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Molecular Characterization and Antibiotic Susceptibility Profile of Salmonella Species Isolated from Municipal Wastewater in Jos, Plateau State



ABSTRACT
Aim: This study is aimed at characterizing antibiotic-resistant Salmonella species from Municipal wastewater in Jos, Plateau State.
Study Design: A descriptive cross-sectional study was used in this research
Place and Duration of Study: One hundred and fifty (150) wastewater samples were collected from ten (10) sample sites (Gada Juth, Bingham, Tudun Wada, Village Hostel, Vom, Abbatoir, Jenta, Farin-Gada, K-Vom, and Angwan-Rukuba) of Plateau State from October to November 2023.
Methods: Conventional (culture-based techniques and confirmation with biochemical tests) and molecular laboratory (PCR) methods were employed to isolate Salmonella species and detect their resistant genes.  A disc diffusion assay by Kirby-Bauer was performed to determine the sensitivity of antibiotics against Salmonella isolates.  
Results: There was a 2.7% overall prevalence of Salmonella spp in wastewater, with higher rates found in wastewater collected from Jenta (2%) and a lower prevalence rate of 0.67% from wastewater collected from Angwan Rukuba. High susceptibility was recorded for Streptomycin, high resistance was recorded for Gentamicin (75%), Azithromycin (75%) and Ciprofloxacin (50%). All isolates showed 100% resistance to Pefloxacin, Cefotaxime, Ceftazidime, and Ceftriaxone and 100% sensitivity towards Imipenem. Furthermore, all isolates were multi-drug resistant, with the most common multidrug resistance patterns being PEF, CH, CN, CRO, CAZ, CTX, and AZM (50%). All isolates reported multiple antibiotic resistance (MAR) index > 0.2 in the study, indicating high levels of resistance. None of the resistant genes (mph (A) and blaCTX-M) tested were detected among the isolates. 
Conclusion: There was a low occurrence of Salmonella and none of the tested genes associated with antibiotic resistance were detected, interestingly, most of the isolates were multidrug resistant, thereby constituting a menace to food safety and general health in the study area.
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1.0	INTRODUCTION 
Wastewater serves as a common medium for the spread and transmission of Salmonella serovars, posing risks to the environment and human health. According to the United Nations, over 80% of the world’s wastewater is released back into the environment without treatment or reuse, with this figure rising to over 95% in some of the least-developed countries such as Afghanistan, India, Democratic Republic of Congo, Nigeria and Tanzania [1]. Numerous outbreaks and cases of contamination have been linked to Salmonella in wastewater through the irrigation of crops [2], movement through soil to groundwater [3], or discharge into marine environments [4,5], Although some pathogens are naturally found in aquatic systems, Salmonella can be introduced through pollution from animal or human faeces and sewage [6].
The risk of Salmonella contamination increases due to its ability to survive for extended periods in the environment. This means that Salmonella contamination of groundwater, environmental water, and soil is a consequence of its long survival rates in these ecosystems [7]. Moreover, Salmonella's ability to thrive in relatively high salt concentrations exacerbates contamination in seawater and seafood [8]. Therefore, the ongoing discharge of wastewater into the environment may elevate the concentration of Salmonella, leading to a higher incidence of waterborne diseases.
Antimicrobial resistance (AMR) is the capacity of organisms to resist the effects of antimicrobial agents, which can be either intrinsic due to their structural properties or acquired through genetic mechanisms, such as specific resistance genes. The spread of AMR in the environment occurs through three main processes: horizontal gene transfer (HGT) involving mobile genetic elements, genetic mutations, and vertical gene transfer of mutations [9,10,11] Understanding the mechanisms of AMR spread in environmental settings, such as wastewater, will provide us with knowledge that can inform strategies for mitigating the spread of AMR in wastewater. In Jos, Plateau State, Nigeria, wastewater is often not properly treated and may contain high levels of antibiotic-resistant bacteria.
The results from this research will provide crucial insight into the molecular characteristics of antibiotic-resistant Salmonella in wastewater from Jos. This information will be useful in identifying potential sources of infection and developing strategies to curb the spread of these bacteria in the community. This study compensates for the body of knowledge available around the epidemiology of antibiotic-resistant Salmonella, which poses relevancy in the advancement of effective public health interventions such as phytoremediation [12] and also serves as an effective monitoring tool for the monitoring of vaccination programs globally, and their impact on the local transmission and exposure of typhoid and non-typhoidal Salmonella infection [13].
