ANTIBIOGRAM STUDY OF BACTERIA ISOLATED FROM SEAFOODS SOLD AROUND RUMUOLUMENI METROPOLIS

Abstract
Seafood constitutes an important source of animal protein and economic livelihood for residents of Rumuolumeni metropolis, Rivers State, Nigeria. However, increasing environmental pollution, unhygienic handling, and indiscriminate antimicrobial use, pose risks of microbial contamination and antimicrobial resistance (AMR). This study investigated the bacteriological quality and antimicrobial susceptibility profiles of bacteria isolated from selected seafoods sold within Rumuolumeni metropolis. A total of four types of seafood samples; fish, prawns, crabs, and periwinkles were randomly purchased from local vendors and analyzed using standard microbiological techniques. Total heterotrophic bacterial count (THBC), total coliform count (TCC), fecal coliform count (FCC), and Salmonella–Shigella presence were determined. Findings revealed high bacterial contamination across samples, with THBC ranging from 7.51 ± 0.80 to 8.28 ± 0.96 Log10 CFU/g, exceeding recommended microbiological safety limits. TCC values were highest in prawns (8.23 ± 0.96 Log10 CFU/g), prawn had the highest SSC (4.67 ± 0.08 and 5.075 ± 0.01 Log10 CFU/g) while oyster had the lowest SSC (3.69 ± 0.13 and 4.55 ± 0.05 log₁₀ CFU/g) respectively. FCC recorded no detectable growth. Nineteen bacterial isolates were identified, dominated by Escherichia coli (32%), followed by Shigella spp. (16%), Salmonella spp. (16%), Pseudomonas spp. (16%), Proteus spp. (10%), and Enterobacter and Klebsiella spp. (5% each). All isolates exhibited multidrug resistance, with Multiple Antibiotic Resistance Index (MARI) values ranging from 0.3 to 0.8, indicating exposure to high-risk antibiotic-contaminated environments. High resistance was observed against ceftriaxone (100%), tetracycline (94.7%), and streptomycin (78.9%), while ciprofloxacin (100%) and ofloxacin (94.7%) showed the highest susceptibility. These findings highlight significant public health risks associated with the consumption of seafoods from Rumuolumeni due to microbial contamination and multidrug-resistant pathogens. The study underscores the need for improved environmental sanitation, hygienic seafood handling, routine microbial surveillance, and strengthened antimicrobial stewardship to safeguard consumer’s health.
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INTRODUCTION
Seafood is an essential component of the human diet, providing a rich source of high-quality protein, essential fatty acids, and micronutrients crucial for human health. Globally, seafood consumption has increased significantly due to its nutritional benefits and affordability in coastal and riverine communities (FAO, 2022). In Nigeria, especially in communities like Rumuolumeni in Rivers State, seafood constitutes a major part of daily meals and livelihood.  Fish has become an increasingly important source of protein, necessary for the maintenance of good health. It plays a crucial role in promoting human health and preventing numerous diseases due to its rich composition of bioactive compounds, essential nutrients, and healthy fats. Numerous studies have shown that regular seafood consumption is associated with a reduced risk of chronic diseases such as cardiovascular diseases (CVD), obesity, diabetes, and certain cancers (Swanson et al., 2022). The presence of omega-3 long-chain polyunsaturated fatty acids (LC-PUFAs), particularly eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), is a major contributor to these health benefits (Mozaffarian & Wu, 2022). 
Moreso, Fish and Fish products are not only nutritionally important, but also important in global market as foreign currency earner for a number of countries in the world (Sohana and Karim,2016).  Recent report shows that global per capital fish consumption is 20 kg per year which provides 6.7% of all protein consumed by human all over the world (FAO, 2016).  However, the safety of these seafood products is increasingly being compromised by microbial contamination, posing public health concerns (Ekpo et al., 2023). The contamination of seafood by pathogenic bacteria can occur at various stages, including harvesting, processing, handling, and distribution. These bacteria, originating from polluted water bodies contaminated with sewage, industrial waste, and agricultural runoff, can lead to foodborne illnesses in humans (Okorie et al., 2023). Contamination may also come from improper hygienic practices by vendors, and unsanitary market conditions. Common bacterial pathogens associated with seafood include Escherichia coli, Salmonella spp., Vibrio spp., Staphylococcus aureus, and Pseudomonas spp. (Igbinosa et al., 2022). The public health implications of consuming seafood contaminated with drug-resistant bacteria are profound. Infections caused by these bacteria may lead to prolonged illness, increased hospitalization, higher treatment costs, and in severe cases, death, especially among immunocompromised individuals (WHO, 2023). The prevalence of these pathogens in seafood highlights the urgent need for regular microbiological surveillance. 

