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Prevalence and Multi-drug Resistance of Vibrio Furnissii Isolated from Self-supplied Hand-dug Well System Sited close to Septic Tank in Two Suburban Communities of Lagos, Nigeria.

Abstract

Access to safe drinking water is key to achieving appreciable gain in human health, which is a focus of the sustainable development goals (SDGs) and One health, hence Well water meant for consumption must meet the quality guidelines for drinking water to reduce possible health-risk associated with chemical hazard and pathogenic microorganisms such as Vibrio species. Water samples from thirty hand-dug wells sited close to septic tanks in Ojo and Badagry areas of Lagos, Nigeria were examined for the prevalence of Vibrio species using membrane filtration techniques on Thiosulfate-Citrate-Bile-Salt Sucrose (TCBS) agar after enrichment in Alkaline Peptone Water, and the Vibrio isolates were evaluated for multidrug resistance using disc diffusion method and their plasmid profile assayed. A total of one hundred and thirty-one (131) strains belonging to five (5) species of Vibrio were obtained. Vibrio furnissii strains (58;44.3%) were the most prevalence, they were found in twenty-three (23) of the wells. Other Vibrio species isolated were Vibrio vulnificus (24;18.3%), Vibrio harveyi (15;11.5%), Vibrio anguillarum (12;9.2%), Vibrio parahaemolyticus (6;4.6%), Vibrio mimicus (12;9.2%) Vibrio cholera (4;3.1%). Vibrio. anguillarum and Vibrio. parahaemolyticus were found in only one well each. Thirty-two (55.17%) of the Vibrio furnissii were resistance to three or more classes of antibiotics (multi-drug resistance – Penicillin, Cephalosporin, Chloramphenicol, Cotrimoxazole). Eleven (34.4%) of multi-drug resistant Vibrio furnissii possessed plasmid with molecular weight varying between 690 kbp and 974 kbp. Contamination of the studied well water by species of Vibrio is clearly evident, this can be linked to the generally unhygienic state of the catchments of the wells. Also, detection of multidrug resistance in Vibrio furnissii portend possible difficulty in managing infection that may result. This requires urgent intervention; especially point of use interventions such as use of hypochlorite or boiling, to ensure the communities have access to safe drinking water. 
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INTRODUCTION
Access to safe drinking water is a fundamental public health necessity that remains a critical challenge in many low-resource settings, with a staggering two billion people globally lacking safely managed drinking water (WHO/UNICEF, 2021; Okafor et al., 2024;). This issue is particularly acute in the sprawling suburban communities of Lagos, Nigeria, where inadequate municipal infrastructure compels a large portion of the population to rely on self-supplied sources such as hand-dug wells (Aina & Oshunrinade, 2016). While these wells are a crucial water source, their utility is frequently compromised by significant public health risks. Studies show these wells are often situated in close proximity to pollution sources like domestic waste and septic systems, and their vulnerability is exacerbated by poor construction features such as defective linings, fissures in protective aprons, and lack of well-maintained covers (Gnimadi et al., 2024). Consequently, these sources are highly susceptible to microbial contamination, including the presence of E. coli and other coliforms, which renders the water unpotable and serves as a direct transmission route for waterborne pathogens, exposing a vast population to significant health threats (Amrose et al., 2015; Aina & Oshunrinade, 2016; Gnimadi et al., 2024). Addressing this requires viewing safe water provision as a complete system, from source to consumption, and underscores the urgent need to promote and enforce construction and maintenance standards to protect these vital water points from contamination (Amrose et al., 2015; Gnimadi et al., 2024).

In the sprawling suburban and peri-urban landscapes of Lagos, Nigeria, prevailing hydrogeological conditions and water management practices collectively foster a high-risk environment for microbial contamination of drinking water. Hand-dug wells, which serve as a primary water source for a substantial portion of the population amidst a significant gap between regulated supply and demand, are typically shallow, penetrating only the unconfined aquifer (Olabode & Comte, 2024). The rudimentary construction of these wells, often lacking adequate sanitary seals, protective casings, or proper maintenance, renders them highly vulnerable to contamination from surface runoff and infiltration from proximate sources like latrines and waste dumps. Studies conducted in areas such as Ibeju-Lekki confirm this susceptibility, demonstrating that well water frequently exhibits elevated levels of turbidity, total dissolved solids (TDS), and electrical conductivity, all indicative of pollution ingress (Ezechinyere & Stanislaus, 2023). This precarious situation is further exacerbated by Lagos's rapid, uncontrolled urbanization, which exerts immense pressure on groundwater resources through unregulated abstraction while simultaneously increasing contamination threats from inadequate wastewater and sanitation infrastructure (Olabode & Comte, 2024).

