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Abstract 
Background: Urinary tract infections (UTIs) are a common 

condition resulting from bacterial invasion of the urinary 

system, which includes the kidneys, ureters, bladder, and 

urethra. These infections are particularly prevalent among 

females due to anatomical differences and hormonal 

factors. UTIs can range from uncomplicated cases, where 

there are no structural abnormalities, to more severe 

infections that may ascend to the kidneys, causing 

pyelonephritis. Methods: This study aimed to isolate and 

diagnose Escherichia coli (E. coli) bacteria in patients with 

UTIs, identify specific virulence genes, and assess the 

bacteria's resistance to various antibiotics. A total of 100 

clinical samples were collected from patients with UTIs at 

the General Hospital of Homadiyah and Ahmed Maher 

from October 2021 to December 2022. Bacterial 

identification was performed using biochemical tests and 

polymerase chain reaction (PCR) techniques, while 

antibiotic sensitivity was assessed using the Kirby-Bauer 

disk diffusion method. Additionally, inflammatory markers 

(TNF-α, IL-6, and IL-8) were measured using ELISA. Results: 

E. coli was isolated in 56% of the samples, with the highest 

prevalence in patients aged 31-40 years. The antibiotic  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sensitivity test revealed varying levels of resistance, with 

the highest sensitivity observed to third-generation 

cephalosporins, particularly ceftriaxone (32.2% 

resistance). PCR analysis identified the presence of several 

virulence genes, including the Hly gene in 96.6% of 

isolates and the iha gene in 10% of isolates. Elevated levels 

of inflammatory markers were observed in patients with 

UTIs, indicating a strong immune response to bacterial 

infection. Conclusion: E. coli is a significant pathogen in 

UTIs, exhibiting considerable antibiotic resistance, 

particularly to first-generation cephalosporins. The 

presence of specific virulence genes correlates with the 

severity of infection. These findings underscore the need 

for targeted antibiotic therapy and the development of 

strategies to manage antibiotic resistance in UTIs. 

Keywords: Urology infections, E. coli, Antibiotic resistance, Inflammatory 

markers, PCR diagnostics 
 

Introduction 

Urinary tract infections (UTIs) are among the most prevalent 
bacterial infections, impacting millions of individuals globally. 
These infections arise when pathogenic bacteria enter the urinary 
tract, which includes the kidneys, ureters, bladder, and urethra. The 
urinary system's primary function is to filter and excrete metabolic 
waste and toxins from the bloodstream while maintaining fluid and 
electrolyte balance. Disruption or infection of this system can lead 
to significant health issues, including pyelonephritis, cystitis, and 
urethritis, among others (Kunin, 1994). 
UTIs are particularly common and problematic in females, largely  
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due to anatomical and physiological differences between genders. 
The female urethra is significantly shorter than that of males, 
measuring approximately 2.8 cm compared to over 10 cm in males. 
This shorter urethra facilitates easier bacterial entry into the urinary 
tract. Epidemiological studies suggest that between 40% and 50% of 
women will experience at least one UTI in their lifetime (Bollgren 
& Winberg, 1999). In contrast, UTIs are less common in males, 
though the rates have been reported to be approximately 39% (Raka 
et al., 2004). This disparity is partly attributed to hormonal 
differences and the presence of a longer urethra in males, which 
offers a more effective barrier against infection. 
In children, the incidence of UTIs varies between genders as well. A 
study conducted in Australia revealed that 65% of pediatric UTI 
cases were in females, while 35% were in males (Cabral, 2010). 
Furthermore, another study estimated that the risk of UTIs before 
the age of 14 was 10.3% for girls and 3.3% for boys (Gunther et al., 
2001). These findings underscore the gender-specific factors that 
contribute to the prevalence and management of UTIs. 
Uncomplicated UTIs are those that occur in individuals with a 
normally functioning urinary tract and without structural 
abnormalities. These infections typically involve the bladder 
(cystitis) or the urethra (urethritis) and are often treatable with 
standard antibiotics (Lane & Takhar, 2011). However, UTIs can 
sometimes progress to more severe forms, including pyelonephritis, 
which affects the kidneys and can result in significant morbidity if 
left untreated (Hara et al., 2000). 
A common complication of UTIs is vesicoureteral reflux (VUR), a 
condition where urine flows backward from the bladder into the 
ureters and sometimes the kidneys. This reflux can lead to recurrent 
infections and kidney damage if not managed properly (Bhat et al., 
2011). The manifestations of UTIs vary but often include dysuria, 
increased urinary frequency, and lower abdominal pain (Chang & 
Shortliffe, 2006). Severe cases can result in systemic symptoms such 
as fever, nausea, and vomiting, indicating a more widespread 
infection (Dzidic et al., 2008). 
The majority of UTIs are caused by Gram-negative bacteria from 
the Enterobacteriaceae family, with Escherichia coli (E. coli) being 
the most common pathogen. E. coli accounts for approximately 
80% of UTI cases and is well-adapted to the urinary tract 
environment (Brooks et al., 2001). This bacterium can form 
biofilms and express various virulence factors, such as fimbriae, 
which enhance its ability to adhere to the urinary tract and evade 
host defenses (Wullt et al., 2000). 
The body's response to a UTI involves various inflammatory 
markers and cytokines. For instance, interleukins (ILs) such as IL-
6 and IL-8 play crucial roles in mediating the immune response to 
bacterial infections. Elevated levels of these cytokines can be 
indicative of an ongoing infection and contribute to the 
inflammatory process (Wullt et al., 2002). Cytokines and other 

