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ABSTRACT
Seafood which is an important source of protein in many diets around the world, especially in coastal areas when harvested from polluted water harbor pathogenic organisms resulting in food poisoning which negatively impacts human health as well as the economy. Five different fresh raw seafoods (shrimp, periwinkle, crab, sardine fish and mudskipper) were randomly collected from fish habours and fish markets in Port Harcourt and were evaluated for their bacteriological quality. The result shows that all the seafoods evaluated contain unacceptable levels of bacterial colonisation with sardine fish having the highest level of contamination with Total Heterotrophic Bacterial Count (THBC) of 2.90x109cfu/g followed by periwinkle and shrimps while crab had the lowest rate of contamination with THBC of 1.77x109cfu/g. A total of eight different pathogenic organisms were identified viz Shigella sp, Salmonella sp, Pseudomonas sp, Escherichia coli, Enterobacter sp, Vibrio sp, Proteus sp and Klebsiella sp. The presence of these organisms in seafoods reveals that the water bodies are not only faecally contaminated but generally polluted.
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INTRODUCTION
Seafood is any form of sealife regarded as food by humans. Seafood prominently includes fish and shellfish. Shellfish include various species of mollusks, crustaceans and echinoderms. Some examples are shrimps, crabs, bivalve mollusk, snails, squids, oysters etc. all kinds of fish without shells or outer coverings are also listed as seafood e.g. bony fish, cartilaginous fish, shark, ray etc. Seafood is an important source of protein in many diets around the world, especially in coastal areas. The benefits of seafood including health, nutrition and economic development cannot be overemphasized. However, Seafood can cause food poisoning when it is contaminated by pathogenic microorganisms. This can be as a result of faecal contamination of the water body harbouring these seafoods.  Seafood borne illnesses can cause mild to severe symptoms and even death in untreated immunocompromised individuals, in young children as well as the aged with symptoms ranging from diarrhea to fever, abdominal cramps and vomiting.
Diarrhea as defined by the World Health Organization (WHO) is having three or more loose or liquid stools per day. Diarrhea can also be defined as an acute syndrome of the intestinal tract in which the volume, fluid content, and frequency of bowel movements increase (Talaro, 2008). It is usually a symptom of ‘gastroenteritis’ (inflammation of the lining of the stomach and intestine) and can be accompanied by severe abdominal pain. Diarrhea is generated by several pathological states most commonly, infection, intestinal disorders, and food poisoning (presence of pathogenic microorganism or its toxin in food). Although the human large intestine ordinarily harbours a huge microbial population, most are bacterial, protozoan and viral. But the agents of diarrhoea are not members of this normal gut (intestinal) flora, they are acquired through contaminated food or water.
Enteric pathogens are the most frequent cause of diarrhoeal illnesses, which account for an annual mortality rate of 3 million people and an estimated 4 billion infections worldwide (Talaro, 2008). The enterics are gram-negative bacteria that are part of the normal intestinal flora or cause gastrointestinal disease. The main groups are Enterobacteriacea, Pseudomonadacea, Vibrionaceae and Bactericidacea (Gladwin et al, 2007). The most common group amongst the enterics is the “Enterobacteriaceae”. The Enterobacteriaceae are aerobe and faculatative anaerobes, non-spore-forming, straight rods that are often motile (except shigella and klebsiella), oxidase-negative, ferment a wide range of carbohydrate, possess a complex antigenic structure and possess a variety of toxins and other virulence factors (Brooks et al, 2007).
The family includes many genera: Escherichia, Shigella, Salmonella, Enterobacter, Klebsiella, Protues etc. some enteric organisms e.g. Escherichia coli, are part of the normal flora and incidentally cause disease (opportunities); while others, the Salmonellae and Shigellae are regularly pathogenic for humans. The genera of the Enterobacteriaceae family that ferment lactose are otherwise called “coliforms”. Escherichia coli is the most common of the coliforms. Coliforms are used to measure the microbiological quality of the environment, to ascertain if they are faecally contaminated or not.
Salmonella species are leading foodborne pathogens, causative are its of the most common enteric infections to human. Each year an estimated 1.4 million cases of salmonellosis occur among humans in the United States (Kumar et al, 2009). Unlike the developing countries, seafood – borne illnesses are well documented in the developed world. Contamination of the water body from rain and storm water run-off, sewage, untreated waste-water, dumping of refuse in water bodies, use of water bodies as toilets etc can result in contamination of seafoods leading to food-borne illnesses.
Research has shown that seafoods harvested from polluted water harbor pathogenic organisms. The food and Agricultural Organization of the United Nation (FAO) and the World Health Organization (WHO) stated that illness due to contaminated seafoods is perhaps the most widespread health problem in the contemporary world and an important cause of reduced economic productivity. The health risk associated with the consumption of seafoods, ranging from allergic reactions, stomach and intestinal cancerous growth to gradual breakdown of the digestive and excretory systems is statistically high in a large percentage of people (Edema et al., 2005).  
Various outbreaks of food-borne diseases in fish and shellfish has been reported (D’ Aoust and Maurer, 2007); Montville and Matthews, 2008). 
There are 16 million annual cases of typhoid fever, 1.3 billion cases of gastroenteritis and 3 million deaths worldwide due to Salmonellosis (Bhunia, 2008).
Another  major challenge is the lack of a proper surveillance system for for the reporting and monitoring of enteric diseases in Nigeria. Individual studies and laboratory records in many specialized hospitals revealed that typhoid fever and bacillary dysentery are endemic in Nigeria (Animashaun et al., 1991; Boomsma 1988; and Onile et al., 1987). 
Port Harcourt, Rivers State, Nigeria is made up of about 1.4million people living in an area surrounded by rivers and mangrove swamps and consumption of seafood is a major part of their daily diet. Considering the geographical location and climate of the region including the presence of slums and a long season of rainfall (over 9months), lack of optimum sanitary practices and conditions and a lack of proper surveillance system in the country it has become imperative to study the bacteriological quality of seafoods which are consumed on a daily basis in the target region.

