Antimicrobial Resistance Profile of Bacterial Isolates from Urinary Catheter Patients in Abidjan, Côte d'Ivoire
Abstract
Background: Urinary tract infection (UTI) is an inflammation of the bladder caused by an abnormal multiplication of pathogenic microorganisms in the urinary tract [1]. It is often observed in children, adults and the elderly, both men and women, and is one of the main reasons for medical consultation. Consequently, antibiotic resistance continues to be a major public health concern.
Aims: Antibiotic resistance in uropathogenic strains is a major public health issue. The aim of this study was to analyse the antibiotic resistance profile of uropathogenic strains obtained from patients using urinary catheters. 
Methodology:It is a retrospective study. Bacteriology and virology laboratory of Institut Pasteur, Abidjan, Côte d'Ivoire. The techniques applied include phenotypic re-identification of the strains collected, antibiograms to assess bacterial sensitivity, and a synergy test to identify extended-spectrum beta-lactamase production. The double synergy technique this method consists of arranging discs of third-generation cephalosporins (cefotaxime, ceftriaxone and ceftazidime) and aztreonam 30 mm from a central disc containing amoxicillin combined with clavulanic acid, following.
Results: 61 strains were collected, with Staphylococcus aureus predominating at 25%, followed by Pseudomonas aeruginosa at 20%. In terms of bacterial response to antibiotics, most of the beta-lactams evaluated showed no activity against Enterobacteriaceae, coagulase-negative Staphylococcus and 46.66% of Staphylococcus aureus, with the exception of imipenem, which showed a low resistance rate of 14.81%. For Pseudomonas aeruginosa isolates, resistance was 58% to both ticarcillin with clavulanic acid and ticarcillin alone. In terms of reaction to aminoglycosides, Escherichia coli and Klebsiella pneumoniae strains showed resistance rates of 78% and 80% respectively, to gentamicin. With ciprofloxacin, all the strains examined showed resistance, with proportions ranging from 46% to 100%. Of these strains, 14 gave positive results in the synergy test, with a rate of 44.26%. 
Conclusion: These high rates are the result of selection pressure for resistance genes, underlining the importance of an appropriate surveillance policy. The antibiotic resistance profile revealed high levels of resistance to third-generation cephalosporins, and most strains were multidrug-resistant.
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1. INTRODUCTION
The urinary system consists of the kidneys, ureters, bladder, and urethra, and its main function is to filter blood by removing waste products and excess water. The urinary system plays a key role in removing the waste products of metabolism from the bloodstream. Other important functions performed by the system are the normalisation of the concentration of ions and solutes in the blood and the regulation of blood volume and blood pressure. In healthy people, urine is sterile or contains very few microorganisms that can cause an infection. Urinary tract infections (UTIs) are infections that can occur in the urethra (urethritis), bladder (cystitis), or kidneys (pyelonephritis) and are one of the world’s most common infectious diseases, affecting 150 million people each year, with significant morbidity and high medical costs (Mancuso et al., 2023; Williams et al., 2023). UTI is an inflammation of the bladder caused by an abnormal multiplication of pathogenic microorganisms in the urinary tract [1]. It is often observed in children, adults and the elderly, both men and women, and is one of the main reasons for medical consultation [2]. The cause of the disease is mainly due to catheterisation, anatomical abnormalities, and behavioural factors. Children and young adults between 11 and 23 years of age are more susceptible to UTIs. The severity of the infection can be categorised as either acute (limited to the bladder) or chronic (pyelonephritis), and also as uncomplicated, when it occurs in healthy, non-pregnant women with normal urinary tract (UT) structure and function, and complicated, when it occurs in pregnant,  diabetic individuals with abnormal urinary tract structure (Badiger et al., 2021). Antibiotics are the essential drugs used to treat UTIs, as they are for other infections caused by bacteria [3]. Nevertheless, inappropriate and excessive use has favoured the emergence of drug-resistant bacteria, due to increased production of cephalosporinase and/or broad-spectrum beta-lactamases. Resistant bacteria establish themselves in different environments by developing new characteristics, either through modifications to their DNA or through the acquisition of genes via mobile genetic elements such as plasmids and transposable elements [4]. Resistance to beta-lactam antibiotics generally manifests itself through reduced target affinity, altered permeability of the bacteria's outer membrane, activation of an efflux pump and, above all, enzymatic inactivation through the production of a beta-lactamase. This resistance process is particularly widespread among enterobacteria. Aminoglycosides mainly contribute to enzymatic inactivation through their changing enzymes. Resistance to fluoroquinolones can be of either chromosomal or plasmid origin. Resistance to fluoroquinolones can be either chromosomal or plasmid in origin, and manifests itself above all through alteration of enzymatic targets such as DNA-gyrase and topoisomerase IV, as well as through a reduction in the intracellular concentration of the antibiotic, resulting from a reduction in porin production or a change in the activity of various efflux pumps. Consequently, antibiotic resistance continues to be a major public health concern. Antimicrobial resistance (AMR) refers to the capacity of pathogens and other microbes to withstand the influence of an antibiotic that was formerly vulnerable, thus allowing the organisms to prevail and thrive. Antibiotic resistance is a global public health concern, posing a significant threat to the effectiveness of antibiotics in treating bacterial infections. The accurate and timely detection of antibiotic-resistant bacteria is crucial for implementing appropriate treatment strategies and preventing the spread of resistant strains (Yamin et al., 2023).  In Côte d'Ivoire, the proportion of antibiotic-resistant bacteria has risen from 9% in 2002 to 46% in 2018 [5]. In addition, several research studies show that the production of extended-spectrum beta-lactamase (ESBL) by certain bacteria is a major public health problem in the country [6;7;8;9]. Faced with the rapid rise in antibiotic resistance and the lack of data on bacterial resistance to antibiotics in patients with urinary catheters in Côte d'Ivoire, it is crucial to update therapeutic strategies to manage the risks associated with multidrug-resistant bacteria in the hospital system. Thus, this study aims to establish the antibiotic resistance profile of bacteria isolated from individuals with urinary catheters.
2. Materials and methods 
2.1. Collection of bacterial strains
The collection of bacteria was carried out at the Biobank of the Biological Resources Establishment (CeReB) of Côte d'Ivoire Pasteur Institut (IPCI). A total of 61 bacterial strains of human origin were recovered from outpatients with urinary catheters during 2022 at the IPCI's Unité de Bactériologie Clinique (UBC). Identification was carried out using standard biochemical and microbiological tests.
2.2. Bacterial susceptibility to antibiotics
2.2.1. Antibiogram 
The reactivity of strains to antibiotics was assessed using the diffusion method on antibiotic discs in agar medium (Müeller-Hinton), in accordance with the guidelines of the Antibiogram Committee of the French Microbiology Society [10]. The different antibiotic disks used are shown in Table 1. For antibiotic susceptibility testing, the reference strain E. coli ATCC 25922 was used to provide a positive control.
Table 1: lists of antibiotics used in this study 
	Antibiotic families
	Subfamilies
	Antibiotics tested
	Abbreviations
	Disc loadings (µg)

