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Introduction
In the recent years, world consumption of fish has increased 
clearly and it is estimated that more than 30% of fish for human 
consumption comes from aquaculture. Fish and fish products are 
the most important source of protein, minerals such as calcium, 
phosphorus, sodium, potassium, magnesium and selenium, 
vitamins especially vitamin D and long chain poly unsaturated 
fatty acids. [1-3] Fishes are known for their exceptional health 
benefits, particularly against cardiovascular diseases due to their 
long-chain polyunsaturated fatty acids content. The American 
Heart Association recommended eating fish at least twice per 
week to reach the daily intake of omega-3 fatty acids. [4] Fish 
intake has also been linked to a lower risk of stroke, depression, 
and mental decline with age. For pregnant women, mothers who 
are breastfeeding, and women of childbearing age, fish intake 
is important because it supplies DHA (Docosa Hexaenoic 
Acid), a specific omega-3 fatty acid that is beneficial for the 
brain development of infants. [3] About 88% of the global fish 
production is for direct human consumption, 44% of them are 
in live, fresh, or chilled statuses, forms that are most preferred 
and highly priced in many markets. The rest of production is 
processed, with 35% frozen, 11% in prepared and preserved 
forms, and 10% dried, salted, smoked, or otherwise cured.

Fish Composition
Efforts over the past century to establish the proximate 
composition of fish have been only partially successful, as many 
gaps in our knowledge still exist. Large variations occur in 
proximate composition, both from species to species and from 
fish to fish of the same species. [4,5] In addition, large variations 
occur in composition of different parts of the fish. The protein 
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content of fish, although averaging about 19%, may vary from 
6% to 28%. Oil content may vary from 0.2% to 64%, ash from 
0.4% to 1.5%, and moisture from 28% to 90%. Most species fall 
into the category of low oil and high protein content. The cause 
of variation in the proximate composition of fish often ascribed 
to such factors as geographical area or season relates primarily 
to the feed ingested, to the metabolic rate, and to the mobility 
of the fish. The content of minerals and fat soluble vitamins in 
sea foods is slightly higher than those in terrestrial animals. The 
flavour of sea foods depends on the species, the fat content, 
and the presence as well as the type of non-protein nitrogenous 
compounds. [6]

Fish Contamination
Fish is one of the most perishable foods. The muscle tissue of 
fish undergoes faster spoilage than mammalian muscles. The 
high water and free amino acid content, and the lower content 
of connective tissue as compared to other flesh foods lead to 
the more rapid spoilage of fish. [7] Fish could be contaminated 
with microorganisms [8] and /or chemicals compounds which 
include heavy metals, organochlorine contaminants for example 
Polychlorinated Biphenyls (PCBs), Dichloro-Diphenyl-
Trichloroethane (DDT), dieldrin, chlordane, and dioxins [5] 
Artificial origin radionuclides or radioactive substances and oily 
petroleum spillage accidents. [9-11]

-
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Bacterial Fish Contamination
Microorganisms in the marine environment have both beneficial 
and harmful functions. They execute biogeochemical cycles 
that are a critical process in marine environments. [12] Microbial 
contaminants mainly consist of pathogenic groups of bacteria, 
viruses, and parasites. The presence of different bacteria 
species including human pathogenic bacteria in fish can be 
linked to direct contact with a contaminated water environment 
and ingestion of bacteria from sediments or contaminated 
feed. Thus, bacteria detected in fish reflect the condition and 
safety of aquatic environments. [13] Bacteria represent most 
pathogens in fish that can cause food borne diseases in humans. 
Bacterial abundance in fish species generally varies based on 
environmental and biological factors. Some fishes are inherently 
more prone to contamination depending on the species, feeding 
pattern, age, size, harvest season, habitat characteristics, and 
geographical location. [14] 

Various factors including the season, part of the digestive tract of 
fish, and feeding type can affect the number of microorganisms 
detected. The minimum and maximum findings for specific 
bacteria were related to the changes of water temperature and 
were observed during winter and summer seasons. [15]

