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Abstract

The aim of the current study was to isolate and identify potential bacterial pathogens from
Nile tilapia, Oreochromis niloticus (Linnaeus, 1758) in Lake Hawassa, Ethiopia. The study
was conducted during January to December 2021. A total of 360 Nile tilapia were sampled
from Lake Hawassa and subjected to bacteriological investigations. The results showed
64.2% prevalence of bacterial infection in Nile tilapia from the lake. Potential bacterial
pathogens such as Aeromonas hydrophila, Escherichia coli, Edwardsiella tarda, Vibrio sp,
Bacillus sp., Staphylococcus sp., Salmonella sp., Flavobacterum sp., Pseudomonas sp. and
Shigella sp. were isolated. The prevalence of infection in female fish (52.4%) was higher
compared to male fish (47.6%). Comparatively higher prevalence was recorded in the
smaller fish group than in the larger ones. The average bacterial loads recorded in various
organs such as intestine, skin, gill, liver and kidney were, 4.86+0.56 x 105, 4.72+0.48 x 105,
4.14+0.53 x 105, 3.45+0.23 x 105 and 2.6340.324 x 105 CFU ml "' respectively. Significantly
high bacterial loads were recorded from the intestine (5.8140.01 x 105 CFU ml") of fish
during the summer season (p<0.05). The results of the study indicated that there is a risk of
occurrence of disease outbreak under stressful situations. Moreover, the recovery of these
bacteria in the fish which are potentially pathogenic to humans, suggests that if the fish
are improperly handled, undercooked or consumed raw, may cause diseases to susceptible
individuals.

30% of the overall production loss in China,
India and Vietnam (Mohd-Aris et al., 2019).

Introduction

Fish contributes around 20% to the average

per capita animal protein intake for 3.2

W billion people (FAO, 2018). Sixty percent
i of the developing countries derive 30%
of their annual protein from fish (Abisoye

et al, 2011). It is especially critical for
rural populations, who often have less
diverse diets and lower food security
rates (Thompson and Amoroso, 2074).
However, disease outbreaks become a
major constraint in fish production and
economic development throughout the
world. Fish production sectors lose about
50% due to diseases which is more severe
in developing countries (Leung and Bates,
2013). Globally a loss of 6 billion dollars
annually is encountered in fish production
due to diseases. For instance, fish diseases
are estimated to contribute to more than
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Infectious salmon anemia alone costs
2 hillion dollars and causes 20000 workers
to lose their jobs in Chile (Leung and Bates,
2013). Sea lice infections of salmon in
Norway led to a loss estimated at >USS
400 million in 2011 (Abolofia et al., 2017).
Due to these considerable economic risks,
disease outbreaks represent one of the
main obstacles to the sustainable growth
of aquaculture (Subasinghe et al., 2019).

Microorganisms that cause diseases in fish
include bacteria, fungi, algae, protozoa and
viruses (Ajayi and Okoh, 2014). Bacteria
are the most important disease-causing
organism in the wild and farmed fish
(EFAdawy et al, 2020). They are usually
present in the environment, in the surrounding
water, on the fish surface, or in their internal
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organs. Different species of bacteria can cause different types
of symptoms of diseases in fish. Common symptoms include
swimming abnormally, bloody scales at the base of the fins, open
sores on the side of the body and near the fins, and reddened and
frayed fins (Cipriano and Holt, 2005).

Fish are usually susceptible to bacterial disease under unfavourable
conditions such as poor water quality, parasitic infections, poor
nutrition, or temperature extremes (Snieszko, 1975). Stress decreases
the immunity of fish and leads to decreased resistance to diseases
and as a result opportunistic bacteria that are found in aquatic
environments cause outbreaks of fish diseases (QlivaTeles, 2012).
Bacterial species responsible for disease outbreaks in different
fish species belong to the genera Aeromonas, Edwardsiella, Vibrio,
Pseudomonas,  Streptococcus, Salmonella and Shigella among
others (Menanteau-Ledouble et al., 2016; Fadel et al.,, 2018; Pandey
et al., 2021; Colussi et al, 2022). Several of these bacteria also
have zoonatic potential, and can be transmitted to humans, posing
potential threat to human health.Therefore, this research focused
on the isolation, characterisation and identification of potential
pathogenic bacterial species from Nile tilapia Oreochromis niloticus
(Linnaeus, 1758) in Lake Hawassa, Ethiopia.

Materials and methods

Description of the study area

The study was carried out in Lake Hawassa which is the smallest
Rift Valley Lake in Ethiopia (Fig. 1). Lake Hawassa lies 275 km south
of Addis Ababa, in the Main Ethiopian Rift, has a surface elevation
of 1,680 m above sea level (6°33" - 7°33'N and 38°22' - 38°29'F)
(Welcome, 1972). The surface area of the lake is about 90 km?, 16
km long, 8 km wide with 1.3 hillion m? volume and mean depth of
about 11 m. The mean monthly maximum atmospheric temperature
varies between 24.5 and 30°C, while the mean minimum monthly
air temperature ranges from 10.3 to 14.5°C and the mean annual
rainfall is 1028 mm (Elizabeth Kebede et al, 1994; Girma Tilahun
and Ahlgren, 2010).

Study population and design

Every month, 30 naturally infected O. niloticus were sampled from the
Lake Hawassa, forming a total of 360 samples during the study period.
The sampled fishes were placed in ice box and immediately transported to
the laboratory for analyses. In the laboratory, before dissection, each fish
was observed macroscopically for clinical signs. Individual fish weight was
recorded using digital weighing balance and their lengths were determined
using a measuring board to record infestation in relation to length and
weight of fish.

Total heterotrophic bacterial count

Out of the 30 fish collected every month, 10 fish were randomly
selected and dissected aseptically and samples from skin, gill,
intestine, liver and kidney were collected and homogenised in sterile
saline solution using a mortar and pestle (Plumb et a/., 1982). Then
0.1 ml of each sample was inoculated on nutrient agar plate, in
triplicates by the spread plate technique for enumeration of total
heterotrophic bacterial count. All inoculated plates were incubated
in an inverted position for 24 h under aerohic conditions. The
heterotrophic bacterial load were counted using colony counter and
recorded as colony forming units per ml for different organs of fish.

