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ABSTRACT 

This study was performed to evaluate the resistance rates to antibiotics among bacteria isolated from urine 
culture from Syrian female’s patients from different age categories. The most common uropathogen 
identified in urine isolates was E. coli. 2% of bacteria isolates were resistant to one antibiotic, while 98% 
bacteria isolates were resistant to at least 2 antibiotics. An extremely high in-vitro resistance rate (more 
than 90%) was remarked among bacteria isolates, especially toward Cefotaxime, Nalidixic acid, Cefexime, 
Cephalexin and Cefpodoxime. For Cefetriaxone, Cefuroxime, and Trimethoprim–Sulfamethoxazole, 
resistance rates ranged between 70%-80%. Resistance rates for Nitrofurantoin, Amoxicillin - Clavulanic 
acid, Ciprofloxacin and Norofloxacin were between 37% and 60%. For some antibiotics, resistance rates 
were high from early life and continue with nearly the same values along different age stages 
(Trimethoprim–Sulfamethoxazole, Cephalexin and Cefexime), for other, resistance rates progressively 
increased with increasing age of patients (Nitrofurantoin, Ciprofloxacin and Norfloxacin). Finally, Amikacin, 
Gentamycin, and Imipenem showed good sensitivity (more than 90%) in almost all age’s groups. 
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Introduction: 

Urinary tract infection (UTI) is one of the most common infections affecting women at 
various stage of their life [1-6]. Nearly 50% to 60% of women will suffer from UTIs in their 
life time [1-6] . Compared to men, women are much more prone to develop UTI, mostly 
due to urinary tract anatomical differences [2,3]. The length of urethra is an important 
factor increasing female’s susceptibility to develop UTIs. A short urethra, in women, 
facilitates uropathogen invasion of the urinary tract [6]. Pathogen causing UTI are known 
to have adhesions molecules on their surface, and can easily attach to mucosal 
epithelium of the urinary tract. On the other hand, colonization of lower urinary tract is 
easier in women due to proximity to both anus and genitalia [2, 3, 6]. 

Hormonal status variations during women’s life stages influence UTIs occurrence [7-12]. 
Both estrogen and progesterone receptors are found in urinary organs [7, 8, 11], and 
estrogen decreasing levels during the post-menopausal period are related to 
morphological modifications leading to epithelial atrophy of the lower urinary tract, making 
it more vulnerable to infections [9]. It is to be mentioned that the presence of high levels 
of lactobacilli and acidic pH in lower urinary tract of pre-menopausal women helps 
reducing the opportunity of bacterial colonization. Increased pH in post-menopausal 
period is directly related to reduced lactobacilli presence, this leads to spreading 
infections by other pathogens such as E. Coli [9, 10]. 

Bacterial identification in UTIs is a key step for therapeutical strategy, UTIs are mainly 
caused by Escherichia coli , and other pathogen such as  Enterobacter aerogenes, 
Klebsiella pneumoniae, Proteus mirabilis, Citrobacter, Pseudomonas 
aeruginosa, Enterococcus spp., and Serratia spp. [13-15]. Due to the high empiric use of 
antibiotics for the treatment of UTIs, antibacterial resistance of Enterobacteriaceae, 
specifically the main uropathogens Escherichia coli and Klebsiella pneumoniae, has 
significantly increased [16-27].   

Among Syrian population, resistance to antibiotics in patients suffering from UTIs has 
been examined previously, both in adults and children [28, 29]. In this study, we evaluate 
the resistance rates to antibiotics among bacteria isolated from urine samples collected 
from Syrian women. 

 

Materials and methods: 

Urine samples from one hundred eleven Syrian women from different age stages were 
collected in sterile urine containers during the period extended from August 2020 to June 
2021. To detect and identify micro-organisms causing UTI, blood and MacConkey agar 
plates were used in the culture study of urine samples. 24 hours after the incubation of 
urine samples at 37°C, colony forming units CFU were counted. If CFU greater than 
100,000/ml, antibiotic sensitivity tests were then carried out using Mueller Hinton Agar 



Xi'an ShiyouDaxueXuebao (ZiranKexue Ban)/ 
Journal of Xi'an Shiyou University, Natural Sciences Edition 

ISSN:1673-064X 
E-Publication: Online Open Access 

Vol: 65 Issue 06 | 2022 
DOI 10.17605/OSF.IO/K56XY 

 

June 2022 | 304  
 

(MHA). The level of antibiotics susceptibility of bacteria was determined by measuring the 
zone of inhibition. 

The studied antibiotics discs include; Amikacin 30μg, Gentamycin 10μg, Nitrofurantoin 
300μg, Ceftriaxone 30µg, Ciprofloxacin 30μg, Imipenem 10μg, Nalidixic acid 30 μg, 
Norofloxacin 10μg, Cefpodoxime 30μg, Cefuroxime 30μg, Cefotaxime 30μg, Cephalexin 
30μg, Cefixime 5μg, Amoxicillin-clavulanic acid 30μg  and Trimethoprim-
Sulfamethoxazole 75μg.  

