


Antibiotic Resistance Patterns of Citrobacter Isolates From Elderly Patients with Urinary Tract Infections in Cote D’ivoire
Abstract
Aims: Citrobacter is a rarely acquired nosocomial pathogen. However, it is responsible for various clinical diseases and is associated with a wide range of infections that can lead to high mortality rates. The objective of this study was to evaluate the antibiotic resistance of Citrobacter strains responsible for urinary tract infections in elderly patients. From July 2023 to January 2024, 
Study Design: It is a retrospective study.
Place and Duration of Study: Bacteriology and virology laboratorie laboratory of Institut Pasteur, Abidjan, Côte d'Ivoire.
Methodology: 47 strains of Citrobacter of human origin, collected at the Biological Resource Center Centre (CeReB) of the Pasteur Institute of Côte d'Ivoire, were isolated from various biological samples of elderly patients and identified by standard bacteriological and biochemical tests. Antibacterial susceptibility was determined by the antibiotic disc diffusion method. The production of extended-spectrum beta-lactamases was determined by the double synergy method. The chi-square test for homogeneity was applied to compare Citrobacter isolation rates according to biological sample type, hospital department, and patient sex.
Results: Citrobacter strains were the most frequently isolated from urine at 59.57% (χ² = 18.28; p < 0.001). Citrobacter organisms showed high resistance to cephalosporins, specifically to cefixime (89.29%), cefotaxime, and ceftriaxone (60.71%). Among aminoglycosides, kanamycin was the most active molecule, with 10.71% resistance. However, resistance rates to fluoroquinolones exceeded 50%. Of the 47 strains, 17 (36.17%) produced extended-spectrum beta-lactamases.
Conclusion: In light of these findings, bacterial resistance remains a major public health concern.
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1. INTRODUCTION
Microbial infections are currently a major public health issue, not only because of their impact on morbidity and mortality but also due to the economic burden they impose on society [1]. Among microbial infections, urinary tract infections (UTIs) rank second only to respiratory infections and represent the second leading cause of medical consultations and antibiotic prescriptions [2]. The frequency of UTIs has been increasing over time and is reported to be 20 times higher in the elderly [3]. In this population, infections are facilitated by the functional decline of mucosal barriers, immune system agingageing, and the presence of multiple comorbidities [4].
UTIs can be caused by several pathogens, including Enterobacteriaceae of the genus Citrobacter [5]. Once considered low-pathogenic colonizerscolonisers, Citrobacter are now recognized recognised as responsible for various infections, often of nosocomial or iatrogenic origin [6]. According to Aguirre-Sánchez et al. [7], Citrobacter infections account for between 3% and 6% of all Enterobacteriaceae isolates. These infections may be associated with mortality rates ranging from 6.8% to 56% [8].
Antimicrobial resistance has become a global public health problem with regard to UTIs [9]. This resistance is generally due to mobile genetic elements such as plasmids and transposons, which facilitate the spread of resistance genes through horizontal transfer, similar to genetic engineering techniques used in laboratories [10]. As has been widely demonstrated in many bacterial species (Klebsiella, Salmonella, Staphylococcus [11]), antimicrobial resistance is also observed in Citrobacter. Indeed, studies conducted in the United States between 2000 and 2018 showed that resistance of Citrobacter to carbapenems increased from 4% to 10% [12]. Furthermore, between 2017 and 2019, these bacteria accounted for 10% to 17% of all carbapenemase-producing strains in Germany [13].
In Côte d’Ivoire, few data are available on antimicrobial resistance in Citrobacter urinary tract infections. It is therefore essential to determine the level of resistance expressed by Citrobacter strains implicated in UTIs in the country. The aim of this study isThis study aims to determine the antibiotic resistance profile of Citrobacter isolates associated with urinary tract infections in elderly patients in Côte d'Ivoire.
2. MATERIALS AND METHODS
2.1. Biological material
The biological material consisted of 47 strains of Citrobacter of human origin obtained during 2022 at the Clinical Bacteriology Unit of the Pasteur Institute of Côte d'Ivoire (IPCI). These strains were isolated from blood, urine (obtained by direct urination or collected from the tip of a urinary catheter) and suppuration samples from elderly patients with urinary tract infections.
2.2. Collection of bacterial strains
The bacteria were collected from the Biocollection of the National Reference Center Centre for Antibiotics (CNR) at the Institut Pasteur of Côte d’Ivoire (IPCI). The strains were preserved at −80 °C in brain–heart infusion broth supplemented with 1% glycerol at the Biological Resource Center Centre (CeReB) of the IPCI. Strain identifiers were defined based on information relating to the hospital department (urology, general medicine, nephrology, neurology), the biological sample type (blood, urine by direct voiding, urine from catheter tips, suppuration), as well as the age and sex of the patient.
2.3. Phenotypic characterization characterisation of the strains
2.3.1. Revival of bacterial strains
Brain–heart infusion (BHI) broth was used to revive the bacterial strains. A 10 µL sample from the agar medium containing the strains was inoculated into BHI broth and incubated at 37 °C for 24 hours. Subsequently, the BHI broth was streaked with a sterile Pasteur pipette onto Eosin Methylene Blue (EMB) agar to select Enterobacteriaceae. The EMB plates were also incubated at 37 °C for 24 hours.
2.3.2. Reidentification of Enterobacteriaceae strains
The identification of the collected strains was performed successively using the oxidase test and the reduced Le Minor carrier. In the oxidase test, the results were interpreted in two ways: a purple coloration colouration indicated a positive reaction, while the absence of color colour indicated a negative reaction (as is the case for Enterobacteriaceae). The reduced Le Minor carrier was inoculated to identify the biochemical properties of Citrobacter. Following inoculation, all media in the carrier were incubated at 37°C for 24 hours. The results were then read according to a protocol specific to each medium [14].
2.3.3. Antibiotic susceptibility testing of Citrobacter
The disk diffusion method on Mueller–Hinton agar was used to determine the antibiotic susceptibility of the Citrobacter strains, in accordance with the guidelines of the Antibiogram Committee of the French Society for Microbiology [15]. Reference strain E. coli ATCC 25922 was used during antibiograms for the purpose of carrying out the positive control. Table 1 summarizes summarises the list of antibiotics tested.
Table 1: List of antibiotics used in this study
	Familles
	Antibiotics
	Abbreviations
	Disc loads (µg)