CFU mI™ =No. of colonies x Dilution factor/Volume of sample plated

Isolation and identification of bacteria

Samples from skin, gill, intestine, liver and kidney of fish were
inoculated on different media such as Aeromonas medium
base (AMB), Nutrient agar (NA), Salmonella-Shigella agar (SSA),
Thiosulfate-citrate-hile salts-sucrose agar (TCBS), Trypticase
soy agar (TSA), Xylose lysine deoxycholate agar (XLD) plates and
incubated for 24 to 48 h. The morphological characteristics of
bacterial colonies including colony shape, size, colour, elevation,
edge and opacity were noted (Holt, 1982). Representative pure
colonies were taken for identification of bacteria by Gram staining
and hiochemical tests were performed, that included catalase test,
oxidase test, indole and hydrogen sulfide production, coagulase test,
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Fig. 1. Location map of sampling site in Lake Hawassa
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methyl red, simmons citrate test and urease according to Bergey's
Manual of Systematic Bacteriology (Bergey and Holt, 2000).

Data analysis

All the collected raw data were recorded in Microsoft excel and
transferred to SPSS version 22 for descriptive analysis. The mean
of bacterial loads were compared using ANOVA followed by Tukey's
post hoc for multiple comparison.

Results

The details of morphometric parameters of fish samples are shown
in Table 1. The weight of O. niloticus ranged between 50 and 285 g
with mean weight of 154.72441.57 g, while the total length varied
between 12 and 29 cm with mean length of 19.83+2.43 cm. The
minimum and maximum weight varied from 70 to 285 g for male
fish with mean value of 182.88+23.84 g and 50 to 168 g for females
with mean value of 115.74426.74 g. The minimum and maximum
length varied from 16 to 29 cm for male and 12 to 21 cm for female
fish.

A total of 360 fish were collected and clinically examined. Naturally
infected fish showed different clinical signs such as dark skin,
haemorragic skin lesions, frayed fins, and body ulceration. Out of
the 360 fish collected, 121 females (52.4%) and 110 males (47.6%)
were found infected, with the overall prevalence of 64.2%. Fish
size-wise analysis showed that 39.4% within 12-18 cm and 99 g
average weight group, 35.5% within 19-21 cm and 162.1 g average
weight group, 22% within 22-23 cm and 195.9 g average weight
group and 3% within 24-29 cm and 232.5 g average weight group
were infected with potential pathogenic bacteria. The month-wise
analysis of prevalence is shown in Fig. 2. The highest prevalence
rate (12.55%) was recorded during July, followed by August (11.7%)
and September (10.4%), while the least (5.6%) was observed during
December and January.

The total viable bacterial counts recorded in various tissues of
0. niloticus are shown in Table 2. The counts represent the average
of viable colonies which grew in triplicate agar plates for each
sample. The bacterial counts in skin ranged from 4.20 x 10° and
5.42 x 10° CFU ml" with average of 4.72+0.48 x 10° CFU ml".
The highest count was recorded in the intestine during summer
(5.8140.01 x 10° CFU mI™), while the lowest was observed in kidney
of Nile tilapia during spring (2.23+0.00 x 10° CFU ml") season.
Bacterial loads in the liver during winter and spring were not
significantly different (p>0.05).

Based on morphological characteristics and conventional
biochemical tests, the bacterial isolates belonging to 10 species

Table 1. Morphometric data of O. niloticus sampled from Lake Hawassa
Sex No. of fish Mean + SD

Minimum  Maximum

Weight (g) Female 151 115.74126.74 50.00  168.00
Male 209 182.88+23.84 70.00 285.00
Total 360 154.72+41.57 50.00 285.00
Length (cm) Female 151 17.7341.93 12.00 21.00
Male 209 21.35¢1.42  16.00 29.00
Total 360 19.8342.43 12.00 29.00
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Fig. 2. Prevalence of infection by potential bacterial pathogens in O. niloticus
from lake Hawassa

Table 2. Season-wise total viable bacterial count in 0. niloticus from Lake
Hawassa (mean x10° CFU mI'+SD)

Season Total viable bacterial counts

Skin Gill Intestine Liver Kidney
Summer  5.4140.01¢ 4.91+0.01¢ 5.81+0.01¢ 3.71+0.01° 3.1140.01¢
Autumn  4.9140.01¢ 4.21+0.01°¢ 4.57+0.00° 3.1040.00® 2.70+0.00°
Winter  4.344#0.10° 4.0340.01° 4.7140.01¢ 3.50+0.00° 2.50+0.00b
Spring 4.2140.01* 3.43+0.01° 4.41£0.00*° 3.50+0.01° 2.23+0.00a

Values bearing different superscript letters in the same column differ significantly
(p<0.05)

wereidentified (Table 3and4). The highest prevalence was recorded
for Escherichia coli (24.05%), followed by Aeromonas hydrophila
(17.72%), Pseudomonas spp. (13.92%) and Vibrio spp. (12.65%).
The highest number of bacterial occurrence was recorded from
intestine (37.8%) followed by skin (28.1%) and gills (20.3%) (Table
5). The lowest occurrence was recorded from liver (3.9%). Isolates
belonging to all the ten species were frequently encountered in the
intestine compared to other organs, except Flavobacterum spp.
which was not isolated from intestine. The results also showed the
occurrence of A. hydrophila and E. coli in all the organs examined.
Edwardsiella tarda was isolated only from the skin and intestine of
Nile tilapia. The most frequently isolated bacterium from intestine
of Nile tilapia was E. coli (12.6%), followed by A. hydrophila (6.3%).

