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ABSTRACT

This research examined the bacterial loads in the intestine, skin and gills of cultured Clarias
gariepinus in some selected private farms at Eleme, Emohua, lkwerre, Obio/Akpor and Port
Harcourt Local Government Areas of Rivers State, Nigeria. Determination of bacterial loads
species characterization in fish parts was done using standard microbiological procedures. Results
of the assay showed high bacterial count in the gill, gut and skin of fish from the different locations,
especially at Emuoha Local Government Area. The total heterotrophic bacteria counts of fish: gills
ranged between 1.7X10% and 3.1 X 107; gut ranged between 1.4 X 10" and 7.2 X 10° and skin
ranged between 1.5 X 10°and 6.8 X 10°in all the stations under consideration (Eleme, Emohua,
Ikwerre, Obio/Akpor and Port Harcourt city Local Government Areas of Rivers State, Nigeria.).
Bacterial genera isolated includs: Escherichia coli, Salmonella sp. Enterica sp., Staphylococcus
sp., Bacillus sp., Shigella sp., Enterobacter sp., Klebsiella sp. and Citrobacter sp.

Keywords: Escherichia coli; Salmonella sp. Enterica sp.; Staphylococcus sp.; Bacillus sp.; Shigella
sp.; Enterobacter sp.; Klebsiella sp. and Citrobacter sp. Eleme; Emohua; Ikwerre;
Obio/Akpor and Port Harcourt Local Government Areas.
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1. INTRODUCTION

“Like humans and other animals, fish suffer from
diseases” [1]. “Fish defences against disease are
specific and non-specific. Non-specific defences
include skin and scales, as well as the mucus
layer secreted by the epidermis that traps
microorganisms and inhibits their growth” [1].
“Specific defences are specialised responses to
particular pathogens recognised by the fish's
body, that is adaptative immune responses” [2].

“Bacterim is a type of biological cell and
constitute a large domain of prokaryotic
microorganisms” [3]. “A prokaryote is a

unicellular organism that lacks a membrane-
bound nucleus, mitochondria, or any other
membrane-bound organelle” [3]. “Typically a few
micrometres in length, bacteria have a number of
shapes, ranging from spheres to rods, spirals;
live in symbiotic and parasitic relationships with
plants and animals” [4]. “Virtually all animal life
on earth is dependent on bacteria for their
survival as only bacteria and some archea
possess the genes and enzymes necessary to
synthesize vitamin Bl12, also known as
cobalamin, and provide it through the food chain”
[5]. “Vitamin B12 is a water-soluble vitamin that is
involved in the metabolism of every cell of the
human body” [6]. “In humans and most animals,
the largest numbers of bacteria exist in the gut,
and a large number on the skin. The vast
majority of the bacteria in the body are rendered
harmless by the protective effects of the immune
system, though many are beneficial, particularly
in gut flora” [7]. “However, several species of
bacteria are pathogenic and cause infectious
diseases. Examples are the renibacterium
salmoninarum which causes bacterial kidney
disease. Sometimes referred to as Fin and Tail
Rot, bacterial infections are the second-most
common diseases aquarium fish experience after
parasites” [4]. “They often follow parasite
infestations, abrasions or physical injury, but can
also be brought on by chronic exposure to poor
water quality and/or poor diet” [8]. “Removal of a
fish’s protective mucous membrane or scales
during netting is another common cause.
Bacteria are responsible for many fatal diseases
in fishes like furunculosis, columnaris, fin and tail
rot, vibriosis, dropsy, cotton mouth disease and
tuberculosis. They could be gram positive or
gram negative” [9].

“Gram-positive bacteria are bacteria that give a
positive result in the Gram stain test, which is
traditionally used to quickly classify bacteria into
two broad categories according to their cell wall
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while Gram-negative bacteria are bacteria that
do not retain the crystal violet stain used in the
Gram staining method of bacterial differentiation”
[10].

“Bacterial infections manifest in many ways, but
common signs include a white film on the fish’s
body or fins, cloudy eyes, tattered fins, and
hemorrhaging (bloody patches) or open sores
(ulcers) on the body and mouth” [11].
“Furuculosis disease is caused by Aeromona
salmonicida in salmon fishes” [12]. “It is a non-
motile, gram-negative bacterium. This disease
frequently appears to infect fishes living in the
dirty waters containing a large amount of
decaying matter” [13]. “The first symptoms of this
disease are appearance of boil like lesions.
Others symptoms are blood-shot fins, blood
discharge from the vent, haemorrhages in
muscles and other tissues and necrosis of the
kidney” [14]. “Bursting of boils allow the spread of
this disease among other fishes and also offer
suitable areas for fungus growth. Fishes severely
infected with the bacteria die in good number”
[12].

2. MATERIALS AND METHODS
2.1 Study Area

Rivers State is a predominantly low-lying pluvial
state in southern Nigeria, located in the eastern
part of the Niger Delta on the ocean ward
extension of the Benue Trough. The inland part
of the state consists of tropical rainforest, and
towards the coast, the typical Niger Delta
environment features many mangrove swamps.
Rivers State has a total area of 11,077 km?
(4,277 squar mitre), making it the 26th largest
state in Nigeria. Surrounding states are Imo, Abia
and Anambra to the north, Akwa Ibom to the east
and Bayelsa, Delta to the west. On the south, it is
bounded by the Atlantic Ocean. Its topography
ranges from flat plains, with a network of rivers to
tributaries.

