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ANTIBIOTIC RESISTANCE OF CITROBACTER ISOLATES FROM ELDERLY PATIENTS WITH URINARY TRACT INFECTIONS AT THE UNIVERSITY HOSPITAL OF COCODY, COTE D’IVOIRE	Comment by win: I suggested that the title be clearer and more concise, and therefore I proposed this title " Antibiotic Resistance Patterns of Citrobacter Isolates from Elderly Patients with Urinary Tract Infections in Côte d’Ivoire”

Abstract	Comment by win: The abstract should include a statistical analysis of the results, information about the sample sources, and the abstract should be related to the study.
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 of Institut Pasteur, Abidjan, Côte d'Ivoire.
Methodology: 47 human-origin Citrobacter strains were isolated from patients and identified using conventional bacteriological tests. Antibacterial susceptibility was determined by the disk diffusion method. Extended-spectrum beta-lactamase (ESBL) production was assessed using the double-disk synergy test. 
Results: The results revealed that 59.57% of Citrobacter strains were isolated from urine obtained by direct voiding. The bacteria exhibited higher resistance to cephalosporins, with resistance rates of 89.29% to Cefixime and 60.71% to Cefotaxime and Ceftriaxone. Resistance rates to fluoroquinolones were above 50%. Citrobacter strains showed lower resistance to Kanamycin (aminoglycoside), with a rate of 10.71%. Among the 47 strains, 17 (36.17%) produced extended-spectrum beta-lactamases. 	Comment by win: The results should include statistically significant differences.
Conclusion: In light of these findings, bacterial resistance remains a major public health concern.
Keywords: Citrobacter, resistance, antibiotics, urinary tract infections
1. INTRODUCTION	Comment by win: The introduction should be somewhat focused, global and local information should be clearly explained, and the references should be up-to-date.
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 after 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 aging, 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 colonizers, Citrobacter are now recognized 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].	Comment by win: This reference is outdated and has no relevance to antibiotic resistance; it should be removed.
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 objective of this study is to examine the antibiotic resistance of Citrobacter isolates causing urinary tract infections in elderly patients in Côte d’Ivoire, where few studies have been carried out on this issue.	Comment by win: The objectives and hypothesis should be clearer at the end of the introduction.
2. MATERIALS AND METHODS	Comment by win: The section numbering needs to be corrected. The study design is unclear and requires further clarification. 
The samples described in the text mention blood and pus, which have no relation to the samples isolated from urine.
 The use of the chi-square statistical analysis needs to be justified, and the levels of statistical significance must be specified. 
The justification or calculation for the sample size and statistical power analysis is required.
2.1. Biological material
The biological material consisted of 47 Citrobacter strains of human origin. These strains were isolated from blood, urine (obtained by direct voiding or collected from catheter tips), and suppurations sampled from elderly patients.
2.2. Collection of bacterial strains
The bacteria were collected from the Biocollection of the National Reference Center 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 (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 of the strains
2.2.1. Revival of bacterial strains	Comment by win: The section numbering needs to be corrected. The study design is unclear and requires further clarification. 
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.
2.2.2. Reidentification of Enterobacteriaceae strains
Identification of the strains was carried out in two steps. First, the Enterobacteriaceae nature of the isolates was confirmed using the oxidase test. Second, bacteria belonging to the genus Citrobacter were identified through biochemical tests [14].
2.2.3. 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]. Table I summarizes the list of antibiotics tested.
Table I: 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



