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Abstract 
This was a retrospective study of urine cytobacteriological examinations (ECBU) aimed at determining the antibiotic sensitivity profile of enterobacteria isolated in UTIs at the bacteriology and virology laboratory of the Fann National University Hospital during the period 2022–2023. The prevalence of UTIs was 23.7%, enterobacteria represented 70.32% of the isolated germs with a predominance of E.coli (48.5%) followed by K. pneumonia (23.7%) and Enterobacter spp. (11. 6%). We noted The results were poor susceptibility of the strains to beta-lactams, with ESBL rates of 46% for E. coli, 53.5% for K. pneumoniae, and 50% for Enterobacter spp. ESBL-Es had good susceptibility to imipenem and amikacin (91.9%) and (83.7%), respectively. However, poor activity was noted with for floroquinolones, with resistance rates of 66.7%, for ciprofloxacin and 62% for norfloxacin. The activity of aminoglycosides and imipenem remains acceptable, and these molecules could constitute an alternative in the management of UTIs.
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INTRODUCTION
Urinary tract infections (UTIs) represent a major public health issue today, both for their impact in terms of morbidity and mortality, but also for the cost they represent for society [5, 6]. Indeed, they occupy a significant place among bacterial infections today, with an overall annual incidence of around 250 million cases [16] and rank second after respiratory infections [11]. In France, the incidence of urinary tract infections is estimated at between 4 and 6 million per year, making them one of the leading causes of bacterial infections [21]. Among the bacteria responsible for UTIs, Gram-negative bacilli are the majority, with 70 to 95% of Escherichia coli followed by Proteus mirabilis, Staphylococcus saprophyticus, Klebsiella pneumoniae and Pseudomonas aeruginosa [6,7,4]. In recent years, the increasing exposure of bacteria to antibiotics has favored the selection of antibiotic-resistant bacterial strains as well as the emergence and dissemination of multi-resistant uropathogenic bacteria, sometimes leading to therapeutic failure [19]. The treatment of UTIs is essentially based on appropriate antibiotic therapy to prevent possible worsening or relapse, hence the need for regular access to data on bacterial epidemiology to improve the monitoring of antibiotic resistance.
It is with this in mind that we this work was conducted this a retrospective study to determine the prevalence of urinary tract infections, the mapping of urinary pathogenic Enterobacteriaceae, and their sensitivity to antibiotics.

Methodology
This was a retrospective study covering the year 2022, involving urine samples received at the bacteriology-virology laboratory of the FANN University Hospital. Bacterial identification was performed using a standard method for determining phenotypic characteristics (morphological and biochemical). The antibiogram was carried out by the diffusion method in agar medium according to the recommendations of the Antibiogram Committee of the French Society of Microbiology CA-SFM 2022. The search for ESBL was carried out by the synergy test between a disc of amoxicillin + clavulanic acid and one of the discs of a third-generation cephalosporin (cefotaxime, ceftriaxone, ceftazidime). The presence of ESBL is characterized by a "champagne cork" image. Other classes of antibiotics (aminoglycosides, fluoroquinolones, cotrimoxazole, nitroxoline and fosfomycin) are tested to determine cases of co-resistance. Patient data were extracted from the laboratory register, entered into Excel and analyzed with SPSS IBM 25 software.



Results
Sociodemographic Characteristics
Our study included 2,408 patients with a median age of 47 years and a range of 1 month to 101 years. The study population consisted predominantly of men, n=1,365 (56%), with a sex ratio of 1.3, and 70% of patients were of external origin (n=1,686) (Table I).

Table I: Sociodemographic Characteristics of the Study Population
	
	
	Workforce
	Pourcentage (%)

	Gender
	M
	n=1365
	56

	
	F
	n=1043
	44

	Origin
	Internal
	n=722
	30

	
	External
	n=1686
	70

	Age
	Médian
	Minimum
	Maximum

	
	47
	1 month
	101 years



According to the age group, we noted a diversity of the population with a predominance of patients aged between 61 and 85 years, n=707 (35.6%) followed by patients under 30 years; n=606 (30.5%) (Figure 1).

Figure 1: Distribution of patients by age group




Distribution of hospitalized patients by department
Among the hospitalized patients, the majority came from the Infectious and Tropical Diseases Department (SMIT) (n=168), Neurology (n=152), Geriatrics (n=90), and Neurosurgery (n=81) respectively (Figure 2).