Discussion

In the current study, the mean of morphometric parameters of the
fish showed that male fish were higher in average body weight
and total length compared to female fish. This might be due to the
difference in growth pattern as male Nile tilapia grow faster than the
female fish. Toshiharu et al. (2012) reported that male and female
fish had significant differences (p<0.001) in body weight and total
length and they opined that sexual maturation inhibits the size and
growth rate of female fish. The prevalence of infection was found to
be higher in female fish (57.5%) as compared to male fish (42.5%),
during the present study. Similar to this finding, Rediet Wolde
et al. (2022) reported that 34.6% of the female fish and 17.65%
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Table 3. Morphological characteristics of bacterial isolates

Morphological characteristics of colony

Agar medium Colour Elevation Optical feat Cell shape Bacterial species
NA Whitish Flat Transparent Rods Escherichia coli
AMB Yellowish Convex Opaque Rods Aeromonas sp.
TSA Whitish Raised Opaque Rods Pseudomonas sp.
NA Whitish Raised Opaque Rods Bacillus sp.

SSA Colourless Raised Translucent Rods Salmonella sp.
SSA Colourless Convex Transparent Rods Shigella sp.

TCBS Green Flat Opaque Short rods Vibrio sp.

XLD Pinkish Raised Translucent Rods Edwardsiella sp.
NA Whitish Convex Semi-translucent Cocci Staphylococcus sp.
TSA Yellow Flat Translucent Rods Flavobacterum sp.

NA: Nutrient agar, AMB: Aeromonas medium base, TSA: Trypticase soy agar, SSA: Salmonella-Shigella agar, TCBS: Thiosulphate citrate bile salts sucrose agar, , XLD: Xylose lysine

deoxycholate agar

Table 4. Biochemical characteristics of bacterial isolates from Nile tilapia in Lake Hawassa

Biochemical characteristics

Isolate GS CT uT Coa oT SCT MR VPtest  MT SIM Medium
IN  MT HS

A. hydrophila + + + + + + + + +

E. coli + + - + + + o+

Vibrio spp. + + + + + - +

Bacillus spp. + + + +

Pseudomonas spp. + + +

Staphylococcus spp. + + + + + + +

Salmonella spp. + + + + + o+

Shigella spp. + + +

E. tarda + + + + + 0+

Flavobacterum spp. + + + +

GS: Gram stain, CT: Catalase test, UT: Urease test, Coa: Coagulase test, OT: Oxidase test, SCT: Simmon's citrate test, MR: Methyl red test, VP: Voges-Proskauer test, MT: Manitol test,
SIM: Sulphur indole motility, IT: Indole test, MT: Motility test, H,S; Hydrogen sulphide test, (+): Positive reaction, (-): Negative reaction

Table 5. Qccurrence of bacterial isolates in various tissues of Nile tilapia from Lake Hawassa

Isolates Skin No. (%) Gill No. (%) Intestine No. (%)  Liver No. (%) Kidney No. (%)  Total Prevalence (%)
E. coli 4(5.7) 3(3.8) 10 (12.6) 1(1.3) 1(1.3) 19 24.05
A. hydrophila 4(5.1) 3(3.8) 5(6.3) 1(1.3) 1(1.3) 14 17.72
Pseudomonas spp. 4(5.1) 5(6.3) 2(2.5) 0 0 11 13.92
Vibrio Spp. 3(3.8) 2(2.5) 5(6.3) 0 0 10 12.65
Bacillus spp. 1(1.3) 3(3.8) 2(2.5) 0 1(1.3) 7 8.86
Staphylococcus spp. 1(1.3) 1(1.3) 2(2.5) 1(1.3) 0 5 6.32
Salmonella spp. 1(1.3) 1(1.3) 1(1.3) 0 1(1.3 4 5.06
Flavobacterum spp. 2(2.5) 1(1.3) 0 0 1(1.3) 4 5.06
Shigella spp. 1(1.3) 0 2(2.5) 0 0 3 3.79
E. tarda 1(1.3) 0 1(1.3 0 0 2 2.53
Total 22 (28.1) 19 (20.3) 30(37.9) 3(3.9) 5(6.5) 79 100

of the male fish were positive for E. tarda in Lake Bishophtu and
Babogaya. Also, Fonkwa et al. (2022) reported that the females
were found to be more infected (67.07%) than the males (58.94%).

Highest prevalence of bacterial infection (39.4%) was recorded in
12-18cmlength group and 99 g average body weight, which indicated
that as the size of fish increases the infection rate decreases. In
line with these findings, Begonesh et al. (2019) and Mzula et al.
(2019) reported that smaller fishes were more prone to bacterial

infection than larger ones. In the current study, it was observed that
the percentage of prevalence increased gradually from January
onwards and reached a peak in July. The prevalence remained
almost the same for January, February, March and December. The
outbreaks of fish diseases are seasonal and highly experienced in
summer (Ibrahim et al,, 2008). Similar findings have been observed
in the current study where high occurrences of bacteria were
recorded during July (12.5%) and August (11.7%). The highest
prevalence for the months of summer (July and August) compared
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with the other months in the present study could be attributed to
favourable temperature as well as to the run off to the lake during
the rainy season in the study area. Mzula et al. (2019) also reported
highest occurrence of infection during May and August.

In the present study, it was found that naturally infected Nile tilapia
showed ulceration, corneal opacity, mucus secretion, frayed fins,
hyperemia at the bases of fin, haemorrhagic skin lesions and dark
skin. Consistent with the current study, Aishi-Hamom et al. (2020)
reported clinical signs such as skin lesions, corneal opacity, excess
mucus secretion, hemorrhages and frayed fins in infected fish.
Thune et al. (1993) also reported hemorrhagic septicemia in fish
due to bacterial infection, especially when fish are under stress.
The present resulta are also in conformity with the findings of
Kaleeswaran et al. (2012) and Noor EI-Deen et al. (2014).

Callinan et al. (1995) reported seasonal occurrence of diseases in
fishes due to climatic variations. In the present study, bacterial loads
of fish tissues showed considerable variation among seasons. The
distribution of heterotrophic bacteria were higher during summer
compared to winter and spring. The aquatic environment that
harbours fish may be the source of contaminants due to animal
excreta and other environmental wastes, especially during the
rainy season. The highest bacterial load detected during the rainy
season might be attributed to discharges of wastewater to the lake
through run off water. Ali et al. (2017) reported that the richness
of the effluents in organic carbon exerted a specific enrichment
effect on the microbial population. A similar finding was noticed by
Wondimu et al. (2015) in Koka Reservoir. The results also showed
that the bacterial load in the intestine of fish was higher than in
other organs, which is in conformity with the reports of Shankar
etal. (2009).

