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ABSTRACT 

 

A cross-sectional study design was conducted to assess the prevalence and 

characterization of Staphylococcus aureus in fresh Indian mackerel fish (IMF) in 

Unguja Island. A total of 400 fish samples of IMF were collected from three landing 

sites Malindi, Mangapwani and Mkokotoni. From each fish two samples were 

collected namely fish skin swab and fish tissue (muscle). The primary culture were 

obtained from Mannitol salt agar, Nutrient and Blood agar followed by Gram 

staining, Catalase, Coagulase (slide and tube) tests. The DNA from the representative 

isolates was extracted using boiling method. DNA fragments were amplified from 

isolated DNA based on 16S rRNA, nuc, mecA, pvl, spa and enterotoxins genes 

depending on specific primers. The PCR products were detected by agarose gel 

electrophoresis. The results indicated that growth of bacteria from fish skin swabs 

were 359 (89.75%) and fish tissue were 102 (25.5%). Based on biochemical tests, 27 

isolates (6.75%) were confirmed to be Staphylococcus bacteria. Of the 27 isolates, 

seven (1.75%) were confirmed S. aureus based on PCR results. All twenty seven 

isolates confirmed to be positive in16S rRNA gene, two isolates demonstrated mecA 

gene and one had enterotoxins SEB and SEC. The SEA, spa and pvl genes were not 

detected. In conclusion, the prevalence of S. aureus was rather low (1.75%), but this 

has an implication in public health to community using IMF. This will lead to 

incidences of food borne diseases caused by S. aureus. Therefore, data presented 

here are useful for risk assessment and management of pathogenic S. aureus in IMF.  
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CHAPTER ONE 

 

1.0    INTRODUCTION 

Fish is a vital source of food for people and contributes about 60% of the world’s 

supply of protein. It is man’s most important source of high quality protein, 

providing approximately 16% of the animal protein consumed by the world’s 

population (FAO, 1997). Sixty percent of developing countries derive 30% of their 

annual protein from fish (Abisoye et al., 2011). In Africa, fish supplies 17% of 

protein and it is one of the cheapest sources of protein (Claucas and Ward, 1996). In 

Tanzania, the per capita fish consumption is 8.0 kilogram and about 30% of animal 

protein consumption is from fish (National Economic Survey, 2009).  

 

The advantage of fish as food is as a result of its easy digestibility and high 

nutritional value. However, fish are susceptible to wide variety of bacterial 

pathogens, most of which are capable of causing disease and are considered to be 

saprophytic in nature (Lipp and Rose, 1997). Unlike other animal products, quality 

of fish is often more difficult to control due to variations of fishes in species, sex, 

age, habitants and action of autolytic as well as hydrolytic enzymes of 

microorganisms on the fish muscles (Venugopal, 2002). 

 

Food safety is a matter of concern in both developed and developing countries.  Poor 

sanitation in developing countries increases susceptibility to food borne diseases. In 

Africa, a number of foods including meat and fish have been reported to have high 

bacteria contamination e.g. Escherichia coli, Staphylococcus aureus (Caroline and 
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Nadine, 2005). Possible sources of bacteria are fish skin, shells, tissues and 

processing equipments used for each operation performed until the final product is 

eaten (Prince Antwi–Agyei and Maalekuu, 2014). Food borne diseases are diseases 

resulting from ingestion of bacteria, toxins and cells produced by microorganisms in 

food (Clarence et al., 2009). Food borne diseases such as diarrhoea, cholera, gastro 

intestinal tract infections and related death cases have been reported worldwide 

(Adak et al., 2005). The symptoms of food borne diseases are vomiting, diarrhea, 

abdominal pain, nausea and usually start within four hours after consumption of 

infected food (FDA, 1998). The intensity of the signs and symptoms vary with the 

rate of contamination of ingested food and susceptibility of the individuals to the 

bacteria and their toxins (Clarence et al., 2009). 

 

Staphylococcus aureus is the leading cause of nosocomial infections as reported by 

National Nosocomial Infections Surveillance System (NNISS, 1999). The bacteria is 

responsible for a wide range of human diseases, including endocarditis, food 

poisoning, toxic shock syndrome, septicemia, skin and soft tissue infections and  

bone infections as well as bovine mastitis (Costa et al., 2013). The incidence of S. 

aureus differs in different fish species (Bujjammna and Padmavathi, 2015). Apart 

from food, these bacteria are ubiquitously found in human body as well as in soil, 

water and air (Alzbeta et al., 2009; Pinchuk et al., 2010). Furthermore, S. aureus 

enters the food chain as a result of poor hygiene conditions during processing and 

storage of food stuff (Diana et al., 2012). The microbial association with fish 

compromises safety and the quality for human consumption, particularly critical 

when the microorganisms are opportunistic and /or pathogenic in nature (Mhango et 
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al., 2010).  The risks of contracting food borne diseases by fish users may be high, 

but also fish industry is one of the most important protein and economic sources for 

the rapid growing coastal population of Tanzania (National Economic Survey, 2009).  

The hygienic situation during fishing, handling, processing and preservation 

techniques is still questionable in Tanzanian fish industry. Due to this problem then 

this study aimed at investigating the fishing chain status and fish products 

contaminated by S. aureus along the coast of Zanzibar. 

 

1.2    Statement of the problem and justification of the study 

1.2.1    Problem statement 

Poor hygienic practices during handling, processing and preservation of seafood are 

very common in developing countries including Tanzania. Consequently, such 

practices pose threats to public health and socio-economic services (Vigano et al., 

2007; Karimuribo  et al., 2015). Fish become contaminated due to its adverse 

environment including sewage, contaminated water, harvesting area as well as from 

contamination by workers, utensils, equipments and unhygienic handling (Haifaa, 

2013). It was observed that in Pemba over 30% of all ready to eat sea foods were 

contaminated with thermo tolerant coliforms of which E. coli was the most dominant 

among bacteria species (Vigano et al., 2007). In the same study it was also observed 

that there were additional 15% of the samples heavily contaminated with Vibrio 

alginolyticus. Lack of basic infrastructures, poor knowledge of adherence to hygiene 

practices have been cited to be the principal courses of outbreaks of food borne 

illnesses including fish in many parts of Africa (Kibret and Abera, 2012). Studies on 

bacterial contamination in various food materials in Tanzania have been concentrated 
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on just measuring extent of bacterial loads without identifying the actual pathogenic 

strains (Harris et al., 2013; Simforiana et al., 2015; Nonga et al., 2015). Such 

shortfall could lead to improper measures of control and may even be a cause for 

bacterial resistance to food treatment methods. The information on bacteria 

pathogens’ contamination status along the fishing chain in Unguja Island is limited. 

There is inadequacy of studies in Unguja Island describing the levels of 

contamination and identifying the bacteria including Staphylococcus strain on fish.  

 

1.2.2    Justification 

This proposed study intended to determine the prevalence and characterization of 

common bacteria afflicting Rastrelliger kanagurta focusing on S. aureus. Studying 

S. aureus is important due to its occurrence in sea foods and meat products. In 

addition, most studies reporting on Staphylococcus did not give the actual strains 

observed thereby giving both producer and consumers wrong messages. 

Furthermore, this study used R. kanagurta which is a leading fish species in terms of 

consumption and catch in Unguja Island. Other fish species are anchovies, sardines 

and emperors (Sheikh and Nassir, 2013). Therefore, this study will be used to set 

guidelines on appropriate measures for handling the R. kanagurta that will minimize 

the load of pathogenic S. aureus in sea food and reduce public health problems to 

consumers. 
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1.3    Objectives 

1.3.1   Overall objective 

To estimate the prevalence and characterize S. aureus obtained from fresh Indian 

mackerel fish (R. kanagurta) from fish landing sites in Unguja Island.   

 

1.3.2    Specific objectives 

i. To determine the prevalence of S. aureus contamination in fresh landed R.  

kanagurta in Unguja Island. 

ii. To identify virulent strain of S. aureus from fresh landed R. kanagurta in 

Unguja Island. 

 

1.3.3    Hypothesis  

Ho: Fish (Rastrelliger kanagurta) from fish landing sites in Unguja Island are 

contaminated by pathogenic virulent Staphylococcus aureus. 
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CHAPTER TWO 

 

2.0    LITERATURE REVIEW 

2.1    Background Information/Introduction 

2.1.1    Staphylococcus aureus 

This is a Gram-positive coccal bacterium belonging to member of the Firmicutes 

bacteria. It is non-spore forming spherical bacterium that belongs to the genus 

Staphylococcus. The genus comprises more than 40 species that differ in their 

potential to endanger human and animal health, ranging from non-pathogenic food 

grade members to dangerous pathogens causing severe infections and being resistant 

to the treatment by most of commonly applied antibiotics (Gotz et al., 2006). Many 

staphylococci are found on humans, mammals, or birds where they are located on the 

skin, skin glands, or mucous membranes. They are either found to coexist 

indigenously as commensals or to be transiently present as colonizers of their hosts. 

The transitory presence of some staphylococcal cohabitants often hampers the 

identification of their natural host range (Gotz et al., 2006). A part from being a 

normal flora to human being and some animals, they also play major role on health 

importance by causing varieties of clinical infectious diseases from minor skin 

disease such as pimples, impetigo, boils, cellulitis, folliculitis, carbuncles, scalded 

skin syndrome, abscesses to life threaten diseases such as pneumonia, meningitis, 

osteomyelitis, endocarditis and toxic shock syndrome (Julianna and Mariusz, 2012).  

The highly pathogenic Staphycoccus aureus strains developed an immune variety of 

mechanisms that enable them to specifically interact with host factors and escape the 

hosts defense mechanisms, to enhance their fitness in the competition for rare 
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substrates, to detach nutrition’s by disintegration of host tissue and to cope with 

antibacterial compounds like antibiotics (Guinane et al., 2010). 

 

2.1.2    Growth and survival characteristics of S. aureus. 

The bacteria can grow in substrates with a low water activity of 0.86 over a wide 

temperature range of 7 to 48
o
C and at pH values ranging from 4.2 to 9.3 (Norman et 

al., 2005). It is a thermo tolerant bacterium that survives at a temperature as high as 

50
o
C, high salt concentration in marine environments as well as in dry environments. 

Although it is poor competitor, but has an ability to grow under osmotic and pH 

stress and thus can lead to thrive in a wide variety of foods (Stewart, 2003). It was 

also observed to survive in vacuum that stored in room temperature up to 21
o
C on 

packaged ready to eat food (Ingham et al., 2007). 