2.2 Sampling Method

Fifteen live Clarias gariepinus adults (1.25kg
average weight) were randomly collected from
ponds of 5 privately owned farms in Emohua,
Eleme, lkwerre, Obio/Akpor and Port Harcourt
Local Government Areas of Rivers State,
Nigeria. Specimens were caught using a hand
net and transferred alive in plastic containers to
the laboratory for examination and collection of
samples. In the laboratory, bacteria were isolated
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from the gills, fish guts and skin using standard
methods.

2.3 Preparation of Media

Nutrient Agar (obtained commercially in
powdered form) was used for the isolation of
bacteria from the fish samples. The media was
prepared according to the manufacturers guide;
28.0g was dissolved in 1L of distilled water and
sterilized by autoclaving at 121 0° for 15 minutes.
The media was allowed to cool and then poured
into sterile disposable petri dishes and allowed to
solidify.

2.4 Preparation of Samples /

Microbiological Analysis

The fish were killed and placed on a clean foil
paper where 1g of skin, 1g of fish guts and 10g
of gills were collected. Fish tissues where then
put into 9ml of distilled water to give 1:10 dilution
and shaken thoroughly. 1ml of the pond water
samples was also pippeted into 9ml of distilled
water to also give 1:10 dilution. The stock
solution was serially diluted up to 10-5 as
described by Willey et al. (2008). Plating (spread
plate method) was done by inoculating 0.1ml of
the dilution on nutrient agar in duplicate plates
using 10-4 and 10-5 and spreading with a sterile
glass spreader, the plates were then incubated
for 18-24 hours at ambient temperature. The
plates were examined after incubation and the
number of colony forming units (CFU) that
developed were counted and recorded.

2.5 Isolation

Isolation of the colonies was done by sub-
culturing representative colonies on a freshly
prepared nutrient agar. This was then incubated
at 31 0° for 24 hours to obtain pure cultures.

2.6 Characterization of Isolates

The characterization of the organisms was based
on colonial, morphological and biochemical
characteristics  of  colonies. Microscopic
examination of surface colonies on nutrient agar
medium was used to determine the shape and
arrangement of microorganisms. Morphological
characteristics were studied on the oil immersed
slide under the microscope after gram staining.

2.7 Biochemical Tests
2.7.1 Catalase tests

This test is used to determine the ability of an
organism to breakdown hydrogen peroxide
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(H20,) into oxygen and water. Only organisms
that have the enzyme catalase are able to
catalyse the reaction. The presence of the
enzyme in a bacterial cell is evident when a small
inoculum is introduced into a 3 % hydrogen
peroxide solution and rapid production of
effervescence occurs. The absence of catalase
is evident by a weak production of effervescence.

2.7.2 Citrate test

The citrate test is used to determine the ability of
an organism to utilize sodium citrate as its sole
source of carbon and inorganic ammonium salt
as its only source of nitrogen. Bacteria that grow
on this medium turn the bromothymol blue
indicator from green to blue. Simmon citrate agar
is prepared in a capped test tube according to
manufacturer’s instruction. A sterile wire loop is
used to pick a loopful of the test organism and
streaked on slant surface. The tube is incubated
at 37°C for 48h. Change in colour from green to
blue is indicative of positive result while no
change in colour is indicative of a negative result.

2.7.3 Indole test

This test is used to determine the ability of an
organism to split the amino acid tryptophan to
form pyruvic acid, ammonia and indole using the
enzyme tryptophanase. A loopful of the test
organism is inoculated into sterile peptone water
medium and incubated at 37°C for 48h.
Thereafter, 0.3-0.5 ml of Kovac’s reagent is
added using a Pasteur’s pipette. Appearance of
red ring layer on medium is indicative of positive
test while development of a vyellow ring is
indicative of negative result.

2.7.4 Methyl Red/Voges Proskauer (MR/VP)
test

This test is used to determine the ability of an
organism to produce and maintain stable acid
end products from glucose fermentation and to
determine the ability of some organisms to
produce neutral end products such as acetyl-
methyl carbinol or acetoine from glucose
fermentation. The MR/VP broth medium is used
for this test. A loopful of test organism is
inoculated into 10 ml sterile MR/VP broth
medium prepared according to manufacturer’s
instructions. The tube is incubated at 35-37°C for
48 h. After incubation, the broth culture is shared
into two equal parts (5 ml), one part is used for
methyl red test, and the other part for Voges
Proskauer test. To the part for MR, 5-6 drops of
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methyl red reagent is added and to the part for
VP, 0.6 ml (6 drops) of 5 % a-naphthol and 0.2ml
(2 drops) of 40% KOH reagent are added and
observed for 5 minutes. Development of bright
red colouration is indicative of positive MRVP
tests.

2.7.5 Motility test

This test is to determine if an organism is motile.
An organism must possess flagella (a locomotory
organelle) to be motile. Semi-solid nutrient agar
is used for this test. Half strength of the medium
is prepared following manufacturer’s direction. A
young (fresh) colony is picked with a sterile
straight wire (inoculating needle) and inoculated
by stabbing into the centre of medium.
Thereafter, the tube incubated at 37°C for 24-
48h. Growth (in diffused form) from line of stab
into the medium is indicative of positive result,
whereas growth only along the line of stab is
indicative of a negative result.

