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Abstract

Bacterial infections can cause latent, low to high mortalities in aquaculture farms and wild fish while
some bacteria may be zoonotic. This study isolated, characterized and identify potential pathogenic and
zoonotic aerobic bacteria in farmed and wild Oreochromis jipe, O. niloticus, their hybrids and culture
water source from Taita-Taveta County. One hundred and eleven apparently healthy-appearing fish
consisting of 67 O. jipe, 34 O. niloticus and 10 hybrids and nine water (7 farms and 2 Lake Jipe) samples
were processed. Samples were aseptically collected from each fish, namely, skin and kidney swabs; gills
and intestinal tissues. Conventional culture, biochemical and Matrix Assisted Laser
Desorption/lonization Time of Flight Mass Spectrometry tests were done to identify isolated bacteria. A
total of 596 bacterial isolates representing 22 genera were recovered from 444 fish organs and 9 water
samples. Of these, the highest numbers were from the gills at 29.7% followed by skin 29.6%, intestines
24.4%, kidney 11.8% and the least from water at 4.7%. Potential fish pathogens were Bacillus cereus
(8%), Aeromonas veronii (8%), Aeromonas hydrophila (5%), Lysinibacillus fusiformis (5%),
Acinetobacter Johnsonii (4%) and Acinetobacter solii (4%). Potential pathogenic and zoonotic bacteria
isolated were Staphylococcus lentus 17.9% (5/28), Aeromonas hydrophila 10.7% (3/28) and Aeromonas
hormaechei 7.1% (2/28). From the sampling site; 28.4% (169/596) of the total isolates were collected
from Taveta, then Mwatate with 26.9% (160/596), Mkwajuni 16.8%, (98/596), Kenya Wildlife Service
7.0% (42/596), Wundanyi 6.7% (40/596), Voi 6.6% (39/596) and the inlet of the Lake Jipe had a 3.2%
(19/596) and from the water samples 4.7% (28/596).

These findings confirm that fish in aquaculture farms, wild fish and water used for aquaculture harbors
potentially pathogenic and zoonotic bacteria which may cause fish diseases and pose public health risks.
Extension officers and farmers need awareness on mitigation measures against these pathogens.
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1. Introduction

Global fish production has been projected to be 178 million tonnes with aggregate worthy 406
billion US dollars in 2018 [, Of them, aquaculture accounts for 88 million tonnes which is
49% (88/178) of the total production valued at USD $265 billion. Africa accounts for 1.92% of
the total aquaculture production with Egypt (67.62%) and Nigeria (11.12%) being the main
contributors ™. Kenya was placed 4th largest producer of aquaculture in Africa, with a
contribution of 0.2% in the period 2009-2013 ¥ and 7" largest in 2020 with 0.9% contribution
21 In the quest to improve aquaculture production in Kenya, the Government launched the
Economic Stimulus Programme (ESP) which was a large-scale aquaculture support program
during the period 2009-2013, aimed at capacity building of fish farmers [* 51, In 2010, 27,000
fish ponds were constructed nationally, 650 in Taita Taveta county through the ESP program,
but only 380 fish ponds are still actively productive while 270 are dormant because fish
farmers feel abandoned because of lack of sustainable technical support and the high cost
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of commercial fish feeds 4],

Taita-Taveta County is located on Kenya's coast. The county
depends on both capture fisheries and aquaculture as the main
source of fish Bl Capture fisheries are derived from lake
Chala and lake Jipe. The main fish species of these two lakes
include Oreochromis hunter of Lake Chala; and Oreochromis
niloticus, Clarias gariepinus and Oreochromis jipe from Lake
Jipe Bl The lake Jipe produces an average of 3-4 metric
tonnes monthly of Tilapia and Clarias fish species, this is a
key livelihood activity for the local communities surrounding
the lake and a source of fish for nearby Taveta, Voi,
Wundanyi and Mwatate towns. It employs approximately 200
fishermen directly and supports over 20,000 livelihoods
indirectly in Kenya and Tanzania . Hence, identifying the
pathogens that limit aquaculture and wild fish productivity
will enhance the livelihood of many communities.