Fish is one of the most perishable foods by bacteria due to 
presence of unsaturated fish oils which seem to be more 
susceptible to oxidative deterioration than other animal fats. 
Also, fish flesh is more perishable due to rapid autolysis by fish 
enzymes and pH of fish has an important influence on it’s perish 
ability in addition to availability of nutrients for the growth 
of microorganisms, ambient temperature and high moisture 
content. [16] 

The microbiology of fish skin and gastrointestinal tract has been 
subjected to many researches. Fish can spoil from both outer 
surface and inner surfaces as fish stomach contain digested 
and partially digested food which can pass into the intestine. 
Fish microorganisms present on the external surfaces including 
slime, gills, and the gut of the fish. These microorganisms are 
kept away from invading the sterile flesh by the normal defense 
mechanism of fish when they are alive. After fish is being 
caught and dying the immune system collapses and the enzymes 
secreted by microorganisms make them to invade or diffuse and 
proliferate freely into the flesh, stomach and skin surface, where 
they react with complex mixture of natural substances present 
resulting in a well-defined sequence of changes in odoriferous 
and flavours compounds. [2]

Microflora of Fish and Fish Environments
Fish from natural environments are known to harbor various 
bacterial species. Bacterial colonization can be observed on fish 
skin and gills due to constant exposure to contaminated water, 
while the digestive tract may be affected through contaminated 
feed or water. Contamination of fish muscles is also possible 
when immunological resistance is compromised. [17] It is 
generally accepted that bacteria found on fish skin are the 
same as those found in the contaminated water, including such 
genera and species as Aeromonas spp. (Aeromonas hydrophila, 
A. bestiarum, A. caviae, A. jandaei, A. schubertii, A. veronii), 

Flexibacter spp., Proteus spp., Providencia spp., Psychrobacter 
spp., Moraxella spp., Pseudomonas fluorescens, Acinetobacter 
johnsonii, Alcaligen espiechaudii, Enterobacter aerogenes, 
Escherichia coli, Micrococcus luteus, and Vibrio  fluvialis. [13] 
Usually, the muscles and internal organs of healthy fish are 
sterile. However, some studies reported the presence of bacteria 
(Pseudomonas spp. and Vibrio spp., including V. fischeri, V. 
harveyi, V. pelagius, V. splendidus) in the liver and kidneys 
of turbot (Scophthalmus maximus). [18,19] The highest bacterial 
loads were observed in the gills and digestive tract of fish and 
can reach 106 CFU/g and 108 CFU/g, respectively. [13]

Foodborne Diseases
Bacterial gastrointestinal infections continue to cause illness 
and death and contribute to economic loss in most parts of 
the world, including high-income generating countries that 
have developed surveillance and control programs. [20] In the 
developing world, foodborne infection leads to the death of 
many children, as well as resulting in diarrheal disease which 
can have long-term effects on children’s growth as well as on 
their physical and noes is development and it also heavily affects 
the healthcare systems. Consumption of fish may cause diseases 
due to infection or intoxication. Many microbial species are 
pathogenic to humans. They are known to produce toxins that 
cause lethal diseases. [21-23]

According to Clarence et al. food borne diseases are diseases 
resulting from ingestion of bacteria or toxins produced by 
micro-organisms present in food. The intensity of the signs 
and symptoms may vary with the amount of contaminated food 
ingested and susceptibility of the individuals to the toxin. [24] 

Pathogens such as Campylobacter, Salmonella, Yersinia, E. coli, 
and Listeria monocytogenes are responsible for major foodborne 
outbreaks worldwide. [25]