2.2.4. Detection of Extended-Spectrum β-Lactamase Production
Phenotypic confirmation of extended-spectrum β-lactamase (ESBL)–producing strains was performed by observing the formation of “champagne cork” or “funnel-shaped” patterns. These patterns can appear between antibiotic disks of amoxicillin–clavulanic acid, cefotaxime, ceftriaxone, and aztreonam placed on Mueller–Hinton agar previously inoculated with the bacterial strains [16].
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 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	Comment by win: Figures (1and 2) should be more descriptive, and the results should include quantitative statistical outputs. 
There is an inconsistency in the sample distribution with the research design, as it does not include samples of blood and pus. 
I suggest moving some of the data interpretations, such as the differences in gender, to the discussion section.
3.1.1. Distribution of Isolated Citrobacter Strains
Analysis of the results revealed that the majority of Citrobacter strains (91.48%) were isolated from urine (direct voiding: 59.57%; catheter tip samples: 31.91%). The lowest isolation rates (4.25%) were observed in blood and suppuration samples (χ² = 18.28; p < 0.001; Fig 1). Data also showed that the urology department recorded the highest isolation rate at 57.45%, followed by the general medicine and nephrology departments at 14.9%, while the lowest rates were observed in the emergency and neurology departments (6.38%) (χ² = 13.24; p = 0.01).





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 the antibiotic susceptibility test results revealed high resistance of Citrobacter strains to cephalosporins, with rates ranging from 32.14% to 89.29%. The bacteria also showed resistance rates of 53.57% to both amoxicillin–clavulanic acid and aztreonam (Fig 2). Resistance to imipenem was 28.57%.








