

Impact of empirical antibiotic therapy on the carriage and acquisition of multidrug-resistant Enterobacteriaceae in Paeditric department of Sylvanus Olympio Teaching Hospital, Lomé, Togo
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ABSTRACT 

	Background: Antibiotic resistance in Enterobacteriaceae is a major global threat, particularly in hospitalized children, where it leads to difficult-to-treat infections and prolonged hospital stays. The gastrointestinal tract serves as a key reservoir for transmission, and limited pediatric data, including in Togo, highlights the need for further research.
Aims: To estimate the prevalence of digestive carriage of multidrug-resistant Enterobacteriaceae (MDR-E) upon admission and after antibiotic treatment among children hospitalized in the paediatric department of the Sylvanus Olympio Teaching Hospital, Lomé, Togo, in 2023.
.
Study design:  This was a cross-sectional before-and-after study involving children who received empirical antibiotic therapy. 
Place and Duration of Study: Intensive care units of the paediatric department, and microbiology laboratory of the of the Sylvanus Olympio Teaching Hospital in Lomé (Togo). The study took place from June 6 to September 11, 2023.
Methodology: 203 rectal swabs were collected at admission, and 132 rectal swabs after empirical antibiotic therapy at discharge in hospitalized children. 
Screening for resistance was performed using media made selective through the addition of antibiotics. MacConkey medium (Oxoid) was made selective by the addition of cefotaxime (CTX) at a ratio of 20 ml of MacConkey medium+ 20 µl/ml of CTX for ESBL screening, and by adding ertapenem (ERT) at a ratio of 20 ml of MacConkey medium +0.5 µl/ml of ERT to screen for carbapenem-resistant strains.
Results: Rectal swab at admission revealed a carriage rate of 52.7% for Extended-Spectrum Beta-Lactamase-producing Enterobacteriaceae (ESBL-E) and 15.3% for Carbapenem-Resistant Enterobacteriaceae (CRE). The most frequently isolated strain was Escherichia coli in 61.2% of cases. Rectal swab at discharge isolated 84.1% of ESBL strains and 48.5% of carbapenem-resistant strains. The overall carriage rate of MDR-E (multidrug-resistant Enterobacteriaceae) was 53.2% at admission and 84.8% at discharge. An MDR-E acquisition rate of 74.2% was observed. The acquisition of MDR-E strains was significantly associated with the length of hospital stay (p=0.003) and age (p=0.0001).
Conclusion: The faecal carriage rate of multidrug-resistant Enterobacteriaceae strains in hospitalized children in this study is very high. It is therefore urgent to take measures to raise awareness about the spread of multidrug-resistant strains among children in Togo.




Keywords: Carriage, multidrug-resistant Enterobacteriaceae (MDR-E), ESBL, CRE, pediatrics, Lomé, Togo



1. INTRODUCTION 

The high rate of antibiotic resistance in Enterobacteriaceae now represents a major public health challenge. The World Health Organization (WHO) has declared antimicrobial resistance to be one of the top 10 greatest threats to global public health facing humanity (World Health Organization, 2025).
The carriage or acquisition of multidrug-resistant Enterobacteriaceae in hospital settings in general, and in paediatric settings more specifically, is of particular concern as it compromises the effectiveness of available treatments, increases the risk of serious nosocomial infections and prolongs the length of hospital stay (Vodovar et al., 2013). Children who are carriers of multidrug-resistant Enterobacteriaceae are at greater risk of developing infections caused by multidrug-resistant bacteria, which pose a management challenge given the limited choice of antibiotics (Detsis et al., 2017).
Bacteria of the Enterobacteriaceae family are Gram-negative, non-spore-forming, facultative anaerobic rods. This family accounts for approximately three-quarters of isolates in a medical bacteriology laboratory and is of great interest due to the numerous resistance mechanisms they possess (Fumat et al 2016).
Hospitalised children are particularly vulnerable to these multi-drug-resistant bacteria due to the immaturity of their immune systems, the high frequency of antibiotic prescriptions that are not always based on informed decisions, and the often poor conditions in hospitals across our regions.
The repeated and inappropriate use of antibiotics in hospitalised patients creates selective pressure that promotes the emergence and spread of multidrug-resistant Enterobacteriaceae (MDR-EB) (Madec, 2022). The spread of resistant strains among children hospitalised in the same ward, due to their close proximity, is all the more concerning given that mobile genetic elements are often implicated in antibiotic resistance in Enterobacteriaceae (Agyeman et al., 2022). The gastrointestinal tract constitutes a major reservoir for these bacteria, allowing asymptomatic carriage and facilitating cross-transmission between patients (Lucet, 2012). In Togo, studies conducted among children and adults have shown rates of gastrointestinal carriage ranging from 56.9% to 80.9% (Godonou et al., 2022; Lack et al., 2022). Although several studies have been conducted in Togo on the prevalence of carriage of multidrug-resistant Enterobacteriaceae, very few have been carried out across the entire paediatric population and have demonstrated the impact of antibiotic therapy on this phenomenon.

