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ABSTRACT
Introduction and aim. Urinary tract infections (UTIs) are among the most common bacterial diseases worldwide that are 
caused primarily by members of the Enterobacteriaceae family. This study aimed to identify the most frequent bacterial agents 
associated with UTIs and analyze their patterns of antibiotic resistance using the Vitek®2 system.
Material and methods. The study included 200 urine samples collected from adult UTI patients of both sexes.
Results. The characterization of bacterial isolates revealed the following distribution: Escherichia coli (35 isolates, 50%), Staphy-
lococcus aureus (18 isolates, 25.7%), Klebsiella pneumoniae (5 isolates, 7.14%), Staphylococcus spp. (4 isolates, 5.7%), Streptococ-
cus spp. (3 isolates, 4.2%), Pseudomonas spp. (3 isolates, 4.2%), and Proteus mirabilis (2 isolates, 2.86%).
Antibiotic resistance testing showed that ceftazidime had the highest resistance rate (88.57%), while amikacin had the lowest 
(17.14%). Additionally, extended-spectrum β-lactamase (ESBL) production was detected in 35 E. coli isolates. Of these, 22 iso-
lates (62.86%) tested positive for ESBL production, while 13 isolates (37.14%) were negative.
Conclusion. This study concluded that E. coli is the most prevalent bacterial species causing UTIs. Furthermore, the E. coli iso-
lates demonstrated a high capacity for ESBL production, highlighting the need for effective antimicrobial management and 
monitoring.
Keywords. antibiotic susceptibility, E. coli, ESBLs

Introduction
Urinary tract infections (UTIs) are inflammation of 
the urinary tract epithelium resulting from invasion by 
microorganisms.¹ It is an important and common dis-
ease affecting men and women of all ages.²,³ UTIs are 
among the most common bacterial infections, affect-
ing more than 150 million people annually.⁴ Escherich-
ia coli, a natural gut flora in humans, causes 70‒95% of 
UTIs. Germs enter the urinary tract.⁵ Uropathogenic 
Escherichia coli (UPEC) has the ability to penetrate the 
deeper layers, develop quiescent intracellular reservoirs, 
and remain there for months at a time before recurring 
infections.6 UTIs can be caused by obstructions or de-

fensive factors, such as urinary incontinence, retention, 
immunosuppression, renal failure, pregnancy, or the use 
of indwelling catheters.⁷ Identifying UPEC strains based 
on their virulence factor-encoding genes and their func-
tion in illness progression is possible.¹ UPEC is caused 
by a variety of components, including secreted proteins, 
hemolysins, capsules, lipopolysaccharides, biofilm, fim-
briae adhesions, and iron acquisition mechanisms.

The best type of medication for treating pathogen-
ic bacteria is an antibiotic. When treating infections 
caused by Gram-negative bacteria, fluoroquinolones, 
cephalosporins, β-lactams, and β-lactamase inhibitors 
are often prescribed, alone or in combination.⁸ One ma-
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jor problem threatening the global healthcare system is 
multidrug resistance (MDR). Usually, the widespread 
Enterobacteriaceae family is linked to the problem. Ex-
tended-spectrum β-lactamases (ESBLs) are the main 
antimicrobial resistance mechanism in this family of 
bacteria that renders β-lactam antibiotics ineffective.⁹ 
Gram-negative bacteria can generate enzymes that hy-
drolyze β-lactam rings, making them resistant to one 
of the most effective medications.¹⁰ ESBLs, which hy-
drolyze penicillins, monobactams, and cephalosporins, 
were first discovered in Germany in 1983. Since then, 
the number of diseases caused by bacteria with this re-
sistance mechanism has grown. Furthermore, E. coli has 
evolved resistance to several antibiotics, leading to a 
major cause of illness. Multidrug-resistant E. coli bacte-
ria, especially those producing ESBLs, pose a significant 
hazard to public health.

Aim
The current study aimed to detect the most frequent 
bacterial agents associated with UTIs and to analyze the 
pattern of antibiotic resistance using the Vitek®2 system 
test.

Material and methods
Urine samples were collected from Al Basrah General 
Teaching Hospital, Al Mawani General Teaching Hospi-
tal, and Al Sadir Teaching Hospital in Basrah Province 
between October 2023 and March 2024. A total of 250 
individuals suspected of having UTIs, aged between 20 
and 60 years, provided clinical samples. After collection, 
urine samples were centrifuged and cultured on blood 
agar, MacConkey agar mannitol salt agar, and eosin 
methylene blue agar. Biochemical tests were then per-
formed for the identification of Gram-positive bacteria. 
This study was conducted in accordance with the Dec-
laration of Helsinki and received ethical approval No. 
(773) dated (10/3/2024) from the Basra General Health 
Directorate.

Identification by Vitek®2 system
The Vitek®2 system (bioMérieux, France) was used to 
identify bacterial species with high accuracy. The system 
includes 64 biochemical tests for bacterial diagnosis.¹¹

Bacterial DNA extraction
Genomic DNA was isolated from bacterial isolates using 
the Wizard® Genomic DNA Purification Kit (Promega, 
USA).

Detection of 16S rDNA
The extracted bacterial DNA was amplified using PCR 
to target the 16S rDNA gene with a specific primer ap-
proximately 585 bp in length (Table 1). The primer 
sequence for 16S rDNA was used as described previous-

ly.¹² A standard molecular DNA ladder (2000 bp) was 
used to compare the PCR results.

Table 1. The bacterial 16S rDNA gene was amplified by PCR 
using specific primers

Primer Sequence of primer Length (bp)
Product 

(bp)

16SrDNA Forward 5-GAC CTC GGT TTA CTT CAC AGA-3 21
585

16SrDNA Revers 5-CAC ACG CTG ACG CTG ACC-3 18

Reagents
The reagents and their volumes used in PCR amplifica-
tion are described in Table 2. 

Table 2. Reagents used in PCR amplification of 16SrDNA
No. Reagent Volume

1 Genomic DNA 1 µL

2 Forward primer 1 µL

3 Reverse primer 1 µL

4 Master Mix 12.5 µL

5 Nuclease-free water 9.5 µL

Total volumes 25 µL

Thermal cycling condition:  The program is de-
scribed in Table 3. 