We characterized antibiotic-resistant Salmonella species from wastewater with specific objectives to isolate and identify Salmonella species from wastewater samples collected, determine the antibiogram profiles of Salmonella isolates and detect the Macrolide resistance gene mphA and blaCTX-M gene from MDR isolates of Salmonella species from wastewater samples collected in Jos and its environs.
2.0	MATERIALS AND METHODS
2.1	Study Area 
The study was conducted in Jos metropolis, the capital of Plateau State, comprising two Local Government Areas: Jos North and Jos South. The State is situated at latitude 9° 10’ N and longitude 9° 45′ E in central Nigeria, covering an area of 30,913 square kilometres and housing over 3 million residents based on the 2006 census, resulting in a population density of approximately 391 individuals per square kilometre, Jos is the most densely populated and urbanized area in Plateau State. Due to the presence of many higher educational institutions, churches, commercial activities, and administrative functions, the city has evolved into a cosmopolitan hub [14]. The state derives its name from the remarkable table-top rock formation known as Plateau, which has an altitude ranging from 1200 to 1829 meters above sea level. The climate in the state can be described as temperate compared to other regions of Nigeria, despite its location in a tropical area. The annual mean temperature typically ranges from 18 to 22°C, with annual rainfall averaging 1317.5 mm in the lower plateau and 1460 mm at the plateau's summit [15].
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Figure 1: The study area, Jos Metropolis, Plateau State, Nigeria (GIS LAB, Department of Geography and Planning University of Jos, 2018)
2.2	Sample Collection and Technique 
A purposeful non-probability sampling technique was used in identifying and selecting eligible sites in the Jos metropolis for wastewater collection. Ten sites in Jos Metropolis were visited for the sampling of the various wastewater for this study. These sites are as follows: Gada Juth, Bingham, Tudun Wada, Village Hostel, Vom, Abbatoir, Jenta, Farin-Gada, K-Vom, Angwan-Rukuba. A total of 15 samples from each of the selected sites for the study were randomly collected weekly between October 2023 to November 2023. All samples were kept in a cooler containing ice packs and were immediately transported to the National Veterinary Research Institution laboratory, Vom and preserved in a refrigerator between 0°C and 4 °C.
2.3	Isolation and Identification of Salmonella Species
For isolation and identification of Salmonella, 1 mL of the wastewater sample was pre-enriched in 9 mL of buffered peptone water (BPW, Oxoid, UK) and incubated at 37℃ for 18 to 24 h. Furthermore, 0.1 mL of the culture was enriched in 10 mL of Rappaport vassiliadis media (Oxoid, UK) and incubated at 42℃ for 18 to 24 h. Aseptically, 10 μl culture broth was streaked in parallel on Xylose Lysine Deoxtcholate agar (XLD) (Oxoid, UK) and incubated at 37℃ for 18 to 24 h. Presumptive Salmonella species were subcultured on Salmonella-Shigella agar (SSA) (Oxoid, UK) at 37℃ for 24h. Colonies with black centres were subcultured on nutrient agar at 37℃ for 24h to obtain a pure culture. Presumptive salmonella isolates were stained using a Gram staining technique to ascertain their microscopic features [16,17,18]. Classical identification of bacterial colonies was performed according to Cheesborough (2006) [16]  with slight modification. Biochemical assays such as triple sugar iron (TSI), urease test, indole test, citrate test, methyl red test, motility test and isolates reactions to sugars such as glucose, mannose, maltose, galactose, lactose, cellibiose, melibiose, raffinose, sorbitol, manitol, dulcitol, salicin were performed [16,19]. Results from the biochemical and phenotypical characterization of the isolates were input into the online Advanced Bacterial Identification Software (ABIS) for the identification of isolates [20]
2.4	Molecular Characterization
2.4.1	DNA Extraction
Isolated Salmonella species were subjected to DNA extraction utilizing the Qiagen QIAmp DNA mini kit. A sterile loop scooped the bacterial colonies into 1.5ml microtubes containing 200 µL of phosphate buffer saline (PBS), followed by vortexing and centrifugation for 1 min at 800 rpm. The supernatant was removed, and 200µl PBS was reintroduced to the pellet for dislodging. This mixture was then combined with 20µl of proteinase K solution and 200µl of buffer AL, mixed thoroughly, and incubated at 70°C for 10 minutes. After brief centrifugation for 1 min at 800 rpm, the mixture was transferred to a QIAmp Mini spin column placed in a 2ml collection tube. The flow-through of the collection was discarded. The QIAam Mini spin column was placed in a new 2ml collection tube, 500µl of the buffer AW1 was added and centrifuged at 800 rpm for 1 min. The flow-through was discarded. 500 µl of buffer AW2 was added and centrifuged at 1400 rpm for 3 min. The flow-through was discarded and the tubes were dry spun (tense) at 1400 rpm in order to eliminate the chance of possible buffer AW2 carryover. 150µLof elution buffer (AE) was added to elute the DNA, which was then immediately utilized for PCR analysis.
