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Abstract
Introduction: Salmonella enterica is a zoonotic pathogen of concern to human and animal health worldwide. Salmonellosis is responsible for significant morbidity and mortality and has a considerable global socioeconomic impact. With the aim of eradicating Salmonellosis caused by Salmonella enterica, we aimed to investigate multidrug resistance in NDM-type carbapenemase- producing S. enterica strains in patients received at HOSCO.
Methodology: In the study, 278 Gram-negative bacilli were collected, including 18 strains of S. enterica. The DNA of the antibiotic-resistant strains was analyzed by conventional PCR for gene search blaNDM using specific primers.
Results: The age group most affected by salmonellosis is 20 to 40 years. Thus, we observed a high resistance of 83% to Amoxiclav, 6% to Imipenem, 22% to Aztreonam, 11% to Meropenem and 17% to Ertapenem. Among the 18 strains of S. enterica 28 % coded for the blaNDM resistance gene. We note that the age group of [20; 40[ years was coded for blaNDM with a frequency of 17%. Also, 11% of S. enterica were multi-resistant.
Conclusion: This study determined the frequency of S. enterica strains producing the NDM resistance enzyme. It also determined the multi-resistance of these strains, the frequency of which is 11%. This calls for increased vigilance in our strategies for combating salmonellosis.
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1. Introduction
Salmonellosis is a serious public health problem affecting both humans and animals (Mengistu et al., 2020) . Salmonella spp. strains are classified into typhus and non-typhoid organisms based on their distribution (Gal-Mor, 2018) . In sub-Saharan Africa, however, Non-typhoidal salmonellosis (NTS) frequently invade normally sterile sites and cause invasive infections (Stanaway et al., 2019) . Most of these invasive NTS infections are bloodstream infections, but meningitis and other focal infections can also occur (Gilchrist and MacLennan, 2019) . Salmonella spp. is responsible for 93.8 million foodborne infections and approximately 150,000 deaths annually (Authority and Control, 2022) . Salmonella spp. contamination across Africa creates significant health risks for the population, resulting in recorded outbreaks leading to hospitalizations and deaths, as well as economic costs (Ibrahim et al., 2018, Elafify et al., 2022) . Furthermore, 85% of the estimated 77,500 deaths worldwide occurred in sub-Saharan Africa, corresponding to a high case fatality rate of 15.8% (James et al., 2018) . For the two main Salmonella enterica serotypes (Enteridis and Typhimurium), strains circulating in sub-Saharan Africa have different genotypes than those circulating in high-income countries. Sub-Saharan African strains have a more human-adapted and virulent genotype and phenotype. In addition, they frequently carry antimicrobial resistance genes (Gilchrist and MacLennan, 2019 , Feasey et al., 2012) . In order to understand the phenomena of multi-resistance to antibiotics, we sought to study the resistance of S. enterica which codes for the blaNDM resistance gene.
Assumption:
· S. enterica resistant to one class of antibiotic encode blaNDM.
· Some S. enterica may be resistant to three classes of antibiotics (multidrug-resistant)
2. Methodology
2.1. Collection of bacterial strains
This is a cross-sectional study conducted at the Laboratory of Molecular Biology and Genetics (LAMBIOGEN). Samples were collected at Saint-Camille Hospital in Ouagadougou (HOSCO) from April 2 to June 30, 2024. We collected 278 Gram-negative bacilli, including 18 strains of S. enterica, taken only from stools for bacteriological cultures. These salmonellae were isolated in Salmonella-shigella (SS) agar for biochemical tests. Identification of S. enterica strains was carried out using the API 20E gallery. These strains were preserved in Luria Bertani (LB) supplemented with 30% glycerol for molecular analyses.
2.2. Antibiotic sensitivity test
Antibiotic susceptibility tests were performed by the Mueller-Hinton (MH) agar disc diffusion method. Five (05) antibiotics were tested: Amoxiclav, Aztreonam, Imipenem, Meropenem and Ertapenem. Antibiograms were interpreted in accordance with the EUCAST/CA-SFM 2023 recommendations. 
2.3. NDM-type carbapenemase gene
The DNA extraction method used is a boiling method without the use of an industrial extraction kit (Dashti et al., 2009) . This extraction of total bacterial DNA concerned the 18 strains of S. enterica resistant to at least one antibiotic. Quantification and purity verification of extracted DNAs were performed using the Nanodrop spectrophotometer (Thermo Scientific, Wilmington, DE, USA). To search for the blaNDM resistance gene, DNAs were analyzed by conventional PCR using specific primers (Table II). PCR amplification reactions were performed in a reaction mixture with a volume of 20 µl, consisting of 14 µl of PCR water, 4 µl of 12.5 mM FIREpol ® master mix, 0.5 µl of 10 mM forward primers and 0.5 µl of 10 mM reverse primers, followed by 1 µl of extracted DNA. The PCR program used is shown in Table I.
Table I: PCR program of the desired NDM gene
	Genoa
Settings
	blaNDM