 

2.1.3    Pathogenicity of S. aureus 

The S.aureus repertoire of surface protein allows interactions with virtually every 

structural component of the host’s extracellular matrix and with many plasma 

proteins. Correspondingly, S. aureus cells are able to adhere to fibril forming 

collagens of types I, II and III, laminun, elastin, fibronectin, vitronectin, fibrinogen, 

von wile brand factor and thrombospondin (Foster and Hook, 1998). 

 

2.1.4    Staphylococcus aureus and food poisoning 

The food poisoning as a result of staphylococcal intoxication is due to ingestion of 

food containing pre-formed enterotoxin of S. aureus (Argudin et al., 2010). 

Consumption of this staphylococcus enterotoxin may cause disease in human. 
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Staphylococcus enterotoxins are classified into several categories including 

enterotoxin A, D, E. H. B. G. that have also been associated with staphylococcal 

food poisoning (Pinchuk et al., 2010).  Food can be contaminated through different 

ways but the most common known is through contact with food workers carried 

bacteria.  Several studies have investigated the potential paths of transmission of this 

dangerous strain by human carriers or environment, such as transport and packaging, 

contaminated hands and contact with infected respiratory secretions from workers 

with seas food products (Atyah et al., 2010).  In some parts of the world, more than 

50% of food poisoning is caused by Staphylococcus Enterotoxin A (SEA).  In Great 

Britain and America, Staphylococcus Enterotoxin A (SEA) and Staphylococcus 

Enterotoxin B (SEB) are the cause of more than 69% of all food poisonings (Adams 

and Moss, 2002). In Japan, main causes of staphylococcal food poisoning are 

processed foods composed mainly of rice, such as rice balls which are made by 

hands (Oda, 1998).  Actually, several cases of staphylococcal food poisoning due to 

consumption of fish were reported between 2002 and 2008, including two cases 

caused by consumption of cooked eel, two cases caused by consumption sashimi and 

three cases caused by consumption of flaked fish as reported by Japanese Ministry of 

Health, Labor and Welfare (JMHLW, 2008). In Zimbabwe, human infections caused 

by S. aureus transmitted from fish are quite common and depend on the season, 

patients contact with fish and related environment, dietary habits and the immune 

system status of individual (Novotny et al., 2009). In Iran, food poisoning outbreaks 

by S. aureus have increased during recent years. This might be due to changes in the 

environment, the development of the food service industry and communal feeding 

(Arfatahery et al., 2015). 
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It has been revealed that for S. aureus to produce a certain detectible amount of 

entero-toxins it needs the cellular population of 5-6 long CFU/g, either during 

stationary stage of its growth or at the end of the exponential phase (Castillejo–

Rodriguez et al., 2002; Fujikawa and Morozumi, 2006).  Staphylococcal food 

poisoning is usually self- limiting and resolves within 24 to 48 hours after onset 

(Lawrynowicz–Paciorek et al., 2007).  

 

2.1.5    Virulence and virulence factors of S. aureus 

Staphylococcus aureus represents by far the most versatile species of the genus. It is 

reported to have different virulence factors and additional supportive gene products 

that increase the capability to survive within the living host. This make the S. aureus 

the leading pathogen which is the most threatening microorganisms regarding 

hospitality and community acquired infections (Rosenstein and Gotz, 2013).  As a 

widespread colonizer of human skin and mucous membranes (Lowy, 1998), S. 

aureus exhibits two life styles, as a tolerated commensal on one hand and as a 

dangerous pathogen on the other hand. Its abilities as human pathogen are based on a 

comprehensive collection of various virulence factors and supportive fitness factors 

that play roles during the various steps of the infection process. These include 

adhesion to host tissue, forming multilayered and encapsulated biofilms, evasion of 

the hosts immune system, and coping with limited supply of nutrients like iron 

compounds (Guggenberger et al., 2012). Correspondingly, the staphylococcal 

virulence factors may be sub divided into adhesions or soluble factors that mediate 

the attachment host cells or extracellular matrix proteins, Exo-enzymes   that are 

involved in the destruction of host tissues. Toxins that directly exert detrimental 
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effects to the host and a heterogeneous group comprising iron uptake systems, 

immune system evasion mechanisms and other factors that enhance the fitness to 

survive in the host (Roche et al., 2003).  The staphylococcal pathogenic potential is 

completed by a variety of genes that are mediating resistance to antibiotics and other 

antibacterial agents.  Its opulent arsenal of factors involved in the course of infection 

makes  S. aureus the outstanding, pathogen within the genus and thus represents the 

benchmark to which the other pathogenic species have to be compared (Heilbronner 

et al., 2011; Tse et al.,  2010). 

 

The ability of S. aureus to cause various infections and intoxication, results from the 

production of different extracellular and surface virulence factors with adhesive 

properties to a range of molecules (Costa et al., 2013). The extracellular products 

include especially toxins with super antigenic properties, namely enterotoxins A –E, 

G –K, M –O and Q (SEA –SEQ genes), exfoliate toxins A and B (eta, etb), toxic 

shock syndrome toxin (TSST –1) as well as for example, Panton valentine 

Leukocidin (PVL) (Bohach et al., 1990). The cytotoxin that causes leukocyte 

destruction and tissue necrosis, its presence is associated with the increased virulence 

of certain strains of S. aureus where the latter is a virulence gene which is covalently 

anchored to the peptidoglycan of S. aureus. 

 

2.1.6    Enzymes produced by S. aureus 

Staphylococcus aureus produces various enzymes such as coagulase which clots 

plasma and coats the bacterial cell, probably to prevent phagocytosis, Hyaluronidase 

(also known as spreading factor) and breaks down hyaluronic acid and helps in 

spreading it (Ben Zakour et al., 2011).  S. aureus  also produces deoxyribonuclease, 
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which breaks down the DNA, lipase to digest lipids, staphylokinase to dissolve fibrin 

and aid in spread, and beta –lactamase for drug resistance (Cenci –Goga et al.,  

2003). Depending on the strain, S. aureus is capable of secreting several exotoxins, 

which can be categorized into two groups that include staphylococcal enterotoxins 

(SE) and toxic shock syndrome toxin (TSST).  Many of these toxins are associated 

with specific diseases (Dinges, 2000). Their toxins are dangerous in terms of food 

safety where by their biological activity remains unchanged even after thermal 

processing of food. 

 

2.1.7    Diagnosis of S. aureus 

Staphylococcus aureus can be diagnosed using macro-morphology whereby colony 

characteristic are observed and the media used is selective containing 0.1% 

potassium tellurite then incubated at 37
o
C for 24 –48 hours (Arfatahery et al., 2015).  

Micro-morphologically, S. aureus presents as gram positive cocci where samples are 

swabbed onto microscopic glass slide.  This is then stained with Gram stain or dyes 

like Crystal violet and basic fuchsine space and viewed under the microscope. S. 

aureus is gram positive and stains blue or purple and appears as small round cocci or 

short chains and most commonly as grape –like clusters (Arfatahery et al., 2015). 

Based on biochemical test identification, sample placed onto a culture media, that 

provides sources of nutrition, carbon, energy and nitrogen for the bacteria to grow 

and commonly used is Mannitol salt agar (Smeltzer et al., 2009).  It is a selective 

medium with 7-9% salt or sodium chloride that allows S. aureus to grow selectively 

(Tenover et al., 1994). Other various tests can be used to identify S. aureus, 

including production of protein A cell –bound clumping factor, extracellular 

coagulase and heat - stable nuclease and catalase test (Marti et al., 2010). 
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Free (extracellular) coagulase clots plasma in the absence of calcium. Slide 

agglutination test involves clumping factor (bound coagulase) in that it is cell –bound 

and requires only fibrinogen. Commercial latex agglutination tests for S. aureus 

detected protein A and/ or clumping factor which detect various surface antigens 

(Sloot et al., 1992). Deoxyribonuclease (DNase) plates can be used to screen isolates 

but as various amounts of DNase are produced by CoNs, positives should be 

confirmed with an additional test. Heat – stable nuclease tests can be used to identify 

S. aureus, although some rare coagulase – negative species can be positive and S. 

aureus is catalase positive (Derek  et al., 2005). 

 

2.1.8    Control of S. aureus 

Staphylococcus aureus is a much feared nosocomial pathogen. For infection caused 

by this species, the drugs of choice are beta – lactam antibiotics (in particular 

methilicilin and oxacillin). However, increasing resistance to these drugs 

(Katakweba et al., 2012) has recently raised the concerns of both microbiologists and 

clinicians, especially in the case of methicillin – resistance strains (MRSA).  

Methicillin resistance is characterized by the presence of the mecA gene coding for 

modified transpeptidases (Penicillin – binding proteins 2a) with very low affinity to 

beta-lactam antibiotics (Chambers, 1997). 

 

Proper hand washing and disinfection has been recognized as one of the most 

effective measure to control the spread of pathogens, especially when considering 

employed workers (Montville et al., 2001). A part from personal hygiene of workers, 

unclean, insufficiently or in adequately cleaned processing equipments have been 

identified as a source of bacterial contamination in processed fish (Reij et al., 2003). 
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In order to avoid microbial contaminations, the whole process should be under 

hygienic control. 
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CHAPTER THREE 

 

3.0    MATERIALS AND METHODS 

3.1    Study Area 

The study was conducted in Unguja Island –Zanzibar, Tanzania. Unguja Island is 

located between latitudes 5°40' and 6°30' South and longitude 39° East. Samples 

were collected at Malindi, Mkokotoni and Mangapwani landing sites. These are very 

famous landing sites in Unguja for collecting fish species that is why they were used 

in this study (Figure 1). 

  

 
Figure 1: Map of Unguja Island indicating landing sites used in the study 
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3.2    Study Design and Sample Collection 

A cross-sectional study design was used in which a total of 400 fresh fish (Indian 

Mackerel) were collected from three fish landing sites within Unguja Island (ranging 

fish size was 13cm to 25cm). From each fish, one fish skin and fish tissue (muscles) 

was collected making a total of 800 samples. The sample size was determined by 

Simple Random Sampling formula by Thrusfield (2005) as follows. 

 

N= Z
2
 P (1-P) /Σ

2
.  

N is sample size, Z is constant (1.96), P is prevalence and Σ is error margin (0.05). 

Due to the absence of prevalence study on S. aureus on sea food in Zanzibar, an 

assumed prevalence of 50 percent was used in the calculation, which gave us a 

sample size, N=384, however, total number of samples collected from all three 

landing sites were 400 samples. 