inflammatory markers are critical in diagnosing and monitoring the 
progression of UTIs. 
Treatment of UTIs generally involves antibiotics, but increasing 
resistance among uropathogens poses a significant challenge. E. coli 
strains resistant to common antibiotics, including beta-lactams, 
have been increasingly reported, complicating treatment strategies 
(Jacoby & Munoz-Price, 2005). Therefore, accurate identification of 
the causative bacteria and their antibiotic susceptibility profiles is 
essential for effective treatment (Fuda et al., 2004). 
Recent research efforts have focused on understanding the 
mechanisms behind UTI pathogenesis and antibiotic resistance. 
Advances in molecular techniques, such as single and multiplex 
PCR, have improved the detection and characterization of bacterial 
pathogens (Al-Dupot et al., 1998). These techniques help identify 
specific genes responsible for virulence and resistance, providing 
valuable insights for developing targeted therapies (Collee et al., 
1996). 
In summary, UTIs are a significant health concern with complex 
etiology and varying presentations depending on the patient 
population. Understanding the underlying mechanisms, including 
bacterial virulence factors, host immune responses, and antibiotic 
resistance patterns, is crucial for effective management and 
prevention of these infections. Ongoing research and advancements 
in diagnostic and therapeutic approaches continue to enhance our 
ability to combat UTIs and mitigate their impact on public health. 
 