Previous microbial surveys of hand-dug wells across Nigerian communities consistently confirm this high contamination risk, revealing poor bacteriological quality that renders the water unsafe for consumption. For instance, a recent investigation in the Ikorodu suburb of Lagos State found that fecal coliforms were present in 93.3% and 76.7% of groundwater samples from two respective communities, with total coliform counts far exceeding World Health Organization (WHO) standards in nearly all samples (Ademola et al., 2025). Similarly, a detailed analysis of wells in the Ogbia Local Government Area identified a wide array of pathogenic and indicator bacteria, including Escherichia spp., Salmonella spp., Shigella spp., and Klebsiella spp. concluding that both the total heterotrophic bacteria and coliform levels were above permissible WHO limits (Onu, 2024). Despite this robust evidence of widespread fecal contamination, a significant gap persists in the literature. These studies, while effective at demonstrating general contamination using indicator bacteria, have largely not included targeted identification of specific pathogenic species like Vibrio furnissii, leaving its precise prevalence within these compromised water sources largely uncharacterized.

Globally, Vibrio furnissii is recognized as a ubiquitous inhabitant of diverse aquatic ecosystems. Its isolation has been reported from various environments, including marine and estuarine surface waters, groundwater, and wells, where it often co-exists with other Vibrio species (Ballal et al., 2017). The prevalence and distribution of vibrios are strongly influenced by environmental parameters. For instance, a comprehensive study of water resources in South Africa demonstrated that physicochemical factors like temperature and salinity are significant drivers of the frequency and composition of medically important Vibrio populations (Abioye et al., 2021). This aligns with broader observations that the abundance of species like V. furnissii can exhibit marked seasonality, with higher concentrations often detected during warmer and wetter months, corresponding to conditions that favor their proliferation in the environment.

While direct, comprehensive data on Vibrio furnissii specifically within hand-dug wells in Lagos, Nigeria, remain limited, broader studies on various Nigerian water sources provide valuable insights into the regional prevalence of Vibrio species. Research on rivers and hospital wastewater across Nigeria consistently identifies diverse Vibrio species, with V. furnissii occasionally detected, though typically not as the most dominant species (Agboola et al., 2023). 

 For instance, a study on hospital wastewater in Ondo State confirmed six different Vibrio species via PCR and sequencing, with V. fortis and V. algivorus being predominant, while V. furnissii was present but not highly prevalent (Agboola et al., 2023). More definitively, a year-long assessment of the Abuja wastewater treatment plant confirmed V. furnissii as a circulating species, accounting for 4.17% of total Vibrio isolates, co-occurring with more dominant species like Vibrio cholerae (Ibangha et al., 2025). This definitive evidence of V. furnissii in Nigerian aquatic systems, particularly those receiving anthropogenic inputs, highlights a critical, unaddressed research question regarding its specific prevalence in groundwater, especially given the documented microbial contamination, including total and fecal coliforms, in hand-dug wells in other Nigerian riverine communities (Akhionbare et al., 2019).

Uniquely among many Vibrio species, V. furnissii thrives in the low-salinity conditions characteristic of freshwater sources, including wells, where it can persist in water, sediment, or biofilms (Sampaio et al., 2022). Although historically considered an emerging pathogen, it is now a recognized cause of acute human gastroenteritis, characterized by symptoms such as diarrhea, abdominal cramps, nausea, and vomiting it can also lead to more severe conditions, including extra-intestinal wound infections and septicemia, posing a particular risk to immunocompromised individuals, with key virulence factors such as the Type VI Secretion System (T6SS) and haemolysins being widespread in clinical isolates (Ballal et al., 2017; Zhou et al., 2024). Of increasing public health concern is its antimicrobial resistance profile. Recent studies have identified high resistance rates to common antibiotics, including cefazolin (100%), tetracycline (57.1%), and streptomycin (42.9%) in clinical isolates. Furthermore, the emergence of multi-drug resistant (MDR) strains has been well-documented, with resistance genes located on mobile genetic elements like transposon islands and plasmids, highlighting a significant risk for the dissemination of resistance (Zhou et al., 2024). This concerning combination of environmental hardiness, established pathogenicity, and escalating multi-drug resistance critically underscores the need for its targeted inclusion in the surveillance of self-supplied water systems.

Multi-drug resistance (MDR) in Vibrio species, including emerging human pathogens like Vibrio furnissii, is a significant global public health concern driven by various genetic mechanisms (Dutta et al., 2021; Zhou et al., 2024). These mechanisms encompass the enzymatic inactivation of antibiotics, such as through beta-lactamase production; the active expulsion of antibiotics from bacterial cells via efflux pumps; and the acquisition of resistance genes through horizontal gene transfer (HGT) mediated by mobile genetic elements (MGEs) like plasmids, integrating conjugative elements, superintegrons, and transposable elements (Dutta et al., 2021). 
Studies examining Vibrio species in Nigerian aquatic environments consistently demonstrate high levels of antibiotic resistance, including to commonly used agents such as ampicillin, tetracycline, and trimethoprim-sulfamethoxazole (Adesiyan et al., 2021; Ozochi et al., 2025). Although specific resistance profiles for Vibrio furnissii from Nigerian hand-dug wells are not extensively documented, global research on both clinical and environmental V. furnissii isolates indicates an emerging pattern of resistance to a broad spectrum of antibiotics (Zhou et al., 2024). For instance, a study on Vibrio species in the Asata River in Southeast Nigeria found that nearly 88% of isolates were multi-drug resistant, with high resistance observed against metronidazole, clarithromycin, tetracycline, and amoxicillin, and carrying various antibiotic resistance genes (Ozochi et al., 2025). Similarly, Vibrio isolates from rivers in Southwest Nigeria exhibited high resistance to doxycycline, erythromycin, tetracycline, rifampicin, and sulfamethoxazole (Adesiyan et al., 2021). This pervasive antibiotic resistance within aquatic environments is likely exacerbated by the widespread overuse and misuse of antibiotics in both human healthcare and agricultural practices, creating selective pressures that favor the proliferation of resistant strains and the horizontal transfer of resistance genes (Dutta et al., 2021). The presence of these resistant Vibrio strains, including V. furnissii, in water sources poses a significant public health risk due to their potential to transmit resistance determinants to other pathogenic bacteria and limit treatment options for infections.