The objective of this study was to estimate the prevalence of digestive carriage of multidrug-resistant Enterobacteriaceae before and after empirical antibiotic therapy.
2. methodology 

2.1 Study setting and population sampling 

This study was conducted at the Sylvanus OLYMPIO Teaching Hospital in Lomé (CHU SO), in the paediatric department and the microbiology laboratory.
This was a repeated cross-sectional descriptive and analytical study, conducted before and after empirical antibiotic therapy in the intensive care units of the paediatric department at the CHU SO in Lomé (Togo). The sample size was computed using the standard formula Cochran to calculate the minimum sample size required to estimate a proportion in a population. The study was conducted from June 6 to September 11, 2023.
All patients admitted to the department and placed on empirical antibiotic therapy were eligible for inclusion in the study, regardless of their diagnosis, provided they remained in the hospital for at least one night, whether or not bacteriological examinations were performed. Patients were recruited within 24 hours of admission to the hospital and remained in the study until discharge, recovery, or death.
Previously included patients who were readmitted to the hospital during the study period were not included

2.2 Data and sample collection

A data collection form was used, containing the following variables: sociodemographic data, mode of admission, dates of admission and discharge from the department, suspected infection site, laboratory results (particularly bacteriological examinations), prescribed antibiotics, and clinical outcome.
For each included patient, two samples were taken: one at admission before the start of antibiotic therapy and one at discharge. This involved a rectal swab using a sterile cotton swab within 24 hours of admission. The swab, soaked in sterile distilled water, was inserted into the anus to a depth of 1 to 2 cm and stool samples were collected by rotating the swab before removing it. The swab was then placed in a sterile tube. A rectal swab was taken under the same conditions upon discharge from the hospital.
2.3 Screening for carriage of Extended-Spectrum Beta-Lactamase-producing Enterobacteriaceae (ESBL-E) and Carbapenem-Resistant Enterobacteriaceae (CRE)
The samples collected were packaged using cold packs and immediately transported to be handled at the CHU SO microbiology laboratory. Screening for resistance was performed using media made selective through the addition of antibiotics. MacConkey medium (Oxoid) was made selective by the addition of cefotaxime (CTX) at a ratio of 20 ml of MacConkey medium+ 20 µl/ml of CTX for ESBL screening, and by adding ertapenem (ERT) at a ratio of 20 ml of MacConkey medium +0.5 µl/ml of ERT to screen for carbapenem-resistant strains. Known strains of Enterobacteriaceae sensitive and resistant to third-generation cephalosporins (3GC), as well as a non-ESBL Escherichia coli ATCC 25922 strain and an ESBL Klebsiella pneumoniae ATCC 700603 strain, were inoculated onto MacConkey agar + CTX and a carbapenem-resistant  Escherichia coli strain onto MacConkey agar + ERT to check the selectivity of these media. The swabs were inoculated onto Petri dishes containing the selective media described above.
After aerobic incubation at 37 °C for 24 hours, the strains obtained on these selective media were identified by subculturing on chromogenic media (Uriselect™4). Identification was confirmed using the commercial API 20E gallery (BioMérieux, France) and other biochemical identification tests as needed (catalase, oxidase).
Antibiotic sensitivity of the isolates was determined using the Kirby-Bauer agar (Mueller-Hinton) disk diffusion method. A few identical pure colonies a from Mueller-Hinton (MH) culture were collected using a sterile Pasteur loop and emulsified in 5 ml of sterile normal saline solution. The inoculum density was adjusted to match the 0.5 McFarland turbidity standards. The inoculum was spread on Mueller-Hinton agar using a sterile swab and left to dry. Antibiotic disks (Oxoid, UK) were placed on the medium at 30 mm intervals and 15 mm from the edge of the Petri dish, then incubated for 24 hours at 37 °C to obtain a lawn culture (Dorkenoo Ameyo et al., 2020). The inhibition zone diameter (in mm) was measured using a calibrated ruler and interpreted according to the standard zone size criteria recommended by the 2022 CASFM-EUCAST [European Committee on Antimicrobial Susceptibility Testing] (Cattoir Vincent et al., 2022).

2.4 Data processing and analysis

Data entry was performed using Microsoft Excel 2020 software. Data processing and statistical analysis were carried out using R, Stata version 16, and Microsoft Excel 2020 software.
Results were presented as numbers and proportions for qualitative variables, and as means and standard deviations for quantitative variables. Associations between categorical variables were evaluated using the Chi-square test or Fisher's exact test, and the immediate comparison of two proportions (prtest) as appropriate. A P-value of less than 0.05 was considered statistically significant.

