


Molecular characterization of beta-lactam and quinolone resistance genes of medically relevant strains isolated from peanut pastes sold in the city of Bangui in the Central African Republic.

Abstract
Introduction: 
Antimicrobial resistance remains a concern for the World Health Organization, a problem affecting both veterinary health and the agri-food system, with serious risks to consumers due to the global emergence of antibiotic-resistant strains. This global threat is increasingly poorly controlled in certain sectors, and despite the "One Health" approach, few developed countries have conducted studies on antibiotic resistance in bacterial strains isolated from food and veterinary products. The overall objective of this study was to investigate, using isolates obtained from samples of peanut paste sold in the city of Bangui,
Methodology: Resistance genes to beta-lactams (TEM, CtxM1, and CtxM2) and quinolones (qnrB and SHV) were analyzed. Fifty-one isolated and identified strains of Enterobacteriaceae of medical interest were examined. The previously isolated bacteria were stored on Heart-Brain Broth agar at -80°C. Phenotypic resistance testing was performed using the diffusion method on Muller-Hinton agar, and genotypic analysis was performed using molecular techniques, including thermal extraction of genetic material and detection by agarose gel electrophoresis.
Results 
The results of this study reveal the presence of germs in different proportions. Citrobacter freundii 5.7%; Citrobacter koserii 4.6%; Enterobacter cloacae 10.3%; Enterobacter koserii 1.1%; Enterobacter sakazakii 4.6% Escherichia coli 29.9%; Flaviomonas Horzitiabita 4.6%; Flaviomonas luteola 1.1% Klebsiella arizonnae 1.1%; Klebsiella ornithinolytica 4.6%; Klebsiella oxytoca 3.4%Klebsiella ozaenae1.1%; Klebsiella pneumoniae 3.4%; Klebsiella spp 10.3%; Proteus mirabilis 8.0%; Pseudomonas aeruginosa 4.6%; Serratia liquefaciens 1.1%. The observed beta-lactam resistance genes were 69% for the TEM gene, 27.6% for ctxM1, and absent for the ctxM2 gene. The observed quinolone resistance genes were qnrb at 18% and SHV at 21.5%.
Conclusion
Phenotypic and genomic research on antibiotic resistance in peanut paste samples sold in the city of Bangui revealed the presence of resistance genes to beta-lactams and quinolones. The detection of these resistance genes in a food sample poses a serious problem for consumer health and therapeutic management in human medicine.
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Introduction
Antibiotic resistance in bacterial strains is a major public health problem worldwide due to self-medication, misuse, and the presence of antibiotic residues in food [1]. The discovery of antibiotics has long facilitated therapeutic decision-making and the appropriate management of bacterial infections. However, bacteria have very rapidly developed antibiotic resistance, which continues to evolve globally [2]. Bacterial resistance to antibiotics is expressed by the fact that bacteria acquire resistance to an antibiotic drug to which they were previously susceptible [3][2]. A bacterium can be naturally (or intrinsically) resistant to certain antibiotics; this resistance mechanism is then part of its genetic makeup and is transmitted to its offspring chromosomally [4]. This is also a problem falling within the One Health concept, which could impact the population consuming food containing antibiotic-resistant pathogens [5][6]. Bacteria, and in particular Enterobacteriaceae, are most often implicated, through a multitude of resistance mechanisms. The considerable consequences of this resistance include a significant increase in mortality, morbidity, and the high cost of treatment [7][8]. The presence of medically important germs in food generates a social and economic burden despite good hygiene practices in production facilities, aimed at combating the transmission of foodborne bacterial diseases [9]. The safety of food products for human consumption is becoming an increasingly important public health concern. Global forecasts of individual and/or collective foodborne illnesses have shown that each year, one in ten people becomes ill after consuming food contaminated with pathogenic germs and/or their toxins. A global estimate of over 91 million cases and 137,000 deaths per year [4]. The emergence of antibiotic-resistant bacteria in food is a complex mechanism that can transfer disease-causing bacteria to humans through microorganism interaction or human contact with food, which could ensure the transfer of antibiotic-resistant bacteria into food intended for human consumption [10][11]. Certain African regions are disproportionately affected by the problem of foodborne pathogens [12]. In the Central African Republic, peanut paste is a popular culinary staple, consumed directly as butter or as an ingredient. However, the artisanal production methods, sales processes, and physicochemical and nutritional composition mean that peanut paste is highly susceptible to microbial contamination [13][14]. Few studies have been conducted on antibiotic resistance in bacterial strains found in food in the Central African Republic. It is within this context that this study was conducted, with the objective of determining the phenotypic and genomic resistance of bacteria isolated from peanut paste sold in the city of Bangui.