2.4.2	PCR Analysis
The full length of 16S rRNA, Mph(A) and blaCTX-M gene were amplified through conventional PCR using the universal 16S rRNA, Mph(A) and blaCTX-M primer set (F:5′-TGTTGTGGTTAATAACCGCA-3′ and R:5′-CACAAATCCATCTCTGGA-3′), (F:5′-GTGAGGAGCTTCGCTTCGCGAG-3′ and R:5′-TGCCGCAGGACTCGGAGGTC-3′) and (F:5′-CCCATGGTTAAAAAACACTGC-3′ and R:5′-CAGCGCTTTTGCCGTCTAAG-3′) respectively. Amplification of bacterial DNA was done using a 25µl total reaction volume containing 5 µl of 5X master mix, 1 µl of primer 16S rRNA, MphA, blaCTX-M, 13 µl of nuclease-free water and 5 µl of DNA. The reaction tubes were put in the PCR thermocycler.  PCR conditions were set to be as follows: 4 minutes at 95 oC for initial denaturation, 35 cycles each 1 minute at 94 oC for denaturation, 1 minute at 52 oC for annealing and 30 seconds at 72 oC for extension and final extension at 72 oC for 10 minutes for 16S rRNA; 5 minutes at 95 oC for initial denaturation, 35 cycles each 30 secs at 94 oC for denaturation, 45 secs at 58 oC for annealing and 45 seconds at 72 oC for extension and final extension at 72 oC for 10 minutes for Mph(A); 5 minutes at 95o C for initial denaturation, 35 cycles each 30 secs at 95 oC for denaturation, 1 minute at 56o C for annealing and 90 seconds at 72 oC for extension and final extension at 72 oC for 10 minute for Mph(A) for blaCTX-M. After termination of PCR, the amplified products were visualized on 1.5% agarose gel stained with 8 µl ethidium bromide along with Gel pilots 100bp ladder (Qiagen, Germany, GmbH) and was run for 55 mins at 90 volts; to test primer and probe efficiency we used bacterial strains containing the resistance genes of interest (kindly provided by Dr. G.O.A Agada). The bacterial strains were also included in each PCR run as positive controls and the gel was photographed using a digital camera.
2.5 	Antibiotic Susceptibility Testing
The antimicrobial susceptibility test was conducted using the Kirby–Bauer disc diffusion method, following the Clinical and Laboratory Standards guidelines [21]. Isolates were streaked onto Mueller–Hinton agar and incubated at 37 °C overnight. Bacterial colonies were suspended in 0.9% Sodium Chloride (NaCl) to achieve a McFarland turbidity of 0.5, which corresponds to approximately 1-2 × 10⁸ colony-forming units (CFU)/ml of Escherichia coli strain American Type Culture Collection (ATCC) 25922. Mueller-Hinton (Oxoid, UK) agar plates were swabbed with the adjusted bacterial suspension using a sterile swab. Antibiotic discs were then placed on the agar using a dispenser and incubated at 37˚C for 24 hours. The antibiotic discs used included: Ciprofloxacin (30μg), Gentamicin (10μg), Streptomycin (10μg), Pefloxacin (5μg), Cefotaxime (30μg), Ceftazidime (30μg), Ceftriaxone (30μg), Imipenem (10μg), Chloramphenicol (30μg), and Azithromycin (15μg). The diameters of the inhibition zones were measured with callipers and recorded to the nearest millimeter (mm). Results were interpreted using standard breakpoints as described by Clinical and Laboratory Standards [21].
2.6 Identification of Multi-Drug Resistant (MDR) Salmonella and Determination of Multiple Antibiotic Resistance (MAR) Index
Multi-drug resistance (MDR) is defined as the resistance of bacterial isolates to three or more classes of antibiotics. This characteristic is assessed by examining the resistance patterns of these isolates to various antibiotics [22]. (CLSI guidelines were used to determine the susceptibility of the isolates, and from the result, isolates exhibiting resistance to more than 3 classes of antibiotics are classified as MDR) Additionally, the Multiple Antibiotic Resistance (MAR) index was determined and interpreted following the procedure described by Krumperman (1983) [23]  for which the MAR index was calculated using the formula MAR = a/b, where 'a' represents the number of antibiotics to which the isolate is resistant, and 'b' denotes the total number of antibiotics tested for susceptibility.
3. 	RESULTS
3.1 Prevalence of Salmonella species according to source of wastewater in Jos and environs
In total, 150 samples of wastewater were examined in this study, of which a total of 4 Salmonella isolates were identified (3 from Jenta and 1 from Angwan Rukuba). The result showed that 2.67% of wastewater tested within this study period was contaminated with Salmonella species. Wastewater from Jenta was the most contaminated with Salmonella species, with a prevalence of 2% while, Angwan Rukuba had the lowest prevalence of 0.67%. No Salmonella species were detected from other sources of wastewater examined (Table 1).

