Molecular Characterization of Antibiotic Resistance Genes in Non-Typhoidal Salmonella Isolates from Human Samples in Bangui, Central African Republic (2019–2023)

Abstract 
Bacteria of the genus Salmonella are motile, Gram-negative bacilli belonging to the Enterobacteriaceae family. In sub-Saharan Africa, foodborne illnesses caused by Salmonella result in approximately 680,000 deaths annually. Previous studies have been conducted in the Central African Republic, but these studies did not incorporate specific molecular biology techniques. It is in this context that this study was undertaken, with the aim of determining the antibiotic resistance genes of Salmonella non-Typhi isolates circulating in the Central African Republic (CAR).  This was a descriptive and analytical cross-sectional study conducted between 2019 and 2023. Serotyping and molecular characterization were partially performed on strains isolated from stool, urine, and blood samples from patients who came from different health facilities. A total of 72 Salmonella strains were selected, including 8.33% in blood, 15.28% in urine, and 76.39% in stool. The age of the patients ranged from 1 to 74 years, with an average of 30 years, the mode being 1 year with a standard deviation of 19.03. The 0-14 age group accounted for 30.56% and the >14 age group for 69.44%. Females were more represented, with a male/female sex ratio of 0.84. Salmonella enterica serotype Typhimurium was the most common, followed by Salmonella enterica serotype Enteritidis. The rate of resistance to chloramphenicol was high, followed by quinolones, B-lactams, and aminoglycosides. Molecular characterization of B-lactam resistance genes revealed a frequency of positivity for the blaCTX-M1, blaTEM, and blaSHV genes. The Salmonella enterica serotype Remo serotype showed a diversity of resistance genes for blaTEM, blaCTX-M1, and blaSHV. Molecular characterization of quinolone resistance genes revealed qnrB genes. BlaTEM genes were represented in the 0-14 age group. However, qnrB was detected in the >14 age group. blaTEM genes were detected in males, while blaCTX-M1 genes were detected in females. The results of this study showed that Salmonella strains possess qnrB genes for quinolone resistance and blaTEM, blaCTX-M1, and blaSHV genes for B-lactam resistance. Consequently, as these different antibiotic resistance genes are circulating in CAR, epidemiological investigations are needed to identify the link between the genes of isolates circulating in CAR and the food products consumed by the population, animals, and the environment, which could be sources of the emergence of salmonellosis.
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Introduction
Salmonella bacteria are motile Gram-negative bacilli (GNB) belonging to the Enterobacteriaceae family (phylum γ Proteobacteriae). In 2005, DNA-DNA hybridization studies changed molecular taxonomy and made it possible to distinguish between two species: Salmonella bongori, which is rarely isolated in humans, and Salmonella enterica, which is isolated in humans and animals [1].  The number of cases of non-typhoid Salmonella worldwide was 93.8 million, including 155,000 deaths, according to a 2010 review of the literature [2]. In sub-Saharan Africa, foodborne infections caused by the Salmonella genus result in approximately 680,000 deaths per year [3]. The serotype of a Salmonella is determined by a combination of somatic O antigens, flagellar H antigens, and surface antigens (Vi) according to the Kauffmann-White scheme. There are four “major” serotypes that are strictly human, responsible for typhoid fever (S. Typhi) and paratyphoid fever (S. Paratyphi A, B, and C). The other serovars, known as “minor,” are also called non-typhoidal Salmonella (SNT). Salmonella's resistance to antibiotics appeared rapidly after their introduction in the treatment of salmonellosis. This resistance is a major factor contributing to the risk of treatment failure and the spread of multi-resistant strains. The most widely criticized problems with Salmonella bacteria today are mainly the emergence of five-drug resistant strains, particularly in Salmonella Typhimurium (ACSSuTe), and decreased sensitivity to fluoroquinolones and third-generation cephalosporins. Antibiotic resistance occurs through a series of resistance mechanisms, the main ones being: modification of the antibiotic target, decreased penetration or increased excretion of the antibiotic, enzymatic inactivation of the antibiotic, and efflux systems [7]. The Salmonella genus is susceptible to developing resistance through two mechanisms: by the transfer of resistance genes, either of plasmid origin or linked to transposons, which is the most common mechanism, and by mutation, which is rare. However, bacteria in the natural environment can harbor resistance genes derived from the use of these drugs in humans and animals [8]. Species identification is performed based on biochemical characteristics or by MALDI-TOF (Matrix Assisted Laser Desorption Ionization-Time of Flight) mass spectrophotometry. Serotype identification is performed using polyvalent and monovalent antisera directed against the various O, H, and Vi antigens. However, this technique does not allow for the differentiation of epidemic or clonal strains within the same serotype. Several techniques have been developed for the subtyping of salmonella, particularly in epidemic contexts. Initially, phage typing, based on the sensitivity of certain strains to bacteriophage suspensions, was widely used, then methods based on DNA analysis were developed [9]. In European countries, numerous antibiotic resistance surveillance programs have been set up. These programs focus on collecting epidemiological data on the phenotypic and genotypic detection of resistance factors, as well as studying the genetic diversity of strains [10]. In 2022, for the first time since 2019, the CNR-ESS identified two strains encoding the mcr-1 gene, which is associated with colistin resistance [11]. In CAR, previous studies conducted by Georges-Courbot, al, Mossoro-Kpinde et al. and Lango-yaya et al. on antibiotic resistance in Salmonella strains [12-16] were not further investigated using specific molecular biology techniques. More in-depth studies using molecular biology techniques are needed, in addition to those already carried out, in order to better understand and control the spread and identify the resistance genes circulating in CAR.