Materials and Methods
Biological Material
The biological material consisted of isolates (Enterobacteriaceae) isolated from peanut paste samples.
Sampling
51 strains of Enterobacteriaceae of medical interest isolated and identified from peanut paste were used as isolates in this study.
Bacteriological Analysis
Strain isolation and identification were based on conventional bacteriological techniques and official methods for microbiological food analysis [15]. The stock solution was prepared according to the guidelines of the French standard (NF EN ISO 4833, 2006). 25 g of each sample was weighed and suspended in 225 mL of buffered peptone water and incubated for 24 h at 37°C [16]. Inoculation was performed on the surface of the agar plates. 10 µL of the stock solution was streaked onto the surface of Salmonella and Shigella; Mac Cockney, Hektowen, and Bile Esculin Asilia agar plates, which were incubated at 36.5°C for 24 hours. After 24 hours of incubation, viable colonies developed on the surface of the agar plates. An isolated colony was collected and replicated on Muller Hinton agar to obtain a pure strain, which was then identified using the Api20E gallery. Identification was based on the study of biochemical characteristics. A supposedly pure strain of the colony was collected and suspended in a volume of physiological saline [17][18]. A small amount of water was placed in the bottom wells to create a humid atmosphere in the gallery. The reference number of each strain was marked on the side tab of the gallery box. The gallery was inoculated using a sterile Pasteur pipette filled with bacterial suspension. The tip of the pipette was placed on one side of the well, allowing the suspension to flow gently into the well of the slightly tilted plate, while avoiding the formation of air bubbles. The wells marked with boxed characteristics (CIT, VP, GEL) were completely filled, and the underlined characteristics (ADH, LDC, ODC, H2S, URE) were filled to the opening with petroleum jelly. Once inoculation was complete, the plate was incubated at 37°C for 18 to 24 hours. The gallery was read by verifying the purity of the strain in an orderly and methodical manner after checking the glucose well and reading any other identification tubes. All manipulations were performed aseptically under a laminar flow hood. Antibiotic susceptibility testing was carried out using the Mueller-Hinton agar diffusion method according to the recommendations of the French Society for Microbiology's Antibiogram Committee (CA-SFM version 2020)[2][19][20]. The following antibiotic discs were used: Ampicillin (10 µg); Amoxicillin + Clavulanic Acid (10 µg); Ticarcillin (75 µg); Cefoxitin (30 µg); Ceftazidim (30 µg); Cefotaxim (30 µg); Cefepime (30 µg); Ceftriaxone (30 µg); Gentamicin (120 µg); Nalixic acid (10 µg); Ciprofloxacin (5 µg); Chloramphenicol (30 µg); Ampicillin (10 µg). The pure strains obtained were stored at -80°C in Brain Heart Broth (BCC) medium.
Molecular Analysis
Antibiotic resistance gene detection was performed using the molecular diagnostic technique for 24-hour post-gene amplification (PCR) strains. This involved bacterial DNA extraction and purification using the Qiagen kit, amplification by conventional PCR, and detection by 1.5% agarose gel electrophoresis [10][21][7][2]. Genetic material was extracted from the strains by heat shock. Two mL of distilled water were dispensed into microtubes, proportional to the number of strains used. A few strains were collected, added to the distilled water, homogenized, and incubated in a water bath at 100°C for 5 minutes. The entire system was then centrifuged at 13,000 rpm for 10 minutes. The resulting supernatant consists of the extracted genetic material [10]. The Master Mix was prepared according to the manufacturer's recommendations. Each component of the kit was placed in a corresponding vial based on the size of the sample to be analyzed. 48 µL of the mix and 2 µL of DNA were taken and placed in the microtube for amplification. The Eppendoorf tube containing 48 µL of the mix and 2 µL of the sample was amplified by real-time polymerization (PCR). Denaturation was carried out at a high temperature of 95°C. By breaking hydrogen bonds, two DNA strands were obtained. Hybridization at a temperature between 45° and 65°C, characterized by the association of the target DNA strands through base complementarity, served as the starting point for polymerization of the complementary strand to the template DNA. The elongation carried out at a temperature of 72°C, the DNA polymerase begins to polymerize by adding free deoxyribonucleotides while respecting the principle of complementarity in the 5’ and 3’ direction. The newly synthesized strand will serve as a template for the next cycle[22]. The amplified product was revealed by electrophoresis, which separates DNA according to its molecular weight on an agarose gel. Nucleic acids migrating in an electric field were revealed by a fluorescent intercalating agent called BET (ethidium bromide), a nucleic acid marker. UGENUS, an ultraviolet radiation device, was used to visualize the analyzed migration bands [2], [7], [22][10].

