,
and 43, and 49.1, 49.2, and 49.3 for E. coli 49 (49.1 being the
highest molecular mass and 49.3 the lowest). PCR was
conducted to detect blacrx.a, blarey, and blasyy genes, along
with ISEcpl and IS903 insertion sequences in plasmids 24.1,
37.1,37.2,40.1, 35.1, 7.1, 17.1, 29.1, and 43.2. Additionally,
blaxpc amplification was performed on plasmids 49.1, 49.2,
and 49.3. The results showed that blargy was successfully
amplified in all tested samples, confirming its plasmid
location. However, no amplification was detected for blacry.u,
blasny, or the investigated insertion sequences, suggesting
these genes may reside chromosomally rather than on
plasmids. Such a transfer may have occurred because ISEcpl
can mobilize blacrxy from plasmids to chromosomes.
However, the absence of amplification does not definitively
exclude plasmid localization, as potential DNA fragmentation
during gel extraction may have affected primer binding.
Conversely, blaxpc was successfully amplified in plasmids
49.1,49.2, and 49.3. These findings, particularly the detection
of blargyin 37.1 and 37.2 and blagpc in 49.1, 49.2, and 49.3,
suggest the presence of different isoforms of the same plasmid
rather than multiple distinct plasmids within these isolates.
The PCR amplification results for selected samples are shown
in Figure 6.



241371 372 71

291 432

Figure 6. PCR products for the amplification of the 544 bp blacry.a (a), 1058 bp blarem (b), 886 bp blasuy (c), and blakpc (d)
genes on 1% agarose gel
CC: positive control for the blaCTX-M gene; CT: positive control for the blaTEM gene; CS: positive control for the blaSHV gene; CK: positive control for the
blaKPC gene. M: GeneRuler™ 1kb DNA ladder molecular mass marker.

3.9 Genetic transfer

Genetic transfer techniques, including conjugation and
transformation by electroporation, were performed to assess
the potential for horizontal transfer of resistance genes among
bacterial isolates. Conjugation was attempted in both solid and
liquid media using E. coli isolates 1, 3, and 49, which produce
KPC-2 carbapenemase; E. coli isolate 37, containing the
ESBL-CTX-M-15; and K. pneumoniae isolates 24, 35, 40, 7,
17, 29, and 43, also carrying CTX-M-15. The sodium azide-
resistant E. coli J53 strain was used as the recipient. An agar
medium supplemented with 1 mg/mL sodium azide was
prepared to select transconjugants, and 100 pL of 1 mg/mL
cefotaxime was spread onto the surface. However, conjugation
was unsuccessful due to issues in transconjugant selection.
After 24-hour incubation at 37°C, the observed colonies
resembled the donor strain rather than the recipient strain, and
unexpected bacterial growth was observed in the negative
control, indicating that the sodium azide concentration was
insufficient to inhibit donor strain growth, compromising the
selection process.

€))

Figure 7. a) Visualization of the plasmid DNA extracted
from strain JM109 transformed by electroporation on a 0.7%
agarose gel; b) PCR amplification products on 1% agarose
gel
1: PCR product for the amplification of the 871 bp blaxpc gene from E. coli
isolate 49 (positive control); 2: PCR product for the amplification of the
blagpc gene from transformed strain JM109. M: molecular mass marker
NZYDNA ladder I1I (Nzytech genes & enzymes).

Transformation by electroporation was conducted using E.
coli isolates 49 and 37 and K. pneumoniae isolates 24, 40, 7,
and 17. Plasmid DNA was extracted using the Kado and Liu
[25] method, purified with sodium acetate, and resuspended in
sterile water. Competent E. coli JMI109 cells were
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electroporated with the extracted plasmid DNA and incubated
at 37°C for 1 hour before plating on Miiller-Hinton agar
supplemented with antibiotics to which the donor bacteria
were resistant. For E. coli isolate 49, which produces KPC-2
carbapenemase, selection was performed using cefoxitin,
ceftazidime, cefotaxime, amoxicillin/clavulanic acid, and
imipenem. The ESBL-producing isolates, including E. coli 37
and K. pneumoniae isolates, were selected using cefoxitin,
ceftazidime, cefotaxime, and amoxicillin/clavulanic acid.
Successful transformation was achieved only for E. coli isolate
49, where the transformed strain exhibited a resistance profile
similar to the donor strain, except for gentamicin and
ciprofloxacin, for which resistance was not transferred. PCR
analysis of DNA extracted from the transformed E. coli IM109
confirmed the presence of the blagpc gene, and sequencing
verified the presence of KPC-2 carbapenemase. Plasmid
extraction from the transformed strain revealed a plasmid of
approximately 9 kb, further confirmed through PCR as
harboring the blaxpc gene (Figure 7).