Fig 2: Antibiotic resistance profile of the strains tested
Resistance to aminoglycosides
Overall, the bacterial strains exhibited low resistance to aminoglycosides. Resistance rates were 46.43%, 21.43%, and 10.71% for gentamicin, amikacin, and kanamycin, respectively (Fig 2).
Resistance to fluoroquinolones
Within this class, the bacteria showed high resistance to ciprofloxacin (60.71%). A moderate resistance rate of 53.57% was observed for nalidixic acid (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 strains. In this study, the prevalence of extended-spectrum β-lactamase (ESBL)–producing Citrobacter strains was estimated at 36.17%.
3.2. DISCUSSION	Comment by win: The discussion contains contributions and repetitions in describing the results and needs further analysis. The results should be relevant to these well-known studies, and the discussion did not provide a clear explanation of the complete mechanisms behind the patterns of antibiotic resistance.
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 colonization 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; 21; 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 inappropriate use of cephalosporins in hospital or community settings, which selects for resistant clones [26]. Resistance mechanisms, such as AmpC β-lactamases that hydrolyze 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 hospitalization, and use of medical devices are factors that may promote the selection of ESBL-producing strains [34].
4. CONCLUSION	Comment by win: The results should not be repeated in the conclusions section.
Antibiotic resistance in Citrobacter represents a major global public health challenge. In this study, uropathogenic Citrobacter was detected in 91.48% of urine samples. Among elderly patients, no difference in infection rates was observed according to sex. ESBL production was detected in 17 of the 47 bacterial strains studied. The resistance profile of the strains to β-lactams, aminoglycosides, and fluoroquinolones showed high resistance to cefixime (89.29%) and to ceftriaxone and cefotaxime (60.71%). Additionally, high resistance to ciprofloxacin (60.71%) was observed. Citrobacter strains remained sensitive to kanamycin. The antibiotic resistance profile revealed in this study highlights the need for rigorous surveillance and continuous adaptation of prescribing policies.
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7.	Aguirre-Sánchez, JR., Quiñones, B., Ortiz-Muñoz, JA., Prieto-Alvarado, R., VegaLópez, IF., Martınez-Urtaza, J et al. (2023). Comparative genomic analyses of ́ virulence and antimicrobial resistance in Citrobacter werkmanii, an emerging opportunistic pathogen. Microorganisms, 11, 1–17.
8.	Heljanko, V., Johansson, V., Räisänen, K., Anttila, VJ., Lyytikäinen, O., Jalava, J et al. (2023). Genomic epidemiology of nosocomial carbapenemase-producing Citrobacter freundii in sewerage systems in the Helsinki metropolitan area, Finland. Frontiers in microbiology, 14:1165751.
9.	Pothoven, R. (2023). Management of urinary tract infections in the era of antimicrobial resistance. Drug Target Insights., 17:126-137. 
10.	Chen, IC., Hill, JK., Ohlemüller, R., Roy, DB & Thomas, CD. (2011). Rapid range shifts of species associated with high levels of climate warming. Science, 333, 1024-1026.
11.	El-kholy, AT., El-Kholy, MA., Omar, H. et al. (2024). Coexistence de facteurs de résistance aux antibiotiques et de virulence chez des isolats cliniques de Klebsiella pneumoniae résistants aux carbapénèmes d'Alexandrie, en Égypte. BMC Microbiology.
12.	Babiker, A., Evans, DR., Griffith, MP., McElheny, CL., Hassan, M., Clarke, LG et al. (2020). Clinical and genomic epidemiology of carbapenem- nonsusceptible Citrobacter spp. At a tertiary health care center over 2 decades. Journal of Clinical Microbiology, 58, e00275-20.
13.	Yao, Y., Falgenhauer, L., Falgenhauer, J., Hauri, AM., Heinmüller, P., Domann, E et al. (2021). Carbapenem-resistant Citrobacter spp. as an emerging concern in the hospital-setting: results from a genome-based regional surveillance study. Frontiers in Cellular and Infection Microbiology, 11:744431.
14.	Le Minor, L, & Richard C (1993). Méthodes de laboratoire pour l'identification des Entérobactéries. Commission des laboratoires de références et d'expertise de l'institut Pasteur, Institut Pasteur, Paris, France, 218 p. 
15.	European Committee on Antimicrobial Susceptibility Testing-Comité de l'antibiogramme de la société Française de Microbiologie (EUCAST-CASFM); (2023). nAvailable:http://bacterioweb.univfcomte.fr/bibliotheque/remic/24-Antib.pdf 
16.	Bouamri, MCE., Arsalane, L., Kamouni, Y., Berraha, M, & Zouhair, S. (2014). Recent developments in the epidemiological profile of uropathogenic Enterobacteriaceae producing extended-spectrum beta-lactamases in Marrakech, Morocco. Progress in urology, 24; 451-455.
17.	Mohammadreza, S., Dariush, R., SeyedAhmad, S., Arash S, Amir Aliramezani, A., Seyed, ADM. et al. (2023). Clinical and microbiological patterns in critically ill patients with catheter-associated UTI: A report from Iran. Journal of Infection in Developing Countries, 17(1):129-134.