	Betalactams
	Penicillins
	Ampicillin
	AMP
	10

	
	
	Ticarcillin
	TIC
	75

	
	Cephalosporins
	Cefotaxime
	CTX
	5

	
	
	Cefepime
	FEP
	30

	
	
	Ceftazidime
	CAZ
	10

	
	
	Cefoxitin
	FOX
	30

	
	Carbapenems

	Ceftazidime
	IMP
	10

	
	
	Meropenem
	MEM
	10

	
	Aminopenicillins + beta-lactamase inhibitor

	Amoxicillin +Clavulanic acid
	AMC
	30/10

	
	
	Ticarcilline/Acide Clavulanique
	TCC
	75/10

	
	Monobactams
	Aztréomam
	ATM
	30

	Fluoroquinolones
	
	Ciprofloxacine
	CIP
	5

	
	
	Norfloxacine
	NOR
	5

	
	
	Moxifloxacine
	MOX
	5

	Aminosides
	
	Gentamicine
	GMN
	10

	
	
	Amikacine
	AKN
	30

	Macrolide
	
	Erythromycine
	ERY
	15

	Lincosamide
	
	Clindamycine
	CMN
	2


2.2.2. Confirmation of extended-spectrum beta-lactamase production 
The double synergy technique was applied to identify strains producing extended-spectrum beta-lactamases (ESBL) as described by [11]. This method consists of arranging discs of third-generation cephalosporins (cefotaxime, ceftriaxone and ceftazidime) and aztreonam 30 mm from a central disc containing amoxicillin combined with clavulanic acid, following [10]. The presence of ESBL results in a deformation of the zone of inhibition, giving a “champagne cork” representation.
3. Results
3.1 Collected bacterial community
Re-identification confirmed 61 bacterial strains. Of all the strains isolated, the most frequent species were Staphylococcus aureus, Pseudomonas aeruginosa and Klebsiella pneumoniae, accounting for 25%, 20% and 16% respectively. Species present in low numbers, at 02%, include Citrobacter koseri and Enterobacter aerogenes. The overall distribution of these strains is shown in Table 2.