MATERIALS AND METHOD
Collection of Samples
Fresh raw seafoods (shrimps, crabs, periwinkles, mudskipper fish and sardine fish)  were randomly purchased from the Nembe waterside, Abonnema Wharf and Mile 1 Fish Market in Port Harcourt and were immediately transported to the laboratory for bacteriological analyses. 
Sample Processing 
The shelled seafood sample (crab and periwinkle) were cracked and the meats (internal organs) were aseptically extracted, while the other fish sample (mudskipper, sardine and shrimp) were thoroughly washed in distilled water and exactly 10g of each of the samples were homogenized in 90ml of normal saline in a stomacher blender. Pre-enrichment was followed by inoculating a loopful of homogenates (stock culture) of each sample into Selenite F broth and incubated at 370C for 24 hrs. The homogenized seafood samples were aseptically subjected to a 10-fold serial dilution, where 1ml of homogenate was serially diluted into 5 test tubes containing 9ml normal saline. This produced the following concentration of the homogenized seafoods: 10-1 (stock culture), 10-2, 10-3, 10-5 and 10-6.
The samples were subsequently cultured on Nutrient Agar, Salmonella-Shigella Agar, and Deoxycholate Citrate Agar using the spread plate method. An aliquot of 0.1ml of the appropriate diluted samples was inoculated on the Nutrient Agar plate and incubated at 37 °C for 24hrs for Total Heterotrophic Bacterial Count (THBC), while Salmonella-Shigella Agar (SSA) plates and Deoxycholate Citrate Agar (DCA) plates were used for the  Salmonella-Shigella count and to isolate other enteric pathogens, respectively.
The selectively enriched sample in selenite-F broth were sub-cultured onto DCA and SSA plates, still to be used for Salmonella-Shigella Counts and as substitute means to isolate Salmonella and Shigella if they were unable to grow ordinarily without pre-enrichment. Duplicate plating was used for all culturing carried out.

