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ABSTRACT

Microorganisms have developed different mechanisms of evading the actions of antimicrobial
agents, consequently, reducing the effectiveness of these antimicrobial agents. Antibiotics abuse and
their use in animal husbandry have increased the acquisition and transfer of antibiotic resistant genes
from and within the environment. This study is aimed at detecting resistance and virulence genes in
bacterial isolates from seafood. A total of 200 fresh seafood samples (crab, shrimp, oyster and
periwinkle) were collected randomly from Nembe River and Ox-bow Lake. Isolates were obtained
using the conventional microbiological methods after an initial enrichment treatment in peptone for
six (6) hours. The pure cultures were screened by gram staining and biochemical test for preliminary
identification and representative isolates were characterized for 16SrRNA using Polymerase Chain
Reaction and Sequencing. The isolates were further subjected to pathogenicity test to identify the
presence of hemolysin and coagulase as well as antimicrobial susceptibility testing using standard
oxoid commercial antibiotics. The 16srRNA sequence of the isolates produced an exact match
during the megablast search to Staphylococcus gallinarum, Vibrio rotiferianus, Vibrio
parahaemolyticus, Klebsiella aerogenes and Klebsiella quasipneumoniae. All isolates showed
resistance to ceftriazone, ceftazidime, ampicillin and penicillin. The multi-drug resistant isolates
were analyzed for the presence of the resistance genes ctx-M, shv, mec A and acrAB as well as
virulence genes; tdh and sxt. acrAB genes were detected in Klebsiella aerogenes and Klebsiella
quasipneumoniae, the ctx-M was detected only in Klebsiella quasipneumoniae, the shv was detected
in Klebsiella quasipneumoniae, Klebsiella aerogenes and Vibrio rotiferianus. The tdh genes were
detected in Vibrio parahaemolyticus only. Staphylococcus gallinarum was positive for mecA genes.
The presence of these Extended Spectrum (-Lactamases and other resistance genes explains why the
isolates were resistant to the third generation cephalosporins as well as the B-lactam antibiotics. The
presence of virulence gene, tdh in Vibrio sp codes for the virulence in these organisms therefore
rendering the food unsafe for consumption. Adequate handling as well as proper cooking of seafood
before consumption should be highly recommended so as to reduce the incidence of food-borne
infections as well as antibiotic resistance.

KEY WORDS: SEA FOODS, MOLECULAR CHARACTERIZATION, ANTIBIOTICS VIRULENCE GENES,
RESISTANCE GENES, BACTERIAL ISOLATES, MULTI-DRUG RESISTANCE,

XV



CHAPTER ONE

1.0 INTRODUCTION

1.1 BACKGROUND INFORMATION

The quest for better food quality has led to an exponential increase in the consumption of
seafood because of the nutritional composition. Increased consumption of these foods
without proper handling and preparation has led to an increase in the incidence of food borne
infection and food poisoning thus posing high public health risk. There is therefore a need to
ensure food safety at all levels by eliminating every source of contamination in these sea
foods. Bacteria of the genus Vibrio, Klebsiella and Staphylococcus have been implicated in
seafood. Vibrio species inhabit the estuarine/coastal regions and have been implicated in raw
or undercooked seafood. They are widely distributed worldwide in seawater and are found
commonly in association with resident aquatic organisms (Arungiri et al., 2016). Common
examples include Vibrio paraheamolyticus, Vibrio cholerae, Vibrio harveyi, Vibrio
rotifernus and Vibrio vulnificus. These species are found in sea foods such as shell fish,
bivalves mollusks, oysters, shrimps and other benthic animals and have been implicated in a
number of gastro enteric diseases. Consumption of uncooked or undercooked sea food
contaminated with Vibrio secies pose a considerable public health threat as these infections
can become sporadic or even pandemic. Vibrio species are gram negative, rod shaped
halophilic bacteria. Some Vibrio species are motile with the aid of horizontally unsheathed
flagella while others are non-motile. They are obligate anaerobes and are non-endospore
formers. They are positive to oxidase test with the exception of V.metchnikovii (Farmer et al.,

2003).Vibrio species with the exception of V. cholerae and V. mimicus are halophilic in



nature and as such require medium that is rich in sodium chloride for growth and thus
explains the reason why they survive in marine and estuarine waters (Sridhar et al., 2006).

The Vibrio pathogenic species produce various virulence factors including enterotoxin,
haemolysin, cytotoxin, protease, lipase, phospholipase, siderophore, adhesive factor and
haemagglutinins (Zhang and Austin, 2005).The pathogenicity of V.parahaemolyticus is
associated with the production of thermostable direct hemolysis and TDH-related hemolysin
encoded by the tdh and trh genes respectively and these are responsible for the hemolysis of
human red blood cells. It also possesses a thermolabile hemolysin encoded by the tlh genes

(Zhang and Austin, 2005).

These bacteria have been recognized as the main agents causing food borne diseases in many
countries including Asian countries, the United States, France, Mexico, Peru and Chile
(Cabanillas-Beltran et al., 2006). Due to the increase in the consumption of sea foods
worldwide there has been a drastic increase in food borne infection which in turn has led to
the increase in gastro intestinal diseases in humans (Cabanillas-Beltran et al., 2006).
Sporadic cases of cholera have been reported in Nigeria as well as gastroenteritis caused by
V. parahaemolyticus due to the consumption of raw and undercooked seafood (Cabanillas -

Beltran et al., 2006).

Staphylococcus species are usually associated with the skin and mucous membrane of
animals and humans. They are gram positive, mesophilic, oxidase negative cocci organisms
that have been implicated in several clinical and environmental samples. The diseases caused
by Staphylococcus species range from acute septicemia to osteomyelitis in poultry (Xu
etal., 2018). Example of Staphylococcus species include; Staphylococcus pyogenes,

Staphylococcus  aureus,  Staphylococcus  epidemidis,  Staphylococcus  equorum,

2


https://onlinelibrary.wiley.com/doi/full/10.1111/1750-3841.14915#jfds14915-bib-0195

Staphylococcus felis, Staphylococcus gallinarum etc. Staphylococcus gallinarum are usually
isolated from chicken skin but have also been isolated from seafood. Staphylococcus species
possess virulence factors such as enterotoxin, coagulase, hemolysins, toxins etc. Food
poisoning arising from ingesting food infected by Staphylococcal enterotoxins is usually self-
limiting (Kérouanton et al., 2007; Le-Loir et al., 2003). Staphylococcus species pose a high
food risk due to the presence of staphylococcal enterotoxins (SEs) produced by
enterotoxigenic strains which are highly heat stable and resistant to enzymatic actions like
proteolysis (Omoe et al., 2005). Other species of Staphylococcus have evolved different
methods through which they evade the actions of certain antibiotics such as methicillin,
penicillin and oxacillin. Example is the Methicillin-resistant Staphylococcus aureus (MRSA)
(Zhang et al., 2005). The gene that codes for this resistance is the mecA gene located on the
mec A operons of Staphylococci cassette chromosome (SCCmec, 21 to 67 kb size) (Bronner
et al., 2004). The mec A also codes for penicillin binding proteins (PBP2a) responsible for
the resistance of these organisms to B-lactams such as methicillin and oxacillin (Plata et
al., 2009). The resistance is acquired through the horizontal transfer of the mec A
genes from S. epidermidis and other coagulase negative staphylococci (CoNS) toS.

aureus (Xu et al., 2018).

Klebsiella species have been implicated in both human and animal samples where they play
roles as pathogens widely distributed in the environment (Brisse et al., 2009; Shon et al.,
2013). They are gram negative rod shaped oxidase negative bacteria that have been
implicated in so many clinical infections such as pneumonia, wound infection, meningitis,
urinary tract infections, nosocomial infections, etc (Holt et al., 2015). The pathogenicity

factors of Klebsiella are capsules or lipopolysaccharide and are considered potential


https://onlinelibrary.wiley.com/doi/full/10.1111/1750-3841.14915#jfds14915-bib-0021
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candidate for vaccination that will serve as infection immunological control measures (Holt
et al., 2015). Different species of Klebsiella are Klebsiella pneumoniae, Klesiella aerogenes,
Klebsiella quasipneumoniae, Klebsiella varicola etc (Brisse & Verhoef, 2001). K. pneumonia
is responsible for most of the hospital acquired infections (Celinska, 2012). The phylogenetic
groups are subdivided into Kpl, Kpll-A, Kpll-B and Kplll (Brisse et al., 2004; Fevre et al.,
2005). They are divided into three different taxonomic subspecies which include; K.
pneumoniae subsp. pneumoniae, K. pneumoniae subsp. rhinoscleromatis and K. pneumoniae
subsp. ozaenae belonging to Kpl phylogenetic groups (Brisse & Verhoef, 2001; Brisse et al.,
2009; Grimont and Grimont, 2005). Klebsiella variicola, Klebsiella singaporensis and
Klebsiella michiganensis are the three novel species of the genus Klebsiella that have been
described in the last decade however, K. variicola and K. quasipneumoniae are sister species
of K. pneumoniae. K. variicola has also been isolated from plant tissues (Martnez et al.,
2004; Rosenblueth et al., 2004). Despite being rarely documented, K. quasipneumoniae
appears to be capable of undergoing homologous recombination with other Klebsiella spp.,
allowing it to exchange both chromosomal and plasmid-borne antibiotic resistance genes
(Holt et al., 2015). K. quasipneumoniae was initially known as a commensal intestinal
colonizer. However, recent genomics driven studies have documented it as an etiologic agent

in a number of clinical Klebsiella-related infection cases (Long et al., 2017).

The people of Nembe and Ox-bow live around the river banks and are known majorly for
fishing as an occupation. There is constant discharge of sewage matter into the water bodies
where these seafoods are harvested from and thus poses a high risk to the community who
consume these foods undercooked or even raw. This study is aimed at screening seafood

samples obtained from Bayelsa for the presence of virulence and resistance genes obtained



from Vibrio species, Klebsiella species and Staphylococcus species. This knowledge will
help sensitize people on the risks associated with consuming raw and undercooked seafood
and the need to subject them to heat treatment before consumption. Additionally, knowledge
of the virulence factors of these organisms will provide new insights into pathogenic
strategies of the bacteria as virulence factors are promising candidates for vaccination efforts

that may serve as immunological infection control measures (Holt et al., 2015).

1.2 STATEMENT OF THE PROBLEM

The demand for better food quality in terms of its nutritional properties has led to increase in the
consumption of seafood. However, Seafood harbor microorganisms that if consumed without
proper handling or preparation can lead to food borne illnesses. Also, treatments of these
infections have been a challenge lately due to antibiotic resistance caused by antibiotic abuse,
mutation or transfer of resistance genes in the environment. There are lots of reports on the food-
borne pathogens associated with seafood. However, there is little or no information on the
antibiotic resistance profile and multidrug resistance of the bacterial species isolated from this
locations. Also, there is paucity of information on the virulence and resistance genes associated
with the bacterial species isolated from seafood obtained from these locations. It is therefore
imperative to isolate and identify pathogens present in the seafood’s as well as determine the

resistance and virulence factors present in the pathogen.

1.3 AIM OF STUDY

The aim of this study is to detect the virulence and resistance genes responsible for the
pathogenicity and resistance of some bacteria species isolated from seafood samples

collected from Nembe and Ox-bow lakes in Bayelsa State.



1.4 OBJECTIVES
The specific objectives of this study are:

1. To isolate and identify some bacteria species implicated in some seafood such as
periwinkle, oysters, crabs and shrimps.

2. To identify the antibiotic resistance profile of the bacterial species isolated.
3. To ascertain the multidrug resistant patterns of the isolates

4. To identify the phylogenetic relationship between the isolates.
5. To identify the virulence genes associated with the species isolated

6. To identify antibiotic resistant genes associated with the species isolated from the
seafood.

1.5 JUSTIFICATION

Antibiotic resistance has become an issue of global concern and as such scientists,
researchers, pharmaceutical industries and health institutions are working tirelessly to tackle
this problem. Mutation, antibiotic abuse and horizontal gene transfer are some of the factors
responsible for antibiotic resistance. Also, microorganisms have continued to develop
different strategies to overcome the effects of antimicrobial agents and this is largely due to
lack of innovation in the production of novel antibiotics. This study will identify the genetic
factors responsible for the virulence and resistance of some bacterial species implicated in in
selected seafood. Identifying and reporting resistance and virulence genes in these isolates
can give an insight into new antibiotic combinations that can be used to overcome the cases

of antibiotic resistance and curb future emergence of potentially pathogenic bacteria.

Also, this present study will not only identify the pathogens present in seafood, but also their

antibiotic resistant patterns as well as the genetic factors responsible for their resistance. This



study will bring to the knowledge of the public the need to heat treat seafood before
consumption as well as sensitize people on the risk associated with comsuming undercooked
and uncooked seafoods. The identification and reporting of these resistance and virulence
genes in these isolates can give an insight into new antibiotic combinations that can be used

to overcome the cases of antibiotic resistance.

1.6 SIGNIFICANCE OF STUDY

The isolation and molecular characterization of these organisms implicated in sea food will
help to determine the incidence of these organisms in such food and also help to reduce the
diseases associated with consumption of these sea foods, thus, ensuring food safety. This will
also help enlighten people on the risks associated with eating raw sea foods and also reduce

the cases of antibiotic resistance.



CHAPTER TWO

2.1 REVIEW OF LITERATURE

Vibrio parahaemolyticus is the causative agent of acute gastroenteritis. It was first isolated in
1950, during a large outbreak of gastroenteritis that occurred in Japan (Farmer et al., 2005).
It is characterized by profuse watery diarrhea, cramps, vomiting, and nausea. V.
parahaemolyticus food poisoning is caused by the consumption of raw oyster, clams and
shellfish (Nasreldin, 2013). The pandemic have been recorded in America and Europe. It has
also been recorded in Japan, south East Asia, India and Africa where raw fish is implicated as
a vehicle (Jay et al., 2005). V. parahaemolyticus is usually resident in coastal waters but
recently it has been isolated from fresh water fish (Jay et al., 2005). V. parahaemolyticus is
halophilic, mesophilic and is unable to ferment sucrose making it easier to be isolated in
temperate regions. It is associated with crustaceans, shrimps, crab and molluscan shell fish
and free swimming fish at a concentration of 10° cells per gram (Papovic et al., 2010).

V. cholerae is the causative agent of cholera. It is characterized by profuse watery diarrhea
with flakes, mucus, dehydration and even death (Jay et al., 2005). It was first discovered in
1817 and since then about seven pandemics have been recorded (Jay et al., 2005). They are
found in highly saline waters. Studies have shown that the V. cholerae remains viable for
14days in refrigerated raw vegetables and at room temperatures for 28 days. On dry cereals
like maize, rice and biscuits, it survives for 1- 5 days at 4°C (Jay et al., 2005). It also survives
in cooked foods at room temperature for 14-24 days (Shicongo-Nambabi et al., 2012). The V.
cholerae strains have more than 150 O serotypes belonging to O1 and O139 serotype. They

are considered virulent because they contain the cholera toxin gene (ctx), the toxin-



coregulated pilus gene (tcp) and other virulent genes. V. cholerae causes diarrheal disease
and could lead to other diseases such as bacteremia, invasive soft tissue infection,
cholecystitis and peritonitis (Farmachidi et al., 2003).

V. vulnificus infection case in human was first recorded in USA in the year 1964 and in
Taiwan in the year 1987 (Harwood et al., 2004). It is an opportunistic pathogen in the
elderly, immunocompromised persons and people with impaired functions or other disease
like liver cirrhosis, diabetes and on those who take steroids (Farmachidi et al., 2003). V.
vulnificus causes three important diseases which are septicemia, necrotizing wound infection
and gastroenteritis with a mortality rate of about 50% occurring one to two days after onset
of the symptoms (Cazoria et al., 2011). The organism is found to be associated with seafood
such as shell fish, oyster, mussels and clams. It is usually found in environments with high
salt content (Cazoria et al., 2011).

The incidence of Vibrio species has shown great correlation between the ingestion of these
sea foods and the food borne infections (Arungiri et al., 2016).

A lot of studies have been done on Vibrio species associated with sea foods. A study carried
out by Chigozie and Ogunbanwo (2015) on the prevalence and antimicrobial susceptibility of
Vibrio parahaemolyticus isolated from ninety sea foods in Lagos Nigeria showed that
shrimps and crabs were the main sources of V. parahaemolyticus in Lagos Nigeria and that

the organism was resistant to ampicillin.

Another study carried out by Arungiri et al., (2016) on the incidence of Vibrio species
associated with blue crabs (Callinectes sapidus) collected from Galveston Bay Texas showed
that the hemolymph of most infected crabs contained very high number of Vibrio cholerae,

V.vulnificus and V. parahaemolyticus.



According to a study carried out by Arunagiri et al., (2016) on the study of Vibrio species
and its occurrence frequencies in seafood samples, V.cholerae and V. parahaemolyticus had
the highest percentage occurrence in seafood and as such posed a very high public health
hazard. The quality of marine fish is dependent on the microbial load and the microbial load
depends on the physiochemical parameters of the water known as the extrinsic factors. It also
depends on the intrinsic factors of the fish itself, food processing, transportation and storage

(Shikongo-Nambabi et al., 2012).

