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Introduction 

Escherichia coli (E. coli) is one of the well-known normal 

flora of the human and animal large intestine. However, 

some E. coli strains acquired a specific genomic locus, 

known as a pathogenic island, via different genetic material 

transfer methods or gained a plasmid. The pathogenic 

islands carry genes for several virulence factors, which turn 

the normal strains into pathogenic ones (Braz et al.2020, 

Desvaux et al. 2020).   Pathogenic E. coli is responsible for 

many diseases, such as septicemia, newborn meningitis, 

chronic diarrhoea, colorectal cancer, urinary tract 

infections (UTIs), and others (Whelan et al. 2023). 

Different pathotypes of E. coli were categorised based on 
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ABSTRACT 

Uropathogenic specific protein is a genotoxic protein targeting the DNA, 

leading to mutations and modifications in the normal cell's DNA and 

subsequently, cancer development. This study aims to determine the 

prevalence of the usp gene in Uropathogenic Escherichia coli isolated from 

females with urinary tract infections and study its correlation with biofilm 

formation. One hundred and five urine specimens were collected from female 

patients (20 to 55 years old) with urinary tract infections attending hospitals. 

Traditional laboratory methods using selective and differential culture media 

were used for initial bacterial isolation and identification, and molecular 

techniques that targeted a segment of the 16SrRNA gene with a specific 

primer pair were used to confirm the bacterial identification and usp gene 

detection using a conventional polymerase chain reaction. A microtiter plate 

method was used to assess the ability of isolates to produce biofilm. The 

bacterial isolation and identification results revealed (54.28%, 57/105) of 

isolates were Escherichia coli. The results of molecular detection of the usp 

gene revealed a considerable prevalence (98.2%, 56\57) in Uropathogenic 

Escherichia coli and a 100% ability to form a biofilm. The isolates exhibited 

different biofilm formation abilities, with a higher ability to form strong 

biofilm (42%, 24/57) followed by moderate and weak biofilm formation 

(35%,20/57) and (23%, 13/57), respectively. However, no statistical 

correlation between the usp gene and different abilities for biofilm formation 

has been found. The study’s limitation is that there is a small number of 

specimens due to the difficulty in specimen collection. In conclusion, the high 

prevalence of the usp gene in Uropathogenic Escherichia coli, although it 

does not correlate with biofilm, suggests its essential role in bacterial 

pathogenicity and the possibility of cancer disease in females with UTIs. 
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the infection location, mechanisms of pathogenicity, and 

the presence of virulence factors, including, (i) 

Enterotoxigenic E. coli (ETEC), (ii) Uropathogenic E. coli 

(UPEC), (iii) Diffusely adherent E. coli (DAEC), (iv) 

Enteropathogenic E. coli (EPEC), (v) Enteroaggregative E. 

coli (EAEC), (vi) Neonatal meningitis E. coli (NMEC), (vi) 

Enterohemorrhagic E. coli (EHEC), (vii) Enteroinvasive E. 

coli (EIEC), (viii) Septicemia-associated E. coli (SEPEC), 

and  (ix) Adherent-Invasive E. coli (AIEC) (Pokharel et al. 

2023). The most common one is the UPEC; this pathotype 

is responsible for about 80–90% of community-acquired 

UTIs; recently, UPEC gained more interest owing to its 

ability to produce several genotoxins and is linked to some 

UPEC strains with colorectal cancer disease. The survival-

infected cells with genotoxins will be genomically unstable 

and acquire malignant features (Wang & Flu 2023).  

       Genotoxins are a group of proteins or chemicals that 

target the DNA, leading to DNA damage and mutations, 

resulting in the malignant transformation of normal cells 

and, eventually, cancer development. Some UPEC strains 

produce more than one genotoxin protein, such as 

cytolethal distending toxins (Chen et al. 2023), colibactin 

(Chat et al.2023), and Uropathogenic-specific protein 

(USP) (Rihtar et al.2020). These toxins are different in their 

molecular structure and mode of action; however, they are 

targeted and damage the DNA. The molecular structure of 

the USP protein has not been solved yet; therefore, the 

actual function of the protein domains is unknown. 

