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ABSTRACT 

	Background: Urinary tract infections (UTIs) represent a significant global public health issue, second only to respiratory infections, and are a leading cause of morbidity and mortality worldwide. Bacterial pathogens are the primary etiologic agents of UTIs, which can affect both the upper and lower urinary tracts, manifesting in symptoms like fever, dysuria, urgency, flank pain, burning sensations, suprapubic tenderness, and intermittent urine.
Aim: This study aimed to describe the bacterial profile and resistance profile of community-acquired urinary tract infections in adults in the city of Abidjan (Côte d'Ivoire).
Place and Duration of Study: Medical laboratories (Yopougon, North-Abidjan and Plateau, South-Abidjan) (Côte d'Ivoire), between September 2020-December 2022.
Methodology: This retrospective study included adult patients with urinary tract infections. Following a macroscopic examination, a microscopic examination of a urine sample was carried out. Thus, one (1) µL of urine suspension was then inoculated onto various agar media and incubated for 24 hours. Bacterial identification was carried out using the API 20 E system or a rack of Le Minor. Subsequently, susceptibility testing for five classes of antibiotics (beta-lactams, aminoglycosides, cyclins, quinolones and phosphonic acids), manly on Gram-negative bacilli, was carried out using ATB G-EU or discs, and zones of inhibition were detected.
Results: A total of 500 samples were recorded across the two laboratories. At the Plateau laboratory, out of a sample size of 273 patients, 12.82 % presented a positive ECBU, with an average age of 60 ± 2.62 years and a sex ratio (M/F) of 0.5. Four types of microorganisms were identified, including 88.15 % Gram-negative bacilli, predominantly Escherichia coli (60 %); 1.10 % Gram-positive cocci; 2.20 % yeasts (Candida albicans); and 1.10 % intracellular bacteria (Chlamydia trachomatis). As for the Yopougon’s laboratory, 24.67 % of positive cases (out of a total of 227), with an average age of 45 ± 2.20 years and a sex ratio (M/F) of 0.3. Only one type of pathogen was isolated. These were Gram-negative bacilli, predominantly E. coli (57.17%), followed by Klebsiella pneumoniae (23.21%) and Enterobacter cloacae (12.5%). Thus, overall 97.6 % of Gram-negative bacilli were found in both laboratories, with a predominance of E. coli (58.8 %) followed by Klebsiella pneumoniae (25.2 %) and Enterobacter cloacae (12.5%).
Furthermore, the antibiogram carried out on Gram-negative Bacilli revealed a high overall resistance in E. coli with 47.17% for penicillins (amoxicillin); 39.62% for cephalosporins. Regarding fluoroquinolones, resistance to ciprofloxacin was 62.26% and 67.92% for ofloxacin. As for the aminoglycosides (amikacin), which was 96.88% (Yopougon laboratory). With regard to the other predominant isolated germs, Klebsiella pneumoniae and Enterobacter cloacae also exhibited high resistance to these different antibiotics at over 60%. Among the other isolates (P. aeruginosa, P. mirabilis, S. marcescens, E. aerogenes, Lerinea sp, K. oxytoca), the resistance observed are varies and is limited to only some of the antibiotics studied.
Conclusion: This study showed that 97.6 % of the isolates were Gram-negative bacilli, a predominance of Escherichia coli and Klebsiella pneumoniae species in urinary tract infections both in the northern and southern areas of the city of Abidjan, and with resistance levels rising steadily (from 39.62% to 96.88%). This resistance is particularly high resistance to fluoroquinolones (ciprofloxacin; ofloxacin) (over 60%) and aminoglycosides (96.88%).
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1. INTRODUCTION 

