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Multidrug-Resistant Uropathogens in Urinary Tract Infection Patients: A Comprehensive Study at Al-Rifai Teaching Hospital
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[bookmark: _GoBack]Abstract :
    Urinary tract infections (UTIs) are a frequent group of bacterial infections, with increasing prevalence of multi-drug resistant uropathogens. The prevalence, microbiological causes, and resistance patterns of uropathogens among the outpatients attending Al-Rifai Teaching Hospital with UTI symptoms formed the basis for this study. Among the 90 samples of urine, only 82 were positive. Bacterial isolation, identification, and drug susceptibility testing were performed using standard laboratory practices, using culture methods and Vitek systems. Statistical analysis was used for the assessment of the differences of the rates of infection among male and female patients. It is apparent that the prevalence of multi-drug resistance among uropathogens is significant, predominantly found among the female patients.
Introduction
      Urinary Tract Infections (UTIs) rank among the frequent types of infectious diseases identified not only within the healthcare facility, but also among the community, with millions of cases documented annually worldwide [1]–[4]. The rising cases of Multidrug-resistant (MDR) bacteria have posed numerous challenges, including decreased treatment success and the rising morbidity, healthcare-associated costs, and mortality rates [5]–[7].Uropathogenic Escherichia coli (UPEC) is recognized as the main causative agent of UTIs, but other Gram-negative and Gram-positive bacteria have also been recognized, especially within the perspective of drug resistance [8]–[10].
MDR organisms are rising because of the overuse and misuse of antibiotics, poor infection control practices, and the ability of bacteria to spread resistance genes [11]–[13]. For example, the problem of UTIs and MDR bacteria is made worse by resource deficiencies, the practice of self-medication, and the lack of effective antimicrobial stewardship programs, especially in the developing world, including Iraq [14]–[16]. Local epidemiology, resistance patterns, and demographic prevalence of uropathogens must be known for empirical treatment regimens and public health initiatives [17], [18].
This work was carried out at Al-Rifai Teaching Hospital, a large referral hospital that deals with a wide range of patients. To the best of our knowledge, it is the first study that assessed uropathogens identified using both conventional and automated (VITEK) systems for UTI patients on a regional level. Our findings add new data to the increasing literature regarding MDR uropathogens. The main aims of the study were to identify the prevalence, bacterial causes, and resistance patterns of uropathogens among the outpatient patients with UTIs and isolated from their urinary samples at Al-Rifai Teaching Hospital. Additionally, the study sought to evaluate the gender differences in the rates of the UTIs, types of the MDR organisms, and their implications for empirical treatment.
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[bookmark: materials-and-methods]Materials and Methods:
[bookmark: results]Study Design and Setting:
This cross-sectional, descriptive study was carried out between January and December 2023 at Al-Rifai Teaching Hospital, which is situated in the Thi Qar Governorate of the country of Iraq. It is a reference hospital for urological diseases, and it provides healthcare services for both urban and rural areas.
Study Population & Sample Collection:
    The population of interest was patients attending the urology clinic on outpatient sessions with symptoms of urinary tract infections, for example, dysuria, frequency, urgency, suprapubic discomfort, and fever. The inclusion criteria included patients aged 18 years and above, with no antibiotics taken in the last two weeks, and willingness to participate. The criteria for exclusion included recent catheterization, existing urologic abnormalities, and patients hospitalized within the last month.
A total of 90 samples of mid-stream urines were collected using sterile containers following the clean-catch technique[19],[20]. Patients were given training on how to collect the samples safely. Samples were transported to the microbiology laboratory within two hours of their collection or refrigerated at 4°C when transport was delayed.
Bacterial Isolation & Identification:
The urine samples were cultured onto blood agar and MacConkey agar plates using a calibrated loop with a volume of 0.001 mL. The plates were aerobically incubated at 37°C for 24 hours [21],[22]. The cutoff for significant bacteriuria was specified at ≥ 10^5 CFU per milliliter. Preliminary identification of species was performed on the basis of colony morphology, Gram stain, and a number of standard biochemical reactions, involving the following: catalase, oxidase, indole, citrate, urease, and coagulase reactions [23], [24]. For species identification and antimicrobial resistance, the bacteria were analyzed using the VITEK 2 Compact system (bioMérieux).
Quality control organisms (ATCC Escherichia coli 25922 and Staphylococcus aureus ATCC 25923) were used on the system.