Table 3. Program used in PCR amplification
Steps Temperature Time No. of cycles

Initial denaturation 94oC 4 min 1

Denaturation 94oC 90 sec

30
Annealing 62oC 90 sec

Extension 72oC 2 min

Final extension 2oC 7 min 1

Procedure
Approximately 5 μL of a 2000 bp DNA ladder and 5 μL 
of 16S rDNA amplicons were subjected to gel electro-
phoresis for 45 minutes at 70 V using a casting tray with 
1.5% agarose gel prepared in 1×TBE buffer containing 
0.2 μL of ethidium bromide. The products were visual-
ized under a UV light system.

Antibiotic susceptibility test by Vitek®2 system
The antibiotic susceptibility test was performed using 
the Antibiotic Susceptibility Kit Card (Vitek®2 AST, ref-
erence number 413083, bioMérieux, France). This kit 
includes a comprehensive range of antimicrobial tests.

Detection of extended spectrum β-lactamase (ESBL)
Double disk approximation method (DAM)
Bacterial isolates, prepared as previously described, 
were spread onto Mueller-Hinton agar plates. A disk of 
Augmentin (amoxicillin-clavulanic acid) was placed at 
the center of the agar surface. Disks of ceftazidime (30 
μg), cefotaxime (30 μg), amikacin (30 μg), and ceftri-
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axone (30 μg) were positioned around it at a distance 
of approximately 20 mm (center to center). After incu-
bation at 37°C for 24 hours, bacteria were considered 
ESBL producers if the zone of inhibition around aztreo-
nam or any of the antibiotic disks showed a clear-cut in-
crease directed toward the Augmentin disk.¹³

Results
The present study included 100 patients with UTIs. The 
distribution of UTIs patients according to sex is shown 
in Figure 1. In this study, the proportion of female pa-
tients with UTIs was significantly higher than that of 
male patients, with 78 females and 22 males.

Fig. 1. Distribution of patients according to sex

The current data on the distribution of UTIs patients 
based on marital status showed that 28% were single 
and 72% were married, with a statistically significant 
difference (p≤0.05) (Fig. 2).

Fig. 2. Distribution of UTIs patients according to the marital 
status

The present work detected uropathogenic E. coli (35 
isolates, 50%), S. aureus (18 isolates, 25.71%), K. pneu-
moniae (5 isolates, 7.14%), Staphylococcus spp. (4 iso-
lates, 5.71%), Streptococcus spp. (3 isolates, 4.29%), 
Pseudomonas (3 isolates, 4.29%), and Proteus mirabilis 
(2 isolates, 2.86%), as shown in Figure 3, with significant 
differences (p ≤ 0.05).

Fig. 3. Frequency of bacterial isolates in UTIs patients

The current investigation utilized the coagulase test, 
catalase test, mannitol salt agar, blood agar, and Gram’s 
stain to identify Gram-positive bacteria (Table 4).

Table 4. Gram-positive bacteria are identified by 
biochemical tests

Type of Test

Type of isolate
Gram’s 
stain

Catalase 
test

Fermentation 
of mannitol

Coagulase 
test

Isolates 
number

Staphylococcus aureus + + + + 18

Staphylococcus spp. + + - - 4

Streptococcus spp. + - *N N 3

Total 25

* N – not detectable

T﻿he present work indicated that the percentages of 
Gram-negative bacteria identified by the Vitek®2 system 
were the following: E. coli (35 isolates, 50%), K. pneu-
moniae (5 isolates, 7.14%), Pseudomonas (3 isolates, 
4.29%), and Proteus mirabilis (2 isolates, 2.86%).

The 35 E. coli isolates were examined, and genomic 
DNA was extracted using the kit protocol method. The 
presence of genomic DNA was confirmed by gel electro-
phoresis on a 0.8% agarose gel, with the results visual-
ized under UV light (Fig. 4).

Fig. 4. Total genomic DNA extracted from E.coli  isolates, 
using 0.8% agarose gel, 70V, 45 min

PCR was used to amplify the 16S rDNA from the ex-
tracted DNA. The individual 16S rDNA band (585 bp) 
was compared to the standard molecular DNA ladder 
(2000 bp) (Fig. 5).

In this study, the Vitek®2 system was used to detect 
and confirm antibiotic susceptibility tests, as shown in 
Table 5 and Figure 4.

Fig. 5. PCR amplified products of 16S rDNA are seen in 
agarose electrophoresis patterns. Lane 1: 2000 base pair 
DNA ladder; Lane 2: 16S rDNA band of E. coli  isolates,. 
using 70V, 45 min, 1.5% agarose gel

The Vitek®2 system was used to detect the ability to 
produce extended-spectrum β-lactamases (ESBLs) in 
35 E. coli isolates. The results showed that 22 (62.86%) 

p≤0.05

p≤0.05
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E. coli isolates tested positive for the ability to produce 
ESBLs, while 13 (37.14%) E. coli isolates tested nega-
tive (Fig. 7).

Table 5. Sensitive testing against different species of gram-
negative bacteria  and detection of ESBLs

Antibiotic 
group

Antimicrobial 
agent

E. coli K. pnemoa P. mirabilis P. aerogiosa

R S I R S R S R S

β-
lac

tam
 

co
mb

ina
tio

ns

Ampicilli/ 
sulbactam

(SAM)

19
54.29%

10
28.57%

6
17.14%

4
80%

1
20%

2
100%

- -
-

Piperacillin/
Tazobactam(PIT)

18
51.43%

11
31.43%

6
17.14%

5
100%

-
2

100%
-

2
66.7%

1
33.3%

Ce
ph

alo
sp

ori
ns

 )II
, II

I, I
V)

Cefuroxime (CFX)
21

60%
5

14.29%
9

25.71%
4

80%
1

20%
--

2
100%

2
66.7%

1
33.3%

Cefuroximeaxetil 
(CFA)