3. results 

3.1 Socio-demographic characteristics and admission data

A total of 203 children aged 0 days to 17 years were included in this study. Newborns were the most represented age group, accounting for 77.3% of the sample, followed by older children at 8.9%. Slightly over 73% of the children had a fever on admission, and 44.3% had a temperature above 38°C. Most of the children (44.9%) were transferred from the maternity ward for further care, and 37.4% were referred from another facility for better care. The remaining children were admitted directly for consultation. The average length of hospital stay was 8 days, with extremes of 4 and 25 days; 45.8% of the children had a hospital stay lasting between 5 and 10 days (Table 1).

Table 1.   Distribution of hospitalized children on antibiotic therapy in paediatrics at CHU SO 2023, according to age, gender, and hospitalization data
	Characteristics
	Number (n)
	Proportion (%)

	Age
	
	

	Newborns (0–28 days)
	157
	77.3

	Infants (1 month – 2 years)
	6
	3.0

	Young children (2–5 years)
	15
	7.4

	Older children (5–11 years)
	18
	8.9

	Teenager (11–17 years)
	7
	3.4

	Gender
	
	

	Male
	121
	59.6

	Female 
	82
	40.4

	Admission Method
	
	

	Consultation
	44
	21.7

	Referral
	76
	37.4

	Transfer of a service
	83
	40.9

	Length of Hospital Stay
	
	

	Short stay (1, 2, 3 days)
	31
	15.3

	Medium stay (4, 5 days)
	40
	19.7

	Long stay (> 5 days)
	93
	45.8

	> 10 days
	39
	19.2

	Temperature at entry
	
	

	< 36°C
	2
	1.0

	36°-37°5C
	44
	21.7

	37°6-38°C
	67
	33.0

	˃ 38°-40°C
	90
	44.3



3.2 Antibiotic therapy data

For their treatment 83.7% of the children were given dual antibiotic therapy, and approximately 16% of the children included were put on monotherapy. The mean duration of first-line antibiotic treatment was 7 days with extremes ranging from 1 to 13 days). Due to clinical failure or bacteriological results, 20 children (9.8%) required second-line antibiotics; 10% of whom received third-line Meropenem antibiotic therapy based on microbiology findings. First-line antibiotic therapy consisted of cefotaxime plus gentamicin in 81.3% of cases. Neonatal infection and sepsis were diagnosed in 25.6% and 20.2% of cases, respectively. The infection site was either unspecified or blood-borne in 27.6% and 22.2% of cases, respectively (Table 2).

Table 2.   Distribution of children hospitalized in the Paediatric Department at CHU SO in 2023, according to first-line antibiotic therapy data

	Characteristics
	Number (n)
	Proportion (%)

	Antibiotic therapy type

	Monotherapy
	32
	15.8%

	Dual therapy
	170
	83.7%

	Triple therapy
	1
	0.5%

	Duration of first-line antibiotic therapy

	1–4 days
	50
	24.4%

	5–8 days
	125
	61.7%

	>8 days
	28
	13.9

	Therapeutic adjustment

	First-line antibiotic therapy
	203
	100

	Second-line antibiotic therapy
	20
	9.8%

	Third-line antibiotic  therapy
	2
	1%



3.3 Digestive carriage at admission and hospital-acquired multidrug-resistant Enterobacterales strains

At admission, rectal swabs from the 203 children showed an ESBL-producing Enterobacterales carriage in 52.7% of cases ; Carbapenem-resistant strains were found in 15.3% of patients, and 14.8% carried both ESBL and carbapenem-resistant strains. The overall MDR carriage rate was 53.2% (Figure 1).
Follow-up swabbing was performed in 132 of the 203 initially enrolled children. ESBL carriage rose to 84.1%, and carbapenem resistance to 48.5% (Figure 1).
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Fig. 1.  Flowchart showing the inclusion of paediatric inpatients and the results of for multidrug-resistant Enterobacteriaceae carriage

[bookmark: _Hlk213831355]The most frequently isolated strain of ESBL at admission was Escherichia coli (61.2%), followed by Klebsiella pneumoniae (17.8%) and Enterobacter cloacae (17.1%). Twenty-two children, or 20.5% of ESBL carriers (n=107), carried two different ESBL species at the same time. The combination of Escherichia coli and Klebsiella pneumoniae was the most common, found in 63% (n=22) of these cases.  For carbapenem resistance, Enterobacter cloacae and Escherichia coli were identified in 47.1% and 44.1% of cases, respectively. The second swab revealed a predominance of Escherichia coli (63.0%), followed by Klebsiella pneumoniae (18.8%) and Enterobacter cloacae (13.8%). Klebsiella oxytoca represented only 4.3% of the isolates (Figures 2 and 3).



