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ABSTRACT 
Urinary tract infections (UTIs) are primarily caused by Gram-negative Enterobacteriaceae bacteria, 

accounting for 80–90% of uropathogenic Escherichia coli infections. Multidrug-resistant (MDR) bacteria, 

such as extended-spectrum β-lactamases (ESBLS), pose a significant threat to global healthcare systems. 

The current study relied on 200 urine samples collected from patients suffering urinary tract infections 

(UTIs) in Al Sadr Teaching Hospital in Al-Basrah Province,Iraq from the 5th January to 22nd February. A 

result of cultivated 200 samples collected from urinary tract infection patients showed 71 (35.5%) positive 

samples on MacConkey agar, eosin methylene blue (EMB), and HiChromeTM E.coli agar, and bacterial 

growth was distributed to 47 (66.2%) Escherichia coli and 24 (33.8%) of Gram-negative species. The 

diagnostic gene 16S rDNA by PCR method showed that all 47 E. coli isolates had a molecular weight of 

around 585 bp at 100%. Furthermore, positive results were shown in 44 (93.6%) of the E.coli isolates in 

the current study that produced ESBLs by using the double-disc approximation method (DAM). While 3 

(6.4%) isolates revealed negative results for ESBLs, whereas the13(27.7%) of the E.coli isolates gave 

positive results for ESBL. While 34(72.3%) E.coli isolates showed negative results for produced ESBLs by 

using the double-disc synergy test (DDST), there were significant differences (P<0.01) between positive 

and negative isolates in both methods used to detect ESBL-producing isolates. Extended-spectrum β-

lactamses (ESBLs) genes were detected by using PCR to amplify the blaTEM and blaCTX-M genes in 

E.coli isolates. The amplified genes' bands were characterised approximately at (800 bp) for blaTEM and 

(754 bp) for blaCTX-M   , the products were compared to the standard molecular DNA ladder at (2000 bp). 

According to the results, 47(100%) E.coli isolates gave positive results for the blaTEM gene. While 

blaCTX-M gene was shown, only 23(48.9%) E.coli isolates had positive results for the blaCTX-M gene. 

 

1. Introduction 

In primary care, urinary tract infections (UTIs) are among the most frequent bacterial illnesses 

reported [1]. Urinary tract infections (UTIs) can occur in a variety of ways and places, ranging from 

acute, symptomatic infections to asymptomatic bacteriuria. UTIs are frequently brought on by 

bacteria that live on the skin or are a component of the gut flora [2]. Gram-negative bacteria within 

the Enterobacteriaceae family, which account for 80–90% of uropathogenic Escherichia coli 

infections, are thought to be the main cause of UTIs [3]. ESBLs the best type of medication for 

treating pathogenic bacteria is an antibiotic. When treating infections brought on by Gram-negative 

bacteria, doctors typically administer fluroquinolones, cephalosporins, β-lactams, and β-lactamases 

inhibitors either alone or in combination [4]. One major problem threatening the global healthcare 

system is multidrug-resistant (MDR). Usually, the widespread Enterobacteriaceae family is linked to 

the problem. Extended-spectrum β-lactamases (ESBLS), are the main antimicrobial resistance 

mechanism in this family of bacteria that renders β-lactam antibiotics ineffective [5].  

Gram-negative bacteria have capable of produced enzymes hydrolyzing the bonds in β-lactam rings, 

which has allowed them to become resistant to one of the most successful drugs: β-lactams [6]. In 

1983, extended-spectrum β-lactamases (ESBLs) were identified in Germany and demonstrated the 

ability to hydrolyze penicillin’s, monobactams, and cephalosporins. Since then, the number of 

diseases caused on by bacteria that possess this resistance mechanism has increased [7,8]. 

Furthermore, E. coli has evolved resistance to several antibiotics, leading to a major cause of illness 

[9]. The public's health is seriously threatened by the rapidly spreading multidrug-resistant (MDR) E. 

coli strains, particularly those that produce extended-spectrum β-lactamase (ESBL) [10,11]. These 
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include the blaTEM, blaSHV, and blaCTX-M type ESBLs, which may hydrolyse antibiotics such as 

cephalosporins, monoclonal antibodies, and penicillins. blaCTX-M have emerged as the predominant 

ESBLs for E. coli strains globally throughout the previous 20 years[12,13].These drug-resistant genes 

can restrict available treatments, raise morbidities and deaths, lengthen hospital stays, and result in 

substantial financial consequences as a result of their production and dissemination [14].This study 

aimed to determine the frequency of ESBL-producing Gram-negative bacteria, their antimicrobial, 

and the molecular identification of  ESBL genes blaTEM and blaCTX-M in E. coli isolate among 

UTIs patients , in Al-Basrah province ,Iraq. 

2. Methodology  

Collection of specimens:  

From the 5th January to 22nd February, 200 urine samples were collected from patients suffering 

urinary tract infections (UTIs) in Al Sadr teaching hospital at Al-Basrah province ,Iraq. 

-Isolation and identification 

The samples were cultivated for 24h at 37OC on nutrient broth , and after that cultured on 

MacConkey agar, Eosin Methylene Blue agar (EMB)  according to [15,16], furthermore the  Hi- 

chromeTM E.coli agar to confirm  identify E. coli isolates. 