In the county, majority of fish farmers rear Oreochromis
niloticus (90%) and Clarias gariepinus (10%). Most farmers
use earthen ponds as the main units of culture, followed by
liner ponds and the least use concrete fishponds 1. The use of
earthen ponds predisposes the fish to health challenges since
they have been associated with heavy worm burdens and
bacterial pathogens €. In 2019, Kenya Marine and Fisheries
Research Institute (KMFRI) and County government of Taita-
Taveta launched an initiative to restore the endangered
Oreochromis jipe and prevent its extinction "), The reason for
this diminished number is not clear . Could pathogens
infections, especially bacterial ones be a reason? This was
investigated.

Oreochromis jipe is an endangered fish species that is
threatened by extinction, according to [! this fish is mainly
found in Lake Jipe and “Nyumba ya Mungu” in Tanzania, It
is on the Red List Assessment of Critically Endangered
Species of the International Union for Conservation of Nature
(IUCN) . The introduction of Oreochromis niloticus into the
lake Jipe was examined against potential threat to
biodiversity, actual stocks, and future potential fisheries
yields of O. jipe and would have led to its extinction . There
are at least twelve (12) species of fish belonging to five
families found in Lake Jipe. These include the endemic
tilapia; Oreochromis jipe, O. esculentus, Oreochromis
niloticus; mudfish (Clarias mozambicas), Astatotilapia
bloyeti, Petersius tangensis and the sardine Rastineobola
argentae 11011,

Unsustainable anthropogenic activities in lake Jipe ecosystem
catchment have brought the species to endangered status
while causing decline of some other fish species [0 12,
Despite this imminent danger, there have been no studies
conducted to determine the health status of both wild and
farmed fish establishments €,

Biosecurity status in fish farms is unstable with the current
increased demand foreign trading environment caused by
globalization, intensification in fish farming and climate
change (31, According to the World Organization of Animal
Health (WOAH ) ' and Aquatic Animal Health Code [,
there is need for surveillance to be carried out with the
following objectives (OIE, 2021-2025):(1) Declaring the
absence of a disease; (2) Establishing events that necessitate
notification; (3) Regulating the incidence or prevalence of
endemic diseases, including changes in incidence or
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prevalence, in order to: (i) Give information on disease
control in Kenya ; and (ii) Provide trading partners with
relevant disease occurrence information for both qualitative
and quantitative risk assessments.

Most fish farmers are unfamiliar with proper health
management practices, so they continue to suffer from
continuous losses as a result of various pathogens, particularly
bacteria, in their fish farms [, Therefore, this study will
provide essential information to fish farmers in Taita-Taveta
County and elsewhere on potential bacterial pathogens
causing diseases likely to affect the Oreochromis fish species
and possibly cross to humans, sensitize them on good fish
farm husbandry to ensure sustainable aquaculture activities
and production of healthy fish.

The importance of aquaculture is shifting, thus the need for
more surveillance for fish diseases, not only during
production, but also for its contribution to development of
antimicrobial resistance (AMR) through misuse of antibiotic
treatments and its zoonotic potential. This can occur after
direct skin contact (when humans have injured skin), with
sick fish, culture water and when fish are consumed raw or
people are immunocompromised 17 281,

With an increasing demand for healthier foods consumption
especially fish and fisheries products, zoonotic bacterial
pathogens have become a major issue of concern worldwide.
However; research on fish derived diseases are still
inadequate 81, Therefore, this study aims to find out the
prevalence of the potential pathogenic and zoonotic bacteria
associated with wild and farmed Oreochromis species in
Taita-Taveta County.

2. Materials and Methods

2.1 Study area

The study was done along the shores of Lake Jipe
(particularly at the inlet near River Lumi, Kachero beach,
KWS station and at the outlet near River Ruvu) and
Oreochromis Jipe farms in Voi, Mwatate, Wundanyi and
Taveta 19,

2.2 Sampling procedure and sample size determination
Five farms within Voi (n=1), Mwatate (n=1), Wundanyi (n=1)
and Taveta (n=2) were selected for sampling in sub-counties
in Taita-Taveta County. They were purposively selected
because they were active fish farms rearing Oreochromis jipe.
Similarly, the 4 sites within the lake were purposively
selected based on accessibility. The sample size was
calculated using the formula by Bartlett et al. % where
Zp(1-

n=Z P ;2 p)
confidence level of (1.96 for 95%), P is the assumed
prevalence level which is equal to (50%) and d is the
precision, which is equal to 5% (0.05): This calculation gave a
sample size of 384 (Three hundred and eighty four). In the 9
sites, a total of 111 healthy-looking fish (67 O. jipe, 34 O.
niloticus and 10 hybrids) and culture water were collected.
From each fish, 4 organs (skin, gills, intestines and kidney)
samples were taken. A total of 444 samples were collected for
bacteriological examination.