Fig. 2.   Distribution of ESBL strains isolated from digestive carriage in children receiving empirical antibiotic therapy at the CHU SO in 2023, at admission and discharge




Fig. 3.  Distribution of carbapenem-resistant strains isolated from digestive carriage in children receiving empirical antibiotic therapy at the CHU SO in 2023, at admission and discharge

ESBL-producing strains of Enterobacter cloacae, E. coli, and Klebsiella pneumoniae were resistant to cefotaxime in 95.5%, 98.7%, and 100% of cases at admission, and in 100%, 97.7%, and 100% at discharge, respectively. ESBL-producing strains of Enterobacter cloacae, E. coli, and Klebsiella pneumoniae were resistant to cefepime in 72.7%, 98.7%, and 100% of cases at admission, respectively, and in 100% of cases for all strains at discharge. These strains showed resistance to ertapenem ranging from 12.7% to 57.9%, and resistance to imipenem from 12.7% to 50%. Carbapenem-resistant Enterobacteriaceae (CRE) strains were resistant to ertapenem in 80% to 100% of cases at admission, and in 66.7% to 100% of cases at discharge. These strains exhibited resistance to meropenem ranging from 26.6% at admission to 100% at discharge, and resistance to imipenem in 31.3% to 100% at admission and in 32.5% to 100% at discharge. Carbapenem-resistant strains were resistant to third-generation cephalosporins (3GC) in 93.7–100% of cases and to fourth-generation cephalosporins (4GC) in 97.5% to 100% of cases. Klebsiella pneumoniae strains isolated on selective ertapenem medium were resistant to all antibiotics tested. Beyond this beta-lactam resistance, gentamicin resistance ranged from 54.4% to 100% in more than 99% of the strains, and ciprofloxacin resistance ranged from 63.7% to 100% across all ESBL-producing strains. Carbapenem-resistant strains showed resistance rates ranging from 33.3% to 91.7% for gentamicin and 50% to 100% for ciprofloxacin (Tables 3 and 4).
To evaluate the acquisition of resistant strains, we took into account children who did not carry any resistant strain at admission (swab 1) (N= 95). Among them, due to loss to follow-up, swabbing was repeated on 66 individuals (swab 2), 49 of whom carried a beta-lactam resistant strain, representing a multidrug-resistant strain acquisition rate of 74.2%.
A statistically significant association was found between the carriage of multidrug-resistant germs and age for children aged 5–11 years (P=0.0046). Additionally, hospitalization of more than 6 days and antibiotic therapy lasting between 5–8 days (p=0.0003, p=0.001) were statistically significantly associated with the acquisition of multidrug-resistant strains. Newborns were the most likely to acquire multidrug-resistant strains (p=0.0001) (Table 5).




































Table 3. Distribution of resistance profiles of ESBL-producing Enterobacterales (ESBL-E) strains isolated from digestive carriage in children receiving empirical antibiotic therapy at the CHU SO in 2023, at admission and discharge

	Antibiotics
	Isolated Enterobacteriaceae strains

	[bookmark: _Hlk213745614]
	
	Escherichia coli
	Enterobacter cloacae
	Klebsiella oxytoca
	Klebsiella pneumoniae
	Proteus mirabilis

	
	
	*n=79 (%)
	**n=87
(%)
	*n=22
(%)
	**n=19
(%)
	*n=4 (%)
	**n=6
(%)
	*n= 23 (%)
	**n=26
(%)
	*n=1 (%)
	**n=0
(%)

	Imipenem
	R
	10 (12.7)
	11 (12.7)
	  3 (13.7)
	4 (21.0)
	0
	3 (50.0)
	0
	4 (15.4)
	0
	-

	Meropenem
	R
	4 (5.1)
	11 (12.7)
	2 (9.1)
	4 (21.0)
	0
	2 (33.3)
	0
	3 (11.5)
	0
	-

	Ertapenem
	R
	10 (12.7)
	31 (35.6)
	 6 (27.3)
	11 (57.9)
	0
	3 (50.0)
	0
	6 (23.1)
	0
	-

	Ceftazidime-avibactam
	R
	11 (13.9)
	23 (26.4)
	5 (22.7)
	9 (47.3)
	1 (25.0)
	2 (33.3)
	2 (8.7)
	6 (23.1)
	0
	-

	Cefoxitin
	R
	15 (19.0)
	44 (50.6)
	 22 (100.0)
	3 (15.8)
	2 (50.0)
	3 (50.0)
	3 (14.3)
	10 (38.5)
	0
	-