Table 2: Overall distribution of germs isolated
	Bacterial strains 
	Number 
	Percentage

	Staphylococcus aureus
	15
	25%

	Pseudomonas aeruginosa
	12
	20%

	Klebsiella pneumoniae
	10
	16%

	Escherichia coli
	09
	15%

	Enterobacter aerogenes
	1
	2%

	SCN
	5
	8%

	Enterobacter cloacae
	4
	6%

	Proteus mirabilis 
	2
	3%

	Acinetobacter baumannii
	2
	3%

	Citrobacter koseri
	1
	2%

	Total
	61
	100%


SCN : Staphylococcus coagulase négative
3.2. Distribution of strains collected by hospital department
Bacterial strains were obtained from various hospital departments. These included surgery, outpatient, nephrology, pediatrics, pulmonology, intensive care, rheumatology, emergency, and neurology. Among these departments, 62% of the identified bacteria came from the outpatient department, while 13% came from the intensive care unit. Other departments were also involved, but their contribution remained low (Table 3).
Table 3: Distribution of strains collected by hospital department
	Hospital servicees
	Numbers 
	Percentage

	Outpatient consultation
	37
	62%

	Resuscitation
	8
	13%

	Emergency
	4
	6%

	Pediatrics
	4
	6%

	Pulmonology
	2
	3%

	Neurology
	2
	3%

	Rheumatology
	2
	3%

	Surgery
	1
	2%

	Nephrology
	1
	2%

	Total
	61
	100%



3.3. Distribution of strains by sex and age of patient
Of the 61 strains collected, the analysis revealed a majority of males. In fact, 52 of them were collected from men, representing 86%, while only 9% came from women, giving a sex ratio of 5.77. In terms of age, the most represented age group includes patients aged [51 to 73 years] with a rate of 43%, followed by those aged [36 to 50 years] with a proportion of 25%. In addition, there is a 21% incidence among young people aged [0 to 18], and 11% in the [19 to 35] age group (Figure 1).




	



Figure 1: Distribution of strains collected by patient age group
3.4. Antibiotic resistance profile of collected strains
3.4.1. Resistance of tested strains to beta-lactam antibiotics
3.4.1.1. In Enterobacteriaceae 
Most beta-lactam antibiotics were ineffective against enterobacteriaceae, with the exception of certain carbapenems, among which imipenem stood out for its high efficacy and low percentage of resistance (14.81%). Strains of Escherichia coli, Klebsiella pneumoniae and Enterobacter cloacae showed high levels of resistance, ranging from 45% to 80%, to cefepime, cefoxitin, cefotaxime and ceftazidime. In contrast, Citrobacter koseri and Enterobacter aerogenes species showed 100% total resistance to the same antibiotics, as shown in Table 4.
3.4.1.2. In Staphylococcus aureus and coagulase-negative Staphylococcus
Cefoxitin is the only member of the beta-lactam class evaluated in these species. Of the 15 strains of Staphylococcus aureus tested, 7 showed resistance, representing a percentage of 46.66%. In contrast, all 5 coagulase-negative Staphylococcus strains tested showed total resistance (100%).
3.4.1.3. Pseudomonas aeruginosa and Acinetobacter baumanii 
A total of fourteen strains were evaluated with betalactam antibiotics, including two Acinetobacter baumannii and twelve Pseudomonas aeruginosa. Each of these species exhibited different resistance phenotypes to the antibiotics tested. The Acinetobacter baumannii species showed almost uniform resistance to all the beta-lactam antibiotics tested, with a resistance rate of 100% for cefepime, ceftazidime, ticarcillin-clavulanic acid and ticarcillin, with the exception of imipenem, for which the resistance rate was 50%. Figure 2 summarizes all the results obtained. Pseudomonas aeruginosa strains showed 58% resistance to ticarcillin/clavulanic acid and ticarcillin, while cefepime, ceftazidime, imipenem and meropenem showed 42% resistance.