n is the sample size, Z is the Z statistic for
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Fig 1: Map of County Government of Taita-Taveta showing the Lake Jipe and respective Sub-Counties 19,

2.3. Study animals

Grow-out to table size (200g) tilapia jipe (Oreochromis jipe,
Fig 2 A), locally known as “Asilia”, Oreochromis niloticus
(Fig 2 B) locally known as “Kuka” and their hybrids (Fig 2
C) were sampled from the lake and randomly selected active

fish farms in Taita-Taveta County. Oreochromis jipe has
steep and nearly straight upper head profile, 34 scales along
the lateral line and some vertical stripes on the caudal fin 21,

Fig 2: Shows Oreochromis jibe (A), Oreochromis niloticus (B) and their hybrid (C) that were sampled for the study

2.4 Ethical clearance

Research approvals were granted by Biosafety, Animal Use
and Ethics Committee, Faculty of Veterinary Medicine,
University of Nairobi (REF: FVYM BAUEC/2023/419) and
National Commission for Science, Technology (NACOSTI)
REF: (549523). An informed verbal consent was asked from
fish farmers before field sampling.

2.6 Necropsy and organ sampling

Post-mortem examination was done as described by Roberts
(221, Prior surface decontamination of the working benches
was done using 70% alcohol. The dissecting instruments were
initially autoclaved at 121°C for 15 minutes. For re-use, the
instruments were immersed in 70% ethanol for 2 minutes

~g51~

followed by flame sterilization. The fish were killed by giving
a hard hit on the cranium. Externally the fish were
examination for gross lesions such as wounds, hemorrhage,
ulceration, and erosion. Each fish was laid on its lateral
surface on the prepared bench.

Sterile cotton swabs were used to get samples from the skin
using a sterilized aluminum metal plate with square inch
fenestration was used as a guide. The operculum was removed
to reveal the gills, after which a portion of the gills was
excised. The external surface and organs of the fish were
cleansed with 70% alcohol prior to opening of the body cavity
(23], The fish were then dissected to expose abdominal organs.
A section of the intestine and kidney swabs was then taken
aseptically. A portion of the intestine and kidney swabs were
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then taken aseptically and separately placed in bijou bottles
containing Stuart’s transport media, labeled, and put in a
cooler box with ice. As soon as possible, all samples were

https://www.fisheriesjournal.com

transported to the bacteriology laboratory in the department of
Veterinary Pathology, Microbiology and Parasitology for
further analysis.

Fig 3: A Sampled Oreochromis niloticus showing abnormal spinal cord (black arrows) and B Oreochromis jipe showing infestation of kidney
with multiple nodules (white arrows).

2.7 Processing of samples and bacteria isolation

The sampled organs (gills and intestines) for each individual
fish were pulverized using sterile physiological saline, a
homogenate of the then made using sterile pestle and mortar.
The homogenate plus the kidney swabs were incubated
overnight at 37 °C in freshly prepared alkaline peptone water
(APW; pH 8.4 ) 24,

An inoculum was sub-cultured by streaking aseptically onto
plates containing blood agar and MacConkey agar using a
flame sterilized nichrome wire loop. According to Sanders
(5], the plates were subsequently incubated aerobically at 37 °
C and at the room temperature, after 24-48 hours of
incubation, during which time growth occurs. Examination on
growth and colonony morphology of the bacteria were done
on the plates and documented. To obtain pure colonies,
distinct colonies were sub-cultured.

2.8 Identification of isolated bacteria

Following Austin and Austin 61 and Bergeys Manual of
Determinative Bacteriology [?7], the isolates were identified
using colony morphology, Gram staining characteristics, and
conventional  biochemical tests and further bacterial
identification was done at National Public Health Laboratory
and at the International Livestock Research Institute (ILRI)
Kabete, using Matrix Assisted Laser Desorption/lonization —
Time of Flight technique (MALDI-TOF MS).

2.9 Data management and analysis
The collected raw data was put into a Microsoft Excel data
sheet and analyzed with the SPSS-22.0 statistical software.
Calculating proportions and frequencies of all the variables
was done using descriptive statistics.