However, bioinformatic analysis showed that the USP 

protein has two domains: pyocins and DNase-like colicins 

(Nipi et al. 2013). Most of the virulence factors have been 

found to be linked together, and this linkage could affect 

the pathogenicity of the pathogen positively or negatively. 
It has been found that the presence of hemolysin and 

colibactin exhibits advantages in colonisation and the 

progression of colorectal cancer (Yoshikawa et al. 2020). 

A study by Morgan and his colleagues on rats as a model 

for ascending urinary tract infection indicated that E. coli 

possessing colibactin and cnf-1 genes induced severe 

illness within 48 to 72 hours. Furthermore, colibactin-

producing isolates statistically correlate with biofilm 

formation (Morgan et al. 2019). However, a study of 

Rijavec et al.(2008) reported that there was no statistical 

correlation between the existence of some toxin genes in E 

coli, such as hlyA, cnf1, and usp, and biofilm formation. In 

the same previous study, the usp gene was statistically 

associated with non-immunocompromised patients as a 

highly prevalent gene. In addition, the usp gene is 

statistically associated with non-multi-drug-resistant 

bacteria. 

       In Iraq, some of the genotoxic proteins in UPEC have 

been studied. However, the association of the usp gene with 

biofilm formation has not been well established. Therefore, 

this study aims to investigate the prevalence of the 

genotoxic usp gene in UPEC and determine the potential 

association with different biofilm formation abilities. 

Knowing the possible association between the usp gene 

and biofilm formation could help to develop new strategies 

to eliminate its detrimental effect. 

 

Material and methods 

Specimens’ collection, bacterial isolation, and 

identification 

Mid-stream urine samples (n= 105) were collected from 

females (20-55 years old) with UTIs who attended Iraqi 

Hospitals in Baghdad from September to November 2024. 
Ethical approval (CSEC\1223\0132) for this investigation 

has been given by the ethics committees of the Department 

of Biology, College of Science, University of Baghdad. A 

sterile screw-cap container was used for urine sample 

collection and transported to the microbiology laboratory 

at the University of Baghdad. First, the samples were 

centrifuged at 5000 rpm for 10 min, and then, the 

precipitate was suspended in 1 ml of nutrient broth, then 

cultured on MacConkey agar, and incubated for 24 hours 

at 37°C. The isolated bacteria that showed a positive result 

for E. coli on MacConkey agar were subjected to primary 

identification by culturing on selective and differential 

media for E. coli, which are Eosin methylene blue (EMB) 

agar and 4-Methylumbelliferyl beta-D-Glucuronide 

(MUG) agar. The identification of suspected bacterial 

isolates was confirmed by amplifying a segment of the 16S 

rRNA gene using conventional polymerase chain reaction 

(PCR) with specific primers. After bacterial identification, 

E. coli isolates were maintained at 4ºC for subsequent 

experiments. 

 

Amplification of target genes by polymerase chain 

reaction (PCR) 

      The polymerase chain reaction (PCR) technique was 

employed to amplify a segment of two target genes: 16S 

rRNA for bacterial identification and usp for genotoxin 

detection. Primers were manufactured and provided in a 

lyophilised form by Macrogen Company. For 16SrRNA, 

the forward primer 5`-TAGCTGGTCTGAGAGGATGA 

CCA-3` and reverse primer 5`-CCAACATTTCACAACA 

CGAGCTGAC -3`, with a 802 bp amplicon size, were used 

(Odaa & Rasheed 2025). For usp, the forward primer 5`-

ACATTCACGGCAAGCCTCAG-3`, and reverse primer 

5`-AGCGAGTTCCTGGTGAAAGC-3`, with a 435 bp 

amplicon size, were used (Khalaf & Flayyih 2024). The 

rapid bacterial DNA extraction and gene detection were 

performed as described by Auhim & Odaa (2025), briefly, 

100 µl of PCR reaction mixture contains 50 µl Go Taq G2 

Green Master Mix (2X, Promega, USA), 5 µl of each 

forward and reverse primers (10µM/ µl), and 40 µl of 
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nuclease-free water. 9 µl of the reaction mixture was 

aliquoted into the PCR tubes, and 1 µl of bacterial 

supernatant-containing DNA was added. The gene 

amplification was performed using an Applied Biosystems 

thermocycler with the following amplification conditions: 

95ᵒC for 5 min (initial denaturation) and 35 thermocycles 

(denaturation for 30 s at 95ᵒC, annealing for 30 s at 58ᵒC 

for16SrRNA, and at 55ᵒC for usp, and extension for 1 min 

at 72 ᵒC) terminated by a final extension for 7 min at 72 ᵒC. 