2.7.6 Oxidase test

This test is used to determine the presence of
bacterial cytochrome oxidase using the oxidation
of the substrate tetramethyl-p-phenylenediamine
dihydrochloride to indophenols. A filter paper
soaked with 1% tetramethyl-p-phenylenediamine
dihydrochioride is used to perform the test. A
platinum wire loop is used to pick a small portion
of the test organism which is then rubbed on the
soaked filter paper. Observation for 10 seconds
for development of purple colouration on the
smeared portion is indicative of positive result for
oxidase test while no change in colour of portion
was indicative of negative oxidase test.

2.7.7 Coagulase test

This test is used to differentiate Staphylococcus
aureus (positive) from coagulase negative
staphylococci (negative). S. aureus produces two
forms of coagulase: bound and free. Bound
coagulase or “clumping factor,” is bound to the

bacterial cell wall and reacts directly with
fibrinogen. This results in an alteration of
fibrinogen so that it precipitates on the

staphylococcal cell, causing the cells clump
when a bacterial suspension is mixed with
plasma. The presence of bound coagulase
correlates well with free coagulase, an
extracellular protein enzyme that causes the
formation of a clot when S. aureus colonies are
inoculated with plasma. The clotting mechanism
involves activation of a plasma coagulase-
reacting factor (CRF), which is a modified or
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derived thrombin molecule, to form a coagulase
CRF complex. This complex in turn reacts with
fibrinogen to produce the fibrin clot. To perform
this test, a loopful of test organism is inoculated
into rabbit plasma, this is observed in 5 to 10
seconds for clumping. Positive result is denoted
by clumping of the staphylococcal cells, while no
clumping is indicative of negative coagulase test.

2.7.8 Starch hydrolysis test

This test is used to determine the ability of an
organism possessing the enzyme amylase to
hydrolyze starch. The presence of this enzyme in
any bacterial isolate (or culture) gives it the ability
to use up the starch in the medium that is used to
grow the organism. A 1 % starch agar is used to
carry out this test. This starch is incorporated in
nutrient agar medium, autoclaved at 121 °C,
poured into sterile Petri-dish, allowed to solidify
and dried. Each test organism is then streaked
on the agar surface and incubated at 37 °C for
24-48 h. Thereafter, the plate is flooded with
iodine solution. A positive result is shown by a
clear zone around the lines of streak of the
organism.

2.7.9 Triple Sugar Iron Acar (TSIA) test

This test is used to determine whether the
bacterial isolates could ferment glucose and
lactose or sucrose and form hydrogen sulfide
(H.S), gas, and acids. The Triple Sugar Iron Agar
(TSIA) is used for this test. The slant was
prepared according to manufacturer’s
recommendation. To perform this test, a straight
sterile inoculation needle is used to pick the
organism which is then inoculated by first
stabbing the centre of the medium (not to the
bottom of the tube) and streaking the surface of
the agar slant using wire loop. Thereafter, the
tubes were incubated at 35-37 °C for 24-48 h.
Change in colour of medium from pink to yellow
indicate acid production resulting from glucose
fermentation. When in addition to glucose,
lactose and/or sucrose are fermented; the large
amount of fermented products formed on the
slant will neutralize the alkaline amines and
render the slant acidic (yellow). Black colouration
indicates production of hydrogen sulfide (H,S)
and cracks in the medium or complete upward
shift of the agar slant from bottom of tube
indicates positive gas production.

2.7.10 Urease test

This test is used to determine the ability of an
organism to produce the enzyme urease, which
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hydrolyzes urea. Hydrolysis of urea produces
ammonia and CO,. The formation of ammonia
alkalinizes the medium, and the pH shift is
detected by the colour change of phenol red from
light orange at pH 6.8 to magenta at pH 8.1.
Urea agar prepared according to manufacturer’s
standard is used for this test. A loopful of an
overnight test organism is streaked on the agar
slant and incubated 35° C for 48hour to 7 days.
change in colour of medium from orange to
magenta is indicative of positive urease test
while no change in colour of medium is a
negative result.

2.7.11 Sugar fermentation

This test is used to determine the ability of an
organism to ferment a specific carbohydrate that
is incorporated in a basal medium, thereby
producing acid and gas. Peptone broth (1%) is
the basal medium incorporated in 1% sugar used
for the test. Bromocresol purple (0.3%) indicator
is added to the sugar medium with Durham’s
tube added in the tube in inverted (upside down)
position. After sterilization, a loopful of test
organism is introduced into the medium using a
sterile wire loop. The test tube is then incubated
at 35-37 °C for 24-48 h. Change in colour from
purple to yellow is an evident of acid production
resulting from sugar fermentation while gas
production is detected in the Durham’s tube.

2.7.12 Gram staining

The Grain’s staining technique is carried out to
differentiate the bacterial isolates into Gram
positive and Gram negative bacteria based on
their cell wall composition. A loopful of a 24h
culture is picked and used to make a smear on a
clean, greased slide. The smear was heat fixed
by passing over a flame and subsequently, the
smear is flooded with crystal violet for one minute
‘and rinsed under slow running tap. The smear is
flooded with iodine for one minute and rinsed
under slow running water. Thereafter, the smear
is decolorized using 95% alcohol for 30 seconds
or until smear no longer washes off if held at an
angle and rinsed with water. Furthermore, the
smear is counter stain with safranin for 30
seconds and rinsed with water. Then it is allowed
to air dry. Thereafter, a drop of immersion oil is
placed on the smear and viewed under the light
microscope using oil immersion objective lens.
Cells that appeared purple were recorded as
Gram- positive cells while cells that appeared
pink under the microscope are taken as Gram-
negative cells.
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2.7.13 Procedures
analysis