The pervasive reliance on self-supplied hand-dug wells in suburban Lagos, combined with extensive environmental contamination, presents a substantial public health risk from waterborne pathogens. Existing literature consistently highlights the high likelihood of microbial contamination and the alarming prevalence of multi-drug resistant bacteria in these critical water sources. While direct, targeted data on Vibrio furnissii in Nigerian hand-dug wells remain scarce—a major limitation of current research often characterized by small sample sizes, a focus on general indicators, and insufficient molecular characterization—the documented presence of other MDR Vibrio species in Nigerian aquatic environments strongly indicates a potential risk. The presence of multi-drug-resistant V. furnissii in drinking water has profound implications, leading to infections that are more challenging and expensive to treat, prolonged illness, and increased mortality. 

This study accesses the prevalence of V. furnissii, characterize its antibiotic‑resistance profiles, and evaluate the public‑health implications in hand‑dug wells sited close to Septic tanks in two suburban communities (Ojo and Badagry) of Lagos, Nigeria. 

2.0 MATERIALS AND METHODS
2.1 The Study Area

Badagry a coastal town and local government area (LGA) in Lagos State lies between latitudes 6°22'N and 6°42'N and longitudes 2°42'E and 3°42'E, covering a total area of 170 Sq miles (441 km2), while Ojo Local Government Area in Lagos lies between latitudes 6o 27′ 0″ North and longitudes 3o 13′ 0″ East, covering a total area of 158 km2

Fig. 1: Map showing of Ojo and Badagry showing selected wells for sample collection
2.2 Collection of water sample from 30 hand-dug wells sited close to septic tanks

Water Samples were collected every three months from 30 hand-dug wells sited close to septic tanks over a period of twelve (12) months. All samples were obtained following standard microbiological procedures for the collection of water samples and were transported on an ice chest and processed within 4-8 hrs of collection in the laboratory. 

2.3 Detection, Isolation and Identification of Vibrio Species in Water Samples   
One hundred ml of water sample was filtered through a 0.45 µm membrane filter. The membrane filter was carefully and aseptically transferred into sterile 100 ml enrichment alkaline peptone water mixed well and incubated at 25 0C for 12 to 16 hours. After 12 to 16 hours of incubation at 25 0C, a loopful of surface pellicle of the alkaline peptone water was streaked on a dried surface of TCBS agar and cultured plates were incubated at 37 0C for 16 to 24 hours. Typical flat colonies 3mm in diameter either yellow, i.e. sucrose fermenting or blue-green non-sucrose fermenting are picked as Vibrio species colonies. (Vibrio cholerae, Vibrio fluvialis appear as yellow colonies 2-3 mm in diameter while V. mimicus and V. parahaemolyticus appear as blue-green 2-5 mm in diameter.). Pure cultures of both yellow and blue-green colonies were sub-cultured into a slant of Heart Brain Infusion agar for biochemical test for proper identification of Vibrio species isolated from water sample. Preliminary biochemical characterization of Vibrio isolates included assays for oxidase, urease utilization, indole, Voges-Proskauer, citrate, catalase, as well as Sugar Fermentation Test. Procedures for the biochemical tests have been described in Fawole and Oso (2007). 

Confirmatory test for Vibrio species using Nutrient broth with different concentration of sodium chloride NaCl.

The 0 %, 3 %, 6 %, 8 % and 10 % salt broths (nutrients broth base) were prepared. The fresh growth of the isolates was inoculated very lightly (to prevent visible turbidity before incubation of the broths) into the different concentrations and incubated at 350C to 370C, and read at 18 to 24 hours.   