Furthermore, there is an increasing concern on the rising trend of antimicrobial resistance (AMR) among bacterial isolates from seafood. The misuse and overuse of antibiotics in aquaculture, livestock farming, and human medicine have accelerated the emergence of multidrug-resistant (MDR) bacteria (World Health Organization [WHO], 2023). These resistant strains, when transmitted to humans through the consumption of contaminated seafood, may lead to infections that are difficult to treat and control, contributing to the global AMR crisis (Chowdhury et al., 2021). Furthermore, the horizontal transfer of resistance genes from seafood-associated bacteria to human commensals or pathogens can exacerbate the AMR burden within the community (Chowdhury et al., 2021). Therefore, Antibiogram studies, which involve determining the susceptibility patterns of bacterial isolates to different antibiotics, are crucial in assessing the resistance profile of bacteria in food products (Onohuean et al., 2022). Such studies not only inform the choice of effective antibiotics for treating foodborne infections but also serve as surveillance tools for monitoring the spread of resistance genes within communities. Hence is study is aimed at accessing the microbial quality and antibiogram of sea foods to ascertain safety and well-being of consumers.

MATERIALS AND METHODS
Sample Collection and Processing
A total of 10 fresh and dry seafood samples, including fish, shrimps, crabs, and periwinkles, were randomly collected from vendors. Each sample was aseptically collected using sterile polythene bags, labeled appropriately, stored in iceboxes at 4°C, and transported immediately aseptically to the Microbiology Research Laboratory, Department of Biology, Ignatius Ajuru University of Education, Port Harcourt for identification, Microbiological Analysis and further studies within 2 hours of collection to prevent bacterial overgrowth or loss. In the laboratory, each seafood sample was rinsed with sterile distilled water to remove debris. A 10g of the edible portion was aseptically weighed using a sterile weighing balance and homogenized in 225 mL of sterile peptone water (90ml) to obtain a 1:10 dilution. The homogenate was then serially diluted tenfold up to 10-6 for bacterial enumeration.
Isolation and Enumeration of Bacterial Isolates: 
Isolation and enumeration of bacteria was carried out using standard microbiological techniques following guidelines by Cheesbrough (2010) with modifications. Ten-fold serial dilution was performed subsequently by pipetting 1ml of the samples into test tubes containing 9ml of sterile normal saline each. Aliquots of 0.1 mL from appropriate serial dilutions were spread-plated on Nutrient Agar (NA) for general bacterial growth to determine the Total Heterotrophic Bacteria (THB), Spread on MacConkey Agar to isolate Escherichia coli and other coliforms. Whereas, an enrichment in Selenite F broth for 24 hours at 37°C followed by sub-culturing onto Salmonella-Shigella (SS) Agar were used for the detection of Salmonella and Shigella spp in the sample. Also, Enrichment in Alkaline Peptone Water (pH 8.4) for 6–8 hours followed by sub culturing onto Thiosulfate Citrate Bile Salts Sucrose (TCBS) Agar was employed for the isolation of Vibrio spp. Samples were also inoculated on mannitol salt agar, and cetrimide agar for isolation of Staphylococcus aureus and Pseudomonas spp respectively. All inoculated plates were incubated at 37°C for 24–48 hours under aerobic conditions. Colonies were counted using a manual colony counter. Plates with 30–300 colonies were selected for accuracy. Distinct colonies were selected based on their morphological characteristics for further identification. The total bacterial load was expressed as colony-forming units per gram (CFU/g) of seafood using the formula CFU/g = Number of colonies × Dilution factor / Volume plated (mL). Results were recorded for each type of bacterium isolated.
Identification and Biochemical Characterization of Bacterial Isolates