for microbiological

2.7.13.1 Total heterotrophic bacteria (THB)

1g of sample was weighed into 9ml sterile diluent
(0.85% NaC1l) under aseptic condition. It was
then agitated to Ahomogenize and serially
diluted. Then 0.1 ml aliquot of the inoculum was
collected using a sterile pipette, inoculated on
Nutrient Agar (NA) medium. The inoculum was
spread evenly with a sterile bent glass rod.
Plates were incubated at 37°C for 24 hours.
Thereafter, colonies were counted to obtain
Colony Forming Unit (CFU) value per gram of
sample. Distinct colonies with different
morphological patterns were picked and streaked
or subculture on freshly prepared nutrient agar
medium to obtain pure culture after 24 hours
incubation at 37°C. The pure cultures were gram
stained for microscopic examination. It was also

used to carry out biochemical tests for

characterization/identification of the isolates.

3. RESULTS

3.1 Isolation and Identification of
Bacterial Species

In this study, bacterial isolates, namely,

Escherichia coli, Salmonella sp. Enterica sp.,
Staphylococcus sp., Bacillus sp., Shigella sp.,
Enterobacter sp., Klebsiella sp.and Citrobacter
sp., representing 8 bacterial species were
accessed through fish gills, guts and skin from 15
fish samples (3 per farm) of the 5 farms studied
at a farm per LGA (Eleme, Obio/Akpor, Emuoha,
Ikwerre and Port Harcourt City) — Fig. 1. This
study shows that Escherichia coli count was high
in the qills, fish guts and skin of fish from all
sampled locations, except in the fish guts of
Eleme Local Government Area while in
Obio/Akpor, Bascilus sp. was observed in both
the fish guts and skin but was not found in the
gills. At Emohua, Bascillus sp. was seen in the
gills, fish guts and skin of the specimen. At
Eleme, it was not observed on the gills and fish
guts but on the skin. At Port Harcourt, the
species was present in the gills only. In Ikwerre
Local Government Area, the species had it's
highest occurrence, as it was seen in the gill, fish
gut and skin. Klebsiella sp. was absent in the fish
guts of all the locations sampled except at Port
Harcourt. It was found to be present in the gills of
samples taken from Obio/Akpor and Emohua;
and present only in the skin of fish from Ikwerre
LGA. Enterobacter, Salmonella, Shigella and
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Citobacter sp were all absent in the gills, guts
and skin of samples from Obio/Akpor.
Staphylococcus sp was observed on the gill and
skin in samples from Obio/Akpor and Port
Harcourt; Skin of fish from Emuoha; Guts and
skin of fish from Eleme; Gills of fish from Port
Harcourt City; Guts and skin of fish from Ikwerre.
Salmonella sp was observed on fish gut and skin
of fish from Eleme and Port Harcourt City and gill
and guts of that from Ikwerre LGA. Enterobacter
sp was seen on the gill of fish from Emuoha; Skin
of fish from Port Harcourt and gill of fish from
Ikwerre LGA while Shigella sp was recorded in
fish guts from Emuoha; Gill and fish guts from
Eleme; Gill in Port Harcourt and gill and guts
from lIkwerre LGA. Citrobacter sp was only

Ogba/Egbema/Ndoni
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observed on the skin of fish from Eleme LGA
(Tables 1, 2, 3). The highest Total Heterotrophic
Bacteria density occurred in fish gut at Ikwerre
Local Gvernment Area (7.2X10°, followed by
6.8X10° on skin at Eleme Local Government
Area. Generally, Total Heterotrophic Bacteria
density was more on the skin of fish from Eleme,
Emohua, Obio/Akpor and Port Harcourt Local
Government Area when compared with other
entry sites (Table 4). As Citrobacter sp. was
completely absent in the gill and fish guts, E.
Coli. formed 29.41% of bacteria followed by
Baccillus sp (17.65%); Klebsella, Enterobacter,
Shigella and Staphilococcus sp. were within the
same range (11.76%) in the gills while in the guts
23.53% of E. coli. formed the bulk (23.53%)

Rivers West Senatorial District
Rivers East Senatorial District

Rivers South Senatonal District

Fig. 1. Map of Rivers State showing all the local government areas
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Table 1. Total bacteria count in the gills of C. gariepinus from the different locations

> ©
5 S o
o 5 2 2 2 4 o = g
S 5 S ki © S T = ) a € £ ) 9 o >
3 - g 2 =T £ B3 I &6 & & © 5 & 3
s £ S o = ° = S
0] 3 a
Emo.gill - Rod - - + - - - + A A AIG AIG AIG E. coli
+ Rod + - - + + - - B A A - A Bacillus sp.
- Rod - - - + - - + A A AIG AIG AIG Klebsiella sp.
- Rod + + - + + - + A A AIG AIG A/H Enterobacter sp.
Elem.gill - Rod + - - - - - - B A A - A Shigella sp.
- Rod - - + - - - + A A AIG AIG AIG E. coli
Ikwe. gill - Rod - - + - - - + A A AIG AIG AIG E. Coli
+ Rod + - - + + - - B A A - A Baccillus sp.
- Rod + - - + + + + B A AIG AIG AIG Salmonella sp.
- Rod + + - + + - + A A AIG AIG AH Enterobacter sp.
- Rod - - - - - - - B A A - A Shigella sp.
Obio. gill + Rod + - - + - - - A A A A A Staphylococcus sp.
- Rod - - + - - - + A A AIG AIG AIG E. Coli
- Rod - - - + - - + A A AIG AIG AIG Klebsiella sp.
PHC. gill - Rod - - + - - - + A A AIG AIG AIG E. coli
+ Rod + - - - + - - A A A - A Bacillus
+ Cocci + - - + - - - A A A A A Staphylococcus sp.
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Table 2. Spread of bacteria in the fish guts of C. gariepinus from the different locations

Emo.gut - Rod - - - + - - + A A AIG AIG AIG Klebsiella sp.