	Piperacillin-tazobactam
	R
	17 (21.5)
	49 (56.3)
	6 (27.3)
	11 (57.9)
	1 (25.0)
	4 (66.7)
	4 (17.4)
	15 (57.6)
	1 (100.0)
	-

	Gentamicin
	R
	43 (54.4)
	57 (65.5)
	14 (63.6)
	15 (79.0)
	4 (100.0)
	6 (100.0)
	1 (4.3)
	19 (73.1)
	1 (100.0)
	-

	Ciprofloxacin
	R
	70 (88.6)
	83 (95.4)
	14 (63.7)
	16 (84.3)
	 3 (75.0)
	6 (100.0)
	15 (65.2)
	23 (88.5)
	1 (100.0)
	-

	Cefotaxime
	R
	78 (98.7)
	85 (97.7)
	21 (95.5)
	  19 (100.0)
	4 (100.0)
	6 (100.0)
	23 (100.0)
	26 (100.0)
	1 (100.0)
	-

	Cefepime
	R
	78 (98.7)
	87 (100.0)
	16 (72.7)
	  19 (100.0)
	4 (100.0)
	6 (100.0)
	23 (100.0)
	26 (100.0)
	1 (100.0)
	-

	Ceftazidime
	R
	76 (96.2)
	87 (100.0)
	21 (95.5)
	  19 (100.0)
	4 (100.0)
	6 (100.0)
	 20 (87.0)
	0
	1 (100.0)
	-

	Amoxicillin
	R
	79 (100.0)
	87 (100.0)
	  22 (100.0)
	  19 (100.0)
	4 (100.0)
	6 (100.0)
	23 (100.0)
	26 (100.0)
	1 (100.0)
	-

	Amoxicillin- clavulanic acid
	R
	 70 (88.6)
	78 (89.6)
	 22 (100.0)
	 19 (100.0)
	4 (100.0)
	6 (100.0)
	23 (100.0)
	26 (100.0)
	1 (100.0)
	-


*Strains isolated at admission; **Strains isolated at discharge.











Table 4. Distribution of resistance profiles for carbapenem-resistant strains isolated from digestive carriage at admission and discharge in children receiving empirical antibiotic therapy at CHU SO (2023) at admission and discharge

	Antibiotics
	
	Isolated Enterobacteriaceae strains

	
	
	Escherichia coli
	Enterobacter cloacae
	Klebsiella oxytoca
	Klebsiella pneumoniae

	
	
	*n=15
(%)
	**n=40
(%)
	*n=16
(%)
	**n=18
(%)
	*n=0
(%)
	**n=2
(%)
	*n=3 
(%)
	**n=12
(%)

	Imipenem
	R
	5 (33.3)
	13 (32.5)
	5 (31.3)
	9 (50.0)
	-
	2 (100.0)
	2 (66.7)
	9 (75.0)

	Meropenem
	R
	4 (26.6)
	13 (32.5)
	5 (31.3)
	7 (38.9)
	-
	2 (100.0)
	2 (66.7)
	4 (33.3)

	Ertapenem
	R
	12 (80.0)
	39 (97.5)
	16 (100.0)
	18 (100.0)
	-
	2 (100.0)
	3 (100.0)
	8 (66.7)

	Ceftazidime-avibactam
	R
	6 (40.0)
	17 (42.5)
	8 (50.0)
	12 (66.7)
	-
	 1 (50.0)
	1 (33.3)
	3(25.0)

	Cefoxitin
	R
	8 (53.3)
	33 (82.5)
	16 (100.0)
	16 (88.9)
	-
	2 (100.0)
	2 (66.7)
	7 (58.3)

	Piperacillin-tazobactam
	R
	7 (47.3)
	34 (85.0)
	9 (56.2)
	16 (88.9)
	-
	2 (100.0)
	2 (66.7)
	8 (66.7)

	Gentamicin
	R
	10 (66.7)
	30 (75.0)
	9 (56.2)
	15 (83.3)
	-
	2 (100.0)
	1 (33.3)
	11 (91.7)

	Ciprofloxacin
	R
	14 (93.3)
	37 (92.5)
	12 (75.0)
	16 (88.9)
	-
	1 (50.0)
	3 (100.0)
	12 (100.0)

	Cefotaxime
	R
	15 (100.0)
	39 (97.5)
	15 (93.7)
	18 (100.0)
	-
	2 (100.0)
	3 (100.0)
	12 (100.0)

	Cefepime
	R
	 15 (100.0)
	39 (97.5)
	14 (87.5)
	18 (100.0)
	-
	2 (100.0)
	3 (100.0)
	12 (100.0)

	Ceftazidime
	R
	15 (100.0)
	39 (97.5)
	16 (100.0)
	18 (100.0)
	-
	2 (100.0)
	3 (100.0)
	12 (100.0)

	Amoxicillin
	R
	15 (100.0)
	40 (100.0)
	16 (100.0)
	18 (100.0)
	-
	2 (100.0)
	3 (100.0)
	12 (100.0)

	Amoxicillin- clavulanic acid
	R
	12 (80.0)
	39 (97.5)
	13 (81.2)
	18 (100.0)
	-
	2 (100.0)
	3 (100.0)
	12 (100.0)


*Strains isolated at admission; **Strains isolated at discharge.