	Penicillins
	Amoxicillin-clavulanic acid
	AMC
	30

	Cephalosporins
	Cefotaxime
	CTX
	5

	
	Ceftriaxone
	CFT
	30

	
	Cefoxitin
	FOX
	30

	
	Cefixime
	CF
	5

	
	Ceftazidime
	CAZ
	10

	Aminoglycosides
	Amikacin
	AKN
	30

	
	Gentamicin
	GEN
	10

	
	Kanamycin
	K
	10

	Carbapenems
	Imipenem
	IMP
	10

	Quinolones
	Ciprofloxacin
	CIP
	5

	
	Nalidixic acid
	AN
	30

	Mono-bactam
	Aztreonam
	ATM
	30



2.3.4. Detection of Extended-Spectrum β-Lactamase Production
The double synergy method was used for the detection of Citrobacter ESBL. It consisted of placing discs impregnated with third-generation cephalosporins (cefotaxime, ceftriaxone, and ceftazidime) and aztreonam 30 mm around a central disc of amoxicillin-clavulanic acid, in accordance with the recommendations of the French Antibiogram Committee of the French Society of Microbiology [16]. The presence of ESBL is represented by a distortion of the inhibition zone relative to the disc containing clavulanic acid, thus describing a "champagne cork" pattern.
2.4. Data Analysis
The ADAGIO® automated system was used to read and interpret the antibiogram results for each bacterial strain. The susceptibility for each tested antibiotic was classified as S (sensitive) or R (resistant) based on the critical diameters for Enterobacteriaceae provided by EUCAST-CASFM [15]. The obtained data were analyzed analysed and presented in graphical form using SPSS version 20. The chi-square test for homogeneity was applied to compare Citrobacter isolation rates according to biological sample type, hospital department, and patient sex. This test was performed using Stata version 12.
3. RESULTS ET DISCUSSION
3.1. Results
3.1.1. Distribution of Isolated Citrobacter Strains
Analysis of the results revealed that the majority of Citrobacter strains were isolated from direct voided urine (59.57%), followed by urine collected from the catheter tip (31.91%). Low isolation rates (4.25%) were observed in blood and suppuration samples (χ² = 18.28; p < 0.001). All results are shown in Fig Fig. 1. The data also showed that the urology department had the highest isolation rate (57.45%), followed by the internal medicine and nephrology departments (14.9%), while the lowest rates were observed in the emergency department and neurology (6.38%) (χ² = 13.24; p = 0.01).





Fig Fig. 1: Distribution of Citrobacter sp. strains according to biological samples
3.1.2. Distribution of Citrobacter According to Patient Gender
The infection rate by Citrobacter was 57.14% in men and 42.86% in women. Analysis indicated that there was no significant difference in infection rates according to patient sex (χ² = 0.17; p = 0.678).
3.1.3. Antibiotic Resistance Profile of Citrobacter Strains
Resistance to β-lactams
Analysis of antibiotic susceptibility testing results revealed high resistance to cephalosporins, with rates of 89.29% for cefixime, 60.71% for cefotaxime and ceftriaxone, 50% for ceftazidime, and 32.14% for cefoxitin. More than half of the strains exhibited resistance to the amoxicillin-clavulanic acid combination (53.57%). Resistance to imipenem was 28.57%. Citrobacter sp. strains resistant to aztreonam, belonging to the monobactam group, showed a resistance rate of 57.43% (Fig Fig. 2).






