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  ABSTRACT    

 

The aim of this study was to evaluate the prevalence of antibiotic resistance among 

bacteria isolated from urine cultures of Syrian patients of different genders and age 

categories. The most frequently identified uropathogen in urine cultures was Escherichia 

coli (68%). Of the bacterial isolates, 2% were resistant to a single antibiotic, while 98% 

were resistant to at least two antibiotics. A significantly high in-vitro resistance rate (over 

90%) was observed among bacterial isolates, particularly against Cefotaxime, Nalidixic 

acid, Cefexime, Cephalexin, and Cefpodoxime. Resistance rates for Cefetriaxone, 

Cefuroxime, and Trimethoprim-Sulfamethoxazole ranged from 70% to 80%. The 

resistance rates for Nitrofurantoin, Amoxicillin-Clavulanic acid, Ciprofloxacin, and 

Norfloxacin ranged from 37% to 60%. For some antibiotics, resistance rates remained 

consistently high across all age groups (Trimethoprim-Sulfamethoxazole, Cephalexin, and 

Cefexime), while for others, resistance rates increased with increasing patient age 

(Nitrofurantoin, Ciprofloxacin, and Norfloxacin). Finally, Amikacin, Gentamycin, and 

Imipenem demonstrated good sensitivity (over 90%) across all age groups. 
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 ممخّص  
 

تهدف هذه الدراسة إلى تقييم انتشار مقاومة المضادات الحيوية بين البكتيريا المعزولة من عمميات زرع البول لدى 
مرضى سوريين من مختمف الفئات العمرية و الجنس. العامل المرض الأكثر شيوعًا في عمميات روع البول هو 

٪ مقاومة 86٪ مقاومة لمضاد حيوي واحد، بينما كانت 2بين العازلات البكتيرية، كانت  ٪(. من46الإشريشيا كولاي )
٪( بين العازلات 89لمضاد حيوي واحد عمى الأقل. لوحظت نسبة مقاومة عالية جدًا في الاختبارات الحيوية )أكثر من 

كسين والسيفبودوكسيم. تراوحت معدلات البكتيرية، ولا سيما ضد السيفوتاكسيم وحمض الناليديكسيك والسيفيكسيم وسيفال
٪. كانت معدلات المقاومة 69٪ و 09سمفاميثوكسازول بين -المقاومة لمسيفترياكسون والسيفوروكسيم والتريميثوبريم

٪. 49٪ و 70كلافولانيك والسيبروفموكساسين والنورفموكساسين تتراوح بين -لمنيتروفيورانتوين وحمض الأموكسيسيمين
-لمضادات الحيوية، ظمت معدلات المقاومة مرتفعة بشكل ثابت في جميع الفئات العمرية )التريميثوبريمبالنسبة لبعض ا

سمفاميثوكسازول وسيفالكسين والسيفيكسيم(، بينما زادت معدلات المقاومة مع زيادة عمر المرضى في حالة بعض 
يرًا، أظهرت الأميكاسين والجنتاميسين والإيميبينيم الأدوية )النيتروفيورانتوين والسيبروفموكساسين والنورفموكساسين(. أخ

 .٪( في جميع الفئات العمرية.89حساسية جيدة )أكثر من 
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Introduction: 
Urinary tract infection (UTI) is a prevalent infection affecting the human body. UTIs can 

be categorized as upper tract UTI, involving the ureters and kidneys, and lower tract UTI, 

the most common form of the infection that affects the urethra and bladder. The typical 

symptoms of lower UTIs include increased urinary frequency and urgency (dysuria), 

strong-smelling urine, cloudy or bloody urine, and persistent lower abdominal pain. In 

contrast, upper UTIs usually present with accompanying loin pain and fever. Bacterial 

identification in UTIs is a crucial step for therapeutic strategies [1,2]. UTIs are primarily 

caused by Escherichia coli, and other pathogens such as Enterobacter aerogenes, Klebsiella 

pneumoniae, Proteus mirabilis, Citrobacter, Pseudomonas aeruginosa, Enterococcus spp., 

and Serratia spp. [1,2,3]. 

Due to the high empirical use of antibiotics for the treatment of UTIs, antibacterial 

resistance of Enterobacteriaceae, specifically the main uropathogens Escherichia coli and 

Klebsiella pneumoniae, has significantly increased [4-10]. The high antibacterial resistance 

presence of such high antibacterial resistance renders the use of traditional antibiotics 

extremely limited, both in terms of dosage and administration route. This study aimed to 

evaluate the resistance rates to antibiotics among bacteria isolated from urine samples 

collected from Syrian patients [11-17]. 