Table 5. Relationship between intestinal carriage of multidrug-resistant Enterobacteriaceae, age and sex, and relationship between acquisition of multidrug-resistant Enterobacteriaceae, age and length of hospital stay in children receiving empirical antibiotic therapy at the CHU SO in 2023

	[bookmark: _Hlk219540073]Characteristics 
	Yes n(%)
	No n(%)
	Total
	P-value

	
	    MDRO carriage at admission

	Gender
	
	
	
	

	Female
	39 (47.6)
	43 (52.4)
	82
	0.237

	Male
	69 (57.0)
	52 (43.0)
	121
	

	Age
	
	
	
	

	0-28 days
	68 (43.3)
	89 (56.7)
	157
	0.0368

	1–24 months
	5 (83.3)
	1 (16.7)
	6
	0.0874

	2–5 years
	15 (100.0)
	0 (0.0)
	15
	-

	5–11 years
	16 (88.9)
	2 (11.1)
	18
	0.0046

	11–17 years
	4 (57.1)
	3 (42.9)
	7
	0.3550

	
	
MDRO acquisition at discharge

	Age
	
	
	
	

	0–28 days
	49 (75.4)
	16 (24.6)
	65
	0.0001

	1–24 months
	0 (0.0)
	0 (0.0)
	0
	-

	2–5 years
	0 (0.0)
	0 (0.0)
	0
	-

	5–11 years
	0 (0.0)
	0 (0.0)
	0
	-

	11–17 years
	0 (0.0)
	1 (100.0)
	1
	-

	Length of Hospital 
stay (days)
	
	
	
	

	    1-3
	2 (33.0)
	4 (67.0)
	6
	   0.210

	    4-5
	6 (43.0)
	8 (57.0)
	14
	0.3020

	    6-10
	 28 (87.5)
	   4 (12.5)
	32
	0.0003

	    10+
	 13 (92.9)
	 1 (7.1)
	14
	0.0073

	
	
	
	
	