 

In Malindi landing site one hundred (100) fish samples were collected from 

randomly selected twenty five (25) boats among eighty seven (87) boats that are used 

in fishing. In Mkokotoni landing site two separate days were spent for collecting 150 

fish samples. In the first day, 100 fish samples were collected from eleven boats 

among twenty nine boats and in day two 50 fish samples were collected from eleven 

among twenty three boats. The boats used to collect samples for the second day were 

different from those used in the first day.  In Mangapwani landing site also two 

separate days were spent for collecting 150 fish samples. In the first day 100 fish 

samples were collected from sixteen boats among fifty one boats and day two 50 fish 

samples were collected from twelve among fifty six boats.  Each fish sample was 
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placed in sterilized plastic zip bag then were kept in cool box with ice pack and 

transferred to the analytical laboratory, Zanzibar. In the laboratory, swabs from fish 

skin were collected then kept in tubes containing Stuart transport media and stored in 

a fridge around 4
o
C while fish samples were stored in a freezer around -5

o
C to 

minimize change in quality and control growth of microorganism until used and the 

tissue (muscles) were collected by cutting one gram of fish muscles using sterilized 

scalpel blade (Arfatahery et al., 2015). 

 

3.3    Microbiological Analysis 

3.3.1    Media preparation 

3.3.1.1    Stuart transport media  

The Stuart Transport Medium (HIMEDIA
®
, HiMedia Laboratories Pvt. Ltd India 

Batch number M306-500G) was prepared according to manufacturer instructions 

where 14.1g was suspended on 1000mls of distilled water and heated to boil to 

dissolve the medium completely then sterilized by autoclaving at 15lbs 

pressure121
o
C for 15 minutes. The medium then was cooled to about 20

o
C before 

use. Two milliliters of medium were poured in each tube under laminar flow. 

 

3.3.1.2    Peptone water 

The peptone water (HIMEDIA
®

, HiMedia Laboratories Pvt, Ltd, INDIA Batch 

number M028-500G) was prepared according to manufacturer instructions where 

15.0 grams were suspend in 1000 mls of distilled water and mixed well then 

sterilized by autoclaving at 121
o
C for 15 minutes. The peptone water then was 

cooled to about 20
o
C before use. 
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3.3.1.3    Mannitol salt agar 

Mannitol Salt Agar (OXOIDHAMPSHIRE, ENGLAND Batch number CM0085) 

was prepared according to manufacturer instructions by suspending 111g in 1000 

mls of distilled water and boil to dissolve completely and was sterilized by 

autoclaving at 121
o
C for 15 minutes then cooled to about 20

o
C prior to pouring in 

sterile Petri-dishes. 

 

3.3.1.4    Nutrient agar 

The Nutrient Agar (TECHNO PHARMCHEM, BAHADURGARH, HARYANA 

INDIA CM0148) was prepared according to manufacturer instructions by adding 28g 

of the powdered medium into 1000 mls of distilled water. It was then mixed well and 

heated to boiling to dissolve the medium completely. It was sterilized by autoclaving 

at 15 lbs pressure for 15 minutes at 121
o
C then poured in petri-dishes at 50

o
C. 

 

3.3.1.5    Blood agar 

The blood agar (HIMEDIA
®
, HiMedia Laboratories Pvt, Ltd, INDIA Batch number 

M834-500G) of 40.0 grams were suspend in 1000 mls of distilled water and mixed 

well then sterilized by autoclaving at 121
o
C for 15 minutes. The blood agar then it 

was allowed to cool but not to solidify up to 45 °C, then 5% (vol) sterile blood was 

added and mixed gently before being poured into sterile petri-dishes. 

 

3.3.1.6    Rabbit plasma preparation 

The blood from rabbit was placed in vacutainer tube containing heparine 

anticoagulant and centrifuged to get plasma. The normal saline of 5 mls was added in 

1 ml of rabbit plasma to make a solution of 6 mls. Two mls were used in coagulase 
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tube test while 1 to 2 drops used in coagulase slide test. The remaining rabbit plasma 

was stored in fridge around 4
o
C for future use.  

 

3.4    Isolation and Identification of S. aureus 

3.4.1    Isolation of S. aureus 

The collected samples were grown in Manitol salt agar and Nutrient agar for primary 

isolation of bacteria. The blood agar was also used for identification of bacterial 

morphology. A loop of each swab sample of skin from transport media was put on 

media plate and was streaked properly with a sterile inoculating wire loop. In the 

case of fish tissue (muscle), one gram of each fish sample were cut using sterile 

scalpel blade then ground and homogenized into peptone water before inoculated 

into Mannitol salt agar and incubated at 37
o
C for 24hrs. Then, all plates that had 

suspected positive isolates like morphological appearance, medium size and yellow 

in color colony, were collected and further sub cultured on nutrient agar. The blood 

agar was then used for identification of suspected bacteria isolates basing on 

morphology, those appeared medium colony, yellowish and haemolytic were 

suspected as S. aureus.  The colonies were selected and stored in nutrient agar and 

refrigerated at 4ºC awaiting further analysis. 

 

3.4.2    Identification of S. aureus by Gram stain 

Isolates of suspected S. aureus cultured in Mannitol salt agar which is selective 

media for Staphylococcus species and then sub-cultured in Nutrient Agar plate.  The 

colonies appeared yellowish in color and had medium size.  

 

Gram staining method was used for further identification based on cellular 

morphology and staining effect. One drop of normal saline was emulsified with 
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colony organism in microscopic slide and thereafter dried and fixed by heat. Crystal 

violet was poured on sample slide for one minute then Lugos iodine poured and left 

for about a minute. After washing by running water, sample slide were decolorized 

by acetone. After wash in neutral red was poured and left for about three minutes. 

After washing, slides were dried, smeared with oil immersion and finally examined 

under a light microscope at 100x magnification for the morphology and if were gram 

positive or negative.  

 

3.5    Biochemical Tests 

Different biochemical tests were performed to confirm the suspected isolates. These 

included slide and tube coagulase test, as well as catalase test (Shakeri et al., 2010). 

 

3.5.1    Coagulase slide test 

The organisms were grown on nutrient agar and cultured overnight to obtain pure 

isolates. One drop of rabbit plasma was spread onto the slide labeled with sample 

number. The one drop of rabbit plasma was emulsified with the colony (test 

organisms) using a wire loop then the slide was rocked gently for about ten minutes. 

Macroscopic clumping was observed in positive suspects while for negatives there 

were no clumping observed. The positive colony was further tested with coagulase 

tube for more confirmation. 

 

3.5.2    Coagulase tube test  

Rabbit plasma was also used in coagulase tube test. The dilution of one rabbit plasma 

in five milliliters of saline (1:5) was used in coagulase tube test. One ml of rabbit 

plasma was placed in small tubes, and several isolate colonies of organisms were 
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emulsified in sterile conditions, then the tube was shaken and incubated in 37
o
C for 

four hours (4 hrs). Examination was done in 1, 2, 3 and 4 hrs for clot formation. The 

formation of clots under the tubes indicated a positive result while where plasma 

remained wholly liquid indicated negative results. Negative tubes were left in 

incubator for overnight and re-examined. 

 

3.5.3    Catalase test 

One drop of hydrogen peroxide 3% was used in catalase test. The drop was placed on 

microscopic slide and the bacteria colony from nutrient agar plate was added. The 

formation of foam (bubbles) indicated positive results. 

 

3.6    Molecular Analysis 

Conventional Polymerase Chain Reaction (PCR) was used to identify Pathogenic S. 

aureus and their enterotoxins from bacteria isolate using specific primers. This was 

done to those coagulase positive isolates, catalase positive isolates, catalase positive 

isolates and coccus with grape like appearance in Gram Stain isolates.   

 

3.6.1    DNA extraction 

The DNA extraction was by boiling (Sila et al., 2009) where S. aureus bacteria 

colony was placed in Eppendorf tube containing 200µl of distilled water. The 

Eppendorf tube containing samples then placed in water bath at 100
o
C for 15 

minutes. The tubes were then centrifuged for maximum speed of 1500 rpm for 

5minutes. The DNA was then extracted from the supernatant using micropipette. 
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3.6.2    Preparation of Agarose gel 

Agarose gel was prepared by mixing 1.5g of agarose powder in 100 mls of 1X (Tris-

Boric-EDTA buffer to obtain a 1.5% concentration of gel. The mixture was 

completely dissolved by boiling on a hot plate, 3µl of GelRed (Biotium Products-

USA) was added into the 100 mls of the molten agarose and mixed gently. The 

agarose was poured in the horizontal electrophoresis casting equipment/tray in the 

presence of a comb and left to solidify. 

 

3.6.3    Loading of PCR products in agarose gel and electrophoresis 

A volume of 8µl of the PCR products was mixed thoroughly with 2µl of blue 6X 

loading dye (Thermo Fisher Scientific) on a laboratory paraphilm. The PCR products 

were loaded in the wells of the agarose gel. The gel electrophoresis was carried out at 

a constant voltage of 110 V for 60 minutes and examined under ulta-violet light.  

 

3.6.4    Molecular identification of S. aureus 

The molecular identification of S. aureus was performed by PCR using primer sets  

(Table 1) that amplified 16S rRNAfor Staphylococcus genus, nuc to confirm S. 

aureus bacteria, mecA genes, PVL genes and Protein A (spa) gene for pathogenic 

genes and Staphylococcus enterotoxins using specific primes SEA, SEB and SEC. 
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Table 1: Primer sequences used for Staphylococcus aureus 

Target gene Primer sequence (5'-3') Bp Reference 

SEA (GSEAR-1) 

         (GSEAR-2) 

 

SEB (GSEBR-1) 

         (GSEBR-2) 

 

SEC (GSECR-1) 

         (GSECR-2) 

GGTTATCAATGTGCGGGTGG 

CGGCACTTTTTTCTCTTCGG 

 

GTATGGTGGTGTAACTGAGC 

CCAAATAGTGACGAGTTAGG 

 

AGATGAAGTAGTTGATGTGTATGG 

CACACTTTTAGAATCAACCG 

102 

 

 

164 

 

 

451 

Mehrotra et 

al., 2000 

PVL-1 

PVL-2 

16S rRNA-1 

16S rRNA-2 

 

GTAGAAATGACTGAACGTCCGATAA 

CCAATTCCACATTGTTTCGGTCTA 

GTACCAGCAGCCGCGGTAA 

AGACCCGGGAACGTATTCAC 

 

443 

 

 

886 

Sila et al., 

2009 

 

 

Chikkala et 

al., 2012 

16S rRNA-1 

16S rRNA-2 

mecA-1 

 

mecA-2 

GTACCAGCAGCCGCGGTAA 

AGACCCGGGAACGTATTCAC 

ATCATTAGGTAAAATGTCTGGACATGATCCA 

GCATCAAGTGTATTGGATAGCAAAAGC 

886 

 

293 

Chikkala et 

al., 2012 

spa typing-1 

spa typing-1 

ATGTGGTGGCGTAACACCTG 

CGCTGCACCTAACGCTAATG 

1150-

1500 

Shakeri et al., 

2010 

nuc-1 

nuc-2 

GCGATTGATGGTGATACGGTT 

AGCCAAGCCTTGACGAACTAAAGC 

270 Chikkala et 

al., 2012 

 

 

3.6.5    PCR amplification 

The first targeted gene was 16S ribosomal RNA gene that has been used for 

detection, identification and taxonomic classification of bacteria. Every bacterial 16S 

rRNA consists of approximately 1500 nucleotides and includes several highly 

conserved regions.  The second is the nucgene that considered as a baseline and 

golden standard of identification of S. aureus genes. Another targeted gene is 

Mecithillin-resistance Strains (MRSA) mecA, which is a gene that produces a 

‘penicillin Binding Protein 2a’ (PBP2a) a modified transpeptidase which lower 



23 

affinity to penicillin. The pvl gene (Panton-Valentine leukocidin) and the spa gene 

(Staphylococcal protein A) were also targeted in this study. Ninety percent (90%) of 

protein A is found in cell wall and remaining is free in the cytoplasm of bacteria. The 

last targeted gene in this study was Staphylococcal enterotoxins (SEA, SEB and 

SEC) which belong to a group of pyrogenic and exotoxins sharing common 

phylogenic relationships, structure, function and sequence homology.  