Methodology 
This is a descriptive and analytical cross-sectional study using molecular techniques to identify resistance genes in Salmonella strains in the Central African Republic. The study identified antibiotic resistance genes in patients with salmonellosis who were monitored in healthcare facilities. These genes, which are present in Salmonella, pose a major health risk in the Central African Republic. Sampling was based on a random selection of non-typhoidal Salmonella for serotypes that had not been studied exhaustively. A form was used to collect data on sociodemographic characteristics (age, sex, origin, and residence), bacteriological analysis, and identification of antibiotic resistance genes. 
Biological diagnosis 

Biochemical identification technique 
The identification of strains previously cultured on media (Muller Hinton, Salmonella-Shigella, Hektoen) was verified using the Api 20 E test.  The API 20 E test (BioMerieux) enabled us to highlight enzymatic activities and carbohydrate fermentation. The rest of the suspension was used to check the purity of the strain to be studied on Mueller Hinton agar. The galleries were read by adding the detection reagents after 24 hours of incubation at 37°C, followed by interpretation of the gallery according to the method described by the manufacturer.  


Serotype identification technique
Serotyping is a key tool for characterizing Salmonella, and a scheme for this was defined by Kauffmann and White, then revised by Le Minor and Popoff [17], [18]. It is based mainly on the presence and detection of antigenic factors linked to somatic “O” antigens of the polysaccharide type and flagellar “H” antigens. Strain serotyping was performed in accordance with the White-Kauffmann-Le Minor scheme (9th edition, 2007). Conventional serotyping by agglutination was used, requiring the use of approximately 90 polyclonal antisera (polyvalent and monovalent from Bio Rad).

Techniques for studying antibiotic resistance in the Salmonella genus
The resistance of strains to the main families of antibiotics, in particular: B-lactams (AMC, AMP, CRO, CEP, CTX, CFRIME, etc.); quinolones (CIP, NA); aminoglycosides (GM, K); C; IMP was determined using the agar diffusion method in accordance with the recommendations of the French Society of Microbiology (CASFM, 2022).

Study of antibiotic resistance mechanisms 
Resistance genes (B-lactamases: blaTEM, blaCTX-M1, blaCTX-M2, blaSHV) and quinolones (qnrA, qnrB) were characterized using PCR.

Data analysis
The data were collected, coded, and entered into Microsoft Excel, then exported and analyzed using Epi Info 7.2 software.  The study variables were age, sex, Salmonella serotypes, antibiogram results, and characterization of resistance genes (B-lactamases: blaTEM, blaCTX-M1, blaSHV) and quinolones (qnrA, qnrB). Descriptive tests were used to calculate trend measures (mean, mode, standard deviation, and confidence interval) with p < 0.05. Fischer's Exact and Yates tests were used to compare proportions. Relative risks (RR) were calculated to measure the degree of association.