Ahmed et al., (2012) worked on the occurrence and characteristics of methicillin-resistant
Staphylococcus aureus and methicillin-resistant coagulase-negative staphylococci from
Japanese retail ready-to-eat raw fish with the aim of determining the prevalence, molecular
genetic characteristics, antibiotics resistance and virulence factors of bacteria. The bacteria;
methicillin-susceptible Staphylococcus aureus (MSSA), methicillin-resistant S.
aureus (MRSA) and methicillin-resistant coagulase-negative staphylococcus (MR-CoNS)
were isolated from 200 samples of retail ready-to-eat raw fish (sashimi) collected from the
Japanese prefecture of Hiroshima. The SCCmec typing was carried out and it revealed the
presence of a type IV SCCmec cassette in S. warneri isolates, a type 11 SCCmec cassette in S.
haemolyticus isolates and a cassette in methicillin-resistant S. aureus (MRSA) isolates that
could not be typed. The Molecular typing carried out on two MRSA isolates
by spa sequencing and multilocus sequence typing (MLST) identified t1767 and STS8,
respectively. Also, antibiotic resistance genes coding for resistance to aminoglycosides,
tetracyclines, B-lactams, macrolides, lincosamides and streptogramin B (MLSg) antibiotics
were detected as well (Ahmed et al., 2012). A study by Kim et al., (2017) revealed the

presence of Bacillus cereus, Escherichia coli, S. aureus, V. parahaemolyticus and V.
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vulnificus with samples from the fishery market showing a higher detection rate especially in
V. parahaemolyticus (21-6%) and V. vulnificus (1-7%) which indicates the need to improve
microbiological safety of raw ready-to-eat seafood products in fishery market (Kim et al.,

2017).

2.2 SEAFOODS

Benthic organisms otherwise called benthos are community of organisms that live in, on or
near the sea bed called the benthic zone. Seafood such as fishes, shrimps, bivalves (oysters),
sea stars, crabs, periwinkle, clams, sea cucumbers, brittle stars, sea anemones, etc serve as
important sources of food due to their nutritional properties (Ryan, 2007). Studies have
shown that in recent years, consumption of seafood has been on the increase because of their
health benefits and nurtitional importance. Seafood is rich in proteins, vitamins, minerals, 2-
aminoethane sulfonic acid and n-3 polyunsaturated fatty acids which are not usually present
in other terrestrial animals (Mohiuddin, 2019).

2.2.1 PERIWINKLE

The Littorina littorea is a common periwinkle that belongs to the specie of edible sea snails
and marine gastropods that possesses gills and operculum characterized by a broad ovate,
thick and sharply pointed shell with six to seven whorls with fine thread and wrinkles
(Chapman et al., 2007). The width of the shell ranges from 10 to 12 mm at maturity, with an
average length of 16-38 mm.Shell height can reach up to 30 mm, 43 mm or 52 mm. The
length is measured from the end of the aperture to the apex. The height is measured by
placing the shell with the aperture flat on a surface and measuring vertically (Chapman et al.,

2007).
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2.2.2 CLASSIFICATION OF PERIWINKLE (Littorina littorea)

Kingdom Animalia
Phylum Mollusca
Class Gastropoda
Superfamily Littorinoidae
Family Littorinidae
Genus Littorina
Species Littorea

(Chapman et al., 2007).

2.2.3 CRABS

Crabs (Corystes cassivelaunus) along with others such as shrimps lobsters and crayfish
belong to the subphylum crustacean and infraorder Bachurya characterized by having eight
long legs, two pairs of claws and chitinous exoskeleton. While some crabs live in fresh water
others live on salt water and land. Crab serve as a good source of protein and so is usually
eaten as food. Crabs are omnivorous in nature and they primarily feed on Algea, worms,

crustaceans, fungi, bacteria and detritus (Mohiuddin, 2019).
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2.2.4 CLASSIFICATION OF CRAB (Corystes cassivelaunus)
Kingdom: Animalia
Phylum: Arthropoda

Subphylun Crustacea

Class: Malacostrac
Order: Decapoda

Suborder: Pleocyemat:
Infraorder: Brachyura

Sections and subsections

Dromiacea
Raninoida
Cyclodorippoida
Eubrachyura
Heterotremata
Thoracotremata

(Mohiuddin, 2019)
225  SHRIMPS

Shrimps known as Black Tiger Shrimps scientifically known as Panaeus
monodon are decapod crustaceans with elongated bodies and have swimming mode of
locomotion. Shrimps are very nutritious, fairly low in calories and possess high protein

content as well as healthy fats and variety of vitamins and minerals (Maheswamdu, 2016).
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2.2.6 CLASSIFICATION OF BLACK TIGER SHRIMP (Panaeus monodon)

Kingdom Animalia

Phylum Arthropoda

Sub phylum Crustecea

Class Malacostraca
Order Decapoda

Sub order Dendrobranchiata
Family Penaeidae

Genus Panaeus

Species Monodon

(Maheswamdu, 2016).

2.2.7 OYSTERS

Oysters (Crassostrea grigas) are molluscan shellfish called bivalves. They are an excellent
source of zinc, iron, calcium, and selenium, as well as vitamin A and vitamin Bi,. Oysters are
low incalories but are rich in protein and vitamins such as zinc and vitamin B

(Maheswamdu, 2016).
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2.2.8 CLASSIFICATION OF OYSTER (Crassostrea  grigas)

Kingdom Animalia
Phylum Mollusca

Sub phylum Bivalva

Class Lamellibranchia
Order ostreioda

Sub order pteriomorphia
Family ostreidea

Genus crassostrea
Species grigas

(Maheswamdu, 2016).

2.3 STAPHYLOCOCCUS MEDIATED INFECTIONS

Coagulase negative Staphylococcus are staphylococcal species other than Staphylococcus
aureus that are usually non-pathogenic unless when opportunistic and are usually implicated
in clinical, environmental as well as seafood samples (Becker et al., 2014). Some factor such
as clinical procedural changes have made Coagulase Negative Staphylococcus species more
of nosocomial rather than commensals (Becker et al., 2014). Staphylococcus species are
generally implicated in pyogenic infections, acute urethritis, endocarditis and food borne
intoxication (Heilmann, 2011). They also colonize the skin and mucous membranes of
humans and animals and are less frequently involved in clinically manifested infections
(Heilmann, 2011). Example of Coagulase Negative Staphylococcus species isolated from
human clinical specimens comprise S. jettensis, S. massiliensis, S. petrasii (including S.
petrasii subsp. petrasii and S.  petrasii subsp. croceilyticus), S.  gallinarum  andS.

pettenkoferi. Staphylococci have the capacity to colonize and infect human and animal hosts.
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They possess a species and strain-specific weapon of diverse strategies to enable them carry
out adherence, aggression, invasion, persistence, and/or evasion of both innate and adaptive
immunity (Heilmann, 2011). However, S. aureus, has a defined clearly virulence
mechanisms unlike CoNS which on the other hand is involved in biofilm formation as in the
case of S. epidermidis (Becker et al., 2014). In general, CoNS isolates lack the virulence
determinants responsible for aggression. Nevertheless, factors involved in colonization may
successfully support the bacterium-host interaction, a phenomenon that may be based, at least
partly, on the multifunctional character of various staphylococcal virulence factors known to

exhibit redundant and overlapping functions (Becker et al., 2014).

2.4 KLEBSIELLA MEDIATED INFECTIONS

Klebsiella pneumoniae was initially classified into three genetically closely-related
phylogroups, and more recently, they have been classified into three distinct species: K.
pneumoniae [KPI], K. quasipneumoniae [Kpll],and K. variicola [Kplll] (Holt et al., 2015).
These enterobacteria have been considered to be one of the most prevalent nosocomial
enterobacterial pathogens responsible for infections that range from mild urinary infections
to severe bacteremia and pneumonia characterized by high mortality and morbidity rates
(Long et al., 2017). Traditional microbiological assay and Biochemical testing have not
shown accurate differentiation between Klebsiella spp leading to false reporting of clinically
isolated K. quasipneumoniae to be K. pneumoniae (Long et al., 2017). K. quasipneumoniae
was initially known as a commensal intestinal colonizer but has now been implicated in
seafood samples. However, recent genomics driven studies have documented it as an
etiologic agent in a number of clinical Klebsiella-related infection cases and with minimal

positive yield in the effectiveness of antibiotic treatment of the infections caused by them.
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This is clearly due to antibiotic resistance increasing emergence of multidrug resistance
among K.pneumoniae nosocomial isolates as this has limited the therapeutic options for

treatment of these infections (Bradford, 2001).

2.5 VIBRIO MEDIATED INFECTIONS

Vibrio species causes a number of infections ranging from human to animals which are
usually more distributed during the warmer months (Adams & Moss, 2008). Sources of
infections range from contaminated water to consumption of uncooked or undercooked
contaminated sea food (Adams & Moss, 2008). Infections caused by Vibrio species can be
divided into two: cholera caused by consuming food or water contaminated with Vibrio
cholerae characterized by diarrhea and non-cholera infections called vibriosis (Adams &
Moss, 2008). This causes septicaemia and mild gastroenteritis. Vibrio species responsible for
these are the V. parahaemolyticus and V. vulnificus (Adams &Moss, 2008). Several Vibrio
bacteria species can cause serious diseases in humans or animals. Twelve Vibrio species have
been recognized as potential foodborne disease agents in humans, of which, V.
parahaemolyticus is the most common (Adams &Moss, 2008). Although strains of V.
parahaemolyticus are environmental, many strains are pathogenic to humans. Virulent strains
of V. parahaemolyticus can cause wound infections, septicemia, or more commonly acute
gastroenteritis which is acquired through the consumption of raw or undercooked seafood,
especially shellfish (Letchumanan et al., 2014). Outbreaks of V. parahaemolyticus have been
reported in many countries such as the USA, France, and New Zealand because of the
increase in seafood consumption and the global warming, which may be resulting in a higher

prevalence of Vibrio species and increase the risk of Vibrio-borne infections (Nair, 2007;
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Cruz et al., 2015). Recognized infections from Vibrio species are increasing. Most
researchers predict that climate change will increase cases (Burge et al., 2014; Letchumanan

etal., 2014).

2.6 RESISTANCE MECHANISMS OF VIBRIO SPECIES

Vibrio species exhibit several antibiotic resistance mechanisms which are usually not
restricted to the following: exporting drugs through efflux pumps, chromosomal mutations,
or developing genetic resistance via the exchange of conjugative plasmids, conjugative
transposons, integrons, or self-transmissible chromosomally integrating SXT elements
(Kitaoka et al., 2011; Burrus et al, 2006). Some antibiotic-resistant Vibrio species in sub-
Saharan Africa, as well as their resistance mechanisms include multi-drug efflux pumps to
establish resistance against antimicrobial agents and other toxic compounds by a mechanism
that prevents the accumulation of drugs inside the bacterial cells. V. cholerae contains more
than forty different antimicrobial resistant encoding genes that can confer resistance to as
much as nine different classes of antimicrobial drugs (Verma et al., 2019). Antimicrobial
resistant mechanism in V. cholerae is usually acquisition of Antimicrobial Resistant Genes
through Horizontal Gene Transfer (HGT) and physically linked with Mobile Genetic
Elements (MGEs) (Wozniak & Waldor, 2010). Antimicrobial Resistance Genes have been
shown to be distributed in the genome environment by MGEs. The processes mediating this
distribution include Transduction, Tranformation, conjugation and fusion of outer membrane
vesicles (Das, 2020). V. cholerae has shown its ability in using multidrug efflux pumps to
export a wide range of antibiotics, detergents, and dyes that are chemically and structurally

unrelated (Das, 2020). Collectively, multi-drug efflux pumps are not employed only for drug
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resistance, but have also been implicated in the expression of important virulence genes in

Vibrio pathogens (Das, 2020).

2.7 RESISTANCE MECHANISMS OF COAGULASE NEGATIVE

STAPHYLOCOCCUS SPECIES

Coagulase Negative Staphylococci have in recent times developed novel methods of evading
antibiotic actions particularly for penicillin, oxacillin, ciprofloxacin, clindamycin,
erythromycin, and gentamicin and this could be as a result of mutation or acquisition of
resistant genes from other related species through genetic elements (Garcia-Vazquezet al.,
2013). Acquired resistance is caused by mobile genetic elements which can be found in
CoNS of both animal and human origins (Garcia-Vazquezet al., 2013). They possess a
reservoir of genetic elements leading to resistance not only to the p-lactam antibiotics but
also to other antibiotic classes (Garcia-Vazquezet al., 2013). This is of the utmost importance
for human and veterinary medicine, because these genetic elements are mobile by nature and
thus, they may be transfered into the medically most significant staphylococcal species, S.
aureus, leading to problems related to the emergence of MRSA as seen after the introduction
of the penicillinase-stable penicillins (Gill et al., 2005). An example is the resistance of
Coagulase Negative Staphylococcus to tetracyclines which is based primarily on the
acquisition of mobile tet and otr genes. This leads to ribosomal protection through
dissociation of tetracyclines from their ribosomal binding sites and also drug efflux through
active transportation of the agents out of the bacterial cell (Kriegeskorte et al., 2012).

The resistance of Coagulase Negative Staphylococcus to glycopeptid is by cell wall

alterations, resulting in reorganization and thickening as well as reduction in autolytic
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activity (Howden et al., 2010). Cell wall thickening has been reported for glycopeptide-

resistant CoNS (S. epidermidis and S. haemolyticus) (Howden et al., 2010).

Methicillin resistance is mediated by the mec genes harbored by a staphylococcal
Chromosomal Cassette mec mobile genetic element inserted into the chromosome
(Howden et al., 2010). This cassette is composed of three major elements: the mec gene
complex, the ccr gene complex, and the joining (“junkyard” or J) regions. The mec gene
complex comprises the mecA gene itself, its regulatory genes; mecl (a repressor)
and mecR1 (a sensor inducer), as well as an insertion sequence, 1S431mec (Gill et al., 2005).
The cassette chromosome recombinase genes ccrAB and ccrC encode site-specific integrases
catalyzing the integration or excision of the entire SCCmec into or from the orfX locus at its

3’ end in the staphylococcal genome (Howden et al., 2010).

2.8 RESISTANCE MECHANISMS OF KLEBSIELLA SPECIES

Studies on Klebsiella resistance pattern and mechanisms have shown that there is an
increased percentage of Klebsiella strains that are resistant to antimicrobials of the
cephalosporins and flouroquinolone groups (Wang et al., 2004). Resistance to
Fluoroquinolone is associated with mutations in the quinolone resistance-determining region
of the gyrA and or parC gene coding for the target proteins DNA gyrase and topoisomerase
IV, respectively (Hooper, 2000). Plasmid-mediated resistance to quinolones has also been
described (Wang et al., 2004), and its frequency seems to be increasing in recent years
(Rodriguez-Martinez et al., 2003). Besides topoisomerase mutations and plasmids, altered
permeability (usually because of porin loss) and energy-dependent efflux have also been

shown to contribute to the fluoroquinolone resistance  phenotype in K.
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pneumoniae (Martinez-Martinez et al., 2002). One of the efflux systems involved in this
resistance phenotype is the acrAB multidrug efflux system that in K. pneumoniae is encoded
by theacrABoperon. In this operon, acrR encodes the acrAB  repressor,
while acrA and acrB encode a periplasmic lipoprotein of 40 kDa, anchored to the inner
membrane, that bridges the outer and inner membranes and an integral membrane protein of
113.5 kDa with 12 membrane-spanning a-helices, located in the cytoplasmic membrane,
respectively (Domenech-Sanchez et al., 2001). The acrB connects with TolC, an outer
membrane protein that belongs to a family of envelope proteins found in all Gram-negative
bacteria and that is essential for the expulsion of a plethora of compounds (Eswaran et al.,
2003). Most enterobacteriacea are known to possess Extended Spetrum B-Lactamases such
as SHV and CTX-M which are responsible for the hydrolytic activity against cefotaxime and
ceftazidime leading to resistance in these cephalosporins (Olusegun et al., 2006). The first
CTX-M-type b-lactamases were identified as plasmid-encoded enzymes in clinical isolates

from the Enterobacteriaceae (Martinez et al., 2004).

29 EXTENSIVE DRUG RESISTANCE/MULTI-DRUG RESISTANCE IN
MICRORGANISMS

The spread of multidrug resistant genes in V. cholerae is mainly facilitated by horizontal
gene transfer through self-transmissible mobile genetic elements, autonomously replicating
plasmids or Integrative Genetic Mobile Elements such as SXT genetic mobile elements (Das,
2020). The SXT genetic mobile element ICE conferring resistance to sulfamethoxazole-
trimethoprim was first documented in V. cholerae O139 or a closely related ICE in Madras,
India, owing to its ability to harbor resistance to trimethoprim, sulfamethoxazole, and

streptomycin (Das, 2020). Also, Multi Drug Resistance V. cholerae isolates of O1 serotype
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that are resistant to tetracycline, streptomycin and chloramphenicol have been identified
(Das, 2020). SXT elements also carry resistant genes that code for resistance to
sulphametazole-trimethoprim, ampicillin, streptomycin and furazolidine (Das, 2020). The
relationship between self-transmissible elements and multidrug resistance has been well
documented in Vibrio species (Das, 2020).A recent study in Cameroun revealed that Vibrio
cholerae O1 of environmental origin harbours heterogeneous multidrug resistance towards
Amoxicillin - (AML), Ampicillin (AMP), Tetracycline (TE), Chloramphenicol (C),
Doxycycline (DXT), and Cotrimoxazole (SXT) (Akoachere et al., 2013).The frequent usage
of antibiotics as part of the Vibrio infection treatment regimen has resulted in the
development of multidrug resistance in V. cholerae and seafood pathogens such as
pathogenic Vibrio species (Sudha et al., 2014).