The PCR product (5 μl) was electrophorised against 3 μl of 

DNA marker (100 pb, Promega, USA) for 60 min at 100 

volts utilizing 2% agarose gel containing ethidium bromide 

(0.5μg/mL), then the bands of DNA were depicted using a 

UV illuminator system (Fisher Scientific, UK). 

 

Assessment of biofilm formation by Uropathogenic E. 

coli isolates 

   A microtiter plate technique was used to assess the ability 

of UPEC isolates for biofilm formation as described by 

Djordjevic et al. (2002) Microplate ELISA readers 

(Diagnostic Automation, Inc., USA) was employed to 

measure the optical density (OD) at 580 nm for microtiter 

plate. The UPEC isolates have been classified into four 

groups according to the cut-off value (ODC): non-biofilm 

producer (OD≤ODC), weak biofilm producer 

(ODC˂OD≤2˟ ODC), moderate biofilm producer 

(2˟ODC˂OD≤4˟ODC), and strong biofilm producer 

(4˟ODC<OD). The ODC, which is the cut-off optical 

density known as three standard deviations over the mean 

optical density of the negative control, was determined as 

described by Djordjevic et al.2002 ODC= mean optical 

density of the negative control + (three ˟ standard 

deviations of the negative control). Nutrient broth was 

utilized as a negative control for ODC calculation, and no 

positive control was used. 

 

Statistical analysis  

   All features were expressed as frequency and percentage, 

using a Pearson-Chi-square (P≤0.05) as a non-parametric 

test to describe the significant difference in percentages. 

Statistical software SPSS v. 22.0 and Excel 2013 were 

employed to analyse the results. 

 

Results  

Identification of isolated bacteria 

From 105 urine samples, 57 UPEC isolates (54.2%, 

57/105) were isolated and identified based on the cultural 

characteristics of three different selective and differential 

media for E. coli. UPEC isolates appeared on MacConkey 

agar as pink colonies, on EMB agar as green metallic 

sheen, and on MUG agar as fluorescence colonies under 

the UV illuminator system, as shown in Fig.1. Molecular 

identification by amplifying a segment of the 16S rRNA 

gene using specific primers for E. coli revealed a single 

clear amplified DNA band with a 802 bp fragment size, as 

depicted in Fig. 2 (results for 19 isolates were shown). 

These results validated the bacterial identification of 

isolates as E. coli.  

 

 

 

 

 

 

 

 

Fig 1. UPEC colonies on selective and differential media 

after culturing for 24 hours at 37ºC. A. MacConkey 

agar, B. EMB agar, C. MUG nutrient agar under UV 

illuminator system, number 7 represents E. coli isolate 

with fluorescence colonies, while other numbers 

represent other bacterial species that were cultured for 

comparison reasons. 

 

 

 

 

 

 

 

 

 

 

Fig 2. Image of an agarose gel electrophoresis (2%) shows 

the amplicon of the 16S rRNA gene (802 bp) for 19 

isolates. Numbers 1 to 19 refer to the UPEC isolates. M 

refers to the DNA marker (100 bp). 

 

Biofilm formation by Uropathogenic E. coli isolates 

The results exhibited that all UPEC isolates were biofilm-

producing isolates with 100% biofilm formation ability 
under laboratory conditions. However, UPEC isolates 

showed different biofilm formation abilities. Strong 

formers (42 %), moderate formers (35 %), and weak 

formers (23%) with no significant differences (P <0.05), as 

illustrated in table 1.  

 

Molecular detection and the frequency of usp gene  

    The results of molecular detection revealed that 98.2% 

(56\57) of UPEC isolates habour usp gene, compared to 1.8 

% (1\57) that lack usp gene, with significant differences 

(p>0.01), as demonstrated in Fig. 3 and (Table 2). 
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Table 1 Different biofilm formation abilities of UPEC 

isolates. 

