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Abstract: Urinary Tract Infection (UTI) Urinary tract infections are among the most common 

infections worldwide. They are most often caused by bacteria entering the urethra from the skin or 

rectum. The most common bacterial causes of UTIs worldwide are Escherichia coli and Klebsiella 

pneumoniae, and women and the elderly are most affected. In recent years, these two bacteria have 

become more resistant to traditional antibiotics due to the production of enzymes ESBL that make 

them difficult to treat. This study included two main axes, the first was the isolation of Escherichia 

coli and Klebsiella pneumoniae from the urine of patients suffering from recurrent urinary tract 

infections, the second axis includes a study of the effect of the cephalosporin group commonly used 

in hospitals to treat urinary tract infections. Within the framework of this study, (31) isolates of 

Escherichia coli and (17) isolates of Klebsiella pneumoniae were isolated from a group of patients with 

recurrent urinary tract infections. After conducting a sensitivity test for the isolates in this study 

using a group of generations of Cephalosporin, which are widely used in hospitals, they showed 

high resistance to most generations. E. coli showed high resistance to ceftriaxone at a rate of 93.5%, 

followed by Cefepime 87.1%, Cefdinir 74.2%, Cefixime 64.5%. While Klebsiella pneumoniae gave 

higher resistance to cefixime 88%, followed by Cefdinir 87.5%, Ceftriaxone 87.5%, Cefepime 76.4%. 

Therefore, caution should be exercised when using these treatments excessively, especially in cases 

of recurrent infections and the use of alternative treatments to reduce resistance. 
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1. Introduction 

Urinary tract infections are the most prevalent infections worldwide, placing a 

significant financial burden on patients and healthcare systems [1]. The most common 

bacterial cause responsible for most UTIs is E. coli, followed by Klebsiella pneumoniae, 

Staphylococcus saprophyticus, Pseudomonas aeruginosa, and Proteus. This infection is common 

among people, and almost everyone may experience it at least once in their lifetime. 

Therefore, it is one of the most common diseases for which patients visit hospitals and 

medical clinics, and it affects all age groups [2].  

Recurrent Urinary Tract Infections (UTIs) are more common in women and are 

defined as occurring more than once every six months or three times a year. Urinary tract 

infection is defined as the presence of more than 100,000 colonized bacterial units (CFU) in 
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a urine sample, accompanied by health problems for the patient, including difficulty 

urinating, or an urgent need to urinate and pain during urination [3]. 

Complicated urinary tract infections are a type of infection that occurs as a result of 

treatment failure. These infections are not simple; they may be due to other factors that 

make treatment more difficult, such as the presence of kidney or ureter stones, chronic 

diseases such as diabetes, weak immunity, or high resistance to antibiotics by bacteria. 

Therefore, a longer period of treatment is required, or alternative antibiotics may be used 

due to high resistance, or additional tests may be performed to ensure that the infection 

has been completely eradicated [4]. 

E. coli a major cause of many intestinal and systemic infections in humans, and UPEC 

is a major pathogen in UTIs [5]. UPEC is one of the major causes of community-acquired 

(80–90%) and hospital-acquired (30–50%) urinary tract infections, pathogenic strains 

always contain multiple virulence factors that help them establish infection. These may 

include substances that aid adhesion, secrete toxins, or mechanisms that help them evade 

the body's immune system [6]. UTIs that are acquired in hospitals or in the community are 

often caused by the clinically significant bacteria Klebsiella pneumoniae [7]. E. coli and 

Klebsiella pneumoniae are among the most important Gram-negative bacteria that are 

normal commensals in the human gastrointestinal tract but they are the most common 

cause of hospital-acquired infections, including diarrhea and UTIs [8].    

Cephalosporins are a group of antibiotics derived from the mold Cephalosporium. 

They are bactericidal, similar to penicillins, by damaging the cell wall by binding to the 

enzymes responsible for synthesizing peptidoglycan, it is responsible for building the cell 

wall of bacteria [9]. 

Third-generation cephalosporins (such as ceftriaxone and ceftazidime) are broad-

spectrum antibiotics. They are more effective against gram-negative bacteria and more 

stable against beta-lactamases than previous generations. Although less effective against 

some gram-positive bacteria, they remain a popular choice for empiric treatment of many 

infections [10]. While maintaining their third-generation gram-negative action, fourth-

generation cephalosporins (like cefepime) also exhibit enhanced gram-positive activity. 

Cefepime is used to treat serious infections such sepsis, meningitis, abdominal infections, 

and intensive care unit pneumonia because it is effective in contradiction of a many type 

of Gram-positive and Gram-negative germs [11].  

Objective of the study  

This study aims to assess the success of commonly used cephalosporin generations 

in hospitals against Klebsiella pneumoniae and Escherichia coli insulated from recurrent 

urinary tract infections. 