2.10 MOLECULAR IDENTIFICATION OF MICROBIOTA IN SEAFOODS

2.10.1 POLYMERASE CHAIN REACTION

Molecular identification of microorganisms has in recent times proven to be the most reliable
method of identifying isolates from clinical and environmental samples. PCR is the most
applied molecular biology technique for the identification of a particular microorganism
where a specific genetic segment of interest in the isolate is amplified (multiplied) through
the action of the enzyme Taq polymerase, polymerized deoxyribonucleotides and primer
(Oliveira et al., 2016). This technique is so sensitive that a single DNA molecule can serve as
a template for the exponential amplification of a specific gene so as to attain a sufficient
concentration used for further analysis such as cloning and sequencing (Oliveira et al., 2016).

There are different types of PCR which include conventional PCR, multiplex PCR, reverse
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transcriptase polymerase chain reaction (RT-PCR), Random Amplified Polymorphic DNA
(RAPD) and Quantitative Polymerase Chain Reaction (JPCR) (Oliveira et al., 2016).

2.10.2 AGAROSE GEL ELECTROPHORESIS

The amplified genetic material is further identified either by agarose Gel Electrophoresis
(AGE), Denaturing Gradient Gel Electrophoresis (DGGE), Temporal-Temperature Gradient
Electrophoresis (TTGE) and Pulse Field Gel Electrophoresis (PFGE). The genetic material
already amplified using conventional PCR now called amplicons are visualized through gel
electrophoresis (Xu et al., 2017).

Xu et al. (2017) used multiplex PCR for the simultaneous detection of Vibrio cholerae, V.
parahaemolyticus, V. vulnificus and V. alginolyticus in seafood samples, which was proven
to be a fast and reliable tool for the detection of these pathogenic species. Kou et al. (2008)
used RT-PCR multiplex to simultaneously detect artificial and natural Norovirus and
Rotavirus infections in oysters and described the technique as a quick, specific and sensitive
method and can be applied for virus detection in the seafood product before being marketed.
VVongkamjan et al. (2017), after isolating Listeria monocytogenes from seafood and
environment samples by cultivation-dependent means, confirmed the isolation by
conventional PCR, followed by multiplex PCR techniques for the detection of serotypes, and
RAPD for the characterization of the isolates, detecting 3 serotypes and 11 RAPD profiles.
After serotype identification through multiplex PCR, it was possible to verify that the
majority of the serotypes identified were the same ones detected in cases of human listeriosis.
The RAPD technique confirmed the existence of genetic diversity among L. monocytogenes

isolates. The researchers also concluded that this technique was adequate for this purpose due
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to the cost, time and prior knowledge required to perform the analysis (Vongkamjan et al.,
2017).

Taminiau et al. (2014) developed qPCR protocols to identify and quantify six seafood-borne
pathogens and arrived at the conclusion that the protocols displayed good selectivity,
specificity and sensitivity in the detection and quantification of the evaluated pathogens.
They also evaluated the microbiota profile of air-conditioned and modified atmosphere using
gPCR. They evaluated the limit of quantification of the elaborated protocols for artificially
contaminated seafood, oysters gills stored at 4°C by PCR-DGGE techniques regarding the
16S rRNA V3 gene region. Through the DGGE profile, they verified a great bacterial
diversity in the gills of both groups of oysters.

Mac et al. (2012) evaluated the bacterial deterioration of raw salmon conditioned under
vacuum and under a modified atmosphere, using culture independent and dependent
methods. In this case, some bacteria were only identified by one method, while others were
identified by both. The authors state that the cultivation-dependent technique displayed
greater precision in the identification of bacteria genera and species. However, PCR allowed
for the confirmation of species of the dominant bacterial species during 3, 7 and 10 days of
storage in samples packed in vacuum and modified atmosphere, previously identified by the
traditional methodology and verified through electrophoretic profiles generated by TTGE
(Mac et al., 2012).

Hara-Kudo et al. (2012) compared V.parahaemolyticus characteristics isolated from patients
during the 1997-2001 outbreaks and seafood contamination cases from 2007 to 2009 in
Japan. The authors first carried out an epidemiological study regarding the outbreak cases

and subsequently analysed the seafood samples. The culture-dependent methodology was
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applied to isolate Vibrio sp. strains from seafood, while biochemical analyses were
performed to identify V.parahaemolyticus strains. The authors then verified whether the
strains indicative of V. parahaemolyticus contained the tdh virulence gene and which
serotype they belonged to, through PCR. Finally, they used PFGE to verify the similarity
between strains isolated from patients in the outbreaks and samples collected from seafood.
Of the 842 seafood samples, 717 were V. parahaemolyticus positive and 18 contained the tdh
virulence gene (Rodriguez et al., 2018).

2.10.3 SANGER SEQUENCING METHOD

Sequencing has emerged as a reliable way of elucidating the composition and genetic
potential of microorganisms in seafood samples (Foster et al., 2012). This technique
characterizes the organism to the specie level (Foster et al., 2012). The different sequencing
types are first-generation sequencing, and next-generation sequencing (NGS). To this end,
researchers began using Sanger sequencing technologies known as first-generation
sequencing followed by next-generation sequencing (NGS) (Siqueira et al., 2012). The first
generation sequencing could not sequence high number of samples at a time so the next
generation sequencing (NGS) which has the ability to generate a greater number of readings
in a single reaction, allowing for the massive detection of the genetic material in a fast and
economically viable way was identified (Roeselers et al., 2011; Star et al., 2013; Wong et al.,
2013; Ghanbari et al.,2015).

2.10.4 NEXT-GENERATION SEQUENCING—SECOND GENERATION

Next generation sequencing makes use of Five technologies namely 454 pyrosequencing
(Roche Applied Science, Basel, Switzerland), lllumina/Solexa Genome Analyzer (Illumina,

San Diego, CA), Sequencing by Oligonucleotide Ligation and Detection (SOLID) (Applied
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Biosystems, Foster City, CA) and HeliScope Single Molecule Sequencer (Helicos
BioSciences, Cambridge, MA) (Ghanbari et al., 2015). The 454 pyrosequencing,
Illumina/Solexa Genome Analyzer and Sequencing by Oligonucleotide Ligation and
Detection (SOLID) clone products are usually amplified by PCR while the platform
HeliScope Single Molecule Sequencer do not require prior amplification (Siqueira et al.,
2012).

These novel technologies were developed with the intention of improving sequencing
process, increasing the length of final sequencing data, correcting errors detected from the
previous platform and reducing timeframe of the process (Ghanbari et al., 2015). The effects
of DNA extraction and foreground choice are common problems in other molecular culture-
independent methods (Kuczynski et al., 2012). However, with respect to NGS specifically,
short readings made by certain platforms show comparable difficulties when assembling and
mapping reference sequences (Lui 2012), while longer readings, such as those produced by
454 pyrosequencing are prone to quality error (Siqueira et al., 2012).

2.10.5 454 PYROSEQUENCING

The 454 platform marked the beginning of NGS and belongs to the second generation of
genomic sequencing technologies. The principle of the method is synthesis sequencing, while
the library preparation is by PCR emulsion and the chemical process is named
pyrosequencing. With each addition of a nucleotide by DNA polymerase, the formation of
phosphodiester bonding occurs in the single strand of amplified DNA, releasing a
pyrophosphate molecule, which after a cascade of chemical reactions will generate a
luminous intensity for each added nucleotide. This light is captured by the equipment,

generating peaks in the plotted graph, with peak heights proportional to the amount of added
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nucleotides and corresponding to the specific type of embedded dNTP (Metzker 2010; Liu et
al., 2012; Siqueira et al., 2012; Ghanbari et al., 2015).A total of 454 models exist, such as
454 FLX Titanium and 454 FLX +. While the first has a read length of 450-600 bp, 10 h of
sequencing, data output per run of 450 Mb and output read of 1 million, the second performs
readings of 700-100 bp in 23 h with 700 Mb of data output per run and a 1 million output
read (Ghanbari et al., 2015). In seafood, numerous studies have been carried out using such
pioneering technology for sequencing (Star et al., 2013). It was used to elucidate the
composition of the gut microbiota of Atlantic Cod caught in a single location (Star et al.,
2013). It was also used to verify the effects of regulation of intestinal absorption and fatty
acid metabolism in the Zebrafish (Semova et al., 2012). It has also been used to characterize
gastrointestinal bacteria of Atlantic salmon (Salmo salar) (Zarkasi et al.,2014) as well as
identify risk markers for foodborne diseases in swimming crab (Portunus trituberculatus)
microbiota in South Korea (Kim et al., 2017).

2.10.6 ILLUMINA/SOLEXA GENOME ANALYSER

This platform also works with the synthesis sequencing principle, with library preparation by
bridge PCR and chemical processing named reversible terminators (Siqueira et al., 2012).
Following the amplification process, sequencing takes place by the addition of nucleotides
labelled with fluorophores and terminators which ensure that only one base will be
incorporated at a time. The fact that the terminator is reversible enables the polymerization to
continue even after the detection of the fluorophores. The fluorescence is recorded by the
equipment, allowing for the detection of the added nucleotide (Siqueira et al., 2012).
Different models based on Illumina sequencing are available, such as Illumina GAIIXx,

[llumina HiSeq1000, Illumina HiSeql500, Illumina HiSeq2000, Illumina HiSeq2500,
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[llumina MiSeq and Illumina NextSeq500. Comparing the HiSeq2000 platform with MiSeq,
it is possible to verify that there is not only an increase in length (from 2 9 125 bp to 2 9 300
bp), 6-day reduction in 26 h of sequencing, but also a decrease in the data output per run,

from 900-1000 Gb to 100-125 Gb, and output read from 250 million to 44-50 million

(Ghanbari et al.,2015).
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CHAPTER THREE
3.0 MATERIALS AND METHODS
3.1 MATERIALS
3.1.1 SAMPLES USED AND LOCATION

The samples used in this study were Periwinkle, Crab, Oyster and Shrimps. A total of 200
samples were analyzed with 80 samples bought from Nembe river side market and 120

samples bought from Ox-bow lake market.
3.1.2 SAMPLE SIZE

Sample size was determined through the approach based on the Precision Rate and
Confidence level using the formular n=2%pg/d® (Kothari, 2004). Using a single proportion
formula, the sample size is calculated thus:

n= Zzpq/d2

Where: n = desired sample size, when population is more than 10,000

Z = Critical value at 90% or 1.64 confidence interval

p = Prevalence or population with the desired attribute pegged at 25% i.e 0.25
q=1-p

d = degree of accuracy usually set at 0.05

Hence, Z =1.64, p=0.25,9=0.75,d =0.05

n=1.64%x 0.25 x 0.75/0.052 n = 0.5043/0.0025 n = 201.72 n = 200

3.2 METHODOLOGY
3.2.1 SAMPLE COLLECTION

A total of 200 seafood samples made up of Periwinkle, Crab, Oyster and Shrimps. Twenty
each of the seafood samples were bought from Nembe water side market while thirty each of
the four different seafood samples stated above were bought from Ox-bow lake market

women in Bayelsa state making a total of 200 samples in all.
3.2.2 SAMPLE PREPARATION

Each of the samples collected were macerated using a clean blender to increase surface area

to volume ratio and to obtain a homogenous state of the sample. The periwinkle samples
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were carefully removed from their husks using a sterile needle. All the samples were placed
in peptone for six (6) hours for the enrichment treatment purpose. The samples were serially
diluted (10 folds dilution) using peptone water and an aliquot (0.1ml) of the diluted sample
was inoculated onto the already prepared sterile, Nutrient Agar, EMB Agar, Mannitol salt
Agar and Thiosulphate Citrate Bile salt Sucrose (TCBS) agar plates.

3.2.3 INOCULATION

An aliquot (0.1ml) was aseptically collected from the required dilution factor (10*) and
inoculated onto an already prepared plate using a sterilized pipette. An L-shaped spreader
was used to evenly distribute the inoculum round the surface of the agar plate so as to obtain
discrete colonies after incubation. The agar plates were allowed to dry and were incubated at

35°C for 24 hours. The results of the colonies grown were recorded.
3.2.4 MICROSCOPY AND BIOCHEMICAL CHARACTERIZATION

Isolates were identified microscopically by Gram staining. The biochemical analysis for each
organism was adopted from Cheesbrough, (2006). The result for each inoculum was
recorded. The biochemical tests carried out were; catalase test, oxidase test, nitrate test,

indole test, and sugar fermentation test.
3.2.5 PATHOGENICITY TEST

The isolates were subjected to pathogenicity test to determine the presence of the virulence
factors Haemolysin and Coagulase. The test for haemolysis was done by preparing a blood
agar and inoculating it with the test isolates. The coagulase test was carried out using human
plasma and the methods used were adopted from Cheesbrough, (2006).

3.2.6 ANTIMICROBIAL SUSCEPTIBILITY ANALYSIS

The antibiogram pattern of the isolated organisms were tested using 10 different conventional
antibiotics from varying groups which include; Erythromycin, Ciprofloxacin, Tetracyclin,
Ceftriaxone, Trimethoprim\Sulphonamide, ceftazidime, Ampicillin, Penicillin, Streptomycin,

Erythromycin and Gentamycin.
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The antimicrobial susceptibility testing was carried out using Kirby Bauer Disc method (Disk
Diffusion Method).

The cells were collected from agar slant and thereafter sub cultured into a nutrient broth
which was incubated for 24hours. This was done so as to obtain fresh 24hr cultures necessary
for the antibiotic susceptibility test.

The cultures were standardized using 0.5Macfalands standards so as to obtain cells
equivalent to 1.5x10® CFU/ml.

Thereafter 0.1ml (1.5x10® CFU/mI) of the standardized inoculum was inoculated into a

Mueller Hinton agar using the spread plate method.

Antibiotics impregnated disc were placed gently and aseptically on the Mueller Hinton agar

some millimeters apart. The plates were incubated at 35°C for 48 hours.

The diameter of the “zone of inhibition” was measured using a meter rule and compared to

the standards on the Clinical and Laboratory Standard Institute (CLSI) table 2013.

3.2.7 MOLECULAR CHARACTERIZATION

3.2.7.1. DNA Extraction (Boiling method)

Overnight broth culture of the bacterial isolate (5ml) was inoculated into Luria Bertani (LB)
and was spun at 14000rpm for 3 min. The cells were re-suspended in 500ul of normal saline
and heated at 95°C for 20 min. The heated bactererial suspension was cooled on ice and spun
for 3 min at 14000rpm. The supernatant containing the DNA was transferred to a 1.5ml
microcentrifuge tube and stored at -20°C for other down-stream reactions (Tamura et al.,
2013).

3.2.7.2. DNA quantification

The extracted genomic DNA was quantified using the Nanodrop 1000 spectrophotometer.

The software of the equipment was launched by double clicking on the Nanodrop icon. The
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equipment was initialized with 2l of sterile distilled water and blanked using normal saline.
Two microlitre of the extracted DNA was loaded onto the lower pedestal; the upper pedestal
was brought down to contact the extracted DNA on the lower pedestal. The DNA
concentration was measured by clicking on the “measure” button (Tamura et al., 2013).
3.2.7.3 16S rRNA Amplification

The 16srRNA region of the rRNA gene of the isolates were amplified using the 27F: 5'-
AGAGTTTGATCMTGGCTCAG-3' and 1492R: 5-CGGTTACCTTGTTACGACTT-3'
primers on an ABI 9700 Applied Biosystems thermal cycler at a final volume of 40
microlitres for 35 cycles. The PCR mix included: the X2 Dream taq Master mix supplied by
Ingaba, South Africa (tag polymerase, DNTPs, MgCl), the primers at a concentration of
0.5uM and the extracted DNA as template. The PCR conditions were as follows: Initial
denaturation, 95°C for 5 minutes; denaturation, 95°C for 30 seconds; annealing, 52°C for 30
seconds; extension, 72°C for 30 seconds for 35 cycles and final extention, 72°C for 5
minutes. The product was resolved on a 1% agarose gel at 130V for 30 minutes and
visualized on a blue light transilluminator (Carter et al., 2010).

3.2.7.4. Sequencing

Sequencing was done using the BigDye Terminator kit on a 3510 ABI sequencer by Ingaba
Biotechnological, Pretoria South Africa. The sequencing was done at a final volume of 10ul,
the components included 0.25 pl BigDye® terminator v1.1/v3.1, 2.25ul of 5 x BigDye
sequencing buffer, 10uM Primer PCR primer, and 2-10ng PCR template per 100bp. The
sequencing conditions were as follows; 32 cycles of 96°C for 10s, 55°C for 5s and 60°C for

4min (Tamura et al., 2013).