Results 
From 2019 to 2023, 353 strains of Salmonella were recorded in this study, 306 of which were mainly Salmonella Non Typhi strains, representing a frequency of 86.68%. For molecular characterization, 72 Salmonella strains were used, of which 8.33% were isolated from blood, 15.28% from urine, and 76.39% from stool. The age of the patients ranged from 1 to 74 years, with an average of 30 years, a mode of 1 year, and a standard deviation of 19.03. The 0-14 age group accounted for 30.56% of cases, while those over 14 years of age accounted for 69.44%. Females were more represented (54.17%), giving a male/female sex ratio of 0.84. 
Table 1 shows the frequency of isolated serotypes. Serotyping of Salmonella strains was performed by Experimental Bacteriology. The 72 isolated strains belonged to 29 distinct serotypes. The proportion of Salmonella enterica serotype Typhimurium was 22.22%; Salmonella enterica serotype Enteritidis 18.08%; Salmonella enterica serotype Stanleyville 8.33%; Salmonella enterica serotype Kinston 5.56%; Salmonella enterica serotype Schwarzengrund and other serotypes accounted for 41.66%.









Table 1: Frequency of different Salmonella serotypes isolated in patient samples

	Serotypes
	Frequency  
	%
	Antigenic formula

	Salmonella enterica serotype Typhimurium
	16
	22,22
	4,5 ; i ; 1,2

	Salmonella enterica serotype Enteritidis
	13
	18,06
	9,12 ; gm ; -

	Salmonella enterica serotype Stanleyville
	6
	8,33
	4,5 ; Z4,Z23 ; 1,2

	Salmonella enterica serotype Kingston
	4
	5,56
	4,5 ; g,s,t ; 1,2

	Salmonella enterica serotype Schwarzengrund
	3
	4,17
	4,12 ; d ; 1,7

	Salmonella enterica serotype Chichiri
	2
	2,78
	6,14,24 ; z4,z24 ; -

	Salmonella enterica serotype Mikawasima
	2
	2,78
	6,7 ; y ; e,n,z15

	Salmonella enterica serotype Remo
	2
	2,78
	4,12 ; r ; 1,7

	Salmonella enterica serotype II
	2
	2,78
	42 ; r ; -

	Salmonella enterica serotype Niloese
	2
	2,78
	1,3,19 ; d ; z6

	Salmonella enterica serotype Stanley
	2
	2,78
	4,5 ; d ; 1,2

	Salmonella enterica serotype Stourbridge
	2
	2,78
	6,8 ; b ; 1,6

	Salmonella enterica serotype Ughelli
	2
	2,78
	3,10 ; r ; 1,5

	groupe O: 42
	1
	1,39
	O:42

	groupe O: 44
	1
	1,39
	O:44

	Salmonella enterica serotype Coquihatville
	1
	1,39
	3,10 ; z10 ; 1,7

	Salmonella enterica serotype Derby
	1
	1,39
	4,5 ; f,g ; 1,2

	Salmonella enterica serotype Elisabethville
	1
	1,39
	3,10 ; r ; 1,7

	Salmonella enterica serotype Kiambu
	1
	1,39
	4,12 ; z ; 1,5

	Salmonella enterica serotype Kingabwa
	1
	1,39
	43 ; y ; 1,5

	Salmonella enterica serotype Larochelle
	1
	1,39
	6,7 ; eh ; 1,2

	Salmonella enterica serotype Livulu
	1
	1,39
	30 ; e,h ; 1,2

	Salmonella enterica serotype Lukenwalde
	1
	1,39
	28 ; z10 ; e,n,z15

	Salmonella enterica serotype Mornington
	1
	1,39
	6,14,24 ; y ; en,z15

	Salmonella enterica serotype Oxford
	1
	1,39
	3,10,15 ; a ; 1,7

	Salmonella enterica serotype sandiego
	1
	1,39
	4,5 ; eh ; e,n,z15

	Salmonella enterica serotype Sarajane
	1
	1,39
	4,12 ; z29 ; -

	Total
	72
	100
	



According to Table 2, the 0-14 age group accounted for 30.56%, of which 54.55% were female, while the over-14 age group accounted for 69.44%.