The highest and significantly different bacterial load (5.8140.01 x
10° CFU ml") was recorded during summer from the intestine of
the fish (p<0.05), while the lowest bacterial load (4.41+0.00 x 10°
CFU ml") was recorded during spring. In contrast to the present
findings, El-Fadaly et al. (2019) reported highest bacterial loads
(4.62 x 107 CFU g) in fish intestine during spring and the lowest in
autumn from Manzala Lake, and this contradictory observation with
respect to season suggest that other intrinsic (parasite and host) or
extrinsic (water physico-chemical characteristics) factors may also
regulate the bacterial population.

Similarly, the highest (5.41+0.01 x 10° CFU ml") and lowest
(4.2140.01 x 10° CFU ml") bacterial loads from fish skin were
recorded during summer and spring (p<0.05). The highest bacterial
load in the skin of fish could be owing to constant exposure of fish

skin to contaminated water (Apun et al.,, 1999). The higher bacterial
load recorded in gills could be attributed to the fact that the gill
mucus is in constant contact with the environment, providing a
portal of entry for several pathogens. Mwega et al. (2019) stated
that the high proportion of infection in gills is due to the exposed
nature of the organ to microbiota. A higher number of bacteria on
the surface of the skin and gills indicate the level of lake pollution.

In the current study, bacterial species such as A. hydrophila, E. coli,
E. tarda, Pseudomonas spp., Vibrio spp., Bacillus spp.,
Staphylococcus spp., Flavobacterum spp., Salmonella spp. and
Shigella spp. were isolated from Nile tilapia in Lake Hawassa. The
phenotypic and biochemical characteristics of all isolates recorded
in the present study were in line with those reported in Bergey's

Isolation and characterization of bacterial pathogens from Oreochromis niloticus

manual of determinative bacteriology (Bergey and Holt, 2000;
Austin and Austin, 2016).

A. hydrophila is one of the most opportunistic pathogens for
freshwater fish and the main etiological agent in disease outbreaks
and mortality of fish. Austin and Austin (2016) and Tooba et al.
(2022) reported A. hydrophila from naturally infected Nile tilapia.
In the present study, A. hydrophila showed a high frequency
of occurrence of 17.7%. The prevalence of A. hydrophila in the
present study was in conformity with Abd-El-Malek (2017), who
reported 16% of the occurrence of A. hydrophila from wild Nile
tilapia in Egypt. However, Jimoh and Jatau (2010) and Rodrigues
etal. (2019) reported a higher prevalence of 41.7, 47 and 46.66% for
A. hydrophila from fish of Nigeria and Brazil, respectively. The
highest prevalence (6.3%) of A. hydrophila was observed in the
intestine of Nile tilapia. Al-Harbi et al. (2005) indicated that the
presence of bacteria in fish's digestive flora is normal. However,
the outbreak of disease is related to the existence of stress factors
based on the interaction between fish, pathogens and the aquatic
environment. Also, Khalil and Mansour (1997) added that stress
is often considered to be a contributing factor in the outbreaks of
disease caused by these bacteria.

The present study showed the highest frequency of occurrence for
E. coli (24.1%) from Nile tilapia in Lake Hawassa. Similar to the
present results, Aynadis Tilahun and Aweke Engdawork (2020)
reported a 24% occurrence of E. coli from Nile tilapia in Lake Hawassa.
Also, Adanech Haile and Temesgen Getahun (2018) reported 12%
occurrence of E. coli from fish in Lake Zeway. The presence of
E. coliin the tissues of fish indicates faecal contamination of water
from which the fish were harvested (Gerokomou et al,, 2011). The
occurrence of E. coli in the intestine of Nile tilapia was higher thanin
the other organs during the study period. This could be attributed to
the existence of bacteria as normal intestinal microflora of fish and
may result in clinical infection if it spread to other organs (Hanson
et al,, 2008). Bacteria often occur on the body or internal organs
of fish indicating the extent of pollution of the aquatic ecosystem
(Ibemenuga and Okeke, 2014).

Vibrio spp. showed occurrence at the rate of 12.65% which was
higher than the occurrence of Vibrio spp. reported by Nabiyu Kassa
and Mareshet Adugana (2021) at a rate of 6.6%, but lower than the
occurrence of Vibrio spp. of 17% as reported by Traore et al. (2014)
in Nile tilapia of reservoirs in Quagadougou, Burkina Faso. The
highest occurrence of Vibrio spp. was found in the intestine of Nile
tilapia (6.5%). Runfit et al. (2014) found that the bacterium attached
to the fish intestinal eiphtelialium and formed micro-colonies.
Similar to the present findings, Tesfaye Shimels et al. (2018) and
Nur Anwar et al. (2012) reported Vibrio species from Nile tilapia of
Lake Hayge and Lake Tana, respectively.

E. tarda infects both cultured as well as wild fish with worldwide
distribution and an opportunistic pathogen in other animals
including humans. Marked variations in the occurrence rate of
this bacterium from different species of fish has been recorded
by different authors (Rashid et al, 1994; Nur Anwar et al., 2012).
E. tarda showed the lowest frequency of occurrence of 2.5% during
the present study. Similar to the present results, Nur Anwar et al.
(2012) and Adanech Haile and Temesgen Getahun (2018) reported
4 and 2% occurrence of E. tarda from Lake Tana and Lake Ziway,
respectively. A similar result was reported by Galal et al. (2005)
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from Egypt, which was 3.5%. In the present study, E. tarda was
recorded only from the skin and intestine. Bedaso Kebede and
Habtamu Tilahun (2016) reported E. tarda most frequently from the
liver (6.5%) followed by the intestine (2.4%) and kidney (0.8%) with
significant differences among organs from Lake Zeway and Lake
Langano. Mohanty and Sahoo (2007) stated that Edwardsiella is
a Gram-negative bacterium that could be found in the intestine of
healthy fish. The variation in the occurrence of E. tarda in fish could
be attributed water quality.