32



3.2.7.5. Phylogenetic Analysis

Obtained sequences were edited using the bioinformatics algorithm Trace edit, similar
sequences were downloaded from the National Center for Biotechnology Information
(NCBI) data base using BLASTN. These sequences were aligned using MAFFT. The
evolutionary history was inferred using the Neighbor-Joining method in MEGA 6.0 (Saitou
and Nei, 1987, (Tamura et al., 2013). The bootstrap consensus tree inferred from 500
replicates is taken to represent the evolutionary history of the taxa analyzed. The
evolutionary distances were computed using the Jukes-Cantor method (Tamura et al., 2013).

3.2.8. AMPLIFICATION OF RESISTANCE GENES IN ISOLATES

3.2.8.1 Amplification of shv Genes

shv. genes from the isolates were amplified wusing the shv F. %
CGCCTGTGTATTATCTCCCT-3' and shv R: 5-CGAGTAGTCCACCAGATCCT-3'
primers on an ABI 9700 Applied Biosystems thermal cycler at a final volume of 30
microlitres for 35 cycles. The PCR mix included: the X2 Dream Taqg Master Mix supplied by
Ingaba, South Africa (Tag polymerase, DNTPs, MgCl), the primers at a concentration of
0.4M and 50ng of the extracted DNA as template. The PCR conditions were as follows:
Initial denaturation, 95°C for 5 minutes; denaturation, 95°C for 30 seconds; annealing, 56°C
for 40 seconds; extension, 72°C for 50 seconds for 35 cycles and final extension, 72°C for
5 minutes. The product was resolved on a 1% agarose gel at 120V for 25 minutes and

visualized on a UV (Carter et al., 2010).
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3.2.8.2 Amplification of ctx-M Genes

ctx-M  genes from the isolates were amplified wusing the ctx-MF:5'-
CGCTTTGCGATGTGCAG-3' and ctx-M R: 5-ACCGCGATATCGTTGGT-3'primers on a
ABI 9700 Applied Biosystems thermal cycler at a final volume of 40 microlitres for 35
cycles. The PCR mix included: the X2 Dream Taq Master mix supplied by Ingaba, South
Africa (Taq polymerase, DNTPs, MgCl), the primers at a concentration of 0.4M and 50ng of
the extracted DNA as template. The PCR conditions were as follows: Initial denaturation,
95°C for 5 minutes; denaturation, 95°C for 30 seconds; annealing, 52°C for 30 seconds;
extension, 72°C for 30 seconds for 35 cycles and final extension, 72°C for 5 minutes. The
product was resolved on a 1% agarose gel at 120V for 25 minutes and visualized on a UV
transilluminator (Carter et al., 2010).

3.2.8.3 Amplification of acrAB Genes

acrAB genes from the isolates were amplified using the acrABF. 5'-
ATCAGCGGCCGGATTGGTAAA-3'and acrABR:5'- CGGGTTCGGGAAAATAGCGCG-
3" primers on an ABI 9700 Applied Biosystems thermal cycler at a final volume of 40
microlitres for 35 cycles. The PCR mix included: the X2 Dream Taq Master mix supplied by
Ingaba, South Africa (Taq polymerase, DNTPs, MgCI), the primers at a concentration of
0.4M and 50ng of the extracted DNA as template. The PCR conditions were as follows:
Initial denaturation, 95°C for 5 minutes; denaturation, 95°C for 30 seconds; annealing, 60°C
for 30 seconds; extension, 72°C for 30 seconds for 35 cycles and final extension, 72°C for
5 minutes. The product was resolved on a 1% agarose gel at 120V for 25 minutes and

visualized on a UV transilluminator (Carter et al., 2010).
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3.2.8.4 Amplification of mecA Genes

mecA genes from the isolates were amplified using the  mecAF:
TGGCTATCGTGTCACAATCG

mecAR: CTGGAACTTGTTGAGCAGAG primers on a ABI 9700 Applied Biosystems
thermal cycler at a final volume of 40 microlitres for 35 cycles. The PCR mix included: the
X2 Dream Taq Master mix supplied by Ingaba, South Africa (Tag polymerase, DNTPs,
MgCl), the primers at a concentration of 0.4M and 50ng of the extracted DNA as template.
The PCR conditions were as follows: Initial denaturation, 95°C for 5 minutes; denaturation,
95°C for 30 seconds; annealing, 58°C for 30 seconds; extension, 72°C for 30 seconds for
35 cycles and final extension, 72°C for 5 minutes. The product was resolved on a 1% agarose
gel at 120V for 25 minutes and visualized on a UV transilluminator (Carter et al., 2010).

3.2.8.5 Amplification of sxt Genes

The sxtl genes of the isolates were amplified wusing the sxt1 F:
AGCGATGCAGCTATTAATAA and

sxtl R: GAAGAGTCCGTGGGATTACG primers on a ABI 9700 Applied Biosystems
thermal cycler at a final volume of 30 microlitres for 35 cycles. The PCR mix included: the
X2 Dream taq Master mix supplied by Ingaba, South Africa (taq polymerase, DNTPs,
MgCI), the primers at a concentration of 0.4M and the extracted DNA as template. The PCR
conditions were as follows: Initial denaturation, 95°C for 5 minutes; denaturation, 95°C for
30 seconds; anealing, 53°C for 30 seconds; extension, 72°C for 30 seconds for 35 cycles and
final extension, 72°C for 5 minutes. The product was resolved on a 1% agarose gel at 120V

for 15 minutes and visualized on a blue light transilluminator (Carter et al., 2010).
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3.2.9 AMPLIFICATION OF VIRULENCE GENES IN ISOLATES

3.2.9.1 Amplification of tdh Genes

tdh genes from the isolates were amplified using the TdhF: 5'-
CTGTCCCTTTTCCTGCCCCCG-3and TdhR:5'-AGCCAGACACCGCTGCCATTG-3'
primers on an ABI 9700 Applied Biosystems thermal cycler at a final volume of 40
microlitres for 35 cycles. The PCR mix included: the X2 Dream Tag Master mix supplied by
Ingaba, South Africa (Taq polymerase, DNTPs, MgCI), the primers at a concentration of
0.4M and 50ng of the extracted DNA as template. The PCR conditions were as follows:
Initial denaturation, 95°C for 5 minutes; denaturation, 95°C for 30 seconds; annealing, 50°C
for 30 seconds; extension, 72°C for 30 seconds for 35 cycles and final extension, 72°C for
5 minutes. The product was resolved on a 1% agarose gel at 120V for 25 minutes and

visualized on a UV transilluminator (Carter et al., 2010).
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3.2.10 STATISTICAL ANALYSIS

The data generated from the study were subjected to statistical analysis.

The means and standard deviation were calculated using the Microsoft Excel 2007.

The ANOVA was used to compare the means of the colony counts using the Microsoft Excel

2007
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CHAPTER FOUR
4.0. RESULTS AND DISCUSSION
4.1 RESULTS

4.1.1 Heterotrophic Bacterial Isolates from Seafood obtained from Nembe and Ox-bow
Lake.

The colonial characteristics as well as the biochemical characteristics of the pure isolates
obtained from periwinkle, crab, oysters and shrimps were presumptive of Staphylococcus,
Vibrio and Klebsiella sp. Some of the pure isolates obtained were yellow, gram positive,
round (cocci) and oxidase negative. However, the isolates were all coagulase negative
indicating that they are not Staphylococcus aureus. All other isolates were gram negative,
sucrose/glucose fermenters, citrate positive as well as catalase positive. Some of the gram
negative pure isolates were yellow flat colonies while others were green round colonies
growing on the Thio sulphate Citrate Bile-Salt Sucrose agar. The gram negative pure isolates
were oxidase positive, sucrose/glucose fermenters, citrate positive as well as catalase positive
which is indicative of the presence of Vibrio species.

Other gram negative pure isolates were oxidase negative as well as indole negative which is

characteristic of Klebsiella species.
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4.1.2: Evolutionary Relations of Bacterial Isolates from Seafood Samples

The obtained 16SrRNA sequence from the isolates from the seafood samples produced an
exact match during the megablast search for highly similar sequences from the NCBI non-
redundant nucleotides (nr/nt) database. The 16SrRNA of the isolates showed a percentage
similarity to other species at 100%. The evolutionary distances computed using the Jukes-
Cantor method were in agreement with the phylogenetic placement of the 16SrRNA of the
isolates within the Vibrio, Klebsiella and Staphylococcus sp and revealed a closely
relatedness to  Vibrio rotiferianus, Vibrio paraheamolyticus, Klebsiella aerogenes,
Klebsiella quasipneumonia and Staphylococcus gallinarum respectively a shown in Figure
4.6.
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) C5 Staphylococcus gallinarum
MW308344 Staphylococcus gallinarum
C3 Klebsiella aerogenes
Mwes9239 Klebsiella aerogenes
0Q
c4 Klebsiella quasipneumoniae
a8 4 croes84l Klebsiella quasipneumoniae
C2 Vibrio rotiferianus
LR702061 Vibrio rotiferianus

c1 Vibrio parahaemolyticus

Mw14z2548 Vibrio parahaemolyticus
Figure: 4.1 Evolutionary Distances between the Bacterial Isolates
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4.1.3 Percentage Occurrence and Distribution of Organisms Isolated from Seafood
Samples in Nembe (n=80)

The percentage occurrence of the bacterial isolates from the seafood samples from Nembe
were obtained by taking the percentage of the colony counts from each seafood sample
(periwinkle, crab, oyster and shrimps). This was also done to determine the percentage
distribution of the different bacterial isolates in the different seafood samples. The total
number of pure isolates obatained from sea food samples in Nembe were eighty (80).
Staphylococcus gallinarum made up 13(16.25%) of the isolates, Vibrio rotiferianus made up
9(11.25%) of the total isolates, Vibrio paahaemolyticus made up 31(38.75%) of the isolates,
Klebsiella aerogenes made up 10(12.5%) of the isolates while Klebsiella quasipneumoniae
made up 17(21.25%) of the total isolates. The percentage distribution of Staphylococcus
gallinarum, Vibrio rotiferianus, Vibrio parahaemolyticus, Klebsiella aerogenes, and
Klebsiella quasipneumoniae in Periwinkle was 20%, 5%, 25%, 15% and 35% reapectively.
Periwinkle haboured the highest percentage of Klebsiella quasipneumoniae (35%) compared
to the other bacterial isolates. Crab had 15%, 15%, 45%, 10% and 15% of the bacterial
isolates respectively. Crab haboured more Vibrio parahaemolyticus (45%) than other
organisms. Oyster had 10%, 10%, 35%, 20% and 25% of the bacterial isolates respevtively.
Shrimps had 20%, 15%, 50%, 5% and 10% of the bacterial species stated respectively. Vibrio
species had the highest occurrence in all the seafoods except for Periwinkle as shown in

Figure 4.2.
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Figure 4.2: Percentage distribution of isolates in the seafood samples from Nembe
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414 Percentage Occurrence and Distribution of Isolates in the Seafood Samples
(n=120) obtained from Ox-Bow Lake.

The percentage occurrence of the bacterial isolates from the seafood samples from Ox-bow
were obtained by taking the percentage of the colony counts from each seafood sample
(periwinkle, crab, oyster and shrimps). This was also done to determine the percentage
distribution of the different bacterial isolates in the different seafood samples. The total
number of pure isolates obatained from the seafood samples in Ox-bow Lake were one
hundred and twenty (120). Staphylococcus gallinarum made up 27(22.5%) of the isolates,
Vibrio rotiferianus was 17(14.2%), Vibrio parahaemolyticus was 48(40%), Klebsiella
aerogenes made up 10(8.3%) and Klebsiella quasipneumoniae made up 18(15%) of the
isolates obtained from the seafood samples. The percentage distributions of Staphylococcus
gallinarum, Vibrio rotiferianus, Vibrio parahaemolyticus, Klebsiella aerogenes, and
Klebsiella quasipneumoniae in Periwinkle were 30%, 16.7%, 33.3%, 10% and 10%
respectively. Periwinkle haboured the highest percentage of Vibrio parahaemolyticus
(33.3%) compared to the other bacterial isolates. Crab had 20%, 16.7%, 40%, 0% and 23.3%
of all the isolates respectively. Crab haboured more Vibrio parahaemolyticus than other
organisms but had no Kebsiella aerogenes present. Oyster had 16.7% 10%, 43.3%, 13.3%
and 16.7% for the bacterial isolates respectively. Shrimps had 23.3%, 13.3%, 43.3, 10% and
10% of all the bacterial species isolated respectively. Vibrio species had the highest
occurrence in all the seafood samples with the highest occurrence in shrimps as shown in

Figure 4.3.
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Figure 4.3: Percentage distribution of isolates in the seafood samples from Ox-bow Lake
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415 Comparative Analysis of the Mean of Total Colony Count (LOG3,CFU/g) of
Isolates from Seafoods obtained from Nembe and Ox-Bow Lake

A comparative analysis on the LOG; of the mean of the colony count of the isolates from the
different seafood samples from Nembe and Ox-bow shows that there was no significant
difference in the colony counts obtained from the seafoods from Nembe and Ox-bow lake as
shown in table 4.5. In as much as there were differences in the colony counts obtained from
periwinkle from both locations (6.43 and 6.54), crab from both locations (6.52 and 6.51) and
shrimps from the two different locations (6.51 and 6.41), the ANOVA shows that there is
statistically no significant difference in the colony count at 5% level of confidence as P>0.05
as shown in Table 4.1.
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Table 4.1: Total Colony Count (LOG1,CFU/g) of isolates from Seafoods obtained from
Nembe and Ox-Bow Lake

Samples NEMBE LAKE OX-BOW
LAKE
PERIWINKLE 6.43+0.45 6.54+0.18
OYSTER 6.41+0.31 6.41+0.36
CRAB 6.52+0.28 6.51+0.23
SHRIMP 6.51+0.22 6.42+0.33
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4.1.6 Pathogenicity of the Bacterial Isolates

The bacterial isolates were tested for the presence of the virulence factors; Hemolysin and
Coagulase. The Vibrio parahaemolyticus isolated from the seafood samples obtained from
Nembe and Ox-bow Lake were positive for the hemolysis test. A positive test was detected
by characteristic zones of hemolytic reaction on the blood agar. All the other isolates were
negative for this test. The Vibrio parahaemolyticus isolated lysed the red blood cells present
in the blood producing a complete hemolysis known as 3-hemolysis. This indicates that the
organism possesses the hemolysin virulence factor responsible for the hemolysis of human

red blood cells. All the isolates were negative for the Coagulase test as shown in Table 4.2
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Table 4.2: Virulence factors present in the Bacterial Isolates from Nembe and Ox-bow
Lake

Virulence Bacterial Isolates
Factor V. K.
S.gallinarum V.rotiferianus  parahaemolyticus K.aerogenes quasipneumoniae

Hemolysin - - + - -

Coagulase - - - - -

+ = Present, - = Absent
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4.1.7 Antimicrobial Resistance Profiles of Isolates from Seafood obtained from Nembe
(n=80).
The antimicrobial susceptibility test carried out on the isolates gotten from seafoods obtained

from Nembe showed that all the isolates were resistant to Penicillin, Ampicillin, Ceftriaxone
and Ceftazidime. However, all the isolates (100%) were susceptible to Ciprofloxacin(C) i.e
none of the isolates from the different seafood samples was resistant to Ciprofloxacin. Also,
no isolate from periwinkle was resistant to gentamycin but 15%, 10% and 15% of the isolates
from crab, oyster and shrimp respectively were resistant to gentamycin. 25% of the isolates
from periwinkle and shrimps were resistant to Erythromycin while 10% and 20% of isolates
from crab and oysters respectively were resistant to it. 25% each of the isolates from
periwinkle and crab were resistant to Sulphonamide/Trimethoprim while 35% each of the
isolates from oysters and shrimps were resistant to it. 55% each of the isolates from crab and
shrimps were resistant to tetracycline while 50% and 60% of the isolates from periwinkle and
oyster respectively were resistant to it. Again, 55% of the isolates from oyster and shrimp
were resistant to streptomycin while 60% of the isolates from periwinkle and crab were

resistant to it as shown in Figure 4.4
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4.1.8 Antimicrobial Resistance Profile of Isolates from Seafoood obtained from Ox-Bow
Lake (n=120).