Table 2: Frequency of Salmonella serotypes according to the sociodemographic characteristics of the study population
	Gender Age group
	M
	%
	F
	%
	Total
	%

	0-14 years
	10
	45,45
	12
	54,55
	22
	30,56

	>14 years
	23
	46
	27
	54 50
	50
	69,44

	Total
	33
	45,83
	39
	54,17
	72
	100



Figure 1 shows the frequency of Salmonella serotypes according to the type of sample, with 8.33% found in blood, 15.28% in urine, and 76.39% in feces.




Figure 1: Frequency of Salmonella serotypes according to sample origin

Table 3 shows the antibiotic resistance profile of Salmonella serotypes. Resistance was 23.94% to chloramphenicol, 16.67% to quinolones, 16.49% to B-lactams, and 11.81% to aminoglycosides. Various statistical tests showed a significant association between the isolated serotypes and resistance to chloramphenicol (p<0.05). There was also a significant difference between the isolated serotypes and imipenem (p<0.05).  






















Table 3: Antibiotic resistance profile of Salmonella serotypes

	
	Percentage of antibiotic resistance in serotypes

	Antibiotic
	S.
 Enteretidis
	S. 
Typhimirum
	S.  
Stanleyville
	S.
Kingdon
	S.  Schwarzengrund
	Autres
	%
	RR
	P-value

	
	N=13
	N=16
	N=6
	N=4
	N=3
	N= 30
	100
	
	

	A+ac.clavulanique
	15,38
	25
	16,66
	50
	0
	6,66
	15,28
	
	

	Ampicilline
	15,38
	43,75
	33,33
	25
	0
	40
	33,33
	
	

	Ticarcilline
	30,77
	43,75
	33,33
	25
	0
	26,66
	30,56
	
	

	Ceftriaxone
	0
	12,25
	0
	0
	0
	13,33
	8,33
	
	

	Cefotaxime
	7,69
	6,25
	0
	0
	0
	13,33
	8,33
	
	

	Cefdazidine
	23,07
	18,75
	0
	0
	0
	13,33
	13,89
	
	

	Cefepinme
	15,38
	6,25
	33,33
	0
	0
	13,33
	12,50
	
	

	Cefoxitine
	7,69
	12,25
	33,33
	0
	0
	6,66
	9,72
	
	

	B-lactamines
	15,38
	18,75
	16,66
	25
	0
	10
	16,49
	1,2
	0,63

	 Ciprofloxacine
	15,38
	18,75
	16,66
	50
	0
	16,66
	15,28
	
	

	 Acide nalidixique
	     30,77
	12,25
	50
	0
	0
	13,33
	18,06
	
	

	Quinolones
	23,07
	18,75
	33,33
	25
	0
	10
	16,67
	1,2
	0,63

	Amykacine
	15,38
	 6,25
	0
	25
	0
	6,66
	6,3
	
	

	Gentamycine
	7,69
	12,25
	33,33
	25
	0
	16,66
	15,28
	
	

	Aminosides
	15,38
	12,25
	16,66
	25
	0
	10
	11,81
	0,86
	0,78

	Chloramphénicol
	23,07
	37,5
	16,66
	0
	0
	23,33
	23,94
	1,90
	0,014

	     Imipeneme
	0
	    6,25
	0
	     0
	     0
	0
	1,39
	0,085
	0,0009



Molecular characterization of B-lactam resistance genes revealed a positivity rate of 4.16% for bla CTX-M1 genes, 13.88% for blaTEM genes, and 1.38% for blaSHV genes. The Salmonella enterica serotype Remo serotype showed a diversity of resistance genes to blaTEM, blaCTX-M1, and blaSHV (Table 4).