21
60%

14
40%

-
4

80%
1

20%
-

2
100%

20% 80%

Cefoxitin
(FOX)

26
74.29%

9
25.71%

- -
5

100%
-

2
100%

- 100%

Cefixme
(CXM)

23
65.71%

12
34.29%

- -
5

100%
-

2
100%

1
33.3%

2
66.7%

Ceftazidime
(CAZ)

31
88.57%

4
11.43%

-
1

20%
4

80%
-

2
100%

1
33.3%

2
66.7%

Ceftriaxone (CRO)
21

60%
14

40%
-

1
20%

4
80%

-
2

100%
1

33.3%
2

66.7%

Cefepime (CPM)
28

80%
7

20%
- -

5
100%

-
2

100%
1

33.3%
2

66.7%

β-
lac

tam
 

ca
rab

ap
en

em Ertapenem (ETP)
12

34.29%
23

65.71%
-

4
80%

1
20%

-
2

100%
3

100%
-

Meropenem 
(MEM)

11
31.43%

24
68.57%

-
1

20%
4

80%
-

2
100%

1
33.3%

2
66.7%

Am
ino

gly
co

sid
e

Amikacin (AMK)
6

17.14%
29

82.86%
-

4
80%

1
20%

-
2

100%
2

66.7%
1

33.3%

Gentamicin (GEN)
7

20%
28

80%
-

2
40%

3
60%

2
100%

- -
3

100%

Flu
roq

uin
olo

ne
s

Ciprofloxacin (CIP)
24

68.57%
11

31.43%
- -

5
100%

-
2

100%
3

100%
-

Ni
tro

fur
an Nitrofurantoin 

(NIT)
14

40%
21

60%
- -

5
100%

-
2

100%
-

3
100%

Su
lfo

na
mi

de
s

Trimethoprim 
sulfamethoxazole 

(TRI-S)

20
57.14%

10
28.57%

5
14.29%

-
5

100%
-

2
100%

2
66.7%

1
33,3%

Fig. 6. Antibiotic susceptibility of E. coli

Of the 35 E. coli isolates, 19 (54.29%) developed 
ESBLs with positive results, while 16 (45.71%) isolates 
showed negative results for ESBL production, as deter-
mined by the DAM method (Fig. 8).

Fig. 7. Demonstrated that positive and negative results of 
ESBL by E.coli

                           
Fig. 8. DAM test for ESBL detection using E. coli isolates

Discussion
E. coli spreads in the urinary tract due to its natural hab-
itat in the digestive tract, its proximity to the anus open-
ing near the urinary tract opening, and its virulence 
factors, which allow it to adhere to surfaces, withstand 
urine-induced flow, and cause urinary tract infections. 
The current study revealed that women constituted the 
majority of cases compared to males, a finding that is 
consistent with most previous studies. A study by Ka-
mel et al. showed that women represented the highest 
percentage of UTIs, with 77% of cases in women and 
23% in males.¹⁴ This finding is supported by most re-
search due to the anatomical structure of females, where 
the urethra is shorter than that of males, thus reducing 
the distance bacteria must travel to reach the bladder.¹⁵

p≤0.05
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Current data on the distribution of UTI patients 
based on marital status showed that 28% were single and 
72% were married, which is consistent with the study by 
Al-Musawi and Al-Husseini.¹⁶ According to Alhamdy 
and Shani, married women had a higher prevalence and 
incidence of UTIs, which may be due to hormonal im-
pacts and behavioral habits.¹⁷

The present study employed several techniques for 
identifying Gram-positive bacteria, including Gram’s 
stain, microscopic examination, blood agar culture, 
mannitol salt agar, coagulase test, and catalase test. Strep-
tococcus species were catalase-negative, Gram-positive, 
and arranged in chains, while Staphylococcus species ap-
peared as purple clusters resembling grapes. The colo-
ny size of S. aureus ranged from 1 to 4 mm, spherical, 
convex, and with sharp boundaries. It was golden yellow 
in color, Gram-positive when stained, catalase-positive, 
and surrounded by areas of β-hemolysis on blood agar. 
Nonmotile clusters of S. aureus resembled grapes.¹⁸ Fur-
thermore, S. aureus may ferment mannitol when grown 
on mannitol salt agar, resulting in a positive coagulase 
production test and changes the indicator’s color from 
red to yellow by producing acid. However, some spe-
cies of Staphylococcus do not change color on manni-
tol agar and show negative results from the coagulase 
test.19 Since Gram-positive bacteria received limited at-
tention in this study, simple methods, such as the color 
change from red to yellow due to acid production and 
a positive coagulase test, were sufficient for their identi-
fication. Other species of Staphylococcus, such as S. alh-
ilua and S. al-shujairib, grow on mannitol agar without 
changing color and provide negative coagulase results.19

In this study, different bacterial species were identi-
fied through biochemical analysis, with E. coli account-
ing for 35 isolates, S. aureus for 18 isolates, K. pneumoniae 
for 5 isolates, Staphylococcus spp. for 4 isolates, Strepto-
coccus spp. for 3 isolates, Pseudomonas for 3 isolates, and 
P. mirabilis for 2 isolates. These were the most frequent-
ly occurring bacteria in UTIs, which are a prevalent issue 
affecting both men and women and are typically caused 
by bacterial infections.²⁰,²² The current study found that 
E. coli was the most common bacteria isolated from UTIs, 
accounting for 50% of cases. This is consistent with previ-
ous studies from Baghdad, Iraq, which reported an E. coli 
rate of 50%, and from Basrah, which reported a rate of 
60%.²⁰,²¹ E. coli is dominant in UTIs due to its presence in 
the intestines and its ability to enter the urinary tract. It 
has virulence factors such as biofilm formation, fimbriae, 
alpha-hemolysin, cytotoxic necrotizing factor, adhesins, 
and iron acquisition systems, as well as antibiotic resis-
tance genes. The majority of E. coli strains are resistant 
to β-lactam antibiotics.²²,²³ UPEC has the ability to pene-
trate the urothelium’s deeper layers, develop quiescent in-
tracellular reservoirs, and remain there for months before 
causing recurrent infections.⁶

