


Bacterial Etiology and Antimicrobial Resistance Patterns of Urinary Tract Infections in Sana’a, Yemen


Abstract
Background: Urinary tract infections (UTIs) are among the most common bacterial infections worldwide, significantly impacting morbidity and contributing to antibiotic misuse.
Objective: This study aimed to investigate the bacterial etiologies and antimicrobial resistance patterns of UTIs in Sana'a, Yemen, to inform effective empirical treatment strategies.
Methods: A retrospective study was conducted using microbiological test records from four major medical laboratories and two tertiary hospitals in Sana'a between January 2022 and December 2023.A total of 3,829 urine samples from individuals with suspected UTIs were evaluated. Standard microbiological techniques were used to identify bacterial isolates, and antibiotic susceptibility testing was carried out using the Kirby-Bauer disc diffusion method in accordance with CLSI standards.
Results: Among the 3,829 samples analyzed, 72.2% of the isolates were identified as Gram-negative. The most prevalent uropathogen was Escherichia coli, accounting for 65.7%, followed by Pseudomonas spp., Klebsiella pneumoniae, and Staphylococcus aureus. High resistance rates were observed to commonly used antibiotics, including amoxicillin (94.1%), ampicillin (85.9%), and ceftazidime (79.6%). Notably, resistance to carbapenems such as imipenem (11.8%) and meropenem (16.6%) remained relatively low. Multidrug resistance (MDR) was prevalent among both Gram-positive and Gram-negative isolates.
Conclusion: The high prevalence of E. coli and significant levels of antimicrobial resistance underscore the urgent need for antimicrobial stewardship and updated local treatment guidelines. Stratified analysis revealed higher resistance in hospital-acquired infections, emphasizing the need for setting-specific guidelines. Methodological differences and the inclusion of potential duplicate isolates may have influenced resistance estimates. These findings underscore the urgent need for antimicrobial stewardship, carbapenem-sparing protocols, and national surveillance. Future studies should incorporate clinical outcomes and expand to other regions to inform national policy. Regular surveillance of uropathogens and their resistance profiles is crucial to combatting the rising trend of antibiotic resistance in Yemen.
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Introduction 
Urinary tract infections (UTIs) represent a prevalent category of bacterial infections in humans worldwide, with annual estimates ranging from 250 to 400 million cases (Medina and Castillo-Pino, 2019; Tan and Chlebicki, 2016). They represent a primary factor in outpatient visits, empirical antibiotic prescriptions, and hospital admissions related to infectious diseases (Rowe and Juthani-Mehta, 2013; Moehring et al., 2020). Urinary tract infections (UTIs) impact all demographics; however, women exhibit significantly higher incidence rates attributable to anatomical and hormonal factors, including a shorter urethra and variations in vaginal flora (Foxman, 2014; Gupta and Trautner, 2021). Urinary tract infections (UTIs) are predominantly caused by Gram-negative bacteria, with Escherichia coli (E. coli) responsible for 70–90% of community-acquired instances (Cai et al., 2022; Wasihun et al., 2022). Additional notable uropathogens comprise Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa, and Staphylococcus saprophyticus (Mulder et al., 2021; Kanwar et al., 2022). Factors contributing to infection risk encompass female gender, sexual activity, diabetes mellitus, urinary catheterization, immunosuppression, and structural abnormalities of the urinary tract (Wagenlehner et al., 2016; Hameed et al., 2023). Although often regarded as simple to diagnose and treat, urinary tract infections present various challenges that complicate their management. The clinical presentation is frequently nonspecific, especially in elderly and immunocompromised individuals, resulting in misdiagnosis or delayed treatment (Foxman, 2014; Rowe and Juthani-Mehta, 2013). Secondly, excessive dependence on empirical antibiotic therapy in the absence of culture and sensitivity testing exacerbates the escalating global issue of antimicrobial resistance (Mulder et al., 2021; WHO, 2021). In numerous low- and middle-income countries, such as Yemen, the absence of routine microbiological diagnostics exacerbates this problem. A notable limitation is the emergence of multidrug-resistant (MDR) uropathogens, which limits effective oral treatment options and often requires the use of intravenous or last-resort antibiotics, including carbapenems or colistin (Laxminarayan et al., 2013; Ahmed et al., 2023). These treatments are frequently inaccessible, prohibitively expensive, or unsuitable in community contexts. Recurrent infections, prevalent among women and catheterized patients, contribute to this issue by prompting repeated and often unnecessary antibiotic use (Gupta and Trautner, 2021; Murray et al., 2021). The clinical management of urinary tract infections (UTIs) is increasingly challenging due to the rise of antimicrobial resistance (AMR), especially among Gram-negative uropathogens (Ventola, 2015; Laxminarayan et al., 2013). In numerous low- and middle-income countries, the lack of antibiotic stewardship programs, unrestricted access to antibiotics, and inadequate diagnostic capabilities intensify the antimicrobial resistance crisis (Ayukekbong et al., 2017; Sakeena et al., 2018). With the increasing resistance to widely utilized antibiotics, including fluoroquinolones, trimethoprim-sulfamethoxazole, and third-generation cephalosporins, empirical treatment poses greater risks and yields less predictable outcomes (Gupta et al., 2017). Consequently, monitoring uropathogens and their resistance patterns at the local level is essential for implementing effective and targeted treatment.                                                                                                                             The global rise of antimicrobial resistance (AMR) renders standard medicines inadequate, especially against multidrug-resistant (MDR) uropathogens. A novel array of revolutionary technologies is being investigated to precisely target microorganisms, diminish dependence on traditional pharmaceuticals, and limit off-target effects. CRISPR-Cas gene-editing systems have attracted interest for their capacity to selectively cut bacterial genomes. Recent studies have shown that CRISPR-Cas13a and CRISPR-Cas3 can effectively remove resistance genes and kill bacteria, suggesting they could help make E. coli and Klebsiella pneumoniae sensitive to antibiotics again (Dong et al., 2021; Rodrigues et al., 2023). TALENs (transcription activator-like effector nucleases), however less prevalent, are being explored as programmable instruments to inactivate bacterial virulence genes (Wu et al., 2022). Nanoparticle-mediated medication delivery methods are progressing swiftly. Silver nanoparticles, lipid-based carriers, and polymeric nanogels have demonstrated enhanced efficacy against biofilm-forming urinary tract infection pathogens and facilitate prolonged drug release (Qian et al., 2022; Younis et al., 2023). These nano formulations improve penetration across uroepithelial barriers and bacterial biofilms while minimizing toxicity and systemic adverse effects. Engineered bacteriophages—altered through synthetic biology to broaden host range or convey gene-editing payloads—represent another intriguing advancement. A 2022 clinical case report described how a mix of specially designed phages successfully treated a urinary tract infection caused by the drug-resistant bacteria Pseudomonas aeruginosa (Dedrick et al., 2022). Phage treatment is especially advantageous for catheter-associated and persistent infections where biofilms obstruct antibiotic penetration. Microbiome-based medicines, such as vaginal and urinary probiotics, are increasingly recognized for their potential to prevent recurrent urinary tract infections by restoring a healthy microbial ecology (Nguyen et al., 2023). These methods are especially appropriate for postmenopausal women or anyone seeking alternatives to extended antibiotic therapy. Although these technologies are currently being validated in clinical environments, their incorporation into UTI management regimens has the potential to transform our approach to combating resistant infections in the foreseeable future. If ignored or poorly managed, UTIs may result in serious sequelae, including pyelonephritis, renal scarring, sepsis, and an elevated healthcare burden (Czaja et al., 2007; Chinnappan et al., 2023). The World Health Organization (2021) has identified antibiotic resistance in uropathogens as a global health crisis. Consequently, the establishment of local monitoring data is crucial for informing evidence-based treatment policies. Given these challenges and the growing problem of antibiotic resistance, especially in weak health systems, there is a strong need for local disease tracking. This study examines the bacterial etiology and antibiotic resistance trends of urinary tract infections in Sana’a, Yemen. Our findings aim to encourage smarter use of antibiotics and help create updated treatment guidelines that fit the local situation, while also supporting doctors in choosing the right initial treatment and guiding national efforts to manage antibiotic use.                                   	Comment by user: Too long paragraph which is not recommended for academic writing
	Comment by user: No need for repetition, just mention abbreviation secondly onward 	Comment by user: As mentioned above	Comment by user: Non suitable word; use “trial”	Comment by user: As mentioned above	Comment by user: Two issues; 1st: it is too long paragraph that takes one page or more
2nd: many branched details which is not needed for the main topic	Comment by user: For any abbreviation, firstly mention the abbreviation and its meaning, when the abbreviation recurs secondly just mention the abbreviation without its meaning