 

3.6.5.1    16S rRNA gene and PVL gene 

Staphylococcus aureus 16S rRNA and pathogenic genes PVL gene were assessed as 

described by Sila et al. (2009). PCR was modified in 16S rRNA gene by using PVL 

gene condition. The PCR was performed in total volume of  25µl containing 2 X 

ready mix PCR of 12.5µl, PCR primer for forward and reverse 1µl for each, 6.5µl of 

RNase free water and 4µof DNA template. The DNA Thermocycler was 

programmed for initial denaturation at 94
o
C for 5 min, 40 cycles for amplification, 

denaturation at 94
o
C for 10 sec, annealing at 56

o
C for 20 sec and extension at 72

o
C 

for 40 sec and final extension was performed at 72
o
C for 5 min. After DNA 

amplification, PCR products were analysed using 1.5% agarose gel at 110 voltages 

and visualized under ultra violet rays. 

 

3.6.5.2    nuc genes 

The S. aureus nuc genes were determined as described by Chikkala et al. (2012). The 

PCR was performed in total volume of 25µl containing 2X ready mix PCR of 12.5µl, 

PCR primer for forward and reverse 1µl for each, 6.5µl of RNase free water 4µof 

DNA template. The DNA Thermocycler was programmed for initial denaturation at 

94
o
C for 5 min, 30 cycles for amplification, denaturation at 94

o
C for 30sec, 
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annealing at 45
o
C for 1min, and extension at 72

o
C for 45sec and final extension was 

performed at 72
o
C for 10 min. After DNA amplification, PCR products were 

analysed using 1.5% agarose gel at 110 voltages and visualized under ultra-violent 

trans-illuminator 

 

3.6.5.3    Enterotoxins 

The S. aureus enterotoxins genes of SEA, SEB and SEC were tested as described by 

Mehrotra et al. (2000). The PCR was performed in total volume of  25µl containing 

2 X ready mix PCR of 12.5µl, PCR primer for forward and reverse 1µl for each, 

6.5µl of RNase free water, 1µl of each primer and 4µof DNA template. The DNA 

Thermocycler was programmed for initial denaturation at 94
o
C for 4 min, 35 cycles 

for amplification, denaturation at 94
o
C for 2min, annealing at 57

o
C for 2min, and 

extension at 72
o
C for 1min and final extension was performed at 72

o
C for 7 min. 

After DNA amplification, PCR products were analysed using 1.5% agarose gel at 

110 voltages visualized under ultra violet rays. 

 

3.6.5.4    spa gene 

Staphylococcus aureus spa gene was carried out as described by Shakeri et al. 

(2010). The PCR was performed in total volume of  25µl containing 2 X ready mix 

PCR of 12.5µl, PCR primer for forward and reverse 1µl for each, 6.5µl of RNase 

free water and 4µof DNA template. The DNA Thermocycler was programmed for 

initial denaturation at 94
o
C for 4 min, 35 cycles for amplification, denaturation at 

94
o
C for 1min, annealing at 56

o
C for 1min, and extension at 72

o
C for 3min and final 

extension was performed at 72
o
C for 5 min. After DNA amplification, PCR products 

were analysed using 1.5% agarose gel at 110 voltages and visualized under ultra 

violet rays. 
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3.6.5.5    16S rRNA gene and mecA gene 

The S. aureus 16S rRNA and pathogenic genes of mecA were amplified as described 

by Chikkala et al. (2012). The PCR was performed in total volume of  25µl 

containing 2 X ready mix PCR of 12.5µl, PCR primer for forward and reverse 1µl 

for each, 6.5µl of RNase free water, 1µl of each primer and 4µof DNA template. The 

DNA Thermocycler (Gradient PCR.TAKARA, Japan) was programmed for initial 

denaturation at 94
o
C for 5 min, 40 cycles for amplification, denaturation at 94

o
C for 

30s, annealing at 55
o
C for 40s, and extension at 72

o
C for 50s and final extension was 

performed at 72
o
C for 10 min. After DNA amplification, PCR products were 

analyzed using 1.5% agarose gel at 110 voltages and visualized under ultra violet 

trans-illuminator. 

 

3.7    Data Analysis  

In this study, all data were dichotomous, were entered in Microsoft Excel sheet and 

analyzed by using SAS (2009) Software basing on growth frequency. The 95% was 

taken as a significance level of the results. The Chi-square(x
2
) and Probability tests 

were applied to test the association and difference between isolates from different 

sites. 
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CHAPTER FOUR 

 

4.0    RESULTS 

4.1    Isolation  

4.1.1    Bacterial contamination on fish samples 

In Mkokotoni landing site out of 150 fish swab samples 132 (88%) had growth of  

bacteria, in Malindi, out of 100 fish swab samples, 80 (80%) had  growth while in 

Mangapwani out of 150 swab samples 147 (98%) bacteria growth making a  total of 

359 (89.75%) of fish swab samples with bacteria growth (Table 2). Out of all 

samples with growth of bacteria only 27samples were confirmed to be 

Staphylococcus species. For the fish tissue (muscle) samples, 30 (20%) grow 

bacteria, from 150 samples collected at Mkokotoni landing site.  In Malindi only 18 

(18%) bacteria growth out of 100 samples and in Mangapwani were 54 (36%) from 

150 samples.  All three sites had a total of 102 (25.5%) samples that had growth of 

bacteria (Table 3). The S. aureus was not detected in all fish tissue samples after 

carrying morphological and biochemical tests.  

 
Table 2: Bacterial growth from fish skin (swabs) samples (N=400) 
Landing site Samples 

collected (N) 

Bacteria 

growth (n) 

% growth 

(n/N×100) 

χ
2
 P>r 

Mkokotoni 150 132 88.00   

Malindi 100 80 80.00 21.9308 <.0001 

Mangapwani 150 147 98.00   

Chi Square and P-value in which P-value shows that there is significance difference between three 

different landing sites and bacteria growth  
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Table 3: Bacterial growth from fish tissue (muscles) samples (N=400) 
Landing site Samples 

collected (N) 

Bacteria 

growth (n) 

% growth 

(n/N×100) 

χ
2
 P>r 

Mkokotoni 150 30 20.00   

Malindi 100 18 18.00 14.0545 0.0009 

Mangapwani 150 54 36.00   

Chi Square and P-value in which P-value shows that there is significance difference between three 

different landing sites bacteria bacteria growth   

 

4.1.2    Morphological appearance of bacterial colony  

Isolates of suspected S. aureus were cultured in Blood agar that was used to see the 

colony morphology in which its colony was surrounded by zones of clear beta 

hemolysis.  

 

A total of 27 samples (6.75%) were found to be the typical Staphylococcal colonies. 

After staining the samples with Gram stain, the isolates appeared purple in color 

indicating gram positive cocci with grape like shape (Fig. 2). 

 

 
Figure 2: Gram positive coccus isolated from the samples 
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4.3    Biochemical Tests 

4.3.1    Coagulase slide and tube test 

All tested isolates (27) confirmed to be positive S. aureus in coagulase slide and tube 

test. 

 

 
Figure 3: From left coagulase slide (A) test and coagulase tube (B) test and 

arrows were used to show the positive area on the slide and positive 

tube 

 

4.3.2    Catalase Test 

The suspected positive Staphylococcus isolates (27) were all confirmed to be 

Catalase positive in Catalase test (Fig. 4).  

 

B 
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Figure 4: Microscopic slide show the positive Catalase test of bacteria isolate 

 

4.4    Molecular Analysis of Suspected Staphylococcus aureus 

Conventional Polymerase Chain Reaction (PCR) was used to identify pathogenic S. 

aureus. Confirmation of S. aureus on targeted genes for 16S rRNA was carried out. 

Out of 27 samples that were positive Staphylococcus species in Gram stain, catalase 

and coagulase tests, only 7 samples were confirmed by PCR to be S. aureus. Other 

tests included mecA, PVL, nuc, spa gene and Enterotoxins (SEA, SEB and SEC).  

 

4.4.1    Monoplex  PCR for nuc gene 

All seven suspected S. aureus samples were positive to the nuc gene. The gene was 

detected between 200bp and 300bp at 270bp (Fig. 5). All positive samples were 

obtained from Mkokotoni (MK) land site. 
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Figure 5: nuc gene detected in the suspected S. aureus positive samples. MK are 

samples tested from Mkokotoni, -VE Co represents negative control 

while +VE Co is for positive control 

 

From the molecular analysis results seven out of 400 skin swab samples were 

confirmed to be S. aureus by showing a band for 16S rRNA and nuc genes. This 

makes prevalence of 1.75% (95% CI: 0.0007 –0.036).  

 

4.4.2    Multiplex PCR for mecA gene 

All 7 samples were run for mecA gene. Out of seven samples two samples (MK 40 

and MK 54) had mecA genes. Both positive control and 16S had the same bands 

(double) as those of two positive samples (Fig 6). The amplification of mecA was 

detected at 280bp. 
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Figure 6: Samples MK 40 and MK 54 is having mecA bands. MK are samples 

tested from Mkokotoni, -VE Co represents negative control while 

+VE is for positive control of mecA and 16S is for positive control of 

16S rRNA gene 

Out of seven confirmed S. aureus isolates, two had pathogenic mecA gene.  