Tableau 4: Molecular characterization of beta-lactam resistance genes in Salmonella isolates

	
	
	
	Molecular characterization of B-lactam resistance genes
	

	Serotypes 
	Frequency
	blaTEM
	blaCTX-M1
	blaCTX-M2
	blaSHV
	Total
	%

	Salmonella enterica serotype Typhimurium
	16
	0
	1
	0
	0
	1
	1,39

	Salmonella enterica serotype Enteritidis
	13
	1
	0
	0
	0
	1
	1,39

	Salmonella enterica serotype Stanleyville
	6
	1
	0
	0
	0
	1
	1,39

	Salmonella enterica serotype Kingston
	4
	2
	0
	0
	0
	2
	2,77

	Salmonella enterica serotype Chichiri
	2
	1
	0
	0
	0
	1
	1,39

	Salmonella enterica serotype Remo
	2
	1
	1
	0
	1
	3
	4,16

	Salmonella enterica serotype Stanley
	2
	2
	1
	0
	0
	3
	4,17

	Salmonella enterica serotype Stourbridge
	2
	1
	0
	0
	0
	1
	1,39

	Salmonella enterica serotype Derby 
	1
	1
	0
	0
	0
	1
	1,39

	Autres 
	24
	0
	0
	0
	0
	0
	0

	Total
	72
	10
	3
	0
	1
	14
	19,44



According to Table 5, molecular characterization of quinolone resistance genes yielded 6.94% qnrB genes qnrA genes were not found in the serotypes. 

  Table 5: Molecular characterization of quinolone resistance genes in Salmonella isolates

	
	
	Molecular characterization of quinolone resistance genes

	Serotypes 
	Frequency
	qnrA
	qnrB
	Total
	%

	Salmonella enterica serotype Typhimurium
	16
	0
	0
	0
	0

	Salmonella enterica serotype Enteritidis
	13
	0
	1
	1
	1,38

	Salmonella enterica serotype Stanleyville
	6
	0
	1
	1
	1,38

	Salmonella enterica serotype Kingston
	4
	0
	1
	1
	1,38

	Salmonella enterica serotype Mikawasima
	2
	0
	1
	1
	1,38

	Salmonella enterica serotype Remo
	2
	0
	1
	1
	1,38

	Autres
	29
	0
	0
	0
	0

	Total
	72
	0
	5
	5
	6,94



Figure 2 shows the frequency of B-lactam and quinolone resistance genes by age group. BlaTEM genes account for 36.84% of resistance genes in the 0-14 age group. In contrast, qnrB was detected in 21.05% of the >14 age group. Risk analysis showed a significant risk between blaTEM genes and age (RR=3.88, CI= [1.07-14.09]; p<0.05).




Figure 2: Frequency of antibiotic resistance genes by age group 
 Figure 3 shows the frequency of B-lactam and quinolone resistance genes by gender. blaTEM genes were detected in 21.05% of male cases, while blaCTX-M1 genes were detected in 15.79% of female cases. There is a significant risk between qnrB genes and gender RR=2.57 with a CI= [0.55-11.84].



Figure 3: Frequency of antibiotic resistance genes by gender  
Figure 4 shows the frequency of resistance genes according to sample origin: qnrB genes were detected in 21.05% of cases and blaCTX-M1 in 10.52% of cases in stool cultures, while blaTEM genes were detected in 10.52% of blood cultures. However, all qnrB genes were detected in 5.26% of cases in urine cultures.




Figure 4: Frequency of antibiotic resistance genes according to sample origin 
Table 6 shows the association between B-lactam and quinolone resistance genes and sociodemographic characteristics. Risk analysis showed a significant risk between blaTEM genes and age, with an RR=3.88, CI= [1.07-14.09] and p<0.05.