4. DISCUSSION 

Our study revealed a digestive carriage rate of ESBLE and carbapenem-resistant Enterobacteriaceae at admission of 52.7% and 15.3%, respectively. A significant increase in these rates was observed at discharge, reaching 84.1% and 48.5%, respectively. Furthermore, the acquisition rate of multidrug-resistant (MDR) Enterobacteriaceae strains was 74.2% in children who were non-carriers at admission.
The digestive carriage rate of multidrug-resistant (MDR) Enterobacteriaceae strains varies widely across countries and continues to evolve over time ; This is consistent with a systematic review and analysis of the presence of third-generation cephalosporin-resistant and carbapenem-resistant Enterobacteriaceae in sub-Saharan Africa, which reported high heterogeneity among studies in the sub-region. The carriage rate reported in that review was 32.2%, significantly lower than the rate found in our study (Ruef et al., 2024).
Studies conducted during the same period in Togo, including both adult and children, reported higher overall prevalences, reaching 64.6% for ESBL carriage and 9.2% for carbapenem resistance. However, in that same study, the prevalences reported specifically among children were lower: 17.7% for ESBL-producing Enterobacteriaceae and 3.1% for carbapenem resistance (Atoun et al., 2025).
In Ghana, a study on the carriage of multidrug-resistant (MDR) Gram-negative bacteria reported a prevalence of 49.6% and a 46.1% carriage rate of third-generation cephalosporin resistance (Labi et al., 2020). 
In Morocco, Arhoune et al., in a study on the rectal carriage of extended-spectrum β-lactamase (ESBL) and carbapenemase-producing Enterobacteriaceae in newborns hospitalized in a neonatal intensive care unit (NICU) in Fes, reported an ESBL carriage prevalence of 58% which is fairly comparable to the prevalence reported in our study (Arhoune et al., 2017). However, the prevalence of carbapenem resistance in our study (15.3%) was notably higher than the 1.8% prevalence reported in the Moroccan study.
Reported prevalence rates outside Africa, particularly in the United States and Italy, are significantly lower than those reported in Africa. In the United States, the prevalence of resistance to third-generation cephalosporins is only 4.4%, while in a study conducted in Italy, the prevalence of ESBLs was 11.7% and carriage of multidrug-resistant bacteria was 28.8% (Giuffrè et al., 2016; Islam et al., 2018).
This phenomenon of digestive carriage of multidrug-resistant (MDR) Enterobacteriaceae appears to be more widespread in African regions, with prevalences varying from one country to another. This could be explained by living standards, environmental hygiene conditions, and also by the misuse of antibiotics in our setting (Adenaya et al., 2025).  
Regarding colonization dynamics, this study revealed a significant increase in carriage between admission and discharge. At admission, the prevalence of ESBL-producing and carbapenem-resistant Enterobacteriaceae was 52.7% and 15.3%, respectively; these rates rose to 84.1% and 48.5% at discharge.
Previous studies conducted in Togo, Ghana, South Africa, and Tunisia reported similar findings. Atoun et al. reported a shift in prevalence from 73.3% at admission to 97.8% at discharge, while carbapenem resistance increased from 4.4% to 17.8% at discharge. They reported an ESBL acquisition rate of 91.7%, which is higher than the 74.4% found in our study. This discrepancy could be attributed to the higher carriage prevalence reported in the study by Atoun et al., as well as the fact that their study population comprised both children and adults. A similar trend in acquisition was reported by Tfifha et al. in Tunisia, with an acquisition rate of 4.9% during hospitalization and an additional 7.8% at discharge (Atoun et al., 2025; Founou et al., 2018; Kuissi Kamgaing et al., 2017; Labi et al., 2020; Tfifha et al., 2018). The combined prevalence of nosocomial acquisition of resistant strains was 53.8% in the review conducted in sub-Saharan Africa by Ruef et al. (Ruef et al., 2024).
In Ghana, Labi et al. reported a prevalence at admission of 13%, which rose to 42% after 48 hours, reaching a 91% rate at discharge (Labi et al., 2020).
A statistically significant association was found between the carriage of multidrug-resistant bacteria and age for children aged 5–11 years (p=0.0046). Islam et al. reported an association between carriage and age; however, in their study, children aged 1 to 2 years had the highest prevalence [18]. The association with age in our study could be explained by the fact that older children likely have a history of antibiotic use, which may have promoted the selection of multidrug-resistant strains within their microbiota. This is consistent with the findings of Atoun et al., who identified an association between history of antibiotic exposure and the carriage of both ESBL-producing Enterobacteriaceae and carbapenem-resistant Enterobacteriaceae (CRE). Other studies have reported risk factors such as travel, catheter use, and comorbidities, as well as transfer from a district hospital to a tertiary hospital. Additionally, previous hospitalization in countries with a high prevalence of MDRO carriage and infection, low birth weight, and parenteral nutrition have also been identified (Armand-Lefèvre et al., 2018; Atoun et al., 2025; Campeotto et al., 2004; Founou et al., 2018; Islam et al., 2018).
Furthermore, a hospital stay of more than 6 days and an antibiotic therapy lasting between 5 and 8 days (p=0.0003 and p=0.001, respectively) were significantly associated with the acquisition of multidrug-resistant strains. Hospitalization and antibiotic use have been reported in numerous studies as major risk factors for the carriage of multidrug-resistant (MDR) Enterobacteriaceae (Giuffrè et al., 2016; Grohs et al., 2022; Lack et al., 2022; Ruef et al., 2024). Antibiotic resistance is the bacterial world’s evolutionary response to the increasing use of antibiotics by humans. Several selection pathways are thought to be involved. However, the most compelling explanation for these high prevalence rates is, firstly, the selection of resistant bacteria within non-pathogenic or minimally pathogenic commensal flora, followed by the horizontal transfer of resistance to far more pathogenic bacteria. This selection is the result of antibiotic therapy acting as a selective agent (Skurnik et al., 2006) .