Community-acquired urinary tract infections are defined as an infection contracted outside of a health care facility or present at the time of admission, primarily affecting individuals with uncomplicated UTIs caused by intestinal microbial flora. Most UTIs are caused by a single pathogen, polymicrobial infections are more common in geriatrics, with two to five bacterial strains often involved. These infections typically arise when the host GI microbiota colonize the urethra ascends to the bladder then migrates to the kidney or prostate and an imbalance between the host responses and bacterial virulence (Alebachew et al., 2025). According to the WHO, urinary tract infections are common in community and hospital settings, with a higher incidence and increasing resistance in Africa (WHO, 2014; WHO, 2022). Studies report that they are predominantly women (Mutombo et al., 2015; Mengistu et al., 2023). The frequency of these infections is estimated at 150 million cases per year worldwide (Bertholom, 2016). This frequency is related to predisposing factors, notably the uropathogenicity of the germs involved. These infections are notable for their clinical varieties and are due to pathogens of all kinds (bacterial, fungal, or parasitic). In community settings, bacterial urinary tract infections are the most common, with Escherichia coli predominating, followed by other enterobacteria such as Klebsiella pneumoniae, Proteus mirabilis and Pseudomonas aeruginosa. As the incidence of UTI in older individuals continues to rise, it has become increasingly crucial to improve diagnosis methods, enhance prevention strategies, and improve healthcare by optimizing treatment protocols. UTIs are also one of the main reasons for the misuse of antimicrobial drugs in the community, causing the burden of antimicrobial resistance to increase (Taha, 2024). Gram-positive bacteria, including Staphylococcus saprophyticus, Staphylococcus aureus, Enterococcus faecalis, and Streptococcus agalactiae, are found less often (Taale et al., 2016). Furthermore, the treatment of urinary tract infections raises the issue of antimicrobial resistance (Müller-Schulte et al., 2020; Diarra et al., 2022). Indeed, they must be subject to with appropriate antibiotic therapy to prevent worsening or relapse. Moreover, most antibiotic therapies prescribed to treat these urinary tract infections represent a very small percentage of antibiotic prescriptions (Lafaurie & Lepeule, 2013). This has a significant ecological impact because it promotes selection pressure for resistant strains, as is the case with E. coli species (Lafaurie & Lepeule, 2013).
In Côte d'Ivoire, studies on urinary tract infections are most often reported in pregnant women, children, and in cases of nosocomial infections rather than in adults (Kouassi-M'Bengue et al., 2008; Boby et al., 2012; Cissé et al., 2017; Koffi et al., 2020).
The objective of this study is to investigate both the frequency of germs in community-acquired urinary tract infections in adults generally, regardless of gender, and their resistance to commonly used first-line antibiotics in Côte d'Ivoire, particularly in the largest city (Abidjan).

2. methodology 

This is a retrospective study that included 500 adult patients with urinary tract infections recorded between September 2020 and December 2022 at medical laboratories (“FSUCOM Toit Rouge”, Yopougon, North Abidjan and “Place de la République” Plateau, South Abidjan) (Côte d'Ivoire). Furthermore, any files with incomplete biological data were not included in this study.
After a macroscopic examination, a microscopic examination of a fresh drop of urine deposited between a slide and cover slip on a Malassez cell and observed at magnification 40x was used to search for bacteria and cells (leukocytes, red blood cells, yeast). Microscopic examination using Gram staining of the previously dried smear, observed under immersion oil at magnification 100x, enabled the differentiation of bacteria. Bacteria were cultured and isolated on four culture media, including MacConkey, Cled, EMB, and Columbia agars.
In addition, a 1µL inoculum of homogenized urine suspension was deposited using a calibrated loop into Petri dishes, which were then incubated in the oven for 24 hours.
After reading the culture media, the germs were identified on an API 20 E gallery for samples from the Plateau laboratory and on a Leminor rack for those from the FSUCOM laboratory. Subsequently, an antibiogram to assess the susceptibility of bacteria to antibiotics was performed on positive urine cultures with bacterial growth greater than or equal to 104 CFU/mL. ATB G-EU was used for the Plateau laboratory and antibiotic discs were deposited using the Kirby-Bauer diffusion method for the Yopougon FSUCOM Toit Rouge laboratory. The inhibition zones were read in accordance with the rules of the Clinical & Laboratory Standards Institute: CLSI, 2020) and the European Committee on Antimicrobial Susceptibility Testing: EUCAST, 2024).
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The results of this study population revealed 500 cases of patients suffering from urinary tract infection, with 18.2 % positive cases and 81.8 % negative cases. Among the positive cases, 38.46 % were from the Plateau laboratory and 61.54 % from the Yopougon laboratory, with a female’s predominance in both laboratories, respectively 68.57 % with a sex ratio (male/female) of 0.49 and 76.79 % with a sex ratio (male/female) of 0.30 (Table 1). Moreover, female patients over 50 years of age are the most affected, accounting for 75 % (LPr laboratory). On the other hand, at the FSUCOM laboratory (Yopougon), it is rather women in the 18-49 age group who are the most infected (74.2 %) (Table 1).
The overall average age is 60 ± 2.62 years at the Plateau laboratory, with no significant difference between men and women (p = 0.7585), compared to 45 ± 2.20 years at the Yopougon laboratory, with a significant difference between men and women (p = 0.0003) (Table 1).