Table 4: Enterobacteriaceae antibiotic resistance rates
	STRAINS (N)
	AMC
N (%)
	TIC 
N (%)
	FEP 
N (%)
	COX 
N (%)
	CAZ 
N (%)
	IMP 
N (%)
	GMN 
N (%)
	AKN N (%)
	CIP 
N (%)
	ATM N (%)
	FOX 
N (%)
	ESBL N (%)

	E. coli (09)
	4(45)
	8 (89)
	7 (78)
	7 (78)
	7 (78)
	2 (22)
	7(78)
	3 (33)
	9 (100)
	4 (45)
	4 (45)
	5 (55)

	K. Pneumoniae (10)
	5 (50)
	10 (100)
	8 (80)
	8 (80)
	7 (70)
	1 (10)
	8 (80)
	2 (20)
	7 (70)
	6 (60)
	5 (50)
	6 (60)

	E. aerogenes (01)
	0 (0)
	1 (100)
	1 (100)
	1 (100)
	1 (100)
	1 (100)
	1 (100)
	0 (0)
	1 (100)
	0 (0)
	0 (0)
	0 (0)

	E. cloacae (04)
	3 (75)
	3 (75)
	2 (50)
	3 (75)
	3 (75)
	0 (0)
	2 (50)
	0 (0)
	3 (75)
	3 (75)
	1 (25)
	2 (50)

	C. koseri (01)
	1 (100)
	1 (100)
	1 (100)
	1 (100)
	1 (100)
	0 (0)
	1 (100)
	0 (0)
	1 (100)
	1 (100)
	1 (100)
	1 (100)

	P. mirabilis (02)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	1 (50)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	1 (50)
	0 (0)
	0 (0)


N : number : AMC: Amoxicillin-Clavulanic Acid; FEP: Cefepime; ATM: Aztreonam; GMN: Gentamicin; AKN: Amikacin; CIP: Ciprofloxacin ; TIC : Ticarcillin; CAZ : Ceftazidime ; FOX : Cefoxitin ; CTX : Cefotaxime ; IMP : Imipenem ; ESBL : Extended-spectrum betalactamase