Table 1:	Prevalence of Salmonella species according to source of wastewater in Jos and its environs
	Source

	
	Total Samples Examined
	Total Positive Samples
	 positive samples (%)
	Prevalence (%)

	Juth
	     15
	    0
	0
	        0

	Bingham 
	     15
	    0
	0
	        0

	Tudun Wada
	     15
	    0
	0
	        0

	Village Hostel
	     15
	    0
	0
	        0

	Vom
	     15
	    0
	0
	        0

	Abbatoir
	     15
	    0
	0
	        0

	Jenta
	     15
	    3
	20.00
	        2.00

	Farin-Gada
	     15
	    0
	0
	        0

	K-Vom
	     15
	    0
	0
	         0

	Angwan-Rukuba
	     15
	    1
	6.67
	       0.67

	Total
	   150
	    4
	26.67
	       2.67
















3.2	Distribution of Salmonella species isolated from wastewater in Jos and environs according to the Advance Bacterial Identification Software (ABIS)
The morphological and biochemical characters of the isolates were tested by ABIS online software which identified only four (4) isolates as Salmonella species. Isolates J1, J9 and J12 were identified as Salmonella enterica subs. Enterica (S. Enterica) with 99% identity similarity while isolate AR5 was identified as Salmonella enterica subs. Houtanae (S. Houtanae) with 94.1% similarity identity (Table 2).
Table 2:	Distribution of Salmonella spp isolated from wastewater in Jos and environs according to the Advance Bacterial Identification Software (ABIS)
	Sample Identity
	Salmonella species identified
	ABIS Similarity (%)
	Confidence level (%)

	J1
	Salmonella Enterica
	99
	High 

	J9
	Salmonella Enterica
	99
	High

	J12
	Salmonella Enterica
	99
	High

	AR5
	Salmonella Houtenae
	94.1
	High

	Total
	
	
	


Key: %= Percentage

3.3 Occurrence of other bacteria identified in wastewater examined from Jos and environs
The presence of other bacteria detected from wastewater in the study is shown in Figure 2. The most frequently occurring bacteria are Proteus species, showing a prevalence of 42.0%, while Klebsiella species occurred the least with a prevalence of 18%, with other bacteria detected, including E. coli (23.3%) and Pseudomonas species (22%).
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Key: %=Percentage
Figure 2: Occurrence of other bacteria identified in wastewater examined from Jos and environs

3.4 Antibiotic susceptibility pattern of Salmonella species from wastewater in Jos
All isolates were resistant to fluoroquinolones. Four (4) isolates showed (100%) resistant to Chloramphenicol (Phenicol), Cefotaxime, Ceftazidime, Ceftriaxone (Cephalosporins) while 2 (50%) and 3 (75%) of the isolates also exhibits resistance to Ciprofloxacin (Fluoroquinolones), Gentamicin (Aminoglycoside), and Azithromycin (Macrolide) respectively. Three 3 (75%) isolates were sensitive to Streptomycin (Aminoglycosides) while 1(25%) was sensitive to Azithromycin (Macrolide). A complete sensitivity of 4 (100%) was shown to Imipenem (Carbapenem) (Figure 3).
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Figure 3: Antibiotic susceptibility of Salmonella species from wastewater in Jos