2.4 Antimicrobial sensitivity test for Vibrio species (AST)

The AST was performed using Kirby-Bauer disk diffusion method on Mueller- Hinton Agar (MHA; Oxoid Ltd., UK) as described in the Clinical and Laboratory Standard Institute (CLSI) guidelines (CLSI, 2018). A number of 20 different antibiotics with different disc concentration (Abtek Biological Ltd UK) comprising Gentamycin (Gen) 10 µg/disc, Erythromycin (Ery) 15 µg/disc, Amoxicillin (Amx) 30 µg/disc, Augmentin (Aug) 10 µg/disc, Meropenem (Mer) 10 µg/disc, Cefixime (Cef) 5 µg/disc, Cefotaxime (Cft) 30 µg/disc, Nalidic acid (Nal) 30 µg/disc, Nitrofuration (Nit) 300 µg/disc, Foxitin (Fox) 10 µg/disc, Ceftriaxone (Cro) 30 µg/disc, Cotrimoxazole (Cot) 25 µg/disc, Ofloxacin (Ofl) 5 µg/disc, Tetracycline (Tet) 30 µg/disc, Streptomycin (Str) 10 µg/disc, Ciprofloxacin (Cip) 5 µg/disc, Cloxacillin 5 µg/disc (Cxc), Chloramphenicol (Chl) 10 µg/disc, 25 µg/disc, Cefuroxime (Cxm) 30 µg/disc, Ceftazidime (Caz) 30 µg/disc were used to determine the drug sensitivity and resistance pattern of the isolates. The turbidity of the bacterial suspensions was compared with 0.5 Macfarland’s barium sulfate standard solution. The Standardized inoculums (ca. 106 CFU/ml) of the isolates (24-h culture broth) were first swabbed on the agar using a swab stick and allowed to stay for 10 mins before the introduction of the antibiotic disc. The discs were placed aseptically using sterile forceps on freshly inoculated MHA plates. The plates were then incubated at 37oC for 16–18 h and the zones of inhibition were measured. Readings were interpreted according to CLSI guidelines (CLSI, 2018). While Multidrug resistance (MDR) in an organism is defined as resistance to at least one agent in three or more antimicrobial categories (Woh et al., 2023)
2.5 Molecular characterization of multi-drug resistant Vibrio species 


The presence of plasmid in the thirty-two (32) multi-drugs resistant Vibrio furnissii isolated from well water samples was examined by modified technique of Miyazato et al., (2004). Cells were grown on Muller Hinton Agar incubated overnight at 37 oC. Colonies were scraped from the plates and plasmid DNA was extracted using Bacterial Plasmid DNA extraction kit (Norgen Biotek 50 Mini Prep Kit #13300). Plasmid DNA samples were further analyzed on 1% agarose gel in 1× TAE containing ethidium bromide. The gel was run at 75 V-150 V for 4 to 6 hours. A 1 Kb ladder (Thermo scientific ‘O’ GeneRuler DNA ladder) was used as the molecular size marker. After running, the gel was soaked in 70 ml of TAE buffer containing 30 µL of ethidium bromide for 20 minutes and the gel was visualized in a UV transilluminator with power source of 230 V˷ 250 Hz for the presence of plasmids bonds (Miyazato et al., 2004).
2.6 Polymerase chain reaction (PCR) analysis for Vibrio species identification using 16S rRNA primers specific for Vibrio species
To further identify the thirty-two (32) Vibrio species isolates that were multidrug resistant a PCR analysis was carried out using 16S rRNA primers specific for Vibrio. The analysis was performed at the Nigeria Institute for Medical Research (NIMR) Yaba, Lagos Nigeria 

Different primers were designed targeting different genes in the genomic DNA of the multidrug resistant Vibrio species isolates. The sequences of the primers were:

Target species
   Primer

Sequence (5 to 3)

Conc.(µM)
Amplicon size


Vibrio sp.
 V.16S-700F
CGG TGA AAT GCG TAG AGA T 
     0.05
663bp



V.16S-325R
TTA CTA GCG ATT CCG AGT TC


Details of the procedures for genomic DNA extraction, PCR product amplification and purification, gel electrophoresis visualization, and DNA sequencing used was as described by (Dang et al., 2023). The DNA of the thirty-two (32) multidrug Vibrio species isolates from well water samples were also amplified by PCR for the presence of cholera toxins using specific primers designed for cholera toxins using modified method of Reham and Amani (2012). The identity of the isolates was matched to the closet hits in the NCBI Genbank database with the BLASTN search tool (www.ncbi.nlm.nih.gov:80/BLASTN/). A phylogenetic tree was constructed with the MEGA X software package (version 10.1.8) to establish relationships between the identified organisms and relevant carbapenem-resistant pseudomonads reported in the literature (Gupta, N. 2019; Dang et al., 2023;).
3.0 RESULTS 


3.1 Total viable bacterial isolates detected from well water samples

All the well water sampled showed a presence of microbes with a total of six species of bacteria (Vibrio sp, Providencia sp, Enterococcus sp, P. shigelloides, Aeromonas sp and Bacillus sp) detected in the studied area using TCBS agar, various conventional biochemical tests and growth at different salt (NaCl) concentrations (0 %, 3 %, 6 %, 8 %, 10 %).
A total of one hundred and thirty-one (131) strains belonging to five (5) species of Vibrio were isolated from the two Suburban Communities of Lagos (Ojo and Badagry). Fifth-eight (58; 44.27%) V. furnissii; twenty-four (24; 18.32%) V. vulnificus; fifteen (15; 11.45%) V. harveyi; twelve (12; 9.16%) V. anguillarum; six (6; 4.58%) V. parahaemolyticus; twelve (12; 9.16%) V. mimicus and four (4; 3.05%) V. cholera. V. furnissii strains were the most encountered, found in twenty-three (23) of the wells, V. anguillarum and V. parahaemolyticus were the least encountered strains found in one well; V. cholera strains were found in four (4) of the wells.