Table 1 : Breakdown of positive urine culture results by gender and age
	Positive ECBU results  


	Epidemiological parameters 
	Lab Pr Plateau                                              (%)
	Lab FSUCOM Yopougon                                           (%)

	
	Men
	Women
	Men
	Women

	Effective
	31.43
	68.57
	23.21
	76.79

	Age group
	 
	 
	 
	 

	18-49 years
	18.18
	25
	30.77
	74.42

	≥ 50 years
	81.82
	 75
	69.23
	25.58

	Age (years)
	 
	 
	 
	 

	Overall mean
	60 ± 2.62
	45 ± 2.20

	Mean by sex
	59 ± 5.04
	61± 3.12
	58 ± 4.39
	40 ± 2.19

	 P-value 
	0.7585
	0.0003


* Lab Pr: « Place de la République » Laboratory; Lab FSUCOM : Urban Community Health Training Laboratory 

In addition, the identification of germs revealed 87 cases, representing 96 % Gram-negative bacilli 1.10 % Gram-positive cocci, 1.10 % intracellular bacteria, and 2.20 % yeasts (Figure 1).
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Figure 1 : Total number of germs in the study population

Furthermore, this identification of germs revealed a predominance of Escherichia coli among Gram-negative bacilli in both laboratories, at 60 % (Plateau laboratory) and 57.14 % (Yopougon laboratory), respectively, followed by Klebsiella pneumoniae at 23.21 % in the Yopougon laboratory (Table 2).  The species Pseudomonas aeruginosa, Proteus mirabilis, and Serratia marcescens were isolated only at the Plateau laboratory, at 11.43 % and 5.71 %, respectively. The same is applied to Enterobacter cloacae, Enterobacter aerogenes and Levinea sp, which were isolated at the Yopougon laboratory with respective percentages of 12.5 %, 3.57 %, and 1.79 % (Table 2)
In addition to Gram-negative bacilli, Gram-positive cocci (Streptococcus D, 1.10%), yeasts (Candida albicans, 2.20 %), and intracellular bacteria (Chlamydia trachomatis, 1.10 %) were isolated at the Plateau laboratory. (Table 2)

Table 2 : Breakdown of patients by identified pathogens

	Isolated germs
	Patients

	
	Lab LPr (Plateau)            (%)
	Lab FSUCOM (Yopougon)
(%)