The antimicrobial susceptibility test carried out on the isolates gotten from seafoods obtained
from Ox-bow Lake showed that all the isolates were resistant to Penicillin, Ampicillin,
Ceftriaxone and Ceftazidime. However, all the isolates (100%) were susceptible to
Ciprofloxacin(C) i.e none of the isolates from the the different seafood samples was resistant
to Ciprofloxacin. Also, no isolate from crab and shrimp was resistant to gentamycin but
6.7%, and 10% of the isolates from periwinkle and oyster respectively were resistant to
gentamycin. 6.7% and 20% of the isolates from periwinkle and crab respectively were
resistant to Erythromycin while 10% of isolates each from shrimp and oysters were resistant
to it. 26.7% of the isolates from periwinkle, 33.3% from crab, 23.3% from oysters and 13.3%
of the isolates from shrimps were resistant to Sulphonamide/Trimethoprim. Furthermore,
53.3% each of the isolates from periwinkle and crab were resistant to tetracycline while
isolates from oysters and shrimps showed close resistance at 33.3% and 30% respectively.
Again, 63.3% of the isolates from periwinkle and 50% of the islates from oyster were
resistant to streptomycin while 30% of the isolates from crab were resistant to it and 23.3%

from shrimps as shown in figure 4.5.
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4.1.9 Frequency (%) of Resistant Isolates from Seafood Samples obtained From Nembe

The frequency of the resistance of the bacterial isolates obtained from seafood samples from
Nembe clearly showed that the frequency of resistance in the bacterial isolates was higher than
the frequency of susceptibility of the isolates to the antibiotics. Clearly, the isolates were resistant
to 60% (6) of the antibiotics which shows that a higher resistant frequency is being recorded.
Streptomycin and tetracycline both have close resistant frequencies viz a viz 46 and 43. The four
antibiotics with the highest resistant frequencies are Ceftriazone, Ampicillin, Penicillin and
Ceftazidime as shown in the table 4.3.
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Table 4.3: Frequency (%) of Resistant Isolates from Seafood obtained from Nembe
(n=80)

Antibi Isolates Total

otics S.gallinaru K. K. V.rotifer V.parahat Resistant
m aerogel quasipneu anus molyticus Isolates
(n=13) es moniae (n=9) (n=31) (n=80)

(n=10) (n=17)

CIP 0 0 0 0 0 0

CN 0 0 2(11.8) 0 0 2(2.5)

E 2(15.4) 6(60) 1(5.9) 2(22.2) 5(16.1) 16(2)

CRO 13(100) 10(100 17(100) 9(100) 31(100) 80(100)

AMP 13(100) 10(100 17(100) 9(100) 31(100) 80(100)

P 13(100) 10(100 17(100) 9(100) 31(100) 80(100)

SXT 1(7.7) 5(50) 6(35.3) 3(33.3) 8(25.8) 23(28.8)

TE 3(23.1) 6(60) 15(88.2) 5(55.6) 14(45.2) 43(53.8)

S 2(15.4) 7(70) 15(88.2) 2(22.2) 20(64.5) 46(57.5)

CAZ 13(100) 10(100 17(100) 9(100) 31(100) 80(100)

Key:ClIP=Ciprofloxacin, CN=Gentamycin, E=Erythromycin, CRO= Ceftriaxone, AMP=Ampicillin,
P=Penicillin, SXT= Sulphonamide/Trimethoprime, T=Tetracycline, S=Streptomycin, CAZ=Ceftazidime
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4.1.10 Frequency (%) of Resistant Isolates from Seafood Samples obtained from Ox-
Bow Lake (n=120)

The frequency and percentage of the resistance of the bacterial isolates to the different
antibiotics was recorded. Unlike the frequencies recorded from Nembe, the frequencies as
recoded from isolates of the samples from ox-bow Lake clearly shows that the frequency of
susceptibility of the bacterial isolates from ox-bow Lake is higher than the frequency of
resistance of the isolates to the antibiotics. Moreso, the frequency of resistance was only
higher in 4(40%) antibiotics. The four antibiotics with the highest resistant frequencies are

Ceftriazone, Ampicillin, Penicillin and Ceftazidime as shown in table 4.4.
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Table 4.4: Frequency (%) of Resistant Isolates obtained from Seafood from Ox-Bow
(n=120)

Antibio Isolates Total
ics Resistant
S. K. K. V.rotifer V.parahi 'sﬁ'f;eg
gallinarum aerogene quasipneum anus emolytic (n=120)
(n=27) s (n=10) oniae (n=17) us
(n=18) (n=48)
CIP 0 0 0 0 0 0
CN 2(7.4) 0 0 0 1(2.1) 3(2.5)
E 1(3.7) 0 2(11.1) 3(17.7) 7(14.6) 13(10.8)
CRO 27(100) 10(100) 18(100) 17(100) 48(100) 120(100)
AMP 27(100) 10(100) 18(100) 17(100) 48(100) 120(100)
P 27(100) 10(100) 18(100) 17(100) 48(100) 120(100)
SXT 10(37) 0 7(38.9) 6(35.3) 5(10.4) 28(23.3)
T 8(29.6) 6(60) 10(55.6) 3(17.6) 22(45.8) 49(40.8)
S 10(37) 5(50) 7(38.9) 5(29.4) 23(48) 50(41.7)
CAZ 27(100) 10(100) 18(100) 17(100) 48(100) 120(100)

Key: CIP=Ciprofloxacin, CN=Gentamycin, E=Erythromycin, CRO= Ceftriaxone, AMP=Ampicillin,
P=Penicillin, SXT= Sulphonamide/Trimethoprime, T=Tetracycline, S=Streptomycin, CAZ=Ceftazidime
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4.1.11 MULTI-DRUG RESISTANCE PATTERNS OF ISOLATES FROM SEAFOOD
IN NEMBE.

The multidrug resistant pattern of the bacterial isolates from Nembe were analysed and
recorded on the terms that isolates resistant to more than one antibiotic are multi-drug
resistant. Staphylococcus gallinarum isolated was resistant to six antibiotics at different
frequencies and different patterns and as such is multi-drug resistant as recorded below. The
highest frequency (7) was recorded in its resistance to Ceftriazone, Ampicillin, Penicillin and
Ceftazidime indicating that seven of the S. gallinarum isolates were resistant to Ceftriazone,

Ampicillin, Penicillin and Ceftazidime at the same time as shown in table 4.5.

Klebsiella aerogenes isolated was multi drug resistant. It was resistant to eight (8) antibiotics
at a frequency of five which indicates that five of the K. aerogenes isolated were all resistant
to the eight antibiotics. The highest frequency (5) was recorded in its resistance to
Erythromycin,  Ceftriazone, = Ampicillin,  Penicillin,  Sulphonamide/Trimehoprim,

Tetracycline, Streptomycin and Ceftazidime as shown in table 4.6.

Klebsiella quasipneumonia isolated was multi drug resistant. It was resistant to Nine (9)
antibiotics at a frequency of one which indicates that one of the K. quasipneumoniae isolated
was resistant to these nine antibiotics. The highest frequency (9) was recorded in its
resistance to Ceftriazone, Ampicillin, Penicillin, Tetracycline and Ceftazidime as hown in
table 4.7.

Vibrio rotiferanus isolated was multi drug resistant. It was resistant to eight (8) antibiotics at
a frequency of two which indicates that two of the V. rotiferanus isolated were resistant to
these eight antibiotics. The highest frequency (5) was recorded in its resistance to

Ceftriazone, Ampicillin, Penicillin and Ceftazidime as shown in table 4.8.

Vibrio parahaemolyticus isolated was multi drug resistant. It was resistant to eight (8)
antibiotics at a frequency of five which indicates that two of the V. parahaemolyticus isolates
were resistant to these eight antibiotics. The highest frequency (11) was recorded in its

resistance to Ceftriazone, Ampicillin, Penicillin and Ceftazidime as shown in table 4.9.
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Table 4.5: Multi-Drug Resistance Pattern of Staphylococcus gallinarum (n=13) from
Seafood Samples from Nembe

ANTIBIOTICS FREQUENCY

CRO+AMP+P+SXT+T+CAZ 1

E+CRO+AMP+P+S+CAZ 1
CRO+AMP+P+T+CAZ 2
E+CRO+AMP+P+CAZ 1
CRO+AMP+P+S+CAZ 1
CRO+AMP+P+CAZ 7
Key:E=Erythromycin, CRO= Ceftriaxone, AMP=Ampicillin, P=Penicillin, SXT=

Sulphonamide/Trimethoprime, T=Tetracycline, S=Streptomycin, CAZ=Ceftazidime
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Table 4.6: Multi-Drug Resistance Pattern of Klebsiella aerogenes (n=10) from Seafood
Samples in Nembe

ANTIBIOTICS FREQUENCY

E+CRO+AMP+P+SXT+T+S+CAZ 3)

E+CRO+AMP+P+T+S+CAZ 1
CRO+AMP+P+S+CAZ 1
CRO+AMP+P+CAZ 3
Key:E=Erythromycin, CRO= Ceftriaxone, AMP=Ampicillin, P=Penicillin, SXT=

Sulphonamide/Trimethoprime, T=Tetracycline, S=Streptomycin, CAZ=Ceftazidime
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Table 4.7: Multi-Drug Resistance Patterns of Klebsiella quasipneumoniae (n=17) from
Seafood Samples in Nembe

ANTIBIOTICS FREQUENCY

CN+E+CRO+AMP+P+SXT+T+S+CAz 1

CN+CRO+AMP+P+SXT+T+S+CAZ 1

CRO+AMP+P+SXT+T+S+CAZ 4
CRO+AMP+P+T+CAZ 9
CRO+AMP+P+CAZ 2
Key:E=Erythromycin, CRO= Ceftriaxone, AMP=Ampicillin, P=Penicillin, SXT=

Sulphonamide/Trimethoprime, T=Tetracycline, S=Streptomycin, CAZ=Ceftazidime
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Table 4.8: Multi-Drug Resistance Patterns of Vibrio rotiferanus (n=9) from Seafood

Samples in Nembe

ANTIBIOTICS FREQUENCY
E+CRO+AMP+P+SXT+T+S+CAZ 2
CRO+AMP+P+SXT+T+CAZ 1
CRO+AMP+P+T+CAZ 2
CRO+AMP+P+CAZ 5
Key:E=Erythromycin, CRO= Ceftriaxone, AMP=Ampicillin, P=Penicillin,

Sulphonamide/Trimethoprime, T=Tetracycline, S=Streptomycin, CAZ=Ceftazidime
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Table 4.9: Multi-Drug Resistance Patterns of Vibrio parahaemoyticus (n=31) from
Seafood Samples in Nembe.

ANTIBIOTICS FREQUENCY

E+CRO+AMP+P+SXT+T+S+CAZ 3)

CRO+AMP+P+SXT+T+S+CAZ 3
CRO+AMP+P+T+S+CAZ 6
CRO+AMP+P+S+CAZ 6
CRO+AMP+P+CAZ 11
Key:E=Erythromycin, CRO= Ceftriaxone, AMP=Ampicillin, P=Penicillin, SXT=

Sulphonamide/Trimethoprime, T=Tetracycline, S=Streptomycin, CAZ=Ceftazidime

62



4.1.12 MULTI-DRUG RESISTANCE PATTERN OF ISOLATES FROM
SEAFOOD OBTAINED FROM OXBOW-LAKE

The multidrug resistant pattern of the bacterial isolates from Ox-bow Lake were analysed and
recorded on the terms that isolates resistant to more than one antibiotic are multi-drug
resistant. Staphylococcus gallinarum isolated was resistant to nine antibiotics at different
frequencies and different patterns and as such is multi-drug resistant as recorded below. The
highest frequency (17) was recorded in its resistance to Ceftriazone, Ampicillin, Penicillin
and Ceftazidime indicating that seventeen of the S. gallinarum isolates were resistant to

Ceftriazone, Ampicillin, Penicillin and Ceftazidime at the same time as shown in table 4.10.

K. aerogenes isolated were multi drug resistant. The isolates were resistant to six (6)
antibiotics at a frequency of five which indicates that five of the K. aerogenes isolated were
all resistant to these same six antibiotics. The highest frequency (5) was recorded in their
resistance to Ceftriazone, Ampicillin, Penicillin, Tetracycline, Streptomycin and Ceftazidime

as shown in table 4.11.

K. quasipneumonia isolated was multi drug resistant. It was resistant to eight (8) antibiotics
at a frequency of two which indicates that two of the K. quasipneumoniae isolated were
resistant to these eight antibiotics. The highest frequency (8) was recorded in its resistance to

Ceftriazone, Ampicillin, Penicillin and Ceftazidime as shown in table 4.12.

V. rotiferanus isolated was multi drug resistant. It was resistant to eight (8) antibiotics at a
frequency of three which indicates that three of the V. rotiferanus isolated were resistant to
eight antibiotics. The highest frequency (11) was recorded in its resistance to Ceftriazone,

Ampicillin, Penicillin and Ceftazidime as shown in table 4.13.

V. parahaemolyticus isolated was multi drug resistant. It was resistant to Nine (9) antibiotics
at a frequency of one which indicates that only one of the V. parahaemolyticus isolates was
resistant to the nine antibiotics. The highest frequency (25) was recorded in its resistance to

Ceftriazone, Ampicillin, Penicillin and Ceftazidime as shown in table 4.14.
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Table 4.10: Multi-Drug Resistance Patterns of S. gallinarum (n=27) from Seafood

Samples in Ox-Bow Lake

ANTIBIOTICS FREQUENCY
CN+E+CRO+AMP+P+SXT+T+S+CAZ 1
CN+CRO+AMP+P+SXT+T+S+CAZ 1
CRO+AMP+P+SXT+T+S+CAZ 6
CRO+AMP+P+SXT+S+CAZ 2
CRO+AMP+P+CAZ 17
Key:E=Erythromycin, CRO= Ceftriaxone, AMP=Ampicillin, P=Penicillin,

Sulphonamide/Trimethoprime, T=Tetracycline, S=Streptomycin, CAZ=Ceftazidime
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Table 4.11: Multi-Drug Resistance Patterns of K. aerogenes (n=10) from Seafood
Samples in Ox-Bow Lake

ANTIBIOTICS FREQUENCY

CRO+AMP+P+T+S+CAZ )
CRO+AMP+P+T+CAZ 1

CRO+AMP+P+CAZ 4

Key:CRO=  Ceftriaxone, = AMP=Ampicillin,  P=Penicillin, = T=Tetracycline, = S=Streptomycin,
CAZ=Ceftazidime
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Table 4.12: Multi-Drug Resistance Patterns of K. quasipneumoniae (n=18) from Seafood
Samples in Ox-Bow Lake

ANTIBIOTICS FREQUENCY

E+CRO+AMP+P+SXT+T+S+CAZ 2

CRO+AMP+P+SXT+T+S+CAZ 5
CRO+AMP+P+T+CAZ 3
CRO+AMP+P+CAZ 8

Key:E=Erythromycin, CRO= Ceftriaxone, AMP=Ampicillin, P=Penicillin, SXT=

Sulphonamide/Trimethoprime, T=Tetracycline, S=Streptomycin, CAZ=Ceftazidime
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Table 4.13: Multi-Drug Resistance Patterns of V.rotiferianus (n=17) from Seafood

Samples in Ox-Bow Lake

ANTIBIOTICS FREQUENCY

E+CRO+AMP+P+SXT+T+S+CAZ 3

CRO+AMP+P+SXT+S+CAZ 2
CRO+AMP+P+SXT+CAZ 1
CRO+AMP+P+CAZ 11
Key:E=Erythromycin, CRO= Ceftriaxone, AMP=Ampicillin, P=Penicillin,

Sulphonamide/Trimethoprime, T=Tetracycline, S=Streptomycin, CAZ=Ceftazidime
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Table 4.14: Multi-Drug Resistance Patterns of V.parahaemolyticus (n=48) from Seafood
Samples in Ox-Bow Lake

ANTIBIOTICS FREQUENCY

CN+E+CRO+AMP+P+SXT+T+S+CAZ 1

E+CRO+AMP+P+SXT+T+S+CAZ 4

E+CRO+AMP+P+T+S+CAZ 2
CRO+AMP+P+SXT+S+T+CAZ 15

CRO+AMP+P+S+CAZ 1
CRO+AMP+P+CAZ 25

Key: CN=Gentamycin, E=Erythromycin, CRO= Ceftriaxone, AMP=Ampicillin, P=Penicillin, SXT=
Sulphonamide/Trimethoprime, T=Tetracycline, S=Streptomycin, CAZ=Ceftazidime
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4113 AMPLIFIED RESISTANCE AND VIRULENCE GENES

The DNA samples isolated from the bacterial isolates were analyzed for the presence of the
following genes; acrAB, ctx-M, shv, tdh, sxt, and mecA. The primers for each gene were used
to amplify the specific gene regions using PCR and they were resolved by Agarose Gel

Electrophoresis and the bands were detected as shown in the figures below.
4.1.13.1 The acrAB Gene

The acrAB genes were detected in the Klebsiella species ie Klebsiella aerognes and
Klebsiella quasipneumoniae but absent in the other bacterial isolates as shown in figure 4.6.
These genes are responsible for the multidrug resistance of Klebsiella species isolated to

tetracycline, penicillin, ampicillin and erythromycin used in this study.
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SK1 L SK2

acrAB (1000bp)

100bp

Figure 4.6: Agarose gel electrophoresis of the acrAB genes. Lanes SK1 and SK2 represent the acrAB
genes at 1000bp while lane L represents the 100bp molecular ladder.
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4.1.13.2 The ctx-M Gene

The ctx-M genes were resolved at 500bp on the Agarose Gel Electrophoresis. The ctx-M
genes were identified in Klebsiella quasipneumoniae only while absent in other bacterial
isolates as shown in figure 4.7. The ctx-M gene is responsible for the resistance of the
Klebsiella sp to the third generation cephalosporins which include; ceftriaxone and
ceftazidime. It is also responsible for the resistance of the bacterial isolates to B-Lactam

antibiotics used in this study. The B-Lactam used in this study were penicillin and ampicillin.
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SK1 L SK2 SS SVl Sv2

ctx-m (500BP) 500bp

Figure 4.7: Agarose gel electrophoresis of the ctx-m genes. Lanes SK1 represents the ctx-M gene
at 500bp while lane L represents the 100bp molecular ladder.
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4.1.13.3 The shv Gene

The shv genes were resolved at 200bp on the Agarose Gel Electrophoresis. The presence of
the bands shows that the gene was present in Klebsiella aerognes, Klebsiella
quasipneumoniae and Vibrio rotiferianus as shown in figure 4.8. This gene is responsible for
the resistance of these bacterial isolates to cephalosporins i.e ceftriaxone and ceftazidime
used in this study as well as their resistance to p-lactam antibiotics such as ampicillin and

penicillin,
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SK1  SK2 L SS SVl Sv2

500bp

shv (200bp)

Figure 4.8: Agarose gel electrophoresis of the shv genes. Lanes SK1, SK2 and SV2 represent the
shv genes at 200bp while lane L represents the 100bp molecular ladder.
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4.1.13.4 The tdh Gene

The Thermo Stable Direct Hemolysin (tdh) genes were resolved at 281bp on the Agarose Gel
Electrophoresis. The presence of the bands shows that the gene was present in Vibrio
parahaemolyticus. The virulence gene tdh was detected in Vibrio parahaemolyticus only as
shown in figure 4.9 and is responsible for the pathogenicity of Vibrio parahaemolyticus.
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SVl L Sv2

500bp
tdh (281bp)

Figure 4.9: Agarose gel electrophoresis of the tdh genes. Lanes SV1 and SV2 represents the tdh
genes at 281bp while lane L represents the 100bp molecular ladder.
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4.1.13.5 The mecA Gene

The mecA genes were resolved at 550bp on the Agarose Gel Electrophoresis. The presence of
the bands shows that the gene was present in Staphylococcus gallinarum. The mecA gene
was detected in Staphylococcus gallinarum only as shown in figure 4.10 and this explains

why the organism was resistance to the B-lactam antibiotics used in this study.
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500bp
mecA550bp

Figure 4.10: Agarose gel electrophoresis of the mecA gene. Lanes SS represents the mecA
genes at 520bp while lane L represents the 100bp molecular ladder.
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4.2 DISCUSSION

Seafood samples harbour a consortium of microorganisms ranging from pathogenic
microorganisms to normal commensals. The community of microorganisms found in a
particular habitat is dependent on a number of factors such as composition, weather,

pollution, location, time, etc (Farmer et al., 2005).