Type of biofilm former 
Number of 

isolates 
Percentage 

Strong former 24 42 % 

Moderate former 20 35 % 

Weak former 13 23 % 

Total 57 100% 

P value P<0.05 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3. Image of an agarose gel electrophoresis (2%) shows 

the usp gene amplicon (435 bp). Numbers 1 to 57 

refer to the UPEC isolates. M refers to the DNA 

marker (100 bp). 

 

Table 2 The frequency of usp gene in UPEC isolates 
UPEC isolates Frequency Percentage (%) P-value 

usp- positive 56 98.2 

P>0.000 usp- negative 1 1.8 

Total 57 100% 

 

Association of usp gene with biofilm formation in 

Uropathogenic E.coli isolates 

Results in (Table 3) revealed that usp gene was distributed 

among all biofilm-forming UPEC isolates with no 

significant differences (P <0.05). However, most usp-

positive isolates exhibited strong biofilm formation ability, 

followed by moderate and weak formation abilities.  

 

Table 3 Distribution of usp gene among biofilm-forming 

UPEC isolates. 
 

Type of Biofilm  
Number of usp- 

positive isolates 
Percentage 

Strong  24 100 % (24/24) 

Moderate  19 95 % (19/20) 

Weak  13 100 % (13/13) 

Total 56 100% 

P value P<0.05 

 

 

Discussion  

Urinary tract infections are known as a common health 

issue in communities. These infections result from 

bacterial infections (the main causative agent) or other 

causes, such as fungi and viruses. E. coli is known as the 

main agent for UTIs in Iraq and worldwide compared with 

other bacterial species such as Proteus mirabilis, 
Staphylococcus spp, Klebsiella pneumoniae, Pseudomonas 

aeruginosa, and Enterococcus faecalis (Mancuso et 

al.2023). To isolate the bacteria under investigation from 

the UTIs, it is important to employ the selective and 

differential media for isolation, and this will aid in the 

inhibition and differentiation of other UTI causative agents 

rather than bacteria under investigation, leading to saving 

resources and time (Auhim & Odaa 2025). E. coli is a 

lactose-fermenting bacterium; therefore, it appeared as 

pink colonies on MacConkey agar. Also, E. coli exhibited 

a distinct colour on EMB agar, which is a green metallic 

sheen owing to their ability to form strong acid byproducts 

during fermentation with the metachromatic features of the 

dyes and the movement of bacteria with flagella 

(Basavaraju et al. 2023).  

      In addition to the above two selective and differential 

media, a third differential medium for E. coli can be 

applied to initiate bacterial identification, which is MUG 

nutrient agar. This medium contains fluorogenic substrate 

4-Methylumbelliferyl beta-D-Glucuronide (MUG), 

bacteria that have the ability to produce b-glucuronidase 

enzyme, such as E. coli releases 4-Methylumbelliferone, 

which is a fluorogenic substance, making the bacterial 

colonies appear fluorescent under UV light (Shadix et 

al.1993). 

      The identification of bacteria based on amplifying a 

conserved housekeeping gene in bacterial species is 

considered reliable and widely utilised in pathogenic 

bacterial identification (Zhang et al. 2022). In the current 

study, all primarily identified bacteria gave positive results 

by targeting a fragment of the 16S rRNA gene that 

confirmed the bacterial identification as E. coli. Similarly, 

Muhaimeed et al. (2023) reported that 100% of the primary 

identified E. coli were positive for 16S rRNA gene 

detection using specific primers.   

      The isolation percentage of E. coli (54%) from females 

with UTIs in the current study is considered normal 

compared with other local studies that reported 

approximately similar isolation percentages. Salumi and 

Abood (2022) found that the isolation percentage of E. coli 

from urine was 58.09%, while another study conducted by 

Ebraheem & Alwendawi (2015) showed a slightly higher 

percentage, which was 65.8%. However, this high E. coli 

isolation percentage compared with other bacterial 

isolations from females with UTIs may be linked to the 

capacity of bacteria to settle into the urinary tract's and their 
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capacity to endure these environmental conditions. 