Figure 2: Distribution of hospitalized patients by origin
Prevalence of urinary tract infections
We noted a prevalence of urinary tract infections of around 23.7%. The relationship between the occurrence of UTI and external origin was statistically significant with a p-value of = 0.002; OR = 0.64; CI (0.555-0.739), as was the relationship with female gender, p-value = 0.014, OR = 1.2; CI (1.038-1.384) (Figure 3).


Figure 3: Prevalence of urinary tract infections
Mapping of uropathogenic Enterobacteriaceae
Among the bacteria isolated from urinary tract infections, Enterobacteriaceae represented 70.32%, with E. coli predominating at 48.5%, followed by K. pneumoniae at 23.7%, and Enterobacter spp at 11.6% (Figure 4).


Figure 4: Distribution of Enterobacteriaceae responsible for UTI
Susceptibility profile of Enterobacteriaceae to beta-lactam antibiotics
We noted poor activity of the amoxicillin-clavulanic acid and ticarcillin-clavulanic acid combinations. For E. coli strains, the resistance rates were 69.5% and 72.3%, respectively, for the amoxicillin-clavulanic acid and ticarcillin-clavulanic acid combinations.
For K. pneumoniae strains, resistance rates were 72.2% for amoxicillin-clavulanic acid and 73.5% for ticarcillin-clavulanic acid.
Resistance to the ticarcillin-clavulanic acid combination was 77.8% for Enterobacter spp. strains.
Similarly, the activity of third-generation cephalosporins was poor. Resistance rates to ceftriaxone were 51.16% for E. coli, 62.5% for K. pneumoniae, and 64% for Enterobacter spp.
In contrast, imipenem had good activity, with sensitivity rates of around 98% for E. coli, 97.6% for K. pneumoniae, and 95% for Enterobacter spp.

Table II: susceptibility profile of enterobacterial species to different beta-lactam molecules
	
	E. coli
	K.pneumoniae
	Enterobacter spp

	Antibiotics
	S(%)
	R(%)
	S(%)
	R(%)
	S(%)
	R(%)

	Amoxicilline
	12,6
	87,3
	RN
	RN
	RN
	RN

	Amoxicilline-acide clavulanique
	30,4
	69,5
	27,7
	72,2
	RN
	RN

	Ticarcilline
	13,8
	86,1
	RN
	RN
	16 
	83,7 

	Ticarcilline-acide clavulanique
	27,6
	72,3
	26,5
	73,5
	22,2 
	77,8 

	Céfalotine
	36,8
	63,2
	33,8
	66
	RN
	RN

	Céfoxitine
	61,1
	38,9
	53,2
	46,7
	27 3
	72 7

	Céfotaxime
	52,9
	47,09
	47,5
	52,5
	42,8
	57,14 

	Ceftriaxone
	48,8
	51,16
	37,5
	62,5
	36
	64

	Céftazidime
	52,5
	47,5
	46,2
	53,8
	42,8
	57,2

	Céfépime
	56,7
	43,3
	48,8
	51,2
	44,7
	55,2

	Aztréonam
	57,1
	42,8
	51,3
	48,7
	47,4
	52,6

	Imipenème
	98
	2
	97,6
	2,4
	95
	5


RN: natural resistance
Resistance Phenotype of E. coli Strains to Beta-lactams
We noted poor susceptibility of E. coli strains to beta-lactams, with 46% of  ESBL-producing strains, 27% of low-level penicillinase-secreting strains, 13% of high-level penicillinase-secreting strains, and approximately 2% carbapenem resistance. In contrast, 12% of E. coli strains exhibited a wild-type phenotype to beta-lactams (Figure 5).

Figure 5: Beta-lactam resistance phenotype of E. coli strains
Beta-lactam resistance phenotypes of K. pneumoniae strains
We noted strong beta-lactam resistance, with a predominance of  ESBL-producing strains (53.5%). In addition, 30% of the strains had a wild-type beta-lactam profile ,14% secreted high-level penicillinase , and 2.4% had carbapenem resistance (Figure 6).


Figure 6: Beta-lactam resistance phenotypes of K. pneumoniae strains
Resistance phenotype of Enterobacter spp strains to beta-lactams
We noted strong resistance to beta-lactams, with a predominance of ESBL-producing strains (50%) and a 5% resistance to carbapenems (Figure 7).



Figure 7: Beta-lactam resistance phenotype of Enterobacter spp. strains
Distribution of ESBLs by Enterobacteriaceae species
In total, we isolated 136 ESBL-producing strains, the majority of which were E. coli, with a rate of 54% (n=73). Figure 8.

Figure 8: Distribution of ESBL-producing Enterobacteriaceae
Distribution of ESBL-producing Enterobacteriaceae by origin
A predominance of ESBL-producing strains was observed among hospitalized subjects, with a rate of 53% (n=72) (Figure 9).


