


Antibiotic sensitivity profile of Escherichia coli strains isolated from urinary tract infections at the FANN University Hospital Center


Abstract
This was a retrospective descriptive and analytical study conducted in 2022 at the Bacteriology-Virology Laboratory of the Fann National University Hospital Center, with the objective of determining the antibiotic sensitivity profile of uropathogenic E. coli strains. The data were entered into Excel 2013 and analyzed using IBM SPSS 25 software.
We noted poor bêta-lactam activity with a broad-spectrum bêta-lactamase (ESBL) production rate of 46%. Imipenem retained good activity with 98% of strains sensitive.
The sensitivity rate to fluoroquinolones was variable with average activity: ciprofloxacin (54.1%), levofloxacin (52.3%), norfloxacin (52.5%). 
Strong resistance was noted with cotrimoxazole, with only 24.4% of strains being sensitive. The activity of aminoglycosides was good : amikacin (90.4%), gentamicin (71.3%), tobramycin (70.1%). Good sensitivity of strains was also noted for nitroxoline (88.8%) and fosfomycin (74.0%). 
The study of the sensitivity of ESBL-producing strains shows better activity of imipenem (94.4%), amikacin (80.6%), nitroxoline (87.8%), and fosfomycin (77.1%) with high resistance to quinolones and cotrimoxazole.
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Introduction
Urinary tract infections (UTIs) are now a major public health issue [7]. They are one of the most common infections worldwide, threatening the health of billions of people around the world and placing a heavy burden on healthcare systems [13].
According to the epidemiology of UTIs, E. coli is the main bacterium involved [12]. It is widely accepted that uropathogenic E. coli originate mainly from the distal intestinal microbiota [11]. However, they possess virulence factors that enable them to colonize the urinary tract and persist despite the effective functioning of the host's defense mechanism [29 ;16]. These virulence factors include fimbriae, mainly type 1 and P fimbriae, which contribute to adhesion to the host cell surface, tissue invasion, biofilm formation, and cytokine induction; flagella, capsular lipopolysaccharide, outer membrane proteins, hemolysins, and siderophores [15;5]. 
Currently, increased resistance has been observed in uropathogenic E. coli to almost all commonly prescribed antibiotics due to its ability to accumulate resistance genes [2]. The most problematic mechanisms are the acquisition of genes encoding extended-spectrum β-lactamases, carbapenemases, 16S rRNA methylases, plasmid-mediated quinolone resistance (PMQR) genes, and mcr genes for colistin resistance [25]. This resistance leads to treatment failures, longer hospital stays, and increased treatment costs [8]. In light of this situation, monitoring antibiotic resistance appears essential in order to improve the management of urinary tract infections. It is with this in mind that the present study was conducted, with the aim of determining the sensitivity profile of E. coli to antibiotics.

Methodology
This was a retrospective study conducted in 2022, focusing on E. coli strains isolated from urine samples received at the Bacteriology-Virology Laboratory of the Fann University Hospital. Bacterial identification was performed using the conventional method based on morphological and biochemical characteristics. Antibiograms were performed using the agar diffusion method in accordance with the recommendations of the Antibiogram Committee of the French Society of Microbiology (CA-SFM 2022). ESBL testing was performed using the synergy test between an amoxicillin + clavulanic acid disc and one of the third-generation cephalosporin discs (cefotaxime, ceftriaxone, or ceftazidime) and is characterized by a “champagne cork” image. Patient data were extracted from the laboratory registry, entered into Excel 2016, and analyzed using IBM SPSS 25 software.
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Results    
Socio-demographic characteristics
A total of 188 patients with E. coli UTI were included. These patients had a mean age of 48.12 years with a standard deviation of 23.6. There was a predominance of female patients (56.4%) and hospitalized patients (68.1%) (Table 1).
Table 1 : Socio-demographic characteristics
	Charactéristics
	
	
	 N
	%

	Age
	
	
	
	

	average
	
	
	48,12
	

	Standard deviation
	
	
	23,6
	

	Gender
	
	
	
	

	F
	
	
	106
	56,4

	M
	
	
	82
	43,6

	Origins
	
	
	
	

	external
	
	
	60
	31,9

	Hospitalized
	
	
	128
	68,1



Distribution of patients by clinical department
The majority of patients came from the neurology (32%), infectious and tropical diseases (21%), and neurosurgery (14%) departments (Figure 1).

Figure 1 : Distribution of patients by department
GER : geriatrics ; NRCH : neurosurgery ; SAU : emergency room ; SMIT : Infectious and Tropical Diseases Department ; SMDT : occupational health service
Sensitivity of E. coli to bêta-lactams
We noted poor activity of amoxicillin-clavulanic acid and ticarcillin-clavulanic acid combinations on E. coli strains, with resistance rates of 69.5% and 72.3%, respectively. The activity of third-generation cephalosporins was average, with a resistance rate to ceftriaxone of 51.16%. Imipenem showed good activity with a sensitivity rate of 98% (Figure 2).