 

4.4.3    Enterotoxins (SEA, SEB and SEC) 

Multiplex PCR was conducted to all seven S. aureus isolates. Three enterotoxins 

genes namely SEA 102bp, SEB 164bp and SEC 451bp were tested from the samples. 

To note only sample MK 39 was positive and amplified two bands of enterotoxin B 

and C (SEB and SEC) (Fig. 7). 
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Figure 7:  Sample MK 39 showing enterotoxin bands. MKs’ are samples tested 

from Mkokotoni and -VE Co represents negative control  

One S. aureus isolate has enterotoxins, hence posing a threat to public health. 

 

4.4.4    PCR for detecting spa and PVL gene 

Detection of S. aureus by using Monoplex  PCR for spa  gene to confirm S. aureus 

pathogenic gene at 1150-1500 bp using primer pairs targeting spa-1 and spa-2. There 

was no any positive isolates with amplicons in spa gene. On the other hand PVL was 

also tested in all 7 samples and all samples were negative. 
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CHAPTER FIVE 

 

5.0    DISCUSSION 

Various factors pose risks to sea food safety and they range from contamination 

within the environment where it is caught up to the point of consumption 

(Mohammed et al., 2003; Rhee and Woo, 2010). According to Ng et al., 2000, 

potentially pathogenic bacteria present in foods can reach high numbers without 

necessary producing noticeable alterations in features, odor or taste. Among 

contaminated sea food is Indian mackerel fish (IMF) R. kanagurta which was used in 

this study. Findings from the primary culture demonstrated a high growth of bacteria 

in R. kanagurta in all three studied landing sites namely Mangapwani 147 (98%), 

Mkokotoni 132 (88%) and Malindi 80 (80%). The Gram stain, Catalase and 

biochemical tests revealed that 27 isolates confirmed to be Staphylococcus bacteria. 

After PCR tests to the isolates, only 7 (1.75%) samples were confirmed to be S. 

aureus. Although in formula used to estimate the sample size the prevalence was 

estimated at 50% but the actual percentage was 1.75%. 

 

Despite of very high contamination with other bacteria in this study, S. aureus were 

very low compared with other studies, that had prevalence from 17% - 61.67% in 

India and Japan (Shimizu et al., 2000; Simon and Sanjeev, 2007; Rhee and Woo, 

2010). Low contamination of Indian mackerel fish in this study might be due to the 

different sources of contamination including pollution of the landing sites with 

human waste products and tools (knives, plastic bags, plastic buckets and fishing 

nets) used to unpack the fish from the boats and containers used in freezing systems. 
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Furthermore, long distances from trapping sites to the shore, improper storage during 

transportation, in appropriate accumulation and packaging of frozen fish are the other 

areas for the high contamination of frozen fish compared with fresh fish (Reij et al., 

2003). In the present study, through my personal observation, the presence of S. 

aureus was also attributed by contamination of the fish samples by raw sewage that 

is discharged directly into sewage disposal system to the sea, the situation that was 

found in all three landing sites (Sujatha et al., 2010).  In the another study conducted 

by Sujatha et al. (2010), reported isolation of S. aureus from the gills, intestines, 

muscles and skin of Megalapsiscoedyla and muscle of Pricanthushamrur from 

Royapuram waters in Indian Ocean although this species of fish were not included in 

my study. This was also attributed by the heavy loads of sewage disposal into the 

seas that could act as a suitable environment for the growth and survival of the 

human pathogens. 

 

Furthermore, presence of S. aureus found in Indian mackerel fish from the landing 

sites are more likely to be attributed by multiplier effect as the fish are poorly 

handled and stored until they are consumed. They are disposed directly on the dirty 

ground, dirty containers and flies get free access to the fish. Contamination of IMF 

from fish market at landing sites was evident from my personal observations. Also 

the contamination increased during the course of distribution process (Montville, 

2002). 

 

The process of distribution, selling and moving IMF from one area/container to 

another contributed the transmission of S. aureus and other Staphylococcus species 
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from contaminated surfaces of fish and their products (Reij et al., 2003; Gutierrez et 

al., 2012). Hygienic practices like washing of containers, hands, knives and 

distribution of fish in the grounds at Mkokotoni, Malindi and Mangapwani landing 

sites are not improved which may have resulted in the higher incidence of bacterial 

contamination in the present study. 

 

Transfer of micro-organisms by personnel involved in fish industry particularly from 

their hands is so vital importance (Chen et al., 2001; Montville et al., 2001; 

Bloomfield, 2003). During handling and preparation, bacteria transferred from 

contaminated hands of workers to fish and subsequently to other surfaces (Montville, 

2002). Poor hygiene, particularly deficient or absence of hand washing and washing 

detergents has been identified as the causative mode of transmission of bacteria (Reij 

et al., 2003). This problem has been observed in all three landing sites, thus why 

bacteria contamination were recorded. 

 

Proper hand washing and disinfection has been recognized as one of the most 

effective measure to control the spread of pathogens, especially when considering 

employed workers (Montville et al., 2001). Apart from personal hygiene of workers, 

unclean, insufficiently or in adequately cleaning of processing equipments has been 

identified as a source of bacteria contamination in the processed fish (Reij et al., 

2003). In order to avoid bacteria contaminations, the whole process should be under 

hygienic control. 

 

In the present study, Gram staining technique was used for identification of bacteria 

on cellular morphology and staining effect. Based on positive results from coagulase 
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slide, catalase and coagulase tube test, out of 400 samples from skin swabs, only 27 

isolates (6.75%) were Staphylococcus species showing Gram positive cocci for all 

three landing sites. These results agree with that of Arfatahery et al. (2015) showing 

that Staphylococcus species viewed under microscope presents as gram positive 

cocci. The dominance of coagulase and catalase positive cocci in isolates conformed 

to the other studies (Ezzeldeen et al., 2011; Vazquezsanchez et al., 2012) as both 

studies reported higher rates of Staphylococcus species found in sardine 86.7%  and 

90% respectively. Of note, the observation of coagulase activity in this study was not 

exclusive for S. aureus since various other bacteria species have been described as 

coagulase positive. Based on the positivity of isolates that were not S. aureus to the 

catalase and coagulase, other methods of detecting S. aureus were carried out in this 

study (Ezzeldeen et al., 2011). 

 

The PCR technology uses oligonucleotide primers targeted to species specific parts 

of the gene encoding the 16SrRNA and the genes encoding coagulase and protein. A 

comparable PCR based systems for identification of S. aureus isolates from various 

origins have been used by several researchers (Brakstad et al., 1992; Martineau et 

al., 1998; Straub et al., 1999). All these target genes allowed a rapid identification of 

the bacteria species with high specific part sensitivity and specificity. As was 

reported by Straub et al. (1999), the amplification of the gene encoding an S. aureus 

specific part of the 16S rRNA revealed an amplicon with a size of 200bp for S. 

aureus isolates investigated.  

 

In the present study S. aureus was identified and classified by using PCR with 

specific primers on a diagnostic protocol to detect the different genes (Mehrotra et 
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al., 2000). It has been found that the nuc gene of all isolates were equal to 270bp 

(Figure 5). The nuc gene was used to detect isolates of S. aureus in IMF and the 

present findings indicated that the nuc gene was equal 270bp (Daniel et al., 1994; 

Kipp et al., 2003; Chikkala et al., 2012). The nuc gene is a baseline in identification 

and classification of S. aureus and some reports indicated that nuc gene was encoded 

to enzyme the thermonuclease and the length fragment of nuc gene was equal to 

270bp (Brakstad et al., 1992).  

 

The presence of mecA gene in S. aureus strains was tested. In this study 

mecAamplicons were identified in some strains.  The presence of mecA in species of 

Staphylococcus other than S. aureus was previously demonstrated (Carneiro et al., 

2004).  Recent studies pointed out that the mecA gene is present in mobile 

Staphylococcal chromosomal cassette mecA (Jansen et al., 2006; Katayama et al., 

2003) and some of the enterotoxin genes, along with other virulence factors are part 

of mobile pathogenesity Islands (Novick,  2003;  Novick and Subedi, 2007).  A 

recent study indicated that high mobility of the mecA gene may be more prevalent 

than the movement of enterotoxins genes (Witte et al., 2000).  

 

In this study the PCR product appeared with a size 280bp fragment which is close to 

the mecA (Fig. 6) which is close to 293bp reported by Chikkala et al. (2012). Also in 

the same figure the product of 16S rRNA appeared with a size of 200bp fragment. 

The findings from this study correspond to the study carried out by Saruta et al. 

(1995) who obtained 273bp fragments of 16S rRNA gene. The variation of bp in 

mecA gene and 16S rRNA in this study when compared with other studies could be 

due to S. aureus of different strains. 
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In this study, the selected isolates were found negative for PVL genes. This could 

indicate that PVL is not normally found in the isolates of landing site environment. 

However, these isolates are not necessarily representative of landing sites 

environment in general. Absence of PVL in S. aureus from landing site environment 

may indicate limited role of antileucocytic activity outside the host. The absence of 

PVL in this study could also be contributed by the sample of S. aureus isolates being 

7 out of 400 samples examined. Reports from various countries showed that there is 

increasing prevalence of PVL gene among isolates (Eckhardth et al., 2003; Linde et 

al., 2005). Souza et al. (2010) reported prevalence of 64% PVL positive isolates in S. 

aureus. A lower prevalence of PVL has been also reported from other parts of world 

(5% in France, 4.9% in UK; 8.1% in Saudi Arabia and 14.3% in Bangladesh) (Lina 

et al., 1999; Holmes et al., 2005; Afroz et al., 2008).  

 

It is common for S. aureus to produce one or more toxins simultaneously; therefore 

appropriate measures are required to detect these toxins. Formerly, SEs has been 

divided into five major serological types (SEA, SEB, SEC, SED and SEE), on the 

basis of their antigenic properties (Su and Wong, 2000).  But in the last few years, 

nine new SEs types have been identified (SEG to SEO) (Letertre et al., 2003).  Based 

on this study, two types of enterotoxins were detected namely SEB and SEC 

(14.29%) that possessed enterotoxins genes. This finding is in agreement with 

findings reported by Igarashi (2000) in Japan. Staphylococcal food poisoning is 

mainly caused by SEA and SEC, therefore it is notable that IMF caught at 

Mkokotoni landing site were contaminated with SEB and SEC enterotoxins (Figure 

7). Despite the fact that SEA was not detected in this study, SEA is the most 
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common enterotoxin recovered from food poisoning outbreaks (Balaban and 

Rasooly, 2000) and it is known that 59% of staphylococcal food poisonings out 

breaks are caused by SEA to SEE (Bergdoll, 2000). In this study, the toxin geno- 

types of S. aureus strains isolated from IMF found to be positive for SEC at 451bp 

(Mehrotra          et al., 2000). These results are in accordance with previous finding 

that many healthy individuals are carriers of toxin producing strains of S. aureus 

(Chance, 2001). 