- Rod - - - - - - - B A A - A Shigella sp.

- Rod - -+ - - - + A A AIG AIG AIG E. coli
Elem.gut - Rod + - - + + + + B A AIG AIG A Salmonella sp.

+ Rod + - - - - - - B A A - A Shigella sp.

+  Cocci + - - + - - - A A A A A Staphylococcus sp.
Ikwe.gut - Rod + - - - - - - B A A - A Shigella sp.

- Rod + - - + + - - B A A - A Bacillus sp.

- Rod - -+ - - - + A A AIG AIG AIG E. coli

+  Cocci + - - + - - - A A A A A Staphylococcus sp.

- Rod + - - + + + + B A AlG AIG A Salmonella sp.
Obio.gut - Rod - -+ - - - + A A AIG AIG AIG E. coli

+ Rod + - - + + - - B A A - A Bacillus sp.

+ Rod + - - - + - - A A A - A Bacillus sp.
PHC.gut - Rod + - - + + + + B A AIG AIG A Salmonella sp.

- Rod - -+ - - - + A A AIG AIG AlL E. coli

- Rod - - - + - - + A A AIG AIG AIG Klebsiella sp.
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Table 3. Total bacteria count on the skin of C. gariepinus from the different locations

Emo.skin + Rod + - - + + - - B A A A A Bacillus sp.

- Rod - - + - - - + A A AIG AlG AIG E. coli

+  Cocci + - + + - - - A A A A A Staphylococcus sp.
Elem.skin - Rod + - - + + + + B A AIG AIG A Salmonella sp.

+ Rod + - - + + - - B A A - Baccilus sp.

- Rod - - - - - - + A A AIG AIG AIG E. Coli

+  Cocci + - - + - - - A A A A A Staphylococus sp.

- Rod + + - + + + + A A AIG AIG A Citrobacter sp.
Ikwe.skin - Rod - - + - - - + A A AIG A/G AIG E. coli

+  Cocci + - - + - - - A A A A A Staphylococcus sp.

+ Rod + - - + + - - B A A - A Bacillus sp.

+ Rod + - - - + - - A A A - A Bacillus sp.

- Rod + - - + + + + B A AIG AIG A Klebsiella sp.

- Rod + - - + - - - A A A A A Staphylococcus sp
Obio.skin - Rod - - + - - - + A A AIG AIG AIG E. coli

+ Rod + - - + + - - B A A - A Bacillus sp

+  Cocci + - - + - - - A A A A A Staphylococcus sp.
PHC.skin - Rod + - - + + + + B A AIG AIG A Salmonella sp.

- Rod + - - - - - - B A A - A Shigella sp.

- Rod + + - + + - + A A AIG AlG AIG Enterobacter sp.

+ Rod - - + - - - - A A AIG AIG AlG E. coli

Key: Emo. gill = Emohua gill, Elem. Gill = Eleme gill; Ikwe. Gill = Ikwerre gill; Obio. Gill = Obio Akpor gill; PHC.gill = Port Harcourt gill; Emo. gut = Emohua gut; Elem. gut =
Eleme gut; Ikwe.gut = Ikwerre gut; Obio. gut = Obio/Akpor gut; PHC gut = Port Harcourt gut; Emo. skin = Emohua skin; Elem. skin = Eleme skin; Ikwe. skin = Ikwerre skin;
Obio.skin = Obio/Akpor skin; PHC. skin = Port Harcourt skin
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followed by Baccillus sp, Salmonella and Shigella
sp. (17.65%), Klebsella and Staphylococcus sp.
(11.76%), were the least. Enterobacter sp. was
completely absent in the gut. Salmonella sp. was
least in occurrence in the gills. Baccillus,
Staphilococcus sp and E.colli. occurred most on
the skin (23.81%) followed by Klebsella,
Enterobacter, Shigella and Citrobacter sp.
(4.96%) -Table 5. E. colli was most abundant in
the gills (35.71%), skin (35.71%) and guts
(28.57%). On the skin, it was observed that
Baccillus sp. was 45.45% and the same in the
gils and guts (27.27%). Klebsella and
Enterobacter sp. occurred most in the gills (40.00
and 66.67%) and guts (40.00%) when compared
with the skin (20.00 and 33.33%). Enterobacter
sp was not found on the skin. In the fish gut,
Salmonella sp and Shigella sp (50.00% each)
when compared with that of gills (16.67 and
33.33%) and skin (33.33% each).
Staphylococcus sp occurred most on the skin
(55.56%) when compared with that of gills and
guts (22.22% each) while Citrobacter sp was
only found on the skin (100.00%) — Tables 6
and 7.