3.5 Multi-drug resistance pattern and MAR index of Salmonella isolates from wastewater in Jos and environs
All S. Enterica from this study were found to be multidrug resistant as they were resistant to three (3) or more different classes of antibiotics (Table 3).
Table 3.	Multidrug Resistance Pattern and MAR index of Salmonella isolates from wastewater in Jos and environs
	Isolates
	No. of Antibiotics (10)
	MDR Pattern
	No. of antibiotic classes
	No. of MDR S. spp.
	MAR Index

	Salmonella Enterica
	6
	CPX, PEF, CH, CRO, CAZ, CTX
	3
	1
	0.6

	Salmonella Enterica
	8
	CPX, PEF, CH, CN, CRO, CAZ, CTX, AZM
	5
	1
	0.8

	Salmonella Enterica
	7
	PEF, CH, CN, CRO, CAZ, CTX, AZM
	5
	1
	0.7


Keys: CPX=Ciprofloxacin; CH=Chloramphenicol; CN-Gentamicin; CTX-Cefotaxime CAZ-Ceftazidime; CEF-Ceftriaxone; AZM-Azithromycin, PEF= Pefloxacin, No=Number, MDR=Multi-drug resistance

3.6 Molecular characterization of Salmonella species isolated from wastewater in Jos and environs
The Salmonella-specific PCR (16S rRNA) assay demonstrated both specificity and sensitivity and successfully identified four Salmonella isolates containing 16S rRNA in molecular weight 572 bp (Plate 1). 
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Lane 1: 100 bp Ladder, Lane 2, 3, 4 and 5 reveal amplification of 572 bp fragments 16S rRNA gene.  Lane +ve: Positive Control, Lane -ve: Negative control
Plate 1: Salmonella-specific 16S rRNA gene of isolates from wastewater
3.7 Salmonella-specific PCR (blaCTX-M and mphA) assay
In this study, 4 Salmonella isolates were tested for blaCTX-M gene (Plate 2) and the mph (A) gene (Plate 3), of which none of the tested isolates gave positive amplicons.
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		Lane 1: 100 bp Ladder, Lane 2, 3, 4 and 5 did not reveal amplification of 403 bp fragments mphA gene, Lane -ve: Negative control

Lane 1: 100 bp Ladder, Lane 2, 3, 4 and 5 did not reveal 
the amplification of 593 bp fragments of the CTX-M 
gene. Lane -ve: Negative control


Plate 2. Showing blaCTX-M resistant gene PCR product       Plate 3. Showing the mphA-resistant gene PCR product

