Prevalence and phenotypic characterization of extended-spectrum β- lactamase (ESBL)-producing uropathogenic Enterobacteriaceae isolated at the Fann University Hospital

Abstract
Introduction: Urinary tract infections caused by extended-spectrum β-lactamase-producing Enterobacteriaceae (ESBL-producing Enterobacteriaceae) are a public health problem in Senegal. This study aims to determine the prevalence and resistance profiles of ESBL-producing Enterobacteriaceae isolated at the Fann University Hospital Center.	Comment by HP: Why is it considered a public health problem in Senegal alone ?
Methods: This is a retrospective study of urine samples analyzed at the bacteriology laboratory of the Fann University Hospital Center. Bacterial identification and antibiograms were performed according to CA-SFM/EUCAST recommendations.	Comment by HP: Give the total samples included, time frame of the study
Results: Of all the enterobacteria isolated from 20% of urine samples, 32% were ESBL-producing. ESBL-producing E. coli were mainly isolated from outpatients (71%) and elderly subjects (≥ 60 years: 44%). The main co-resistances concerned gentamicin (66%), cotrimoxazole (88%), and fluoroquinolones (75%). Good sensitivity to imipenem (80%) and chloramphenicol (80%) was observed.
Conclusion: These results confirm the high community prevalence of ESBL-producing E. coli in Dakar and the threat of multidrug resistance. The continued sensitivity to carbapenems should encourage ongoing surveillance and prudent use of antibiotics in Senegal.	Comment by HP: italicise
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INTRODUCTION
[bookmark: _Hlk212892463]Urinary tract infections (UTIs) are one of the most common reasons for consultation and hospitalization, both in hospitals and outpatient settings [1].	Comment by HP: The introduction can be more detailed. It is unclear. Not enough points to highlight the importance.
Among the bacterial agents responsible, Enterobacteriaceae are predominant, both in the community and in hospitals [2].
Gram-negative bacilli are responsible for the majority of urinary tract infections, with Escherichia coli isolated in 45 to 75% of cases, followed by Klebsiella pneumoniae, Proteus mirabilis, Staphylococcus saprophyticus, and Pseudomonas aeruginosa [2,3].	Comment by HP: EITHER PUT PERCENTAGE FOR ALL THE ORGANISMS OR OMIT THE PERCENTAGE ALTOGETHER

A study conducted in Dakar showed that E. coli and K. pneumoniae accounted for approximately 89% of enterobacteria isolated from pathological urine samples [4].	Comment by HP: E should be italicised
In recent years, selective pressure linked to the widespread use of antibiotics has led to a worrying increase in multi-resistant uropathogenic strains, particularly extended-spectrum β- lactamase (ESBL)-producing enterobacteria, which are responsible for numerous treatment failures [2,3].
The rise of these ESBL-producing enterobacteria now represents a real public health challenge, compromising the efficacy of third-generation cephalosporins and limiting treatment options [4].
In West Africa, the prevalence of ESBL-producing Enterobacteriaceae (EBLSE) remains high, estimated at around 28% according to a regional meta-analysis [5].
In Senegal, hospital studies conducted in Dakar have reported ESBL-E isolation rates of 26% to 42% depending on the period and facility [2].
For example, a study conducted at the Fann University Hospital Center between January and June 2018 found a rate of 41.8% of ESBL-producing Enterobacteriaceae among uropathogenic Enterobacteriaceae [4].
Another study (2012–2014) conducted in the same institution reported 30.2% of E. coli strains and 58.2% of K. pneumoniae strains producing ESBL [2].	Comment by HP: Italicise
In light of this growing threat, it is essential to have up-to-date local data on microbiological profiles and antibiotic susceptibility. Antibiotic therapy must be guided by regular monitoring of bacterial resistance in order to optimize treatment, prevent complications, and limit the spread of resistant strains [2].
It is therefore crucial to phenotypically characterize these uropathogenic strains isolated in Senegal. Indeed, ESBL-producing uropathogenic enterobacteria are frequently associated with co-resistance (quinolones, aminoglycosides, sulfonamides) and represent an increased risk of treatment failure, longer hospital stays, and economic burden [4].
In this context, the objective of this study is to determine the prevalence of ESBL-producing uropathogenic enterobacteria isolated at the Fann University Hospital Center and to characterize them phenotypically in order to guide the strategy for combating bacterial resistance in Senegal. 
METHODOLOGY