Fig 2: Antibiotic resistance profile of the strains tested
Resistance to aminoglycosides
Regarding aminoglycoside resistance, gentamicin showed the highest rate at 46.43%, followed by amikacin at 21.43% in the presence of the tested strains. However, in the presence of kanamicinkanamycin, the bacteria expressed a low resistance rate of 10.71%. (Fig 2).
Resistance to fluoroquinolones
In this study, the fluoroquinolones used were ciprofloxacin and nalidixic acid. Within this class of antimicrobials, ciprofloxacin exhibited a high resistance rate (60.71%). In contrast, Citrobacter strains showed a resistance rate of 53.57% against nalidixic acid (Fig Fig. 2).
3.1.4. Presence of Extended-Spectrum β-Lactamases in Tested Strains
Examination of the results from the synergy test revealed an expansion zone around the antibiotic disks, displaying a “champagne cork”–like pattern between the disks used on the analyzed analysed strains. In this study, the prevalence of extended-spectrum β-lactamase (ESBL)–producing Citrobacter strains was estimated at 36.17%.
3.2. DISCUSSION
In this study, uropathogenic Citrobacter was identified in 91.48% of urine samples. This rate is much higher than those reported in China (54.3% [17]) and India (56% [18]). The high prevalence of this bacterial genus in urine may be explained by the colonization colonisation of the perineal region, followed by migration into the urinary tract [19]. Differences in prevalence rates could be attributed to aggravating factors in Côte d’Ivoire, including inadequate hygiene, insufficient medical care, nosocomial infections, high rates of immunosuppression, and iatrogenic causes [20–22].
This study revealed no variation in Citrobacter infection rates according to sex, in contrast to Schmider et al. [23] in Tanzania, who reported a female predominance (71%). The results of the present study may indicate equivalent infection risks between men and women among elderly patients. However, Huang et al. [24] demonstrated that, due to the physiological and structural characteristics of the urethra, women will experience at least one urinary tract infection in their lifetime. 
The antibiotic susceptibility study of Citrobacter strains to cephalosporins revealed high resistance to cefixime (89.29%) and to cefotaxime and ceftazidime (60.71%). Our results are comparable to those of Mohammedkheir et al. [25] in Sudan, who reported resistance rates of 85%, 66.4%, and 72%, respectively, for these antibiotics. These resistance rates may be due to the inappropriate use of cephalosporins in hospital or community settings, which selects for resistant clones [26]. Resistance mechanisms, such as AmpC β-lactamases that hydrolyze hydrolyse a broad spectrum of cephalosporins, may also be involved. 
Regarding imipenem, a resistance rate of 28.57% was observed. Although low, this rate remains particularly concerning, as carbapenems are considered last-resort antibiotics.
For aminoglycosides, this study found resistance rates of 46.43% and 10.71% for gentamicin and kanamycin, respectively. These results are consistent with those reported by Zúnigo-Moya et al. [27], who observed similar trends (60.4% and 11.8%, respectively). 
In this study, Citrobacter showed a resistance rate of 60.71% to ciprofloxacin. This result differs from that reported by Faruk et al. [28], who found a rate of 25%. Additionally, Fenta et al. [29] and Kotb et al. [30] reported resistance rates of 83.3% and 15.6%, respectively, to ciprofloxacin. Resistance to fluoroquinolones is generally due to chromosomal mutations that alter bacterial target enzymes, particularly DNA gyrase and topoisomerase IV [31]. 
In this study, a prevalence of 36.17% of ESBL-producing Citrobacter strains was observed. This result is consistent with Priyadarshini et al. [32], who reported 35%, but slightly higher than that of Otta et al. [33], who found a rate of 31.37%. Prolonged exposure to antibiotics, particularly broad-spectrum cephalosporins, extended hospital stays, recent surgery, intensive care unit hospitalizationhospitalisation, and the use of medical devices are factors that may promote the selection of ESBL-producing strains [34].
4. CONCLUSION
Once considered non-problematic, Citrobacter has transformed into a pathogen that poses a major public health challenge globally. It is one of the primary bacterial agents causing urinary tract infections. Antibiotic susceptibility analyses have revealed alarming resistance rates, particularly against cefixime, ceftriaxone, cefotaxime, and ciprofloxacin. The high abundance of extended-spectrum beta-lactamase (ESBL)-producing Citrobacter isolates represents a challenge posed by these pathogens, as this is one of the mechanisms of antimicrobial resistance. In light of these observations, immediate actions are necessary to reduce the public health risks associated with Citrobacter infections. It is therefore essential to ensure strict monitoring and a constant update of antibiotic prescription methods.
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