Epidemic and pandemic cholera is associated with toxigenic 
strains of Vibrio cholerae O1 and O139.  The toxin is produced 
in the intestine during multiplication and causes marked loss of 
fluid into the intestine, resulting in extremely watery diarrhea 
which leads to extreme dehydration and, if not treated, to 
death. Contamination of seafood is usually either by fecal 
contamination of the marine environment or by contact with 
fecal contaminated fresh water during preparation of the food. 
Vibrio cholerae serotypes other than O1 and O139 may be 
pathogenic. Some may be able to produce cholera toxin but 
lack the ability to produce epidemics and pandemics. Although 
Vibrio cholerae O1 and O139 infections are potentially severe, 
and the public health consequences of epidemics may be 
grave, infections due to other Vibrio cholerae serotypes are 
much more commonly associated with seafood and, in general, 
cause a much higher level of morbidity and mortality from this 
source.  Vibrio cholerae O1 outbreaks have also been reported 
in association with raw shellfish consumption or raw seafood 
or cooked crab. [26] Whereas contamination with other vibrios 
arises from bacteria naturally present in the marine environment 
that with Vibrio cholerae, serovar O1, may be associated with 
fecal contamination. Vibrio cholerae non-O1 serotypes have 
also been reported from the marine environment in the UK, 
France, and Italy. [27,28]
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their environment because coliform are not named flora of 
bacteria in fish. [32] Some bacteria, such as Salmonella typhi and 
Vibrio cholerae, are principally associated with human fecal 
contamination while non-typhi Salmonella and Campylobacter, 
may arise from either source. Seafood harvested from such 
environments may constitute a risk if the bacteria are initially 
present in sufficient numbers that exceed the infectious dose or 
the seafood is stored under conditions that allow a lower initial 
concentration to multiply to the point where the bacteria exceed 
the infectious dose and, if any control measures are applied, 
they are not sufficient to reduce to, or maintain the bacterial 
concentration, at a low enough level. 

The outlined and discussed the hazards and challenges 
associated with handling fish during farming, capture and the 
environmental contaminants in seafood that may pose a risk to 
human health. [33] Potential sources of microbial contaminations 
are the equipment and items used for each operation that 
is performed until the final product is eaten. Boats, fish 
boxes, fishermen and workers clothing and hands, knives, 
cutting boards, display tables, ice, and the physical facilities 
themselves are all implicated. Retail cut could also result in 
greater microbial load because of the large amount of exposed 
surface area, more readily available water, nutrient, and greater 
oxygen penetration available. Hence retail cuts displayed are 
conducive for microbial growth and proliferation which leads 
to spoilage of the fish. [34] Lengthy food supply procedures, 
mass catering complex associated with increased international 
movement, changes in eating habits and poor hygiene practices 
are major contributing factors for fish contamination. [35] The 
issue of temperature control following harvesting is particularly 
important. In the USA, it has been shown that the cooling time 
and subsequent time and temperature of transport and storage 
are significant risk factors. [36]

Antibiotic Resistance
By considering the food safety as well as the public health 
significance, an important attention has to be arisen on the 
drugs resistance trait of pathogens proliferated in fish and fish 
product, which may create serious problem in course of diseases 
medication. [37] In developing countries, the problem of resistance 
may arise from the extensive misuse of antibiotics and for the 
use of antibiotics during fish harvesting and processing which 
may decrease the effectiveness of drugs eliminating bacterial 
infections. [38,39] Therefore, determination of the complete profile 
of pathogenic load and their antibiotic resistance in sea fish is 
necessary to estimate the associated public health risk as well 
as the preventive strategy to eliminate pathogens should also be 
evaluated. [40]

Antibiotic resistant bacteria from commercially marketed fish 
in Adana, Turkey were investigated. A total of 126 antibiotic 
resistant bacteria were isolated from gill and intestinal 
contents of five types of retail fish samples. Viable counts of 
antibiotic resistant bacteria isolated from gill and intestinal 
content samples showed high frequencies of resistance to 
tetracycline, ampicillin, streptomycin, while the proportion of 
chloramphenicol resistance was rather low. A high incidence of 
resistance to tetracycline, ampicillin and cephalothin as well as 
almost an absence of resistance to amikacin and gentamicin was 