2. Material and Methods 
2.1 Preparation of Ready-Made Agricultural Media 
All ready-made agricultural media were prepared according to the 
manufacturer's instructions. Each medium was sterilized at 121°C 
under 15 pounds of pressure for 15 minutes. For the Blood Agar 
Base, after sterilization, 7% human blood was added to the cooled 
medium. Similarly, a 31% urea solution was incorporated into the 
urea medium base following sterilization. 
2.2 Preparation of Specific Media 
The Motion Test Medium was created by dissolving 0.5 grams each 
of peptone and sodium chloride, and 0.25 grams of agar in purified 
water. The pH of the solution was adjusted to 7.0. The medium was 
then distributed into sterile glass tubes, sterilized at 121°C with 15 
pounds of pressure for 15 minutes, and subsequently stored at 4°C 
until required. 
The Methyl Red and Voges-Proskauer (MR-VP) Medium, as well 
as the Carbohydrate Fermentation Medium, were prepared 
following established protocols designed for assessing carbohydrate 
fermentation. 
For dye solutions and reagents, the Wallet dye solution and 
physiological saline solution were prepared according to standard 
protocols. The physiological saline solution was specifically made 
using phosphate-buffered saline (PBS). 
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Sterilization of all heat-stable media, glassware, and most solutions 
not sensitive to heat was carried out at 168°C for 2 hours to ensure 
the complete removal of microbial contaminants. 
2.3 Clinical Sample Collection 
A total of 100 clinical samples were collected from urological 
cavities of patients at the General Hospital of Homadiyah and 
Ahmed Maher's education between October 2021 and December 
2022. Samples included both blood and non-blood types. 
Midstream urine samples were collected in sterile tubes, discarding 
the initial drops to avoid contamination. These samples were plated 
using a planned technique and incubated at 37°C for 18-24 hours to 
identify bacterial growth. Additionally, 100 blood samples (5 mL 
per patient) were collected, with 20 extra samples taken from 
healthy individuals for control purposes. All blood samples were 
placed in sterile test tubes, centrifuged at 3,000 RPM for 15 minutes 
to separate the serum, and prepared for enzyme-linked 
immunosorbent assay (ELISA) testing. 
2.4 Diagnosis of Isolated Bacteria 
The appearance of bacteria was studied by examining samples 
directly from the culture media. Gram staining was used to assess 
bacterial cell wall characteristics, followed by observations of colony 
morphology, including color, shape, size, and edge characteristics 
on various media such as MacConkey and selective media. Various 
chemical tests were performed, including hydrogen sulfide 
production, urease activity, carbohydrate fermentation, and indole 
production. Hemolytic activity was tested using human blood agar. 
A 5% red blood cell suspension was added to the medium, and the 
presence of clear zones around colonies indicated hemolysis. 
2.5 Investigation of E. coli Antibiotic Resistance 
For antibiotic sensitivity testing, pure colonies from a 24-hour 
culture of E. coli in nutrient broth were used. The bacterial 
suspension was adjusted to the McFarland 0.5 standard. The 
bacteria were spread on Mueller-Hinton agar plates using a sterile 
cotton swab. Antibiotic disks were placed on the inoculated plates, 
which were then incubated at 37°C for 18-24 hours. Zones of 
inhibition around the disks were measured with a caliper and 
compared to standardized guidelines to determine antibiotic 
resistance. 
2.6 ELISA for IL-6 Detection 
Serum samples were allowed to reach room temperature after 
thawing. For the ELISA test, 100 µL of standard solutions and serum 
samples were added to wells of an ELISA plate. An additional 50 µL 
of enzyme conjugate was added to each well. The plate was covered 
and incubated at 25°C for 2 hours. After incubation, the wells were 
washed four times with washing solution. HRP-Streptavidin 
enzyme solution (100 µL) was added to each well, and the plate was 
incubated at room temperature for 30 minutes. Following this, the 
wells were washed four times. Substrate solution (100 µL) was 
added to each well, and the plate was incubated in the dark for 30 

minutes at room temperature. Stop solution (100 µL) was then 
added to halt the reaction, changing the color from blue to yellow. 
The absorbance was read at 450 nm using a plate reader, and the 
results were analyzed using professional ELISA software. 
2.7 Statistical Analysis 
Data were described and analyzed using SPSS Version 16 and 
Microsoft Excel. Statistical significance and trends were determined 
based on the analyzed data. 
 