Salmonella spp. are among the most important causes of human
gastrointestinal disease worldwide. The presence of Salmonella spp.
indicates faecal contamination of water from which the fishes were
sampled. In the present study, Salmonella spp. were recorded from
the skin, gill, intestine and kidney of O. niloticus. The occurrence of
Salmonella spp. was 5% and the results go in line with that reported
by Ertas et al. (2015) from fish samples in Turkey. However, Esther
(2022) reported a 24% prevalence of Salmonella species in Nile tilapia
from Tanzania. Adams and Tobaias (1999) have demonstrated
that fish and fish products are only occasionally associated with
Salmonella and that filter-feeding shellfish harvested from polluted
waters have been identified as higher-risk products.

The presence of Staphylococcus, Shigella and Salmonella species
in fish indicates faecal and environmental pollution (Sichewo et al,
2013; Gufe, 2019). Therefore, they are most likely to cause food-borne
diseases for fish consumers (Sichewo et al,, 2013). The frequency
of occurrence of Shigella spp. in the present study was 5.1%, which
was found to be lower than the observation by Onyango et al. (2009)
who reported 14.3% occurrence of Shigella spp. in fish from the
Winam Gulf of Lake Victoria, Kenya. The percentage occurrence
of Pseudomonas spp., in the present study was 13.9%, which was
lower than the report by Abd-El-Naser et al. (2021) recorded 23.3%
of occurrence in fish marketed in Sohag Governorate, Egypt. The
occurrence, of Staphylococcus spp. recorded was 6.5%, which
was found to be higher than the report by Ali (2017) who observed
1.75% occurrence of Staphylococcus spp. in fresh Indian mackerel
(Rastrelliger kanagurta) in Unguja Island.

The occurrence of Bacillus spp. during the current study was 8.8%,
which was found to be higher than the result reported by Nebiyu
Kassa and Mareshet Aduga (2021) from Ethiopia, but much lower
than the findings that reported 80% occurrence of Bacillus spp.
from pond water fish in Trinidad, South America (Newaj-Fyzu
etal, 2008). Bacillus spp. have great potential to be used as disease
inhibitors (Kesacordi-Watson et al., 2008). They are used as dietary
supplements for the improvement of human and animal health
(Lee et al, 2019). However, some Bacillus species are also known
producers of toxins in their human and animal hosts (Elshaghabee
etal, 2017).

Bacteria loads of tissues of Nile tilapia in Lake Hawassa generally
followed the order; intestine>skin>gills>liver>kidney. The occurrence
of potential bacterial pathogens in Nile tilapia of Lake Hawassa
indicates human health risks from fish handling and by consuming
improperly cooked fish harvested from this lake.

Acknowledgements

The authors thank the Department of Biology, Hawassa University,
for the facilities and support extended during the study period.

References

Abd-El-Malek, A. M. 2017. Incidence and virulence characteristics of
Aeromonas spp. in fish. Vet. World, 10(1): 34-37. https://doi.org/10.
14202/vetworld.2017.34-37.

Abd-El-Naser, A. H., Abo Baker, M. E,, Ayman, H. M. and Mohamed, A. M.
2021. Occurrence and characterisation of Pseudomonas species isolated
from fish marketed in Sohag Governorate, Egypt. Int. J. Vet. Sci, 4(2):76-84.
https://doi.org/ 10.21608/SVU.2021. 64991.1111.

Abisoye, B. F, Ojo, S. K., Adeyemi, R. S. and Olajuyigbe, 0. 0. 2011.
Bacteriological assessment of some commonly sold fishes in Lagos
Metropolis market, Nigeria. Prime J. Microbiol. Res., 1(2): 23-26.

Abolofia, J., Wilen, J. E. and Asche, F. 2017. The cost of lice: Quantifying
the impacts of parasitic sea lice on farmed salmon. Mar. Res. Econ., 32:
329-349. https://doi.org/10.1086/691981.

Adanech, H. and Temesgen, G. 2018. Isolation and identification of
Escherichia coli and Edwardsiella tarda from fish harvested for human
consumption from Zeway Lake, Ethiopia. Afr. J. Microbiol. Res., 12(20):
476-480. https://doi.org/10.5897/AJMR2018.8654.

Adam, A. J. and Tobaias, W. J. 1999. Red mangrove prop-root habitat as a
finfish nursery area; a case study of Salt Rivea Bay, St. Croix, US Virigin
Isnands. Proceedings of the 46™ Gulf and Carribbean Fisheries Institute,
pp 23-46.

Aishi Hamom, M. M., Mahbub Alam, Mohammed Mahbub Igbal, Sarker
Mohammed Ibrahim Khalil, Moslima Parven, Tofael Ahmed Sumon
and Md. Abdullah-Al-Mamu 2020. Identification of pathogenic bacteria
from diseased Nile tilapia, Oreochromis niloticus with their sensitivity to
antibiotics. Int. J. Curr. Microbiol. App. Sci., 9(3): 1716-1738. https:/doi.
0rg/10.20546/ijcmas.2020.903.200.

Ajayi, 0. A. and Okoh, I. A. 2014. Bacteriological study of pond water for
aquaculture purposes. J. Food, Agric. Environ., 12(2): 1260-1265.

Al-Harbi, H. and Uddin, M. N. 2005. Bacterial diversity of tilapia (Oreochromis
niloticus) cultured in brackishwater in Saudi Arabia. Aquaculture, 250:
566-572. https://doi.org/10.1016/j.aquaculture.2005.01.026.

Ali, S. M., Sabae, S. Z. Fayez, M. Monib, M. and Hegazi, N. A. 2011. The
influence of agro-industrial effluents on River Nile pollution. J. Advan.
Res., 2: 85-95. https://doi.org/10.1016/j jare.2010.08.008.

Ali, F. S. 2017. Prevalence and characterization of Staphylococcus aureus
in fresh Indian mackerel (Rastrelliger kanagurta) in Unguja Island.
M. Sc. Dissertation, Sokoine University of Agriculture, Morogoro, Tanzania,
74 p.