Invasive Listeriosis is a severe disease mainly associated with a 
specific risk group of people. It causes meningitis, encephalitis, 
bacteremia, and febrile gastroenteritis. Most disease occurs in 
immunosuppressed individuals. The organism occurs widely 
in the environment. Although there is a large concentration on 
testing of seafood products for Listeria monocytogenes, and some 
other Listeria spp., the level of risk associated with this organism 
from seafood consumption is probably small. The United States 
of America risk assessment on Listeria monocytogenes only 
identified four seafood associated outbreaks worldwide in the 
period 1970-2000, one associated with raw seafood, one with 
smoked seafood and two with smoked mussels. [29]

Bacterial Contamination Sources
Fish may be a vehicle for pathogenic bacteria naturally occurring 
in aquatic environments, referred to as indigenous or derived 
from polluted waters and/or from post capture contamination. 
[30] The indigenous bacteria that occur naturally in the marine 
environment which, when consumed in seafood in large 
enough numbers, will cause illness in humans. This primarily 
relates to the vibrios. Some species of the genus Aeromonas 
are considered to some to possibly cause gastro-enteritis in 
humans, and these may also be present naturally in the marine 
or more especially, the estuarine environment. Spores of type F 
Clostridium botulinum are found widely in marine sediments 
and the intestinal tract of fish and shellfish and, if seafood is 
stored under conditions (principally in the absence of oxygen) 
that allows the spores to germinate and the bacteria to multiply, 
toxin may be formed in the seafood and then cause botulism in 
humans when the food is consumed. [28] 

Globally, the sea has been used as a dumping ground for sewage 
and other waste products. Sewage water contains microorganisms 
and several human-made-chemical compounds. The possible 
sources of fish bacteria are likely to come from the skin of 
the animal from which the fish was obtained. This may arise 
from contamination with human feces from sewage discharges, 
boats, and ships or, in some countries, direct defecation into 
the marine environment or rivers and streams flowing into it. 
Some bacteria may also arise from the contamination of the 
marine environment by animal feces. Again, this may arise 
from discharges from animal keep lots or slurry pits, or direct 
defecation into the marine environment or rivers or streams 
flowing into it. [28] The presence of indicator-microorganism in 
water is evident that the water is polluted with fecal material from 
humans or other warm-blooded animals. This kind of pollution 
means that any normal flora and pathogenic microorganisms 
that occur in the intestinal tract of these animals may also be 
found. The indicator-microorganisms are coliform bacteria that 
are divided into fecal coliform and non fecal coliform. The 
fecal type is Escherichia coli, which is normal flora found in 
the human intestinal tract and other warm-blooded animals. 
The nonfecal type includes Enterobacter aerogenes which is 
commonly distributed in nature and occasionally found in the 
intestinal tract of warm-blooded organisms. [31] The walls of 
fish intestines do break down sufficiently for bacteria to move 
into the flesh through the muscle fiber. It has been suggested 
that intestinal microflora is the causative agent for fish spoilage. 
Fecal coliform in fish demonstrates the level of pollution in 
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found among selected isolates which represented the resistant 
bacterial population. These strains were predominantly resistant 
to 3 and 4 antibacterial. Isolates from gill exhibited resistance to 
as many as 7 antibiotics, whereas those from intestinal content 
were resistant to 5 or fewer antibiotics. These results indicate 
that retail fish studied were either contaminated with handling 
or commercial fishes residing in waters near the disposals 
of urban sewage, might play a role as carriers of antibiotic 
resistant bacteria, prompting a health risk to public health for 
fish consumers. [41]