18.	Poonam, AR., Bilolikar, AK., & Reddy, SG. (2019). Prevalence and antimicrobial susceptibility pattern of Citrobacter species in various clinical samples in a tertiary care hospital. Journal of Medical Science & Research., 7(4):103-108. 
19.	Samonis, G., Karageorgopoulos, DE., Kofteridis, DP., Matthaiou, DK., Sidiropoulou, V., Maraki, S, & Falagas ME. (2009). Citrobacter infections in a general hospital: characteristics and outcomes. European Journal of Clinical Microbiology & Infectious Diseases, 28(1):61-68. 
20.	Kanyangarara, M., Allen, S., Jiwani, SS., & Fuente, D. (2021). Access to water, sanitation and hygiene services in health facilities in sub-Saharan Africa 2013-2018: Results of health facility surveys and implications for COVID-19 transmission. BMC Health Services Research, 21(1):601. 
21.	Cissé, DM., Laure, EEM., Blaise, KA., Jean-Paul, NN., Gbonon, MV., Mayaka, CRA., Eugénie, GD., Simplice, DN., Philippe KL., & Mamadou, S. (2023). Evaluation of the implementation of hospital hygiene components in 30 health-care facilities in the autonomous district of Abidjan (Côte d'Ivoire) with the WHO Infection Prevention and Control Assessment Framework (IPCAF). BMC Health Services Research, 23(1):870. 
22.	Gbegbe, Da., N’zi, NP., Monthaut, S., Alle, AP., & Angaman, DM. (2023). Prévalence et écologie microbienne des infections des voies urinaires au CHR de Daloa (Côte d’Ivoire) Journal of Applied Biosciences, 192: 20319-20330.
23.	Schmider, J., Bühler, N., Mkwatta, H., Lechleiter, A., Mlaganile, T., Utzinger, J., et al. (2022). Microbiological Characterisation of Community-Acquired Urinary Tract Infections in Bagamoyo, Tanzania: A Prospective Study. Tropical Medicine and Infectious Disease, 7: 100-910. 
24.	Huang, L., Huang, C., yan, Y., Sun, L., & Li, H. (2021). Urinary Tract Infection Etiological Profiles and Antibiotic Resistance Patterns Varied Among Different Age Categories: A Retrospective Study From a Tertiary General Hospital During a 12-Year Period. Frontiers in Microbiology, 12: 1-10. 
25.	Mohammedkheir, MIA., Gaafar, EM., & AbdAlla, EGE. (2024). Evaluation of BlaTEM, BlaSHV, and BlaCTX-M antibiotic resistance genes in Gram-negative bacilli causing urinary tract infections in Khartoum State: a cross-sectional study. BMC Infectious Diseases, 24, 141.
26.	Yasmine, E., Olivier, J., Matthias, F., Stefanie, H., Marissa, K., Marc-William, S., & Peter F. (2023). Comparative selective pressure potential of antibiotics in the environment, Environmental Pollution, 318 : 120873. 
27.	Zúniga-Moya, JC., Suyapa, BC., Huber, VC., Simmons, GC., Andy, CM., Carmen, CL. et al. (2016). Antibiotic sensitivity profile of bacteria in urinary tract infections. Acta Médica Costarricense, 58 (4) : 8.
28.	Faruk, MD., Hasan, ESO., Jubayer, A., Akter, K., Al Shiam, AS., Rahman, K. et al. (2023). Microbial Isolates from Urinary Tract Infection and their Antibiotic Resistance Pattern in Dhaka city of Bangladesh. Journal of Knowledge Learning and Science Technology, 2(3) : 12.
29.	Fenta, A., Dagnew, M., Eshetie, S., & Belachew, T. (2020). Bacterial profile, antibiotic susceptibility pattern and associated risk factors of urinary tract infection among clinically suspected children attending at Felege-Hiwot comprehensive and specialized hospital, Northwest Ethiopia. A prospective study. BMC Infectious Diseases, 20(1) : 673.
30.	Kotb, DN., Wafaa, KM., Mahmoud, SM., Rasha, MMK. (2019). Impact of co-existence of PMQR genes and QRDR mutations on fluoroquinolones resistance in Enterobacteriaceae strains isolated from community and hospital acquired UTIs. BMC Infectious Diseases , 19(1): 979.
31.	Muylaert, A. & Mainil, JG. (2013). Resistance to fluoroquinolones: the current situation. Annals of Veterinary Medicine, 157(1): 15-26.
32.	Priyadarshini, B., Rani, LK., & Ramaswamy, R. (2016). Isolation and antibiotic sensitivity pattern of citrobacter species with esbl and ampc detection at tertiary care hospital, bangalore. Journal of Evolution of Medical and Dental Sciences, 5(30):1553-7. 
33.	Otta, S., Priyadarshini, B., Rout, PB., Sahu, KK., & Swain B. (2023). In vitro resistance pattern of Citrobacter infections: A retrospective study. The Journal of Associated Medical Sciences; 56(1): 49-53.
34.	Sami, H., Sultan, A., Rizvi, M., Khan, F., Ahmad, S., Shukla I et al. (2017). Citrobacter as a uropathogen, its prevalence and antibiotics susceptibility pattern. CHRISMED Journal of Health and Research. 4(1) ; 23–26.

Urine à miction directe	Urine contenue dans le bout de sonde	Suppuration	sang	
Urine à miction directe	Urine contenue dans le bout de sonde	Suppuration	sang	
Urine à miction directe	Urine contenue dans le bout de sonde	Suppuration	sang	0.59599999999999997	0.31900000000000001	4.2500000000000003E-2	4.2500000000000003E-2	

AMC	Cefotaxime	Ceftriaxone	Cefoxitin	Cefixime	Ceftazidime	Amikacin	Gentamicin	Kanamycin	Imipenem	Ciprofloxacin	Nalidixic acid	Aztreonam	54.36	60.71	60.71	32.14	89.29	50	21.43	46.43	10.71	28.57	60.71	53.57	54.67	Antibiotics


Percentages (%)





12