Methodology
Study Design and Setting
This was a retrospective, cross-sectional study conducted between January 2022 and December 2023, based on laboratory data collected from six healthcare facilities in Sana’a, Yemen. The participating institutions included four specialized microbiological laboratories—NCPHL, AULAQI Specialized Medical Laboratory, Mid Lab, and MIL—as well as two major tertiary hospitals—AL-Thowrah Hospital and Science and Technology Hospital. These facilities serve over 10 million people and are among the most reputable healthcare providers in the region.
Study Population and Sample Size
A total of 3,829 urine samples were included in the study. Of these, 264 samples were collected directly from hospital settings, and 3,565 were obtained from outpatient clinics and referred to the associated laboratories. Only samples from patients diagnosed with urinary tract infections based on positive urine cultures (≥10⁵ CFU/mL) were included. Due to incomplete or inconsistent patient identifiers in the laboratory records, we could not reliably exclude duplicate isolates from the same individual. Therefore, some patients may be represented more than once in the dataset. While this reflects real-world diagnostic practices, it may lead to a modest overestimation of resistance prevalence, especially among patients with recurrent or complicated UTIs.	Comment by user: Say “researchers” instead
Inclusion criteria:
· Patients of all age groups and both sexes.
· Samples with significant bacteriuria (≥10⁵ CFU/mL) confirmed by urine culture.
· Complete demographic and microbiological data, including antimicrobial susceptibility test (AST) results.
Exclusion criteria:
· Samples with negative cultures.
· Incomplete patient records (missing age, sex, collection site, or AST data).
· Cultures showing mixed flora or colony counts below diagnostic thresholds, to minimize contamination bias.


Specimen Collection and Processing
Midstream urine (MSU) specimens were collected in sterile, wide-mouthed containers following standardized protocols. To reduce contamination risks, patients were given clear verbal and written instructions on the proper method for collecting midstream urine, including perineal hygiene and avoidance of first voided urine. For pediatric and elderly patients, who are more susceptible to improper collection, additional steps were taken: healthcare personnel provided detailed instructions to caregivers and, when necessary, supervised the collection process directly to ensure compliance and sample integrity. Samples that exhibited low colony counts or polymicrobial growth (indicative of contamination) were excluded. After collection, all samples were cultured on Cystine Lactose Electrolyte Deficient (CLED) agar. Colonies showing significant growth were subcultured on MacConkey and blood agar for 24–48 hours.	Comment by user: Did researchers check participants for antibiotic treatment history!!!
"In this study, only urine cultures with bacterial counts ≥10⁵ CFU/mL were considered diagnostic for urinary tract infection, consistent with standard diagnostic criteria. Cultures with lower bacterial counts, including those as low as 10³ CFU/mL, were excluded to reduce the likelihood of contamination and false-positive results. 	Comment by user: No need for repetition 
Bacterial Identification	Comment by user: Check paper formatting
 Biochemical Testing: Traditional biochemical methods (e.g., indole test, citrate utilization, catalase test, coagulase test) will be conducted for the identification of bacterial species.	Comment by user: Textbsize “14” should be united all over the paper which is “12”
 16S rRNA Gene Sequencing: To complement traditional biochemical methods, 16S rRNA gene sequencing will be performed to precisely identify bacterial species. This will provide accurate and definitive species-level identification, especially for closely related species.	Comment by user: Future tenses not used after results collection, future tense used in proposals
  PCR Amplification: The 16S rRNA gene will be amplified using universal primers, and the resulting sequences will be compared with GenBank databases.

antibiotics used for Gram-positive and Gram-negative organisms
For Gram-negative bacteria, the tested antibiotics included:
β-lactams: amoxicillin, ampicillin, amoxiclavulanic acid, ampicillin-sulbactam, piperacillin–tazobactam
Cephalosporins: cefuroxime, ceftriaxone, cefotaxime, ceftazidime, cefepime, cefixime, cefpodoxime, cephradine, cefaclor, cefdroxil
Carbapenems: imipenem, meropenem, ertapenem
Fluoroquinolones: ciprofloxacin, levofloxacin, norfloxacin, moxifloxacin, ofloxacin, gatifloxacin, nalidixic acid
 Aminoglycosides: amikacin, gentamicin, netilmicin, kanamycin
 Others: sulfontrimethoprime, trimethoprime, doxycycline, nitrofurantoin, colistin, polymyxin B, chloramphenicol, fosfomycin.
For Gram-positive bacteria, the tested antibiotics included:
 β-lactams: amoxicillin, ampicillin, amoxiclavulanic acid, cefoxitin, cefuroxime, ceftriaxone, ceftazidime, cefepime, cefpodoxime, cefaclor, cefdroxil, cephradine
 Macrolides: azithromycin, clarithromycin, erythromycin
Carbapenems: imipenem, meropenem, ertapenem
 Aminoglycosides: amikacin, gentamicin
Other agents: linezolid, vancomycin, clindamycin, rifampin, doxycycline, sulfontrimethoprime, nitrofurantoin, lomefloxacin, oxacillin, methicillin, lincomycin, and gatifloxacin.

Antimicrobial Susceptibility Testing
Antimicrobial susceptibility testing (AST) was conducted using the Kirby-Bauer disc diffusion method on Mueller-Hinton agar, following Clinical and Laboratory Standards Institute (CLSI) guidelines (M100, 28th edition). Antibiotics tested included both commonly used and reserve agents, such as amoxicillin, ciprofloxacin, nitrofurantoin, ceftriaxone, gentamicin, and carbapenems (imipenem and meropenem), among others. Although carbapenems were tested less frequently than first-line agents—largely due to their restricted use and cost considerations in routine panels—results from tested isolates still provided valuable insights into resistance patterns. Zones of inhibition were measured after incubation at 37°C for 16–18 hours and categorized as sensitive, intermediate, or resistant. Multidrug-resistant (MDR) isolates were defined as those resistant to at least one agent in three or more antimicrobial categories, in accordance with WHO standards.
Molecular Testing for Resistance Genes: To assess genetic mechanisms of resistance, PCR-based screening for specific resistance genes will be included.	Comment by user: Review text size

Urine collection and analysis:
Mid-stream urine samples (MUS) were collected in sterile wide mouthed cup with accurate protocols. some instructions were given for the patients to avoid occurrence any contamination with focusing on children and elderly patients. After the urine specimens collected, they were cultured on Cystine Lactose Electrolyte Deficient agar (CLED) and the observation for bacterial growth was done daily. Only the colonies exhibiting a substantial count (105 CFU/ml) from CLED agar underwent Gram staining, followed by subculturing on MacConkey and blood agar for a duration of 24–48 hours.	Comment by user: Repetition issue	Comment by user: Use exponential power

To determine which bacteria were Gram-negative and which were Gram-positive, a battery of biochemical tests was run. These included tests for motility, indole, lysine iron agar, citrate agar, urea, catalase, coagulase, bile-esculin hydrolysis, and optochin sensitivity. Finally, the Kirby-Bauer disk-diffusion method to check how bacteria respond to antibiotics was done on Muller-Hinton agar, which is provided by HI Media Laboratories in India. HiMedia offers Hexa, Octo, Dodeca, and Icosa Discs in addition to a single disk for the simplicity and affordability of conducting antimicrobial susceptibility tests. These series of discs allow for the simultaneous analysis of a large number of antibiotics. They Incubate immediately at 37o C and examine after 16-18 hours or longer. actually, many or a lot of various antibiotics were included there. The lack of growth of the organism surrounding the antibiotic discs suggests that the organism is susceptible to that antibiotic, whereas the presence of growth around the antibiotic disc indicates resistance to that specific antibiotic. This area of no development surrounding the disc is referred to as a zone of inhibition, and it is consistently circular with a confluent lawn of growth in the medium. The AST results were obtained, and multidrug-resistant (MDR) isolates were recognized. The susceptibility results were analyzed in accordance with the Clinical Laboratory Standards Institute (CLSI) guidelines (M100, 28th Edition, 2018). Bacterial isolates exhibiting resistance to three or more antibiotics were categorized as multidrug-resistant (MDR). (World Health Organization. 2018).                                                                  	Comment by user: Repetition issue; text needs rephrasing
[bookmark: _Hlk196874454]Statistical Analysis:
The Statistical software SPSS version 20 software will be used to analysis the collected data. Descriptive analyses were performed and presented in tabulated form. Then after that the data was analyzed. The antibiotic susceptibility to the used antibiotics and multi drug resistance was analyzed. the Chi-square test and p value was used there and P<0.05 were considered to indicate a statistically significant difference.             	Comment by user: Were used