Antibiotic Susceptibility Testing :
Susceptibilities to antimicrobials were evaluated using the Clinical and Laboratory Standards Institute (CLSI) guidelines [26]. The following results were generated using the VITEK 2 system, including Minimum inhibitory concentration (MIC) susceptibility interpretations for commonly used antibiotics:
- Amoxicillin
- Ciprof
- Ceftr
- Nitrofur
- Gentamicin
- Imipen
- Piperacillin
- Trimethop

Multidrug Resistance (MDR)
Multidrug resistance was defined as resistance to at least one drug in three or more antimicrobial classes [27]. DATA COLLECTION AND MANAGEMENT: Patient demographic and clinical information (age, gender, symptoms) was collected. Laboratory findings were recorded on a secure database. To prevent duplication of cases, only the initial isolate per patient was used for analysis. 
Statistical Analysis:
The Data analysis was performed using the IBM SPSS Statistics version 26. For demographic and microbiological data, descriptive statistics (frequency, percentage, mean, and standard deviation) were used. To study the association between the categorical variables, for example, the gender of the patients and the prevalence of infections, resistance, and so on, the Chi-Square Test was employed, with a significance level of p < 0.05. The proportion of MDR isolates was determined, and the OR with 95% CI was computed for the identified risk factors [28],[29]. 
Ethical issues were not missed: the study protocol was reviewed and approved by the Ethics Committee at Al-Rifai Teaching Hospital. Informed consent in writing was obtained from all participants, and the study was in accordance with principles of Helsinki Declarations and local laws of privacy for protection of patients' data.
Results and discussion : 
[bookmark: X5e325b9f62937a2e4b0ecfe16fbf63673e0d474]Overview of Sample Collection and Culture Results :
   The 90 urine samples collected, 82 (91.1%) yielded significant bacterial growth, while 8 (8.9%) showed no growth or insignificant bacteriuria.
[bookmark: X7528ddafb99b08ac26ce1ac4e1e7adfc39ab434]Table 1: Summary of Sample Collection and Culture Results
	Parameter
	Number (n)
	Percentage (%)

	Total samples collected
	90
	100

	Culture positive
	82
	91.1

	Culture negative
	8
	8.9


[bookmark: gender-distribution-of-positive-isolates]Gender Distribution of Positive Isolates :
Among the 82 positive cultures, 44 (53.7%) were from female patients and 38 (46.3%) from male patients.
[bookmark: X99f946a1c2aa708d43405d8f1df9f7f312c9eb3]Table 2: Gender Distribution of Positive UTI Cases
	Gender
	Number of Isolates
	Percentage (%)

	Male
	38
	46.3

	Female
	44
	53.7

	Total
	82
	100


Chi-square analysis revealed a higher prevalence of culture-positive UTIs among females compared to males (p = 0.03, significant).
[bookmark: bacterial-etiology]Bacterial Etiology :
    Escherichia coli was the most frequently isolated uropathogen, followed by Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa, and Staphylococcus saprophyticus.
[bookmark: Xe0731ce29629a0b78ab4b39d6f01db6431aa163]Table 3: Distribution of Uropathogens Isolated from Urine Samples
	Bacterial Species
	Number of Isolates
	Percentage (%)