Figure 2 : Sensitivity of E. coli strains to bêta-lactams
The prevalence of ESBL-producing strains was 46%, with a predominance of community-acquired strains (65.5%) and a statistically significant association ; p=0.001 (Table 2).
Table 2 : Distribution of ESBL-producing strains by origin

	Origins
	ESBL
	not ESBL
	p-value

	External
	39,05%
	60,95%
	
0,001

	hospitalized
	65,50%
	34,50%
	



Sensitivity of E. coli to other classes of antibiotics
We noted good sensitivity of E. coli strains to aminoglycosides, with particularly high activity of amikacin (90.4%), followed by gentamicin (71.3%) and tobramycin (70.1%). Similarly, nitroxoline and fosfomycin showed good activity, with sensitivity rates of 88.8% and 74.0%, respectively. With regard to fluoroquinolones, we noted average activity with sensitivity rates of around 54.1% for ciprofloxacin, 52.3% for levofloxacin, 52.5% for norfloxacin, and 53.4% for pefloxacin. 
However, high resistance was noted for the combination of trimethoprim and sulfamethoxazole (cotrimoxazole); only 24.4% of strains were sensitive (Figure 3).


Figure 3 : Sensitivity profile of E. coli strains to other antibiotic molecules

Sensitivity of ESBL-producing E. coli to other antibiotics
We observed good activity for imipenem (94.4%), amikacin (80.6%), nitroxoline (87.8%), and fosfomycin (77.1%). Gentamicin and tobramycin were less effective, with rates of 49.2% and 44.6%, respectively.
However, 90% of strains were resistant to the combination of trimethoprim + sulfamethoxazole, and poor activity was noted with fluoroquinolones, including ciprofloxacin (22.03%), levofloxacin (22.05%), and lanorfloxacin (21.7%) (Table 3).
Table 3 : Susceptibility profile of ESBL-producing E. coli strains to other antibiotic molecules

	Antibiotics
	R(%)
	S(%)

	Imipenème
	5,6
	94,4

	Amikacine
	19,4
	80,6

	Tobramycine
	55,4
	44,6

	Gentamicine
	50,8
	49,2

	Triméthoprime + Sulfaméthoxazole
	90
	10

	Ciprofloxacine
	77,97
	22,03

	Lévofloxacine
	77,95
	22,05

	Norfloxacine
	78,3
	21,7

	Péfloxacine
	74,6
	25,4

	Nitroxoline
	12,2
	87,8

	Fosfomycine
	22,9
	77,1



Discussion
This retrospective study aimed to determine the sensitivity profile of uropathogenic E. coli strains isolated in 2022 at the Fann Bacteriology and Virology Laboratory. It involved a population of 188 patients with UTI, whose average age was 48.12, with a predominance of females (56.4%) and hospitalized patients (68.1%). The majority of the study population consisted of patients from the neurology (32%), infectious and tropical diseases (21%), and neurosurgery (14%) departments. This gender disparity in the population may be related to the hypothesis that being female is a risk factor for UTI for anatomical reasons and hormonal influence [4]. Similarly, the predominance of patients in neurology can be explained by the fact that this is an intensive care unit where patients are frequently immobilized and catheterized, both of which are risk factors for UTIs [32].
The study of antibiotic sensitivity showed variable activity rates among the isolated E. coli strains. With regard to bêta-lactams, we noted poor activity of the amoxicillin-clavulanic acid and ticarcillin-clavulanic acid combinations, with resistance rates of 69.5% and 72.3%, respectively. The activity of third-generation cephalosporins was moderate, with a resistance rate to ceftriaxone of 51.16%. Imipenem had good activity with a sensitivity rate of 98%. These results are consistent with those of an Algerian study conducted in 2017 on the sensitivity of uropathogenic E. coli to antibiotics, which reported a resistance rate of 63% to the combination of amoxicillin and clavulanic acid, low activity of ceftriaxone (22%), and good susceptibility to imipenem (100%) [27].
Similarly, in an Iranian study, 63.8% of E. coli were resistant to amoxicillin/clavulanic acid, 61.1% to third-generation cephalosporins, while 100% sensitivity was observed [29]. The preservation of imipenem activity (99.2%) observed in our study was also noted in a study conducted by Gharavi et al. in 2021 on the antimicrobial susceptibility profile of uropathogenic E. coli [10]. However, lower activity (74%) was found by Hosseini et al. in 2019 in northeastern Iran [14]. The ESBL production rate was 46% with a predominance of strains of external origin (65.5%) and a statistically significant association; p=0.001. A similar value was reported in a Malian study on UTIs with 47.83% [21]. On the other hand, this prevalence is higher than that reported in a Tanzanian study (23%) and remains lower than that reported in the Sudanese study (56%) [19 ;28]. With regard to aminoglycosides, good sensitivity was noted, with amikacin showing the best activity (90.4%), followed by gentamicin (71.3%) and tobramycin (70.1%). A study conducted in south-eastern Poland in 2015 on the sensitivity to aminoglycosides of E. coli isolated from community-acquired UTIs in adults showed higher sensitivity rates: amikacin (100%), gentamicin (90.7%), tobramycin (89.5%) [6].  In contrast, lower activity was noted in Burkina Faso, with resistance rates of 26.3% for amikacin and 56% for gentamicin [17]. Paradoxically, another study conducted in Bobo-Dioulasso, Burkina Faso, showed good susceptibility: amikacin (93%), gentamicin (52%) [18].
The sensitivity rate to fluoroquinolones varied: ciprofloxacin (54.1%), levofloxacin (52.3%), norfloxacin (52.5%), pefloxacin (53.4%). These results are similar to those reported on the prevalence of quinolone-resistant uropathogenic E. coli in a tertiary care hospital in southern Iran, with variable sensitivity rates: norfloxacin (55.4%), ciprofloxacin (51.6%), levofloxacin (52.1%) [22]. Studies conducted elsewhere have reported variable results [30 ; 3].
Fosfomycin showed good activity with a sensitivity rate of 74.0%. A lower value was noted in a study conducted in children at Minia University Hospital (61.5%) [1]. However, higher activity (93.9%) was noted in 2017 in Pakistan [23].
Strong resistance was noted for the combination of trimethoprim and sulfamethoxazole (75.6%). The same observation was made in the results of Obaseiki-Ebor et al, who noted 80% resistance, and in those of Pouwels et al, where almost all (96%) E. coli isolates were resistant to cotrimoxazole [24 ;26]. However, this value is higher than that noted in a study on the sensitivity of E. coli to antimicrobials at the Ibn-Sena Hospital in Benghazi, Libya, which found a resistance rate of 47.7% to cotrimoxazole [9].  
Regarding ESBL-producing strains, there was good activity of imipenem (94.4%), amikacin (80.6%), nitroxoline (87.8%), and fosfomycin (77.1%). Gentamicin and tobramycin activity was 49.2% and 44.6%, respectively.
However, 90% of strains were resistant to the combination of trimethoprim + sulfamethoxazole, and poor activity was noted for fluoroquinolones: ciprofloxacin (22.03%), levofloxacin (22.05%), and norfloxacin (21.7%).
In a study on the frequency and antibiotic sensitivity of ESBL-producing E. coli isolated at Sikasso Hospital (Mali), poor activity was noted with cotrimoxazole and ciprofloxacin: resistance rates were 84.00% and 61.76%, respectively [20]. However, a similarity was noted with the results of Tamboli et al. concerning imipenem and amikacin, which had shown good activity with activity rates of 91.67% and 87.50%, respectively [31]. In addition, another study on the antimicrobial susceptibility profile of uropathogenic extended-spectrum β-lactamase (ESBL)-producing E. coli showed 100% susceptibility to imipenem [19].