Table 6: Association between resistance genes and socio-demographic characteristics
	Gender Age
	0 à 14 ans
	>14 ans
	N
	%
	RR
	IC (95%)
	p-value 

	blaCTX-M1
	1(5,26)
	2(10,52)
	3
	15,79
	0,55
	[0,06-5,14]
	1,00

	qnrB
	1(5,26)
	4(21,05)
	5
	26,31
	0,27
	[0,037-2,04]
	0,36

	blaTEM
	7(36,84)
	3(15,79)
	10
	52,63
	3,88
	[1,07-14,09]
	0,039

	blaSHV
	0
	1(5,26)
	1
	5 ,26
	0,000
	ND
	0,000

	Total 
	9(47,37)
	10(52,63)
	19
	100
	-
	-
	-

	SEX
	M
	F
	N
	%
	RR
	IC (95%)
	p-value

	blaCTX-M1
	0
	3(15,79)
	3
	15,79
	0,000
	ND
	0,42

	qnrB
	3(15,79)
	2(10,52)
	5
	26,31
	2,57
	[0,55-11,84]
	0,47

	blaTEM
	4(21,05)
	6(31,58)
	10
	52,63
	1,14
	[0,48-2,68]
	1,00

	blaSHV
	0
	1(5,26)
	1
	5,26
	0,000
	ND
	1,00

	Total 
	7(36,84)
	12(63,16)
	19
	100
	-
	-
	-



Risk analysis between the urine sample and the qnrB gene showed that there is a significantly high risk between urine and qnrB resistance genes, with an RR=4.50 CI= [1.89-10.67], as shown in Table 7.










Table 7: Association between antibiotic resistance genes according to sample origin