3. Results and Discussion

3.1 Colony morphology characterizations of the isolates
Depending on the colony morphology on different culture
medium, some isolates were identified. Figure 3 (A) is
Aeromonas hydrophila colonies which are off white circular,
B-haemolytic on blood agar plate , 3(B) is Pseudomonas
putida colonies which are off white, haemolytic colonies on
blood agar, 3(C) is Staphylococcus lentus colonies which
produces golden yellow color on Mannitol Salt Agar, 3 (D) is
Streptococcus scuiri colonies which are pinpoint, off white
colonies on blood agar, (E) is Klebsiella variicola which
produces red mucoid colonies on MacConkey media, (F) is
Klebsiella pneumonia which forms pink mucoid lactose
fermenting colonies on MacConkey media, (G) is Bacillus
cereus colonies which produces dry, giant and hemolytic
colonies on blood agar, Fig 3(H) is Lysinibacillus fusiformis
colonies has a swarming characteristic following spot
inoculation on blood agar, and lastly (1) is Macrococcus
luteus colonies which forms bright yellow pigmentations on
Tryptose Soy Agar (TSA).

Fig 4: Plate showing some bacteria isolates in different culture media
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3.2 Prevalence of bacteria isolated per fish organ and
water sample

Based on MALDI-TOF MS results, five hundred and ninety-
six bacteria were recovered from 111 apparently healthy fish.
The bacteria species were isolated from gills at 29.7%
(177/596) followed by skin 29.6% (176/596), intestines
24.4% (145/596), kidney 11.8% (70/596) and from water at
4.5% (28/596).

Among the bacteria species the most prevalent bacteria were
Staphylococcus  (19.9%) (118/596), Bacillus (17.7%)
(106/596), Acinetobacterium (16.4%) (98/595), Aeromonas
(15.6%) (93/596) and Pseudomonas (5%) (30/596).

3.3 Prevalence of bacterial isolates from fish and water
samples

Out of 596 isolates, 568 (five hundred and sixty-eight) were
recovered from fish organs and 28 (twenty-eight) from the
water samples. A total of 54 bacteria species in 22 genera
were recovered. Of these, the Gram negative bacterial isolates
were 313 (52.6%) and the gram positive were 283 (47.3%).
There were more gram negative bacteria compared to gram
positive bacteria isolates which agreed with Dissasa et al. [24]
in a study onlive, processed fish and water samples
from three Ethiopian rift valley lakes who isolated 154
bacterial species, 51(33%) gram-positive and 103 (67%)
gram-negative isolates. Wanja et al. 2 also identified more
gram negative bacteria compared to the gram positive bacteria
although at varying percentage. From the current study, Gram
positive identified were in the family Bacillus, Micrococcus,
Microbacterium, Macrococcus, Kytococcus,
Exiguobacterium, Metabacillus, Streptococcus, Priesti,
Corynebacterium and gram negative identified were;
Aeromonas, Acinetobacter, Escherichia coli, Pseudomonas,

https://www.fisheriesjournal.com

Klebsiella, Laclercia, Pontoea, Empedobacter,
Enterbobacter, Citrobacter, Stenotrophoimonas

The most common genus identified include Staphylococcus
(19.9%) (118/596) Bacillus (17.7%) (10/596),
Acinetobacterium (16.4%) (98/596), Aeromonas (15.6%)
(93/596), Pseudomona (5%) (30/596) and Escherichia coli
(19/596) 3.18%. Others include Streptococcus, Macrococcus,
lysinibacillus, Klebsiella, Escherichia Coli, Enterobacterium,
Citrobacter, Pontoea ananatia, Kytococcus, lactococcus,
Exiguobacterium, Chryseobacterium, leclercia,
Corynebacterium, Priestia, Empedobacter were recovered
(Table 1). These finding agrees with those of Charo et al. [?8]
who isolated Aeromonas at 32% as the most common gram
negative bacteria and Bacillus 29% as the most prevalent
gram positive bacteria. Bacteria of the genus flavobacterium
were not isolated from the current study which were isolated
by Charo. The isolation of Escherichia coli in the current
study indicates possible fecal contamination of from the
sampling sites, as reported previously by Dissasa 241,

Gills had 29.7% (177/596) followed by skin 29.6% (176/596),
intestines 24.4% (145/596) kidney 11.8% (70/596) and the
least from water at 4.5% (28/596). High concentration of
bacteria load in skin was observed by Wanja et al. 29,
Isolation of bacteria in the kidney occurs when bacteria
pathogens defeats the fish’s defense mechanisms or in case of
case of infections of hematogenous fish organs as described
by Pech et al. B9, High concentration of the isolates was
found in the skin, gills and intestine and the least from the
kidney. Bacteria from Enterobacteriaceae family are were
isolated from this study, although many of them are usually
normal fish microbiota, some like E. coli, Klebsiella
penumoniae and Pseudomonas spp are considered zoonotic
and have serious consequences to public health %,