 

Materials and methods: 

Urine samples were collected in sterile urine containers in the laboratory. Blood and 

MacConkey agar plates were used to culture the urine samples and detect and identify 

microorganisms causing UTIs. After incubating the urine samples at 37°C for 24 hours, 

colony-forming units (CFUs) were counted. If the CFUs were greater than 100,000/mL, 

antibiotic sensitivity tests were carried out using Mueller Hinton Agar (MHA). The level of 

antibiotic susceptibility of the bacteria was determined by measuring the zone of 

inhibition. The antibiotics discs used in the study included Amikacin 30 μg, Gentamycin 

10 μg, Nitrofurantoin 300 μg, Ceftriaxone 30 μg, Ciprofloxacin 30 μg, Imipenem 10 μg, 

Nalidixic acid 30 μg, Norfloxacin 10 μg, Cefpodoxime 30 μg, Cefuroxime 30 μg, 

Cefotaxime 30 μg, Cephalexin 30 μg, Cefixime 5 μg, Amoxicillin-clavulanic acid 30 μg, 

and Trimethoprim-Sulfamethoxazole 75 μg. 

 

Results: 

Between August 2022 and June 2023, 185 urine samples were collected from Syrian 

patients with UTIs. The samples were classified according to the patient's age and divided 

into two groups: group 1 (below 18 years of age) and group 2 (over 18 years of age). 

Among the studied UTI patients, the percentage of adult patients was higher (70%) than 

pediatric patients (30%). Urine samples collected from Syrian patients with UTIs were 

analyzed to identify the uropathogens responsible for the infection. 

Escherichia coli was found to be the primary cause of UTIs (68%), followed by Klebsiella 

pneumoniae (24%) and other bacteria such as Enterobacter and beta-hemolytic 

streptococcus (8%). 

The susceptibility of the isolated urine bacteria was tested against fifteen antibacterial 

drugs, including Amikacin, Gentamycin, Nitrofurantoin, Ceftriaxone, Ciprofloxacin, 

Imipenem, Nalidixic acid, Norfloxacin, Cefpodoxime, Cefuroxime, Cephalexin, Cefexime, 

Amoxicillin-Clavulanic acid, Trimethoprim-Sulfamethoxazole, and Cefotaxime. 
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Susceptibility results 

Figure 1 shows the susceptibility results of 185 bacterial isolates tested against 15 

antibiotics. All urine bacterial isolates were highly sensitive to Amikacin (100%), 

Imipenem (98%), and Gentamicin (89%). The percentage of sensitivity for urine bacterial 

isolates was high for Nitrofurantoin (61%), Ciprofloxacin (50%), Amoxicillin-Clavulanic 

acid (44%), and Norfloxacin (41%). The percentage of sensitivity for urine bacterial 

isolates was low for Ceftriaxone (32%), Cefuroxime (18%), Trimethoprim-

Sulfamethoxazole (18%), Cephalexin (17%), Nalidixic acid (11%), Cefotaxime (9%), 

Cefpodoxime (9%), and Cefixime (6%). 

 

Figure 1: Antibiotic susceptibility results of 185 urine samples from Syrian IUT patients. S: 

susceptible, I: intermediate, R: resistant. 

 

A high rate of resistance (≥ 20%) was observed among the isolated urine bacteria to twelve 

antibiotics (80%). Only three antibiotics had a rate of resistance below 20% (20%). These 

results are consistent with several studies on uropathogen resistance, which have shown 

high rates of resistance and multiple antibiotic resistance. The susceptibility results of 

bacterial isolates from Syrian UTI patients demonstrated a high prevalence of multidrug 

resistance. Only two bacterial isolates were resistant to one antibiotic (1%), while 99% of 

bacterial isolates were resistant to at least two antibiotics. 

Uropathogens Type 

Figure 2 shows a comparison of antibiotic resistance rates between E. coli and Klebsiella 

isolated from female UTI patients. The resistance rates to Cephalexin, Cefixime, 

Cefpodoxime, Nalidixic acid, Cefotaxime, Trimethoprim-Sulfamethoxazole, Cefuroxime, 

Ceftriaxone, Ciprofloxacin, Nitrofurantoin, Gentamicin, and Amikacin were approximately 

similar for E. coli and Klebsiella. E. coli urine isolates were found to be more resistant to 

Norfloxacin and Imipenem than Klebsiella, while Klebsiella urine isolates were more 

resistant to Amoxicillin-Clavulanic acid than E. coli. 
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Figure2: resistance rate of E. Coli and Klebsiella urine isolates to studied antibiotics. 

 

Patient age: 

It was expected that the resistance rates would increase with female age. The effects of age 

on antibiotic resistance rates were assessed by comparing the susceptibility test 

results among urine isolates collected from pediatric patients (0 to 18 years of age) and 

adult patients (above 19 years of age). 

 
Figure3: comparison of resistance rate of  urine isolates  

to studied antibiotics between two age groups (1: ≥18 years, <18nyears) 
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Figure 3 demonstrates a comparison of uropathogen resistance rates to the studied 

antibiotics with age, showing different trends with age. Similar resistance rates for the 

three age groups were observed for Amikacin, Trimethoprim-Sulfamethoxazole, 

Cephalexin, and Cefixime. Resistance rates to Nitrofurantoin, Ciprofloxacin, and 

Norfloxacin increased with female age. Urine bacteria isolated from UTI females between 

19 to 65 years of age showed lower resistance rates than those obtained for females older 

or younger to Ceftriaxone, Nalidixic acid, Cefpodoxime, Cefuroxime, and Amoxicillin-

Clavulanic acid. For Gentamicin, urine bacteria isolated from UTI females between 19 to 

65 years of age had higher resistance rates compared to younger and older females. Only a 

few urine bacteria isolated from pediatric UTI females were resistant to Imipenem. 