                                                                                                   
Results:
Table 1 summarizes the baseline characteristics of the study population and microbial isolates. Females constituted the majority of cases, accounting for 65.8% of the sample. The majority of bacterial isolates (72.3%) were classified as Gram-negative. Among these, Escherichia coli was the most frequently identified species, representing 66.1% of Gram-negative isolates, followed by Pseudomonas spp., Klebsiella spp., and Klebsiella pneumoniae. For Gram-positive organisms, Enterococcus spp. were the most prevalent (41.5%), followed by Staphylococcus aureus (32.8%). The majority of specimens (93.3%) originated from laboratory-based settings rather than hospital sources.                                                                                                                                               


Table 1. Descriptive analysis of the total number. (n = 3829).	Comment by user: Review table format
	Percentage
	number
	Category
	Variable

	34.2
	1311
	Male
	Gender

	65.8
	2518
	Female
	

	72.3
	2767
	Gram-negative
	Gram staining

	27.7
	1062
	Gram-positive
	

	7.4
	284
	0-10
	Age group

	8.3
	318
	11-20
	

	24
	920
	21-30
	

	19.4
	741
	31-40
	

	11.2
	429
	41-50
	

	11.3
	433
	51-60
	

	10
	383
	61-70
	

	8.4
	321
	>70 year
	

	93.3
	3571
	Labs
	Location

	6.7
	258
	Hospitals
	

	66.10
	1829
	E.coli
	Gram-negative Bacteria
	Gram stain and Organisms

	7.30
	202
	Pseudomonas sp
	
	

	7.08
	196
	Klebsiella spp
	
	

	6.47
	179
	Pseudomonas aeruginosa
	
	

	6.40
	177
	Klebsiella pneumonia
	
	

	2.13
	59
	Enterobacter spp
	
	

	1.84
	51
	Citrobacter spp
	
	

	1.77
	49
	Acinetobacter spp
	
	

	0.90
	25
	Proteus mirabilis
	
	

	100
	2767
	Total
	
	

	41.53
	441
	Enterococcus species
	Gram-positive Bacteria
	

	32.77
	348
	Staph. Aureus
	
	

	15.35
	163
	non haemoltic strpt
	
	

	8.76
	93
	CONS	Comment by user: What is this?
	
	

	1.04
	11
	Enterococcus facium
	
	

	0.56
	6
	viridance streptococcus
	
	

	100
	1062
	Total
	
	






                                                              
Figures 1 and 2 illustrate that females exhibited a significantly higher prevalence of urinary tract infections (UTIs) compared to males.
The 21–30-year age group was the most affected, indicating that young adult females are particularly susceptible. This increased vulnerability is likely attributable to anatomical and behavioral factors.


                                                                  Figure 1: Distribution of UTI Cases by Age 

                                    
Figure 2: Distribution of UTI Cases by Gender Group	Comment by user: Mention inserted abbreviations here such as GPB, AND GNB	Comment by user: Use “sex” instead of “gender”
                                                    
Table 2 presents the distribution of Gram-negative urinary tract infections (UTIs) across demographic and clinical variables. Females had a significantly higher prevalence of Gram-negative UTIs compared to males (p = 0.03). A statistically significant variation was observed across age groups (p < 0.001), with Gram-negative UTIs more prevalent in all age categories, particularly among young adults aged 21–30 years. Additionally, Gram-negative isolates were more frequently identified in all laboratories and hospital settings, with the highest proportion reported in the Alaolagi laboratory (p < 0.001).	Comment by user: Always write p-value in Italic


Table 2. Comparison of Gram-Positive and Gram-Negative Bacterial Isolates by Gender, Age, and Location
	p Value
	Chi-square
	%
	Gram Positive Bacteria (number)
	%
	Gram-Negative Bacteria (number)
	Category
	Variable

	0.03
	4.413
	28.8%
	726
	71.2%
	1792
	female
	Gender

	
	
	25.6%
	336
	74.4
	975
	Male
	

	0.00
	35.956
	5.6%
	60
	8.1%
	224
	0-10
	Age group

	
	
	7.7%
	82
	8.5%
	236
	11-20
	

	
	
	25.1%
	267
	23.6%
	653
	21-30
	

	
	
	22.4%
	238
	18.2%
	503
	31-40
	

	
	
	12.7%
	135
	10.6%
	294
	41-50
	

	
	
	12.4%
	132
	10.9%
	301
	51-60
	

	
	
	8.1%
	86
	10.7%
	297
	61-70
	

	
	
	5.8%
	62
	9.4%
	259
	>70 year
	

	0.00
	113.857
	29.8%
	317
	39.9%
	1105
	Alaolagi lab
	Location of study 

	
	
	22.0%
	234
	25.2%
	696
	NCPHL
	

	
	
	26.9%
	286
	17.3%
	478
	MIL
	

	
	
	17.2%
	183
	9.8%
	272
	MID lab
	

	
	
	1.3%
	14
	3.6%
	100
	AL-THOWRAH HOSPITAL
	

	
	
	2.6%
	28
	4.2%
	116
	Scines and technology HOSPITAL
	




Table 3 outlines the antimicrobial resistance patterns observed among Gram-negative and Gram-positive bacterial isolates. Gram-negative bacteria demonstrated notably high resistance to β-lactam antibiotics and amoxicillin, each with resistance rates of 98.5%, as well as to cephalosporins. Among Gram-positive bacteria, elevated resistance was observed to cefoxitin (76.3%) and ceftazidime (88.1%). In contrast, resistance to piperacillin–tazobactam remained low in both groups, ranging between approximately 15% and 17%.

 Table 3: Antimicrobial Resistance Comparison Between Gram-Positive and Gram-Negative Bacteria	Comment by user: Review formatting
	Drug name
	GPB
	GNB
	Drug name
	GPB
	GNB

	Cefoxitine
	161/211(76.3)
	447/919(48.6)
	cefaclor
	202/274(73.7)
	397/459(86.5)

	beta-lactam
	474/609(77.8)
	2438/2474(98.5)
	Cefdroxil
	88/164(53.7)
	49/77(63.6)

	Amoxicillin
	491/640(76.7)
	2439/2475(98.5)
	Cefixime
	205/265(77.4)
	754/860(87.7)

	Amoxiclavulanicacid
	316/839(37.7)
	1518/2757(55.1)
	Cefpodoxime
	153/280(54.6)
	323/406(79.6)

	Cefotaxime
	331/592(55.9)
	1220/1609(75.8)
	Cephradine
	50/58(86.2)
	123/140(87.9)

	Cefepime
	355/581(61.1)
	1087/1668(65.2)
	Ciprofloxacin
	276/490(56.3)
	889/1639(54.2)

	Ceftazidime
	473/537(88.1)
	1271/1652(76.9)
	Azithromycin
	212/259(81.9)
	393/486(80.9)

	Cefuroxime
	528/737(71.6)
	1572/1860(84.5)
	Clarithromycin
	146/218(67.0)
	384/483(79.5)

	Pipracillintazobactam
	50/316(15.8)
	303/1779(17.0)
	Gatifloxacin
	12/41(29.3)
	59/223(26.5)

	Ampicillin
	356/532(66.9)
	1287/1379(93.3)
	Amikacin
	148/449(33.0)
	283/1853(15.3)

	Ampicillinsulbactam
	154/504(30.6)
	855/1530(55.9)
	Gentamicin
	178/370(48.1)
	529/1600(33.1)

	Ceftriaxone
	311/488(63.7)
	1105/1353(81.7)
	Levofloxacin
	181/479(37.8)
	687/1336(51.4)

	Aztroneome
	37/41(90.2)
	625/962(65.0)
	Moxifloxacin
	41/267(15.4)
	225/414(54.3)

	carpabenamase
	126/521(24.2)
	375/2231(16.8)
	Norfloxacin
	361/627(57.6)
	909/1673(54.3)