[bookmark: _GoBack]Newborns were the most likely to acquire multidrug-resistant strains (p=0.0001). The acquisition of multidrug-resistant strains may be explained by the fact that neonates, who had not previously been treated with antibiotics, received antibiotic therapy that likely played a role in the selection of multidrug-resistant strains within their digestive microbiota. Furthermore, based on the study conducted by Atoun et al. during the same period and at the same hospital among pregnant women, high carriage rates of 53.0% for ESBL and 2.0% for CRE were identified. This suggests a potential transmission of multidrug-resistant strains from mother to newborn. A study conducted in Nigeria also reported a high urinary carriage of ESBL-producing Enterobacteriaceae (72.3%) among pregnant women, which could explain the transmission of these multidrug-resistant strains to newborns (Onanuga et al., 2018). Molecular studies on strains isolated from both pregnant women and newborns would be necessary to confirm this transmission. A study conducted in Florida reported that prolonged rupture of membranes and maternal antibiotic use during pregnancy and delivery are linked to alterations in the infants' resistome and microbiome, thereby shaping the antibiotic resistance gene profiles in the neonatal gut (Langhendries, 2008; Ojeda et al., 2024).
In our study, the most frequently isolated strains were Escherichia coli, accounting for 61.2% of ESBL-producing isolates at admission and 63.0% at discharge, as well as 44.1% and 55.6% of carbapenem-resistant isolates at admission and discharge, respectively. These findings are consistent with numerous studies conducted in Togo, across Africa, and globally. Tfifha et al. and Grohs et al. reported prevalences of Escherichia coli of 50% and 54.7%, respectively (Atoun et al., 2025; Grohs et al., 2022; Kovacs et al., 2022; Kuissi Kamgaing et al., 2017; Lack et al., 2022; Tfifha et al., 2018). Indeed, Escherichia coli strains represent an Enterobacteriaceae species that exhibits multiple resistances and is very isolated in human pathology. Labi et al. reported a 41.7% prevalence of Klebsiella pneumoniae, followed by Escherichia coli in only 26.4% of cases (Arhoune et al., 2017; Labi et al., 2020).
The majority of isolated ESBL strains showed high resistance rates to third- and fourth-generation cephalosporins, with carbapenem resistance ranging from 12.7% to 57.9%. CRE isolates were resistant to ertapenem in 80–100% of cases at admission and 66.7–100% at discharge. These strains showed meropenem resistance ranging from 26.6% at admission to 100% at discharge, while imipenem resistance ranged from 31.3–100% at admission and 32.5–100% at discharge. A resistance to gentamicin was also observed in more than 50% of the isolated strains. These resistance levels significantly compromise paediatric care, given that the standard treatment protocol both within the department and nationwide typically involves a combination of third-generation cephalosporins (3GC) and gentamicin. The use of this protocol would promote the selection of ESBL-producing strains and their spread within hospitals and the community. In their review, Ruef et al. report a resistance rate exceeding 50% to third-generation cephalosporins (3GC), alongside high resistance to gentamicin [10]. This should lead to a review of empirical antibiotic therapy protocols within our hospitals. In the United States, Islam et al. reported a proportion of isolates resistant to 3GC, in  58% of overall cases, but this varied significantly across study sites ranging from 33% to 100%. Only 4% of their isolates showed intermediate sensitivity to meropenem, which seems low compared to the carbapenem resistance profiles reported in this study (Islam et al., 2018). High resistance rates to carbapenems was already reported in 2019, ranging from 5.5% to 25% for imipenem and 21.9% to 50% for ertapenem(Godonou et al., 2022). In Togo in 2018, Nikiema et al. reported total sensitivity to carbapenems for the ESBL strains isolated in their study. This demonstrates that beta-lactam resistance is constantly evolving in our country, and reserve molecules may soon no longer be a viable option when resistance to 3GC occurs (Nikiema Pessinaba et al., 2018).
Numerous studies conducted in Togo demonstrate the prevalence of digestive carriage of multi-drug resistant Enterobacteriaceae; however, this study focuses specifically on the vulnerable population of children, and particularly newborns. It also allows for the assessment of acquisition dynamics for these multi-drug resistant organisms by performing double swabbing at both admission and discharge.
      The limitation of this study lies in the failure to account for previous antibiotic therapy in the included children and the lack of molecular characterization of the MDR strains . We did not take into account environmental and hygiene factors, which are likely risk factors in the acquisition and transmission of multi-drug resistant strains. The high loss to follow-up rate, reaching 34.8%, hindered a robust comparison of the data.

5. Conclusion

This study highlights the seriousness of intestinal carriage of multidrug-resistant Enterobacteriaceae, given the high prevalence observed. A study on mother-to-child transmission of multidrug-resistant organisms would clarify the presence of multidrug-resistant strains in newborns and infants, and could also explain how the use of antibiotics in the first days of life promotes the selection of resistant strains already present in small quantities in the children's microbiota. In light of these results, it appears that an improvement in empirical antibiotic treatment protocols is essential. The establishment and effective operation of an antibiotic therapy management committee in our hospitals seems indispensable to ensure the use of available antibiotic therapy guidelines and thus for a more rational use of antibiotics. The risk of cross-transmission and community-level spread of multidrug-resistant strains is significant. This could compromise future paediatric care and lead to a significant economic and social impact due to prolonged hospital stays and the high cost of last-resort antibiotics. The solution therefore lies in the implementation of a coordinated response between clinicians, microbiologists and health authorities in order to effectively combat the spread of this threat.
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