Data Analysis
Data were entered into Microsoft Word and Excel 2013 and analyzed using Epi Info 7.2.1.0. Descriptive statistical tests were used to calculate central tendency. With p < 0.05 on two-tailed tests, the results were considered statistically significant with a 95% confidence interval. Some results were expressed as frequencies and percentages, and SPS software was used for some trend analyses.
Results
The search for pathogenic germs using foodborne bacteriological diagnostic techniques and conventional bacteriology enabled the isolation and identification of bacterial strains of medical interest in peanut paste sold in the main markets of Bangui. A total of 51 Enterobacteriaceae strains were isolated and identified, followed by antibiotic susceptibility testing and genotyping of beta-lactam and quinolone resistance genes for each strain.
Table 1 presents each type of gene sought, along with the primers and sequences.







Table 1: Resistance genes sought.

	Genes
	Primers
	Sequences

	gene TEM
	Tem-OT3
	ATGAGTATTCAACATTTCCG

	
	Tem-OT4
	CCAATGCTTAATCAGTGAGG

	gene ctx-M1
	ctxM1(+)
	GGTTAAAAAATCACTGCGTC

	
	ctxM1(-)
	TTGGTGACGATTTTAGCCGC

	gene ctx-M2
	ctxM2(+)
	ATGATGACTCAGAGCATTCG

	
	ctxM2(-)
	TGGGTTACGATTTTCGCCGC

	gene qnrA
	qnrA(-)
	TGCCAGGCACAGATCTTGAC

	
	qnrA(+)
	TTCTCACGCCAGGATTTGAG

	gene qnrB
	qnrB(+)
	TGGCGAAAAAATTRACAGAA

	
	qnrB(-)
	GAGCAACGAYGCCTGGTAG

	gene SHV
	SHV-OS5
	TTATCTCCCTGTTAGCCACC

	
	SHV-OS6
	GATTTGCTGATTTCGCTCGG



Figure 1 shows the overall proportion of contamination of peanut pastes by enterobacteria of medical interest, of which 54% of the peanut pastes were contaminated.




Figure 1: Prevalence of contamination of peanut paste by germs of medical interest





Figure 2 shows the proportion of the different bacterial species isolated.

Table 2 presents the different phenotypic proportions of antibiotic resistance.
Table 2: Phenotypic profile of antibiotic resistance
	Germs isolated 
	Ampicillin10ug (%)
	Amoxicillin+Acide
Clavulanique20ug (%)
	Ticarcillin 75ug (%)
	Cefotaxim5ug (%)
	Cefoxitin30ug (%)
	Ceftazidime 10ug (%)
	Cefotaxim (%)
	Cefepime30ug (%)
	
Cefriaxon 30ug (%)
	Gentamycin120ug (%)
	Nalixidic acide30ug (%)
	Ciprofloxacin 5ug (%)
	Chloramphénicol 30ug (%)

	Citrobacter freundii
	66,7
	33,3
	66,7
	33,3
	33,3
	33,3
	33,30
	33,0
	33,3
	33,3
	0,0
	0,0
	0,0

	Citrobacter koserii
	75,0
	75,0
	75,0
	75,0
	75,0
	50,0
	50,0
	50,0
	50,0
	0,0
	0,0
	0,0
	50,0

	Enterobacter cloacae
	75,0
	75,0
	75,0
	75,0
	50,0
	25,0
	0,0
	25,0
	12,5
	0,0
	37,5
	38,0
	12,5

	Enterobacter koserii
	100,0
	100
	100
	100
	100
	0,0
	0,0
	0%
	0,0
	0,0
	100
	100
	0,0

	Enterobacter sakazakii
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0%
	0,0
	0,0
	33,3
	33,0
	0,0

	Escherichia coli
	66,7
	33,3
	66,7
	33,3
	8,3
	8,3
	8,30
	8,0
	8,3
	0,0
	0,0
	0,0
	33,3

	Klebsiella arizonnae
	0,0
	0,0
	0,00
	0,0
	0,0
	0,0
	0,00
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0

	Klebsiella ornithinolytica
	100
	25,0
	100
	75,0
	50,0
	50,0
	50,0
	50,0
	50,0
	0,0
	50,0
	50,0
	25,0

	Klebsiella oxytoca
	100
	0,0
	100
	66,6
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	66,7

	Klebsiella pneumoniae
	100
	100,0
	100
	100
	100
	100
	100
	100
	100
	0,0
	0,0
	0,0
	100

	Klebsiella spp
	66,7
	50,0
	66,7
	50,0
	33,3
	16,7
	16,7
	17,0
	16,7
	0,0
	16,7
	17,0
	50,0

	Proteus mirabilis
	83,3
	66,7
	83,3
	66,6
	50,0
	50,0
	50,0
	33,0
	33,3
	0,0
	16,7
	17,0
	33,3

	Serratia liquefaciens
	100
	0,0
	100,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	0,0
	100


33% resistance to gentamicin and Klebsiella pneumoniae strains 100% resistant to almost all antibiotics except gentamicin, nalixic acid and ciprofloxacin.