3. Results  
In this study, 56 samples of Escherichia coli (E. coli) were isolated 
from a total of 100 samples collected from patients with urinary 
tract infections. The samples were sourced from the General 
Hospital of Homadiyah and Ahmed Maher's educational facilities 
between October 2021 and December 2022. 
Upon culturing on MacConkey agar, the developing colonies 
appeared as circular pink with bright surfaces, ranging in size from 
1 to 2 millimeters. On blood agar, the colonies were small and gray 
with a beta-hemolytic pattern, showing a decaying zone around 
them. Microscopic examination of the isolates revealed that the 
bacterial cells were rod-shaped, Gram-negative, and exhibited a 
stunted, single- or double-ordered arrangement. They did not form 
spores. 
Chemical testing of the isolates involved several diagnostic tests. 
The catalase test yielded a 100% positive result, indicating the 
presence of catalase enzyme in all isolates. Conversely, all isolates 
were negative for the oxidase test. The isolates were also tested on 
eosin methylene blue (EMB) agar, where they displayed a 
characteristic bright green metallic sheen, confirming their identity 
as E. coli. The Indole test showed that all isolates (100%) produced 
a red ring after the addition of Kovac’s reagent, indicating the 
presence of indole. For the methyl red test, the isolates were 
negative, with no color change, whereas the urea hydrolysis test also 
returned negative results, as no color change to pink was observed. 
Of the 100 samples, 56 (56%) were identified as E. coli, while the 
remaining 44% contained other bacterial species. Further enzyme 
activity tests revealed that 85.7% of the E. coli isolates produced 
hemolysin, a significant virulence factor, while 28.3% produced a 
wallet enzyme. 
Analysis of the demographic data showed that out of the 56 patients 
with urinary infections, 38 were female (67.86%) and 18 were male 
(32.14%). This indicates a higher prevalence of urinary infections 
among females. Age-wise, the highest incidence was found in the 
31-40 year age group, with 17 cases (30.36%), whereas the 1-10 year 
age group had the fewest cases, with only one patient (1.79%). 
Antibiotic sensitivity testing was performed using 16 standard 
antibiotics, including those from four generations of 
cephalosporins. The results revealed significant resistance among 
the E. coli isolates. The isolates were most sensitive to third-
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generation cephalosporins, with resistance rates of 32.2% to 
Ceftriaxone, 35.7% to Ceftazidime, 37.5% to Cefixime, 35.7% to 
Cefdinir, and 30.4% to Ceftizoxime. The second-generation 
cephalosporins showed higher resistance rates, with Cefaclor at 
59.0%, Cefonicid at 60.8%, Cefprozil at 55.0%, Cefoxitin at 64.2%, 
and Cefmetazole showing 62.5% resistance. First-generation 
cephalosporins also exhibited notable resistance, with rates of 
78.6% to Cephalothin, 71.4% to Cefazolin, 69.7% to Cephalexin, 
and 66.1% to Cephadroxil. The fourth-generation cephalosporin 
Cefepime showed a resistance rate of 39.3%. 
For the molecular characterization, DNA extraction was carried out 
from the E. coli isolates. Agarose gel electrophoresis of the DNA, 
stained with ethidium bromide and visualized under UV light, 
confirmed the presence of a single DNA band in all isolates. 
Polymerase chain reaction (PCR) techniques were employed to 
identify specific virulence genes. The PCR results showed that 
96.6% of the isolates had the Hly gene, associated with hemolysin 
production, and 100% had the afa gene, which contributes to 
adherence. Conversely, only 30.0% of isolates contained the iha 
gene, which is responsible for capsule synthesis, and 10.0% had the 
tst gene, linked to toxic shock syndrome. Notably, no isolates were 
positive for the pap gene, which is involved in fimbrial adherence. 
Overall, the study demonstrates a high prevalence of E. coli among 
urinary tract infection cases, with significant antibiotic resistance, 
particularly to second-generation cephalosporins. The molecular 
analysis confirms the presence of several key virulence factors, 
highlighting the pathogenic potential of the isolates. 

 
4. Discussion  
4.1 Insulation and Diagnosis of E. coli Bacteria: 
Sample collection for this study was conducted with urology 
patients, focusing on diagnostic and preventive procedures. Initial 
diagnosis of bacterial isolates involved examining specific 
implantary and microscopic properties, as well as conducting 
diagnostic chemosynthetic tests. Blood agar was used to culture 
colonies, which were characterized as gray, soft, and slightly 
elevated, with a diameter ranging from 1 to 2 mm. These colonies 
exhibited beta-hemolysis. On MacConkey agar, colonies appeared 
bright pink, round, and approximately 1 to 2 mm in diameter, with 
a color change from pink to yellow due to lactose fermentation and 
acid production after 48 hours, aligning with findings from Dzidic, 
Suskovic, and Kos (2008) and Wullt et al. (2000). Microscopic 
analysis revealed that the bacterial cells were small, either singular 
or arranged bilaterally, and negative for Gram staining, consistent 
with Collee, Chambers, Peddie, and Mahanty (1996) and Brooks, 
Butel, and Morse (2001). 
All isolates tested positive for the catalase test, crucial for 
distinguishing between aerobic and anaerobic bacteria, as indicated 
by the presence of air bubbles. Conversely, all isolates tested 