	Gram-negative Bacilli 

	[bookmark: _Hlk168390777]Escherichia coli
	60 
	 57.14

	[bookmark: _Hlk226561088]Klebsiella pneumoniae
	2.65
	23.21

	Klebsiella oxytoca 
	2.65
	1.79

	[bookmark: _Hlk226561206]Pseudomonas aeruginosa  
	11.43 
	-

	[bookmark: _Hlk226561306]Proteus mirabilis
	5.71 
	-

	Serratia marcescens
	5.71 
	-

	Enterobacter cloacae
	-
	12.5 

	[bookmark: _Hlk226561401]Enterobacter aerogenes
	-
	3.57 

	Levinea sp
	-
	1.79 

	Gram-positive cocci

	Streptocoque D
	1.10
	-

	Yeasts

	Candida albicans
	2.20
	-

	[bookmark: _Hlk224564640]Intracellular bacteria

	Chlamydia trachomatis
	1.10
	-


* Lab Pr : « Place de la République » Laboratory; Lab FSUCOM : Urban Community Health Training Laboratory 
The results of the antibiogram revealed that among the bacteria identified in both laboratories, Escherichia coli isolates were resistant to Amoxicillin at 47.2 %, Cefuroxime at 39.62 %, Ciprofloxacin at 62.26 %, and Ofloxacin at 67.92 %. Resistance to Amikacin was observed only in the Yopougon laboratory at 96.88 %. In addition, the total number of resistant isolates was higher at FSUCOM laboratory, with 107 cases of resistance compared to 87 (81.30 %) (Table 3).
The Klebsiella pneumoniae isolates observed at the Plateau laboratory were resistant (100 %) to eight (8) of the ten (10) antibiotics studied. These isolates remained sensitive only to tobramycin and ciprofloxacin (100 %). In contrast, at the Yopougon laboratory, resistance ranged from 23 % to 69 %, with higher resistance to tobramycin (69.23 %) and nalidixic acid (61.54 %) (Table 3).
Regarding the Klebsiella oxytoca isolates, they were resistant to two antibiotics, amoxicillin and tetracycline (100 %), out of the ten (10) antibiotics tested at the Plateau laboratory. However, at the Yopougon laboratory, they were resistant (100 %) to four (4) antibiotics, namely cefuroxime, amikacin, tobramycin, and ofloxacin (Table 3).
Among the isolates found only at the Plateau laboratory, resistance ranged from 25 % to 50 %. Only Serratia marcescens isolates were resistant to tetracycline, nalidixic acid, and ofloxacin (100 %). In contrast, at the Yopougon laboratory, resistance of isolates ranged from 14 % to 71 %. Only Enterobacter aerogenes isolates were resistant to amoxicillin in 100 % of cases (Table 4).


Table 3 : Percentage of antibiotic resistance in bacteria common to both laboratories   

	Antibiotic
	Disc load and ATB G-EU   
	E. 
coli                                                                 
	K.                                                  pneumoniae                                                       
	K.                                                      oxytoca                             

	
	
	LPr                                    
	FSUCOM                               
	LPr                                  
	FSUCOM                         
	LPr                             
	FSUCOM                         

	
	
	R (%)

	Amoxicillin
	10µg
	61.9
	37.5
	100
	23.08
	100
	-

	Ceftazidime
	30µg
	33.33
	12.5
	100
	15.38
	0
	-

	Cefuroxime
	30µg
	57.14
	28.13
	100
	46.15
	0
	100

	Amikacin
	30µg
	0
	96.88
	100
	_
	0
	100

	Tobramycin
	10µg
	38.1
	3.13
	0
	69.23
	0
	100

	Tetracycline
	30µg
	-
	21.88
	100
	23.08
	100
	-

	Nalidixic Acid
	30µg
	85.9
	6.25
	100
	61.54
	0
	-

	Ciprofloxacin
	5µg
	57.14
	65.63
	0
	46.15
	0
	-

	Ofloxacin
	5µg
	  76.19
	60.5
	100
	46.15
	0
	100

	Fosfomycin
	10µg
	9.52
	-
	100
	23.08
	0
	-


* R: Resistance; 0: No Resistance (Sensitive); (-): Not reached.
* E. coli: Escherichia coli, K. pneumoniae: Klebsiella pneumoniae, K. oxytoca: Klebsiella oxytoca, 

Table 4 : Percentage of antibiotic resistance among bacteria found in each laboratory

	Antibiotic
	Disc load and ATB 
G-EU                                                   
	Laboratory LPr
	Laboratory FSUCOM                                             

	
	
	P.                                aeruginosa                                                        
	[bookmark: _Hlk226561283]P.                            mirabilis                        
	S.                            marcescens                    
	E. cloacae                                             
	E. aerogenes                           
	Lerinea sp                               

	
	
	R (%)