The results of the biochemical identification test, 
used to identify Gram-negative bacteria in the cur-
rent investigation, were validated and supported by the 
Gram-negative identification card of the Vitek®2 Sys-
tem test. Based on the findings from the Vitek®2 Sys-
tem, 35 isolates were identified as E. coli, 5 isolates as 
K. pneumoniae, 4 isolates as Pseudomonas, and 2 iso-
lates as P. mirabilis. Crowley et al. demonstrated that 
the Vitek®2 system accurately identifies bacteria down 
to the species level. The study evaluated the technique 
and concluded that the Vitek®2 GN identification meth-
od is a suitable automated method for the rapid iden-
tification of Gram-negative bacteria. Additionally, the 
results of Salumi and Abood demonstrate the high qual-
ity and reliability of the Vitek®2 GN technology.²⁴,²⁵ A 
study by Pincus also highlighted that Vitek®2 offers an 
efficient timeframe for detecting isolates without mu-
tations, boasting a high degree of accuracy (99%) and 
an extremely narrow margin of error. Another study by 
Ossman et al. confirmed the utility of the Vitek®2 Com-
pact method for identifying bacteria in UTIs samples, 
combining conventional and biochemical methods.²⁶ In 
the current study, the results of Gram-negative bacteri-
al identification by the Vitek®2 system were completely 
consistent with the primary identification, in addition to 
saving time and effort, avoiding laboratory errors, and 
providing more accurate results.

16S rDNA was amplified using PCR with the extract-
ed DNA. A single 16S rDNA band (585 bp) was identi-
fied by comparing it to the conventional molecular DNA 
ladder (2000 bp). The diagnostic gene, 16S rDNA, which 
is stable and exhibits some heterogeneity over time with-
in bacterial species, was used for molecular diagnostics 
on all E. coli isolates using PCR technology. The results 
showed that the 16S rDNA gene sequence was present in 
all isolates at a 100% rate, and the molecular weight of the 
band was 585 bp when compared to the DNA ladder. The 
findings of this study are consistent with those of Maleki 
et al. in Iran and Lai et al.²⁷,²⁸ The results align with the 
study conducted by Jenkins et al. in Malaysia.²⁹ This gene 
exhibits slight heterogeneity but contains conserved re-
gions that overlap with variable portions, which are used 
to identify the bacterial genus and species. This makes it 
one of the most rapid, accurate, and sensitive methods for 
diagnosing bacteria, with minimal random variation in 
the genomic sequence over time.³⁰,³¹

This study aims to determine the antibiotic re-
sistance patterns of predominant uropathogens and 
confirm E. coli, the most common Gram-negative bac-
terium, as a frequent cause of urinary tract infections.³² 
Appropriate treatment heavily depends on the proper 
prescription of both effective and efficacious antibiotics. 
The development of resistance by pathogenic bacteria 
has become synonymous with antibiotic use. Antibiot-
ic resistance is a major global threat, particularly rec-
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ognized in E. coli and other Gram-negative bacteria, 
making treatment difficult. Determining the resistance 
patterns of E. coli is crucial for guiding empirical and 
targeted therapy.³⁴

The study revealed low resistance rates to amino-
glycosides, specifically amikacin and gentamicin. These 
findings were consistent with prior studies, such as those 
by Mohamed and Aljanaby and Ayatollahi et al., which 
demonstrated high sensitivity to these antibiotics.³⁵,³⁶ 
Similar observations were noted in research by Al-Kh-
ikani et al. regarding gentamicin. Aminoglycosides ex-
ert their action by binding to the 30S ribosomal subunit 
of bacteria, disrupting protein synthesis, and either ter-
minating protein synthesis prematurely or incorporating 
the wrong amino acids.³⁷ Aminoglycosides are bacteri-
cidal, displaying concentration-dependent bacterial kill-
ing. However, it is still not fully understood whether there 
is an additional mechanism of action involved.

Carbapenem resistance was observed at varying lev-
els across studies. The current study found a resistance 
rate of 34.8%, which is in agreement with Mujahid et 
al.³⁸ However, lower resistance rates of 2.4% were re-
ported by Jalil and Atbee.³⁹ These variations could be 
attributed to regional differences in antibiotic usage and 
resistance monitoring practices.

The resistance to trimethoprim-sulfamethoxazole 
was 40%, as also observed by Critchley et al.⁴⁰ The rise in 
resistance is fueled by the easy access to antibiotics with-
out prescriptions, combined with a lack of knowledge, 
particularly in communities with low incomes. Educa-
tional programs focusing on accurate disease diagnosis, 
selecting the right antibiotics, and promoting respon-
sible antibiotic use can greatly help reduce resistance. 
Ahmed and Andaleeb et al. also found high resistance 
rates against β-lactam and second- to fourth-generation 
cephalosporin antibiotics.⁴¹,⁴² The development of re-
sistance mechanisms involves the production of β-lac-
tamases, such as cephalosporinase and penicillinase 
enzymes, which break down the β-lactam ring of anti-
biotics, rendering them ineffective, as mentioned in the 
studies by Paltansing and Al-Shoyaikh.⁴³,⁴⁴

The bacteria developed resistance to ciprofloxa-
cin by producing biofilms, which prevented antibiot-
ics from penetrating and killing them, allowing them to 
survive. According to Paltansing, resistance to quinolo-
nes is attributable to target site alterations or changes in 
outer membrane permeability.⁴³ The major mechanism 
involves DNA gyrase mutations, as described by Zaman 
et al.⁴⁵ Variations in antibiotic resistance and sensitivity 
among E. coli strains highlight the importance of anti-
microbial susceptibility testing as a fundamental step in 
guiding effective treatment.