	Imipenem
	71/457(15.5)
	188/1809(10.4)
	Ofloxacin
	180/492(36.6)
	360/757(47.6)

	Meropenem
	45/249(18.1)
	257/1569(16.4)
	Sulfontrimethoprime
	333/563(59.1)
	964/1584(60.9)

	Ertapenem
	41/78(52.6)
	181/951(19.0)
	Trimethoprime
	20/30(66.7)
	178/274(65.0)

	nalidixic acid
	14/37(37.8)
	1265/1582(80.0)
	Doxycycline
	152/312(48.7)
	408/709(57.5)

	nitrofuran
	164/907(18.1)
	596/2208(27.0)
	
	
	


Figure 3 demonstrates that Escherichia coli was the most frequently isolated pathogen, followed by Klebsiella pneumoniae and Proteus mirabilis.
The predominance of Gram-negative bacteria in the etiology of UTIs within this population is evident and consistent with global epidemiological patterns, underscoring the importance of targeting these organisms in empirical treatment strategies.	Comment by user: Figure revealed the second in place is enterococcus species

Figure 3: Frequency of Isolated Bacterial Species


Table 4 details species-specific resistance patterns among Gram-positive organisms. Both Enterococcus spp. and Staphylococcus aureus exhibited high resistance to β-lactam antibiotics, with rates exceeding 80%. Notably, Coagulase-negative Staphylococci (CoNS) and Enterococcus faecium demonstrated complete (100%) resistance to certain antimicrobial agents. Additionally, cephalosporins such as ceftazidime and aztreonam showed exceptionally high resistance levels, with rates surpassing 88%.

Table 4: Antimicrobial Resistance Profile of Gram-Positive Bacterial Species
	Drug name
	CONS
	Enterococcus facium
	Enterococcus species
	non haemoltic strpt
	Staph. aureus
	viridance streptococcus
	Total
	95% CI

	Cefoxitine
	5/5(100.0)
	0/0(0.0)
	99/105(94.3)
	0/4(0.0)
	57/96(59.4)
	0/1(0.0)
	161/211
	77.00-77.12

	beta-lactam
	30/33(90.9)
	0/0(0.0)
	155/189(82.0)
	57/139(41.0)
	231/247(93.5)
	1/1(100.0)
	474/609
	78.54-78.61

	Amoxicillin
	32/46(69.6)
	0/0(0.0)
	169/206(82.0)
	58/140(41.4)
	231/247(93.5)
	1/1(100.0)
	491/640
	77.43-77.5

	Amoxiclavulanicacid
	29/47(61.7)
	0/1(0.0)
	103/322(32.0)
	11/145(7.6)
	172/322(53.4)
	1/2(50.0)
	316/839
	38.04-38.11

	Cefotaxime
	24/40(60.0)
	2/2(100.0)
	183/326(56.1)
	22/107(20.6)
	98/114(86.0)
	2/3(66.7)
	331/592
	56.42-56.5

	Cefepime
	17/28(60.7)
	3/3(100.0)
	196/302(64.9)
	37/120(30.8)
	101/126(80.2)
	1/2(50.0)
	355/581
	61.67-61.75

	Ceftazidime
	10/10(100.0)
	3/3(100.0)
	271/303(89.4)
	84/116(72.4)
	104/104(100.0)
	1/1(100.0)
	473/537
	88.95-89.01

	Cefuroxime
	7/13(53.8)
	7/7(100.0)
	243/318(76.4)
	97/120(80.8)
	173/278(62.2)
	1/1(100.0)
	528/737
	72.28-72.35

	Pipracillin tazobactam
	12/26(46.2)
	2/3(66.7)
	28/249(11.2)
	1/6(16.7)
	7/31(22.6)
	0/1(0.0)
	50/316
	15.92-16

	Ampicillin
	31/44(70.5)
	6/9(66.7)
	110/183(60.1)
	75/138(54.3)
	133/156(85.3)
	1/2(50.0)
	356/532
	67.53-67.61

	Ampicillin sulbactam
	12/31(38.7)
	0/0(0.0)
	75/273(27.5)
	8/15(53.3)
	59/180(32.8)
	0/5(0.0)
	154/504
	30.87-30.95

	Ceftriaxone
	13/15(86.7)
	3/3(100.0)
	154/203(75.9)
	3/35(8.6)
	138/232(59.5)
	0/0(0.0)
	311/488
	64.29-64.38

	Aztroneome
	2/2(100.0)
	0/0(0.0)
	29/33(87.9)
	1/1(100.0)
	4/4(100.0)
	1/1(100.0)
	37/41
	90.97-91.16

	carpabenamase
	22/43(51.2)
	2/3(66.7)
	66/232(28.4)
	10/28(35.7)
	26/214(12.1)
	0/1(0.0)
	126/521
	24.41-24.48

	Imipenem
	20/41(48.8)
	2/2(100.0)
	26/201(12.9)
	4/16(25.0)
	19/197(9.6)
	0/0(0.0)
	71/457
	15.63-15.69

	Meropenem
	8/10(80.0)
	2/3(66.7)
	25/63(39.7)
	5/8(62.5)
	5/164(3.0)
	0/1(0.0)
	45/249
	18.24-18.33

	Ertapenem
	0/0(0.0)
	0/0(0.0)
	32/51(62.7)
	3/12(25.0)
	6/14(42.9)
	0/1(0.0)
	41/78
	53.02-53.23

	nalidixic acid
	2/17(11.8)
	0/0(0.0)
	0/0(0.0)
	0/0(0.0)
	12/19(63.2)
	0/1(0.0)
	14/37
	38.04-38.34

	nitrofuran
	10/62(16.1)
	4/11(36.4)
	78/379(20.6)
	32/148(21.6)
	39/304(12.8)
	1/3(33.3)
	164/907
	18.26-18.31

	cefaclor
	3/5(60.0)
	0/0(0.0)
	172/226(76.1)
	8/19(42.1)
	19/24(79.2)
	0/0(0.0)
	202/274
	74.38-74.49

	Cefdroxil
	3/3(100.0)
	0/0(0.0)
	30/43(69.8)
	38/86(44.2)
	17/32(53.1)
	0/0(0.0)
	88/164
	54.16-54.31

	Cefixime
	14/18(77.8)
	0/0(0.0)
	170/218(78.0)
	4/8(50.0)
	16/20(80.0)
	1/1(100.0)
	205/265
	78.12-78.22

	Cefpodoxime
	2/2(100.0)
	0/0(0.0)
	97/126(77.0)
	17/96(17.7)
	36/55(65.5)
	1/1(100.0)
	153/280
	55.09-55.2

	Cephradine
	0/0(0.0)
	0/0(0.0)
	36/38(94.7)
	0/1(0.0)
	14/19(73.7)
	0/0(0.0)
	50/58
	86.95-87.13

	Ciprofloxacin
	9/21(42.9)
	10/11(90.9)
	168/229(73.4)
	8/22(36.4)
	81/206(39.3)
	0/1(0.0)
	276/490
	56.82-56.91

	Azithromycin
	6/6(100.0)
	2/2(100.0)
	174/217(80.2)
	1/1(100.0)
	29/33(87.9)
	0/0(0.0)
	212/259
	82.67-82.76

	Clarithromycin
	11/24(45.8)
	0/0(0.0)
	118/167(70.7)
	3/5(60.0)
	13/20(65.0)
	1/2(50.0)
	146/218
	67.60-67.73

	Gatifloxacin
	1/2(50.0)
	0/0(0.0)
	8/13(61.5)
	1/2(50.0)
	2/23(8.7)
	0/1(0.0)
	12/41
	29.48-29.74

	Amikacin
	4/31(12.9)
	7/7(100.0)
	116/190(61.1)
	2/15(13.3)
	19/205(9.3)
	0/1(0.0)
	148/449
	33.29-33.37

	Gentamicin
	13/59(22.0)
	8/9(88.9)
	119/195(61.0)
	11/39(28.2)
	26/64(40.6)
	1/4(25.0)
	178/370
	48.53-48.63

	Levofloxacin
	5/13(38.5)
	10/11(90.9)
	100/246(40.7)
	3/16(18.8)
	63/191(33.0)
	0/2(0.0)
	181/479
	38.14-38.22