Figure 9: Distribution of ESBL-producing Enterobacteriaceae by origin
Distribution of ESBL-producing Enterobacteriaceae by clinical department
ESBL-producing Enterobacteriaceae species were mainly found in the neurology, neurosurgery, SMIT, and geriatric departments.

Figure 10: Distribution of ESBL-producing Enterobacteriaceae by clinical department
Co-resistance of ESBL-producing Enterobacteriaceae to other antibiotic families
Regarding the sensitivity of ESBL-producing bacterial strains to other antibiotics, imipenem activity was well preserved, with a sensitivity rate of 91.9%. Regarding aminoglycosides, good sensitivity was noted with amikacin, at 83.7%, unlike tobramycin and gentamicin, which had low activity, with resistance rates of 58.4% and 50.8%, respectively. Similarly, a high rate of co-resistance with fluoroquinolones was noted. Indeed, 66.7% were resistant to ciprofloxacin and 62% to norfloxacin (Figure 11).

Figure 11: Susceptibility profile of E-BLSE to other antibiotic molecules
Discussion
A total of 2,408 urine culture samples were performed on patients with a median age of 47 years who were admitted to the FANN bacteriology and virology laboratory during 2022. Among the urine samples collected, 570 met the criteria for defining a UTI, a rate of 23.7%. This positivity rate is consistent with the results of H. Zahir et al. in 2019, a study on the microbial ecology and antibiotic susceptibility of bacteria isolated from urinary tract infections in children in Morocco" [34]. Furthermore, lower rates were obtained with Hailaj et al. in 2016 on the study of the antibiotic susceptibility of uropathogenic bacteria in the city of Nouakchott - Mauritania with a positivity rate of 18.4% [12] as well as with Romli et al. in Morocco (11%)[30]. The majority of patients were of external origin with a rate of 70% (n=1686) with a sex ratio of 1.3. These results are similar to those obtained in the study by Lahlou et al. on the epidemiology and antibiotic resistance of enterobacteria isolated from urinary tract infections at the Moulay-Ismail military hospital in Meknes from 2006 to 2008, of which 30% of patients were hospitalized versus 70% outpatients [22].	Comment by lenovo: The Number of the reference	Comment by lenovo: The Number of the reference
	Comment by lenovo: The year of the reference
These results confirm the literature that community-acquired bacterial infections are the most common [23]. Infections were more frequent in men (296/2408) than in women (270/2408). According to the age distribution, patients aged 21-40 years and 61-80 years were more affected by UTIs. This finding is in disagreement with the literature data reporting that urinary tract infections were more frequent in women than men. This can be explained by the fact that the majority of urine samples came from male patients. The association between sex and the occurrence of infection is significant with a higher risk in women according to a p value of 0.016. This finding could be explained by the differences observed in the anatomical level of the urinary system in the two sexes. Indeed, the vaginal opening and the proximity of the anal region are two major factors which promote the occurrence of urinary tract infections through the ascending adhesion of uropathogenic coliforms to uroepithelial cells [15].
The distribution of bacterial etiologies showed a predominance of E. coli (48.5%) followed by Klebsiella pneumoniae (23.7%), Enterobacter spp 11.6% and Klebsiella oxytoca (5.9%). These results are in agreement with the literature data reporting that Escherichia coli was the predominant bacterium in urinary tract infection [2, 8].
The study of the sensitivity of enterobacteria to antibiotics showed that 53.7% of Klebsiella spp were producers of ESBL, 50% of Enterobacter spp and E coli (46%). These results are consistent with those of Moutachakkir et al. in 2014 in Marrakech, whose distribution of enterobacteria producing ESBL according to the species showed a clear predominance of K. pneumoniae with 48% [26]. On the other hand, a study carried out in the city of Nouakchott in 2015, showed that 56% of E. coli were producers of ESBL followed by Klebsiella spp with a rate of 41.79% [13]. This could be explained by various factors such as the misuse of beta-lactams including 3rd generation cephalosporins; which was reported by Da et al. in his study on the state of antibiotic resistance in sub-Saharan Africa stating that ceftriaxone is one of the most frequently prescribed antibiotics in Africa, and resistance to this antibiotic is one of the indicators of ESBL for enterobacteria [7]. Besides this selection pressure, plasmid transmission of genes coding for ESBL is responsible for their rapid dissemination as well as the increase in the prevalence of ESBL-producing bacteria throughout the world [31]. Concerning carbapenems, the activity of imipenem is well preserved with low resistance rates for strains of E coli (2%), Klebsiella spp (2.4%) and Enterobacter spp (5%). The emergence of carbapenem-producing strains is thought to be due to the increase in consumption of imipenem for the treatment of ESBL-E infections, which are constantly increasing [33].