The results showed that out of 35 E. coli isolates, 22 
(62.8%) were ESBL producers, while 13 isolates (37.14%) 
did not produce the enzyme. These results align with 

Veve et al., who reported that 83.7% of E. coli isolates were 
able to produce ESBL.⁴⁶ However, the present study dis-
agrees with Talan et al., which found that only 14.8% of 
453 E. coli isolates produced ESBL.⁴⁷ ESBL and carbap-
enemase infections have been on the rise in recent years 
and are leading causes of hospital- and community-ac-
quired infections. As a result, a rapid and reliable test is 
required to determine the appropriate antibiotic. The 
Vitek®2 system demonstrated rapid and accurate detec-
tion, saving time and effort. The Vitek®2 compact system 
is a fully automated, standardized microbiological system 
that performs both drug susceptibility testing and bacte-
rial identification simultaneously. The Vitek®2 ESBL test 
panel is used for the quick detection of ESBL production, 
in addition to accurate identification and susceptibility 
testing, by evaluating the inhibitory effects of cefepime, 
cefotaxime, and ceftazidime both alone and in combina-
tion with clavulanic acid. Both molecular methodology 
and the Vitek®2 ESBL test panel successfully detected the 
formation of ESBL in Enterobacteriaceae.⁴⁸

The isolates were also tested for ESBL enzyme pro-
duction using the Double Disk Approximation Method 
(DAM). Results showed that out of 35 E. coli isolates, 19 
(54.29%) were ESBL producers, while 16 (45.71%) did 
not produce the enzyme. The results of this study agree 
with Samiyah et al., who found that 67% of their isolates 
were ESBL producers in Saudi Arabia, and with Mo-
hammed et al. in Iraq.⁴⁹,⁵⁰ A study in India by Sudha-
rani et al. found that 53% of their E. coli isolates had the 
ability to produce ESBL.⁵¹ However, the present study 
disagreed with Riaz et al., in Pakistan.

β-lactamase is a major virulence factor that destroys 
the β-lactam ring in some antibiotics, enhancing antibi-
otic resistance and pathogenicity in E. coli. ESBLs have 
emerged as a significant mechanism of β-lactam and oth-
er antibiotic resistance in Enterobacteriaceae. ESBL en-
zymes provide resistance to penicillins, cephalosporins, 
monobactams, and other antibiotics.⁴⁶ The World Health 
Organization has identified bacterial antibiotic resistance 
as one of its top health concerns. The extensive use of an-
tibiotics without susceptibility testing is a major cause of 
the evolution of multidrug-resistant bacteria, which sig-
nificantly hampers treatment efforts and may compro-
mise the effectiveness of other treatments.⁵⁴

Study limitations
Despite the significance of this study’s findings on the 
isolation of E. coli from individuals suffering from UTIs 
and its resistance to antibiotics, several limitations ex-
ist. The study did not focus on the virulence factors that 
exacerbate infections or contribute to antibiotic resis-
tance. This limitation can be addressed in future stud-
ies by employing advanced analyses, such as PCR for 
identifying genes responsible for virulence factors and 
whole-genome sequencing.
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Whole-genome sequencing of the bacterial strains was 
not conducted due to financial and time constraints. Con-
sequently, the diversity of E. coli strains and the mecha-
nisms underlying antibiotic resistance development were 
not explored. Future studies should include such analyses 
to provide a comprehensive understanding of the genet-
ics of these bacteria and their potential impact on therapy.

Although the number of participants in this study 
was statistically adequate, it may not have fully captured 
the variations in genetic patterns and resistance mecha-
nisms prevalent in other regions or communities world-
wide. Previous studies addressing these factors utilized 
larger sample sizes representative of diverse geographi-
cal areas. Future research should consider a broader and 
more diverse participant base to enhance the generaliz-
ability of the findings.

Conclusion and future scope 
The current study identified E. coli as the primary caus-
ative bacterial species responsible for UTIs among 
hospitalized patients in Basrah. Antibiotic resistance 
patterns of the causal microorganisms revealed that 
E. coli exhibited the highest prevalence of resistance to 
ceftazidime, whereas amikacin showed the lowest resis-
tance. Furthermore, 62.86% of the samples tested pos-
itive for ESBL production, resulting in resistance to 
third-generation cephalosporins.

These findings have significant practical implica-
tions. The high resistance to ceftazidime underscores 
the urgent need to reconsider its use as a first-line treat-
ment for UTIs, particularly among patients in Basrah’s 
hospitals. Amikacin may serve as a suitable alternative, 
provided its use aligns with local antibiotic stewardship 
guidelines and individual patient needs.

The prevalence of E. coli strains producing ESBL 
highlights the necessity of routine screening for these 
strains in clinical laboratories and diagnostic centers. 
Such measures would enable physicians to select ap-
propriate medications, avoid ineffective treatments, and 
mitigate complications through the timely identification 
of ESBL production.

These findings also emphasize the importance of 
antibiotic stewardship programs that prioritize local 
resistance patterns in Basrah. Implementing such pro-
grams can help regulate antibiotic prescriptions, reduce 
the overuse of cephalosporins, and curb the spread of 
resistant bacterial strains.

Conclusion
The current study identified E. coli as the primary bac-
terial species responsible for UTIs among hospitalized 
patients in Basrah. Antibiotic resistance patterns of the 
causative microorganisms revealed that E. coli exhibit-
ed the highest prevalence of resistance to ceftazidime, 
while amikacin showed the least resistance. Addition-

ally, 62.86% of the isolates tested positive for extend-
ed-spectrum β-lactamase (ESBL) production, resulting 
in resistance to third-generation cephalosporins.

These findings have significant practical implica-
tions. The notable resistance to ceftazidime underscores 
the urgent need to reconsider its use as a first-line treat-
ment for UTIs, especially in Basrah’s hospitals. Given 
that amikacin demonstrated lower resistance, it may 
serve as a viable alternative, provided its use aligns with 
local antibiotic guidelines and patient needs. The high 
prevalence of E. coli strains that produce ESBL high-
lights the necessity for routine screening of these strains 
in clinical laboratories and diagnostic centers. This 
would enable healthcare providers to select appropri-
ate treatments, avoid ineffective therapies, and prompt-
ly identify ESBL production to prevent complications.