	Moxifloxacin
	0/0(0.0)
	0/0(0.0)
	28/160(17.5)
	5/41(12.2)
	8/66(12.1)
	0/0(0.0)
	41/267
	15.52-15.6

	Norfloxacin
	11/22(50.0)
	8/8(100.0)
	155/225(68.9)
	47/129(36.4)
	140/242(57.9)
	0/1(0.0)
	361/627
	58.14-58.21

	Ofloxacin
	21/30(70.0)
	0/0(0.0)
	46/82(56.1)
	15/126(11.9)
	97/252(38.5)
	1/2(50.0)
	180/492
	36.92-37.01

	Sulfontrimethoprime
	8/16(50.0)
	0/0(0.0)
	220/319(69.0)
	46/120(38.3)
	59/107(55.1)
	0/1(0.0)
	333/563
	59.65-59.73

	Trimethoprime
	0/0(0.0)
	0/0(0.0)
	1/1(100.0)
	1/1(100.0)
	18/28(64.3)
	0/0(0.0)
	20/30
	67.19-67.51

	Doxycycline
	15/23(65.2)
	0/0(0.0)
	70/115(60.9)
	3/9(33.3)
	64/165(38.8)
	0/0(0.0)
	152/312
	49.13-49.24


CONS= Coagulase, Negative Staphylococcus species










Table 5 presents antimicrobial resistance profiles among Gram-negative bacterial species. Widespread resistance to amoxicillin and β-lactam antibiotics was observed across all Gram-negative species, with resistance rates exceeding 98%. Escherichia coli and Klebsiella spp. demonstrated high resistance to both cephalosporins and fluoroquinolones. Resistance to carbapenems varied by species: Pseudomonas aeruginosa exhibited a high rate of resistance to carbapenems (42.6%), whereas E. coli showed a comparatively lower resistance rate of 10.5%.


Table 5: Antimicrobial Resistance Profile of Gram-Negative Bacterial Species
	Drug name
	Acinetobacter spp
	Citrobacter spp
	E. coli
	Enterobacter spp
	Klebsiella pneumoniae
	Klebsiella spp
	Proteus mirabilis
	Pseudomonas aeruginosa
	Pseudomonas spp
	Total
	95% CI

	Amoxiclavulanicacid
	7/49(14.3)
	42/51(82.4)
	790/1829(43.2)
	46/59(78.0)
	132/177(74.6)
	138/196(70.4)
	11/15(73.3)
	179/179(100.0)
	173/202(85.6)
	1518/2757
	53.2% - 56.9%

	Amoxicillin
	49/49(100.0)
	44/45(97.8)
	1619/1651(98.1)
	47/48(97.9)
	132/132(100.0)
	183/185(98.9)
	13/13(100.0)
	179/179(100.0)
	173/173(100.0)
	2439/2475
	98.0% - 98.9%

	beta-lactam
	49/49(100.0)
	44/45(97.8)
	1619/1651(98.1)
	47/48(97.9)
	132/132(100.0)
	183/185(98.9)
	12/12(100.0)
	179/179(100.0)
	173/173(100.0)
	2438/2474
	98.0% - 98.9%

	carpabenamase
	11/43(25.6)
	5/39(12.8)
	153/1454(10.5)
	11/43(25.6)
	51/151(33.8)
	43/159(27.0)
	2/18(11.1)
	69/162(42.6)
	30/162(18.5)
	375/2231
	15.3% - 18.4%

	nitrofuran
	9/33(27.3)
	24/43(55.8)
	213/1494(14.3)
	19/47(40.4)
	64/137(46.7)
	66/159(41.5)
	15/19(78.9)
	98/102(96.1)
	88/174(50.6)
	596/2208
	25.2% - 28.9%

	Cefuroxime
	27/30(90.0)
	8/8(100.0)
	1069/1282(83.4)
	38/41(92.7)
	130/159(81.8)
	102/113(90.3)
	5/9(55.6)
	80/90(88.9)
	113/128(88.3)
	1572/1860
	82.8% - 86.1%

	Amikacin
	10/34(29.4)
	9/20(45.0)
	108/1187(9.1)
	8/37(21.6)
	47/155(30.3)
	24/100(24.0)
	1/15(6.7)
	38/147(25.9)
	38/158(24.1)
	283/1853
	13.7% - 17.0%

	Imipenem
	7/36(19.4)
	2/31(6.5)
	67/1160(5.8)
	8/37(21.6)
	28/135(20.7)
	16/108(14.8)
	1/14(7.1)
	43/145(29.7)
	16/143(11.2)
	188/1809
	9.1% - 11.9%

	Pipracillintazobactam
	9/30(30.0)
	5/22(22.7)
	161/1214(13.3)
	8/37(21.6)
	44/153(28.8)
	25/73(34.2)
	1/15(6.7)
	31/115(27.0)
	19/120(15.8)
	303/1779
	15.4% - 18.8%

	Norfloxacin
	11/25(44.0)
	12/29(41.4)
	583/1139(51.2)
	19/28(67.9)
	45/83(54.2)
	74/132(56.1)
	8/12(66.7)
	72/99(72.7)
	85/126(67.5)
	909/1673
	51.9% - 56.7%

	Cefepime
	19/30(63.3)
	5/6(83.3)
	720/1073(67.1)
	23/35(65.7)
	106/164(64.6)
	62/89(69.7)
	4/8(50.0)
	61/101(60.4)
	87/162(53.7)
	1087/1668
	62.8% - 67.4%

	Ceftazidime
	20/24(83.3)
	7/9(77.8)
	817/1036(78.9)
	27/35(77.1)
	119/160(74.4)
	86/111(77.5)
	10/12(83.3)
	76/113(67.3)
	109/152(71.7)
	1271/1652
	74.8% - 78.9%

	Ciprofloxacin
	14/23(60.9)
	8/15(53.3)
	551/1076(51.2)
	16/34(47.1)
	95/157(60.5)
	47/84(56.0)
	9/16(56.3)
	76/120(63.3)
	73/114(64.0)
	889/1639
	51.8% - 56.6%

	Cefotaxime
	19/26(73.1)
	19/25(76.0)
	766/1034(74.1)
	32/41(78.0)
	116/145(80.0)
	65/96(67.7)
	2/5(40.0)
	76/85(89.4)
	125/152(82.2)
	1220/1609
	73.7% - 77.9%

	Gentamicin
	14/25(56.0)
	11/31(35.5)
	266/1017(26.2)
	19/37(51.4)
	65/151(43.0)
	35/89(39.3)
	4/15(26.7)
	60/120(50.0)
	55/115(47.8)
	529/1600
	30.8% - 35.4%

	Sulfontrimethoprime
	11/23(47.8)
	9/16(56.3)
	587/1032(56.9)
	24/37(64.9)
	119/169(70.4)
	41/67(61.2)
	1/2(50.0)
	78/88(88.6)
	94/150(62.7)
	964/1584
	58.4% - 63.2%

	nalidixic acid
	16/21(76.2)
	16/24(66.7)
	923/1131(81.6)
	20/28(71.4)
	52/65(80.0)
	83/135(61.5)
	7/9(77.8)
	49/57(86.0)
	99/112(88.4)
	1265/1582
	77.9% - 81.9%

	Meropenem
	5/28(17.9)
	3/15(20.0)
	104/1014(10.3)
	4/25(16.0)
	39/125(31.2)
	32/93(34.4)
	1/10(10.0)
	47/129(36.4)
	22/130(16.9)
	257/1569
	14.6% - 18.3%

	Ampicillinsulbactam
	13/19(68.4)
	4/6(66.7)
	509/1029(49.5)
	17/25(68.0)
	91/151(60.3)
	28/41(68.3)
	6/10(60.0)
	87/96(90.6)
	100/153(65.4)
	855/1530
	53.4% - 58.4%

	Ampicillin
	24/26(92.3)
	27/28(96.4)
	882/952(92.6)
	25/29(86.2)
	94/97(96.9)
	87/90(96.7)
	9/9(100.0)
	72/75(96.0)
	67/73(91.8)
	1287/1379
	91.9% - 94.5%

	Ceftriaxone
	24/27(88.9)
	9/10(90.0)
	701/890(78.8)
	24/25(96.0)
	95/105(90.5)
	56/69(81.2)
	11/17(64.7)
	101/110(91.8)
	84/100(84.0)
	1105/1353
	79.5% - 83.6%