Fish Preservation Methods
Considering the popularity, nutritional and economic importance, 
it is necessary to maintain the microbiological quality of the sea 
fish as well as to establish the preventive mechanism, which can 
eliminate the microbial growth and hence may ensure the public 
health safety. Traditionally, fish preservation rely on the ice 
storage, rapid chilling, freezing, salting, drying, [42,43] smoking, 
heating, organic acids, use of antimicrobial antioxidants, 
edible coating and modified atmosphere packaging which can 
inhibit or eliminate microbial growth but the chance of cross 
contamination is left. [44-47] However, the application of ionizing 
radiation was afterwards found to effectively eliminate spoiling 
microorganisms in fresh and frozen sea foods. [48] Bacterial 
contamination is of paramount importance to the safety and 
shelf life of processed food. To optimize the microbiological 
quality of food, it is important to implement acceptable good 
manufacturing practices through adequate temperature control 
and training of personnel. Recommended training includes 
personal hygiene and the use of clean and hygienically controlled 
equipment, utensils and materials including water used during 
processing. [49]

Bacterial Species Isolated from Fishes
Fish contamination has been extensively investigated along 
the Saudi coasts, but studies pertaining to bacterial pathogens 
are dismayed. Alikunhi et al. conducted qualitative assessment 
and molecular identification of culture-dependent bacteria in 13 
fish species from three coastal sites and a local fish market in 
Jeddah, Saudi Arabia. Bacterial counts of gills, skin, gut, and 
muscle were examined on different media. Bacterial counts 
significantly differed between species, sources and feeding 
habits of examined fishes. Fishes from Area I had higher 
bacterial loads, coinciding with those in seawater and sediment 
from the same site, indicating direct association between habitat 
conditions and the levels of bacterial contamination. By feeding 
habit, detritivorous fish harbored higher counts than herbivorous 
and carnivorous species. Bacterial counts of skin were higher 
in fish from market than field sites, and positively correlated 
with other body parts indicating the relation of surface bacterial 
load on the overall quality of fish. Rahnella aquatilis and 
Photobacterium damselae were among the dominant species 
from fish muscle based on 16S rRNA sequencing. These species 
are known human pathogens capable of causing foodborne 
illness with severe antibiotic resistance. Also, Vibrio harveyi, 
Aeromonas salmonicida, Psychrobacter faecalis, Aeromonas 
sp. were isolated. Opportunistic pathogens, e.g.  Hafnia sp. and 
Pseudomonas stutzeri were also identified. [4]

The bacterial flora occurring in brackish pond water, sediment, 
gills, and intestine of healthy tilapia cultured in Saudi Arabia, 
Al Qassim region, were estimated both quantitatively and 
qualitatively, and the isolates were identified to genus or species 
level. In total, 19 bacterial species were identified. The bacteria 
were predominantly Gram-negative rods (87%). Pond water 
and sediment bacteria influenced the bacterial composition 
of gills and intestine of tilapia. In contrast to gill bacteria, 
more diversification was observed in intestinal bacteria. The 
predominant bacterial species were Vibrio parahaemolyticus, 
Vibrio carchariae, Vibrio alginolyticus, Chryseomonas sp., 
Vibrio vulnificus, and Streptococcus sp. in all the populations 
except for the sediment population where Streptococcus sp. was 
replaced by Shewanella putrefaciens. Vibrio spp. (58% of the 
total isolates) dominated the total bacterial population. [50] 

Rani et al. conducted a study to evaluate the hygienic quality and 
freshness of fish Indo-pacific King Mackerel ‘‘Scomberomorus 
guttatus’’ in Maduri district, Tamil Nadu, India through 
the investigation of the occurrence of bacteria which is an 
indicator for fish quality. Skin surface of the fish was examined. 
Escherichia coli, Proteus vulgaris, Bacillus subtilis, Klebsiella 
pneumonia, Pseudomonas aeruginosa and Staphylococcus 
aureus were identified by Biochemical tests: Indole, Methyl 
red, Voges-Proskauer, and Citrate tests (IMViC Tests). Among 
the six bacterial species E. coli and K. pneumonia were found 
in all the collected samples whereas other bacterial species 
were not found. Apart from the enteric- organisms, S. aureus 
encountered in this study are known enterotoxin producing 
agent and a microorganism which is poisonous. The result of 
this study revealed that raw fish sold in Madurai fish market 
has high contamination so the presence of the bacterial species 
has strongly suggested the urgent need to improve the quality 
control systems in Madurai fish market. [2]