 

Results: 

Female UTI patients were of classified according to their age into three groups (Figure 
1): Group 1(below 18 years old), Group 2 (between 19 and 50 years old) and group 3 
(above 51 years old). The three age groups roughly showed similar prevalence of UTIs 
(about 32% for both Group 1 and 3, 35% for Group2 ). 

 

 

Figure 1: Prevalence of studied female UTI patients groups. Patients aged below the age 
of 18 are plotted in black, between the age of 19 and 50, above the age of 51 are plotted 
in black, gray, white color respectively . 

 

Urine samples collected from women with UTI were analyzed in terms of uropathogens 
(Figure 2). E. coli  was the first cause of UTIs in females (69%), followed by Klebsiella 
pneumonia (23%) and by others bacteria like Enterobacter and beta-hemolytic 
streptococcus (8%).  
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Figure 2: Prevalence of uropathogens in female UTI patients. E. coli has the highest 
prevalence (69%), followed by Klebsiella pneumonia (23%) and other types of pathogens 
(8%). 

 

Susceptibility results 

The susceptibility of isolated urine bacteria to fifteen antibacterial drugs were tested, 
including Amikacin, Gentamycin, Nitrofurantoin, Ceftriaxone, Ciprofloxacin, Imipenem, 
Nalidixic acid, Norofloxacin, Cefpodoxime, Cefuroxime, Cephalexin, Cefexime, 
Amoxicillin-Clavulanic acid, Trimethoprim-Sulfamethoxazole and Cefotaxime.   

The Figure 3 presents susceptibility results of 111 bacteria isolates tested against the 
above cited antibiotics. All urine bacteria isolates were more sensitive to Amikacin 
(100%), Imipenem (97%) and Gentamaycin (89%). The percent of sensitivity for urine 
bacteria isolates were high for Nitrofurantoin (63%), Amoxicillin - Clavulanic acid (46%), 
Ciprofloxacin (44%) and Norofloxacin (40%). The percent of sensitivity for urine bacteria 
isolates were low for Cefetriaxone (29%), Cefuroxime (19%), Trimethoprim - 
Sulfamethoxazole (16%), Cefotaxime (7%), Nalidixic acid (8%), Cefexime (7%), 
Cephalexin (7%) and Cefpodoxime (5%). 
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Figure 3: Antibiotic susceptibility results of 111 urine samples from female IUT patients. 
S: susceptible, I: intermediate, R: resistant. 

 

A high rate of resistance (≥ 20%) was observed among isolated urine bacteria to twelve 
antibiotics. While only 3 antibiotics has a rate of resistance below 20% (Figure 4 A). These 
results are in agreement with several studies for the resistance of uropathogens in 
females which demonstrated high rates of resistance and multiple-antibiotic resistance 
[9, 12]. Susceptibility results of bacteria isolates from female UTI patients demonstrated 
a high multi-drug resistance prevalence. Only two bacteria isolates were resistant to one 
antibiotic (2%) while 98% bacteria isolates were resistant to at least 2 antibiotics (Figure 
4B).   

 

Figure 4: (A ) Percent of multi-drug resistance isolates from female UTI patient. 
Resistances are plotted in white (below 20%), black (above 20%). (B) Percent of studied 
antibiotic according to resistance rate of isolated urine bacteria from female UTI patients 
. Only 2% were resistant to one antibiotic (white), 98% to at least two antibiotics (black). 
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  Type of pathogens  

A comparison study of antibiotic resistance rates between Escherichia Coli and Klebsiella 
Pneumoniae was performed as shown in the Figure 5. The resistance rates to 
Cephalexin, Cefexime, Cefepodoxime, Naldixic acid, Cefotaxime, Trimethoprim-
Sulfamethoxazole, Cefuroxime, Cefetriaxone, Ciprofloxacin, Nitrofurantoin, Gentamycin, 
and Amikacin were approximately similar for Escherichia Coli and Klebsiella Pneumoniae. 
Escherichia Coli urine isolates were more resistant to Norfloxacin than Klebsiella 
Pneumoniae (23%), whereas Klebsiella Pneumoniae urine isolates were more resistant 
to Amoxicillin-Clavulanic acid than Escherichia Coli (30%).  

 

 

Figure 5: Resistance rates of E. Coli (white bars) and Klebsiella Pneumoniae (black bars) 
urine isolates to studied antibiotics. Note the resistance difference to Norfloxacin (23% in 
favor to E. Coli), and to Amoxicillin-Clavulanic acid (30% in favor to Klebsiella 
Pneumoniae). 

 

Age of UTI female patients: 

As resistance rates may vary according to age of patients, a comparative study for the 
three experimental groups was assessed. The effects of age on antibiotic resistance rates 
were studied by comparing susceptibility test results among urine isolates collected from 
pediatric female (Group 1, 0 to 18 years old), adult females (Group 2, 19 to 50 years old), 
and older adult females (Group 3, ≥ 51 years old). Comparison study results are 
demonstrated in the Figure 6. 