2. Materials and Methods 

Specimens collection 

The collection of study samples has taken place at the period between December 2024 

to June 2025, from several patients suffering from recurrent urinary tract infections from 

different hospitals and medical clinics in the governorate. 

Diagnosis of isolates 

Initially, traditional media used to diagnose Gram-negative bacteria, namely 

MacConkey agar, were used to study their morphological characteristics and isolate them, 

in addition to using the IMViC test to differentiate between species. 

Antibiotic sensitivity  

In this cross-sectional study, all identified isolates of E. coli and Klebsiella pneumoniae 

were subjected to susceptibility testing on Mueller-Hinton agar medium and using 

different types of 3- and 4-generation cephalosporins for comparison , cefdinir-3CG (30 
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µg), ceftriaxone-3CG (30 µg), Cefixime-3CG (30 µg), Cefepime- 4CG (30 µg) by the disc 

spread  method and measurement method. 

3. Results 

Study samples description 

More than 120 samples are collected from patients with recurrent urinary tract 

infections of both sexes and all age groups. These samples were distributed among 70 adult 

women, 30 adult men, and 20 children under the age of 12. These isolates were diagnosed 

using Gram staining, phenotypic culture, and biochemical tests, only 11 samples had no 

bacterial growth, While the isolates that contained bacterial growth were 109, the 

percentage of E. coli among them was 28.44%, and Klebsiella pneumoniae was 15.6%. The 

following Table shows the distribution of isolates diagnosed for E. coli and Klebsiella 

pneumoniae for the groups used in this study (sex, age). 

 

Table 1. Distribution of patient isolates by sex and age. 

Type 

(bacteria) 

Adult women 

N=(70) 

Adult men 

N=(30) 

Children 

N=(20) 
Total 

E. coli 20 7 4 31 

Klebsiella 

pneumoniae 
13 2 2 17 

 

Antibiotics susceptibility of Escherichia coli to Cephalosporin Generation.  

In this cross-sectional study, a total of 31 isolates E. coli were collected and 

antimicrobial resistances to Cephalosporins (Cefdinir, ceftriaxone, Cefixime, Cefepime) 

were evaluated by disc diffusion method on Mueller–Hinton agar. Results were evaluated 

based on standards book CLSI (2024).   

The highest resistance was recorded to ceftriaxone, at 93.5%, while the lowest 

resistance was to cefixime, at 64.5%. High resistance rates were also recorded to cefepime 

and cefdinir, at 87.1% and 74.2%, respectively, as shown in Table 2. 

 

Table 2. Antibiotic susceptibility test to Escherichia coli isolated from clinical samples 

(n= 31). 

Antibiotic Generation 

Antibiotic sensitive test 

result Resistant (%) 

R I S 

Cefdinir Third 23 4 4 74.2% 

Ceftriaxone Third 29 0 2 93.5% 

Cefixime Third 20 10 1 64.5% 

Cefepime Fourth 27 3 1 87.1% 

 

Antibiotics susceptibility of Klebsiella pneumoniae to Cephalosporins Generation. 

In this cross-sectional study, a total of 17 isolates Klebsiella pneumoniae were collected 

and antimicrobial resistances to Cephalosporins (Cefdinir, Ceftriaxone, Cefepime, 

Cefixime) were evaluated by disc diffusion method on Mueller–Hinton agar, results were 

evaluated based on standards book (CLSI 2024), and gave resistance to it (87.5%, 87.5%, 

67.4%, 88.2%) respectively. As show in Table 3.  
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Table 3. Antibiotic susceptibility test to Klebsiella pneumoniae isolated from urinary 

tract samples (n= 17). 

Antibiotic Generation 

Antibiotic sensitive test 

result Resistant (%) 

R I S 

Cefdinir Third 14 0 3 87.5% 

Ceftriaxone Third 14 2 1 87.5% 

Cefixime Third 15 1 1 88.2% 

Cefepime Fourth 13 0 4 76.4% 

4. Discussion 

     In this study of ours, thirty-one E. coli isolates are isolated, twenty of which were 

from women suffering from recurrent urinary tract infections, while seventeen Klebsiella 

pneumoniae isolates were isolated, thirteen of which were also from women suffering from 

recurrent urinary tract infections. This shows that the largest number of isolates were from 

women. This is consistent with several other studies that have reported that E. coli and 

Klebsiella pneumoniae play a role in urinary tract infections including, Escherichia coli is 

certainly the most frequent bacterium that causes urinary tract infections in women. 

Approximately 74% of urine tests for illnesses show it (12,13). Proteus mirabilis (5%), 

Staphylococcus saprophyticus (2%) and Klebsiella pneumoniae and enterococci (5% each) are 

other prevalent infections [12], [13]. 