Results obtained from this study showed that microorganisms of the genera Staphyococcus,
Vibrio, and Klebsiella were isolated and this coroborate reports that seafood harbour diverse
groups of organisms. Thio- sulphate citrate bile salt sucrose agar (TCBS), Eosine Methylene
Blue Agar, Nutrient Agar and Mannittol Salt Agar were used for the isolation of these
organisms. Kriem et al., (2015), in comparing the performance of two plating media
Chromagar and TCBS proved that the former was more selective for Vibrios than the later.
Also, the TCBS does not give a fast, accurate and reliable result and could allow for growth
of other species (Kriem et al., 2015). The growth of Staphylococcus and Klebsiella clearly
shows that TCBS can indeed allow the growth of other microorganisms other than Vibrios.
Out of the 200 pure cultures isolated, Vibrio species constitute about 52.5% of the bacteria
isolated while Klebsiella and Staphylococcus constitute 27.5% and 20% respectively.
Staphylococcus species are not usually associated with marine environments but could be
seen probably as commensals in the sea-foods or the aquatic environment. The dominance of
Vibrio species is evident of their normal commensals in seafood (Cabanillas-Beltran et al.,
2006). The presence of the Klebsiella genera in the seafood could perhaps be caused by the
kind of activities carried out by the people living around the environment such as sewage and

effluent discharged as well as other domestic activities. The MEAN=SD results obtained for
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the total colony count at n=80 for samples obtained from Nembe and n=120 for samples
obtained from Ox-bow, P value obtained from the analysis was greater than 0.05 (p>0.05)
meaning that there is statistically no significant difference between the colony count of
isolates obtained from the different seafood samples in both locations. The Anova analysis
carried out shows statistically there is no significant difference between the isolates in the

samples from the same loation and between the two locations at p>0.05.

According to medscape and center for disease control (CDC), Cephalosporins, Tetracycline,
Aminoglycosides, B-lactams and Trimethoprim, are first line treatment for infections caused
by Vibrio, Staphylococcus and Klebsiella (Ahmed et al., 2012).

All the isolates were susceptible to ciprofloxacin which is a broad spectrum antibiotic. Ten of
the isolates which represent 5% of the whole isolates were resistant to gentamycin. All the
isolates (100%) were resistant to ceftriaxone, penicillin, ampicillin and ceftazidime. This
could be attributed to the constant abuse of cephalosporin leading to their resistance by

microorganisms.

In as much as Erythromycin is a broad spectrum antibiotic that can kill or inhibit a wide
range of bacterial isolates, 10% of the isolates from the seafood samples were resistant to it.
None of the isolates were susceptible to ceftazidime, ampicillin, ceftriaxone, and penicillin.
Staphylococcus species were 100% sensitive to ciprofloxacin but 1%, 1.5%, 5.5%, 5.5%, and
6% resistant to gentamycin, erythromycin, sulphanamide/trimethoprim, tetracycline and
streptomycin respectively. Staphylococcal isolates were 100 % resistant to ampicillin,
penicillin, ceftazidime and ceftriazone and this can be attributed to the presence of rhe mecA
gene in the bacterial isolate. This is also similar to the results obtained by Tibra et al., (2010)

which showed that Staphylococcus gallinarum was sensitive to ciprofloxacin, gatifloxacin,
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moxifloxacin, ofloxacin, cefazolin, vancomycin, amikacin and gentamicin and resistant to
oxacillin and ceftazidime.

The 100% resistance of the isolates to ceftriazone and ceftazidime could be attributed to the
presence of ctm-x and shv genes in the isolates. The Vibrio isolates were all resistant to

ampicillin, penicillin, ceftazidime and ceftriazone.

Test for association between antimicrobial susceptibility of isolates and seafood done using
Chi-square showed that the susceptibility or resistance of isolates on Erythromycin,
Sulphonamide/Trimethoprim, tetracycline and streptomycin are not associated with type of
seafood (p>0.05), hence the seafood cannot be said to be responsible for the susceptibility or
resistance of the isolates to the above mentioned antimicrobials. The isolates from seafood
samples obtained from Ox-bow Lake were all resistant to Ceftazidime, Penicillin, ceftriaxone
and Ampicillin as well. However, all the Isolates from Ox-bow seafood samples were
susceptible to Ciprofloxacin. Isolates from Crab and shrimp gotten from Ox-bow Lake
showed more susceptiblity to Streptomycin than isolates from Periwinkle and Oysters.
Isolates from Periwinkle gotten from Ox-bow Lake were more resistance than other isolates

from other seafood sample.

The characterization of the isolates was done by PCR using 16srRNA as a target gene and all
isolates possess the 16srRNA at 1500bp. The sequenced isolates all had revolutionary
relations with Staphylococcus gallinarum, Klebsiella quasipneumoniae, Klebsiella
aerogenes, Vibrio parahaemolyticus and Vibrio rotiferianus.The report of Kriem et al.,
(2015) confirmed that the phenotypic identification of bacterial isolates using TCBS is not
reliable in identifying organisms making molecular analysis the most reliable method of

characterizing isolates to species level.

81



The molecular analysis shows that the isolates possess SHV, CTM-X, mecA, TDL, acrAB
resistance and virulence genes. None of the isolates were susceptible to ceftazidime,
ampicillin, ceftriaxone, and penicillin and this prompted the need for the detection of ESBLs
especially blag,, and blacmxin the isolates. Also resistance of Staphylococcus to ampicillin
and penicillin could be seen as a result of the presence of mecA genes in the Staphylococcus

species.

The molecular analysis also identified the presence of shv, ctx-m genes in Klebsiella
quasipneumoniae and Klebsiella aerogenes. Hala et al. (2019) reported that Klebsiella
quasipneumoniae harbours blakKPC-2 and shows that Klebsiella quasipneumoniae isolates
were resistant to ampicillin, ciprofloxacin, ceftazidime, ceftriaxone,
sulphonamide/trimethoprim, gentamycin and tetracycline.

Also, tdh genes were also detected in Vibrio parahaemolyticus and mecA genes were
detected in Staphylococcus gallinarum. acrAB genes were also identified in Klebsiella
quasipneumoniae and Klebsiella aerogenes and this is related to the results obtained from a
study on Klebsiella variicola and Klebsiella quasipneumoniae by Martinez-Romero et al.,
(2018).

The results recorded indicates that seafoods are a reservoir for multidrug resistant Klebsiella
and Vibrio species and potential health risks posed by such strains should not be
underestimated. The results of this study suggest that, in addition to contributing to the
multidrug resistance phenotype, the AcrAB efflux pump may represent a novel virulence
factor required for K. quasipneumoniae to resist innate immune defense mechanisms of the

lung, thus facilitating the onset of pneumonia (Martinez-Romero et al., 2018).
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The amplification for sxt genes in the Vibrio species showed absence of sxt genes in the
isolates. None of the isolates showed significant resistance to sulphonamide/trimethoprime

antibiotic and this explains the absence of the stx genes in the isolates.
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CHAPTER S

5.0 CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

The detection of ctx-M, shv, mecA and acrAB genes in Staphylococcus gallinarum, Klebsiella
aerogenes Klebsiella quasipneumoniae, Vibrio rotifernus and Vibrio parahaemolyticus
isolated from seafoods in Nembe, Bayelsa State portends a probable risk of public health.
The detection of these virulence and antibiotic resistance genes which are plasmid mediated
shows the possibility of gene transfer between and within related and unrelated species and

this will continue to hamper the effectiveness of antibiotic treatment.
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5.2 RECOMMENDATION

People should be sensitized on the dangers associated with consuming undercooked or raw
seafood. There should also be an intensive and continuous monitoring of potentially
pathogenic Staphylococcus, Klebsiella and Vibrio species in seafoods and the human health
risk associated with eating seafood should be evaluated periodically. Health professionals
should be directed, in cases of gastroenteritis associated with seafood consumption, to
request specific culture for the isolation and characterization of these isolates as well as
molecular characterization of the isolates. Such measures could provide relevant information
to Health Surveillance services. Pharmaceutical and health institutions should adopt this
study as this might be a key to developing vaccines necessary to curb the health risk

associated with seafood consumption.
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APPENDICES

Appendix 1: Media Used

e Thio sulphate-citrate- Bile —Salt- Sucrose Agar
e Nutrient broth

e EMB Agar

e Mannitol salt Agar

e Mueller Hinton Agar

e Blood Agar

e Luria Betani (LB)
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Figure A: Luria Betani (LB)
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Appendix 2: Antibiotics Used

Erythromycin (E) 15ug

Streptomycin (S) 15ug

Ciprofloxacin (CIP) 5ug

Tetracycline (T) 30ug

Ceftriazone (CRO) 30ug
Trimethroprim/sulphonamide (SXT) 25ug
Gentamycin (CN) 30ug

Penicillin (P) 15ug

Ampicillin (AMP) 15ug

Ceftazidime (CAZ) 30ug
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Figure B:Antibiotic discs
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Figure C:1000 Nano Spectrophotometer, Electrophoretic tank and UVP chamber
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ORGANISMS GROWING ON TCBS AGAR

Figure D: Discrete colonies growing on TCBS
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Figure E: Zones of Inhibition on Meuller Hinton Agar
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Appendix 3: Media Preparation

The Thiosulphate-Citrate —Bile- Salt-Sucrose (TCBS) agar was prepared according to
manufacturer’s guideline. For the 200 samples, 200(20ml) plates were needed so 352.4g of

the TCBS powder was dissolved in 4 liters of distilled water.
It was gradually heated while stirring the solution to ensure homogenous mixture of the agar.
The molten agar was poured into 200 Petri dishes and allowed to cool

The Petri dishes were surface dried using the oven heat to reduce contamination and also to

remove oxygen bubbles to avoid false positive results.

The blood agar was prepared according to the manufacturer’s guideline. The agar was
sterilized in the autoclave at 121°C for 15 minutes. The sterile blood was added to the already

cooled agar and mixed gently while the agar was still molten.
Appendix 4: Microscopy
Isolates were identified microscopically by gram staining method.

The inoculums were collected aseptically from each plate and plated on a glass slide to make
a smear which was heat fixed to ensure that the organism will remain intact on the slide. The
slide was flooded with crystal violet the primary dye and allowed to stay for 60 seconds. The
slide was flooded with iodine so as to increase the binding affinity of the crystal violet to the
cells and it was washed out after 60 seconds it was washed out. It was further flooded with a
decolourizer acetone. This is done to make the cell membrane lipids accessible to the effect
secondary dye. The counter stain was then safranin red was then used to flood the slide after
which it was washed with water to remove unfixed dyes on the smear. The slide was

observed under the microscope to determine the morphology of the cells.
Appendix 5: Biochemical Test
Catalase Test

This test was carried out to detect the ability of microorganisms to produce the enzyme

catalase. A drop of hydrogen peroxide was dropped on a side. An inoculom of the test
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isolates was collected and place on the slide and mixed with the hydrogen peroxide to make a

smear on the slide. The mixture was observed for gas or bubble production.
Oxidase Test:

This test was done to determine the presence of cytochrome oxidase in the isolates. A piece
of filter paper was placed on a petri dish and was flooded with oxidase reagent. An inoculom
of the test isolates was picked and smeared onto the moistened filter paper. It was allowed to

react for 10 minutes and observed it for the production of violet/purple color.
Indole Test

This test was carried out to determine the ability of the isolates to convert typhtophan into
indole in other words to detect the presence of tryphtophanase enzyme in the isolates. This
test is used to differentiate between gram negative rods.The isolates were incubated in broth
containing 0.03% tryptophan, 0.1% peptone, and 0.5% depotasium phosphate for 24 hours.
Six drops of kovacs reagent was added to the isolates and observed for the production of

violet ring.
Sugar Fermentation Test

This test is carried out to determine the potential of the isolates to utilize sugar and produce
acid and gas. The test isolate was placed in the broth containing glucose and sucrose and was
incubated. A yellow color and production of gas in the Durham tube indicates a positive

result.
Coagulase Test

This test was done to differentiate between Staphylococcus aureus from other Staphylococcal
species. This test detects the ability of the isolate to produce enzyme coagulase. Rabbit serum
was placed on a clean glass slide and saline was added to form a smooth milky emulsion. The

mixture was observed for coagulation of the serum within 10 seconds.
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Appendix 6: Total Colony Count, Colonial Characteristics And Biochemical Reaction Of

sample Colony Colony morp Grm Biochemical Rnx Probable Orgs
code (CFU/MI)
Oxi Ind Glu Suc Cit Coa Cat
PN1 7.2x106 Green rod - L & +  Kilebsiella sp
PN2 6.6x10° Yellow cocci + o+ +  Staphylococcus sp
PN3 4.2X10° yellow rod - oo+ +  Vibrio sp
PN4 2x10° Green rod - oot + Kilebsiella sp
PN5 5.8x10° Yellow cocci + L & +  Staphylococcus sp
PN6 6.3x10° Yellow rod - oo+ +  Vibrio sp
PN7 3.4x10° Yellow rod - o+ + Klebsiella sp
PN8 5.9x10° Yellow cocci + o+ +  Staphylococcus sp
PN9 2x10° Yellow rod - oo+ +  Vibrio sp
PN10 4x10° Green rod - o+ + Klebsiella sp
PN11 9.0x10° Yellow rod - oo+ + Klebsiella sp
PN12 2.0x10° Yellow rod - oo+ + Klebsiella sp
PN13 3.2x10° Green rod - + +  Vibrio sp
PN14 1.5x10° Green rod - + +  Vibrio sp
PN15 1.1x10° Yellow rod - oo+ + Klebsiella sp
PN16 2.4x10° Green rod - o+ + Klebsiella sp
PN17 3.5x10° Yellow rod - oo+ + Klebsiella sp
PN18 7x10° Yellow cocci + o+ +  Staphylococcus sp
PN19 4x10° yellow rod - T +  Vibrio sp
PN20 6.4x10° Yellow rod - FooF +  Klebsiella sp
Cultures Isolated From Periwinkle In Nembe.
PN=Periwinkle from nembe, -=negative, +=positive, Oxi=Oxidase, Ind=Indole, Glu=Glucose, Suc=Sucrose,

Cit=Citrate, Coa=Coagulase , Cat=Catalase
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Appendix 7: Total Colony Count, Colonial Characteristics and Biochemical Reaction of Cultures

Isolated from Periwinkle in Oxbow Lake.