4.	DISCUSSION 
In this study, we analysed 150 wastewater samples, identifying Salmonella in only 4 samples (2.67%) (Table 1), a prevalence lower than the 7.5% reported by Dickson et al. (2016) [24] at Nsukka, Nigeria and significantly lower than rates observed in other countries, such as 42.5% by Julien et al. (2014) [25]  at Abidjan, Côte d’Ivoire , 38.9% by Krzyzanowski et al. (2014) [26] at Brazil, and 62% by Santiago et al. (2018) [27] at Spain. The lower prevalence may be attributed to several factors affecting Salmonella detection, including predation by bacteriophages [28], chlorination, and industrial pollutants that reduce Salmonella levels [29]. Additional factors influencing Salmonella survival and concentration include the replication site in the gastrointestinal tract, duration of excretion, prevalence among infected individuals, and environmental conditions like dilution and seasonal variations [30] 
In applied bacteriology, bacterial strains are isolated and identified phenotypically through the ABIS online system (version 12). This software provides accurate species identification and generates reliable results, making it an essential tool for microbiology laboratories. It offers vital information on the ecological importance, pathology, and other characteristics of the bacterial strains identified [20]. The ABIS online software revealed four (4) isolates as Salmonella species of which three (3) isolates were S. Enterica with 99% identity similarity while one of the isolates was identified as S. Houtanae with 94.1% similarity identity; all isolates identified showed a high confidence level (Table 2). The findings in this study agrees with Sorescu & Stoica (2021) [20] who reported identifying Salmonella species using ABIS with a high identity similarity of 91.3%. Similarly, findings from El Kahlout et al. (2018) [31] agrees with the reliability of ABIS online software in identifying Streptococcus thermophilus, Lactobacillus bulgaricus and Lactobacillus delkbrueckii with high percentage of reliability.
Proteus species occurred the most with prevalence rate of 42.0%, while Klebsiella species occurred the least with a prevalence of 18%, with other bacteria detected, including E. coli (23.3%) and Pseudomonas species (22%) (Figure 2) contradicting findings from Karungamye et al. (2023) [32], who reported Klebsiella pneumoniae as the most prevalent organism in wastewater. Other studies have shown diverse microbial profiles, with treated hospital wastewater samples revealing a significant presence of E. coli (39.5%), Staphylococcus (35.1%), and Klebsiella species (30.7%) [33]. Research from Ghana also highlighted multidrug-resistant bacteria in hospital wastewater [34].
 Salmonella isolates from this study exhibited 100% resistance to Pefloxacin, Cefotaxime, Ceftazidime, and Ceftriaxone (Figure 3), corroborating findings from Adley et al. (2011) [35], Oluyege et al. (2009) [36], and Raji et al. (2021) [37], which documented multidrug resistance in Salmonella. This resistance may arise from horizontal gene transfer [38,39,40,41,42] and selective pressure from antibiotic overuse [43,44,45,46]. Notably, 67% of agricultural wastewater contains resistant bacteria [47]. All isolates were sensitive to Imipenem (100%) and 75% sensitive to Streptomycin, with the susceptibility to Imipenem possibly due to its parenteral administration [48]. Our results align with Dong et al. (2020) [49], who reported 91.1% of Salmonella enterica isolates as multidrug-resistant from patients in Henan, similar to report findings in Guandong, Shenghai [50,51,52] and Abia, Nigeria, 99.7% [53]. 
The observed Multiple Antibiotic Resistance (MAR) index ranged from 0.60 to 0.80 demonstrating a higher MAR index greater than 0.2 for the study (Table 3) as compared to the study by Khan et al. (2015) [54] and Mthembu et al. (2019) [55] who reported indexes ranging from 0.06 to 0.56 in eight isolates and from 0 to 0.88 in 361 faecal respectively. The MDR observed in S. Enterica isolates, particularly against critical antimicrobials like fluoroquinolones and third-generation cephalosporin is alarming, leading to reduced therapeutic options for infected patients, extending hospital stays causing financial strain [56] and transfer of genes to other bacteria. The multidrug resistance pattern observed, with a MAR index of 0.8 (Table 3), indicates severe contamination and a need to evaluate antibiotic consumption practices to mitigate public health risks associated with resistant Salmonella isolates. 
For the 16SrRNA analysis, the isolates displayed amplification of a 572bp fragment of the 16S rRNA gene (Plate 1). This result is consistent with findings from Nyabundi et al. (2017) and Sadiq and Othman (2022), but slightly contradicts studies that reported all Salmonella species isolates tested positive for 16S rRNA gene at a molecular weight of 660 bp. PCR of targeted genes for the detection of Salmonella species is a promising molecular tool for the rapid identification of these bacteria [59] because phenotypic methods for bacterial identification mostly don’t lead to accurate bacterial identification in most cases and cannot identify the bacterium on a species level in some cases [61]. The present findings were contrary to 71.74% of blaCTX-M genes detected by Manik et al. (2023) [62] from hospital wastewater in Bangladesh and in Sao Paulo, Brazil by Martone-Rocha et al. (2023) [63]. Studies from China, Taiwan and Nigeria by Wang et al. (2017) [64], Hong et al. (2018) [65] and Jibril et al. (2021) [66] respectively, contradict this present study by detecting Mph(A) drug resistance genes from Salmonella strains from humans, pigs and chickens. The absence of mph(A) and blaCTX-M genes in the Salmonella isolates tested in this study (Plate 2 and Plate 3) indicates a possible susceptibility to azithromycin and Cefotaxime, which are crucial for treating severe Salmonella infections. This could positively impact public health by reducing antibiotic-resistant infections and by ensuring effective treatment options.
5.0	CONCLUSION
Results from this study revealed a low occurrence of Salmonella enterica with a prevalence of 2.7%. All the isolates showed complete resistance to all the cephalosporins, pefloxacin and chloramphenicol used but interestingly they were all susceptible to imipenem. None of the genes tested were detected.
The low occurrence of Salmonella and absence of resistant genes tested in wastewater collected from the area is a positive outcome, but the multidrug resistance reported poses a significant threat to food safety and public health. To address this threat, it is crucial to understand the genetic determinants of antibiotic resistance in wastewater-derived Salmonella populations. This knowledge will provide effective strategies to reduce the spread of resistance, safeguard public health, and protect the environment. Further investigations should be done to identify some other possible pathogenic bacteria present in the wastewater, some more antibiotics should be tested, and other resistant genes should be sorted out.
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