 

Occurrence of enterotoxigenic Staphylococci has been reported previously in India 

(Sanjeev et al., 1985; Sanjeev et al., 1986; Sanjeev and Surrendran, 1994). Also 

Sneha (2004), reported that 41.1% of the isolates produced enterotoxins. Sindhu and 

Surrendran (2006) reported enterotoxin SEB was dominant toxin (52.63%) followed 

by SEC (47.36%). Sneha (2004) reported that 50% of the isolates produced SEC 

followed by SEB (16.7%). Rajalakshmi and Rajyalakshmi (1982) reported that 

majority of the S. aureus isolates recovered from cases of bacterial food poisoning in 

India were found to produce SEC.  All tested samples for S. aureus showed negative 

results in spa gene. This may show that the gene is not present in the IMF in the 

study areas. So this is in accordance with the study carried out by Shakeri et al. 

(2010). But also the small sample size of isolated S. aureus could also be a 

contributory factor. 
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CHAPTER SIX 

 

6.0    CONCLUSION AND RECOMMENDATIONS 

6.1    CONCLUSION 

This work revealed the presence of potentially pathogenic bacteria S. aureus in 

Indian mackerel fish. The presence of S. aureus was at low prevalence and was only 

detected at Mkokotoni landing site. Among the epidemiological factors were 

unhygienic conditions in handling and distribution of IMF and sewage disposal 

directly into the sea. The presence of S. aureus is the source of health risk for 

consumers of raw seafood and that improperly cooked fish and fish products. The 

fish act as a reservoir of human pathogens and the presence of highly pathogenic 

agents such as S. aureus is a potential health risk or hazard to human beings and may 

cause diseases to susceptible individuals especially the immune compromised 

consumers.  

 

6.2    Recommandations 

This study focused only on S. aureus bacteria but further studies should be carried 

out to identify other bacteria that were isolated and were not identified as target 

species was S. aureus. There could be other species of bacteria that cause health 

problems to the community. 

 

Further studies of different fish species and their bacterial loads should be carried out 

as  reported in other studies especially during handling, storage and up to the point of 

consumption for the protection and maintenance of health by keeping food borne 

disease to a minimum. 



41 

REFERENCES 

 

Abisoye, B. F., Ojo, S. K. S., Adeyemi, R. S. and Olajuyigbe, O. O. (2011). 

Bacteriological assessment of some commonly sold fishes in Lagos 

metropolis    market Nigeria. Price Journal of Microbiology Research 1 

(2): 23 –26. 

 

Adak, G. K., Meakins, S. M., Yip, H., Lopman, B. A. and O’Brien, S. J. (2005). 

Disease risks from foods, England and Wales, 1996-2000. Journal of 

Infectious Diseases, 11 (3): 365-372. 

 

Adams, M. R. and Moss, R. (2002). Food microbiology. Journal of Royal society of 

chemistry 5 (2): 145-147. 

 

Afroz, S., Kobayashi, N., Nagashima, S., Alam, M. M., Hossain, A. B. and Rahman, 

M. A. (2008). Genetic characterization of Staphylococcus aureus isolates 

carrying Panton-Valentieleucocidin genes in Bangladesh. Japan Journal 

of Infectious Diseases 61: 393 - 396. 

 

Alzbeta, M., Lubomir, V., Zuzana, S. and Denisa L (2009). Growth Characterization 

of Staphylococcus aureus in milk:  a Quantitative Approach. Journal of 

Food Sciences 27(6):  443-453. 

 

Arfatahery,  N., Mirshafiey, A., Abedimohtasab, T. P. and Zeinolabedinizamani,  M. 

(2015). Study of the prevalence of Staphylococcus aureus in marine and 



42 

farmed shrimps in Iran aiming the future development of a prophylactic 

vaccine. Procedia in Vaccinology  9:  44-49. 

 

Argudin, M. A., Mendoza, M. C. and Rodicio, M. R. (2010). Food poisoning and 

Staphylococcus aureus enterotoxins. Journal of  Toxicology  2: 1751–

1773. 

 

Atyah, M., Zamari-saad, M. and Siti-zahrah, A. (2010). A First report of Methicillin 

Resistant Staphylococcus aureusfrom cage cultured tilapia 

(Oreochromisniloticus). Journalof Veterinary Microbiology 144: 502-

504. 

 

Balaban, N. and Rasooly, A. (2000).Staphylococcus Enterotoxins. International 

Journal of Food Microbiology 61: 1-10. 

 

BenZakour, N. L., Bannochr, J., VandenBroek, A. H., Thoday, K. L. and Fitzgerald, 

J. R. (2011). Complete genome sequence of the canine pathogen 

Staphylococcus ppseudintermedius. Journal of bacteriology 193: 2363-

2364. 

 

Bergdoll, M. S. (2000). Staphylococcus aureus. IN M.P. Doyle (Ed), Food Borne 

Bacteria Pathogens, Marcel Dekker, New York.p 463-523. 

Bloomfield, S. F. (2003). Home hygiene: a risk approach. International journal of 

hygiene and environmental health 206: 1-6. 



43 

 

Bohach, G. A., David, J. F., Robert, D. N. and Patrick, M. S. (1990). Staphylococcal 

and streptococcal pyrogenic toxins involved in toxic shock syndrome and 

related illness. Journal of critical reviews in Microbiology 17 (4): 251-

272. 

 

Brakstad, O. G., Aaasbakk, K. and  Macland, J. A. (1992). Detection of 

Staphylococcus aureus by Polymerase Chain Reaction Amplification of 

the nuc gene.Journal of Clinical Microbiology 30 (7): 1654-1660. 

 

Bujjamma, P. and Padmavathi, P. (2015).  Prevalence of Staphylococcus aureus in 

fish samples of local domestic fish market Staphylococcus aureusin 

various fish and fishery products. International Journal of Current 

Microbiology Applied Science, 4(5): 427- 433. 

 

Carneiro, L. A., Queiroz, M. L. and Merquior, V. L. (2004). Antimicrobial resistance 

and Enterotoxin-encoding genes Among Staphylococci Isolated from 

expressed Human Breast Milk. Journal of Medical Microbiology (53) 

761-768. 

 

Caroline S. D. and Nadine, R. (2005). Global and Local: Food Safety Around the 

World. Center for Science in the Public Interest 1875 Connecticut 

Avenue, N.W., Suite 300 Washington, D.C. 20009-5728. 

Castillejo-Rodriguez, A. M., GarciaGimeno, R. M., ZureraCosano, G., BarcoAlcala, 

E. and RodriguezPerez, M.R. (2002). Assessment of Mathematical 



44 

Models for Predicting Staphylococcus aureus Growth in Cooked Meat 

Products. Journal of Food Protection 4: 595-725. 

 

Cenci-Goga, B. T., Karama, M., Rossitto, P. V., Morgante, R. A., Cullor,  J. S., 

Karama, R. and Morgante, C. (2003). "Enterotoxin production by 

Staphylococcus aureus isolated from mastitic cows". Journal of food 

protection 66 (9): 1693–1696. 

 

Chambers, H. F. (1997). Methicillin resitance in Staphylococci, molecular and 

biochemical basis and clinical implications. Journal of Clinical 

Microbiology 10: 4781-4791. 

 

Chance, T. P. (2001). Toxic shock syndrome: Role of the environment, the host and 

the microorganisms. Journal if Biomedical Science 53: 284-289. 

 

Chen, Y. H., Jackson, K. M., Chea, F. P. and Schafftner, D. W. (2001). 

Quantification and variability analysis of bacterial cross contamination 

rates in common food service tasks. Journal of Food Protection 64: 72-

80. 

 

Chikkala,  R., George, O. N., Ratnakar, K. S., Iyer, R. N. and Sritharan, V. (2012). 

Heterogeneity in femA in the Indian Isolates of Staphylococcus 

aureusLimits Its Usefulness as a Species Specific Marker. Advances in 

Infectious Diseases 2: 82-88. 



45 

Clarence, Y., Obinna, C. N. and Shalom, N. C. (2009).Assessment of bacteriological 

quality of ready to eat food (Meat pie) in Benin City metropolis, Nigeria. 

African Journal of Microbiology 3 (6): 390-395. 

 

Claucas, I. N. and Ward, A. R. (1996). Post –harvest Fisheries Development; A 

Guide to Handling, Preservation, Processing and Quality. Manual of 

Determinative Bacteriology 6: 1948. 

 

Costa, A. R., Deivid W. F. B., Ribas, R. M., Souza, A. M., Pereira, M. O. and 

Botelho, C. M. (2013). Staphylococcus aureus virulence factors and 

diseases. Journal of Science, Technology and Education 1: 702-710. 

 

Daniel, J. G., James, R. U., Cynthia, A. G. and David, H. P. (1994). Multiplex PCR 

for Identification of Methicillin Resistant Staphylococcus in the Clinical 

Laboratory. Journal of Clinical Microbiology 32 (7): 1768-1772. 

 

Derek, F. J., Brown, D. I., Edwards, P. M., Hawkey, D. M., Geoffrey, L. R., Kevin, 

J. T. and Michael, W. D. Wren (2005). Guidelines for the laboratory 

diagnosis and susceptibility testing of methicillin-resistant 

Staphylococcus aureus (MRSA).Journal of Antimicrobial Chemotherapy 

56 (6): 1000-18. 

 

Diana, G., Susana, D., Daniel. V., Beatriz, M., Marta. L., Ana, R., Juan, J. H. and 

Pilar, G. (2012).  In Incidence of Staphylococcus aureusand analysis of 

associated bacterial communities on food industry surfaces. Applied and 

Environmental Microbiology 78(24): 8547–8554. 

http://aem.asm.org/search?author1=Diana+Guti%C3%A9rrez&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=Susana+Delgado&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=Daniel+V%C3%A1zquez-S%C3%A1nchez&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=Beatriz+Mart%C3%ADnez&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=Marta+L%C3%B3pez+Cabo&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=Ana+Rodr%C3%ADguez&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=Juan+J.+Herrera&sortspec=date&submit=Submit
http://aem.asm.org/search?author1=Pilar+Garc%C3%ADa&sortspec=date&submit=Submit


46 

Dinges, M. M., Orwin, P. M., Schlievert, P. M. and  Schlievert, O. (2000). 