Regarding fluoroquinolones, we noted a lower activity with a higher sensitivity of ciprofloxacin in strains of K. pneumoniae (68.7%) and Enterobacter spp. (61.4%) compared to E. coli (54.1%). This resistance rate is much higher than those from the studies of Arsalane et al. on infant urinary tract infections in a Moroccan hospital (2009–2010) with rates of 12% for E.coli, 17% for K.pneumoniae and Enterobacter cloacae [3]. These results showed that there has been a clear evolution of antibiotic resistance in recent decades which could be linked to the high consumption of fluoroquinolones for the treatment of urinary tract infections [28]. Moreover, several authors state that exposure to fluoroquinolones is well identified as an important risk factor for the emergence of strains resistant to ciprofloxacin [18].
In our study, aminoglycosides showed good activity with an average efficacy of 90% for amikacin and 72% for gentamicin. This sensitivity rate is higher than that found by Hashemi et al. showing 30% resistance of Enterobacteriaceae strains to amikacin [14]. However, this activity of amikacin is low compared to that observed in a study carried out in Morocco on the antibiotic resistance profile of community-acquired uropathogenic Enterobacteriaceae with a sensitivity of 100% of E. coli, Klebsiella spp. and Enterobacter spp. strains to amikacin and gentamicin [27].	Comment by lenovo: Prefer the year and the number beside Hashemi et al.
In contrast to in vitro studies of nitroxoline on E. coli from outpatient departments in Germany, our results showed good activity of nitroxoline on E. coli strains (88.8%), Enterobacter spp. (81.1%) and K. pneumoniae (72.2%) [20].
Fosfomycin was more active on E. coli strains (70.1%) compared to K. pneumoniae (28.2%) and Enterobacter spp. (47.5%). This resistance to fosfomycin is dramatic compared to the results of C. O. Ebongue et al. where the most active molecules on enterobacteria were imipenem with a resistance rate of 1.3%, followed by amikacin (12.9%) and fosfomycin (13.4%) [9].
Concerning the ESBL-producing strains, a strong associated resistance is noted with fluoroquinolones with a rate of 66.7% for ciprofloxacin, 66.2% for levofloxacin as well as to Gentamicin (50.8%). This resistance rate is contradictory to the results of El Bouamri et al. concerning the recent evolution of the epidemiological profile of uropathogenic enterobacteria producing broad-spectrum β-lactamases in Marrakech, Morocco in 2013 with a co-resistance to ciprofloxacin of 82% and 74% for gentamicin [10]. Without a doubt, this strong resistance to gentamicin would be linked to the selection of resistant mutants accentuated by an abusive use of aminoglycosides often in association with very broad-spectrum beta-lactams for the treatment of severe infections [24]. This loss of aminoglycoside activity could be induced by different mechanisms such as the production of aminoglycoside-modifying enzymes such as aminoglycoside acetyltransferases (AAC), aminoglycoside nucleotidyltransferases (ANT) and aminoglycoside phosphotransferases (APH), the reduction of membrane permeability, the structural alteration of the ribosomal target and the expulsion of the antibiotic by the efflux system [29]. Regarding quinolones, chromosomal resistance in enterobacteria results essentially from the accumulation of mutations in DNA gyrase (GyrA, GyrB), then in topoisomerase IV which can be associated with the reduction of membrane permeability and/or the overexpression of efflux systems [17]. On the other hand, the activity of imipenem, amikacin and nitroxoline remains well preserved with respective sensitivity rates of (91.9%), (83.8%) and (83%). These are similar to the results of W. Marrakchi et al. According to a retrospective study (2009-2015) carried out in Tunisia on community-acquired urinary tract infections with enterobacteria secreting extended-spectrum beta-lactamases in diabetic subjects showing good sensitivity to imipenem with a resistance rate of 20.5% to amikacin [25].

CONCLUSION
Following this study, we noted:
A high prevalence of urinary tract infections (UTIs) with a rate of 23.7%, and the bacteriological profile showed a predominance of E. coli followed by K. pneumoniae and Enterobacter spp.
Low susceptibility to beta-lactam antibiotics with ESBL production at 51%, cross-resistance, especially to fluoroquinolones, and the emergence of carbapenem-resistant strains.
However, the activity of aminoglycosides and imipenem remains acceptable, and these molecules could constitute an alternative in the management of UTIs.
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