Gram Staining: A thin smear of a fresh bacterial culture was prepared on a clean glass slide, air-dried, and heat-fixed. The slide was flooded with crystal violet for 1 minute, then rinsed with water. Gram’s iodine was applied for 1 minute to fix the dye, followed by rinsing. Decolorization was done with 95% ethanol for 10–15 seconds, then immediately rinsed with water. The slide was counterstained with safranin for 1 minute, rinsed, air-dried, and observed under an oil immersion microscope (100x objective). Preliminary identification was based on colony morphology, Gram staining, and microscopic examination. Identification was confirmed based on Bergey’s Manual of Determinative Bacteriology (Holt et al., 1994) and protocols by Cheesbrough (2010). Further biochemical characterization was conducted using standard tests, including: indole, methyl red, catalase, coagulase, sugar fermentation, oxidase, Voges-Proskauer, citrate utilization.
Antibiotic Susceptibility Testing (AST) 
The antibiotic susceptibility testing (AST) of bacterial isolates was conducted using the Kirby-Bauer disk diffusion method on Mueller-Hinton Agar (MHA) following the standardized protocols recommended by the Clinical and Laboratory Standards Institute (CLSI, 2023).
Preparation of Inoculum and Inoculation of Agar Plates
Pure colonies of each bacterial isolate were selected from fresh agar plates (24-hour cultures) and emulsified in sterile normal saline (0.85% NaCl). The turbidity of the bacterial suspension was adjusted to match 0.5 McFarland Standard, equivalent to approximately 1.5 × 10⁸ CFU/mL, using a densitometer or visual comparison, using a sterile cotton swab, the standardized bacterial suspension was evenly streaked over the entire surface of Mueller-Hinton Agar (MHA) plates to ensure uniform lawn growth. The swabbing was performed in three directions, rotating the plate approximately 60 degrees between streaking to ensure even distribution. The inoculated plates were left to dry for 3–5 minutes at room temperature before applying antibiotic discs.
Selection and Placement of Antibiotic Discs: Commercially prepared antibiotic discs (Oxoid, UK) were aseptically placed on the surface of the inoculated MHA plates using sterile forceps or an automatic disc dispenser. The antibiotics selected were based on clinical relevance, frequency of use in aquaculture, human medicine, and prior reports of resistance in seafood-associated bacteria (Igbinosa et al., 2022; Ekpo et al., 2023). The antibiotics used included:  Ampicillin (10 µg), Tetracycline (30 µg), Ciprofloxacin (5 µg), Gentamicin (10 µg), Chloramphenicol (30 µg), Streptomycin (10 µg), Ceftriaxone (30 µg), Amoxicillin-clavulanic acid (20/10 µg) and Imipenem (10 µg). Each antibiotic disc was gently pressed to ensure full contact with the agar surface, with discs placed at least 24 mm apart to prevent overlapping of inhibition zones. The plates were incubated in an inverted position at 37°C for 18–24 hours under aerobic conditions. After incubation, clear zones of inhibition around each antibiotic disc were observed and measured.
Measurement and Interpretation of Results
The diameters of the inhibition zones were measured using a transparent ruler or a caliper in millimeters (mm). The results were interpreted as Sensitive (S), Intermediate (I), or Resistant (R) based on the standardized CLSI (2023) zone diameter breakpoints for each antibiotic.
Multiple Antibiotic Resistance Index (MARI): The Multiple Antibiotic Resistance Index (MARI) for each bacterial isolate was calculated using the formula: 
MARI=No of antibiotics resisted by each isolate / Total number of antibiotics tested.
​A MARI value greater than 0.2 indicates that the isolate originates from a high-risk source where antibiotics are frequently used or misused (Krumperman, 1983).
Data Analysis: The bacterial counts were logarithmically transformed (log10 CFU/g) before statistical analysis. Data were analyzed using SPSS (version 26.0) for descriptive statistics, including mean and standard deviation. Where necessary, one-way ANOVA was used to compare bacterial loads across different seafood types, with significance set at p < 0.05.
RESULT
This study investigated the microbiological quality and antimicrobial resistance profile of seafood sold in markets within the Rumuolumeni metropolis, Rivers State. The analyses focused on determining the total heterotrophic bacterial count (THBC), total coliform count (TCC), fecal coliform count (FCC), Salmonella–Shigella presence, bacterial isolation and characterization, multiple antibiotic resistance index (MARI), and antibiotic susceptibility patterns.