Sample Colony Colonial Morph Gram Biochemical Rnx Probable Orgs
No(CFU/MI) Rxn
Oxi Ind Glu Suc Cit Coa Cat
PO1 2.2x10° Green rod - - - + 4+ 4+ -+ Vibriosp
PO2 3.6x10° Yellow cocci + - -+ o+ o+ - + Staphylococcus sp
PO3 6.2X10° yellow rod - + o+ - - + - + Klebsiella sp
PO4 2x10° Green rod - - - - - % -+ Klebsiella sp
PO5 5.8x10° Yellow cocci + - - - % + -+ Staphylococcus sp
PO6 6.3x10° Yellow rod - + o+ o+ o+ o+ - + Vibrio sp
PO7 3.4x10° Yellow rod - - -+ o+ o+ - + Vibrio sp
PO8 5.9x10° Yellow cocci + - -+ o+ o+ - + Staphylococcus sp
PO9 2.1x10° Cream rod - + o+ + + o+ - + Vibrio sp
PO10 3.2x10° Yellow cocci + - - + o+ - + Staphylococcus sp
PO11 2.9x10° Black rod - - - 4+ 4 + -+ Vibriosp
PO12 5.0x10° Yellow rod - - - 4+ 4+ + -+ Vibriosp
PO13 3.2x10° Green rod - + + - - 4+ -+ Klebsiellasp
PO14 1.5x10° Cream rod - + o+ - - + - + Klebsiella sp
PO15 4.1x10° Yellow rod - - - 4+ 4 + -+ Klebsiellasp
PO16 2.7x10° Green rod - - - - % 4 -+ Vibriosp
PO17 2.5x10° Yellow rod - - - 4+ 4 + -+ Vibriosp
PO18 7x10° Yellow cocci + - - + + 4+ -+ Staphylococcus sp
PO19 4.3x10° yellow rod - + + + + 4+ -+ Vibriosp
PO20 4.0x10° Green rod - - - + 4+ 4+ - 4+ Vibriosp
PO21 4.0x10° Green rod - - - + 4 4+ -+ Vibriosp
PO22 1.9x10° Green rod - + + + + 4+ -+ Vibriosp
PO23 4.2x10° Yellow rod - + o+ + + o+ - + Vibrio sp
PO24 2.9x10° Green rod - + + + + 4+ -+ Vibriosp
PO25 5.0x10° Yellow rod - + o+ + + o+ - + Vibrio sp
PO26 3.2x10° Green rod - + o+ - - + - + Vibrio sp
PO27 2.4x10° Cream cocci + - -+ o+ o+ - + Staphylococcus sp
PO28 3.5x10° Cream cocci + + + o+ - + Staphylococcus sp
PO29 7x10° Yellow cocci + - - + + + -+ Staphylococcus sp
PO30 2.0x10° Yellow cocci + - -+ o+ o+ - + Staphylococcus sp

PO=Periwinkle from ox-bow, -=negative, +=positive, Oxi=Oxidase, Ind=Indole, Glu=Glucose, Suc=Sucrose,

Cit=Citrate, Coa=Coagulase , Cat=Catalase
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Appendix 8: Total Colony Count, Colonial Characteristics and Biochemical Reaction of Cultures
Isolated from Crab Nembe.

Sample Colony Colonial MorptGram  Biochemical Rnx Probable Orgs
Code >fu/ML) Rxn
Oxi Ind Glu Suc CitCoa Ca
CN1 9.0x10° Yellow rod - - -+ + + - + Klebsiellasp
CN2 2.0x10° Green rod - - - 4+ + + - 4+ Klebsiellasp
CN3 3.2x10° yellow rod - + + + + + - + Vibriosp
CN4 4.0x10° Green rod - + + - - + - + Vibriosp
CN5 4.0x10° Green rod - - -+ + + - 1+ Klebsiellasp
CN6 5.5x10° Yellow rod - - - 4+ + + - 1+ Klebsiellasp
CN7 3.0x10° Yellow rod - - -+ + + - + Klebsiellasp
CN8 2.0x10° Yellow cocci  + - -+ + + -+ Staphylococcus sp
CN9 2.2x10° Green rod - + + - - + - + Vibriosp
CN10 4.0x10° Green rod - + + - - + - + Vibriosp
CN11 5.0x10° Yellow rod - - -+ + + - + Klebsiellasp
CN12 3.9x10° Yellow rod - - -+ + + - + Klebsiellasp
CN13 2.9x10° Yellow rod - + + + + + - + Vibriosp
CN14 3.0x10° Yellow round  + - -+ + + -+ Staphylococcus sp
CN15 3.2x10° Yellow rod - + + + + + - + Vibriosp
CN16 2.4x10° Yellow rod - + + + + + - + Vibriosp
CN17 3.5x10° Yellow cocci  + - -+ + + -+ Staphylococcus sp
CN18 7x10° Greenround - + + - - + - + Vibriosp
CN19 4x10° yellow round - + + + + + - + Vibriosp
CN20 6.4x10° Yellow round - + + + + + - + Vibriosp

C=Crab from Nembe, -=negative, +=positive, Oxi=Oxidase, Ind=Indole, Glu=Glucose, Suc=Sucrose, Cit=Citrate,
Coa=Coagulase , Cat=Catalase
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Appendix 9: Total Colony Count, Colonial Characteristics and Biochemical Reaction of Cultures

Isolated from Crab from Ox-Bow.

Sample Colony Colonial Morph Gram Biochemical Rnx Probable Orgs
Code No (CFU/ML) Rxn
Oxi Ind Glu Suc Cit Coa Ca
co1 9.0x10° Yellow rod - - - 4+ + + - 4+ Klebsiellasp
C0o2 4.0x10° Green rod - - - 4+ + + - + Klebsiellasp
co3 1.2x10° yellow rod - + + + + + - + Vibriosp
Co4 3.9x10° Yellow rod - + + + + + - + Vibriosp
CO5 3.0x10° Yellow round + - - - Staphylococcus sp
CO6 3.2x10° Yellow rod - + + + + + - + Vibriosp
co7 2.8x10° Yellow rod - + + + + + - + Vibriosp
Co8 3.5x10° Yellow rod - - - 4+ + + - + Klebsiella sp
C0o9 2.2x10° Green rod - + o+ - -+ - + Vibriosp
Cco10 4.0x10° Green rod - + o+ - -+ - + Vibriosp
Cco11 5.0x10° Yellow rod - - -+ o+ o+ -+ Klebsiella sp
COo12 3.9x10° Yellow rod - - -+ o+ o+ -+ Klebsiella sp
Cco13 2.9x10° Yellow rod - + o+ o+ o+ o+ -+ Vibrio sp
co14 3.0x10° Yellow round  + - - + + + - +  Staphylococcus sp
co15 3.2x10° Yellow rod - + 4+ + + + - +  Vibriosp
CO16 2.4x10° Yellow rod - + 4+ + + + - +  Vibriosp
co17 3.5x10° Yellow cocci + - - + + + - +  Staphylococcus sp
co18 7x10° Greenround - + + - - + - +  Vibriosp
CO19 3x10° yellow round - + + + + + - +  Vibriosp
€020 2x10° Yellowround + - - + + + - +  Staphylococcus sp
Cco21 8x10° Yellow rod - + + + + + - + Vibriosp
C022 2.2x10° Yellow rod - + + + + + - + Vibriosp
C023 6.0x10° Green rod - + + - - 4+ - + \Vibriosp
C024 2.0x10° Yellow rod - + + + + + - + Vibriosp
C0O25 2x10° Green rod - - - - 4+ 4 - + Klebsiella sp
CO26 5.8x10° Yellowcocei + - - - + + -+ Staphylococcus sp
CcO27 6.3x10° Yellowrod - + + + 4+ + - + Vibriosp
C0o28 3.4x10° Yellow rod - - - + + + - + Klebsiella sp
C029 2.5x10° Yellow rod - - - + + + - 4+ Klebsiellasp
CO030 7x10° Yellow cocci + - - + + + - + Staphylococcus sp

CO=Crab from Ox-bow, -=negative, +=positive, Oxi=Oxidase, Ind=Indole, Glu=Glucose, Suc=Sucrose, Cit=Citrate,
Coa=Coagulase , Cat=Catalase
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Appendix 10: Total Colony Count, Colonial Characteristics and Biochemical Reaction of
Cultures Isolated from Oyster from Nembe.

Sample Colony Colonial Morph Gram Biochemical Rnx Probable Orgs
Code No (CFU/ML)

Oxi Ind Glu Suc Cit CoaCat
ON1 7.9x10° Green rod - + - 4+ + + -+ Vibriosp
ON2 6.3x10° Green rod - - - + + o+ - + Klebsiella sp
ON3 3.2x10° yellow rod - + o+ 4+ + + - + Vibrio sp
ON4 3.6x10° Green rod - + o+ - -+ - + Vibrio sp
ON5 4.0x10° Green rod - - - 4+ %+ + -+ Klebsiella sp
ON6 5.5x10° Green rod - + o+ - -+ - + Vibrio sp
ON7 3.0x10° Yellow cocci + - - + + + - + Staphylococcus sp
ONS8 2.0x10° Green rod - + o+ - -+ -+ Vibriosp
ON9 2.2x10° Yellow rod - + + + + + -+ Vibriosp
ON10 4.0x10° Green rod - - - + + o+ - + Klebsiella sp
ON11  1.9x10° Green rod - + + + + 4+ -+ Klebsiellasp
ON12 4.2x10° Yellow rod - + o+ o+ + o+ - + Klebsiella sp
ON13 2.9x10° yellow rod - + o+ o+ + o+ - + Klebsiella sp
ON14  5.0x10° Yellow rod - + + 4+ + 4+ -+ Vibriosp
ON15 3.2x10° Green rod - + o+ - -+ - +  Vibrio sp
ON16  2.4x10° Green rod - + o+ + -+ Vibriosp
ON17  3.5x10° Yellow cocci + - - + + + -+ Staphylococcus sp
ON18 7x10° Green rod - + o+ - -+ - + Vibrio sp
ON19 4x10° Yellow rod - + o+ o+ + o+ - + Klebsiella sp
ON20 1.4x10° Yellow rod - + o+ o+ + o+ - + Klebsiella sp

ON=Oyster from Nembe, -=negative, +=positive, Oxi=Oxidase, Ind=Indole, Glu=Glucose, Suc=Sucrose, Cit=Citrate,
Coa=Coagulase , Cat=Catalase
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Appendix 11: Total Colony Count, Colonial Characteristics and Biochemical Reaction of
Cultures Obtained from Oyster from Ox-Bow.

Sample Colony Colonial Morph  Gram Biochemical Rnx Probable Orgs
Code No (CFU/MI)

Oxi Ind Glu Suc Cit Coa Cat

001 5.0x10° Yellow rod - - - + + + - +  Klebsiella sp

002 3.9x10° Yellow rod - - - + + + - + Klebsiella sp

003 2.9x10° Yellow rod - + + + + + - o+ Vibrio sp

004 3.0x10° Yellow round + - - + + + - +  Staphylococcus sp
005 3.2x10° Yellow rod - + + + + + - +  Vibriosp

006 2.4x10° Yellow rod - + + 4+ 4+ + - + Vibriosp

007 3.0x10° Yellow cocci  + - - + + + - + Staphylococcus sp
008 2.0x10° Green rod - + - -+ -+ Vibrio sp

009 2.4x10° Yellow rod - + + + + + - +  Klebsiella sp
0010 3.5x10° Yellow rod - + + + + + - +  Klebsiella sp
0011  4x10° Yellow round - + + 4+  + + -+ Vibriosp

0012 8x10° Yellow rod - + + + + + - +  Vibriosp

0013 3.4x10° Green rod - + + - - + - + Vibriosp

0014  5.0x10° Yellow rod - + + 4+ + + -+ Vibriosp

0015 3.2x10° Green rod - + + - -+ - +  Klebsiella sp
0016 2.4x10° Green rod - + + - -+ - +  Klebsiella sp
0017  3.5x10° Yellow cocci  + - - + + + - + Staphylococcus sp
0018 7x10° Green rod - + + - -+ - +  Vibriosp

0019  4x10° Yellow rod - + + 4+ 4+ + - + Klebsiella sp
0020 2.0x10° Yellow rod - + + + + + - +  Vibriosp

0021 3.9x10° Yellow rod + + + + + - +  Vibriosp

0022  2.9x10° Green rod - - - + + + - + Klebsiella sp
0023 3.0x10° Yellow cocci + - - + + + - +  Staphylococcus sp
0024  4.2x10° Yellow cocci + - - + + + - + Staphylococcus sp
0025 2x10° Yellow rod - + + + + + - + Vibriosp

0026  4x10° Green rod - - - - + + - + Klebsiella sp

0027  9.0x10° Yellow rod - - - + + + -+ Klebsiellasp
0028 2.2x10° Yellow rod - + + + + + - o+ Vibrio sp

0029  6.0x10° Green rod - + o+ - - 4+ -+  Vibriosp

0030 2.0x10° Yellow rod - + + + + + - o+ Vibrio sp

OO=0Oyster from ox-bow, -=negative, +=positive, Oxi=Oxidase, Ind=Indole, Glu=Glucose, Suc=Sucrose, Cit=Citrate,
Coa=Coagulase , Cat=Catalase

109



Appendix 12: Total Colony Count, Colonial Characteristics and Biochemical Reaction of

Cultures obtained from Shrimp from Nembe.

Sample Colony Colonial Morph ~ Gram Rxn Biochemical Rnx Probable Orgs
Code No (CFU/ML)

Oxi Ind Glu Suc Cit Coa Cat

SN1 8.3x10° Yellow rod - - -+ 4+ - 4 Klebsiella sp

SN2 6.4x10° Green rod - + 0+ - -+ -+ Vibrio sp

SN3 3.2x10° yellow rod - + + + + + - + Vibriosp

SN4 2.8x10° Green rod - + o+ - -+ -+ Vibrio sp

SN5 2.9x10° Green rod - + o+ - -+ -+ Vibrio sp

SN6 4.5x10° Yellow cocci + - - 4+ + + - + Staphylococcus sp
SN7 3.7x10° Green rod - + o+ - -+ -+ Vibrio sp

SN8 2.0x10° Yellow cocci + - - + + + - + Staphylococcus sp
SN9 2.2x10° Yellow rod - + + + + + - + Vibriosp

SN10 6.0x10° Green rod - + + - - + - + Vibriosp

SN11 2.0x10° Yellow rod - + + + + + - + Vibriosp

SN12 3.9x10° Yellow rod - + + + + + - + Vibriosp

SN13 2.9x10° Green rod - - -+ + + - + Klebsiellasp

SN14 3.0x10° Yellow cocci + - - + + + - +  Staphylococcus sp
SN15 4.2x10° Yellow cocci + - - + + 4+ - + Staphylococcus sp
SN16 2.4x10° Yellow rod - + + + + + - + Vibriosp

SN17 3.5x10° Yellow rod + + + + + - + Vibriosp

SN18 4x10° Yellow round - + + + + + - + Vibriosp

SN19 8x10° Yellow rod - + + + + + - + Vibriosp

SN20 3.4x10° Green rod - + + - - + - + Vibriosp

SN=Shrimp from Nembe, -=negative, +=positive, Oxi=Oxidase, Ind=Indole, Glu=Glucose, Suc=Sucrose, Cit=Citrate,
Coa=Coagulase , Cat=Catalase
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Appendix 13: Total Colony Count, Colonial Characteristics and Biochemical Reaction of

Cultures obtained from Shrimp from Ox-Bow.

Sample Colony Colonial Morph Gram Biochemical Rnx Probable Orgs
Code No (CFU/ML) Rxn
Oxi Ind Glu Suc Cit Coa Cat

S01 4.3x10° Yellow rod - - -+ o+ o+ -+ Klebsiella sp
SO2 2.4x10° Green rod - + o+ - - 4+ - % Vibrio sp
SO3 1.2x10° yellow rod - + o+ + + o+ -+ Vibrio sp
S04 5.8x10° Green rod - + o+ - -+ -+ Vibrio sp
SO5 3.9x10° Green rod - + o+ - -+ -+ Vibrio sp
SO6 1.5x10° Yellow cocci + - -+ o+ 4+ - % Staphylococcus sp
So7 2.7x10° Green rod - + o+ - -+ - ¥ Vibrio sp
SOs8 7.0x10° Yellow cocci + - - + + 4+ - +  Staphylococcus sp
SO9 2.7x10° Yellow rod - + O+ o+ o+ 4+ -+ Vibrio sp
5010 4.0x10° Green rod - o+ - -+ - 4 Vibrio sp
So11 3.0x10° Yellow rod - + O+ o+ o+ 4+ -+ Vibrio sp
S012 1.9x10° Yellow rod + o+ o+ o+ o+ -+ Vibrio sp
SO13 5.9x10° Green rod - - -+ o+ 4+ -+ Klebsiella sp
SO14 3.0x10° Yellow cocci + - -+ o+ o+ - ¢ Staphylococcus sp
S015 6.2x10° Yellow cocci + - -+ o+ o+ -+ Staphylococcus sp
S016 2.4x10° Yellow rod - + O+ o+ o+ 4+ -+ Vibrio sp
SO17 4.5x10° Yellow rod - + O+ o+ o+ 4+ -+ Vibrio sp
S018 4x10° Yellow round + o+ o+ o+ o+ -+ Vibrio sp
S019 6x10° Yellow rod - + + + + o+ -+ Vibrio sp
S020 3.0x10° Yellow round + - -+ o+ 4+ - ¥ Staphylococcus sp
S021 2.2x10° Yellow rod - + o+ o+ o+ o+ -+ Vibrio sp
5022 2.4x10° Yellow rod - + O+ o+ + - Vibrio sp
5023 3.5x10° Yellow cocci + - -+ o+ 4+ - ¥ Staphylococcus sp
S024 1x10° Green round - + o+ - -+ -+ Vibrio sp
5025 4x10° yellow round - + O+ o+ + - Vibrio sp
S026 5.8x10° Yellow cocci + - - -+ o+ -+ Staphylococcus sp
5027 6.3x10° Yellow rod - O+ o+ o+ o+ - 4+ Vibrio sp
S028 3.4x10° Yellow rod - - -+ o+ o+ -+ Klebsiella sp
5029 4.0x10° Green rod - - - 4+ 4+ + - +  Klebsiella sp
S030 1.9x10° Green rod - + o+ o+ o+ o+ -+ Klebsiella sp

SN=Shrimp from Nembe, -=negative, +=positive, Oxi=Oxidase, Ind=Indole, Glu=Glucose, Suc=Sucrose,

Cit=Citrate, Coa=Coagulase , Cat=Catalase
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Appendix 14: Percentage Distribution and Occurrence of Bacterial Isolates in Seafood Isolated from Nembe

(n=80).

