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ABSTRACT 

 

This study was aimed at the isolation and molecular characterization of bacteria associated with 

catfish from culture and wild environments. Samples of gills of Arius heudelotii and Claris 

gariepinus fishes of economic value from the New Calabar River Choba and earthen ponds from 

Aluu in Rivers State were collected and analysed. Characterization of isolates from the gills of 

the catfish was done using the 16S rRNA gene sequencing method to identify their relationship. 

The presence of a resistance gene was examined by polymerase chain reaction followed by 

agarose gel electrophoresis of the amplification products. The mean total heterotrophic bacterial 

counts was 6.5995±0.947 LogCFU/g for the gills’ samples obtained from the earthen pond Aluu. 

New Calabar River had 4.5041±1.054 LogCFU/g for the gills’ samples. A total of 12 bacterial 

flora were isolated from the gills of the sampled catfish: Escherichia coli, Klebsiella spp., 

Enterobacter spp., Citrobacter spp., Bacillus subtilis, Proteus vulgaris, Streptococcus spp., 

Shigella spp. Staphylococcus spp., Micrococcus spp., Vibrio spp. and Acinetobacter spp. Vibrio 

azureus,  Aeromonas dhakensis, Proteus vulgaris, Aeromonas hydrophila. Vibrio azureus and 

Providencia alcalifaciens were found to be carriers of the TEM gene, while Providencia 

alcalifaciens carried the CTX-M gene.  SHV gene  was found in Vibrio azureus, Providencia 

alcalifacians, Proteus vulgaris, Aeromonas hydrophila, Providencia alcalifacians. However, the 

Oxa gene was not identified in the bacterial genera. The high probability of transferring them to 

other microbes to cause antibiotic pollution has become a serious public health challenge. 

Microbial loads with high or low presence of some potential pathogens call for public concern. 

 

                         Keywords: catfish; gills; Molecular; resistance gene; antibiotic, bacteria 

 

1.0 Introduction 



 

 

The catfish farming industry accounts for 70 per cent of aquaculture production, Clarias 

gariepinus is the most cultured species and has a substantial economic value (Williams, et al., 

2007, Adeshina, et al., 2018; Oluwatayo & Adedeji, 2019). Osawe (2007) identified good 

qualities of catfish, such as its survival in different cultural systems and diverse environments. 

Catfish can grow fast, and the air breathes, which makes it vital to the sustainability of the 

aquaculture industry in Nigeria (Oluwatayo & Adedeji, 2019; Abdel-Hay et al., 2020). 

The favourable environmental conditions of some of the African countries have encouraged fish 

farming and these conditions help the growth of catfish, especially the African catfish. Catfish 

can tolerate a varying range of climate changes, high stocking densities under culture conditions, 

fast growth rate, acceptability of artificial feed, high fecundity rate, ease of artificial breeding 

and high market value. However, catfishes have been identified as a reservoir of bacteria that 

hinders their suitability for human consumption (Olajide et al., 2020). Catfish serves as a staple 

food for many Nigerians and Africans at large (Famoofo & Adeniyi 2020). Catfish are known 

today as the leading species for freshwater and saltwater production (Sheng et al., 2020; 

Nwankwo & Akani, 2017).  

Arius heudelotti and Clarias gariepinus are examples of catfish that are always ready for human 

consumption. In Nigeria, African catfish is the most farmed fish. Almost everyone enjoys eating 

it. As earlier stated, catfish is not harshly affected by environmental conditions, also it has an 

economic value and is capable of surviving for several days during marketing. On the other 

hand, Arius heudelotii grows well and tolerates water that is brackish or swampy fields of the 

wild environment. Many people eat it as food. Both A. heudelotii and C. gariepinus are 

economically viable for farmers and nutritionally important for consumers (FAO, 2020).  

 

Health-related diseases are a major concern for doctors and the public. The bacteria that cause 

this disease are found in many seafood species, such as Clarias gariepinus and Arius heudelotii. 

According to a recent study by Dar et al., (2020) and Gong et al., (2020), fish diseases are 

significant challenges nowadays that disrupt the production of fish for consumption in the 

world. Bacterial and fungal infections and other ecological factors (poor water quality) cause 

diseases in fish. Generally, these factors are contributors to the high rate of mortalities both in 

culture as well as in wild fishes. Among the seafood, Clarias gariepinus has the highest 



 

 

percentage of human consumption. According to a study by Aya et al., (2018), Clarias 

gariepinus in Egypt is the hope of solving human nutritional problems. In Nigeria, fish and fish 

products are cheap in terms of cost compared to meat and are a leading source of nutrients for the 

teeming population of the country (Aya et al., 2018).   