	Resistance Genes
	N
	%
	Stools
	%
	RR
	IC (95%)
	p-value

	blaCTX-M1
	3
	15,79
	2
	10,52
	0,71
	[0,08-6,27]
	0,76

	qnrB
	5
	26,31
	4
	21,05
	1,42
	[0,20-9,93]
	0,70

	blaTEM
	10
	52,63
	8
	42,10
	1,42
	[0,44-4,58]
	0,50

	blaSHV
	1
	5,26
	0
	0
	ND
	ND
	0,04

	Total 
	19
	100
	14
	73,68
	-
	-
	-

	Resistance Genes
	N
	%
	Urines
	%
	RR
	IC (95%)
	p-value

	blaCTX-M1
	3
	15,79
	0
	0
	0,000
	ND
	0,65

	qnrB
	5
	26,31
	1
	5,26
	4,50
	[1,89-10,67]
	0,085

	blaTEM
	10
	52,63
	0
	0
	0,000
	ND
	0,27

	blaSHV
	1
	5,26
	0
	0
	ND
	ND
	0,04

	Total 
	19
	100
	1
	5,26
	-
	-
	-

	Resistance Genes
	N
	%
	Blood
	%
	RR
	IC (95%)
	p-value

	blaCTX-M1
	3
	15,79
	1
	5,26
	1,87
	[0,22-15,81]
	0,56

	qnrB
	5
	26,31
	0
	0
	0,000
	ND
	0,24

	blaTEM
	10
	52,63
	2
	10,52
	3,75
	[0,74-18,95]
	0,10

	blaSHV
	1
	5,26
	1
	5,26
	ND
	ND
	0,04

	Total 
	19
	100
	4
	21,05
	-
	-
	-



            Discussion
From 2019 to 2023, 353 Salmonella strains were recorded in this study, of which 306 were predominantly Salmonella Non Typhi strains, representing a frequency of 86.68%. Due to a shortage of reagents, we were unable to perform serotyping or complete molecular characterization of the resistance genes to other antibiotic families for all the isolated strains.  For molecular characterisation, 72 Salmonella strains were used, of which 8.33% were isolated from blood, 15.28% from urine, and 76.39% from faeces (Figure 1). Several studies have shown that non-typhoidal Salmonella generally cause the most common infections, often found in humans and animals, and are prevalent worldwide [19]. These bacteria are easily identified in stool samples. In a study conducted in Algeria in 2018, Hafsa et al. found a high frequency of Salmonella in stool cultures [20].   The age of the patients ranged from 1 to 74 years with an average of 30 years, the mode was 1 year with a standard deviation of 19.03. The 0-14 age group accounted for 30.56% and the >14 age group accounted for 69.44%.  The presence of non-typhoid Salmonella in the 0-14 age group is similar to the results of a study conducted in Côte d'Ivoire in 2007 by Traore Momine, which showed that 62.7% of Salmonella strains were isolated in adults and 37.3% in children [21]. Poor food hygiene conditions in schools and inadequate domestic environments contribute to the exposure of children in this age group. Females were more represented, with a frequency of 54.17% and a male/female sex ratio of 0.84. This result is comparable to that of a study conducted in Mali in 2007 by Traoré, which found a female predominance of 51.6% [22]. In contrast to Mali in 2010, Keita found a male predominance of 60.3% [23]. Most domestic activities are often carried out by women, some in unhygienic conditions that are a source of contamination by Salmonella strains. Government policy targets free healthcare for women and children in health services in CAR. This could be the reason for the high frequency of females in this study. The technique used for serotyping the strains was the White-Kauffmann-Le Minor scheme (2007), which is the first recommended technique for characterizing Salmonella serotypes. The proportions of Salmonella enterica serotype Typhimurium strains were 22.22%, those of Salmonella enterica serotype Enteritidis were 18.08%, those of Salmonella enterica serotype Stanleyville were 8.33%, and those of Salmonella enterica serotype Kinston were 5.56%. Several authors have reported that strains of S. Enteritidis and S. Typhimurium accounted for 20% to 30% of isolates [24], Aragaw et al., 2007 [25], Ahmed et al., 2009 [26]. The results obtained in this study are consistent with those obtained by Galanis et al. in 200 in a study that showed that the serotypes most frequently isolated in humans worldwide were Salmonella Enteritidis (65%), followed by Salmonella Typhimurium (12%) [27]. The reservoir of non-typhoidal Salmonella is mainly animals (poultry, pigs, cattle, rodents, dogs, cats) and reptiles (snakes, iguanas, turtles). Sick humans or healthy carriers are a potential source of human-to-human contamination [28]. The isolated serotypes showed the highest resistance rate to chloramphenicol (23.94%), followed by quinolones (16.67%), ciprofloxacin (15.28%), and B-lactams (16.49%); resistance to ceftriaxone was 8.33% and to ampicillin 33.33%; aminoglycosides accounted for 11.81% and only one serotype was resistant to imipenem (Table 3). According to the bacteriological data sheet, the main mechanism of antibiotic resistance in Salmonella is the production of B-lactamase. The production of B-lactamases has also been observed in enterobacteria, which confers antibiotic resistance [29]. A previous study showed a 73.26% resistance rate of Salmonella to chloramphenicol [30]. In the literature, Salmonella are not nosocomial bacteria; the proliferation of multi-resistant strains is more associated with other species of Enterobacteriaceae such as Escherichia coli and Klebsiella pneumoniae [31]. However, in a study conducted in Senegal in 2016, Diop et al. reported the NAR-NORR-CIPR phenotype with a resistance rate of 5.88% [32], and in the Democratic Republic of Congo, Kashosi et al. reported a resistance rate of 16% in the aminoglycoside family [33]. Contrary to a study conducted in the Democratic Republic of Congo in 2018 on the resistance of Salmonella strains to quinolones, the results showed good sensitivity to quinolones, cephalosporins, and amikacin. Furthermore, other studies have shown that the misuse of antibiotics has promoted antibiotic resistance in Salmonella through selective pressure [34, 35]. According to the WHO, the 2025 Global Antimicrobial Resistance Surveillance Report showed for the first time a prevalence rate of resistance for 22 antibiotics used in the treatment of infections, including gastrointestinal infections caused by Salmonella Non Typhi (WHO Report 2025).  