	Initial denaturation
	96°C /5 min

	Denaturation
	96°C / 30s

	Hybridization
	62°C / 30s

	Elongation
	72°C / 30s

	Final elongation
	72°C / 7 min

	Number of cycles
	30


After amplification of the DNA fragments, the PCR products were analyzed by electrophoresis on 1.5% agarose gel and the gene of interest blaNDM was detected for amplicons of size 500 bp (Table II).  
Table II: The size and sequence of the NDM gene
	Genes sought
	Sequences (5'-3')
	
Size
(bp)
	
	
References

	blaNDM
	For :5`CCATGCGGGCCGTATGAGTGATT3`
Rev. :5`AAGCTGAGCACCGCATTAGCCG3`
	
500
	
	(Khosravi and Mihani, 2008)



3. Results
Among the 278 strains identified, we have only 18 strains that were S. enterica, a frequency of 6.4%. The age range of patients most affected by salmonellosis was 20 to 40 years. The minimum age of patients was 6 months and the maximum age was 53 years.

Figure 1: Distribution of patients with salmonellosis by age group
Legend: The intervals [0;20[, [20;40[ and 40 and over represent the age groups of patients infected with S. enterica
Antibiotic susceptibility testing of our strains revealed high resistance to Amoxiclav, with a prevalence of 83% (n=15). As for other antibiotics, our bacterial strains showed low resistance, with prevalences of 6% to Imipenem (n=1), 22% to Aztreonam (n=4), 11% to Meropenem (n=2) and 17% to Ertapenem (n=3). The resistance profile of S. enterica is illustrated in Figure 2.

Figure 2: Resistance profile of S. enterica strains to the antibiotics tested
S. enterica strains encoding blaNDM were identified as those for which amplification bands appeared at 500 bp.
[image: ]
Figure 3: Revelation of the blaNDM gene after agarose gel electrophoresis
Legend: MW: Molecular weight Marker of 100 bp (brand and manufacturer). S8: S. enterica strains coding for blaNDM. S1-S7, S9 and S10: Other bacterial strains not coding for blaNDM. NC: Negative control. P.C: Positive control of an E. coli strain encoding blaNDM.
All 18 strains were resistant to at least one antibiotic. Among these antibiotic-resistant S. enterica strains, 5 coded for blaNDM, representing a prevalence of 28% of S. enterica. Those that did not encode blaNDM represented 72%, as shown in Figure 3.

Figure 4: Distribution of S. enterica according to the presence or absence of blaNDM
According to the distribution of the blaNDM According to the age groups, it is noted that the age group of [20; 40[ represented 17% (n=3). On the other hand, the age groups of [0; 20[ and more than 40 years had a frequency of 6% (n=1) under all S. enterica.
 