Figure 2: Resistance rates of non-fermentative Gram-negative bacilli to antibiotics
FEP: Cefepime; ATM: Aztreonam; AKN: Amikacin; CIP: Ciprofloxacin ; TIC : Ticarcillin; CAZ : Ceftazidime ; TTC : Ticarcilline/Acide Clavulanique ; MEM : Meropenem ; IMP : Imipenem
3.4.2. Strain resistance to aminoglycosides 
In this study, gentamicin and amikacin were evaluated against enterobacteria as well as non-fermentative species. However, only gentamicin was examined for strains of Staphylococcus aureus and coagulase-negative Staphylococcus. Among enterobacteria, Escherichia coli and Klebsiella pneumoniae isolates showed low levels of resistance to amikacin, with values of 33% and 20% respectively. In contrast, for gentamicin, these isolates showed higher levels of resistance, reaching 78% for Escherichia coli and 80% for Klebsiella pneumoniae. Enterobacter cloacae strains showed 50% resistance. For Staphylococcus aureus and coagulase-negative Staphylococcus, a resistance rate of 40% was observed. The remaining isolates were found to be sensitive to the antibiotics evaluated.
3.4.3. Resistance of strains tested to Macrolide Lincosamide streptogramide b (MLSb)
MLSb showed a resistance rate of 40% to erythromycin, while that for clindamycin was 7% in Staphylococcus aureus. Coagulase-negative Staphylococcus showed resistance rates of 80% and 20% respectively to erythromycin and clindamycin.
3.4.4. Strain resistance to fluoroquinolones 
Ciprofloxacin is the only substance in this group to have been evaluated on 27 strains of Enterobacteriaceae, including Escherichia coli, Klebsiella pneumoniae, Enterobacter cloacae, Citrobacter koseri and Enterobacter aerogenes. These strains showed resistance to the substance at rates of 78, 70, 75 and 100% respectively. Acinetobacter baumannii and Pseudomonas aeruginosa were also tested with ciprofloxacin. For Acinetobacter baumannii, the resistance rate was 100%, while for Pseudomonas aeruginosa it was 50%. For Staphylococcus aureus and coagulase-negative Staphylococcus, norfloxacin and moxifloxacin were tested. Resistance rates were 47% and 60% respectively for Staphylococcus aureus. In contrast, coagulase-negative Staphylococcus revealed a rate of 80% for both antibiotics.
3.5. Detection of extended-spectrum beta-lactamases
27 Enterobacteriaceae isolates were selected for identification of extended-spectrum beta-lactamases (ESBL). Of these isolates, 14 were positive in the synergy test, representing a rate of 44.26%. Analysis of the results revealed an image reminiscent of a champagne cork. ESBL-producing isolates included 6 Klebsiella pneumoniae, 5 Escherichia coli, 2 Enterobacter cloacae and 1 Citrobacter koseri.
4. Discussion
The results of this research indicated that from the 61 strains studied, 52 (85%) were from males and 9 (15%) from females, giving a sex ratio of 5.77. [12] observed a similar trend towards a male majority. The authors highlighted a male prevalence with a sex ratio of 14.67. In contrast, in Tunisia, [13] observed that cases of bacterial infections were more common in women, with a sex ratio of 1.7. The latter finding is in line with the results of a survey carried out in Abidjan at the Centre Hospitalier Universitaire de Treichville by Yao and collaborators [8], who reported that 93% of those affected by a UTI were women.
With regard to age groups, the most representative in this analysis is that between 56 and 73, which shows a predominance among seniors with a percentage of 43%. This dominance was also observed in the research by Tahou and collaborators [14]. In the survey conducted by this author, all age categories were affected by Klebsiella pneumoniae, however, the 51-95 age group was the most affected with a percentage of 30.77%. In Burkina Faso, research by [12] also showed a predominance among the elderly, with an average age of 66.91 years.
In fact, the over-representation of men may be linked to their age. Several studies have shown that after the age of 50, men are more likely to suffer from benign prostatic hypertrophy, which can cause urinary difficulties and urine retention. In addition, this can be a predisposing factor for chronic diseases such as diabetes or heart failure, sometimes leading to bladder and urinary tract complications [15]. In addition to advanced age, people with weakened immune systems, poor hygiene conditions or transmission through manual contact by medical staff, could also be the source of infections [16].
Furthermore, examination of the results revealed that most of the strains analysed showed resistance to third-generation cephalosporins, mainly ceftazidime, cefotaxime and cefepime, with respective rates of 89.92% and 80.48%. Similar findings were made by Gadou [17], who, in his research in Côte d'Ivoire on ESBL-producing strains, recorded resistance levels of 95.6% and 96.7% for cefotaxime and ceftriaxone. These high figures could be the result of self-medication or inappropriate use of antibiotics. Similar observations were also published [18] in India, establishing EBLSE resistance rates of 97.2% and 94.9% for cefotaxime and ceftriaxone respectively. [19] In Algeria also noted high levels of resistance to cefotaxime and ceftriaxone, reaching 97% and 84% respectively. This could be linked to cephalosporinase production or impermeability caused by porin modifications [20].
Amikacin and imipenem demonstrated better efficacy on the strains tested, reaching a rate of 18.60%. This figure is similar to that obtained by Hashemi and collaborators [21], who reported resistance rates of 19% for imipenem and 30% for amikacin. The low rates observed in this research can be attributed to their broad spectrum of antibacterial action and high reliability against almost all beta-lactamases, according to Grall [22]. Imipenem's impressive potential may also justify its status as the preferred treatment for severe infections caused by multiple resistant bacteria, as mentioned by Nordmann and collaborators in 2009 [23].
The ciprofloxacin resistance rate found in this study was 62.80%. This figure differs from that reported by Mathlouthi [19], where it was shown that 80% of ESBL-producing strains were resistant to ciprofloxacin. This phenomenon could be the consequence of selection pressure due to the extensive use of ciprofloxacin to treat urinary tract infections, according to Mabchour [24]. This rate may also be explained by the fact that in Africa, particularly in Côte d'Ivoire, fluoroquinolones are frequently prescribed after beta-lactam antibiotics, according to Dosso and collabarators [25]. Analysis of the results revealed that the strains were resistant to both beta-lactams and fluoroquinolones. This finding verifies the presence of multi-resistant bacteria, as indicated by Léotard and Negrin in 2010 [26]. This situation could be due to the cross-transmission of acquired resistance linked to plasmid elements, according to Launay and collaborators [27].
The spread of these types of bacteria represents a danger to public health. The antibiotics we currently have no longer seem to work. This situation is alarming, as no new substances are planned for the coming years [28].
5. CONCLUSION
The analysis involved 61 strains of bacteria linked to nosocomial urinary tract infections in individuals with urinary catheters, from different departments of the CHU de Cocody in Abidjan. However, the department with the highest number of strains was the outpatient department. The results indicated that elderly men were the most affected by infections, and among all the strains collected, Staphylococcus aureus was the most common species. The antibiotic resistance profile revealed high levels of resistance to third-generation cephalosporins, and moreover, most strains were multidrug-resistant.
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