The plasmid extracted from the transformed strain was
analyzed for its origin of replication, identifying IncFIA,
IncFIB, and IncF incompatibility groups, also present in the
donor strain (E. coli isolate 49). These findings confirm that
the blaxpc.; resistance gene is associated with IncF plasmids,
highlighting their role in gene dissemination. Our
investigation of two hospitals in Baghdad showed alarming
trends in the spread of multidrug-resistant infections. Four
genetically identical KPC-2-producing E. coli isolates (1, 2, 3,
and 49) were detected at Al-Shaab General Hospital and Al-
Yarmouk Teaching Hospital between March 2023 and April
2024. Isolates 1 and 2, recovered from the same patient during
separate hospital visits, suggest persistent colonization and
nosocomial transmission. Additionally, two clusters of CTX-
M-15-producing K. pneumoniae were identified: a 13-isolate
group (March—November 2023, represented by isolates 35/40)
and a 4-isolate group (April-November 2023, isolates
7/17/29/43). Despite different hospital units, their genetic
similarity suggests prolonged circulation and adaptation,
underscoring infection control challenges. The extended
detection periods (up to eight months) and inter-unit spread
highlight the urgent need for enhanced containment measures,
including stricter isolation protocols and genomic surveillance.
A small sample size, restricted geographic reach, failed
conjugation experiments, and potential DNA fragmentation
impacting PCR detection are some of the study's limitations.
These factors may prevent the study from fully capturing the
genetic  diversity or  resistance = mechanisms  of
Enterobacteriaceae in larger clinical settings.



4. CONCLUSIONS

This study emphasizes the significant prevalence of
antibiotic resistance in E. coli and K. pneumoniae isolates from
urinary tract infection patients in Baghdad. Resistance rates
were highest for ciprofloxacin (92.31%), gentamicin (76.92%),
amoxicillin/clavulanic acid (92.31%), ceftazidime (87.18%),
and cefotaxime (76.92%), while imipenem showed the highest
sensitivity (76.92%). The detection of blacrxaris in K
pneumoniae ST15 and E. coli ST131, along with blakpc.> in E.
coli, underscores the role of IncF plasmids in resistance gene
dissemination.

The major findings from the study include:

a) Clonal Lineages and Genetic Profiles: E. coli ST131
and K. pneumoniae ST15 clones dominate, carrying
key resistance genes (blaxpc2, blacryacis), with
plasmid and transposon-mediated transmission
suggesting clonal expansion across hospital units.

b) High Multidrug Resistance Patterns: Isolates showed
high resistance to cephalosporins, ciprofloxacin, and
gentamicin, with imipenem being most effective.
Three MDR groups were identified, including
carbapenem- and cephalosporin-resistant strains.

¢) Resistance Mechanisms and Gene Localization:
Major B-lactamase genes (blakpc.2, blacrx-u-is, blasnv,
blarpy) were detected, often on plasmids. Novel
plasmid isoforms were observed, and some resistance
was likely due to non-genetic mechanisms like porin
loss.

d) Mobile Elements and Dissemination: Resistance
spread was driven by mobile elements (Tn4401,
ISEcpl, integrons) and plasmid types (IncFIA,
IncFIB, IncN), confirming both horizontal gene
transfer and incomplete transposon structures.

e) Epidemiological Implications: The emergence of
blakpc.; in globally dominant clones like E. coli
ST131 raises concerns for treatment failure and
underscores the urgent need for surveillance,
infection control, and antibiotic stewardship in
hospitals.

Some specific interventions proposed from the outcome of
this study are:

a) Enforce strict hospital infection control through hand
hygiene, patient isolation, and routine screening for
resistant organisms.

b) Strengthen antimicrobial stewardship by guiding
appropriate antibiotic use, restricting high-risk
antibiotics, and auditing prescriptions.

c¢) Enhance molecular surveillance using plasmid
analysis and whole-genome sequencing to track
resistance gene dissemination.

d) Improve environmental hygiene by reinforcing
disinfection protocols and monitoring surfaces and
equipment for contamination.

e) Promote continuous training and education for
healthcare workers, patients, and families on
resistance prevention and control.
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