Apun, K., Yusoff, A. and Jugang, K. 1999. Distribution of bacteria in tropical
freshwater fish and ponds. J. Environ. Health, 9: 285-292. https://doi.
0rg/10.1080/09603129973083.

Austin B. and Austin, D. A. 2016. Bacterial fish pathogens: Disease of farmed
and wild fish, 6! edn. Springer, New York, USA,

Aynadis, T. and Aweke, E. 2020. Isolation, identification and antimicrobial
susceptibility profile of E. coli (0157: H7) from fish in Lake Hawassa,
Southern Ethiopia. Life Sci. J., 17(2): 64-72.

Bedaso, K. and Habtamu, T. 2016. Isolation and identification of Edwardsiella
tarda from Lake Zeway and Langano, Southern Oromia, Ethiopia. Fish
Aquac. J., 7:184. https://doi.org/10.4172/2150-3508.1000184

Begonesh, B., Kassaye, B. and Natarajan, P. 2019. Prevalence and
antimicrobial susceptibility of pathogenic bacteria in Nile tilapia,
Oreochromis niloticus L. Int .J. Aquac. Fish Sci,, 5(4): 022-026. https://
dx.doi.org/10.17352/2455-8400.000047.

Bergey, D. H. and Holt, J. G. 2000. Bergey’s manual of determinative
bacteriology, 9" edn. Lippincott Williams and Wilkins, Philadelphia, USA.

© 2023 Indian Council of Agricultural Research | Indian J. Fish., 70 (4), October-December 2023 140



Callinan, R. B., Paclibare, J. 0., Bondad-Reantaso, M. G., Chin, J. C. and
Gogolewski, R. P. 1995. Aphanomyces species associated with epizootic
ulcerative syndrome (EUS) in the Philippines and red spot disease (RSD)
in Australia: Preliminary comparative studies. Dis. Aquat. Org., 21: 233~
238. https://doi.org/10.3354/dao021233.

Cipriano, R. C. and Holt, R. A. 2005. Fish disease leaflet Flavobacterium
psychrophilum, cause of bacterial cold-water disease and rainbow trout
fry syndrome. Report No. 86, Department of the interior, U.S. Geological
Survey, Kearneysville, West Virginia, USA.

Colussi, S., Pastorino, P, Mugetti, D., Antuofermo, E., Sciuto, S., Esposito, G.,
Polinas, M., Tomasoni, M., Burrai, G. P. and Fernandez-Garayzabal, J. F.
2022. Isolation and genetic characterization of Streptococcus iniae
virulence factors in Adriatic Sturgeon (Acipenser naccarii). Microorganisms,
10: 883-895.https://doi.org/10.3390/microorganisms10050883.

El-Adawy, M. M., Eissa, A. E., Shaalan, M., Ahmed, A. A, Younis, N. A, Ismail,
M. M. and Abdelsalam, M. 2020. Green synthesis and physical properties
of Gum Arabic-silver nanoparticles and its antibacterial efficacy against
fish bacterial pathogens. Aquac. Res., 52(3): 1247-1254. https://doi.
org/10.1111/are.14983.

El-Fadaly, H., El-Kadi, S. and El-Kholy, S. 2019. Chemical and microbiological
examinations of water and fish taken from Manzala Lake of Damietta
Gavernorate, Egypt. Am. J. Food Sci. Health, 5(2): 50-60.

Elizabeth Kebede, Zinabu Gebre-Mariam and Ahlgren, I. 1994. The Ethiopian
rift valley lakes: Chemical characteristics of a salinity-alkalinity series.
Hydrobiologia, 288(1): 1-12.

Elshaghabee, F. M. F, Rokana, N., Gulhane, R. D., Sharma, C. and Panwar, H.
2017. Bacillus as potential probiotics: Status, concerns and future
perspectives. Front. Microbiol., 8: 1490. https://doi.org/10.3389/fmich.
2017.01490.

Ertas, 0. N, Abay, S., Karadal, F, Hizlisoy, H., Telli, N. and Al S. 2015.
Occurrence and antimicrobial resistance of Staphylococcus aureus and
Salmonella spp. in retail fish samples in Turkey. Mar. Poll. Bull., 90(1-2):
242-246.

Esther, M. 2022. Prevalence and antimicrobial resistance of bacteriaisolated
from marine and freshwater fish in Tanzania. Int. J. Microbiol.,, 4652326.
https://doi.org/10.1155/2022/4652326.

Fadel, A, Mabrok, M. and Aly, S. 2018. Epizootics of Pseudomonas
anguilliseptica among cultured seabream (Sparus aurata) populations:
Control and treatment strategies. Microb. Pathog., 121: 1-8. https://doi.
org/10.1076/j.micpath.2018.04.021.

FAO 2018. The state of world fisheries and aquaculture 2018 - Meeting the
sustainable development goals. Food and Agriculture Organisation of the
United Nations, Rome, Italy.

Fonkwa, G., Nack, J., Kouam, K. M., Tomedi, E. M., Tchoumboue, J. 2022.
Some epidemiological aspects of Myxosporean infections in Oreochromis
niloticus (Linnaeus, 1758) and Hemichromis fasciatus (Peters, 1857),
two cultured cichlid fishes in the West -Cameroon. Int. J. Aquac. Fish
Sci., 8(1): 001-009. https://doi.org/10.17352/2455-8400.000073.

Galal, N. F, Ismail, S. G. M., Khalil, R. H. and Soliman, M. K. 2005. Studies
on Edwardsiella Infection in Oreochromis niloticus. Egypt. J. Aquat. Res.
J, 31(1): 460-467.

Gerokomou, V., Voidarou, C., Vatopoulos, A, Velonakis, E., Rozos, G.,
Alexopoulos, A., Plessas, S. and Stavropoulou, E. 2011. Physical,
chemical and microbiological quality of ice used to cool drinks and foods
in Greece and its public health implications. Anaerobe, 17: 351-353.
https://doi.org/10.1016/j.anaerobe.2011.06.005.