Bacterial Periwinkle(20) Crab(20) Oyster(20) Shrimp(20)
Isolates/Seafoods

S.gallinarum 20 15 10 20

V. rotiferanus 5 15 10 15
V.parahemolyticus 25 45 35 50

K. aerogene 15 10 20 5

K. quasipneumoniae 35 15 25 10
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Appendix 15: Percentage Distribution and Occurrence of Bacterial Isolates in Seafood Isolated from Ox-Bow

Lake (n=120).

Bacterial
Isolates/Seafoods

S.gallinarum

V. rotiferanus

V.parahemolyticus

K. aerogene

K. gquasipneumoniae

Periwinkle(30)

30

16.7

33.3

10

10

Crab(30)

20

16.7

40

23.3

Oyster(30)

16.7

10

43.3

13.3

16.7

Shrimp(30)

23.3

13.3

43.3

10

10
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Appendix 16: Analysis of Variation in the Colony Counts of Bacterial Isolates from
Seafood Samples from Nembe (Single Factor)

ANOVA

Source of

Variation SS Df MS F P-value F crit
Between Groups 0.124647 3 0.041549 0.39718 0.755398 2.724944
Within Groups 7.950343 76 0.10461
Total 8.074989 79

114



Appendix 17: Analysis of Variation in the Colony Counts of Bacterial Isolates from
Seafood Samples from Ox-Bow Lake (Single Factor)

ANOVA

Source of

Variation SS Df MS F P-value F crit
Between Groups 0.429608 3 0.143203 1.743 0.162073 2.682809
Within Groups 9.53042 116 0.082159
Total 9.960029 119
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Appendix 18: Analysis of Variation in the Colony Counts of Bacterial Isolates from
Seafood Samples from Nembe and Oxbow Samples (Two-Ways Without Replication)

ANOVA

Source of

Variation SS Df MS F P-value F crit
Rows 0.011737 3 0.003912 1.15783 0.453477 9.276628
Columns 1.25E-05 1 1.25E-05 0.003699 0.955327 10.12796
Error 0.010138 3 0.003379
Total 0.021887 7
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Appendix 19: Antimicrobial Resistance Profiles of Bacterial Isolates Obtained from
Periwinkle in Nembe. (According to CLSI 2013)

ANTIBIOTICS(ug)

CODE CRO AMP P

%
pzd
x
-~
m
>
N

PN1
PN2
PN3
PN4
PN5
PN6
PN7
PN8
PN9
PN10
PN11
PN12
PN13
PN14
PN15
PN16
PN17
PN18
PN19
PN20

DO UOLLOLOOLLOOOOLOLOOOnoLmnomomwnn
DO UOLLOLOOLLOOOOLOLOOOnoLmnomomwnn
ODOULOLIODOIOULOLOLITIOOLOLOBOOOOOnOZIOnL,mnMm
A 0000000000000 0KN00N0~00

A 0000000000000 0KN00N0J~00

A 0000000000000 0K~0N0N0~0K0

VO ULLIOITIOOLLIOTOOLLOOOOLOLIOnNDOnm
VWD OVLVOLLOLIOTIODODOVDIODONVINVLOLIOONOWDOH
VWITOLVITOLLVIIOVIOTODITIONVIITOLMIOIOWIOW
DVDOXOVODIOXOVOOXNONOXNONXNDO0I0O0

PN=PERIWINKLE FROM NEMBE, CIP=CIPROFLOXACIN, CN=GENTAMYCIN, CRO=CEFTRIAXONE,
AMP=AMPICILLIN, P=PENICILLIN, SXT=SULPHONAMIDE/TRIMETHOPRIM, T=TETRACYCLINE,
S=STEPTOMYCIN, CAZ=CEFTAZIDIME, S=SUSCEPTIBLE, R=RESISTANT
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Appendix 20: Antimicrobial Resistance Profiles of Bacterial Isolates obtained from
Periwinkle in Ox-Bow Lake. (According to CLSI 2013)

ANTIBIOTICS(ug)

CODE CIP CN CRO AMP P SXT TE

PO1
PO2
PO3
PO4
PO5
PO6
PO7
PO8
PO9
PO10
PO11
PO12
PO13
PO14
PO15
PO16
PO17

PO18
PO19
PO20
PO21
PO22
PO23
PO24
PO25
PO26
PO27
PO28
PO29
PO30

CAZ

DO UOLLOLOBLLOOOOLLO OB LLOnnmwm nowm
TDOUOLOLLOLBOOBLLOIOOOLOO OO uLLnnnmwmnom
VDO UOLLVLOIOOLOLOOOLOLO OO OBLLITOBLLOOOOnnmnnm m
DOV OVXOVXOVOOOVDXOVIOOVXOVAO0OOXNOIOOXOIOOXNXINOAONINAION0INADO
DV OVOVXOVOOVDXOVIOOVXIOVAO0OOXNOIOOXOIOOXNXINOAONINAION0INDO
DV OVOVXOVOOVDXOVIOOVXOVAO0OOXNOOOXOIOOXNIOAONINAION0INADO
DDV ODODTODOODLLOLOLLO OOLLOLOOOLLOOOLOLOOTIO0nLDnLOnOnm
DIV VIODOLITOLLIVITIODL VOLVLIOODAONTHLOLOLOVLONWDODODOD
DV OVOVDODODODODOLLOIODONM ODONVNVIODODODODODONTODNDNIONONITO
DVOVDXOVOVDIODXOVODOOVODIOXN VOO0 XNOOXNONXNONINDO

PN=PERIWINKLE FROM NEMBE, CIP=CIPROFLOXACIN, CN=GENTAMYCIN, CRO=CEFTRIAXONE,
AMP=AMPICILLIN, P=PENICILLIN, SXT=SULPHONAMIDE/TRIMETHOPRIM, TE=TETRACYCLINE,
S=STEPTOMYCIN, CAZ=CEFTAZIDIME, mm=MILLIMETER
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Appendix 21: Antimicrobial Resistance Profiles of Bacterial Isolates obtained from
Crab in Nembe. (According To CLSI 2013)

ANTIBIOTICS(ug)

CODE CRO AMP P

%
pzd
x
-~
m
>
N

CN1
CN2
CN3
CN4
CN5
CNG6
CN7
CN8
CN9
CN10
CN11
CN12
CN13
CN14
CN15
CN16
CN17
CN18
CN19
CN20

DO UOLLOLOOLLOOOOLOLOOOnoLmnomomwnn
VWOV LOLIOTOOLLOOOLOLOOIOnLOnnmmnn
ODOULLIOIOOLOLOLOLOLOULOLOOOOO,m,momonMm
A 0000000000000 0KN00N0~00

A 0000000000000 0KN00N0J~00

A 0000000000000 0K~0N0N0~0K0

VO ULLIOITIOOLLIOTOOLLOOOOLOLIOnNDOnm
VWITOLOLLOLWLIOIDODDOVDIOOLWIOOVWIOWDODO DO
VWITOLITOLLLIIOTIODITIONVIINVIOIOWDO IOV
VDVVVIVIOVDIOVDIOVDIOVDIOVDIOVIOVDIOVDIODIOWLVIUZIDIOOO

CN=CRAB FROM NEMBE, CIP=CIPROFLOXACIN, CN=GENTAMYCIN, CRO=CEFTRIAXONE,
AMP=AMPICILLIN, P=PENICILLIN, SXT=SULPHONAMIDE/TRIMETHOPRIM, T=TETRACYCLINE,
S=STEPTOMYCIN, CAZ=CEFTAZIDIME, S=SUSCEPTIBLE, R=RESISTANT
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Appendix 22: Antimicrobial Resistance Profiles of Bacterial Isolates obtained from Crab in
Ox-Bow Lake. (According To CLSI 2013)

ANTIBIOTICS(ug)

CODE CIP CN CRO AMP P

Co1
CO2
CO3
CO4
CO5
CO6
CO7
CO8
CO9
CO10
CO11
CO12
CO13
CO14
CO15
CO16
CO17

CO18
CO19
C020
COo21
C0O22
CO23
CO24

CO25
CO26
Cco27
CO28
C0O29
C030 R

wn
x
-
—
m

CAZ

S
R
S
S
R
S
S
R
S
S
S
S
S
S
R
S
S
R
S
R
R
S
S
S
R
S
S
S
S
S

DO UOLLLO OOVULLOOOL KOO uLmLumumow,m
DO UOLLOLO OUOVLLOOL OO uL,mLummom,m
TDOOLOLOLOL TOVBLLOLOOL OTOOVLLOOOIOOLIOTOOVLOLOOOIOTnLO M
DV OVXOVXOVO0 VOOV OVXIOVO XNVOOXNOOXNIOOXNOOXNIO0ND0
D2V OVXOVXOVO0 VOOV OVXIOVAO XNVOOXANOOXNIOOXNOOXNIO0ND0
D2V OVXOVXOVO0 VOOV OVXIOVAO XNVOOXNOOXNIOOXNOOXNIO0ND0
DOVDOVDODOOD OOLOIODODLLLL TOVOBLBLLLOLOOLOLIOOVOLLIOOOnOn,m
DIV VIODLIOD OLOLITLITODL VLVLIOODIONVLIOTOLLOLOVOWDODODOD
DVOVDXOVOVDXHOVD VIOVOVOVOVOVNV VOOV OVDIOXNVDOIOXNOIOXNOIOXINIOAD

PN=PERIWINKLE FROM NEMBE, CIP=CIPROFLOXACIN, CN=GENTAMYCIN, CRO=CEFTRIAXONE,
AMP=AMPICILLIN, P=PENICILLIN, SXT=SULPHONAMIDE/TRIMETHOPRIM, T=TETRACYCLINE,
S=STEPTOMYCIN, CAZ=CEFTAZIDIME, mm=MILLIMETER
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Appendix 23: Antimicrobial Resistance Profiles of Bacterial Isolates obtained from
Oyster in Nembe. (According to CLSI 2013)

CODE

3
Z

ANTIBIOTICS(ug)

CRO AMP P

X
-
m

>
N

ON1
ON2
ON3
ON4
ON5
ONG6
ON7
ON8
ON9
ON10
ON11
ON12
ON13
ON14
ON15
ON16
ON17
ON18
ON19
ONZ20

(NN ONONGRONOEONONONORONORONONOROROEONO I @)
VDL ULOLOLIOTOLBLOLOOOOOOOOLOTONDOnOmnn
VIOV IODTTOVLOLULBLOBOIOTOOLOLOLOOnnnmonMm

DV OVOVOVOVOVIOVOVIOVDIOVIOVDIOUIOUIOIOIOIOUIOD

R

R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R

A 0000000000000 0K~0N0N0~0K0

TDOOLWLIOIODOLLIOOAOOLOLOLLLIOONDO OO
VWIOTTOLLVLOLWLIOTDODIOVDIOOLVLIOWVWIOWDODO DO
VWDV OLOOLOLOLITIOTIODITITOVLOLOVIOIOOWDOIOWm

VDVVVIVIOVDIOVDIOVDIOVDIOVDIOVIOVDIOVDIODIOWLVIUZIDIOOO

ON=OYSTER FROM
AMP=AMPICILLIN,

NEMBE, CIP=CIPROFLOXACIN, CN=GENTAMYCIN,

P=PENICILLIN,

SXT=SULPHONAMIDE/TRIMETHOPRIM,

S=STEPTOMYCIN, CAZ=CEFTAZIDIME, S=SUSCEPTIBLE, R=RESISTANT

CRO=CEFTRIAXONE,
T=TETRACYCLINE,
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Appendix 24: Antimicrobial Resistance Profiles of Bacterial Isolates obtained from
Oyster in Ox-Bow Lake. (According to CLSI 2013).

ANTIBIOTICS(ug)
CODE CRO AMP P
001
002
003
004
005
006
007
008
009
0010
0011
0012
0013
0014
0015
0016
0017
0018
0019
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0022
0023
0024
0025
0026
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0028
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0030 S

%
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x
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m
>
N

(NN NN RGO NONONORONONONONONORONONONONONONORONONONONONe)
(NN ON N RGO ONONONONORONONONONONORONONONONONONORONONONONONe)
DL OLOLLLmOnOOITOLOLOOTIOOOOOLOnOOOnnnmmmooom
VDOV OVOVOVOVOVOVOVOVOVOVOVOVOVODOVOUDONODIOIODIODIOIOIOIOIOIOD
VDOV OVOVOVOVOVOVOVOVDOVOVDOVOUVOVODOVOVDONIODIOIODIODIOUIOIOIOIOIOD
VDOV OVOVOVOVOVOVOVOVDOVOVOVOVOVODOVOVDOODIOIODIODIOUIOIOIOIOIOD
VUL ULIOOVOLOLLIOVOVOOOOLITOOOOVITIOOLBLOOITOLOBLnnnnm
DOV IDTDOVOIODOLBLIOOVOLITOLLLOLOOIOTIOITOVLOLOLOOOOLOLOnIOnA
TUOLOONVITOLLLLIOIOOVITIOTOLLOLOVOIOIOIODIOTIODTOVOLIOLVIODIOIOOLOWM
DV OVDOVXOVAOOVOVDAOOOVDOVDOOVDOVDOOO0DOVDIOOOOOVDXIOVDOOVDOVAO0DOAO0IOO

OO=0YSTER FROM 0OX-BOW, CIP=CIPROFLOXACIN, CN=GENTAMYCIN, CRO=CEFTRIAXONE,
AMP=AMPICILLIN, P=PENICILLIN, SXT=SULPHONAMIDE/TRIMETHOPRIM, TE=TETRACYCLINE,
S=STEPTOMYCIN, CAZ=CEFTAZIDIME, mm=MILLIMETER
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Appendix 25: Antimicrobial Resistance Profiles of Bacterial Isolates obtained from
Shrimps in Nembe. (According to CLSI 2013).
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P=PENICILLIN,
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T=TETRACYCLINE,
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Appendix 26: Antimicrobial Resistance Profiles of Bacterial Isolates obtained from
Shrimps in Ox-Bow Lake. (According to CLSI 2013).
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AMP=AMPICILLIN, P=PENICILLIN, SXT=SULPHONAMIDE/TRIMETHOPRIM, TE=TETRACYCLINE,
S=STEPTOMYCIN, CAZ=CEFTAZIDIME, mm=MILLIMETER
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Appendix 27: Antimicrobial Resistance Profile of Isolates from Nembe (n=80)

Antibiotics No(%) of Resistant isolates from the seafood samples
Periwinkle Crab Oyster Shrimps
(n=20) (n=20) (n=20) (n=20)
Ciprofloxacin 0(0) 0(0) 0(0) 0(0)
Gentamycin 0(0) 3(15) 2(10) 3(15)
Erythromycin 5(25) 2(10) 4(20) 5(25)
Ceftriaxone 20(100) 20(100) 20(100) 20(100)
Ampicillin 20(100) 20(100) 20(100) 20(100)
Penicillin 20(100) 20(100) 20(100) 20(100)
Sulphonamide/Trim 5(25) 5(25) 7(35) 7(35)
Tetracycline 10(50) 11(55) 12(60) 11(55)
Streptomycin 12(60) 12(60) 11(55) 11(55)
Ceftazidime 20(100) 20(100) 20(100) 20(100)
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Appendix 28: Antimicrobial Resistance Profile of Isolates from Ox-bow (n=120)

Antibiotics No(%) of Resistant isolates from the seafood samples
Periwinkle Crab Oyster Shrimps
(n=30) (n=30) (n=30) (n=30)
Ciprofloxacin 0(0) 0(0) 0(0) 0(0)
Gentamycin 2(6.7) 0(0) 2(10) 0(0)
Erythromycin 2(6.7) 6(20) 3(10) 3(10)
Ceftriaxone 30(100) 30(100) 30(100) 30(100)
Ampicillin 30(100) 30(100) 30(100) 30(100)
Penicillin 30(100) 30(100) 30(100) 30(100)
Sulphonamide/Trim 8(26.7) 10(33.3) 7(23.3) 4(13.3)
Tetracycline 16(53.3) 16(53.3) 10(33.3) 9(30)
Streptomycin 19(63.3) 9(30) 15(50) 7(23.3)
Ceftazidime 30(100) 30(100) 30(100) 30(100)
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