Results revealed high microbial contamination across all seafood types examined. THBC values ranged from 7.51 ± 0.80 to 8.28 ± 0.96 Log10 CFU/g, with prawns exhibiting the highest load, followed by periwinkle and oyster, while fish showed relatively lower counts as seen in Table 1. Analysis of variance (ANOVA) revealed no statistically significant difference in THBC values across seafood types (p = 0.5968), indicating uniform contamination across samples regardless of species. (Table2)
TCC values were highest in prawns (8.23 ± 0.96 Log10 CFU/g) and lowest in oysters (2.85 ± 2.95 Log10 CFU/g). The total coliform counts of seafood samples ranged from 2.85 ± 2.95 to 8.23 ± 0.96 Log10 CFU/g as shown in Table 3. Prawn had the highest coliform count (8.23 ± 0.96 Log10 CFU/g), while Oyster had the lowest (2.85 ± 2.95 Log10 CFU/g). Coliform levels in prawn, fish, and periwinkle indicate contamination likely from water sources, poor hygiene during handling, or exposure to fecal pollution.
No fecal coliforms or Salmonella–Shigella were detected in any sample, indicating absence of active fecal contamination, although total coliform presence suggests environmental or handling contamination as seen in Table 4.
The result  in Table 5 reveals that Prawn has the highest Salmonella and Shigella counts (4.67 ± 0.08 and 5.075 ± 0.01 log₁₀ CFU/g) respectively while Oyster had the lowest of Salmonella and Shigella (3.69 ± 0.13  and 4.55 ± 0.05 log₁₀ CFU/g) as compared to other seafoods. The results show that Shigella counts are consistently higher than Salmonella counts across all seafood samples. This suggests that the sampled marine products may be more susceptible to contamination by Shigella spp., possibly due to fecal pollution or poor post-harvest handling, as Shigella is commonly associated with human contamination.

Nineteen bacterial isolates were recovered, dominated by E. coli (32%), Shigella sp. (16%), Salmonella sp. (16%), Pseudomonas sp. (16%), Proteus sp. (10%), and smaller proportions of Enterobacter sp. and Klebsiella sp. (5% each). Biochemical characterization confirmed that most microorganisms belonged to the Enterobacteriaceae family, highlighting the presence of opportunistic and potentially pathogenic organisms. (Table 6 -7).
All isolates demonstrated multiple antibiotic resistance, with MARI values ranging from 0.3 to 0.8, indicating exposure to environments where antibiotics are frequently used. High resistance was observed for ceftriaxone (100%), tetracycline (94.7%), and streptomycin (78.9%). Conversely, high susceptibility was noted for ciprofloxacin (100%) and ofloxacin (94.7%), suggesting they remain effective therapeutic options. (Table 8).
The susceptibility profiles of the isolates to selected antibiotics are presented in Table 9. High levels of resistance were observed against Ceftriaxone (CEF) – 100%, Tetracycline (TRX) – 94.7%, and Streptomycin (S) – 78.9%. However, high susceptibility was recorded against Ciprofloxacin (CPX) – 100% and Ofloxacin (OFX) – 94.7%, indicating their potential as effective therapeutic agents. The general resistance pattern suggests increasing multidrug resistance among seafood-associated pathogens.

Table 1: Total Heterotrophic Bacterial Count (Log10 CFU/g)
	Sample
	Mean ± SD

	Prawn
	8.28 ± 0.96

	Fish
	7.51 ± 0.80

	Periwinkle
	8.14 ± 0.82

	Oyster
	7.87 ± 0.77


Source: An Extract from SPSS

Table 2: ANOVA Table for Total Heterotrophic Bacterial Count (Log10 CFU/g)
	Source
	SS
	df
	MS
	F
	p-value

	Between Groups
	1.377825
	3
	0.459275
	0.652028
	0.596796

	Within Groups
	8.452550
	12
	0.704379
	—
	—


Source: An extract from SPSS   		Decision (α = 0.05):
Table 3: Total Coliform Count (Log10 CFU/g)
	Sample
	Mean ± SD