    Urinary tract infections are on the rise worldwide, particularly in women, 

particularly with recurrent infections occurring every three months in 80% of cases, often 

due to sexual activity or diabetes [14]. In order to pass on a disease in the urinary tract, 

UPEC strains of Escherichia coli deviate from their commensal position as intestinal flora, 

develop and continue there, and display a wide range of virulence characteristics. These 

E. Coli strains are known as UPEC and are frequently linked to uropathogenicity [15]. 

    In another study conducted in India in 2025, it was stated that recurrent urinary 

tract infections (rUTIs) are strongly linked to an imbalance in the gut microbiome (the gut-

bladder axis), particularly a lack of butyrate-producing bacteria. Antibiotics worsen this 

dysbiosis and fuel antimicrobial resistance (AMR). The gut-vagina and vagina-bladder 

axes also contribute by transferring pathogens and modulating immune responses. Factors 

like hormonal changes in pregnant women and adolescents further increase risk. 

Understanding these microbial pathways is key to developing future non-antibiotic 

treatments [16]. 

     E. coli contains many virulence factors that make it pathogenic. These factors are 

separated into two types: cell surface structures and secreted virulence factors. Surface 

structures are usually pili that help adhere to the host cell surface. This is considered the 

first step in infection, followed by tissue invasion, which is very important in causing 

urinary tract infections caused by UPEC and the formation of mucous membranes. Other 

surface factors include flagella and other surface proteins. As for secreted factors, 

hemolysin and siderophores, they are important for bacterial colonization and survival 

despite the body's defenses [17], [18].  K.pneumoniae has many virulence factors, including 

those that help it adhere like a capsule, and other secreted factors such as toxins, in 

addition to ways of taking up iron, which enables it to remain alive and stabilize the 

infection during infection [19]. This is consistent with a study in Mosul, Iraq, where the 

highest rate of E. coli bacteria causing urinary tract infections was recorded at 51.94% [20]. 

    In this study, sensitivity testing for third- and fourth-generation cephalosporins, 

which are widely used in hospitals, was investigated. The results showed high rates of 

resistance, which led to recurrent cases of infection. This is consistent with another study 

in Baghdad, Iraq, which recorded high resistance frequency to ceftriaxone and cefepime 
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treatment for E. coli and Klebsiella pneumoniae isolated from blood bacteria, at 84% and 90%, 

80% and 90%, respectively [21]. 

   Another study recorded high resistance frequency to 3-generation cephalosporin 

antibiotics in E. coli cultured from urinary tract infections. This is due to their production 

of multiple extended-spectrum beta-lactamases, which severely limits the effectiveness of 

treatment [22]. Beta-lactam resistance is associated with the making of diverse types of 

beta-lactamases.  Amid the genes often found on plasmids are those encoding several types 

of beta-lactamases (bla genes) [23]. 

     Another recent study in Algeria reported a rise in the number of E. coli affecting 

urinary tract infections that are resistant to 3-generation cephalosporins and other 

antibiotics as a result of their possession of many broad-spectrum beta-lactamase enzymes. 

Therefore, E. coli has become responsible for recurrent urinary tract infections [24]. In 

another study conducted in Sudan in 2020, it was recorded that E. coli and Klebsiella 

pneumoniae possessed a high percentage of ESBL genes, which made them resistant to 

enormous number of antibiotics [25]. 

     The World Health Organization stated that the most common pathogens in the 

world are E. coli and Klebsiella pneumoniae, as they play a major role in infections including 

bloodstream infections, pneumonia, and urinary tract infections. Since most of these 

isolates contain broad-spectrum beta-lactamase enzymes, they are resistant to many 

antibiotics, including the cephalosporin family [26]. 

5. Conclusion 

Based on the current findings, it can be said that foliar spraying with ascorbic acid 

and applying nitrogen fertiliser to the soil had a positive impact on improving the 

vegetative growth parameters of wheat (Triticum aestivum L., var. Abu Ghraib) cultivated 

in sandy loam soil.  Plant height, leaf count, and flag leaf area were all significantly and 

successfully increased by foliar spraying with ascorbic acid.  In a same vein, nitrogen 

fertilisation improved vegetative development characteristics, especially heightening 

plants.  More significantly, the study found that the two factors had an integrative and 

synergistic effect, with the combined impacts of foliar spraying and nitrogen fertilisation 

outperforming the effects of each element alone . This was clearly demonstrated by the 

treatment that combined the highest nitrogen level (100 kg N·ha⁻¹) with the highest 

concentration of ascorbic acid (500 mg·L⁻¹), which recorded the best performance and 

highest values for all studied traits without exception. Therefore, it is concluded that 

adopting an integrated approach that combines soil mineral nutrition with the application 

of foliar biostimulants represents an effective and recommended strategy for maximizing 

vegetative growth and improving the overall performance of wheat plants under the 

experimental conditions. 
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