3.2 Antibiotic resistance profile of Vibrio species detected from well water samples

A total 131Vibrio were subjected to antibiotics susceptibility testing, fifty-eight (44.27 %) were Vibrio furnissii. Thirty-two (55.17%) of fifth-eight Vibrio furnissii were resistance to                           three or more classes of antibiotics (multi-drug resistance – Penicillin, Cephalosporin, Chloramphenicol, Cotrimoxazole), while Six (25 %) V. vulnificus, three (20 %) V. harveyi, one (8.3 %) V. anguillaria, two (33.3 %) V. parahaemolyticus and one, (25 %) Vibrio cholerae isolates were resistant to three or more classes of antibiotics respectively and none of the Vibrio mimicus was found to be resistant to three or more classes of antibiotics
Eleven (34.4%) of the thirty-two multi-drug resistant Vibrio furnissii possessed plasmid with molecular weight varying between 690 kbp and 974 kbp. (Table 1). 
The results of the amplified product of 16S rRNA primers showed that the molecular size of the amplified products of thirty-two of the multi - drug Vibrio species was 663bp (plate 1-3). The strains of Vibrio furnissii isolated from the studied wells had no virulent genes Ctx, hlyA, rfb O139 and rfb O1.

The results of the sequence similarity (%) by BLASTN in GenBank of the NCBI of the thirty-nine (39) multi- drug resistant Vibrio species isolate are shown in (Table 2). The genotypic identification results showed that the isolates were different strains of Vibrio. Thirty-one (79.5 %) were genotypically identified as V. furnissii, of these 27 (87.1 %) had 93 % identity with V. furnissii NCTC 11218. While 1 (3.2 %), 2 (6.5 %) and 1 (3.2 %) shared 94 %, 92 % and 89 % identity with V. furnissii NCTC 11218 respectively.
Figure 1 shows the phylogenetic relationship between all the Vibrio species from the two sub urban communities of Lagos State (Badagry and Ilogbo-Ojo). The phylogenetic tree based on the 16S rRNA gene sequences of the Vibrio species isolates grouped them into five clusters. Cluster 1 involved four isolates(BDG 16b, ILO 14, ILO 11and BDG 19), cluster 2 involved two isolates (BDG 23 and BDG17), cluster 3 involved (BDG 18, ILO 2 and BDG 24), cluster four involved twelve isolates (ILO 5b, ILO 10a, ILO 7, ILO 4, BDG 29, ILO 15, ILO 3b, ILO 6, ILO 8, ILO 2b. ILO 5 and ILO15b) while cluster five involved sixteen isolates (ILO13, BDG 22a, BDG 16, ILO10b, BDG 24b, BDG 30, ILO 3, ILO 7b, BDG 20, BDG 27, ILO 15a, ILO1, BDG28, BDG22, BDG26and  ILO12). The 16S rRNA gene sequences of isolates in cluster 1, 2 and 3 differed from BDG 21, BDG21b and BDG 

	Isolates
	NO of

Plasmids
	Molecular weight

(Kbp)
	Antibiotics to which isolates were resistance
	Class of Antibiotics


	Number of occurrence

%

	
	
	
	NO
	Combination
	
	