	Prawn
	8.23 ± 0.96

	Fish
	7.44 ± 0.85

	Periwinkle
	7.80 ± 0.80

	Oyster
	2.85 ± 2.95


Source: An Extract from SPSS

Table 4: Total Fecal Coliform Count (Log10 CFU/g)
	Sample
	Mean

	Prawn
	0.00

	Fish
	0.00

	Periwinkle
	0.00

	Oyster
	0.00


Source: An Extract from SPSS

Table 5: Total Salmonella - Shigella Count (Log10 CFU/g)
	Sample
	Salmonella (10-2)
	Shigella (10-2)

	Prawn
	4.67 ± 0.08
	5.075 ± 0.01

	Fish
	3.75 ± 0.21
	4.78 ± 0.02

	Periwinkle
	3.90 ± 0.03
	5.09 ± 0.01

	Oyster
	3.69 ± 0.13
	4.55 ± 0.05


Source: An Extract from SPSS
Table 6: Frequency Distribution of Bacterial Isolates
	S/N
	Isolate
	Frequency (%)

	1
	Pseudomonas sp
	3 (16%)

	2
	E. coli
	6 (32%)

	3
	Enterobacter
	1 (5%)

	4
	Klebsiella sp
	1 (5%)

	5
	Shigella sp
	3 (16%)

	6
	Salmonella sp
	3 (16%)

	7
	Proteus sp
	2 (10%)

	
	Total
	19 (100%)


Source: An Extract from SPSS



















Table 7: ISOLATION AND BIOCHEMICAL CHARACTERIZATIONS OF BACTERIAL ISOLATES FROM SEAFOODS
	ISOLATE CODE
	GRAM 
RXN
	SHAPE
	CAT
	OXI
	CIT
	MRT
	IND
	MR
	VP
	STH
	GLU
	LAC
	SUC
	MAN
	SUSPECTED ORGANISM