- DNA extraction 

Genomic DNA extracted from isolates according to (Wizard® Genomic DNA Purification Kit, 

Geneaid , Taiwan) kit protocol. 

- Detection of 16S rDNA 

The isolate DNA extraction was amplified by PCR for 16S rDNA amplification with a particular 

primer that was approximately (585 bp) in length [17]. Standard molecular DNA ladder (2000 bp) 

was used compare the PCR results. 

-Detection of Extended Spectrum β-lactamase (ESBL) 

-Double disk synergy test (DDST) 

According to CLSI recommendation this test was performed. The Mueller-Hinton agar plates were 

used to cultivate the E.coli isolates to determine if they produced extended spectrum β-Lactamase 

(ESBLs) enzymes. 5ml bacterium inoculum was prepared and compared with 0.5 McFarland 

suspension. Synergy between two antibiotics of each third generation cephalosporin 30μg disk and 

Amoxicillin- Clavulanate (20μg/10μg) were placed center to center with distance (30 mm) on Muller 

Hinton agar. When one of these antibiotics disks showed inhibition zones towards Amoxicillin- 

Clavulanate disk, the isolate was considered positive for ESBL production [18]  

-Double disk approximation method (DAM) 

The Amoxicillin- Clavulanate (20μg/10μg) disk was placed on center of the agar plate, four 

antibiotics disks due to the third generation cephalosporin and monobactam such as aztreonam(30ug), 

ceftriaxone(30μg), ceftazidime (30μg) and cefotaxime (30μg) were used and placed around it at 

distance about (20mm center to center). Plates were incubated for 24h at 37c and results detect 

according to[18,19]. 

  -Detection of ESBLs Genes 

Two different primers that were utilized for amplified blaTEM and blaCTX-M genes by PCR with a 

particular primer that was approximately (800 bp) and (874 bp) in length respectively according to 

[20,21]. Standard molecular DNA ladder (2000 bp) was used compare the PCR results.  

3. Results and discussion 
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In the current study, the results of cultivated 200 samples that collected between the 5th January to 

22nd February, from patients suffering urinary tract infections were gave 71 (35.5%) samples 

positive; and on MacConkey agar, eosin methylene blue (EMB) and HiChromeTM E. coli agar. The 

bacterial growth was distributed to 47 (66.2%) Escherichia coli and 24 (33.8%) other Gram-negative 

species figure (1). While 129 (64.5%) samples were gave negative results for bacterial growth. The 

result in current study was showed significant differences P<0.01 between isolates of E.coli 

compared to other Gram negative isolates by using ANOVA test (one way). Furthermore, the results 

of molecular diagnostics employing the PCR technique, which relies on the diagnostic gene 16S 

rDNA, revealed that all n= 47 E.coli isolates (100%) gave a positive results for detected of 16SrDNA 

in a molecular weight approximately in 585bp figure (2).  

 

Figure(1): the distribution of positive and negative samples according to bacterial growth 

 

 

Figure (2): Agarose electrophoresis patterns show PCR amplified products of 16S rDNA. 

Lane1:(2000 bp DNA ladder), Lane:( no. 1-6) 16S rDNA band of E.coli isolates using 1% agarose 

gel, 70V, 1h. 

and frequency of bacterial isolates in current study. 

Furthermore, positive results were showed the 44(93.6%) out of the n=47 E.coli isolates in the 

current study produced extended-spectrum β-lactamases (ESBLs), by using the double-disc 

approximation method (DAM).While 3(6.4%) isolates revealed negative results for ESBLs. Whereas 

the results in current study were showed the13 (27.7%) out of n=47 E.coli isolates gave positive for 

ESBL .While the 34(72.3%) E.coli isolates were showed negative results for produced ESBLs by 

using the double-disc synergy test (DDST).The results of the statistical analysis was showed 

significant differences P<0.01 between positive and negative isolates in both methods that used to 

detect ESBL producing isolates. 

PCR was used to amplify the blaTEM and blaCTX-M  genes in E.coli isolates. The amplified genes' bands 

were characterized approximately at (800 bp) for blaTEM and (754 bp) for blaCTX-M,  the products  was 

compared to the stander molecular DNA ladder at (2000 bp). According to the results, 47(100%) 

E.coli isolates had gave positive results for the blaTEM gene as in figure (3). While blaCTX-M gene was 
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shown that only 23(48.9%) E.coli isolates had positive results for blaCTX-M gene as in figure (4).  

 

 

 

 

 

 

 

Figure 3: Agarose electrophoresis patterns of TEM gene PCR amplified products. Lane1:(2000 bp 

DNA ladder), Lane:( no. 2-8) TEM gene bands of E.coli isolates. using 2% agarose gel, 70V, 1h. 

 

 

Figure 4: Agarose electrophoresis patterns of CTX-M gene PCR amplified products. Lane1:(2000 bp 

DNA ladder), Lane:( no. 2-8) CTX-M gene bands of E.coli isolates using 2% agarose gel, 70V, 1h. 