Girma Tilahun and Ahigren, G. 2010. Seasonal variations in phytoplankton
biomass and primary production in the Ethiopian Rift Valley lakes Ziway,

Isolation and characterization of bacterial pathogens from Oreochromis niloticus

Awassa and Chamo: The basis for fish production. Limnologica, 40(4):
330-342. https://doi.org/10.1016/}.limno.2009.10.005.

Gufe, C. 2019. Antimicrobial profiling of bacteria isolated from fish sold at
informal market in Mufakose, Zimbabwe. Int. J. Microbiol., 8759636.
https://doi.org/10.1155/2019/8759636.

Hanson, S., Austin, B. and Austin, D. 2008. Bacterial fish pathogens. Diseases
of farmed and wild fish. Springer-Praxis Publishing, Ltd., UK.

Holt, J. C. 1982. The shorter Bergey's Manual of determinative bacteriology.
8" edn. Williams and Wilkins Company, Baltimore, USA, 356 p.

Ibemenuga, K. N. and Okeke, T. E. 2014. Bacteriological quality of
freshwater fish caught from two natural lakes in the rainforest region of
south-eastern Nigeria. Anim. Res. Int., 11(2): 1946 -1952.

Ibrahem, M. D. Mostafa M. M., Arab, R. M. H. and Rezk, M. 2008 Prevalence
of Aeromonas hydrophila infection in wild and cultured tilapia
(0. niloticus), In: Proceedings of the 8" International Symposium on Tilapia
in Aquaculture, Vol. 2. 12-14 October 2008, Cairo, Egypt, pp. 1257-1271.

Jimoh S. 0. and Jatau E. D. 2010. Prevalence of Aeromonas hydrophila in
tilapia obtained from Ahmadu Bello University, Zaria Dam, Nigeria,
Science Focus, 15:165-170.

Kaleeswaran, B., llavenil, S. and Ravikumar, S. 2012. Changes in biochemical,
histological and specific immune parameters in Catla catla (Ham) by
Cynodon dactylon (L). J. King Saud Univ. Sci,, 24:139-152. https://doi.
0rg/10.1016/}.jksus.2010.10.001.

Kesacordi-Watson, A., Kaspar, H., Lategan, M. and Gibson, L. 2008.
Probiotics in aquaculture: the need, principles and mechanisms of
action and screening processes. Aquaculture, 274: 1-14. https:/doi.
0rg/10.1016/j.aquaculture.2007.11.019.

Khalil, A. H. and Mansour, E. H. 1997. Toxicity of crude extracellular products
of Aeromonas hydrophila in tilapia, Tilapia nilotica. Lett. Appl. Microbiol.,
25:269-273. https://doi.org/10.1046/}.1472-765X.1997.00220.x.

Lee, N.K, Kim, W.S. and Paik, H. D. 2019. Bacillus strains as human
probiotics: Characterization, safety, microbiome, and probiotic carrier.
Food Sci. Biotechnol., 28(5): 1297-130. https://doi.org/10.1007/s10068-
019-00691-9.

Leung, T. L. and. Bates, A. E. 2013. More rapid and severe disease outbreaks
for aquaculture at the tropics: Implications for food security. J. Appl. Ecol,
50(1): 215-222. https://doi.org/10.2307/23353553

Menanteau-Ledouble, S., Kumar, G., Saleh, M. and El-Matbouli, M. 2016.
Aeromonas salmonicida: Updates on an old acquaintance. Dis. Aquat.
0Org., 120: 49-68. https://doi.org/10.3354/dao03006.

Mohd-Aris, A., Muhamad-Sofie, M. H., Zamri-Saad, M., Daud, H. M.
and Yasin, M. 2019. Live vaccines against bacterial fish diseases:
A review. Vet World, 12: 1806-1815. https:/doi.org/10.14202/
vetworld.2019.1806-1815.

Mohanty, B. and Sahoo, P 2007. Edwardsiellosis in fish: A brief review. J.
Biosci., 32:1331-1344.

Mwega, E., Tuntufye, H., Colquhoun, D. Mutoloki, S., Mdegela, R.
Evensen, 0. and Wasteson, Y. 2019. Isolation and characterization of
Flavobacteriaceae from Nile tilapia in Tanzania. J. Aquat. Anim. Health,
31(1): 23-30. https:/doi.org/10.1002/aah.10048.

Mzula, A., Philemon, N. W., Robinson H. M. and Gabriel M. S. 2019.
Phenotypic and molecular detection of Aeromonads infection in farmed
Nile tilapia in Southern highland and Northern Tanzania, Heliyon, 5(8):
€02220.https://doi.org/10.1016/j.heliyon.2019.e02220.

Nebyu, K. and Marshet, A. M. 2021. Bacterial flora of Nile tilapia of pond fish
and their relationship with predisposing factors. Int. J. Adv. Res. Biol.
Sci, 8(6): 186-197. https://doi.org/10.22192/ijarbs.

© 2023 Indian Council of Agricultural Research | Indian J. Fish., 70 (4), October-December 2023 141



Alazar Ergena et al.

Newaj-Fyzu, A., Mutani, A, Ramsubhag, A. and Adesiyun, A. 2008.
Prevalence of bacterial pathogens and their anti-microbial resistance in
tilapia and their pond water in Trinidad. Zoonoses Public Health, 55(4):
206-213. https://doi.org/10.1111/j.1863-2378.2007.01098.x.

Noor El-Deen, A. E., Dorgham, S. M., Hassan, A. H. M. and Hakim, A. S. 2014.
Studies on Aeromonas hydrophila in cultured Oreochromis niloticus at
Kafr EI Sheikh Governorate, Egypt, with reference to histopathological
alterations in some vital organs. World J. Fish. Mar. Sci., 6: 233-240.

Nur, A., Bayleyegn, M. and Eshetu, Y. 2012. Occurrence and distribution of
bacterial pathogens of fish in the southern gulf of Lake Tana, Bahir Dar,
Ethiopia. Livestock Research for Rural Development, 24: 149.

Oliva-Teles, A. 2012. Nutrition and health of aquaculture fish. J. Fish Dis., 35:
83-108. https://doi.org/10.1111/].1365-2761.2011.01333.x.