[bookmark: _Hlk212892791]This was a prospective, descriptive study aimed at phenotypically characterizing extended- spectrum beta-lactamase-producing Enterobacteriaceae isolated from urine samples in hospitalized patients or outpatients during the period from 2021 to 2022.	Comment by HP: Mention the total number of samples included in the study and from which month of 2021 to which month of 2022 the study was framed	Comment by HP: Just write it as ESBL.
This study was conducted at the Fann National University Hospital Center (CHNU) in Dakar, Senegal. The Bacteriology-Virology Laboratory at the Fann CHNU served as the main site for bacteriological analysis.
Culture and identification
All urine samples sent to the laboratory were included in our study. These were urine samples collected in sterile containers and quickly sent to the laboratory. The urine samples were analyzed using the calibrated loop method (seeding on Cystine Lactose Electrolyte Deficient (CLED) medium after dilution to 1/100). The identification of bacteria was based on the determination of morphological, cultural, and biochemical characteristics.	Comment by HP: What was the quantity of urine sample that is collected as a standard in the hospital ?
The use of word quickly sent is informal. Use formal language.
Antibiotic susceptibility testing
The antibiogram was performed using the agar diffusion technique (Kirby Bauer), which consists of swabbing a bacterial suspension of 0.5 MacFarland onto Muller Hinton medium and placing antibiotic discs on it using a disc dispenser. After incubation in an incubator for 18-24 hours, the diameter of the inhibition zones was measured using a caliper and interpreted according to the recommendations of the Antibiogram Committee of the French Society of Microbiology CA-SFM (2020).
Several antibiotic molecules were tested:	Comment by HP: Were the tested antibiotic molecules commonly used in the hospital for treatment of UTIs ?	Comment by HP: Make this a continuous narrative form. The sentences are written like points. 
tetracycline (30 µg), nitrofurantoin (300 µg), erythromycin (15 µg), chloramphenicol (30 µg), gentamicin (10 µg), ciprofloxacin (5 µg), cephalothin (30 µg), doxycycline (30 µg), 30 µg), cotrimoxazole (25 µg), ceftriaxone (30 µg) and amoxycillin (10 µg).	Comment by HP: REMOVE THIS REPETITION
ESBL testing was performed using the synergy test between an amoxicillin + clavulanic acid combination disc and one of the third-generation cephalosporin discs (cefotaxime 30 µg or ceftazidime 30 µg or ceftazidime 30 µg) located on either side at a distance of 20-30 mm (center to center) from the AMC disc combination. The presence of extended-spectrum beta-lactamase production is characterized by a "champagne cork" image. Other families of antibiotics were used to investigate the co-resistance of ESBL-producing Enterobacteriaceae.	Comment by HP: What is the strength of the mentioned disc	Comment by HP: Give reference for this	Comment by HP: Just ESBL is enough here. 
Data entry and analysis
For each sample, information on sociodemographic characteristics, inpatient or outpatient status, clinical departments, culture results, and antibiotic susceptibility tests was entered into an Excel spreadsheet.
Data analysis was performed in Excel using pivot tables and visualizations. Statistical tests were also performed in Excel, including the Chi-square test, to assess the significance of the differences observed.	Comment by HP: Why didn’t the author choose other modes of statistical tests ?
RESULTS
1. Sampling:
During the study, 2,852 urine samples were collected from patients who came for consultation or were hospitalized in the study facility.	Comment by HP: This sentence is not needed as the methodology section will cover it. This is not a result. This is the number of samples taken for the study.
1.1. Distribution of the population by gender
The majority of samples came from men (55%), with a sex ratio of 1.21 in favor of males(Fig.1).	Comment by HP: Describe the number of male and female patients from whom the urine samples were collected and indicate the percentage in bracket next to number. In favor of males is a questionable choice of words. Kindly write it so that it makes sense and in contect with the study.
 
1.2. Distribution of the population by age group
The distribution of patients by age group shows that the most represented population was that of subjects aged 60 and over, with 1,246 samples (44%). Children aged 0 to 14 accounted for 9% of the samples (Tab.I).	Comment by HP: Give the numbers and percentage of each age group first and then the rest of your written passage will be in flow.