negative for the oxidase test, which is important for identifying 
bacterial species based on their ability to produce oxidase 
(MacFaddin, 2000). The use of eosin methylene blue agar yielded 
positive results for all isolates, with colonies showing green metallic 
sheen, and the indole test was positive for all isolates, which is used 
to differentiate E. coli from other enteric bacteria based on 
tryptophanase production (MacFaddin, 2000). 
Sugar fermentation tests demonstrated that 95.3% of the isolates 
were positive, indicating their ability to ferment sugar, produce gas, 
and acid, consistent with findings from MacFaddin (2000). Urease 
tests were negative for all isolates, as the medium remained green, 
indicating the absence of urease production. All isolates also tested 
negative for hydrogen sulfide production, corroborating the results 
found by Dzidic et al. (2008). 
4.2 Percentage of E. coli Bacteria in Isolations: 
The results, detailed in Table 2, show that 56% of urology infections 
were caused by E. coli, which aligns with previous studies (Kunin, 
1994; Raka et al., 2004). E. coli's high adaptability to the human 
urological environment, due to its adhesive factors and ability to 
produce toxins, facilitates its invasion and infection of the urinary 
tract (Bollgren & Winberg, 1999; Gunther et al., 2001). 
4.3 Gender and Age Relations with Urology: 
Table 4 indicates that males were significantly more affected by 
urinary tract infections compared to females (67.86% vs. 32.14%), 
which is consistent with the findings of Lane and Takhar (2011). 
This may be due to anatomical differences, such as the shorter 
urinary tract in females and the protective effects of the prostate in 
males (Hooton, Steapleton, & Roberts, 2001). The results also show 
that urinary tract infections are more common in older adults, with 
age-related factors and chronic diseases contributing to increased 
susceptibility (Chang & Shortliffe, 2006; Hara, Brenner, & Miller, 
2000). 
Production of E. coli Bacteria for Hemolysin and Urease: 
Table 3 presents data on the production of hemolysin and urease by 
E. coli isolates. Hemolysin production was observed in 85% of 
isolates, indicating its role in lysing red and white blood cells, which 
can contribute to bacterial virulence (Gunther et al., 2001). Urease 
production was detected in 28.3% of isolates, which is significant 
for its role in protecting bacteria from host defenses (Collee et al., 
1996). 
4.4 Antibiotic Sensitivity Test: 
Antibiotic resistance remains a critical issue, with recent studies 
indicating a rise in resistance among E. coli strains, particularly to 
third-generation cephalosporins (Bhat, Katy, & Place, 2011). The 
current study found high resistance rates to various antibiotics, 
which aligns with findings from previous research (MacFaddin, 
2000; Stukus, 1997). The resistance to Ceftriaxone (32.2%) and 
Cefixime (42.9%) reported here is consistent with the results of 
other studies (Hooton et al., 2001; Raka et al., 2004). The  
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Table 1. Numbers and percentages of isolated bacterial species in coronary samples. 

Insulations Number Insulations. Number of E. coli seclusions Other species 

% 100 56 44 

 
Table 2. Numbers and percentages of E. coli. Producers of the Himalayan enzyme 

Percentage (%) Number of wallet-
producing isolations 

Percentage (%) Number of hemolycin-
producing insulations. 

E. coli bacteria 
seclusions  

 

28.3 16 85.7 48 56 

 
Table 3. Numbers and percentages of males and females infected with urinary tractors. 