	FN1
	-ve
	Rods
	+
	-
	+
	+
	-
	-
	+
	-
	AG
	AG
	AG
	AG
	Enterbacter

	IN1
	-ve
	Rods
	+
	-
	-
	+
	+
	+
	-
	-
	-
	AG
	AG
	AG
	E.coli

	IN2
	-ve
	Rods
	+
	+
	-
	+
	-
	-
	-
	+
	AG
	-
	-
	-
	Pseudomonas sp

	IN3
	-ve
	Rods
	+
	-
	+
	+
	-
	+
	-
	+
	AG
	AG
	AG
	AG
	Proteus sp

	PN1
	-ve
	Rods
	+
	-
	+
	+
	-
	+
	-
	-
	-
	AG
	AG
	AG
	Proteus sp

	PN2
	-ve
	Rods
	+
	+
	+
	+
	-
	-
	-
	+
	AG
	-
	-
	-
	Pseudomonas sp

	PN3
	-ve
	Rods
	+
	-
	-
	+
	+
	+
	-
	-
	-
	AG
	AG
	AG
	E.coli

	ON1
	-ve
	Rods
	+
	+
	+
	+
	-
	-
	-
	+
	AG
	-
	-
	-
	Pseudomonas sp

	FMCA1
	-ve
	Rods
	+
	+
	+
	+
	-
	+
	-
	-
	AG
	AG
	AG
	AG
	Klebsiela sp

	FMCA2
	-ve
	Rods
	+
	-
	-
	+
	+
	+
	-
	-
	AG
	AG
	AG
	AG
	E.coli

	IMCA1
	-ve
	Rods
	+
	-
	-
	+
	+
	+
	-
	-
	AG
	AG
	AG
	AG
	E.coli

	PMCA1
	-ve
	Rods
	+
	-
	-
	+
	+
	+
	-
	-
	AG
	AG
	AG
	AG
	E.coli

	OMCA1
	-ve
	Rods
	+
	-
	-
	+
	+
	+
	-
	-
	AG
	AG
	AG
	AG
	E.coli

	FS1
	-ve
	Rods
	+
	-
	+
	-
	-
	+
	-
	-
	AG
	AG
	AG
	AG
	Salmonella sp

	FS2
	-ve
	Rods
	+
	-
	-
	+
	-
	+
	-
	-
	AG
	AG
	AG
	AG
	Shigella sp

	OS1
	-ve
	Rods
	+
	-
	-
	-
	-
	+
	-
	-
	AG
	AG
	AG
	AG
	Salmonella sp

	OS2
	-ve
	Rods
	+
	-
	-
	+
	-
	+
	-
	-
	AG
	AG
	AG
	AG
	Shigella sp

	PS1
	-ve
	Rods
	+
	-
	+
	+
	-
	+
	-
	-
	AG
	AG
	AG
	AG
	Salmonella sp

	PS2
	-ve
	Rods
	+
	-
	-
	+
	-
	+
	-
	-
	AG
	AG
	AG
	AG
	Shigella sp




Table 8:	Multiple Antibiotic Resistance Index (MARI)
	ISOLATE CODE
	ISOLATE NAME
	INDEX

	FN1
	Enterbacter
	0.4

	IN1
	E.coli
	0.5

	IN2
	Pseudomonas sp
	0.6

	IN3
	Proteus sp
	0.4

	PN1
	Proteus sp
	0.6

	PN2
	Pseudomonas sp
	0.8

	PN3
	E.coli
	0.3

	ON1
	Pseudomonas sp
	0.4

	FMCA1
	Klebsiela sp
	0.6

	FMCA2
	E.coli
	0.3

	IMCA1
	E.coli
	0.6

	PMCA1
	E.coli
	0.7

	OMCA1
	E.coli
	0.7

	FS1
	Salmonella sp
	0.6

	FS2
	Shigella sp
	0.6

	OS1
	Salmonella sp
	0.3

	OS2
	Shigella sp
	0.5

	PS1
	Salmonella sp
	0.4

	PS2
	Shigella sp
	0.7


Source: An Extract from SPSS






Table 9:	Antibiotic Sensitivity Pattern (%)
	Antibiotic
	Resistant
	Intermediate
	Susceptible