Identification of Isolates
The suspected isolated were identified through cultural morphology (macroscopic examination), gram reaction (microscopy)	 and biochemical test such as: motility test, indole, oxidase, citrate, catalase, urease, coagulase, H2S, Acid, Gas as described by Cheesbrough (2004). 				  
Culture Purification and Preservation
After incubation of the original sample at 370C for 24hrs, growth was observed. For purity culture, fifteen discrete colonies showing different cultural characteristic from the original incubated plates were picked using a sterile wire loop and sub-cultured on a fresh Nutrient Agar and Desoxycholate Citrate Agar (DCA) plates which was incubated at 370c for 24hrs to obtain pure culture.
Plates that showed confluent growth were not used to make slants.	Pure colonies from the sub-culture plates were stored on Nutrient Agar slants, prepared in a screw-capped McCartney bottle and incubated to inhibit excessive growth and these were used for further experiments.
RESULTS 
A total of eight different organisms were identified from a combination of results from colonial morphology and biochemical test of isolates. These organisms include were Shigella sp, Salmonella sp, Pseudomonas aeruginosa, Escherichia coli, Vibrio sp, Proteus sp, Enterobacter sp and Klebsiella sp. With Shigella sp having the highest occurrence followed by Salmonella sp and the least occurring in E. coli, Proteus sp, Vibrio sp, Enterobacter sp and Klebsiella sp.
Determination of Total Heterotrophic Bacterial Count (THBC) in Seafood Samples
The Total Heterotrophic Bacterial Count (THBC) ranged between 2.90x109CFU/g in sardine fish and 1.77x109CFU/g in crab. The Total Heterotrophic Bacterial Count shows that the incidence of bacteria present in seafood is highest in sardine fish followed by periwinkle and shrimps, but crab had the lowest level of bacterial contamination. 



Fig. 1: Total Heterotrophic Bacterial Count in Seafood Sample
Comparison of Total Heterotrophic Bacterial Count amongst Selected Seafood
To test the hypothesis, Analysis of variance (ANOVA) was used to test for difference between the selected seafoods. While the Tukey comparison test was used for measuring the pairwise difference between the seafood samples.
There was a significant difference in the Total Heterotrophic Bacterial contamination among selected seafood (with F (4,9) = 74.96, P < 0.05) (Table 1).
Table 1. Multiple Comparison Test of Total Heterotrophic Bacterial Count (THBC)
(Mean ± SE) of the Seafood sample at 109 CFU/g 
	Seafood Sample
	(Mean ± SE) 

	Crab
	1.77  .07a

	Mudskipper
	1.87  .03 a

	Shrimps
	2.84  .06 b

	Periwinkle
	2.85  .05 b

	Sardine
	2.90 .01 b


F (4,9) = 74.96, P < 0.05 (Significant)
Each value is the mean of 2 replicates. Means of seafood sample in each column followed by the same letter are not significantly different (P>0.05) by Tukey’s test while, Seafood sample having mean with different letters are Significant.
Results from Table 1 shows that there was no significant mean difference in the Total Heterotrophic Bacterial count between seafood organisms with same letter either a (i.e. Mean difference between Crab and Mudskipper is not significant, P> 0.05) or b (Mean difference between Shrimps, Periwinkle and Sardine is not significant, P> 0.05). However, a significant mean difference exists in the Total Heterotrophic Bacterial Count between organisms with different letters (i.e. seafood samples with letter a are significant with the seafood samples with letter b), which implies that the following pairwise comparison of seafood sample are significant (with P<0.05): Sardine vs Crab, Sardine vs Mudskipper, Periwinkle vs Crab, Periwinkle vs Mudskipper, Shrimps vs Crab and Shrimps vs Mudskipper. 