Type of Gender The injured 

% Number 

Male 32.14 18 

Female 67.86 38 

Total number 100 56 

 
Table 4. Distribution of E. coli Disease by age group and percentage. 

Relationship between sickness and age (year) The injured 

% Number 
1-10 (year) 1.79 1 
11-20 (year) 7.14 4 
21-30 (year) 14.33 9 
31-40 (year) 31.35 17 
41-50 (year) 19.88 11 
51-60 (year) 11.65 6 
61-70 (year) 12.52 7 

Over 71 years old (year) 2.63 2 

 

 
Figure 1. DNA extraction products by electro-deportation on agaroz gel (%1.5) and for an hour for coli. Isolations using Kit Mini 
DNA Genomic. Where M = DNA 
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Figure 2. Gene magnification products 2irp for bacteria (E. coli) using PCR Single and PCR Single The stage is electrically on the 
Agaruz gel (%1.5) and voltage (100) for an hour. Since M = DNA bp100-2000Ladder, all the isolations showed a positive result for Jen 
2irp, who is responsible for taking iron from the host's cell.  
 

 
Figure 3. Gene iha magnification products for E. coli bacteria using PCR Single and the electrical phase I have to gel the Agaruz (1.5 
percent) and voltage (100) for an hour. Since M = 100 (Ladder DNA bp 1500), all the insulations showed 4 seclusions as a positive 
result of the iha gene responsible . 

 

 
Figure 4. Gene pap products for E. coli bacteria using PCR Single and EP On the agaroz gel (1.5 percent) and voltage (100) for a quick 
run. Since M = bp100–1500 (ladder DNA), 11 solitudes were shown as a positive result of the pap gene responsible for the adhesive 
factors. 
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production of beta-lactamases and other resistance mechanisms 
contributes to this phenomenon, highlighting the need for ongoing 
surveillance and development of new antibiotics (Collee et al., 1996; 
MacFaddin, 2000). 
Escherichia coli is the most common bacterial species responsible 
for urinary tract infections (UTIs). Females are more frequently 
affected by UTIs compared to males. Among different age groups, 
middle-aged and elderly individuals are the most vulnerable to 
UTIs, followed by children and adolescents. 
Regarding treatment, third-generation cephalosporins are generally 
more effective against E. coli compared to other cephalosporin 
generations. This is due to their higher sensitivity and reduced 
resistance in treating UTIs. 
In terms of genetic factors, the fhuA gene, which is involved in iron 
acquisition, is the most extensively studied gene related to UTIs. 
Following this, the hly gene, which encodes the production of 
hemolysin, is also significant in understanding the pathogenesis of 
UTIs. 
PCR multiplex technology has demonstrated significant advantages 
in terms of speed and efficiency in generating results compared to 
traditional single PCR methods. Elevated levels of inflammatory 
markers such as interleukin-6 (IL-6), interleukin-8 (IL-8), and 
tumor necrosis factor-alpha (TNF-α) are identified as key 
indicators of inflammation in patients with UTIs. 
 
5. Conclusions 
In conclusion, this study highlights the significant role of 
Escherichia coli (E. coli) in urinary tract infections (UTIs), revealing 
its prevalence and antibiotic resistance patterns. With E. coli 
identified in 56% of UTI cases, it underscores the bacterium's 
dominance in these infections. The high resistance rates observed, 
particularly to second- and third-generation cephalosporins, reflect 
a growing challenge in treatment efficacy. The molecular analysis 
confirmed the presence of key virulence factors, such as hemolysin 
and adherence factors, contributing to the pathogenicity of the 
isolates. These findings emphasize the urgent need for continuous 
monitoring of antibiotic resistance and the development of novel 
therapeutic strategies. Furthermore, the study demonstrates the 
necessity of tailored diagnostic and treatment approaches, 
considering the demographic factors that influence UTI prevalence. 
Addressing these issues is crucial for improving patient outcomes 
and combating the rising threat of antibiotic-resistant infections. 
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