Similar resistance rates for the three age groups was observed for Amikacin, 
Trimethoprim–Sulfamethoxazole, Cephalexin and Cefexime. On the other hand, 
resistance rates to Nitrofurantoin, Ciprofloxacin and Norfloxacin increased with female 
ages (respectively 6%, 29% and 40% in group 3 as compared to group 1) 
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Urine bacteria isolated from UTI female patients of group 2 (19 to 50 years old) showed 
lower resistance rates than those obtained for both older or younger patients to 
Ceftriaxone, Nalidixic acid, Cefpodoxime, Cefuroxime Cefotaxime and Amoxicillin-
Clavulanic acid (respectively 20%, 10%, 20%, 19%, 26% and 9% in group 2 as compared 
to group 1). Also, resistance of uropathogens isolated from UTI patients of group 3 
demonstrated an increasing rates toward Ceftriaxone (10%), Cefuroxime (20%), 
Cefotaxime (21%) and Amoxicillin-Clavulanic acid (18%) as compared to group 1. 

For Gentamycin, urine bacteria isolated from UTI female patients of group 2 (19 to 50 
years old) was higher as compared to both younger and older females (16 % compared 
to Group 3). Only some urine bacteria isolated from pediatric UTI female patients were 
resistant to imipenem (14%).  

 

 

Figure 6: Resistance rate of uropathogens to studied antibiotics according to female age 
(white bars: between 0 and 18 years old, gray bars: between 19 and 50 years old, black 
bars: above 51 years old). 

 

DISCUSSION: 

In the present study, resistance of uropathogens to fifteen antibiotics was assessed in 
urine samples of UTI female patients from several age groups. The prevalence of 
bacterial UTIs in female is influenced by many factors, such as urethra both length and 
position, and estrogen variations with age. A shorter urethra facilitates germ propagation 
to the urinary bladder as well as being near the rectum [2, 3, 6]. Also, the well-known 
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decreasing estrogen levels with age is often correlated with thinning the urethral 
epithelium and making lower urinary tract more vulnerable to infections [7-11].   

Resistance to antibiotics has become a serious health issue in Syria, mainly caused by 
the inappropriate use of antibiotics in absence of medical prescription, and even 
sometimes without medical consultation. Increasing resistance to antibiotics makes it 
difficult to select the effective therapy and unfortunately may participate to worsening the 
health situation as it concern UTIs. In accordance with previous findings [30-36], 
uropathogen from urine samples of UTI female patients presented moderate to important 
resistance rates to twelve antibiotics including Nitrofurantoin, Amoxicillin-Clavulanic acid, 
Ciprofloxacin, Norofloxacin, Cefetriaxone, Cefuroxime, Trimethoprim-Sulfamethoxazole, 
Cefotaxime, Nalidixic acid, Cefexime, Cephalexin and Cefpodoxime. It is important to 
note that a high resistance rate was obtained for one of the most common antibiotic used 
in UTIs treatment in Syria, Cefexime, regardless of UTIs female patients age, which raises 
questions as to therapy effectiveness especially that resistance rates are importantly high 
in Groupe 1 and remain unchanged in both Groups 2 and 3. Important resistance rates 
toward Cefexime have been reported in previous studies [28, 29, 37-39], being one of the 
first effective antibiotics used in UTIs treatment [40]. On the other hand, antibiotics such 
as Ciprofloxacin and Nitrofurantoin, widely used as UTIs treatment in Syria, showed lower 
resistance rates as compared to Cefexime. In addition, resistance rates evolution for both 
Ciprofloxacin and Nitrofurantoin was progressive with age, suggesting a direct relation 
with the repetitive and sometimes the inappropriate use. Pathogen from urine samples 
was sensitive to three antibiotics: Amikacin, Imipenem and Gentamaycin, which is a very 
important finding that would suggest the use of these antibiotics in UTIs treatment. It is 
noteworthy to mention that Amikacin, Imipenem and Gentamaycin are used as treatment 
for UTIs in Syria, but under strict medical supervision via intravenous (Imipenem) or 
muscular (Amikacin and Gentamaycin) route. Taking in consideration the observed 
difference of resistance rates between Escherichia Coli and Klebsiella Pneumoniae both 
in the present study and in previous reports [28, 29,40-53], it is important to perform 
specific pathogen detection in urine samples of UTIs patients as a routine procedure.   

 

CONCLUSION: 

The aim of this research was to evaluate the antibiotic susceptibility of pathogen causing 
UTIs in Syrian female patients from different ages. Due to their high resistance rates, 
Cefexime, Ciprofloxacin and Nitrofurantoin must be avoided in treatment of UTIs patients. 
The best choice for UTIs treatment in young female patients was Amikacin, as for patients 
aged between 19 and 50 years old both Amikacin and Imipenem are effective, and for 
patients aged over 51 years old, Amikacin, Imipenem and Gentamaycin can be used. 
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