Discussion: 

E. coli spreads in the urinary tract due to its natural habitat in the digestive tract, its anus opening 

near the urinary tract opening, and its virulence characteristics, which allow it to stick to the surface, 

withstand urine-induced drift, and prevent urinary tract infections. Current study's results revealed the 

prevalence of E. coli bacteria in urinary tract infections (UTIs), and they were in line with the 

findings of a study performed in Baghdad, Iraq, by[22], which found that 38% of cases of UTIs were 

caused by E. coli, making it the most frequently isolated bacterial pathogen. According to study of 

[23]in Duhok, Iraq, 170 (80.6%) of the isolates were Gram-negative bacteria and 41 (19.4%) were 

Gram-positive bacteria. The most frequent source of infection was E. coli. The study of [24] in Al-

Basrah, Iraq was reported the E. coli common costive agent of urinary tract infections (UTIs). 

Whereas the study by [25] in Zakho, Iraq was reported the K. pneumonia common causative agent of 

urinary tract infections (UTIs). 

Current study's results was showed the production of ESBLs are in accordance with research carried 

out in study of [26,27,28,29&30]. When the double-disc approximation techniques (DAM) were 

utilized in studies by [31]in India and [32]in Nepal, the results differed from the results of the current 

study. On the other hand, the findings of this study, which used the double-disc synergy test (DDST) 

to identify the producer of ESBLs, are in accordance with research done in [33,34&35].β-lactamase, 

which helps break down the β-lactam ring in certain medications, is one major virulence feature that 

helps E. coli grow more virulent and resistant to antibiotics[36,37&38]. Extended-spectrum ß-

lactamases (ESBLs) have been identified in recent years as a major contributor to antibiotic 

resistance in Enterobacteriaceae, which includes resistance to ß-lactamases. ESBL enzymes are 

resistant to penicillin’s, monobactams, cephalosporins, and other antibiotic families [35].  

By utilizing the PCR method in current study, all 47 (100%) of the E. coli isolates in this 
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investigation produced positive results for the identification of the blaTEM gene. Statistical analysis 

revealed no significant differences P>0.05 between the isolates that tested positive or negative for the 

blaTEM gene. In studies [30, 36], the blaTEM gene was found to be 100% and 75%, respectively. In 

study [45], it was stated that every E. coli isolate under investigation had the blaTEM gene 100%. 

However, according to a research by [39,40,41,42, and 43], blaTEM gene was present in 6.8%, 48.7%, 

28.6%, 40%, and 36.4% of E.coli isolates. The blaTEM gene was primarily responsible for resistance 

to cephalosporins, including cephalothin and cephaloridine, as well as penicillin. As a result of 

changing the amino acids in the blaTEM activation region, more than over 130 distinct variants of 

TEM β-lactamases. Whereas results in the current study showed that out of n=47 E.coli isolates 

23(48.9%) isolates gave positive results for blaCTX-M gene. While the 24(51.1%) isolates were showed 

negative results for blaCTX-M by using the PCR technique, and results showed no significant 

differences P>0.05 between positive and negative  isolates of blaCTX-M gene.  

The study by [36,37&39] were found that all E.coli isolates  have blaCTX-M gene in ratio (100%) , on 

other hand the study of [32]reported E.coli isolates  have blaCTX-M  gene in ratio (66.1%) and study of 

[29] found that blaCTX-M genes in E.coli isolated from urine samples were  (37.2%).The remarkable 

ability of the blaCTX-M gene products to hydrolyze cefotaxime, ceftazidime, and aztreonam might 

perhaps account for the elevated occurrence of the blaCTX-M variation. According to earlier research, 

blaCTX-M is the most common β-lactamase found in UPEC isolates [43,44]. The ST131-H30 strains of 

blaCTX-M -15 E. coli that first surfaced in 1990 and the subsequent global spread of community-

acquired ESBL-producing E. coli of the blaCTX-M type are primarily responsible for the sudden rise in 

the number of ESBL-producing Enterobacteriaceae. Most infections caused by ESBL-producing 

bacteria were caused by blaTEM-ESBL and blaSHV-ESBL. Following blaCTX-M emergence, the 

coexistence of these ESBL genes increased resistance even further and increased the spread of 

Enterobacteriaceae carrying mobile genetic elements connected to multiple virulence factors and 

antibiotic resistance genes that cause invasive infections in public and healthcare settings [45].There 

are several commonalities in the emergence of blaTEM- and blaSHV-type ESBLs. Since antibiotics are 

widely used and often taken at random, the high incidence of third-generation cephalosporin 

resistance isolates in the current investigation may be related to this. In order to give effective 

antibiotic therapy, it is essential to remain up to date on the predominant resistance pattern of any 

area, since the spread of MDR and ESBL-producing E. coli isolates limits treatment options and 

increases hospital consumption [46]. 

4. Conclusion and future scope 

The blaTEM gene in E. coli isolates is linked to medication resistance, posing a significant threat to 

global healthcare systems. Gram-negative bacteria, particularly those producing extended-spectrum 

β-lactamase (ESBL), pose a threat to horizontal gene transfer, posing a serious threat to public health. 
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