Figure 5: Distribution of S. enterica encoding blaNDM by age groups.
Key: These same intervals of [20; 40[, [0; 20[, and 40 and over represent the age groups of people in which S. enterica do or do not code for blaNDM . Positive for NDM refers to the S. enterica sample that codes for blaNDM . Negative for NDM refers to the S. enterica sample that does not code for blaNDM.
Thus, bacteria resistant to at least one antibiotic molecule belonging to more than three different classes among the classes usually active on this bacterium should be considered as "Multi-Resistant Bacteria (MRB)" (Magiorakos et al., 2012) . Our analyses showed that 11% of S. enterica were multi-resistant. In fact, two (2) strains were resistant to Amoxiclav, Aztreonam and Ertapenem.
4. Discussion
Our study included a total of 278 patients. We obtained S. enterica strains from 18 patients, or 6.4%, from whom stool samples were collected. Sociodemographically, the most represented age group is 20–40 years, or 50% of our study population. Our studies are comparable to those conducted by Allu et al., where the highest rate of salmonellosis was recorded in the 21–30 age group (37.3%). The high number of infections in this age group could be explained by the fact that this is a working-age population, exposed to infection at an early age (Allu et al., 2019) .
Regarding the study of antibiotic susceptibility of our S. enterica strains, we observed a fairly high level of resistance among β-lactams, which constitute the largest and by far the most widely used family of antibiotics. With Amoxiclav (amoxicillin + clavulanic acid), our results show a high level of resistance, around 83%. Similar results were reported by Boisrame-Gastrin et al. (2011) in a study on the carriage of Salmonella spp in children in Mali, with an aminopenicillin resistance rate of 80.7%. In our study, we found that 22% of S. enterica were resistant to Aztreonam and 6% to Imipenem. Our results are comparable to those of Kone. in 2023 in Mali which found that 57.6% of Salmonella spp. were resistant to Aztreonam (Kone, 2023) . In a sample of 60 Salmonella spp. isolated from blood, 8.3% showed resistance to ciprofloxacin, 18.3% to ceftazidime , 16.7% to ceftriaxone , 20% to norfloxacin and 21.7% to amikacin (Kashosi et al., 2018) . As in the case of Extended Spectrum β-Lactamases (ESBL) and AmpC producing Enterobacteriaceae, reports from different countries have shown that resistance to carbapenems and monobactams has steadily increased in recent years, becoming a source of concern (Brolund et al ., 2019) . Living conditions such as overcrowded housing and lack of access to clean water as well as poor sanitation and hygiene conditions also contribute to the spread of resistant microorganisms (Vaz Nery et al., 2019 ; Bakir et al., 2017)
In our study, 28% of S. enterica encoded the blaNDM resistance gene. In Tunisia, Dziri et al., (2018) , in their work on carbapenemase -producing enterobacteria (CPE) from the Djerba Regional Hospital, found that 56% of strains were producers of the NDM enzyme. Interestingly, NDM-1 producing S. enterica were not only associated with infections but also with colonization of individuals who had traveled to the Indian subcontinent. These findings highlight the need for active screening after travel to prevent further spread of carbapenemase producers imported from endemic regions (Woodford et al., 2014) .
Our study reveals that 11% of S. enterica strains were resistant to penicillins (Amoxiclav), monobactams (Aztreonam) and carbapenems (Ertapenem). Our results are comparable to those of Sawadogo in 2023 where 4 out of 25 strains of Salmonella spp (16%) were multi-resistant strains (Sawadogo, 2023) . This high frequency of Multi-Resistant Bacteria (MRB) could be explained by the excessive and inadequate use of antibiotics. Indeed, hospitalization exposes the patient to nosocomial germs, hence the high frequency of healthcare-associated infections, which is the prerogative of MRB (Moussa, 2024) . National immunization technical advisory groups of African countries namely Kenya, Zambia and mainly Burkina Faso have recommended the introduction of Typhoid Vaccine and further planning efforts for the introduction are ongoing (Russell et al., 2023) . Therefore, the particularity of our study aims to point out that some Salmonella species manage to develop multi-resistance to antibiotics despite elaborate vaccination campaigns.
5. Conclusion
Salmonellosis is one of the main known causes of mass food poisoning and constitutes a real public health problem. From an economic point of view, it is of crucial importance, given the human losses caused. This study allowed us to determine the frequency of S. enterica strains producing the NDM enzyme, which was 28%. It allowed us to know that patients aged 20 to 40 years were the most affected by salmonellosis. We were also able to determine the multi-resistance of these strains, which is 11%. Finally, the multi-resistance of these salmonellae to antibiotics is linked to the presence of at least one resistance gene. Despite the fact that salmonellae that develop multi-resistance are rare in Ouagadougou, it is important to adapt adequate epidemiological surveillance and to remain vigilant in the fight against this disease. However, this study opens up a research perspective for us, namely the enzymatic inhibition of the blaNDM resistance gene by medicinal plants.
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