In Iraq, there were isolating and identifying Vibrios bacteria 
that taken from multi-kinds of fresh and frozen fish from 
different fish markets. Kinds of fish isolated such as Suoboor 
tenualosailisha, silver carp (Hypophthalmichthys molitrix), 
beni (Barbus sharpey) and shanak (Spondyliosoma cantharus). 
About 210 fish were collected from Basrah market (big market 
in Basrah, Al-Ashar, Al- Tanoma and Khmsameel), while 150 
fish were collected from silver carp, beni and shanak from 
Nasiriyah market (big market and Harj market), this collecting 
process of samples taken a period from 2-June to 30- November 
2013. 30 positive samples from Vibrios were identified, such 
as, Vibrio cholera and Vibrio fluvialis. The study confirmed that 
fresh fish including these bacteria more than frozen fish Results. 
[51]

Antwi-Agyei and Maalekuu evaluated the level of microbial 
contamination of meat and fish products that are sold in two 
major markets in the Kumasi metropolis of the Ashanti Region in 
Ghana.  Ten samples of different meat portions and fish samples 
each were selected from the two markets. By using different 
biochemical test, Pathogens like Escherichia coli, Salmonella, 
Staphylococcus aureus, Pseudomonas spp. and Bacillus spp. 
were isolated from both the meat and fish products.  The study 
suggested that most of the meat and fish products that are sold 
are commonly contaminated with pathogenic microorganisms. 
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[34] A study was undertaken to find out the total microbiological 
load and the presence of pathogenic microorganisms on food 
contact surfaces in seafood retail markets in the Sultanate of 
Oman. Microbiological and sanitary conditions on food contact 
surfaces in four retail fish markets were studied. Escherichia coli 
were obtained from samples collected from most food contact 
surfaces. Similarly, significant numbers of pathogenic bacteria 
such as Salmonella sp., Staphylococcus aureus and Clostridium 
perfringens were observed in microbiological samples from all 
fish markets. This study reveals the presence of contaminating 
and pathogenic bacteria in seafood retail outlets and the urgent 
need to improve the hygiene status of retail fish markets in the 
Sultanate of Oman. [52]

A study was conducted to determine the prevalence of Listeria 
spp. in fish obtained from Urmia fish markets, Iran. A number of 
194 fish comprising Oncorhynchus mykiss, Sander lucioperca, 
Cyprinus carpio, Hypophthalmiachthys molitrix, Abramis 
brama, Astacus leptodactylus and Silurus glanis were obtained 
from different fish markets of Urmia from June 2009 to February 
2010. Listeria isolation was performed in two stages including 
enrichment in cold and selective plating. After colony formation, 
to confirming the genus of the Listeria, a fragment of Prs gene 
using Listeria genus specific primers was amplified from isolated 
bacteria using Polymerase Chain Reaction (PCR). Results 
revealed that Listeria was isolated from 24 fish (12.37%). The 
highest prevalence of Listeria was observed in both A. brama 
and A. leptodactylus with 25%, while the lowest prevalence of 
Listeria was seen in S. lucioperca (9.7%). From the total of 24 
Listeria isolates, five isolates (21%) were confirmed to be L. 
monocytogenes; seven isolates were L. ivonoi (29%) while L. 
Seeligeri was not isolated from any examined fish. The study 
showed that L. monocytogenes and other Listeria species are 
common contaminant of fish obtained from Urmia fish markets, 
and this may pose serious public health implications. [53]