"Exotoxins of Staphylococcus aureus". Clinical Microbiogy Review 13 

(1): 16-34.  

 

Eckhardt, C., Halvosa, J. S., Ray, S. M. and Blumberg, H. M. (2003).Transmission 

of methicillin-resistsnt Staphylococcus aureus in the neonatal intestine 

care unit from a patient with community-acquired disease. Journal of 

Bacterial Epidemiology  24: 460-1. 

 

Ezzeldeen, N. A., Mansour, H. A. and Ahmed, A. A. (2011). Phenotypic and 

Molecular Identification of Staphylococcus aureus Isolated from some 

Egyptian Salted Fish. World Applied Science Journal 15: 1702-1712. 

 

FAO (1997). The State of fish. Aquaculture Food and Agriculture  Organization. 

Rome. Service, Public Health Service, Food and Drug Administration 

Centre for Food Safety and Applied Nutrition, Office of Seafood, 

Washington DC. 

 

FDA. (1998). Staphylococcus aureus Toxin Formation in Hydrated Batter Mixes (A 

Biological Hazard). Ch. 15, In Fish and Fishery Products Hazards & 

Controls Guide 2: 183-188. 

 

Foster, T. and Hook, M. (1998). Surface protein adhesions of Staphylococcus aureus. 

Journal of trends in Microbiology 6 (12): 484-488. 



47 

Fujikawa, H. 1. and Morozumi, S. (2006). Modeling Staphylococcus aureus growth 

and enterotoxin production in milk. Food Microbiology  23(3): 260-7. 

 

Gotz, F., Bannerman, T. and Schleifer, K. H. (2006).The genera Staphylococcus. 

Journalof Food Microbiology 26:1123-1133. 

 

Guggenberger, C., Wolz, C., Morrissey, J. A. and Heesemann, J. (2012). Two 

distinct coagulase-dependent barriers protect Staphylococcus aureus from 

neutrophils in a three dimensional in vitro infection model. Journal of 

Infectious Diseases 18: 326-336.  

 

Guinane, C. M., Ben Zakour, N. L., Tormo-Mass, M. A., Weinert, L. A., Lowdwer, 

B. V., Cartwright, R. A., Smyth, D. S., Smyth, C. J., Lindsay, J. A., 

Gould, K. A., Witney, A., Hinds, J., Bollback, J. P., Rambaut, A., 

Penades, J. R. and Fitzgerald, J. R. (2010). Evolutionary genomics of 

Staphylococcus aureus reveals insights into the origin and molecular 

basis of ruminant host adaptation. Genome Biological Evolution 2: 454- 

466. 

 

Gutierrez, D., Delgado, S., Vazquez-sanchez, D., Martinez, B. and Lopezcabo, M. 

(2012). Incidence of Staphylococcus aureus of associated bacterial 

communities on food industry surfaces. Journal of Food Microbiology 78 

(24): 8547-8554. 



48 

Haifaa H. A. (2013). Isolation and identification of staphylococcus bacteria from fish 

of fresh water and its antibiotics sensitivity in Mosul city.Basic Journal 

Veterinary Research 1 (1): 33-42. 

 

Harris, A. R. I., Davis, J. and Boehm, A. B. (2013). Mechanisms of post-supply 

contamination of drinking water in Bagamoyo, Tanzania. Journal of 

water health (3): 543-554. 

 

Heilbronner, S., Holden, M. T., Bentley, S. D. (2011). Genome sequence of 

Staphylococcus lugdmensis N9 20143 allows identification of putative 

colonization and virulence factors. FEMS Microbial Lett. 322: 60-67. 

 

Holmes, A., Ganner, M., McGuane, S., Pitt, T. L., Cookson, B. O. and Kearns, A. M. 

(2005). Staphylococcus aureus isolates carrying Panton-Valentine-

Leukocidin genes in England and Wales. Frequency, characterization and 

association with clinical disease.Journal of Clinical Microbilogy 43: 

2384-2390. 

 

Igarashi, H. (2000). Staphylococcal food poisoning. Journal of antibacterial, 

antifungal. Agents 25: 549 –557. 

 

Ingham, S. C., Fansau, M. A., Burnham, G. M., Ingham, B. H., Norback, J. P. and 

Schaffner, D. W. (2007). Predicting pathogen growth during short-term 

temperature abuse of raw pork, beef and poultry products use of 

isothermal based predicted tool. Journal of Food Protection 70 (6): 1445-

1456. 



49 

Jansen, W. T, Beitsma, M. M., Koeman, C. J., Van Wamel, W. J., Verhoef, J. and 

Fluit, A. C. (2006). Novel Mobile Variants of Staphylococcal cassette 

Chromosome mec in Staphylococcus aureus.Journal of Antimicrobial 

Agents Chemotherapy. 50:  2072-2078. 

 

Japanese Ministry of Health, Labor and Welfare.Food poisoning outbreaks in 2008. 

[http://www.mhlw.go’jp/topics/syokuchu/05hassei/xls/joukyou.xls] 

visited on September 2017. 

 

Julianna K. and  Mariusz G. (2012). Alternative therapies in  Staphylococcus  aureus 

diseases. Biochimicapolinica 5: 171–184. 

 

Karimuribo,  E. D., Gallet, P. L., Ng'umbi, N. H., Matikol, M. K., Massawe, L. B., 

Mpanduji, D. G. and Batamuzi, E. K.  (2015). Status and factors affecting 

milk quality along the milk value chain: a case of Kilosa district, 

Tanzania. Livestock Research for Rural Development 27 (3). 

 

Katakweba, A. S., Muhairwa, A. P., Espinosa-Gongora, C., Guardabassi, L., 

Mtambo, M. M. and Olsen, J. E. (2016). spa typing and antimicrobial 

resistance of Staphylococcus aureus from healthy humans, pigs and dogs 

in Tanzania. Journal of Infection in Developing Countries 10(2):143-148.  

 

Katayama, Y., Zhang, H. Z., Hong, D. and Chambers, H. F. (2003).Jumping the 

Barrier to Beta-lactam Resistance in Staphylococcus aureus. Journal of 

Bacteriology 185: 5465-5472. 

http://www.mhlw.go'jp/topics/syokuchu/05hassei/xls/joukyou.xls


50 

Kibret, M. I. and Abera, B. (2012). The sanitary conditions of food service 

establishments and food safety knowledge and practices of food handlers 

in Bahir Dar town. Journal of life science (1): 27-35. 

 

Kipp, F., Ziebuhr, W., Berker, K., Krimmer, V., Hobeta, N. and Peter, G. (2003). 

Detection of Staphylococcus aureus by 16S rRNA directed in situ 

hybridization in a patient with a brain abscess caused by small colony 

variants. Journal of Neurol. Neurosurg Psychiatry 74 (7): 1000-1002. 

 

Lawrynowicz-Paciorek, M., Kochman, M., Piekarsk, K., Grochowska, A. and 

Windyga, B. (2007). The distribution of enterotoxin and enterotoxin like 

genes in Staphylococcus aureus stains isolated from nasal carriers and 

food samples. International Journal of Food Microbiology 117: 319-323. 

 

Letertre, C., Perelle, S., Dilasser, F. and Fach, P. (2003). Detection and Genotyping 

by Real-time PCR of the Staphylococcal Enterotoxin genes SEA-SEJ. 

Mol, Cell. Probes 17: 139-147. 

 

Lina, G., Piemont, Y., Godail-Gamot, F., Bes, M., Pter, M. O., Gauduchon, V., 

Vandenesch, F. and Etienne, J. (1999). Involvement of Panton-Valentine 

leukocidin producing Staphylococcus aureus in primary skin infections 

and pneumonia. Journal of clinical infectious diseases 29: 1128-1132. 

 



51 

Linde, H., Wagenlehner, F., Strommenger, B., Drubel, I., Tanzer, J. and Reischl, U. 

(2005). Health care associated outbreaks and community acquired 

infectious due to a MRSA carrying Panton-Valentine leukocidin gene in 

Southern Germany. Eur. Journal of clinical Microbial Infectious Disease 

24: 419-422. 

 

Lipp, F. K. and Rose, J. B. (1997).The role of Seafood in Food Borne Diseases in the 

United State of America. Journal of Food Microbiology 16: 620-640. 

 

Lowy, F. D. (1998). Staphylococcus aureus infections. New Engl. Journal of 

Medical. 339: 520-532. 

 

Marti, M., Trotonda, M. P., Tormo-Mas, M. A., Vergara-Irigaray, M. (2010). 

Extracellular proteases inhibit protein – dependent biofilm formation in 

Staphylococcus aureus. Journal of microbial Infection 12 : 55-64. 

 

Martineau, F. F., Picard, P. H., Roy, M., Oullette, P. and Bergeron, M. G. (1998). 

Species-specific and ubiquitous-DNA based assays for rapid 

identification of Staphylococcus aureus. Journal of Clinical 

Microbiology. 36: 618-623. 

 

Mehrotra, M., Wang, G. and Johnson W. M. (2000). Multiprex PCR for Detection of 

Genes for Staphylococcus aureus Enterotoxins, Exofoiliate Toxins, Toxic 

Shock Syndrome Toxin 1, and Methicillin Resistance. Journal of Clinical 

Microboilogy. 38 (3): 1032-1035. 



52 

Mhango, M., Mpuchane, F. S. and Gashe B. A. (2010). Incidence of indicator 

organisms, opportunistic and pathogenic bacteria in fish. African Journal 

of Food, Agriculture, Nutrition and Development 10 (10): 4202-4218. 

 

Mohammed, H. A., Maqbool, T. K. and Suresh, K. S. (2003).  Microbial quality of 

shrimp products of export trade produced from aquacultured shrimp. 

Journal of Food Microbiology 15:82 (3): 213-221. 

 

Montville, R., Chen, Y. and Schaffer, D. W. (2001). Determination of bacterial 

cross-contamination rates from hand to food through a glove barrier. 

Journal of Food Protection  64: 845-849. 

 

Montville, R., Chen, Y. and Schaffner, D. W. (2002). Risk assessment of hand 

washing efficacy using literature and experimental data. International 

Journal of Microbiology 73: 305-313. 

 

National Economic Survey (2009). Ministry of Livestock and Fisheries 

Development. Dar-es-salaam Tanzania. 

 

Ng, S. P., Tsui, C. O., Roberts, D., Chan, P. Y. and Ng, M. H. (2000). Detection and 

sero group differentiation of Salmonella species in food within 30 hours 

by enrichment-immuniessay with a T6 monoclonal antibody capture 

enzyme-linked immune sorbent assay. Applied Environmental 

Microbiology 62: 2294-2304. 