Table 3: Profile of antibiotic resistance genes sought

	
	TEM
	ctxM1
	ctxM2
	qnrB
	SHV

	Test result
	Positif
	Négatif
	Positif
	Négatif
	Positif
	Négatif
	Positif
	Négatif
	Positif
	Négatif

	Number of employees
	35
	16
	14
	37
	0
	51
	9
	42
	11
	40

	Proportion(%)
	68,6
	31,3
	27,4
	72,5
	0
	100
	17,6
	82,3
	21,5
	78,4



The table below shows the profile of resistance genes expressed by bacterial species.
					
Table 4: Genomic resistance profile by isolated bacterial species
	 
	TEM(%)
	ctxM1(%)
	ctxM2(%)
	qnrB(%)
	SHV(%)

	Citrobacter freundii
	100
	50,0
	0
	50,0
	100

	Enterobactere Cloacae
	75,0
	75,0
	0
	100
	100

	Enterobactere sakazakii
	50,0
	25,0
	0
	50
	100

	Escherichia coli
	80,0
	0
	0
	0
	40,0

	Klebsiella ornithinolytica
	50,0
	50,0
	0
	0
	50

	Klebsiella oxytoca
	50,0
	50,0
	0
	0
	75,0

	Klebsiella pneumoniae
	0
	0
	0
	0
	50,0

	Klebsiella sp
	83,3
	16,6
	0
	0
	50,0

	Protéus mirabilis
	85,7
	16,6
	0
	14,2
	57,1

	Pseudomonas aeruginosa
	50,0
	0
	0
	0
	0

	Citrobacter koseri
	75,0
	50,0
	0
	25,0
	50,0


The proportion of resistance genes per bacterial species is very high in strains: 100% for Citrobactere freundi by TEM, 75% for ctxM1 and 100% for qnr in Enterobactere cloacae, and 50% and 75% for the SHV gene in Klebsiella strains.