Various statistical tests showed that there is a significant association between the isolated serotypes and resistance to chloramphenicol with a p<0.05 and an RR=1.90. This significant difference was also observed between the isolated serotypes and imipenem p<0.05 (Table 3). The serotypes Salmonella enterica serotype Stanley, Salmonella enterica serotype Remo, and Salmonella enterica serotype Typhimurium presented blaCTX-M1 resistance genes at a rate of 4.16%; the serotypes Salmonella enterica serotype Derby, Salmonella enterica serotype Stanley, Salmonella enterica serotype Kingston, Salmonella enterica serotype Stourbridge,  Salmonella enterica serotype Remo, Salmonella enterica serotype Enteritidis, Salmonella enterica serotype Stanleyville, and Salmonella enterica serotype Chichiri exhibited blaTEM resistance at a rate of 13.88%; Salmonella enterica serotype Remo exhibited blaSHV resistance at a rate of 1.38% (Table 4).  These results differ from those of studies conducted in Belgium in 2022 by Mattheus et al., which showed that ESBLs were found in each of the ceftazidime-resistant strains, with a wide variety: blaCTX-M-15 (n=4), blaCTX-M-65 (n=3), blaSHV-12 (n=1), blaCTX-M-14b (n=1), blaCTX-M-9 (n=1), blaCTX-M-55 (n=1), blaTEM-135 (n=1), blaTEM-176 (n=1), and blaCMY-2 (n=1) [36]. Studies conducted in Africa, specifically in Kenya in 2001 by Kariuki et al., and in the Central African Republic in 2006 by Thierry et al., showed the CTX-M15 variant [37] [38]. The variation in B-lactam resistance genes depends on different regions and sources of contamination. B-lactam resistance has often been associated with resistance to aminoglycosides and fluoroquinolones. Antibiograms could also detect ESBLs, which could help in the choice of therapeutic management [39]. The serotypes Salmonella enterica serotype Enteritidis, Salmonella enterica serotype Stanleyville, Salmonella enterica serotype Remo, Salmonella enterica serotype Kingston, and Salmonella enterica serotype Mikawasima showed resistance to quinolones at a rate of 6.94% due to the qnrB gene.  This resistance of Salmonella strains to quinolones could be explained by horizontal transfer of resistance genes from other multi-resistant enterobacteria of colic and/or environmental origin [40]. Risk analysis revealed a significant risk between blaTEM genes and age (RR=3.88; CI= [1.07-14.09]; P=0.039).  Risk analysis between the urine sample and the qnrB gene showed that there is a significant risk between urine and qnrB resistance genes with an RR=4.50 and CI= [1.89-10.67], as shown in Table 7. The results of this study have enabled us to highlight the circulation of clinically relevant resistance genes to β-lactams and quinolones, underscoring the growing threat of antimicrobial resistance in foodborne pathogens in sub-Saharan Africa. These genes, present in Salmonella, pose a major health risk in the Central African Republic. The identification of these resistance genes will help clinicians choose antibiotic therapy and contribute to the transmission of high-quality data on AMR and antimicrobial use to the GLASS system (WHO 2025). According to the WHO, the political declaration on AMR, adopted at the United Nations General Assembly in 2024, set targets to combat antimicrobial resistance by strengthening health systems and adopting a “One Health” approach, linking the sources of Salmonella transmission in the human, animal, and environmental health sectors. 
Conclusion
Antibiotic resistance in Salmonella serotypes, due to its frequency and severity, poses a real public health problem in developing countries, particularly in the CAR. This work, carried out at the National Laboratory of Clinical Biology and Public Health in Bangui, focused on the serotyping of non-typhoidal Salmonella strains and the molecular characterization of antibiotic resistance genes between 2019 and 2023 in the Central African Republic.  The results of this study showed that Salmonella strains possess qnrB genes resistant to quinolones, and blaTEM, blaCTX-M1, and blaSHV genes resistant to beta-lactams. Consequently, these various antibiotic resistance genes are circulating in the CAR.  This study fills an important gap in data from a region where genomic and molecular surveillance data remain scarce. In the Central African Republic, salmonellosis is one of the diseases under surveillance but is of little importance. In view of the results obtained in this study, it is necessary to carry out epidemiological investigations to identify the link between the genes of isolates circulating in the CAR and the food products consumed by the population, with the animals and environmental sources that could promote the emergence of salmonellosis. However, the emergence of antibiotic-resistant genotypes is a factor in raising awareness of the importance of regulated use of these molecules in order to prevent antibiotic resistance in all its forms. 

Limitations: During this study, difficulties were encountered due to insufficient reagents, which prevented us from performing serotyping and molecular characterization of the genes responsible for resistance to other antibiotics in all isolated strains.
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