Table 1: Pathogenic and Zoonotic Bacteria Isolated from fish and water samples

Bacteria genera Bacteria species I?:z;;et;? Percentage Pathogenic Zoonotic References
Staphylococcus lentus 77 12.9 + - (32]
Staphylococcus equorum 6 0.1 Normal - [33]
Staphylococcus capitis 1 0.17 - - New
Staphylococcus haemolyticus 1 0.17 + + [34, 35],
Staphylococcus species Staphylococcus kloosii 1 0.17 - - New
Staphylococcus variabilis 1 0.17 - - New
Staphylococcus warneri 1 0.17 - - New
Stapylococclus epidermids 20 3.35 +/Normal Normal [36]
Staphylococcus ureilyticus 10 1.67 - - New
Bacillus cereus 48 8.05 + + (37]
Bacillus pumilus 18 3.02 Normal Normal [37,41]
Bacillus thuringiensis 2 0.33 Normal Normal (38, 37]
Bacillus species Bacillus subtilis 1 0.17 - + [37]
Cytobacillus kochi 1 0.17 - - New
Peribacillus simplex 5 0.84 - - New
Lysinibacillus fusiformis 29 4.86 - - [39]
Aeromonas veronii 45 7.55 + + [40, 41, 42, 36, 43]
Aeromanas species Aeromonas hydrophilla 31 5.2 + + 40, 44]
Aeromonas spp 1 0.17 + - (40]
Aeromonas hormaechei 16 2.68 - - New
Acinetobacter courvalinii 2 0.33 - - New
Acinetobacter schindleri 2 0.33 - - New
Acinetobacter modesta 8 1.34 Not - New
Acinetobacter species Acinetobacter johnsonii 26 4.36 + + 45]
Acinetobacter solii 26 4.36 - - New
Acinetobacter lwoffii 20 3.35 + + 36, 46]
Acinetobacter variabilis 13 2.18 Normal Normal New
Acinetobacter gyllenbergii 1 0.17 Emerging+ + Emerging
Escherichia coli Escherichia coli 19 3.18 - + [47, 48]
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Pseudomonas fulva 17 2.85 - + 149]
Pseudomonas species Pseudomonas stutzeri 8 1.34 - - New
Pseudomonas putida 5 0.8 + + 140, 50]
Micrococcus species Micrococcus leteus 8 1.34 Normal Normal [31,51]
Microbacterium oleivoran [Microcobacterium oleivoran| 16 2.68 - - New
Macrococcus species Macrococcus caseolyticus 10 2.01 - - 152]
Priestia species Priestia megaterium 22 3.69 Plant pathogen - 53]
Klebsiella species Klebsiglla pneu_r_nonia 10 1.67 + + 140, 33]
Klebsiella variicola 4 0.67 + + 140]
Streptococcis species Streptococcus sciuri 10 1.68 - - New
Corynebacterium species | Corynebacterium jeikeim 7 1.17 - - New
Microbacterium oleivorans 14 2.35 - - New
Leclercia species Leclercia adecarboxylata 7 1.17 - + [54]
Pantoea species Pantoea ananatia 5 0.84 - - New
Enterobacter cloacae 4 0.67 + + [55, 56, 57]
Empedobacter species Empedobacter falseni 2 0.33 + + 58]
Empedobacter tilapiae
Enterobacter species Enterobacter bugandensis 3 0.5 + + New [55]
Exiguobacterium species Exiguobacterium indicum 4 0.67 - - Not reported fish
pathogen
Chryseobacterium species | Chryseobacterium gambrini 2 0.33 - - New
Citrobacter species Citrobacter brakii 2 0.33 + + [51, 55, 43]
Kytococcus species Kytococcus sedentarius 1 0.17 - - New
Lactococcus species Lactococcus garvieae 1 0.17 + + Emerging [59, 60, 42]
Stenotrophoimonas species Stenotrophoimonas 1 0.17 + + 161
maltophila
metabacillus species metabacillus indicus 1 0.17 - - New
21+, 13, normal, 4
596 emerging, | plant [30+ ,2 emerging
pathogen