Furthermore, these findings emphasize the impor-
tance of antibiotic stewardship programs that focus on 
local resistance trends in Basrah. Such programs can help 
regulate antibiotic prescriptions, minimize the overuse of 
cephalosporins, and curb the spread of resistant strains, 
ultimately improving patient outcomes and reducing the 
public health burden of antimicrobial resistance.

Declarations
Funding
No funds were received to fulfil this work. 

Author contributions  
Conceptualization, Z.A.E. and W.S.S.; Methodolo-
gy, Z.A.E.; Software, W.S.S.; Validation, Z.A.E., W.S.S. 
and M.A.I.A.; Formal Analysis, W.S.S.; Investigation, 
M.A.I.A.; Resources, M.A.I.A.; Data Curation, Z.A.E.; 
Writing – Original Draft Preparation, Z.A.E.; Writing 
– Review & Editing, Z.A.E.; Visualization, M.A.I.A.; Su-
pervision, Z.A.E.; Project Administration, Z.A.E.; Fund-
ing Acquisition, W.S.S. 

Conflicts of interest
The authors have disclosed no conflicts of interest.
Data availability
The datasets used and analyzed during the current study 
are available from the corresponding author on reason-
able request.

Ethics approval
This study was conducted in accordance with the Dec-
laration of Helsinki, and based on ethical approval No. 
(773) dated (10/3/2024) from the Basra General Health 
Directorate.

References 
1.	 Brons JK, Vink SN, de Vos MGJ, Reuter S, Dobrindt U, 

van Elsas JD. Fast identification of Escherichia coli in uri-
nary tract infections using a virulence gene based PCR 



212 European Journal of Clinical and Experimental Medicine 2025; 23 (1): 205–214

approach in a novel thermal cycler. J Microbiol Methods. 
2020;169:105799. doi: 10.1016/j.mimet.2019.105799 

2.	 Nicolle LE, Gupta K, Bradley SF, et al. Clinical Practice Gu-
ideline for the Management of Asymptomatic Bacteriuria: 
2019 Update by the Infectious Diseases Society of America. 
Clin Infect Dis. 2019;68(10): 83-110. doi: 10.1093/cid/ciy1121

3.	 Wagenlehner FME, Bjerklund Johansen TE, Cai T, et al. 
Epidemiology, definition and treatment of complicated 
urinary tract infections. Nat Rev Urol. 2020;17(10):586-
600. doi: 10.1038/s41585-020-0362-4

4.	 Sudharani M, Basha S M, Saritha Y, et al. Antibiotic resi-
stance and ESBL detection in Escherichia coli strains from 
cases of urinary tract infections. Inter J Med Pub Health. 
2024;14(2):661-664.

5.	 Kaur N, Agarwal A, Grover M, Singh S. Uropathogenic 
Escherichia coli. Enterobacteria. Published online Febru-
ary 23, 2022. doi: 10.5772/intechopen.102525. Accessed 
February 20, 2023.

6.	 Lindblad A, Wu R, Persson K, Isak Demirel. The Role of 
NLRP3 in Regulation of Antimicrobial Peptides and Estro-
gen Signaling in UPEC-Infected Bladder Epithelial Cells. 
Cells. 2023;12(18):2298-2298. doi: 10.3390/cells12182298

7.	 Elzouki EM, Eljamay SM, Alshilwi YA. Isolation and Iden-
tification of Escherichia Coli in Uropathogenesis. Derna 
Acad J App Sci. 2024;2(2):95-102. 

8.	 Ali Albadery A, Shakir Mahdi Al-Amara S, Abd-Al-Ridha 
Al-Abdullah A. Phenotyping and Genotyping Evaluation 
of E. coli Produces Carbapenemase Isolated from Cancer 
Patients in Al-Basrah, Iraq. Arch Razi Inst. 2023;78(3):823-
829. doi: 10.22092/ARI.2022.359869.2493

9.	 Hardany MJ, Al-Abdullah AA, Al-Amara SM, Makki HM. 
Detection ESBL enzymes in gram- negative bacteria. J Bas 
Res. 2019;45(2):53-59. 

10.	 Bush K, Bradford PA. Epidemiology of β-Lactamase-
Producing Pathogens. Clin Microbiol Rev. 2020;33(2):1-37. 
doi: 10.1128/CMR.00047-19

11.	 Pincus DH. MICROBIAL IDENTIFICATION USING 
THE BIOMÉRIEUX VITEK ® 2 SYSTEM. Encyclopedia 
of Rapid Microbiological Methods Bethesda. MD: Paren 
Drug Assoc. 2014;2:1-32. 

12.	 Gamal F, Gadallah F, Zaghloul M, Salama E, Salama S, 
Khedr A. Differentiation between vaccinal and field stra-
ins of E. coli using phenotype and genotype characteri-
zation. J Immuno Clin Microbiol. 2017;2(3):48-53. doi: 
10.5455/jicm.25-20170707

13.	 Choudhary S, Tomar A, Ansari K, et al. Antimicro-
bial activity of certain drugs against the different isola-
tes found in bovine fecal samples. J Pharma Phytochem. 
2022;11(3):186-192. 

14.	 Kamel HF, Ali GB. Possible Association Between Tricho-
monas Vaginalis and Recurrent Urinary Tract Infections. 
Pak J Life Soc Sci. 2024;22(1):2572-2581. doi: 10.57239/
pjlss-2024-22.1.00194

15.	 Wanja F, Ngugi C, Omwenga E, Maina J, Kiiru J. Urinary 
Tract Infection among Adults Seeking Medicare at Kiam-

bu Level 5 Hospital, Kenya: Prevalence, Diversity, Anti-
microbial Susceptibility Profiles and Possible Risk Fac-
tors. Advances in Microbiology. 2021;11(8):360-383. doi: 
10.4236/aim.2021.118028

16.	 Al-Musawi LR, Al-Husseini RF. Prevalence of Uncompli-
cated Recurrent Urinary Tract Infection among Adult Fe-
males in Babylon Governorate. Med J Bab. 2021;18(1):37-
37. doi: 10.4103/mjbl.mjbl_77_20