	Amoxicillin
	10µg
	0
	0
	0
	57.14
	100
	-

	Ceftazidime
	30µg
	0
	0
	0
	14.29
	-
	-

	Cefuroxime
	30µg
	0
	0
	0
	42.86
	50
	

	Amikacin
	30µg
	25
	50
	0
	42.86
	50
	

	Tobramycin
	10µg
	25
	50
	0
	42.86
	0
	0

	Tetracycline
	30µg
	0
	50
	100
	-
	-
	-

	Nalidixic Acid
	30µg
	0

	50
	100
	71.43
	50
	-

	Ciprofloxacin
	5µg
	0
	50
	0
	-
	-
	-

	Ofloxacin
	5µg
	0
	50
	100
	57.14
	50
	0

	Fosfomycin
	10µg
	0
	0
	0
	-
	-
	-


* R: Resistance; 0: No Resistance (Sensitive); (-): Not reached.
* P. aeruginosa: Pseudomonas aeruginosa, P. mirabilis: Proteus mirabilis, S. marcescens: Serratia marcescens, E. cloacae: Enterobacter cloacae, E. aerogenes:  Enterobacter aerogenes                                                                                              
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It appears from this study that the rate of positive urine cytobacteriological examinations and urine culture (ECBU) of 18.2 % is similar to that reported by Hailaji et al., 2016 in Mauritania (18.4 %) and Kalambry et al., 2019 in Mali (18.5 %). This urinary tract infection was more common in women, with a disparity in age. It was more prevalent in older women who were genetically active. This female predominance is consistent with that reported in other studies, which particularly affects older women (Alfouzan et al., 2021; Silva et al., 2022). Indeed, the vaginal wall of menopausal women, weakened by the absence of estrogen, as well as the generally short female urethra, facilitates the migration of bacteria and increases the risk of urinary contamination (Alsharedeh et al., 2023). Furthermore, in sexually active women, poor lifestyle choices, sexually transmitted diseases, and pregnancy would explain this urinary tract infection (Thioub et al., 2023). On the other hand, older men are more likely to be affected. This may be due to urine stagnation in the bladder in men suffering from urinary disorders, most often related to the prostate (Diarra et al., 2022). Similarly, not changing protective underwear regularly can promote the proliferation of germs in elderly people with urinary incontinence (Kalambry et al., 2019; Diarra et al., 2022).
Among the identified germs, Escherichia coli was the most prevalent in both laboratories. In the Yopougon laboratory in particular, Klebsiella pneumoniae and Enterobacter cloacae were the main germs found in second and third place, respectively, followed by Enterobacter aerogenes and Klebsiella oxytoca. 
However, at the Plateau laboratory, Pseudomonas aeruginosa was the most commonly observed germ after Escherichia coli among Gram-negative bacilli. These results corroborate those of Thioub et al., 2023, who showed that Gram-negative bacilli, mainly Escherichia coli, are predominantly responsible for urinary tract infections. This assertion is verified by the fact that Escherichia coli, which is a commensal germ in the digestive tract, can acquire pathogenicity and migrate through the perineum and urethra to reach the urinary tract. It is responsible for urinary tract infections in 75 % of cases (Zhou et al., 2023). The bacteria Klebsiella pneumoniae, Enterobacter cloacae, Enterobacter aerogenes, and Klebsiella oxytoca, found only in the municipality of Yopougon among a young genital active population, can be explained by recurrent infections due to their low level of sanitary hygiene and, often, their state of pregnancy. Indeed, the municipality of Yopougon is a low- to middle-income city with many precarious neighbourhoods that often have difficulty accessing basic sanitary hygiene needs and are highly vulnerable for pathogens with potential to mutate. These are also places where there are a large number of pregnant women. However, the Pseudomonas aeruginosa, Proteus mirabilis, Serratia marcescens, Streptococcus group D, Candida albicans, and Chlamydiae trachomatis identified only in the Plateau laboratory are due to opportunistic urinary tract infections. This municipality is considered to be an area with a high socioeconomic and health level, and urinary disorders in the elderly population, such as urinary retention, slow urine flow preventing the bladder from emptying completely, and prolonged use of urinary protection, are among the factors responsible for these opportunistic urinary tract infections (Diarra et al., 2022).
Moreover, there is strong antimicrobial resistance of Escherichia coli isolates to penicillins, particularly amoxicillin, second-generation cephalosporins including cefuroxime, fluoroquinolones such as ciprofloxacin and ofloxacin, aminoglycosides, mainly amikacin, and a relatively high resistance of the species Klebsiella pneumoniae. In Côte d'Ivoire, besides to Escherichia coli, isolates of Klebsiella pneumoniae producing extended-spectrum β-lactamase are among the most incriminated germs (Kouassi-M'Bengue et al., 2008; Müller-Schulte et al., 2020). This can be explained by the excessive and often uncontrolled use of antibiotics, especially in developing countries. In addition, biological diagnosis is limited, health controls are very insufficient, and antibiotic treatment is often inadequate in these countries with low socioeconomic levels (Hamilton & Bugg, 2018; Müller-Schulte et al., 2020; Kiros et al., 2023; Romyasamit et al., 2024). All these factors promote the emergence of resistant pathogenic strains.

4. Conclusion

The bacterial species most frequently isolated during this study were Gram-negative bacilli. Escherichia coli and Klebsiella pneumoniae were the predominant germs most implicated. These bacterial organisms are increasingly resistant to first-line antibiotics in Côte d'Ivoire, particularly penicillins, cephalosporins, and fluoroquinolones.
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