	Escherichia coli
	48
	58.5

	Klebsiella pneumoniae
	14
	17.1

	Proteus mirabilis
	6
	7.3

	Pseudomonas aeruginosa
	5
	6.1

	Staphylococcus saprophyticus
	4
	4.9

	Enterococcus faecalis
	3
	3.7

	Others
	2
	2.4

	Total
	82
	100


[bookmark: antimicrobial-susceptibility-patterns]Antimicrobial Susceptibility Patterns :
     The antimicrobial susceptibility profiles demonstrated high levels of resistance to commonly used antibiotics, especially among E. coli and K. pneumoniae isolates. The highest rates of resistance were observed for amoxicillin-clavulanate and trimethoprim-sulfamethoxazole. Imipenem and nitrofurantoin remained the most effective agents.
[bookmark: X60727af332c6ce56cb9b49dd4cc37fbc04ecd56]Table 4: Antimicrobial Susceptibility of Major Uropathogens
	Antibiotic
	E. coli (n=48)
	K. pneumoniae (n=14)
	P. mirabilis (n=6)
	P. aeruginosa (n=5)
	S. saprophyticus (n=4)

	Amoxicillin-clavulanate
	16.7% S
	14.3% S
	16.7% S
	0% S
	25% S

	Ciprofloxacin
	37.5% S
	28.6% S
	33.3% S
	20% S
	50% S

	Ceftriaxone
	45.8% S
	35.7% S
	33.3% S
	40% S
	75% S

	Nitrofurantoin
	85.4% S
	71.4% S
	66.7% S
	0% S
	100% S

	Gentamicin
	60.4% S
	50% S
	50% S
	40% S
	75% S

	Imipenem
	95.8% S
	92.9% S
	83.3% S
	80% S
	100% S

	Piperacillin-tazobactam
	85.4% S
	71.4% S
	83.3% S
	80% S
	100% S

	Trimethoprim-sulfamethoxazole
	22.9% S
	14.3% S
	16.7% S
	0% S
	25% S


(S = Percentage of isolates susceptible)
[bookmark: prevalence-of-multidrug-resistance]Prevalence of Multidrug Resistance :
    Out of 82 positive isolates, 30 (36.6%) were classified as MDR based on non-susceptibility to at least one agent in three or more classes. MDR rates were highest among E. coli and K. pneumoniae.
[bookmark: X12cee70257e3841088a5d26bc9e551a2e2d2b2a]Table 5: Prevalence of MDR Uropathogens by Species
	Bacterial Species
	Total Isolates
	MDR Isolates
	MDR Rate (%)

	Escherichia coli
	48
	18
	37.5

	Klebsiella pneumoniae
	14
	6
	42.9

	Proteus mirabilis
	6
	2
	33.3

	Pseudomonas aeruginosa
	5
	2
	40.0

	Staphylococcus saprophyticus
	4
	1
	25.0

	Enterococcus faecalis
	3
	1
	33.3

	Others
	2
	0
	0

	Total
	82
	30
	36.6


[bookmark: recommendations]Differences in MDR Uropathogen Prevalence between

    Of the 30 MDR isolates, 17 (56.7%) were found in female patients, and the remaining 13 (43.3%) were found in male patients. However, the difference was not statistically significant (p=0.21). Chi-squared and Fisher exact tests were employed for group comparison. The proportion of MDR uropathogens was significantly higher for Escherichia coli and Klebsiella pneumoniae compared with other species (p < 0.01). Prevalence of MDR uropathogens was higher among females, but the difference was not statistically significant.

Key findings are:
- High prevalence of culture-proven urinary tract infections (UTIs) among symptomatic outpatients (91.1%).
- More females developed UTI compared with males (53.7% vs. 46.3%).
- $E. coli$ was the predominant uropathogen, with a high MDR rate of 37.5%.
- Imipenem/nitrofurantoin retained high potency against the majority of the organisms
- In total, 36.6% of the isolates were designated MDR. - No statistically significant gender difference for MDR rates.
Discussion:
Prevalence & Demographic Distribution:
The high culture-proven UTI, at 91.1%, is consistent with other studies carried out in the Middle East and elsewhere, where UTIs are recognized as posing a significant load on the healthcare systems of these countries, according to reports [30-33]. The percentage of women, at 53.7%, is consistent with the established physiological susceptibilities of women, who have a shorter urethra, among other factors, closer to the anal area [34-36].