53 

NNISS (1999). National Nosocomial Infections Surveillance System. Journal of 

Infectious Control 27 (6): 520-532. 

 

Nonga, H. E., Ngowi, H. A., Mdegela, R. H., Eliud Mutakyawa, Nyahinga, G. M., 

William R. and Mwadini M. M. (2015). Survey of physicochemical 

characteristics and microbial contamination in selected food locally 

vended in Morogoro Municipality, Tanzania. BMC, 8:727. 

 

Norman, G. A., Firinu, G., Virgilio, G., Mula, A. and Dambrosia, A. (2005). 

Coagulase positive Staphylococci and Staphylococcus aureus in food 

products marketed in Italy. Journal of Food Microbiology 98: 73-79. 

 

Novick, R. P. and Subedi, A. (2007). The sapls: Mobile pathogenesity islands of 

Staphylococcus. Journal of Chemistry Immunology Allergy 93: 42-57. 

 

Novick, R.P. (2003). Mobile genetic elements and bacterial toxinoses: The 

suparantigen-encoding pathogenesity islands of Staphylococcus aureus. 

Plasmid 49: 93-105. 

 

Novotny, L., Dvorska, L., Lorencova, A., Beran, V. and Pavlik, I. (2003). Fish: a 

potential sourse of bacterial pathogens from human beings. Vet. Med-

Czech  49(9): 343-358.  

 

Oda, T. (1998). A review of Staphylococcal food poisoning in Japan. Journal of food 

Hygiene and sociology 39: 179-185. 



54 

Pinchuk, I. V., Beswick, E. J. and Reyes, V. E. (2010). Staphylococcal enterotoxins. 

Toxins 2(8): 2177–2197. 

 

Prince, A., and Maalekuu, B.K. (2014). Determination of microbial contamination in 

meat and fish products sold in the Kumasi metropolis (A Case Study of 

Kumasi central market and the Bantama market). Merit Research Journal 

of Agricultural Science and Soil Sciences 2 (3): 038-046.   

 

Rajalakshmi and Rajyalakshmi, K. (1982). Types of enterotoxins by Staphylococcus 

aureus isolated from cases of food poisoning. India Journal of Medical 

Resources 77: 127-129. 

 

Reij, M. W. and Den Aantrekker, E. D. and ILSI Europe Risk Analysis in 

Microbiology Task Force. (2003). Recontamination as a source of 

pathogens in processed foods. International Journal of Food 

Microbiology. Article in press. 

 

Rhee, C. H. and Woo, G. J. (2010). Emergence and characterization of food-borne 

methicillin-resistant Staphylococcus aureus in Korea.Journal of Food 

Safety Research 70 (5): 1153-1158. 

 

Roche, F. M., Massey, R., Peacock, S. J., Day, N. P., Visai, L., Speziale, P., Lam, A., 

Pallen, M. and Foster, T. J. (2003). Characterizan of novel LPXTG – 

containing protein of Staphylococcus aureus identified from genome 

sequences. Journal of Microbiology 149: 643-654. 



55 

Rosenstein, R. and Gotz, F. (2013). What distinguishes highly pathogenic 

Staphylococci from medium - and non-pathogenic. Journal of 

Microbiology and Immunology. 358: 33-89. 

 

Sanjeev, S. and Surendran, P. R. (1994). Staphylococcal enterotoxins, 

Enterotoxigenic Staphylococci and frozen fish products. Proceedings of 

APFC (FAO Rome).Working party on Fish Technology and Marketing. 

Cochin. India. 

 

Sanjeev, S., Iyer, K. M., Rao, C. C. P. and Arul, J. M. (1986). Occurrence of 

enterotoxigenic Staphylococci in frozen fishery products. Fish 

Technology        23: 164-166. 

 

Sanjeev, S., Iyer, K. M., Rao, C. C. P. and Arul, J. M. and Panduraga R. C. C. 

(1985). Occurance of enterotoxigenic Staphylococci in dried fishery 

products from Cochin area. Journal of Food Science and Technology  22: 

295-298.  

 

Saruta, K., Matsunaga, T., Hoshina, S., Kono, M., Kitahara, S., Kanemoto, K., Sakai, 

O. and Machida K. (1995). Rapid identification of Streptococcus 

pneumonia by PCR amplification of ribosomal DNA spacer region. 

Journal of Microbiological methods 132: 165-170. 

 

Shakeri, F., Shojai, A., Golalipour, M., Alang, R. S., Vaez, H. and Ghaemi, E. A. 

(2010). Spa Diversity among MRSA and MSSA Strains of 

Staphylpcoccus aureus in North Iran. Journal of Microbiology ID 

351397, 5. 



56 

Sheikh, M. A. and Nassir, N. (2013). Fisheries Survey of Malindi  fish landing site 

and marketing facilities. Technical Report for Fisheries Engineering Co. 

Ltd. Japan. 

 

Shimizu, A., Fujita, M., Igarashi, H., Takagi, M., Nagase, N., Ssaki, A. and Kawano, 

J. (2000). Characterization of Staphylococcus aureus coagulase type VII 

isolates from Staphylococcal food poisoning outbreak (1980-1995) in 

Tokyo, Japan, b Pulsed-field gel electrophoresis. Journal of Clinical 

Microbiology 38 (10): 3746-3749. 

 

Sila, J., Sauer, P. and Kolar, M. (2009). Comparison of the Prevalence of Genes 

Coding for Enterotoxins, Exfoliation, Panton Valentine Leukocidin and 

TSST-1 Between Methicillin -resistant and Methicillin Susceptible 

Isolates of Staphylococcus aureus at University Hospital in Olomouc. 

Biomed Pap Med. Fac Univ. Palacky Olomoc Czech Republic 153 (3):  

215-218. 

 

Simforiana, E. B., Nongaa, H. E. and Ndabikunze, B. K. (2015). Assessment of 

microbiological quality of raw fruit juice vended in Dar es Salaam city, 

Tanzania. Food control 57: 303-307. 

 

Simon, S. and Sanjeev, S. (2007).  Prevalence of entrotoxigenic staphylococcus 

aureus in fishery products and fishprocessing factory workers. Journal of 

Food control 18 (12): 1565-1568. 



57 

Sindhu, O. K.  and Surendan, P.K. (2006). Enterotoxigenicity of coagulase positive 

and negative  Staphylococcus species Isolated from fish and fishery 

products. Fishery Technology  43(2): 186-191. 

 

Sloot, N., Thomas, M., Marre, R., Gatermann, S. (1992). Purification and 

characterization of elastase from Staphylococcus epidermis. Journal of 

Medical Microbiology  37: 201-205. 

 

Smelter, M. S., Lee, C. Y., Herik, N. and Hart, M. E. (2009). Molecular basis of 

Staphylococci pathogenesity in human disease. Journal of Infectious 

Diseases 24: 234-238. 

 

Sneha, S. S. (2004). Incidence of Enterotoxigenic Staphylococcus aureus in fishery 

products and antibiotic sensitivity. M.F. Sc. Dissertation. CIFE. Mumbai 

. 

Souza, N. D., Rodrigues, C. and Mehta, A. (2010). Molecular characterization of 

methicillin resistant Staphylococcus aureus with emergence of epidemic 

clone of sequence type (ST) 22 an (ST) 772 in Mumbai India. Journal of 

Clinical Microbioal 48: 1806-1811. 

 

Stewart, CM (2003). Staphylococcus aureus and staphylococcal enterotoxins (2003). 

Foodborne microorganisms of public health significance. Institute of food 

science and technology. p 559-379. 



58 

Straub, J. A., Hertel, C. and Hammes, W. P. (1999). 23S rDNA Targeted polymerase 

chain reaction based system for detection Staphylococcus aureus in meat 

starter culture and dairyproducts. Journal of Food Protection 62 (10) : 

1150-1156. 

 

Su, Y. and Lee Wong, A. C. (1997). Current perspective and Detection of 

Enterotoxins. Journal of Food Protection 60: 195-202. 

 

Sujatha, K., Senthilkumar, P., Sangeeta, S. and Gopalakrishnan, M. D. (2010). 

Isolation of human pathogenic bacteria in two edible fishes, 

pricanthushamrur and Megalapsiscordylla at Royapuram waters of 

Chennai, India. Indian Journal of Science and Technology 4(5): 539-541. 

 

Susana, D., Vázquez-Sánchez, D., Beatriz, M., Marta, L. C., Ana, R., Juan, J. H. and 

Pillar, G. (2012). Incidence of Staphylococcus aureus and Analysis of 

Associated Bacterial Communities on Food Industry Surfaces. Applied 

and Environmental Microbiology 78 (24): 8547–8554. 

 

Tenover, F. C. R., Archer, J., Biddle, S., Byene, R., Goering, G., Hancock, G., 

Hebert, B., Hill, R., Hollis, W., Jervis, B., Kreis with, W., Eisner, J., 

Maslow, L., McDougal, J., Michael, M., Mulligan, M. and Pfaller, M. 

(1994). Comparison of traditional and molecular methods of typing 

isolates of Staphylococcus aureus. Journal of Clinical Microbiol 32: 407-

415. 



59 

Thrusfield, M. (2005). Sampling in veterinary epidemiology, 3
rd

 ed., Back well 

Science Ltd, London. p 228-246. 

 

Tse, H., Tsoi, H. W., Leung, S. P., Lau, S. K., Woo, P. C. and Yuen, K. Y. (2010). 

Complete genome sequence of Staphylococcus lugdunensis strain HKU 

09-01. Journal of Bacteriology 192: 1471-1472. 

 

VazquezSanchez, D., Lopez-Cabo M., Saa-Ibusquiza, P. and Rodriguez, H. J. 

(2012). Incidence and Characterization of Staphylococcus aureus in 

Fishery Products Marketed In: Galicia (Northwest) Spain. International 

Journal of Food Microbiology 157: 286-296. 

 

Venugopal, V. (2002). Biosensors in fish production and quality control, Biosensors 

and Bioelectronics. Journal of Food Technology 17: 147 -157. 

 

Vigano, A. I., Pellissier, N., Hamad, H. J., Ame, S. A. and Pontello, M. (2007). 

Prevalence of E. coli, thermotolerant coliforms, Salmonella spp. and 

Vibrio spp. in ready-to-eat foods: Pemba Island, United Republic of 

Tanzania.  19 (5): 395-403. 

 

Witte, W., Diplano, A., Van Leeuwen, Brun, Y. and Struelens, M. J. (2000). Clonal 

dissemination of epidemic methicillin-resistant Staphylococcus aureus in 

Belgium and neighboring countries. Clinical Microbiology and Infection 

6 (5): 239-245. 