Table 4. Total Heterotrophic Bacteria (THB)
Densities in Gill, Fish guts and Skin of C.
gariepinus from the different locations

LGA THB (cfu/g)

Gill Fish guts Skin
EleLGA 3.1X10" 4.2x10°  6.8X10°
EmoLGA 1.7X10® 2.2x10°  5.2x10°
IkweLGA 3.1X10" 7.2x10°  1.5X10°
ObioLGA 1.7X10° 1.4X10"  4.5X10°
PHCLGA 2.8X10° 3.5X10°  4.8X10°

sp Goernment Area; IkweLGA= Ikwerre Local
Goernment Area; ObioLGA= Obio/Akpor Local
Goernment Area; PHCLGA= Port Harcourt City Local
Goernment Area: CFU/g = Colony Forming Unit per
gram

Table 5. Percentage occurrence of each
bacterial Isolate in the gill, gut and on skin of
Clarias gariepinus

Bacteria Gills Fish guts Skin
(%) (%) (%)
E. Coli. 29.41 23.53 23.81
Baccillus sp 17.65 17.65 23.81
Klebsella sp 11.76  11.76 4.96
Enterobacter sp 11.76  0.00 4.96
Salmonella sp 5.88 17.65 9.52
Shigella sp 11.76  17.65 4.96
Staphylococcus sp 11.76  11.76 23.81
Citrobacter sp 0.00 0.00 4.96
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Table 6. Percentage occurrence of bacterial
Isolates in body tissues of Clarias gariepinus
across locations

Bacteria Gills Fish guts Skin
(%) (%) (%)
E. coli. 35.71 28.57 35.71
Baccillus sp 27.27 27.27 45.45
Klebsella sp 40.00 40.00 20.00
Enterobacter sp 66.67 0.00 33.33
Salmonella sp 16.67 50.00 33.33
Shigella sp 33.33 50.00 16.67
Staphylococcus 22.22 22.22 55.56
sp
Citrobacter sp 0.00 0.00 100

4. DISCUSSION

“The fish samples (skin, fish gut and gill)
examined in this study looked physically healthy
based on their appearances but they were all
infected with bacteria”. Bell and Kyriakides [15]
reported that bacteria are abundant in the
environment in which fish live and it is therefore
impossible to avoid them being a component of
their diet. Results of the assay showed a high
bacterial count in the gill, gut and skin of fish
taken from all the Local Government Areas under
consideration (Emohua, Eleme, lkwerre, Obio/
Akpor and Port Harcourt City). The heterotrophic
bacteria count in these LGA(s) ranged from 7.2
x10° CFU/g in the in the gut to 6.8 x 10° CFU/g
on the skin. Heterotrophic bacteria counts
obtained in the gills ranged from 1.7 x 10° CFU/g
to 3.1 x 10’ CFU/g, the counts obtained in the
intestine ranged from 1.4 x 10’ to 4.2 x 10° and
in the skin, the counts ranged from 1.5 x 10° to
6.8 x 10° respectively. Gram-positive rod-shaped
bacteria dominated the populations, this
contrasts with the report by [16,17,18]. “The
bacteria entering along with the diet of fish during
ingestion may adapt themselves in the
gastrointestinal tract and form a symbiotic
association within the digestive tract of fish, in
which large numbers of microbes are present.
This indicates that the digestive tracts of fish
provide favourable ecological niches for these
organisms” [19, 20]. In this work, the gills from
each location were found to have the least count
for bacterial load. This is in agreement with
[21,22,23] who reported that the gill has the least
count of bacterial count. The occurrence of these
species in different organs of fish may be
associated with some predisposing factors such
as poor handling, feed and feeding, improper
pond management, and excessive amounts of
decomposing organic matter in the pond
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Table 7. Identification of bacteria Isolates at different locations

Bacteria Obio/Akpor Emohua Eleme Port City Harcourt Ikwerre
Gill Fish Skin  Gill Fish Skin  Gill Fish Skin  Gill Fish Skin  Gill Fish Skin
gut gut gut gut gut