Bacterial Etiology :
Consistent with the literature, Escherichia coli was the predominant Uropathogen, contributing 58.5% of the isolates [37]–[39]. This was followed by Klebsiella pneumoniae, Proteus mirabilis, and Pseudomonas aeruginosa. Though not very common, the recovery of Gram-positive bacteria, Staphylococcus saprophyticus, and Enterococcus faecalis, also supports the fact that UTIs have varied etiology and hence require comprehensive testing [40], [41].
Antimicrobial Susceptibility & Resistance Patterns :
The antimicrobial susceptibility testing results indicated exorbitant resistance rates for the critically important drugs like amoxicillin clavulanate and trimethoprim-sulfamethoxazole, indicating a tendency seen among neighboring countries and worldwide [42-44]. The good resistance profile of imipenem and nitrofurantoin allows their continued use for the initial empirical treatment, although with a rising trend in resistance, close vigil should be maintained [45, 46].
The MDR rate among uropathogens was as high as 36.6%, which is an alarmingly growing antibiotic-resistance issue in the Iraq region and beyond [47], [48]. E. coli and K. pneumoniae, the two highly potent bacterial pathogens, then had the highest rates of MDR, possibly owing to their higher ability to take up resistance genes such as ESBLs, carbapenemases, and efflux mechanisms [49]–[51].P. aeruginosa and Enterococcus faecalis, although less common, remain of concern because of their reduced treatment possibilities [52], [53].
Gender Differences:
Even though females tended to have higher prevalence rates of urinary tract infections and multidrug-resistant bacteria, these were not significantly different. Therefore, the prevalence of resistance appears less dependent on gender per se, although perhaps on behavior or hormones, for the causative organism and the environment playing a larger role [54, 55].

Comparison with Regional and Global Data: The results support previous studies carried out in Iraq, Iran, and Turkey, where a high prevalence of MDR uropathogens, along with decreased susceptibility to commonly used antibiotics, was reported [56]–[60]. The Egyptian, Saudi, and Jordanian studies also support the fact that the prevalent UTI-causing pathogen, Escherichia coli, reported MDR ranging between 20% and 50% [61]–[64]. The reasons for increasing MDR are numerous and include the liberal use of antibiotics, the habit of self-medication, and the poor compliance of patients with the treatment regimens, among other factors [65], [66].
Clinical Practice Implications: The prevalence of MDR uropathogens mandates a rethinking of the empirical treatment of UTIs. Even though nitrofurantoin, fosfomycin, and carbapenems are still valid treatments for uncomplicated UTIs, the empiric treatment strategy should take into consideration the local resistance rates and antimicrobial stewardship principles [67], [68], [69]. Culture and susceptibility results are indispensable for guiding appropriate treatment, as well as reducing unnecessary use of antibiotics, thus avoiding selective pressure [70].
Conclusions: 
[bookmark: references]     This study highlights the high prevalence of UTIs and MDR uropathogens among outpatients attending the Al-Rifai Teaching Hospital, with Escherichia coli remaining the predominant organism, showing significant resistance patterns to the commonly used antibiotics.Imipenem and nitrofurantoin are the antibiotics that retain high activity against the predominant organisms. The development of MDR organisms emphasizes the need for instruments of antimicrobial stewardship.
Limitation: There are several limitations of the current study. It is a single-center study, and the sample size, although sizable, is not large enough. It does not include patients who require hospitalization and children. It did not probe into the resistance mechanisms at the molecular level because of resource constraints. However, the study offers a baseline for other intervention studies.




Recommendations:
- Empirical treatment of urinary tract infections should follow local susceptibility patterns, and the use of nitrofurantoin and imipenem should be considered for confirmed or suspected MDR.
- Incorporate antimicrobial stewardship programs that ensure the appropriate use of antibiotics and prevent the development of resistance.
- Carry out periodic surveillance of the uropathogen prevalence rates and resistance patterns on the institutional and national scales.
- Carry out awareness campaigns among the public on the risks of self-medication and inefficient use of antibiotics.
- Continued studies using molecular technology for the characterization of resistance and the surveillance of the spread of MDR clones should be undertaken.
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