Discussion
Samples of peanut paste sold in the city of Bangui were collected and subjected to bacteriological and molecular analyses for phenotypic and genomic research on antibiotic resistance. The analyses were carried out in the Food Microbiology and Molecular Biology Unit of the National Laboratory of Clinical Biology and Public Health. The results of these microbiological analyses allowed for the isolation and identification of bacterial strains possessing resistance genes to beta-lactams and quinolones. Fifty-one bacterial strains were isolated and identified, representing an overall contamination prevalence by the different Enterobacteriaceae of 54% (Figure 1).The proportional distribution of contamination gives a prevalence of 5.7% Citrobacter freundii; Citrobacter koserii 4.6%; Enterobacter cloacae 10.3%; Enterobacter koserii 1.1%; Enterobacter sakazakii 4.6%, Escherichia coli 29.9%; Flaviomonas Horzitiabita 4.6%; Flaviomonas luteola 1.1%; Klebsiella arizonnae11%; Klebsiella ornithinolytica 4.6%, Klebsiella oxytoca 3.4%; Klebsiella ozaenae 1.1%; Klebsiella pneumoniae 3.4%; Klebsiella spp 10.3%; Proteus mirabilis 8.0%, Pseudomonas aeruginosa 4.6%; Serratia liquefaciens 1.1% (Figure 2). These results are similar to those of studies conducted by Mejrhit et al. in 2021, Sidi et al., and Dejlil et al. in Morocco in 2013 on the evaluation of the hygienic quality of peanuts in the city of Fez, which also isolated similar proportions of germs of medical interest in peanut paste intended for human consumption, with a high proportion of Escherichia coli [17], [23], [24]. The results obtained could be explained by the fact that unsanitary sales locations and a lack of awareness of hygiene rules applicable to food products pose a risk to consumer health; these practices would influence the hygienic and organoleptic quality of food intended for human consumption [12]. Antibiotic susceptibility testing determined phenotypic resistance in the strains (Table 4). Klebsiella oxytoca strains exhibited resistance of approximately 66% to Cefoxitin and 100% to Ticarcillin and Ampicillin. The resistance observed in this study was described by the French Society for Microbiology's Antibiogram Committee as natural resistance [19][25]. Klebsiella spp. strains developed resistance of approximately 50% to 66% to ticarcillin, Chloramphenicol, Amoxicillin + clavulanic acid, and Ampicillin. Analyses also revealed acquired resistance of 33% to cefoxitin and 17% to Cefoxotaxim, Ceftazidim, Cefepim, Ceftriaxone, Nalixidic acid, and ciprofloxacin. These results obtained in this study are consistent with those of a study carried out in 2018 in Mali by Daffeet al on the surveillance of antibiotic resistance of Klebsiella strains which revealed resistance to beta-lactam families [2]. Another study conducted by Sbiti et al. in 2017 in Morocco on the epidemiological profile of uropathogenic Enterobacteriaceae producing extended-spectrum beta-lactamases yielded results similar to those obtained in this study [26]. The Escherichia coli strains were 66.7% resistant to ampicillin and ticarcillin, and 33% resistant to Amoxicillin + clavulanic acid, Cefoxitin, and Chloramphenicol. These results are inconsistent with those of a study conducted by Sbiti Mohamed et al. in 2017, which revealed a low percentage of antibiotic resistance in E. coli strains [26]. Our results are consistent with those of a study conducted by Guerrin et al. in 2021 on beta-lactam resistance in bovine Escherichia coli strains [10][12][5][27][28]. Enterobacteriaceae koserii strains have 100% resistance to antibiotics such as Ticarcillin, Cefoxitin, Cefixitin, Nalixidic Acid, and Ciprofloxacin, and Enterobacteriaceae Citrobactere sakazakii showed 33% resistance to Nalixidic Acid and Ciprofloxacin. These results corroborate those of a study conducted by Ebongue et al. in 2025 in Cameroon on the evolution of resistance in Enterobacteriaceae strains in human samples, which showed approximately the same proportions of resistance to quinolone and beta-lactam antibiotics [8]. Citrobactere koserii strains exhibited 50–75% resistance to Ceftriaxone, Cefepime, and Cefotaxime, and 75% resistance to Ticarcillin, Amoxicillin + Clavulanic Acid, and Ampicillin. Citrobactere freundii strains showed 33% resistance to Amoxicillin + Clavulanic Acid, Cefoxitin, Ceftazidime, Cefotaxime, Cefriaxone, and Gentamicin. These results are similar to those obtained by Ebongué et al in Douala, Cameroon on the evolution of antibiotic resistance of Enterobacteriaceae strains from 2005 to 2012 [8]. Resistance to ampicillin, Ticarcillin, and Chloramphenicol in Serratia liquefascience strains was 83%, in Proteus mirabilis strains it was 66% to 83%, and in Pseudomonas aeruginosa strains it was 8%. These results corroborate those of a 2022 study by Sardi et al. on beta-lactam resistance in Pseudomonas aeruginosa strains [29]. Molecular biology results confirmed the beta-lactam resistance genes TEM, ctxM1, and ctxM2, and the quinolone resistance genes qnrb and SHV yielded resistance rates of 69% and 27.6%, respectively. The ctxM2 gene was not detected in this study. These results are similar to those obtained by Guessennd, et al who obtained which highlighted SHV, TEM, CTXM group 1, 2, 8, 9 and AmpC genes by PCR in proportions of around 27.2% (41/151) and rates of 9.9, 14.6, 2.7% [28]. The quinolone resistance gene qnr was detected in the strains with a proportion of 17.6% for qnr and 21.5% for SHV. These results contradict those of previous studies conducted by Dupeyron et al. in 2006, on the rapid emergence of quinolone resistance in cirrhotic patients treated with Norfloxacin to prevent spontaneous bacterial peritonitis, and by Salah et al. in Lomé from 2010 to 2017, on the increasing antibiotic resistance of Enterobacteriaceae, which revealed a low proportion of quinolone resistance genes [30][31]. Similar to the study conducted by Guessennd et al. in 2008, which obtained results very close to those of our study [28].



Conclusion
The analysis conducted at the National Laboratory of Clinical Biology and Public Health, which aimed to identify antibiotic resistance genes in strains isolated from peanut paste sold in Bangui using molecular biology techniques, revealed the presence of antibiotic resistance genes. According to the results obtained, these genes, which confer resistance to beta-lactams and quinolones, could cause health problems for consumers in particular and the Central African population in general. Consequently, these antibiotic resistance genes expose consumers to treatment failure if they are treated with antibiotics. Therefore, monitoring antibiotic resistance in foodstuffs should be an integral part of the laboratory's activities in the Central African Republic and for all relevant stakeholders.
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