E. coli + + + + + + + - + + + + + + n
Bacillus sp - + + + + + - - + + - - + + ++
Klebsiella sp + - - + - - - - - - + - _ _ +
Salmonella sp - - - - - - - + + - + + + + .
Enterobacter sp - - - + - - - - - - - + + . i}
Shigella sp - - - - + - + ++ - - - + + + -
Staphylococcus sp + - + - - + - + + + - - - + +
Citrobacter sp - - - - - - - - + - - - - - -
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[24,25,26]. In a study carried out on bacterial
infection on C. gariepinus, isolated and identified
Staphylococcus aureus, E. coli, Staphylococcus
epidermis and Pseudomonas fluorescens, it was
observed that E. coli dominated [24,27,28]. This
is in agreement with this work. The high bacterial
load in the gill, gut and intestine of fishes
observed during the rainy season in this study
could be attributed to cool atmospheric
environment and pond water temperature, which
is conducive for proliferation of mesophilic
organisms [16,29,30]. Almost every year health
disorders in freshwater fish are recorded on
many farms in Nigeria [1,31,32]. The causes of
the diseases may be various factors; however,
the most important among bacterial infections
are those caused by motile Aeromonas (A.
hydrophila, A. sobria, and A. caviae), [33,34,35]
“‘whereas in this study Escherichia coli,
Salmonella sp, Staphylococcus sp, Bacillus sp,
Shigella sp, Enterobacter sp, Klebsiella sp and
Citrobacter sp could be primarily noted to be
responsible for the fish diseases in the four local
government areas in Rivers state. Clinical
symptoms observed during health disorders vary
depending on the type of disease. Generally,
infections caused by Aeromonas and
Staphylococcus spp. are the most common
among bacterial fish diseases, causing motile
aeromonas septicaemia (MAS), motile
aeromonas infection (MAI), Staphylococcus and
furunculosis; skin ulceration, gill and fin lesions
are most frequently noticed” [36,37,1]. “If the
disease becomes a systemic infection, then it is
called MAS. The other psychrophilic Aeromonas,
Aeromonas salmonicida, causes furunculosis in
Oreochromis niloticus, which is manifested in
ulcers on the skin. During infection, high
mortalities reaching about 80% of stock are also
observed” [1,38,39]. “Fish diseases, are
commonly found in various environments
including water, and therefore fish are constantly
exposed to bacteria [14]. In this work E. Coli.,
Baccillus sp, Klebsella sp, Enterobacter sp,
Salmonella sp Shigella sp, Staphylococcus sp
and Citrobacter sp respectively formed: 29.41,
17.76, 11.76, 11.76, 5.88, 11.76, 11.76 and
0.00% of bacteria occcurence in the gills; 23.53,
17.65, 11.76, 0.00, 17.65,17.65,11.76 and 0.00%
in the gut and 23.81,
23.81,4.96,4.96,9.52,4.96,23.81 and 4.96% on
the skin across all the locations. Interaction with
bacteria is especially dangerous under conditions
of  stress, which include unfavourable
environmental conditions as well as human
intervention in catching, sorting, and transporting
of the fish” [40,41,21]. In recent years, the
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number of infections caused by Gram positive
bacteria, especially in rainbow trout, has
increased significantly in Nigria [1,42,43]. “This
coroborates with this work in that across the
stations 35.71, 28.57, 35.71% of E. coli. 27.27,
27.27, 45.45% of Baccillus sp; 40.00,40.00,
20.00% of Klebsella sp; 66.67,0.00, 33.33% of
Enterobacter sp; 16.67, 50.00, 33.33% of
Salmonella sp; 33.33,50.00, 16.67% of Shigella
sp; 22.22, 22.22, 55.56% of Staphylococcus sp
and 0.00, 100% of Citrobacter sp were
respectively found in the gill, gut and skin across
the five LGA(s). Among many species of Gram-
positive microorganisms, two of them are of
particular importance in the pathology of bacterial
fish diseases: Lactococcus garviae and
Streptococcus iniae” [44,45,46] and “these
bacterial species cause serious health disorders
in different species of freshwater and marine fish:
rainbow trout and other salmonids from the
Oncorhynchus family, eels, and fish belonging to
the Ictaluridae (catfish) and Cichlidae (tilapia)
families. The source of bacterial infection for fish
can be both water and sediments” [47,48,1].
“Although bacteria might be present in the
environment and also in fish throughout the year,
their related disorders occur during summer
when the water temperature increases and
reaches optimal values in the range of 18°C-
25°C. Therefore, it is assumed that temperature
as well as the sanitary state of the aquatic
environment are the most important factors
conducive to the occurrence of disease
symptoms” [1,49,50], “agrees with this work in
that, Citrobacter sp was absent in the gill and fish
gut while Enterobacter sp was not found in the
gut. Several factors have contributed to
microbiological pollution of the ponds, including
runoff and storm-water that contain deposits from
wildlife, agriculture, urban, forestry and rural
settlements. These factors have contributed to
the escalating population of human-fish microbes
within Rivrs State” [21,51]. “Most of these fish
farms within the State are found less than 50m
away from densely populated settlement areas
which are prone to flooding. Lack of proper
sewage amenities together with a high water
table has permitted untreated sewage to enter
the farms either through runoff, storm-water or by
fishing forks used by people fishing in the farms.
Pathogenic human Enterobacteriaceae
deposited in the fish ponds attach to the
vegetation as well as lodge on the gills and body
surfaces of fish. In this study, the fish farms in
Obi/Akpor and Port City Harcout Local
Government Areas (LGA) are seen to have the
highest Salmonella and Shigella distribution. The
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two LGAs are densely populated and are at close
proximity to people that generates a lot of waste;
thus the water circulation in the region is poor.
[24,52,53] reported that studies have shown that
5.2% prevalence of diarrhoeal diseases are
caused by Enterobacteriaecea which correlates
well with the high E. coli and Enterobacteriaceae
population in this study. This situation is also
compounded by the fact that over 81% of the
total number of households in the LGA (s) under
consideration dumps their wasts on the road
sides that sometimes run dry without water”
[1,54,55]. The remaining 19% may bag their
waste. The same scenario is observed in Eleme
and Obio/Akpor LGA, where there are fewer
waste bins shared among households. Untreated
sewage effluent is disposed directly on roads
sides because of the debilitated sewage
treatment system in the Rivers State. Thus the
distribution of E. coli in the population (gill -