	Levofloxacin
	15/21(71.4)
	6/7(85.7)
	420/890(47.2)
	9/20(45.0)
	75/133(56.4)
	44/66(66.7)
	10/16(62.5)
	68/95(71.6)
	40/88(45.5)
	687/1336
	48.7% - 54.1%

	Aztroneome
	9/16(56.3)
	9/12(75.0)
	411/614(66.9)
	14/25(56.0)
	74/104(71.2)
	23/49(46.9)
	1/3(33.3)
	49/82(59.8)
	35/57(61.4)
	625/962
	61.9% - 67.9%

	Ertapenem
	3/10(30.0)
	0/6(0.0)
	88/692(12.7)
	7/22(31.8)
	41/106(38.7)
	14/46(30.4)
	0/3(0.0)
	25/40(62.5)
	3/26(11.5)
	181/951
	16.7% - 21.7%

	Cefoxitine
	7/9(77.8)
	0/1(0.0)
	244/616(39.6)
	14/18(77.8)
	75/139(54.0)
	2/4(50.0)
	1/3(33.3)
	48/55(87.3)
	56/74(75.7)
	447/919
	45.4% - 51.9%

	Cefixime
	8/8(100.0)
	8/10(80.0)
	490/558(87.8)
	20/22(90.9)
	60/67(89.6)
	61/67(91.0)
	0/1(0.0)
	34/38(89.5)
	73/89(82.0)
	754/860
	85.3% - 89.7%

	Ofloxacin
	8/14(57.1)
	3/9(33.3)
	253/544(46.5)
	5/11(45.5)
	0/0(0.0)
	35/72(48.6)
	3/6(50.0)
	25/46(54.3)
	28/55(50.9)
	360/757
	44.0% - 51.1%

	Doxycycline
	6/13(46.2)
	9/16(56.3)
	281/513(54.8)
	9/12(75.0)
	17/25(68.0)
	20/47(42.6)
	10/12(83.3)
	35/41(85.4)
	21/30(70.0)
	408/709
	53.9% - 61.1%

	Azithromycin
	3/3(100.0)
	0/0(0.0)
	227/273(83.2)
	10/12(83.3)
	65/76(85.5)
	5/7(71.4)
	2/2(100.0)
	21/29(72.4)
	60/84(71.4)
	393/486
	77.1% - 84.1%

	Clarithromycin
	2/3(66.7)
	6/11(54.5)
	202/267(75.7)
	13/14(92.9)
	58/62(93.5)
	14/23(60.9)
	2/2(100.0)
	20/29(69.0)
	67/72(93.1)
	384/483
	75.7% - 82.9%

	cefaclor
	4/5(80.0)
	0/0(0.0)
	227/267(85.0)
	10/12(83.3)
	51/58(87.9)
	15/18(83.3)
	0/0(0.0)
	25/27(92.6)
	65/72(90.3)
	397/459
	83.1% - 89.3%

	Moxifloxacin
	5/8(62.5)
	3/4(75.0)
	121/239(50.6)
	5/10(50.0)
	32/52(61.5)
	18/34(52.9)
	0/1(0.0)
	27/37(73.0)
	14/29(48.3)
	225/414
	49.5% - 59.1%

	Cefpodoxime
	1/3(33.3)
	0/0(0.0)
	197/256(77.0)
	4/5(80.0)
	40/40(100.0)
	15/27(55.6)
	1/1(100.0)
	13/16(81.3)
	52/58(89.7)
	323/406
	75.4% - 83.2%

	Trimethoprime
	3/5(60.0)
	2/10(20.0)
	122/185(65.9)
	2/3(66.7)
	0/0(0.0)
	17/36(47.2)
	4/4(100.0)
	5/7(71.4)
	23/24(95.8)
	178/274
	59.1% - 70.4%

	Gatifloxacin
	4/10(40.0)
	2/9(22.2)
	28/154(18.2)
	2/3(66.7)
	0/0(0.0)
	12/28(42.9)
	1/1(100.0)
	4/5(80.0)
	6/13(46.2)
	59/223
	21.1% - 32.6%

	Cephradine
	2/2(100.0)
	0/0(0.0)
	68/80(85.0)
	3/3(100.0)
	13/14(92.9)
	8/10(80.0)
	0/0(0.0)
	7/8(87.5)
	22/23(95.7)
	123/140
	81.4% - 92.3%

	Cefadroxil
	3/3(100.0)
	4/4(100.0)
	36/60(60.0)
	1/1(100.0)
	0/0(0.0)
	4/7(57.1)
	0/0(0.0)
	1/1(100.0)
	0/1(0.0)
	49/77
	52.5% - 73.5%












Table 6 compares antimicrobial resistance patterns between hospital and community settings. Resistance to key antibiotics was significantly higher in hospital isolates, including imipenem (16.3% vs. 10.8%, p = 0.01), meropenem (25.2% vs. 16.3%, p = 0.002), as well as ciprofloxacin, norfloxacin, and cefotaxime. Interestingly, certain antibiotics, such as amoxicillin, exhibited slightly higher resistance rates in community isolates compared to hospital-derived samples (98.6% vs. 96.5%).

Table 6: Stratified Antimicrobial Resistance Rates in Community-Acquired vs. Hospital-Acquired Infections
	Antibiotics
	Community % (95% CI)
	Hospital % (95% CI)
	p-value