	V. furnissii
	1
	712
	12
	Amx, Cxc, Aug, Cxm, Cot, Tet, Ery, Gen, Str, Cip, Oft, Nit
	3,9,6,2,1,7,5
	3(7.7)

	V. furnissii
	1
	951
	12
	Amx, Cxc, Aug, Fox, Cro, Cft, Chl, Cot, Tet, Cip, Nit, Nal
	3,9,8,6,7,5,4
	1(2.6)

	V. furnissii
	0
	0
	13
	Amx, Cxc, Aug, Caz, Chl, Cot, Tet, Ery, Str, Cip, Ofl, Nit, Nal
	3,9,8,6,2,1,7,5,6
	1(2.6)

	V. furnissii
	0
	0
	13
	Amx, Cxc, Aug, Fox, Cxm, Cft, Chl, Cot, Tet, Ery, Str, Ofl, Nit
	3,9,8,6,2,1,7,5
	5(12.8)

	V. furnissii
	0
	0
	11
	Amx, Cxc, Aug, Cro, Cxm, Caz, Chl, Cot, Tet, Gen, Nit
	3,9,8,6,1,5
	1(2.6)

	V. furnissii
	0
	0
	14
	Amx, Cxc, Aug, CRO, Cxm, Cft, Chl, Cot, Tet, Gen, Str, Cip, Nit, Nal
	3,9,8,6,1,7,5,4
	

	V. furnissii
	0
	0
	14
	Amx, Cxc, Aug, Cxm, Cft, Chl, Cot, Tet, Ery, Str, Cip, Ofl, Nit, Nal
	3,9,8,6,2,1,7,5,4
	6(15.4)

	V. furnissii
	2
	835,690
	12
	Amx, Cxc, Aug, Fox, Cxm, Caz, Chl, Cot, Tet, Ery, Ofl, Nit
	3,9,8,6,2,7,5
	5(12.8)

	V. furnissii
	0
	0
	11
	Amx, Aug, Fox, Cro, Cxm, Caz, Tet, Ery, Gen, Cip, Nit
	3,9,2,1,7,5
	1(2.6)

	V. furnissii
	0
	0
	11
	Amx, Cxc, Aug, Fox, Cxm, Cft, Chl, Cot, Tet, Cip, Ofl
	3,9,8,6,7
	1(2.6)

	V. furnissii
	1
	974
	14
	Amx, Cxc, AUG, Fox, Cro, Cxm, Cft, Chl, Cot, Tet, Ery, Str, Cip, Nit
	3,9,8,6,2,1,7,5
	

	V. furnissii
	1
	851
	13
	Amx, Cxc, Aug, Cxm, Chl, Cot, Tet, Ery, Gen, Str, Cip, Ofl, Nit
	3,9,8,6,2,1,7,5
	

	V. furnissii
	0
	0
	12
	Amx, Cxc, Aug, Fox, Cxc, Cft, Cot, Tet, Ery, Str, Cip, Ofl
	3,9,6,2,1,7
	1(2.6)

	V. furnissii
	0
	0
	12
	Amx, Cxc, Aug, Fox, Cro, Cxm, Cft, Cot, Tet, Str, Cip, Nal
	3,9,6,1,7,4
	1(2.6)

	V. furnissii
	0
	0
	13
	Amx, Aug, Fox, Cro, Cxm, Caz, Chl, Tet, Ery, Gen, Cip, Nit, Nal,
	3,9,8,2,1,7,5,4
	1(2.6)

	V. furnissii
	0
	0
	15
	Amx, Cxc, Aug, Cxm, Caz, Chl, Cot, Tet, Ery, Gen, Str, Cip, Ofl, Nit, Nal
	3,9,8,6,2,1,7,5,4
	

	V. furnissii
	1
	855
	11
	Amx, Cxc, Aug, Fox, Cxm, Caz, Chl, Cot, Tet, Cip, Nal
	3,9,8,6,7,4
	1(2.6)

	V. furnissii
	0
	0
	15
	Amx, Cxc, Aug, Fox, Cro, Cxm, Cft, Chl, Cot, Tet, Ery, Str, Ofl, Nit, Nal,
	3,9,8,6,2,1,7,5,4
	

	V. furnissii
	0
	0
	13
	Amx, Cxc, Aug, Fox, Cxm, Cft, Chl, Cot, Tet, Ery, Str, Cip, Nal
	3,9,8,6,2,1,7,4
	

	V. furnissii
	0
	0
	15
	Amx, Cxc, Aug, Cxm, Cef, Caz, Chl, Cot, Tet, Ery, Gen, Str, Ofl, Nit, Mer
	3,9,8,6,2,1,7,5
	

	V. furnissii
	0
	0
	12
	Amx, Aug, Fox, Cft, Chl, Cot, Tet, Ery, Str, Ofl, Nit, Nal
	3,9,8,6,2,1,7,5,4
	

	V. furnissii
	0
	0
	12
	Amx, Cxc, Aug, Fox, Cxm, Cft, Chl, Cot, Ery, Gen, Ofl,
	3,9,8,6,2,1,7,5
	

	V. furnissii
	1
	865
	12
	Amx, Cxc, Aug, Cro, Cft, Caz, Chl, Cot, Tet, Str, Cip, Nit
	3,9,8,6,1,7,4
	1(2.6)

	V. furnissii
	1
	855
	13
	Amx, Cxc, Aug, Cro, Cxm, Cft, Chl, Cot, Tet, Ery, Cip, Ofl, Nit
	3,9,8,6,2,7,5
	

	V. furnissii
	0
	0
	12
	Amx, Aug, Fox, Cro, Cft, Chl, Cot, Tet, Str, Cip, Nit, Nal
	3,9,8,6,1,7,5,4
	

	V. furnissii
	0
	0
	16
	             Amx, Cxc, Aug, Cxm, Cef, Caz, Chl, Cot, Tet, Ery, Gen, Str, Cip, Nit,Nal,Mer
	3,9,8,6,2,1,7,5,4
	

	V. furnissii
	0
	0
	14
	Amx, Cxc, Aug, Cxm, Cef, Caz, Cot, Tet, Ery, Gen, Cip, Ofl, Nit, Mer
	3,9,6,2,1,7,5
	

	V. furnissii
	1
	933
	13
	Amx, Cxc, Aug, Cxc, Cft, Chl, Cot, Tet, Ery, Str, Ofl, Nit, Nal
	3,9,8,6,2,1,7,5,4
	

	V. furnissii
	1
	965
	12
	Amx, Cxc, Aug, Fox, Cro, Cxm, Cft, Chl, Cot, Tet, Ery, Cip
	3,9,8,6,2,7
	1(2.6)

	V. furnissii
	0
	0
	12
	Amx, Cxc, Aug, Cxm, Cft, Chl, Cot, Tet, Ery, Cip, Ofl, Nit
	3,9,8,6,2,7,5
	

	V. furnissii
	1
	925
	13
	Amx, Cxc, Aug, Cro, Cxm, Cft, Chl, Cot, Tet, Ery, Cip, Ofl, Nit
	3,9,8,6,2,7,5
	

	
	
	
	
	
	Total
	39(100.4)


Table 1: Plasmid profile and multidrug resistance patterns of Vibrio species isolated from well water sample