Patient Gender: 

Figure 4 presents resistance rate of uropathogens to studied antibiotics taking in 

consideration gender differences. Similar resistance rates both in females and male urine 

samples were observed for Amikacin, Gentamycin, Norfloxacines, and Cefatoxine. Urine 

bacteria isolated from UTI females showed lower resistance percentages compared to 

males for Nitrofurantoin, Cefuroxime, Cefexime and Amoxicillin-Clavulanic acid. On the 

other hand, resistance percentages for Trimethoprim-Sulfamethoxazole, Nalidixic acid, 

Cefpodxime, Ceftriaxones, and mainly Cephalexin were higher in female compared to 

male samples.  

 
Figure 4: comparison of resistance rate of  urine isolates to studied antibiotics between males and females. 

 

Discission: 

The present study aimed to investigate the prevalence and antimicrobial susceptibility of 

uropathogens among Syrian patients with UTIs. A total of 185 urine samples were 

collected from August 2022 to June 2023 from female patients of different ages[18,19]. 

The samples were divided into two groups, i.e., pediatric patients (0 to 18 years of age) and 

adult patients (above 19 years of age). Among the studied UTI patients, the percentage of 

adult patients was higher (70%) than pediatric patients (30%). The most common 

uropathogen identified was Escherichia coli (68%), followed by Klebsiella 
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pneumoniae (24%) and other bacteria such as Enterobacter and beta-hemolytic 

streptococcus (8%). 

The susceptibility of the isolated urine bacteria was tested against fifteen antibacterial 

drugs, including Amikacin, Gentamycin, Nitrofurantoin, Ceftriaxone, Ciprofloxacin, 

Imipenem, Nalidixic acid, Norfloxacin, Cefpodoxime, Cefuroxime, Cephalexin, Cefixime, 

Amoxicillin-Clavulanic acid, Trimethoprim-Sulfamethoxazole, and Cefotaxime. Figure 1 

showed that all urine bacterial isolates were highly sensitive to Amikacin, Imipenem, and 

Gentamicin, while the percentage of sensitivity for urine bacterial isolates was low for 

Ceftriaxone, Cefuroxime, Trimethoprim-Sulfamethoxazole, Cephalexin, Nalidixic acid, 

Cefotaxime, Cefpodoxime, and Cefixime. A high rate of resistance (≥ 20%) was observed 

among the isolated urine bacteria to twelve antibiotics (80%). Only three antibiotics had a 

rate of resistance below 20% (20%), indicating a high prevalence of multidrug 

resistance among the uropathogens. Figure 2 showed a comparison of antibiotic resistance 

rates between E. coli and Klebsiella isolated from female UTI patients. The resistance 

ratesto most antibiotics were approximately similar for E. coli and Klebsiella. However, E. 

coli urine isolates were found to be more resistant to Norfloxacin and Imipenem than 

Klebsiella, while Klebsiella urine isolates were more resistant to Amoxicillin-Clavulanic 

acid than E. coli[20,21]. 

The effects of age on antibiotic resistance rates were assessed by comparing 

the susceptibility test results among urine isolates collected from pediatric patients and 

adult patients. Figure 3 demonstrated different trends with age. Similar resistance rates for 

the three age groups were observed for Amikacin, Trimethoprim-Sulfamethoxazole, 

Cephalexin, and Cefixime. Resistance rates to Nitrofurantoin, Ciprofloxacin, and 

Norfloxacin increased with female age. Urine bacteria isolated from UTI females between 

19 to 65 years of age showed lower resistance rates than those obtained for females older 

or younger to Ceftriaxone, Nalidixic acid, Cefpodoxime, Cefuroxime, and Amoxicillin-

Clavulanic acid. For Gentamicin, urine bacteria isolated from UTI females between 19 to 

65 years of age had higher resistance rates compared to younger and older females. Only a 

few urine bacteria isolated from pediatric UTI femaleswere resistant to Imipenem. These 

findings suggest that age is a significant factor in the development of antibiotic 

resistance among uropathogens, which should be considered when selecting appropriate 

antibiotics for UTI treatment. 

 

Conclussion: 

In conclusion, this study aimed to investigate the prevalence and antimicrobial 

susceptibility of uropathogens among Syrian patients with UTIs. The results revealed that 

Escherichia coli was the most common uropathogen responsible for UTIs, followed by 

Klebsiella pneumoniae and other bacteria. The isolated urine bacteria showed high rates of 

resistance and multidrug resistance to several antibiotics, indicating the importance of 

careful selection of appropriate antibiotics for UTI treatment. The study also demonstrated 

that age is a significant factor in the development of antibiotic resistance among 

uropathogens, with resistance rates increasing with female age for some antibiotics. These 

findings highlight the need for continued surveillance and monitoring of antibiotic 

resistance patterns among uropathogens to inform appropriate treatment strategies. 
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