Conclusion
We observed low bêta-lactam activity associated with a high proportion of ESBL-producing strains (46%). Resistance rates to fluoroquinolones were also high, while limited activity was noted for the combination of trimethoprim + sulfamethoxazole. However, imipenem and amikacin remain the most effective antibiotics, with good activity even against ESBL-producing strains.
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Cardiologie	CRCF	GER	Neurologie	NRCH	Pneumologie	SAU	SMDT	SMIT	0.05	0.02	0.12	0.32	0.14000000000000001	0.05	0.02	0.09	0.21	


S(%)	Amoxicilline	Amoxicilline-acide clavulanique	Ticarcilline	Ticarcilline-acide clavulanique	Céfalotine	Céfoxitine	Céfotaxime	Ceftriaxone	Céftazidime	Céfépime	Aztréonam	Imipenème	12.6	30.4	13.8	27.6	36.799999999999997	61.1	52.9	48.8	52.5	56.7	57.1	98	R(%)	Amoxicilline	Amoxicilline-acide clavulanique	Ticarcilline	Ticarcilline-acide clavulanique	Céfalotine	Céfoxitine	Céfotaxime	Ceftriaxone	Céftazidime	Céfépime	Aztréonam	Imipenème	87.3	69.5	86.1	72.3	63.2	38.9	47.09	51.16	47.5	43.3	42.8	2	



S	
Amikacine	Gentamicine	Tobramycine	Ciprofloxacine	Levofloxacine	Norfloxacine	Pefloxacine	Cotrimoxazole	Nitroxoline	Fosfomycine	0.90400000000000003	0.71299999999999997	0.70099999999999996	0.54100000000000004	0.52300000000000002	0.52500000000000002	0.53400000000000003	0.24399999999999999	0.88800000000000001	0.70099999999999996	R	Amikacine	Gentamicine	Tobramycine	Ciprofloxacine	Levofloxacine	Norfloxacine	Pefloxacine	Cotrimoxazole	Nitroxoline	Fosfomycine	9.6000000000000002E-2	0.28970000000000001	0.29899999999999999	0.45900000000000002	0.47699999999999998	0.45700000000000002	0.46600000000000003	0.75600000000000001	0.112	0.29899999999999999	I	Amikacine	Gentamicine	Tobramycine	Ciprofloxacine	Levofloxacine	Norfloxacine	Pefloxacine	Cotrimoxazole	Nitroxoline	Fosfomycine	0	0	0	0	0	0	0	0	0	0	