17.	 Alhamedy AJ, Shani WS. Determination of Cathelicidin in 
UTI patients of Basrah province. Del J. 2020;23(02):182-
189. doi: 10.36295/asro.2020.23225

18.	 Kline KA, Lewis AL. Gram-Positive Uropathogens, Poly-
microbial Urinary Tract Infection, and the Emerging Mi-
crobiota of the Urinary Tract. Microbiol Spectr. 2016;4(2): 
10.1128/microbiolspec.UTI-0012-2012. doi: 10.1128/mi-
crobiolspec.UTI-0012-2012

19.	 Al-Hilu SA, Al-Shujairi WH. Characterization of Food-
borne Pathogens and Enterotoxigenic Staphylococcus Au-
reus Isolates with Detection of Antibiotic Resistance from 
Beef Meat. Syst Rev Pharma. 2020;11(11):464-475. doi: 
10.31838/srp.2020.11.68

20.	 Abbood, Sanaa A. Isolation and Molecular Identifica-
tion of Multidrug Resistance Escherichia coli Isolated 
from Patients with Urinary Tract Infections. Ebscocom. 
2024;22(1):36. doi: 10.22578/IJMS.22.1.5

21.	 Al.rheem Saad NA, Hussein RH, Al-Shakir NMM. Antibio-
gram Pattern of Uropathogenic Escherichia Coli in Bagh-
dad Province, Iraq. Journal of Techniques. 2022;4:134-138.

22.	 Sneha Kukanur, Meera Meundi, Bajaj A, Subbannayya 
Kotigadde. Co-Relation between Virulence Factors and 
Antibiotic Resistance of E. coli, With Special Reference to 
Uropathogenic E. coli. J Den Med Sci. 2015;14(3):15-21. 
doi: 10.9790/0853-14351521

23.	 Lindblom A, Kiszakiewicz C, Kristiansson E, et al. The im-
pact of the ST131 clone on recurrent ESBL-producing E. coli 
urinary tract infection: a prospective comparative study. Sci 
Rep. 2022;12(1):10048. doi: 10.1038/s41598-022-14177-y

24.	 Crowley E, Bird P, Fisher K, et al. Evaluation of the VITEK 
2 Gram-Negative (GN) Microbial Identification Test Card: 
Collaborative Study. J AOAC Inter. 2012;95(3):778-785. 
doi: 10.5740/jaoacint.cs2011_17

25.	 Salumi Z, Abood Z. Phenotypic Diagnosis of Efflux Pump 
of Escherichia coli Isolated from Urinary Tract Infections. 
Iraqi J Biotechnotechn. 2022;21(2):21-31.

26.	 Ossman A, Hamad M, Ahmed S. Molecular identifica-
tion of some virulence and antibiotic resistance genes in 
Pseudomonas aeruginosa isolated from UTI infection. 
Egypt J Vet Sci. 2024;55(4):1143-1150. doi: 10.21608/ejvs. 
2023.251833.1692

27.	 Maleki D, Honarmand Jahromy S, Zare Karizi S, Eslami P. 
The Prevalence of acrA and acrB Genes Among Multiple-
-Drug Resistant Uropathogenic Escherichia coli Isolated 
From Patients With UTI in Milad Hospital, Tehran. Avic J 
Clin Microbio Infec. 2016;4(1):39785-39785. doi: 10.17795/
ajcmi-39785



213Identification of bacterial isolates in urinary tract infections patients of Basrah province

28.	 Lai K, Ma Y, Guo L, An J, Ye L, Yang J. Molecular charac-
terization of clinical IMP-producing Klebsiella pneumo-
niae isolates from a Chinese Tertiary Hospital. Ann Clin 
Microbio Antimicro. 2017;16(1):1-5. doi: 10.1186/s12941-
017-0218-9

29.	 Jenkins C, Ling CL, Ciesielczuk HL, et al. Detection and 
identification of bacteria in clinical samples by 16S rRNA 
gene sequencing: comparison of two different approaches 
in clinical practice. J Med Microbio. 2011;61(4):483-488. 
doi: 10.1099/jmm.0.030387-0

30.	 Srinivasan R, Karaoz U, Volegova M, et al. Use of 16S rRNA 
Gene for Identification of a Broad Range of Clinically Re-
levant Bacterial Pathogens. PLOS ONE. 2015;10(2):1-22. 
doi: 10.1371/journal.pone.0117617

31.	 Hidayat T, Hadibarata T, Farraj D. Phylogenetic Analysis 
of Microbial Community in Selected Rivers in. J Eng Sci 
Technol. 2020;15(4):2464-2471. 

32.	 Shiwk RS. Types of bacteria that cause urinary tract infec-
tion and extent resistance to antibiotics in some hospitals 
of Baghdad. Al-Qad J Pure Sci. 2016;4(21):25-32. 

33.	 Aboderin OA, Abdu AR, Odetoyin BW, Lamikanra A. An-
timicrobial Resistance in Escherichia coli Strains From Uri-
nary Tract Infections. J  Nat Med Asso. 2009;101(12):1268-
1273. doi: 10.1016/S0027-9684(15)31138-X

34.	 Düzgün AÖ, Okumuş F, Saral A, Çiçek AÇ, Cinemre  S. 
Determination of antibiotic resistance genes and virulen-
ce factors in Escherichia coli isolated from Turkish pa-
tients with urinary tract infection. Rev Soc Bras Med Trop. 
2019;52:1-5. doi: 10.1590/0037-8682-0499-2018 

35.	 Mohamed KG, Aljanaby AAJ. Urinary tract infections in 
Al-Kufa City Iraq and phenotypic detection of antimicro-
bial sensitivity pattern of bacterial isolates. Inter J Pharma 
Res. 2020;12(1):1-5. doi: 10.31838/ijpr/2020.sp1.222

36.	 Seyed H, Shahcheraghi, Ayatollahi J, et al. Determination 
of antibiotic resistance of E. coli isolated from urine cultu-
re samples. J Med Res. 2022;8(5):162-164. 