Onyango, D. M., Wandili, S., Kakai, R., Waindi, E. N. 2009. Isolation of
Salmonella and Shigella from fish harvested from the Winam Gulf of Lake
Victoria, Kenya. The Journal of Infection in Developing Countries, 3(2):
99-104. https:/doi.org/10.3855/jidc.56

Pandey, V, Bhat, R. A, Chandra, S., Tandel, R. S., Dubey, M. K., Sharma, P,
Gehlot, B., Dash, P. and Joshi, R. 2021. Clinical signs, lethal dose
and histopathological lesions in grass carp, Ctenopharyngodon idella
experimentally infected with Edwardsiella tarda. Microb. Pathog., 161:
105292. https://doi.org/10.1016/j.micpath.2021.105292.

Plumb, J. A. and Bowser, P. R. 1982. A laboratory manual of microbial fish
diseases. Auburn University, Auburn, Alabama, USA, 77 p.

Rashid, M. M., Honda, K., Nakai, T. and Muroga, K. 1994. An ecological study
on Edwardsiella tarda in flounder farms. Fish Pathol., 29: 221-227.

Rediet, W, Jirata S., Yacob, H. and Abdi, F. 2022. Characterisation of lesions
in diseased fishes, isolation and identification of Edwardsiella tarda from
selected lakes and ponds of Ethiopia. Am. J. Biomed. Sci. Res., pp. 1-16.
https://doi.org/10.34297/AJBSR.2022.17.002301.

Rodrigues, M., Falcone-Dias, M., Francisco C., David G., da Silva, R. and
Juanio, A. 2019. Aeromonas hydrophila in Nile tilapia (Oreochromis
niloticus) from Brazilian aquaculture: A public health problem. Emer. Life
Sci. Res., 5(1): 48-55. https://doi.org/10.31783/elsr.2019.514855.

Runft, D. L., Mitchell, K. C., Abuaita, B. H., Allen, J. P, Bajer, S., Ginsburg, K.,
Melody, N. N. and Jeffrey, H. 2014. Zebrafish as a natural host model for
Vibrio cholerae colonization and transmission. Appl. Environ. Microbiol.,
80: 1710-1717. https://doi.org/10.1128/AEM.03580-13.

Shankar, C. M., Hasan, M., Rahman, M. S., Manik, M. H., Mahmud, Z. H.
and Sirajul, M. D. 2009. Coliform bacteria in Nile tilapia, Oreochromis
niloticus of Shrimp-Gher, pond and fish market. World J. Fish Mar. Sci.,
1(3):160-166.

Shinkafi, S. A. and Ukwaja, V. C. 2010. Bacteria associated with fresh tilapia
fish (Oreochromis niloticus) sold at Sokoto Central Market in Sokoto,
Nigeria. Nigerian Journal of Basic and Applied Science, 18(2): 217-221.

Sichewo, P R., Gono, R. K., Muzvondiwa, J. V. and Sizanobuhle, N. 2013.
Isolation and identification of pathogenic bacteria in edible fish: A case
study of fletcher dam. International Journal of Science and Research,
3(11):897-904.

Snieszko, S. F. 1975. History and present status of fish diseases. J. Wildlife
Dis.,11: 446-459.

Subasinghe, R. P, Delamare-Deboutteville, J., Mohan, C. V. and Phillips, M.
J., 2019. Vulnerabilities in aquatic animal production. Rev. Sci. Tec., 38:
423-436. https://doi.org/10.20506/rst.38.2 .

Tesfaye, G. and Matthias W. 2014. The state of inland fisheries in Ethiopia:
A synopsis with updated estimates of potential yield. Ecohydrology and
Hydrobiolgy, 14:200-219. https://doi.org/10.1016/j.ecohyd.2014.05.001.

Tesfaye Shimels, Misaw Kasye, Mersha Chane, Baseazinew Bogale and
Zewudie Abebe 2018. Preliminary survey of Gram-negative bacterial
pathogens from commonly caught fish species in Lake Hayiq, Ethiopia.
Fish. Aquac. J., 9(1): 1-7.

Thompson, B. and Amoroso, L. 2014. Improving diets and nutrition:
Food-based approaches. Food and Agriculture Organisation of the United
Nations, Rome, ltaly.

Thune, R. L., Stanley, L. A. and Cooper, R. K. 1993. Pathogenesis of Gram
negative bacterial infections in warm water fish. In: Faisal, M. and
Hetrich, F. M. (Eds.), Annual review of fish diseases. Pergamon Press,
New York, USA, pp. 37-68.

Tooba, L, Shahzad, A, Zahid, M., Muhammad, R. and Anam, I. 2022. Molecular
characterization of Aeromonas hydrophila isolates from diseased fishes
in district Kasur, Punjab, Pakistan. Brazil J. Biol., 84: €254816. https://
doi.org/10.1590/1519-6984.254816.

Toshiharu, 1., Takeshi, M., Masato, H. and Gersende M. 2012. Differences
between male and female growth and sexual maturation. in tilapia
(Oreochromis mossambicus). Kathmandu University Journal of Science,
Engineering and Technology, 8: 57-65 57. https://doi.org/10.3126/kuset.
v8i2.7326.

Traore, 0., Martikainen, 0., Siitonen, A, Traoré, A. S., Barro, N. and Haukka, K.
2014. Occurrence of Vibrio cholerae in fish and water from a reservoir
and a neighbouring channel in Ouagadougou, Burkina Faso. The Journal
of Infection in Developing Countries, 8(10): 1334-1338. https://doi.
0rg/10.3855/jidc.3946.

Welcome, P. L. 1972. The inland waters of Africa, CIFA Technical Paper No. 1
Food and Agriculture Organisation of the United Nations, Rome, Italy.
17 p.

Wondimu, L., Sreenivasa, V., Prabhadevi, L., Natarajan, P. and Khillare, Y.
2015. Heterotrophic bacterial population in water, sediment and fish
tissues collected from Koka Reservoir and Awash River, Ethiopia, Int. J.
Aquac., 5(11): 1-5.

© 2023 Indian Council of Agricultural Research | Indian J. Fish., 70 (4), October-December 2023 142