Furthermore, it exhibits significant virulence factors and 

has the capacity to produce biofilms. Moreover, as a result 

of the differences in urinary system anatomy between 

females and males, females exhibit more vulnerability to 

UTIs than males (Khan et al. 2024). 

     The main virulence factor in pathogenic strains is 

biofilm formation, which facilitates bacterial colonisation, 

genetic material transfer, increased antibiotic resistance, 

and disease development. UPEC isolates under 

investigation exhibited 100% ability to form a biofilm 

under laboratory conditions. This finding aligns with 

another study demonstrating that all UPEC isolates were 

biofilm producers (Rafaque et al.2020). However, UPEC 

isolates exhibited different abilities for biofilm formation, 

with the highest being strong, followed by moderate, and 

weak. Several factors are involved in biofilm formation and 

affect the initial attachment of E.coli on biotic and abiotic 

surfaces, including the presence of biofilm-related genes 

and adhesion elements (Silva et al.2014); the varying 

distribution of these genes and elements influences the 

initial number of cells that successfully adhere and form 

biofilms, beside the environmental factors, may elucidate 

the different abilities for biofilm formation. 

    The genotoxic protein produced by bacteria gained more 

interest from researchers due to the link between the 

producing bacteria of these toxins and some cancer 

diseases (Dalmasso et al.2024). USP toxin consists of 346 

amino acids encoded by usp gene (1038 bp) located on a 

small pathogenicity island (PAIusp) and has been reported 

as a genotoxic toxin produced by E. coli (Rihtar et al.2020). 
The distribution of this genotoxic in E. coli is concerning, 

particularly since this bacterium has a high frequency in 

UTIs, as mentioned above. The result of this investigation 

revealed a considerable prevalence of USP in UPEC 

isolates under study, which was 98.2% (56/57). Isolate 

number 9, which lacks the usp gene, could be contaminated 

by another infection source. This result is in line with 

another study that demonstrated roughly similar 

distribution results; it was found that the usp gene in UPEC 

isolates obtained from pyelonephritis was 93.4% 

(Yamamoto et al. 2001). While the distribution of the usp 

gene in E. coli isolated from stool was significantly lower, 

a local study reported that 6.6 % of isolates from stool 

harbour the usp gene (Khalaf & Flayyih 2024). These 

results indicated the important role of USP toxin in UTIs. 

Furthermore, USP is considered a crucial element in UPEC 

infection due to its ability to pass infectious potential upon 

non-pathogenic E. coli (Yamamoto et al. 2001). 

     Several genes and factors regulate biofilm formation in 

bacteria; therefore, some virulence factors are associated 

with biofilm formation (Zhao et al.2023). However, the 

current investigation found no statistical correlation 

between the usp gene and biofilm formation, as the usp 

gene was distributed amongst all UPEC isolates that 

exhibited different abilities for biofilm formation. This 

result is in line with another investigation conducted by 

Rijavec et al.(2008), they revealed that, usp gene has no 

correlation with biofilm formation and multi-drug-resistant 

bacteria. The high prevalence of usp gene with no 

correlation with either biofilm formation or antibiotics 

resistance sheds light on its essential role in bacterial 

pathogenicity. 

      The study’s limitations, such as sample size, hygienic 

habits, specimen collection, bacterial isolation procedure, 

and environmental factors, could lead to differences 

between the current results and other studies. For instance, 

incorrect specimen collection and bacterial isolation from 

a urine sample lead to a reduced isolation percentage; 

consequently, different results regarding study parameters. 

 

Conclusion 

The current finding exhibited a considerable prevalence of 

a genotoxic in UPEC isolates from females with UTIs, with 

no statistical association with biofilm formation abilities. 

This high prevalence of usp-positive isolates in females is 

a concern in the distribution of genotoxic isolates that could 

lead to cancer development in the urinary tract system or 

genital system. A possible correlation of usp gene with 

other virulence factors and toxins needs to be investigated. 

Further studies are required to solve the molecular structure 

of USP toxin to understand the structure-function 

relationship and design a possible inhibitor to eliminate the 

detrimental genotoxic effect. 
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