37.	 Hasan F, Ahmeed HW, Khudair KK. Gentamicin And 
Ciprofloxacin Sensitivity Against E. Coli Clinically Isola-
ted From Urinary Tract Infection. Med Sci J Advan Res. 
2023;4(3):178-182. doi: 10.46966/msjar.v4i3.132

38.	 Mujahid F, Rasool MH, Shafiq M, Aslam B, Khurshid 
M. Emergence of Carbapenem-Resistant Uropathoge-
nic Escherichia coli (ST405 and ST167) Strains Carrying 
blaCTX-M-15, blaNDM-5 and Diverse Virulence Factors 
in Hospitalized Patients. Pathogens. 2024;13(11):964-964. 
doi: 10.3390/pathogens13110964

39.	 Jalil MB, Al Atbee MYN. The prevalence of multiple drug 
resistance Escherichia coli and Klebsiella pneumoniae iso-
lated from patients with urinary tract infections. J Clin Lab 
Anal. 2022;36(9). doi: 10.1002/jcla.24619

40.	 Critchley IA, Cotroneo N, Pucci MJ, Mendes R. The 
burden of antimicrobial resistance among urinary tract 
isolates of Escherichia coli in the United States in 2017. 
PLOS ONE. 2019;14(12):1-11. doi: 10.1371/journal.
pone.0220265

41.	 Ahmed GA, Alzubaidy ZM. Enterohemorrhagic esche-
richia coli isolated from urine samples of women suffe-
ring from urinary tract infections. Biochem & Cell Arch . 
2021;21(2):3741-3747 .

42.	Andaleeb H, Zia W, Shahid A, et al. Spectrum Of Antimi-
crobial Susceptibility Pattern of Urinary Tract Infection in 
In Adults. Pak BioMed J. 2022;5(8):60-66. doi: 10.54393/
pbmj.v5i8.751

43.	 Paltansing S. Antimicrobial Resistance In Enterobacteria-
ceae: Characterization and Detection. Leiden University. 
2015;155.

44.	Shoyaikh RS, Jasim FAH. Types of bacteria causing urina-
ry tract  infections and their antimicrobial resistance ma-
gnitude in some hospitals of  Baghdad, Iraq. Al Qad J Pure 
Sci. 2016;21(4):25-32.

45.	 Zaman SB, Hussain MA, Nye R, Mehta V, Mamun KT, Hos-
sain N. A Review on Antibiotic Resistance: Alarm Bells are 
Ringing. Cureus. 2017;9(6):1-9. doi: 10.7759/cureus.1403

46.	 Veve MP, Wagner JL, Kenney RM, Grunwald JL, Davis SL. 
Comparison of fosfomycin to ertapenem for outpatient or 
step-down therapy of extended-spectrum β-lactamase uri-
nary tract infections. Inter  J Antimicro Agents. 2016;48(1): 
56-60. doi: 10.1016/j.ijantimicag.2016.04.014

47.	 Talan DA, Takhar SS, Krishnadasan A, Abrahamian FM, 
Mower WR, Moran GJ. Fluoroquinolone-Resistant and 
Extended-Spectrum β-Lactamase-ProducingEscherichia 
coliInfections in Patients with Pyelonephritis, United Sta-
tes1. Emer Infect Dis. 2016;22(9):1594-1603. doi: 10.3201/
eid2209.160148

48.	 Bitew A, Tsige E. High Prevalence of Multidrug-Resistant 
and Extended-Spectrum β-Lactamase-Producing Entero-
bacteriaceae: A Cross-Sectional Study at Arsho Advanced 
Medical Laboratory, Addis Ababa, Ethiopia. J Trop Med. 
2020;2020(1):1-7. doi: 10.1155/2020/6167234

49.	 Abdullah A, Shazia Shaheen Mir, Fayez Saad Alghamdi, 
Abdul M, Shaia. Evaluation of Extended-Spectrum Beta-
-Lactamase Resistance in Uropathogenic Escherichia coli 
Isolates from Urinary Tract Infection Patients in Al-Ba-
ha, Saudi Arabia. Microorganisms. 2023;11(12):1-13. doi: 
10.3390/microorganisms11122820

50.	 Mohammed AJ, Saad, Hejjaj A. Molecular characteriza-
tion of blaTEM and blaCTX-M ESBLs genes producing 
Escherichia coli isolates from urinary tract infections 
(UTIs) in Al-Basrah province, Iraq. South Eas Eur J Pub 
Health. 2024;24(4):389-396. doi: 10.70135/seejph.vi.1146

51.	 Riaz M, Jadoon S, Khalid H, et al. The abundance of ESBL-
-expressing, multidrug-resistant Escherichia coli in Paki-
stani patients with urinary tract infections. Chin J Otorhi-
nolaryngo Head Neck Sur. 2024;55:1347-1356.

52.	 Pandit R, Awal B, Shrestha SS, Joshi G, Rijal BP, Parajuli 
NP. Extended-Spectrum β-Lactamase (ESBL) Genoty-
pes among Multidrug-Resistant Uropathogenic Esche-
richia coli Clinical Isolates from a Teaching Hospital of 
Nepal. Interdiscip Perspec Infec Dis. 2020;2020:1-8. doi: 
10.1155/2020/6525826



214 European Journal of Clinical and Experimental Medicine 2025; 23 (1): 205–214

53.	 Löhr, IH. Extended-spectrum β-lactamase producing 
Klebsiella pneumoniae. A neonatal intensive care unit 
outbreak, long-term colonization in children and plasmid 
characteristics. https://bora.uib.no/bora-xmlui/handle/ 
1956/9133. Accessed September 20, 2023.

54.	 Adamus-Białek W, Baraniak A, Wawszczak M, et al. The 
genetic background of antibiotic resistance among clini-
cal uropathogenic Escherichia coli strains. Mol Biol Rep. 
2018;45(5):1055-1065. doi: 10.1007/s11033-018-4254-0


	_Hlk179627819
	_Hlk183137711
	_Hlk183108490
	_Hlk183137468
	_Hlk183135791
	_Hlk178580541
	_Hlk178592370
	_Hlk178592419
	_Hlk183136153
	_Hlk183109019
	_Hlk183135996
	_Hlk183136755