1.3. Distribution of the population by origin
In terms of the origin of the samples, the majority came from outpatients, with 2,244 urine samples, or 78.7%, while 608 samples (21.3%) were from inpatients (Fig.2)

2. Frequency of uropathogenic enterobacteria
Of all the samples analyzed, 572 tested positive for at least one enterobacterial species, representing a prevalence of 20% (Fig.3).

3. Prevalence of uropathogenic ESBL-producing bacteria
The study of the sensitivity of enterobacteria to antibiotics showed a prevalence of 32% of ESBL-producing E. coli with a p-value of less than 0.05 (Fig.4).

3.1. Distribution of ESBL-producing bacteria according to origin
The distribution of ESBL-producing bacteria according to the origin of the samples shows that 176 isolates (71%) came from outpatients. These results reflect the overall distribution of samples, 79% of which were of external origin, and show community spread of ESBL- producing bacteria (Tab. II).
3.2. Distribution of EBLSE according to clinical departments	Comment by HP: Its ESBL- E
The majority of EBLSE are found in infectious and tropical disease departments and neurology departments, with 10% in each department (Tab.III).	Comment by HP: ESBL- E
3.3. Co-resistance of EBLSE with other antibiotics	Comment by HP: ESBL- E
The study of the behavior of ESBLs to other families of antibiotics tested reveals high rates of resistance, namely 88% for tetracycline, 86% for sulfamethoxazole-trimethoprim, 81% for nalidixic acid, and over 70% for ciprofloxacin. As for aminoglycosides, we noted a resistance rate of 66% for gentamicin.
However, good sensitivity was noted with imipenem and chloramphenicol at rates of 17% and 15%, respectively (Tab. IV).
DISCUSSION
In this study conducted at Fann University Hospital, we described the epidemiological characteristics and resistance of uropathogenic enterobacteria, with a particular focus on the prevalence of extended-spectrum β-lactamase (ESBL)-producing strains.	Comment by HP: No need for expansion of abbreviations
Epidemiological profile of patients
Our results show that the majority of urine samples came from men (55%). This observation differs slightly from the trend usually reported in the literature, where urinary tract infections are more common in women due to anatomical features that favor ascending contamination [6]. However, several hospital studies have observed a male predominance among elderly patients or those with urinary catheters, which could explain our findings [7].
The age distribution reveals a high proportion of elderly subjects (≥ 60 years: 44%), confirming that aging is a major risk factor for urinary tract infection. This result is consistent with those obtained by Der and Niang in Dakar, who showed a high average age among patients with urinary tract infections [8]. Similar trends have been reported in Saint-Louis by LO and al. [9] and in Cameroun by Signing A and al. [10] confirming that age is a major determinant of ESBL-producing E. coli infections.	Comment by HP: Do not highlight author names	Comment by HP: Italicise
As for the origin of the patients, the majority of samples (79%) came from outpatients, suggesting significant community spread. This trend has also been observed in Senegal, where several studies have shown an increasing circulation of ESBL-producing Escherichia coli in the community [6].
Frequency of enterobacteria of ESBL-producing 
Enterobacteria accounted for 20% of isolates, 32% of which produced ESBL. This rate is consistent with data reported in Senegal and West Africa. Indeed, Der M et al. reported a frequency of 41.8% of ESBL-producing E. coli among uropathogenic strains isolated at the Fann University Hospital [8], while Dia and al. observed 30,17% of E.  coli  and   58,23%  of  K. pneumoniae producing respectively EBSL.[6;11]. These rates reflect the high endemicity of ESBL-producing E. coli in urinary tract infections in Senegal.	Comment by HP: Give the number of samples tested positive for Enterobacteria and put the percentage in brackets. 	Comment by HP: Do not bolden it.	Comment by HP: 30.17% and 58.23%	Comment by HP: Producing ESBL respectively. Do not italicise normal words.
Several factors may explain this situation:	Comment by HP: Write this as a sentence.
· the frequent use of third-generation cephalosporins,
· the lack of systematic screening for ESBL-producing bacteria,
· and sometimes inadequate hygiene measures that promote dissemination [12].
The majority of isolates came from outpatients (71%), illustrating the growing community spread of these strains, a phenomenon already reported by Ndir and al. [7]. This community emergence is probably linked to the uncontrolled use of antibiotics and the human-to-human spread of CTX-M-15-producing E. coli clones, the most frequently reported ESBL in Senegal and West Africa [13].	Comment by HP: Justify the statement. Is community spread the only reason or lack of hygienic practices and knowledge on UTIs among the cohort are all reasons. You cannot pin down a condition to just one factor
The clinical departments most affected were the SMIT and Neurology (10% each), but 70% of cases came from other external structures, confirming the extra-hospital circulation of resistant strains [2]. In a Senegalese hospital study, infections due to ESBL-producing E. coli significantly increased length of stay and mortality.
Co-resistance profiles
The ESBLs in our study showed high levels of resistance: 88% to cotrimoxazole, 75% to fluoroquinolones, and 66% to gentamicin. These results are consistent with those reported in a study conducted on E.coli ESBL where resistance rates to fluoroquinolones and cotrimoxazole reahed 82 % and 76 %, respectively [4].	Comment by HP: Not needed
	Comment by HP: Spelling error. ‘reached’
African studies .also documented these co- resistances, highlighting the circulation of multidrug-resistant plasmids carrying bla CTX-M, qnr, sul, and aac(6')-Ib genes [14].	Comment by HP: Can be rephrased as ‘Several African studies’	Comment by HP: Remove the dot	Comment by HP: blaCTX-M	Comment by HP: its just one study in the reference. Kindly refer to more studies like this and indicate.
On the other hand, the preserved sensitivity to imipenem (78%) is encouraging and consistent with the results of SENE NN, and al. [4] in Dakar and by study from Camara M. and al. [15] suggesting that carbapenems are still effective in our context. Hence the need for particular attention to their prudent use in severe ESBL-E. infections.	Comment by HP: Do not embolden al. It should be ‘et al.’ Not and al.	Comment by HP: Remove boldening of the words	Comment by HP: Remove the dot