	CEP
	68.4%
	21.1%
	10.5%

	TRX
	94.7%
	5.3%
	15.8%

	S
	78.9%
	10.5%
	15.8%

	CEF
	100%
	0%
	0%

	OFX
	5.2%
	0%
	94.7%

	AU
	47.3%
	10.5%
	42.1%

	PEF
	15.8%
	5.2%
	78.9%

	CTZ
	68.4%
	10.5%
	21.1%

	CN
	63.2%
	10.5%
	26.3%

	CPX
	0%
	0%
	100%


Source: An Extract from SPSS

DISCUSSION
The study revealed relatively high levels of Total Heterotrophic Bacterial Count (THBC) among seafood samples collected from the Rumuolumeni metropolis. The mean THBC values ranged from 7.51 ± 0.80 to 8.28 ± 0.96 Log₁₀ CFU/g, with prawn exhibiting the highest load (8.28 ± 0.96 Log₁₀ CFU/g), followed closely by periwinkle and oyster, while fish showed the lowest contamination. These results indicate that all seafood samples were substantially contaminated, surpassing standard microbiological safety limits for fresh seafood. Such high microbial loads suggest contamination likely arising from polluted water sources, unhygienic handling, and the absence of cold-chain preservation during harvesting, transportation, and sale. This finding aligns with Ekpo et al. (2023), who reported elevated bacterial loads in aquatic food products sold in Rivers State due to environmental pollution and poor sanitary conditions. Similarly, Mensah et al. (2023) observed high THBC in shellfish from Ghanaian markets, attributing the contamination to sewage discharge and poor market hygiene practices. The detection of considerable microbial loads implies increased risks of food spoilage and foodborne disease outbreaks among consumers. However, the findings contrast with those of Adeyemo et al. (2022), who documented comparatively lower bacterial loads in seafood sold in upscale Lagos markets, likely due to improved cold-chain facilities and regulatory food handling practices. The present results are aligned with microbial ecology theory, which explains that contaminated aquatic ecosystems serve as natural reservoirs for heterotrophic bacteria, which proliferate rapidly under favorable environmental and handling conditions.
One-way ANOVA revealed no statistically significant difference (p = 0.5968 > 0.05) in THBC across prawn, fish, periwinkle, and oyster samples. This suggests that bacterial contamination was uniformly high regardless of seafood type. Although prawns and periwinkles showed slightly higher THBC than fish, these variations were not large enough to be statistically meaningful. This finding agrees with the report of Pal et al. (2016), which indicated that contamination levels in fresh aquatic products generally reflect the microbiological quality of their immediate environment rather than seafood type. Likewise, Igbinosa et al. (2022) demonstrated that microbial loads in seafood harvested from polluted waters show minimal variation across species, primarily due to consistent exposure to the same contaminated environment. In contrast, Okorie et al. (2023) reported significant variations in microbial loads between crustaceans and finfish, attributing differences to shell surface properties that favor bacterial attachment. The similarity in bacterial load across samples in the present study is supported by public-health environmental theory, which asserts that contamination is influenced more by shared environmental and post-harvest handling conditions than by species-specific factors.  
A total of 19 bacterial isolates were recovered from the seafood samples, dominated by E. coli (32%), followed by Shigella spp., Salmonella spp., and Pseudomonas spp. (16% each). Other taxa included Proteus spp. (10%), and Enterobacter and Klebsiella spp. (5% each). The presence of these organisms highlights possible fecal contamination, poor hygiene during handling, and polluted aquatic environments. This finding corroborates the work of Ekpo et al. (2023), who identified E. coli, Salmonella, and Shigella as the most prevalent seafood contaminants in Port Harcourt markets. Similarly, Ogbonda et al. (2023) reported E. coli and Salmonella dominance in periwinkles harvested in Bonny estuaries and linked these organisms to human and industrial effluents. The occurrence of enteric pathogens such as Salmonella and Shigella indicates significant transmission risks to seafood consumers, particularly when seafood is inadequately cooked. Conversely, this observation differs from that of Chowdhury et al. (2021), who reported a dominance of Vibrio species in shellfish from coastal Bangladesh. The current outcome aligns with infectious-disease transmission theory, which suggests that high-density populations and improperly managed sewage systems contribute to the prevalence of enteric bacteria in nearby water bodies.
Furthermore, all isolates recorded MARI values > 0.2, ranging from 0.3 to 0.8, indicating that seafood-associated bacteria originated from high-risk environments where antibiotics are frequently used or misused. The highest value (0.8) occurred in Pseudomonas sp., indicating extensive prior antibiotic exposure. Elevated MARI values suggest the circulation of multidrug-resistant bacteria in the Rumuolumeni aquatic ecosystem, which poses significant treatment challenges. This observation agrees with Onohuean et al. (2022), who reported high MARI values (0.3–0.9) among seafood isolates in Nigeria and linked them to indiscriminate antimicrobial use in aquaculture and agriculture. Analogous findings were documented by Chukwu et al. (2023), who demonstrated that aquatic environments receiving hospital and industrial effluents serve as reservoirs for resistant bacteria. However, the results contrast with the findings of Mensah et al. (2023), who reported relatively lower MARI values (0.1–0.3) in Ghanaian seafood, possibly due to better antimicrobial regulations. The present findings conform to antimicrobial-resistance theory, which posits that selective pressure from environmental antimicrobial agents facilitates the persistence and spread of resistant strains.
Antibiotic sensitivity patterns revealed high resistance to Ceftriaxone (100%), Tetracycline (94.7%), and Streptomycin (78.9%). Meanwhile, high susceptibility was observed against Ciprofloxacin (100%) and Ofloxacin (94.7%), suggesting that these fluoroquinolones remain effective treatment options against seafood-associated pathogens. This finding agrees with Igbinosa et al. (2022), who documented high resistance to tetracyclines and cephalosporins among Enterobacteriaceae isolated from fish markets in Delta State, Nigeria. Similarly, Adeyemo et al. (2022) reported that fluoroquinolones remain largely effective against foodborne pathogens in southern Nigeria. However, these results differ from those of Ekpo et al. (2023), who noted significantly reduced susceptibility to ciprofloxacin among seafood isolates in Port Harcourt. The present pattern conforms to antibiotic-selection theory, which proposes that misuse of traditional antibiotics like tetracycline promotes resistance, while more expensive or regulated antibiotics; such as ciprofloxacin retain efficacy for longer.
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