	Amoxicillin
	98.6% (98.1–99.0)
	96.5% (93.7–99.2)
	0.0761

	Ampicillin
	93.4% (92.1–94.7)
	90.0% (84.1–95.9)
	0.2745

	Ciprofloxacin
	54.0% (51.6–56.4)
	64.9% (58.0–71.7)
	0.0062

	Ceftazidime
	76.9% (74.9–78.9)
	0.0% (0.0–0.0)
	1.0

	Imipenem
	10.8% (9.3–12.2)
	16.3% (11.8–20.7)
	0.0114

	Meropenem
	16.3% (14.5–18.2)
	25.2% (19.4–31.1)
	0.002

	Amikacin
	15.4% (13.8–17.1)
	15.0% (10.1–19.9)
	0.9545

	Gentamicin
	33.4% (31.1–35.7)
	27.3% (21.4–33.2)
	0.0809

	Ceftriaxone
	81.7% (79.6–83.7)
	47.8% (41.4–54.3)
	0.0

	Nitrofurantoin
	27.0% (25.2–28.9)
	12.5% (7.9–17.1)
	0.0

	Amoxiclavulanicacid
	55.2% (53.4–57.1)
	92.0% (88.6–95.4)
	0.0

	Cefuroxime
	84.5% (82.9–86.2)
	77.8% (71.7–83.9)
	0.024

	Cefepime
	65.4% (63.1–67.7)
	62.5% (55.0–70.0)
	0.5206

	Cefotaxime
	75.9% (73.8–78.0)
	88.2% (83.4–93.1)
	0.0004

	Sulfontrimethoprime
	60.7% (58.3–63.1)
	63.3% (55.6–71.0)
	0.5844

	Levofloxacin
	51.7% (49.0–54.4)
	55.6% (48.3–62.8)
	0.3726

	Norfloxacin
	54.2% (51.8–56.6)
	64.9% (58.0–71.7)
	0.0072

	Pipracillintazobactam
	17.1% (15.4–18.9)
	11.4% (7.2–15.6)
	0.0385

	Ampicillinsulbactam
	56.1% (53.7–58.6)
	64.7% (57.5–71.9)
	0.0395

	Cefoxitine
	48.8% (45.5–52.0)
	44.4% (34.2–54.7)
	0.5029

	Cefixime
	89.9% (87.9–91.9)
	72.2% (63.0–81.5)
	0.0

	Cefazolin
	75.2% (72.2–78.2)
	64.7% (54.5–74.9)
	0.0489

	Cefotaximeclav
	40.3% (35.3–45.3)
	78.7% (67.0–90.4)
	0.0

	Azithromycin
	80.9% (77.5–84.4)
	85.0% (78.0–92.0)
	0.4146

	Erythromycin
	92.4% (90.0–94.8)
	88.6% (82.5–94.7)
	0.27

	Linezolid
	3.5% (1.5–5.4)
	10.0% (0.0–20.7)
	0.2083

	Fosfomycin
	24.4% (21.1–27.7)
	20.0% (12.2–27.8)
	0.4012

	Tetracycline
	61.8% (54.4–69.2)
	41.7% (29.2–54.1)
	0.011

	Vancomycin
	21.5% (18.3–24.6)
	12.5% (6.6–18.4)
	0.0336

	Colistin
	12.2% (9.5–15.0)
	10.7% (3.7–17.7)
	0.8372

	Cephalothin
	63.2% (54.5–72.0)
	48.0% (28.4–67.6)
	0.2338

	Cefpodoxime
	79.6% (75.6–83.5)
	50.0% (36.1–63.9)
	0.0

	Cefamandole
	52.9% (44.6–61.2)
	50.0% (34.5–65.5)
	0.886

	Ceftizoxime
	57.0% (53.4–60.5)
	43.1% (31.0–55.1)
	0.0422

	Carbenicillin
	81.2% (74.9–87.6)
	73.3% (57.5–89.2)
	0.4631

	Cefoperazone
	73.2% (69.2–77.1)
	51.4% (39.7–63.1)
	0.0004

	Cefoperazone_tazobactam
	55.2% (43.3–67.1)
	53.3% (28.1–78.6)
	1.0

	Cefoperazone_sulbactam
	56.1% (43.3–69.0)
	46.2% (19.1–73.3)
	0.731

	CefepimeCalvulanicacid
	0.0% (0.0–0.0)
	0.0% (0.0–0.0)
	1.0

	Ceftazidimeclav
	65.1% (58.4–71.8)
	55.6% (32.6–78.5)
	0.5815

	Ceftizoximeclav
	22.7% (5.2–40.2)
	30.0% (1.6–58.4)
	1.0

	Ceftriaxone_sulbactam
	53.2% (42.2–64.2)
	50.0% (21.7–78.3)
	1.0

	Cefuroximclav
	75.9% (66.9–84.9)
	57.1% (31.2–83.1)
	0.2528

	Cephradine
	87.9% (82.6–93.3)
	70.0% (49.9–90.1)
	0.0711

	Chloramphenicol
	52.9% (47.5–58.3)
	55.3% (39.5–71.1)
	0.9172

	Clarithromycin
	79.5% (76.0–83.1)
	83.3% (74.7–91.9)
	0.5537

	Clindamycin
	52.8% (41.2–64.3)
	80.0% (59.8–100.0)
	0.0983

	Cloxacillin
	75.0% (50.5–99.5)
	60.0% (17.1–100.0)
	0.9726

	Gatifloxacin
	26.8% (21.0–32.6)
	36.7% (19.4–53.9)
	0.3597

	Kanamycin
	66.7% (13.3–100.0)
	50.0% (0.0–100.0)
	1.0

	Lincomycin
	86.4% (72.0–100.0)
	75.0% (45.0–100.0)
	0.8535

	Lomefloxacin
	41.7% (35.7–47.7)
	31.1% (17.6–44.6)
	0.2409

	Methacillin
	44.6% (33.9–55.3)
	53.3% (28.1–78.6)
	0.7303

	Moxifloxacin
	54.3% (49.5–59.1)
	66.7% (49.8–83.5)
	0.2617

	Nalidixic acid
	79.9% (78.0–81.9)
	65.0% (58.4–71.6)
	0.0

	Netilmicin
	20.5% (14.8–26.2)
	25.0% (11.6–38.4)
	0.6748

	Oxacillin
	80.0% (55.2–100.0)
	25.0% (0.0–67.4)
	0.1859

	Penicillin
	51.4% (43.1–59.7)
	50.0% (37.3–62.7)
	0.9754

	Polymyxin B
	0.0% (0.0–0.0)
	0.0% (0.0–0.0)
	1.0

	Rifampin
	11.8% (7.3–16.3)
	36.0% (17.2–54.8)
	0.0034



Table 7 summarizes overall resistance patterns across tested antimicrobial agents. Very high resistance rates were observed for β-lactam antibiotics (94.5%), amoxicillin (94.1%), cefaclor (81.7%), and cefixime (85.2%). In contrast, resistance to carbapenems such as imipenem (11.4%) and to the aminoglycoside amikacin (18.7%) remained relatively low. Fluoroquinolones demonstrated moderate resistance levels, with ciprofloxacin showing a resistance rate of 54.7%.

Table 7: Overall Antimicrobial Resistance Rates Across All Bacterial Isolates
	Drug name
	Overall resistance
	Drug name
	Overall resistance

	Cefoxitine
	608/1130(53.8)
	cefaclor
	599/733(81.7)

	beta-lactam
	2912/3083(94.5)
	Cefdroxil
	137/241(56.8)

	Amoxicillin
	2930/3115(94.1)
	Cefixime
	959/1125(85.2)

	Amoxiclavulanicacid
	1834/3596(51.0)
	Cefpodoxime
	476/686(69.4)

	Cefotaxime
	1551/2201(70.5)
	Cephradine
	173/198(87.4)

	Cefepime
	1442/2249(64.1)
	Ciprofloxacin
	1165/2129(54.7)

	Ceftazidime
	1744/2189(79.7)
	Azithromycin
	605/745(81.2)

	Cefuroxime
	2100/2597(80.9)
	Clarithromycin
	530/701(75.6)

	Pipracillintazobactam
	353/2095(16.8)
	Gatifloxacin
	71/264(26.9)

	Ampicillin
	1643/1911(86.0)
	Amikacin
	431/2302(18.7)

	Ampicillinsulbactam
	1009/2034(49.6)
	Gentamicin
	707/1970(35.9)

	Ceftriaxone
	1416/1841(76.9)
	Levofloxacin
	868/1815(47.8)

	Aztroneome
	662/1003(66.0)
	Moxifloxacin
	266/681(39.1)

	carpabenamase
	501/2752(18.2)
	Norfloxacin
	1270/2300(55.2)

	Imipenem
	259/2266(11.4)
	Ofloxacin
	540/1249(43.2)

	Meropenem
	302/1818(16.6)
	Sulfontrimethoprime
	1297/2147(60.4)

	Ertapenem
	222/1029(21.6)
	Trimethoprime
	198/304(65.1)

	nalidixic acid
	1279/1619(79.0)
	Doxycycline
	560/1021(54.8)

	nitrofuran
	760/3115(24.4)
	
	







Discussion 
This study offers an overview of the bacterial causes and antimicrobial resistance patterns associated with urinary tract infections in Sana’a, Yemen. The results confirm that Escherichia coli is the leading uropathogen globally, accounting for 65.7% of cases in our cohort. This analysis is consistent with earlier regional and international studies (Belete & Saravanan et al., 2020; Abalkhail et al., 2022), emphasizing E. coli as a continual factor in both community- and hospital-acquired urinary tract infections (UTIs).	Comment by user: Always scientific names written in Italic
The results indicate significantly elevated resistance rates to first-line antibiotics. Resistance rates for amoxicillin (94.1%), ampicillin (85.9%), and ceftazidime (79.6%) indicate significant misuse and the over-the-counter accessibility of these medications, prevalent in Yemen's unregulated pharmaceutical environment (Aladhal et al., 2025; WHO, 2018). The resistance rate to ciprofloxacin among Gram-negative isolates is notably high at 54.5%, surpassing previous local studies (Al-Haifi et al., 2025). This increase may be attributed to heightened prescribing pressure or alterations in local prescribing practices over time.

Carbapenems, specifically imipenem (11.8%) and meropenem (16.6%), exhibit comparatively low resistance levels, aligning with findings from both developing and developed regions (Belete & Saravanan, 2020; Kline et al., 2011). Carbapenems were tested less frequently than other agents, likely due to cost or testing protocols, potentially leading to a slight underestimation of resistance prevalence. The findings underscore the necessity of preserving the efficacy of carbapenems via carbapenem-sparing protocols and evidence-based escalation strategies.