Gen-Gentamycin, Ery-Erythromycin, Amx-Amoxicillin, Aug-Augmentin, Mer-Meropenem, Cef-Cefixime, Cft-Cefotaxine, Nal-Nalidix acid, Nit-Nitrofurantoin, Fox-Foxitin, Cro-Ceftriaxone, Cot-Cotrimoxazole, Ofl-Ofloxacin, Tet-Tetracycline, Str-Streptomycin, Cip-Ciprofloxacin, Cxc-Cloxacillin, Chl-Chloramphenicol, Cxm-Cefuroxime, Caz-Ceftazidime 

Class of antibiotics= 1=Aminoglycoside; 2=Macrolide; 3=Penicillin; 4=Nalidix acid; 5=Nitrofurantoin; 6=Cotrimoxazole;

7=Fluoroquinolone; 8=Chloramphenicol; 9=Cephalosporin.
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Plate 1. Agarose gel (2%) electrophoresis to detect Vibrio species using 16S RNA primer. Lane M1: Standard markers of 1kb ladder. Lane 1-12: VS1- VS12
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Plate 2. Agarose gel (2%) electrophoresis to detect Vibrio species using 16S RNA primer. Lane M: Standard markers of 1kb ladder. Lane 13-25: VS13- VS25
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Plate 3. Agarose gel (2%) electrophoresis to detect Vibrio species using 16S RNA primer. Lane M: Standard markers of 1kb ladder. Lane 26 - 40: VS26 – VS40
	Isolates code
	Phenotypic identification
	Genotypic identification
	% Similarity
	Accession number

	VS1
	V. furnissii
	V. furnissii    NCTC 11218
	93%
	NC 016602.1

	VS2
	V. furnissii
	V. furnissii   NCTC 11218
	92%
	NC 016602.1

	VS3
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS4
	V. harveyi
	V. harveyi ATCC BAA-1116
	89%
	NC 009784.1

	VS5
	V. vulnificus
	V. vulnificus CMCP6
	94%
	NC 004460.2

	VS6
	V. furnissii
	V. furnissii   NCTC 11218
	93%
	NC 016602.1

	VS7
	V. furnissii
	V. furnissii   NCTC 11218
	93%
	NC 016602.1

	VS8
	V. furnissii
	V. furnissii   NCTC 11218
	93%
	NC 016602.1

	VS9
	V. furnissii
	V. furnissii   NCTC 11218
	93%
	NC 016602.1

	VS10
	V. furnissii
	V. furnissii   NCTC 11218
	93%
	NC 016602.1

	VS11
	V. harveyi
	V. harveyi   ATCC BAA-1116
	84%
	NC 009784.1

	VS12
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS13
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS14
	V. vulnificus
	V. vulnificus CMCP6
	88%
	NC 004460.2

	VS15
	V.  parahaemolyticus
	V.  parahaemolyticus RIMD2210633
	92%
	NC 004603.1

	VS16
	V.  harveyi
	V. harveyi ATCC BAA-1116
	84%
	NC 009784.1

	VS17
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS18
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS19
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS20
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS21
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS22
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS23
	V. furnissii
	V. furnissii NCTC 11218
	89%
	NC 016602.1

	VS24
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS25
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS26
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS27
	V. vulnificus
	         V. vulnificus CMCP6
	98%
	NC 004460.2

	VS28
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS29
	 V. furnissii
	V. furnissii NCTC 11218
	92%
	NC 016602.1

	VS30
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS31
	V. furnissii
	V. furnissii NCTC 11218
	94%
	NC 016602.1

	VS32
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS33
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS34
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS35
	 V. cholerae
	V. cholerae 01 biovar El tor str. N16961
	92%
	NC 002505.1

	VS36
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS37
	V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	VS38
	     V. anguillarum
	        V. anguillarum 775
	87%
	NC 015633.1

	VS39
	          V. furnissii
	V. furnissii NCTC 11218
	93%
	NC 016602.1

	  VS 40
	         V. furnissii
	        V. furnissii NCTC 11218
	93%
	NC 016602.1


Table 2: Phenotypic and Genotypic identification of Vibrio species isolated from thirty wells in Ojo and Badagry, LGA, Lagos
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Vibrio furnissii NCTC 11218
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Vibrio anguillarum 775
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Vibrio harveyi ATCC BAA-1116
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Fig 2: Neighbor – Joining Phylogenetic tree showing the relationship among the Vibrio species isolates from Badagry and Ilogbo based on 16S rDNA sequences
4.0 DISCUSSION

Water quality assessment has become a big issue today because of the potential hazards associated with the use of contaminated water supplies. It has a great potential of transmitting a wide variety of diseases and illnesses among millions of people that do not have access to safe water supply. Many semi- urban areas in Nigeria such as Ojo and Badagry do not have access to clean drinking water. Inhabitants of such areas depend on unreliable water sources such as wells, rivers and streams for water supply while few have access to bore-hole water or water from a treated source. (Aina & Oshunrinade, 2016; Olabode & Comte, 2024)
The thirty (30) wells sampled in the studied area are all hand dug wells, sited close to septic tanks. Most of the wells surroundings were not cemented and are dirty. Seventeen of the wells sampled had a distance from septic tank above the USEPA standard distance of 15.24 meters; the well depth ranged between 1.75m to 5.56m which may promote bacterial contamination of the wells as observed by (Adetunji and Odetokun 2011). These wells situated in close proximity to septic systems vulnerability is exacerbated by poor construction features such as defective linings, fissures in protective aprons, and lack of well-maintained covers (Gnimadi et al., 2024).  