35.71%, gut — 28.57%, skin - 35.71%), Baccillus
sp (gill and gut — 27.27 each, skin — 45.45%),
Klebsella sp (gill and gut - 40.00% each, skin —
20.00% ), Enterobacter sp (gill — 66.67%, gut —
0.00 and skin — 33.33%), Salmonella sp (gill -
16.67%, gut — 50.00%, skin — 33.33%), Shigella
sp (gill — 33.33%, gut — 50.00% and skin —
16.67%), Staphylococcus sp (gill and gut —
22.22% each and skin 55.56%), and
Citrobacter sp (gill and gut — 0.00, skin — 100%)
can be seen as an indicator of faecal run off
contamination amongst other coliforms. This
observation correlates well with the diarrhoea
prevalence of 8.7% of the total number of
outpatients recorded in 2006. Transportation of
fish from contaminated farms, the packaging of
fish in dirty baskets and plastic basins, and the
display of fish on dirty nylon sheets for buyers 20
meters from the fish farms could also enhance
post-harvest contamination of the fish by the fish
farmers [56,57,58]. In this study, it was observed
that 14.29% of microbes were found on the skin
of fish at Emohua LGA, 23.81% on fish skin at
Eleme, 28.57% on fish skin at Ikwerre, 14.29% at
Obio/Akpor and 19.05% at Port Harcourt City
Local Government Area. Also, 23.53, 11.76,
29.41,17.65,17.65% of bacteria were
respectively found in the fish gill at Emuoha,
Eleme, lkwerre, Obio/Akpor and Port Harcourt
City LGA while at Emuoha, Eleme and Port
Harcourt city, 18, 7 and 5% each formed the
bacteria load in the gut were as lkwerre and
Obio/Akpor respectively formed 31.25% and
12.50% of microbes. This depicts that bacteria
abundance peaked on fish skin, gill and gut of
fish at Ikwerre LGA followed by Emuoha, Eleme
and Obio/Akpor LGA which agrees with
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[59,60,61] who reported that “the effect of runoff
and storm-water that collect a lot of animal, plant
and human wastes from point and non-point
sources and channel these to the rivers and the
lake create an environment that supports
microbiological pathogens These factors
increase the eutrophication process thus creating
a vast conducive environment for the survival of
microbes which eventually infect the fishes,
which in recent years have been isolated from
various fresh and marine waters contaminated by
urban sewerage” [62,63,64]. “It was therefore
imperative to isolate enteric pathogenic bacteria
from fish that might be transmitted to humans
after handling, or consumption of such fish..
Gutting and washing of the fish using dirty water
collected directly from the fish farms due to lack
of proper municipal piped water could exacerbate
the  contamination  process  within  the
environment” [65,51,66]. “The report that the
prevalence of diarrhoea was 6.8% of the total
outpatient diseases in 2006 and the fact that the
highest distribution of Shigella spp (32%)
followed by Salmonella spp. and E. coli was also
noticed” [67,68,69] “agrees with this work.The
population else where in Nigeria shares the
same problem affecting River state in particular.
However, in Emohua LGA, contamination
prevalence was 23.33% and Enterobacteriacea
distribution was equally low in fish collected from
the farm. This observation is attributed to the
sewage area being open, where there is
adequate mixing of pond-water with that of river-
water from the run-off, which passes a few
meters way from the areas of human settlement.
In this study, it was realized that the waters of the
highly populated areas in the city received large
guantities of untreated wastewater discharged
from human and industrial sources. In addition,
since rainfall could introduce enteric pathogens
from distant sources into the environmnt, it was
believed that they contributed to the fish farms
pollution” [70,71,72]. “Salmonella enterica has
been considered the causal agent of the largest
number of enteric infections in the world
[73,74,75]. Raw foods and cross-contamination
of ready-to-eat products are the main routes of
fish diseases transmission” [76,77,78]. It is
therefore concluded that isolation of Escherichia
coli, Salmonella sp, Staphylococcus sp, Bacillus
sp, Shigella sp, Enterobacter sp , Klebsiella sp
and Citrobacter sp in fish harvested from the fish
ponds in all the five LGA(S) was an indication of
contamination of the waters by pathogens. The
sources of all these pathogens are poorly
understood, and this study provides vital data
that is critical in assessing and controlling the risk
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associated with the presence of bacteria in
Rivers state environment. Assuming that the
main source of Escherichia coli, Salmonella
enterica, Staphylococcus aureus, Bacillus,
Shigella, Enterobacter, Klebsiella and Citrobacter
sp contamination in the fish farms environment is
of human or animal origin, the different
population structures may be attributed to the
different rates of growth and survival of these
microbes in the farms environment and this
necessitates a pilot study to establish the source
of the isolates. It is also concluded that, E. coli
was the clinically important serovar mostly
identified in this study which attests to its
capacity of adaptation and survival in this
environment, as has been suggested by other
authors. The presence of different enteric
bacteria in the aquaculture environments
suggests that strict hygiene procedures should
be followed during the handling and processing
of fish from the culture systems to prevent the
transfer of potentially pathogenic bacteria to
humans. Thus there is need for a code of
practice for fish growers in tropical aquaculture
systems to ensure safe food sources.

5. CONCLUSION

Escherichia coli, Salmonella sp, Staphylococcus
sp, Bacillus sp, Shigella sp, Enterobacter sp,
Klebsiella sp and Citrobacter sp observed in this
work are established fish/human pathogens. E.
coli has an assertive effect in Clarias gariepinus
ponds which is evident from their wide spread
prevalence across all the 5 Local Government
Areas under consideration and among all
samples analysed (gill, gut and skin). Bacteria
abundance peaked on fish skin, gill and gut of
fish at Ikwerre LGA followed by Emohua, Eleme
and Obio/Akpor LGA Study on the antibiotic
resistance of these enteric pathogens could
establish the real threat posed by these
organisms. However, detection of diverse group
of enteric bacteria including potential pahogens
in the Clarias gariepinus production ponds
suggests that strict hygienic procedures should
be followed during handling and processing of
fish from the similar culture systems and proper
cooking prior to consumption to prevent the
transfer of potentially pathogenic bacteria to
humans.
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