Limitations of the study
Our study has a few limitations:	Comment by HP: Write in a continuous narrative flow do not give bullet points.
· Our study is single-center and limited to the Fann University Hospital; the results cannot necessarily be extrapolated to the whole of Senegal.
· The phenotypic approach alone does not allow for the identification of resistance genes or molecular typing, which limits our understanding of the mechanisms of dissemination.
· Finally, not all clinical data (outcome, mortality, comorbidities) associated with ESBL-producing strains were collected, which limits the interpretation of the clinical impact.
Perspectives
To go further, it would be useful to:	Comment by HP: Same comment as for limitations
· Perform molecular characterization of ESBL genes in uropathogenic strains in order to compare with data from other sectors in Senegal.	Comment by HP: Areas or regions might be an apt word for it
· Evaluate the clinical outcome (treatment duration, failure, recurrence, cost) of uropathogenic ESBL-producing infections.
· Extend the study to other healthcare facilities to obtain a national overview of the situation.
Conclusion
[bookmark: _Hlk212896980]This study highlights a high prevalence (32%) of extended-spectrum β-lactamase-producing Enterobacteriaceae in urinary tract infections at the Fann University Hospital Center. The high proportion of affected outpatients (71%) demonstrates the community spread of resistant strains. The rates of co-resistance to fluoroquinolones, gentamicin, and cotrimoxazole limit the current treatment options, although imipenem and chloramphenicol keeping notable effisciency. These results confirm the need for a rational antibiotic use policy and continuous surveillance at the hospital and community levels.	Comment by HP: ESBL is enough	Comment by HP: Spelling error. ‘efficiency’	Comment by HP: The ending sentence of an article should be more powerful, suggestive and affirmative. Kindly rewrite it into more sensible, scientific and formal way.
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Figure 1: Population distribution by gender
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Figure 2: Distribution of the population by origin
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Figure 3: Frequency of uropathogenic enterobacteria	Comment by HP: At least one ‘Enterobacter’ ?? Enterobacter is a genus of bacteria. If you want to emphasize the group either write it as Enterobacteria or Enterobacteriaceae
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 Figure 4: Prevalence of uropathogenic ESBL-producing bacteria