Our study reveals a significant observation: Gram-positive pathogens, such as Staphylococcus aureus and Enterococcus species, exhibit comparatively lower resistance. The observed rates are lower than those documented in comparable regional studies (Al-Haddad et al., 2010). Possible explanations encompass methodological discrepancies in antimicrobial susceptibility testing (AST), variations in sample sources, and reduced antibiotic pressure within our primarily outpatient cohort. Our testing adhered to CLSI M100 (28th edition) guidelines utilizing the Kirby-Bauer disc diffusion method; however, variations in platforms or interpretive standards in other studies may affect comparability.	Comment by user: Not preferable to use pronouns in research, just say this research ….
This study indicates that contamination control was a significant concern. Measures were implemented to minimize sample contamination, particularly in pediatric and elderly groups, by providing clear patient instructions, overseeing collections, and excluding polymicrobial or low-count cultures. However, the retrospective design did not allow for the exclusion of duplicate isolates from individual patients, potentially resulting in a slight overestimation of resistance prevalence, especially in cases of recurrent infections.	Comment by user: But you can avoid this issue from patients’ names
Standardized midstream urine collection procedures were implemented to reduce contamination risk, especially in pediatric and elderly patients, with support from patient and caregiver instructions and periodic staff supervision. Cultures exhibiting mixed growth or low colony counts were excluded from consideration. Due to limitations in retrospective data, we were unable to eliminate duplicate isolates from the same patient, potentially leading to a modest inflation of resistance prevalence, especially in patients with recurrent infections.	Comment by user: Repetition dilemma 

Stratified analysis of resistance by setting demonstrated significantly elevated resistance rates in hospital-acquired samples for various antibiotics, including ciprofloxacin and meropenem. This highlights the necessity for location-specific antibiograms and prescribing policies, acknowledging that hospital environments impose distinct selective pressures compared to community settings.

A significant finding is the difference in resistance patterns between isolates derived from hospitals and those from the community. Stratified analysis indicated elevated resistance rates in hospital environments for several critical antibiotics, including ciprofloxacin and meropenem. This highlights the necessity of source-specific surveillance to effectively inform empirical therapy.

To tackle rising resistance rates, particularly in outpatient settings, we suggest a comprehensive plan: strict enforcement of WHO AWaRe-based rules for antibiotic dispensing, national control of over-the-counter antibiotic sales for both humans and animals (One Health approach), regular lab tests before starting antibiotic treatment, and training programs for prescribers to enhance responsible antibiotic use.
This research possesses numerous constraints. The retrospective analysis was limited by the completeness and consistency of laboratory information. We could not consistently eliminate duplicate isolates from the same individual, potentially resulting in a slightly overestimation of resistance rates. Furthermore, although we standardized AST methods according to CLSI standards, heterogeneity within laboratories and comparisons with other studies may result in methodological discrepancies. The study ultimately lacked clinical outcome data, constraining the evaluation of resistance's real-world effects on patient recovery, recurrence, or mortality.
Another limitation of this study is the lack of data regarding patients’ past medication history, particularly prior antibiotic use. Previous exposure to antimicrobials is a well-recognized factor that can select for resistant organisms and influence the resistance patterns observed. Due to the retrospective design and reliance on laboratory records, detailed information on prior antibiotic treatments was not available. Future prospective studies should incorporate medication history to better elucidate its role in shaping antimicrobial resistance profiles.

The study did not differentiate between uncomplicated and complicated UTIs, as clinical details such as comorbidities, anatomical abnormalities, or catheter use were not consistently available in the laboratory records. Consequently, the findings represent resistance patterns across all culture-confirmed UTIs meeting the ≥10⁵ CFU/mL diagnostic threshold, without stratification by infection complexity."

To better understand the clinical impact of antimicrobial resistance, future research should adopt prospective designs that incorporate patient-level outcome tracking. Monitoring clinical responses, hospitalizations, relapse rates, and mortality would provide more robust evidence for refining empirical treatment policies and stewardship initiatives. Additionally, expanding surveillance to rural regions and private healthcare sectors would improve the generalizability of findings across Yemen.
Future research should stress longitudinal and multicenter surveillance alongside the integration of clinical outcome tracking. Executing analogous investigations in several parts of Yemen—specifically Aden, Taiz, Hodeidah, and Mukalla—will facilitate the observation of temporal patterns and regional heterogeneity in antimicrobial resistance. This will provide the groundwork for a nationwide AMR monitoring system, a crucial component in developing effective and sustainable antimicrobial stewardship programs.
To ensure a comprehensive response to antimicrobial resistance, it is essential to scale up similar surveillance efforts across other major cities and regions in Yemen. Differences in prescribing practices, antibiotic availability, and healthcare infrastructure across geographic locations may significantly influence resistance profiles. Replicating this study in additional urban and rural settings will provide critical comparative data, enabling the development of unified, evidence-based national treatment guidelines and informing strategic public health interventions.
To mitigate the elevated resistance rates, particularly in outpatient environments, we propose a series of integrated treatments. Initially, national strategies ought to implement the WHO AWaRe antibiotic classification to limit the utilization of broad-spectrum and reserve antibiotics. Secondly, the sale of over-the-counter antibiotics must be stringently regulated under a One Health framework that encompasses human, veterinary, and environmental health agencies. Third, doctors should be incentivized—and in certain instances required—to ground prescriptions in laboratory diagnostic outcomes rather than solely on empirical treatment. Moreover, healthcare professionals must undergo continuous education in antimicrobial stewardship to enhance judicious prescribing practices. The implementation of these measures, coupled with enhanced diagnostic accessibility and increased public knowledge, is crucial for countering the escalation of resistance propagation in Yemen.



Conclusion 
This study provides critical insights into the bacterial etiology and antimicrobial resistance (AMR) patterns of urinary tract infections (UTIs) in Sana’a, Yemen. The findings underscore that Escherichia coli remains the predominant uropathogen, responsible for over 65% of infections. Alarmingly, high resistance rates were observed against commonly used antibiotics, including amoxicillin (94.1%), ampicillin (85.9%), and ceftazidime (79.6%), reflecting widespread misuse and the unregulated availability of these drugs. Despite these challenges, carbapenems such as imipenem (11.8%) and meropenem (16.6%) showed relatively low resistance, making them valuable treatment options for multidrug-resistant infections. The study highlights the growing concern of multidrug-resistant (MDR) pathogens, both among Gram-negative and Gram-positive bacteria, which necessitates a renewed focus on antimicrobial stewardship. The results stress the importance of updating national treatment guidelines based on local surveillance data, especially to combat the increasing prevalence of resistance. Furthermore, the significant resistance seen in hospital-acquired infections calls for the establishment of setting-specific guidelines to optimize empirical therapy. In response to these findings, we advocate for the implementation of stricter regulations on over-the-counter antibiotic sales, enhanced laboratory diagnostics for all UTI cases, and robust antimicrobial stewardship programs. Future research should focus on broader geographic surveillance and longitudinal studies that assess clinical outcomes, in order to guide evidence-based policies and refine treatment strategies. This study serves as a call to action to improve the management of UTIs in Yemen and strengthen efforts against antimicrobial resistance on a national scale.
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Age group

Frequency	
1-10Y	11-20Y	21-30Y	31-40Y	41-50Y	51-60Y	61-70Y	>	70Y	284	318	920	741	429	433	383	321	Percent	
1-10Y	11-20Y	21-30Y	31-40Y	41-50Y	51-60Y	61-70Y	>	70Y	7.3999999999999996E-2	8.3000000000000004E-2	0.24	0.19400000000000001	0.112	0.113	0.1	8.4000000000000005E-2	



gender

male	
Count GPB	 % GPB	Count GNB	% GNB	336	0.316	975	0.35199999999999998	female	
Count GPB	 % GPB	Count GNB	% GNB	726	0.68400000000000005	1792	0.64800000000000002	



Bacterial isolates

Frequency	
Acinetobacter spp	Citrobacter spp	E.coli	Enterobacter spp	Klebsiella pneumoniae	Klebsiella spp	Proteus mirabilis	Pseudomonas aeruginosa	Pseudomonas spp	CONS	Enterococcus facium	Enterococcus species	non haemoltic strpt	Staph. aureus	viridance streptococcus	49	51	1829	59	177	196	25	179	202	93	11	441	163	348	6	Percent	
Acinetobacter spp	Citrobacter spp	E.coli	Enterobacter spp	Klebsiella pneumoniae	Klebsiella spp	Proteus mirabilis	Pseudomonas aeruginosa	Pseudomonas spp	CONS	Enterococcus facium	Enterococcus species	non haemoltic strpt	Staph. aureus	viridance streptococcus	1.2999999999999999E-2	1.2999999999999999E-2	0.47799999999999998	1.4999999999999999E-2	4.5999999999999999E-2	5.0999999999999997E-2	7.0000000000000001E-3	4.7E-2	5.2999999999999999E-2	2.4E-2	3.0000000000000001E-3	0.115	4.2999999999999997E-2	9.0999999999999998E-2	2E-3	