A total of 78 raw retail fish samples from 30 freshwater and 
48 marine fish were examined for the presence of Listeria, 
Aeromonas, and Vibrio species in Turkey. The overall incidence 
of Listeria spp. was 30% in freshwater samples and 10.4% 
in marine fish samples. Listeria monocytogenes (44.5%) 
was the most isolated species in freshwater fish, and Listeria 
murrayi (83.5%) was the most isolated species in marine fish 
samples. Motile Aeromonas were more common in marine fish 
samples (93.7%) than in freshwater fish samples (10%). Vibrio 
alginolyticus, Vibrio fluvialis, and Vibrio damsela were isolated 
only in marine fish samples, representing 40.9%, 38.6%, and 
36.3% of Vibrio isolates, respectively. In freshwater and marine 
fish, the highest incidences of Listeria and Aeromonas were 
found in skin samples; the highest incidence of Vibrio in marine 
fish was found in gill samples. The location of Listeria spp. 
and Listeria monocytogenes in a fish was significantly different 
among freshwater fish. A high incidence of these bacterial 
pathogens was found in the brown trout (Salmotrutta) and horse 
mackerel (Trachurus trachurus). Handling of contaminated 
fish, cross-contamination, or eating raw fish might pose a health 
hazard, especially in immunosuppressed individuals, elderly 
people, and children. This study highlights the importance of 
bacterial pathogens in fish intended for human consumption, but 
more study is needed. [54]

The incidence of Listeria spp. in the salt-water edible fishes and 
in the environment of fish markets in Thessaloniki, Northern 
Greece was studied. One hundred and twenty raw/fresh fish 
bought at the fish markets of Thessaloniki (Northern Greece), 
were sampled, and tested for presence of Listeria species using 
a two-step enrichment procedure, followed by plating on two 
selective agars and subsequent biochemical identification of the 
isolates. Five fish samples were positive for Listeria spp. and 
in only one sample Listeria monocytogenes was detected. Also, 
100 samples of knives, hands, boxes etc. were sampled and 18 
samples were positive for Listeria spp. and five for Listeria 
monocytogenes. Listeria innocua was more common being 
detected in four fish samples and 13 environmental samples. 
Listeria seeligeri was detected only in one environmental sample. 
Study findings indicate that only a few fish were contaminated 
with Listeria spp., while the level of contamination of the 
environment of fish markets was higher. [55-58]

Conclusion
A survey of 50 different samples of fresh marine fish in Spain 
(conger, swordfish, sole, grouper and whiting) was conducted 
over a period of 5 months. Trays of fillets and steaks were 
obtained at retail level and tested for foodborne bacterial 
pathogens. Vibrio cholerae and Salmonella were not detected. 
Two samples (4%) yielded Vibrio strains carrying a DNA 
fragment specific for Vibrioparahaemolyticus. Aeromonas were 
found in 31 (62%) samples. All fish portions were positive 
for the Aeromonas hlyA gene and 38 for both aerA and hlyA 
genes, which may contribute to diarrhea-related virulence. 
The incidence of Listeria monocytogenes was 10%. Levels of 
Staphylococcus aureus lower were found in 15 (30%) samples. 
Numbers of presumptive Clostridium perfringens were detected 
in 42 (84%) samples. Edwardsiella tarda was detected in two 
samples of grouper fillets. Displayed portions of raw fish carried 
bacteria that can cause foodborne disease. The risk posed by 
fresh fish when properly cooked is low, but high when destined 
to be consumed raw, undercooked or very lightly processed.

The microbiological quality of six varieties of retail market 
traditionally cured fish in Morogoro, Tanzania was investigated 
over a five month period. The fish were contaminated with fecal 
coliforms, fecal streptococci, Staphylococcus aureus. Of fecal 
coliform, 45% of the isolates were Escherichia coli. About 25% 
of the Staphylococcus aureus isolates were coagulase positive. 
The results of this preliminary study emphasize the importance 
of proper processing and handling of fish in the tropics in order 
to safeguard public health.
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