Figure 5 : Co-resistance of ESBL producing E.coli to other antibiotics





Figure 6 : Co-resistance of ESBL producing Klebsiella pneumoniae to other antibiotics



[bookmark: _Hlk212666378]Figure 7 : Co-resistance of Enterobacter spp to other antiobiotics




Table I: Distribution of the population by age group	Comment by HP: Align the table properly
	Age group
	Number
	Percentage

	0–14
	258
	9

	15–29
	592
	21

	30–44
	461
	16

	45–59
	295
	10

	≥ 60 years old
	1,246
	44

	Total
	2852
	100



Table II: Distribution of ESBL-producing bacteria according to origin
	Origin
	ESBL (n)
	% of EBLSE	Comment by HP: ESBL-E
	Total samples
	% of total

	Inpatient
	71
	29%
	608
	21%

	Outpatient
	176
	71%
	2244
	79%

	Total
	247
	100%	Comment by HP: NO Need for % if the symbol has been given in heading of the column
	2852
	100%






Table III: Distribution of EBLSE by clinical departments	Comment by HP: Its not EBLSE. It is ESBL- E. Remove the french words and give in english. Nombre d’EBLSE to Number of ESBL-E and Pourcentage to Percentage
	Services
	Nombre d’EBLSE
	Pourcentage (%)

	NRCH
	6
	2%

	SMIT
	24
	10%

	CTCV
	5
	2%

	NEURO
	24
	10%

	GERIATRICS
	9
	4%

	PNEUMO
	5
	2%

	CRCF
	0
	0%

	INTERNAL MED
	0
	0%

	PNEUNO
	0
	0%

	ORL
	0
	0%

	PSYCHIATRY
	0
	0%

	PNEUMOLOGY
	0
	0%

	Autres
	174
	70%

	Total
	247
	100%



Table IV: Co-resistance of ESBL-producing E. coli to other antibiotics

	
Antibiotics tested
	% resistance among
ESBL-producing bacteria

	IMP
	17

	GMN
	66

	CHL
	15%	Comment by HP: Remove %

	SXT
	86

	TET
	88

	CIP
	75

	NAL
	81


    IMP :Imipenem ; GMN :Gentamycin ; CHL : Chloramphenicol ; SXT : Sulfamethoxaol-   Trimethoprim ; TET : Tetracyclin ; CIP : Ciprofloxacin ; NAL : Nalidixic acid.	Comment by HP: Gentamicin	Comment by HP: Sulfamethoxazole	Comment by HP: Tetracycline
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IMP (11)	GMN (35)	CHL (10)	SXT (45)	TET (49)	CIP (46)	NAL (43)	0.2	0.63636363636363635	0.18181818181818182	0.81818181818181823	0.89090909090909087	0.83636363636363631	0.78181818181818186	S	IMP (11)	GMN (35)	CHL (10)	SXT (45)	TET (49)	CIP (46)	NAL (43)	0.8	0.36363636363636365	0.81818181818181812	0.18181818181818177	0.10909090909090913	0.16363636363636369	0.21818181818181814	



E.COLI (55) 

R	
IMP (11)	GMN (35)	CHL (10)	SXT (45)	TET (49)	CIP (46)	NAL (43)	0.2	0.63636363636363635	0.18181818181818182	0.81818181818181823	0.89090909090909087	0.83636363636363631	0.78181818181818186	S	IMP (11)	GMN (35)	CHL (10)	SXT (45)	TET (49)	CIP (46)	NAL (43)	0.8	0.36363636363636365	0.81818181818181812	0.18181818181818177	0.10909090909090913	0.16363636363636369	0.21818181818181814	



R	
IMP (4)	GMN (18)	CHL (2)	SXT (19)	TET (19)	CIP (16)	NAL (19)	0.16666666666666666	0.75	8.3333333333333329E-2	0.79166666666666663	0.79166666666666663	0.66666666666666663	0.79166666666666663	S	IMP (4)	GMN (18)	CHL (2)	SXT (19)	TET (19)	CIP (16)	NAL (19)	0.83333333333333337	0.25	0.91666666666666663	0.20833333333333337	0.20833333333333337	0.33333333333333337	0.20833333333333337	
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