Key: += (pathogenic or zoonotic), normal=commensal bacteria, emerging =newly isolated bacteria, new=bacteria isolated for the first time

3.4 Prevalence of bacteria based on sampling sites

From the sampling site; 28.4% (169/596) of the total isolates
were collected from Taveta, then Mwatate with 26.9%
(160/596), Mkwajuni 16.8% (98/595), KWS 7.0% (42/596),
Wundanyi 6.7% (40/595), Voi 6.6% (39/596) and the inlet
had a 3.2% (19/596) and from the water samples 4.7%
(28/596) (Figure 5). Bacteria isolated that were common in
the Lake, Farms and Water samples, include; Staphylococcus

Lysinibacillus  fusiformis, Priestia  megaterium, and
Acinetobacter johnsonii. Roh and Kannimuthi 63, confirmed
the possibility of disease transmission between the wild and
the culture systems in aquaculture systems. Most of the
farmers acquire brooders especially of the Oreochromis
niloticus from the lake Jipe because of lack of a certified fish
hatchery within the county and this would potentially lead to
disease outbreaks.

lentus, Bacillus  cereus, Aeromonas  hydrophilla,
30-
25.4%
W
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Fig 5: Percentage of bacteria sampled and sampling site
3.5 Prevalence of potentially pathogenic bacteria isolated (29/596),  Acinetobacter  Johnsonii  (4%)  (26/596),

in the fish samples and water

Of the bacteria species isolated some of them were identified
as potential fish pathogens which included ; Bacillus cereus
(8%) (48/596) Aeromonas veronii (8%) (45/596), Aeromonas
hydrophilla (5%) (31/596), Lysinibacillus fusiformis (5%)

Acinetobacter solii (4%) (26/596), Priestia megaterium (4%),
Acinetobacter iwoffii (3%) (20/596), Escherichia coli (3)
(19/596), Pseudomonas fulva (3) (17/596), Klebsiella
pneumonia (2) (10/596) Streptococcus sciuri (2) and (10/596)
Empedobacter tilapiae (2%) (10/596). Others include
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Corynebacterium  jeikeim,  Lcelercia  adecarboxylata,
Pseudomonas  putida, Enterobacter cloacea, and
Exiguobacterium (Table 1). Chitambo et al. %2 identified
bacteria of the family Acinetobacter, citrobacter,
corynebacter, pseudomonas, micrococcus and strepotoccus as
the pathogenic fish bacteria at varying intensity unlike this
study.

Potential zoonotic bacteria species isolated were; Bacillus
cereus (8.05%), Bacillus subtilis (0.17%), lysinibacillus
fusiformis  (4.85%),  Aeromonas  veronii  (7.55%),
Acinetobacter johnsolii (4.36%), Acinetobacter solii (4.36%),
Acinetobacter iwofii (4.36%) Escherichia coli (3.18%),
Pseudomonas fulva (2.85%), Pseudomonas putida (0.8%),
Klebsiella pneumonia (1.67%), Klebsiella variicola (0.67%),
Leclercia adecarboxylata (1.17%), Enterobacter cloacea
(0.67%), Empedobacter falseni (0.5%), and Cryseobacterium
gambrini  (0.33%), Kytococcus sedentarius (0.17%),
Lactococcus  garvieae  (0.17%),  Stenotrophoimonas
maltophila (0.17%) and Metabacillus indicus (0.17%).
Chitambo et al. @ ijdentified bacteria of the family
Aeromonas, Bacillus, Escherichia coli, Klebsiella,
Lactococcus, Staphylococcus and Streptococcus as potential
zoonotic bacteria isolated from Oreochromis niloticus but did
not report 8 other genera in this study. Ogala et al. B! isolated
Streptococcus, Aeromonas and Enterobacteria as bacteria of
public health concern, these and more pathogens were also
reported in the current study.

4. Conclusion

This study confirms the presence of potential pathogenic and
zoonotic fish bacteria in apparently healthy fish farms and
aquatic ecosystems that can cause fish diseases and diseases
to human beings.

Isolation of some bacteria in the kidney shows that such
bacteria defeated the fish body defense mechanism and could
be pathogenic and cause infection to the fish. Therefore,
bacterial infection in O. Jipe maybe a reason for its extinction.
This study recommends for proper biosecurity measures to be
instituted to reduce potential bacteria and zoonotic pathogens.
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