The results of bacteriological analyses of well water from the two studied area, showed that all the wells were contaminated with coliform and other bacteria. Bacteria isolates were identified as Vibrio species, P.shigelloides, Aeromonas sp, Providencia sp, Enterococcus sp and Bacillus sp. The presence of these bacteria indicates that the sanitary conditions of shallow wells in Ojo and Badagry are very poor. These organisms are important human pathogens associated with a variety of infectious diseases such as gastroenteritis, dysentery and cholera.  Their presence raises serious public health concern because they are known causative agents of many water borne diseases and indicated that these well waters are not potable. Their entry into well water could be attributed to the rudimentary construction of these wells, often lacking adequate sanitary seals, protective casings, or proper maintenance, renders them highly vulnerable to contamination from surface runoff and infiltration from proximate sources like latrines, septic tanks. Many of the wells in Ojo and Badagry are located too close to sanitation systems and almost all the wells use bailer as mode of collection, high human concentration in the metropolis enhances the use of pit latrines and septic soak away which are located too close to the wells. In addition to this, free ranging domestic animals and other domestic solid wastes which are dumped around the houses are possible sources of bacterial pollution of the wells.

V. furnissii showed 84 %, 81 %, 79 %, 69 % and 60 % resistances to Amoxicillin, Augmentin, Cloxacillin and Cotrimoxazole respectively, and 69% resistance to Tetracycline. These results revealed the high individual and multiple antibiotics resistance among the test Vibrio furnissii strains.  The phenotypic pattern of multiple antibiotics resistance of isolated Vibrio furnissii from well water samples in this study revealed that 3.23% were resistant to sixteen of the twenty antibiotics used, while 9.68%, 12.90%, 25.80%, 35.48%, and 12.90% were resistant to fifteen, fourteen, thirteen, twelve and eleven antibiotics respectively. This high multiple antibiotic resistant observed among the V. furnissii from the sampled well water exacerbated by the widespread overuse and misuse of antibiotics in both human healthcare and agricultural practices, creating selective pressures that favor the proliferation of resistant strains and the horizontal transfer of resistance genes (Adesiyan et al., 2021; Dutta et al., 2021; Ozochi et al., 2025). this may pose a significant public health risk due to their potential to transmit resistance determinants to other pathogenic bacteria and limit treatment options for infections.

In order to determine whether the multi-drug pattern observed in the isolates was plasmid mediated, the thirty-two (32) multi-drug resistant Vibrio furnissii isolates were all screened for the presence of large conjugative plasmids. Eleven (34.38%) of the multi-drug resistant isolates that possessed plasmid bands were Vibrio furnissii (Vf 1, Vf 2, Vf10, Vf 17, Vf 18, Vf 23, Vf 29, Vf 30, Vf 34, Vf 36 and Vf 39). Since the antimicrobial susceptibility patterns among some of the strains of V. furnissii and V. parahaemolyticus that do not carried plasmids did not differ from strains that haboured plasmids it can be inferred that some of the antimicrobial resistance observed in Vibrio isolates may be chromosomally mediated as also observed by Adeleye et al., 2010.  The demonstration of high-molecular-weight plasmids in the isolates is significant. Vibrio species isolated from well samples and possessing both antibiotic resistance and high molecular-weight plasmids could transfer their resistance to other recipient bacteria. The transmissibility of resistance (R)-genes and plasmids poses public health risk, considering the vast potential of hosts presented by microbial populations in the water environment. This risk could be heightened if R-genes are disseminated across geographic borders by travelers.  Over all, this current study suggests that multi-drug resistance observed in well isolates of potentially pathogenic Vibrio may act as the major reservoir for spread of virulence genes.
The results of the phylogenetic analyses of isolates from Ilogbo and Badagry water samples based on the 16S rRNA gene sequence clearly showed that these strains belong to the family Vibrionaceae (Fig).   The intra-species sequence similarities of 16S rRNA gene among V. furnissii were 93 % similarity. Three strains of V. vulnificus showed 88 % to 98 % similarity and 92 % similarity towards V. parahaemolyticus and V. cholerae. The sequence similarities of V. furnissii to the other phylogenetic neighbors were below 89 %. The overall phylogenetic analysis indicated that all the isolates are highly homologous as others have previously shown (Chowdhury et al., 2004).
Conclusions and Recommendations

With the prevalence of Vibrio species especially V. furnissii, and multiple antibiotic resistance in the isolates from sampled wells, it is concluded that the inhabitants of the study area are at the risk of suffering from water borne illnesses after the consumption of the water without treatment. It is therefore recommended that the inhabitant of the studied area should their in-use wells are well maintained, provided good covers for the uncovered wells. The community in general should be kept under good sanitary condition by encouraging individual’s house owners to provide modern toilet facilities for their conveniences. The inhabitants should adopt the modern way of sewage disposals. The WHO standard of 15.24 m for the siting of wells from septic tank should be followed. 
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