DISCUSSION
A total of eight organisms were identified in this study. These organisms include: Shigella sp, Salmonella sp, Pseudomonas aeruginosa, Escherichia coli, Vibrio sp, Proteus sp, Enterobacter sp and Klebsiella sp. Similar results have been reported by several workers (Esomonu et al., 2012; Kumar et al., 2009; Adedeji and Ibrahim, 2011; Bukola et al., 2006; Dib et al, 2014; Wandili et al., 2011). In contrast to this study other previous studies isolated some Gram positive organisms such as Staphylococcus aureus, Bacillus sp, Streptococcus sp and Listeria sp (Bukola et al., 2006; Adedeji & Ibrahim, 2011; Egwari & Aboaba, 2002). This variation could be attributed to the type of culture media used based on the target organsims of the various research studies. The targeted organisms were enteric organisms which are major gram negative hence, the use of culture media that favours their recovery. This ideology is in consonance with the following studies; Wandili, et al. (2011); Elhadi, Aljeldah and Aljindan (2016). 
The result of this work shows that incidence of bacterial present in seafood is higher in sardine (23.7%), followed by Periwinkle (23.3%) and shrimp (23.2%), but lowest in mudskipper (15.3%) and crab (14.5%). This result is similar to the work of Kumar et al., (2009) and Dib et al (2014). These researchers reported maximum bacterial contamination in crabs and lobsters. The varying distribution of bacterial contamination in seafood can be as a result of pollution of the water bodies where it was harvested from and the feeding habits of individual seafood. The above result differs from the present study in terms of location. The environment condition in the above study is different from what is obtainable in the target region, which is plagued with pollution and poor sanitary habits.
The probable reason for high contamination of seafood such as sardine fish, periwinkle and shrimps is because they are filter feeders and naturally ingest and concentrate particulate matter present in water including pathogenic organisms some of these organisms (shrimp & periwinkles) feed on the parasites and necrotic tissue of deed sea animal. Also their general harvest in shallow, near-shore estuarine or brackish waters that are easily contaminated can also be a reason for the high contamination (Huss et al., 2004). Although, sardine fish stands out as the most contaminated because of its characteristics nature of feeding on microbial laden organisms such as shrimps and other crustacean thus, it is not surprising for it to be most contaminated.
However, the lowest contaminated seafood (mudskipper & crab) are amphibious organisms which live partly on water and land, this implies that they do not share fully in the high contaminated meal of highly polluted water bodies. They are omnivores feeding on planktons and land organisms such as worms. Also, they are not filter feeders thus, reducing their ingestion of microbial organism. Consequently, the contaminated of seafood’s remains the result of a polluted water body.
The present study demonstrates a considerable increase in the prevalence of pathogenic and opportunistic microorganism in seafood in Port Harcourt. The contamination level exceeds the acceptable limits for shellfish. The international commission on Microbiological Specifications for food and US Food and Drug Administration have suggested a maximum microbial count IPC of not greater than 1×102cfu/g for an approved harvest area or water.
While for unknown tropical water such as the ones within the researcher’s location (Nembe & Timber Rivers) the standard is much lower (FDA, 1991 and ICMSF, 1982). The result of the present study agrees with the report of Adedeji & Ibrahim (2011) and Bukola et al., (2006) who also observed unacceptable levels of contamination in seafoods in different part of the country Nigeria. This high level contamination of seafood depends on the extent of pollution in the growing water.
 The lack of a state state shellfish/seafood control authority to monitor the level of bacterial and other pathogenic organism in water and seafood is a cause for concern. Also, water bodies or growing areas in this part of the country are not classified (as approved, conditionally approved, restricted or prohibited for seafood harvesting). This makes it difficult to link illnesses arising from consuming seafood from these sources back to them. 
Port Harcourt, Nigeria also called the “Garden City” is one of the areas where environment has continued to deteriorate. it is a very populous city surrounding by rivers and mangrove swamps with seafood a major part of its daily cuisine but has suffered from proper sanitation including improper waste management, excreta disposal into rivers, lack of hygiene education (people bathe, wash and defecate in rivers), and poor drainage channels and lack of waste water treatment. Excessive rainfall is also common in this region and intermittent flooding may occur too. All these activities result contamination of the water bodies and corresponding contamination of seafood.  Thus the ingestion of these asymptomatic poisoned seafood results in food poisoning with diarrhea a major symptom of this food bore illness. This is corroborated by Novotny et al., (2004); Metz, (1990); and Chattopadhyay (2000) that seafood is vehicle of transmission of enteric pathogens to humans.
Amongst the eight organisms isolated in this research work Shigella sp had the highest occurrence followed by Salmonella sp and Pseudomonas aeruginosa with the following having low occurrence, Escherichia coli, Proteus sp, klebsiella sp, Vibrio sp and Enterobacter sp. All the organisms isolated have health implications for man such as Severe Infantile Diarrhea, Typhoid Fever, Shigellosis, Cholera, Septicemia, Neonatal Meningitis and other Opportunistic illnesses (Talaro, 2008; Brooks et al., 2007; Cheesbrough, 2004).

CONCLUSION 
Seafoods (fish and shellfish), when contaminated by pathogenic bacteria can cause food-borne diseases (acute gastroenteritis). To this end, it is recommended that there should be a “State Seafood/Control Authority” to monitor the contamination of seafood and water bodies. Also, the Government should constitute a reliable surveillance system to monitor and prevent disease outbreaks especially during floods and other natural disasters. Sanitation should be taken seriously and Government should provide basic amenities such as clean drinking water, proper sanitary system, educate and discourage unhealthy practices. Institute quick medical response to all health matters including food borne infections. Government should live up to their duty of construction roads with proper drainage channels. Government should enforce laws discouraging the dumping of untreated waste into water bodies. Local seafood sellers should be educated and empowered on proper processing, storage and handling procedures. The introduction of enforceable microbiological guidelines on raw and ready-to-eat seafood’s as a way of protecting consumers should be encouraged.
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