 

Sadly, this nutritious seafood harbours bacterial infections such as Vibriosis, Bacillus, E. coli, 

staphylococcus and others that can cause diseases of fish, economic loss and public health 

hazards (Akani & Obire, 2014). Some Vibrio are pathogenic to humans and/or marine animals 

through a variety of infectious diseases. Recently, several reports indicate that the incidence of 

Vibrio infection in humans is increasing, and Vibrio infection in animals poses an ongoing threat 

to aquaculture (Plaza et al., 2018; Lloyd et al., 2019) and pose a serious health danger to human. 

For example, when infected with Vibrio cholerae, it can cause diarrhoea, which is often fatal if 

left untreated, with thousands of cases and more than 100,000 deaths. Lloyd et al., (2019) 

lamented that the rise of antimicrobial resistance (AMR) among pathogenic Vibrio spp. is a 

significant public health problem. According to the Rivers State Ministry of Health (2010), the 

health conditions of many individuals are not encouraging and very unacceptable. The reason for 

the poor health of the population is malaria, upper respiratory tract infections, diarrhoea, etc. 

Even though there are preventable diseases such as these diseases are responsible for passion and 

premature death in the state. They impact agricultural and business productivity as well as school 

absenteeism and time lost at work (Rivers State Ministry of Health, 2010). 

Based on this background this study is aimed at molecularly characterising bacterial and 

evaluating their genes associated with the gills of Arius heudelotii and Clarias gariepinus 

1.2 Materials and Methods 

1.2.1 Study Area 



 

 

The study was carried out in private fish farms ( earthen ponds) in the Aluu community of 

Ikwerre Local Government and marine water (New Calabar River) in Choba community in Obi 

Akpor Local Government  Area, all in Rivers State Nigeria.  The New Calabar River is located 

within longitude 006
0 

53
1
- 53

0 
86

1 
E and latitude 04

0 
53

1 
– 19

0 
20 

1 
N in Choba, Rivers State, 

Nigeria. Aluu village is located about 25km from Port Harcourt and is one of the oldest rural 

areas in Ikwerre. The name Aluu means "to fight" and reflects the community's warrior spirit. 

After the planting season, some community members engage in fishing, hunting and small-scale 

trading to supplement family income while waiting for the crops to be harvested. At the village's 

main market, women build warehouses to sell the surplus food they produce and also sell (Badru, 

1998). 

1.2.2 Sample Collection 

Samples of twenty-four (2 each month) of Arius heudelotii and 24 (2 each month) Clarias 

gariepinus were collected from New Calabar River and earthen pond, respectively from January 

– December 2022 (12 months) and transported immediately to the Department of Microbiology 

Laboratory, University of Port Harcourt, Nigeria, for analysis. 

1.3 Isolation of the Bacteria 

1.3.1 Total Heterotrophic Bacterial Counts 

The total heterotrophic bacterial counts were done using nutrient agar. The medium was prepared 

according to the manufacturer’s instructions. Tenfold serial dilutions were carried out using 

normal saline as a diluent. Alignment (0.1ml) of appropriate dilutions spread plates onto the 

surface of NA plates and incubated for 24 hours at 37
o
C. The bacteria colonies were counted 

after the incubation. The colony-forming unit was determined with the formula below. 

               THB (Cfu/ml) = Average number of colonies × 1 

                                          Dilution factor × 1/Volume plated 

 

 

1.4. Molecular Identification 

The discrete colonies were molecularly identified to characterize bacteria and evaluate their 



 

 

genes associated with the gills of Arius heudelotii and Clarias gariepinus. Hence, it was 

performed through five cogent steps.  

1.4.1. DNA extraction 

Extraction was done using a ZR bacterial DNA mini-prep extraction kit supplied by Inqaba 

South Africa. Heavy growth of the pure culture of the suspected isolates was suspended in 200 

microliters of isotonic buffer in a ZR Bashing Bead Lysis tube, and 750 microliters of lysis 

solution were added to the tube. The tubes were secured in a bead beater fitted with a 2ml tube 

holder assembly and processed at maximum speed for 5 minutes. The ZR bashing bead lysis tube 

was centrifuged at 10,000xg for 1 minute. 

Four hundred (400) microliters of supernatant were transferred to a Zymo-Spin IV spin Filter 

(orange top) in a collection tube and centrifuged at 7000 xg for 1 minute. One thousand two 

hundred (1200) microliters of fungal/bacterial DNA binding buffer were added to the filtrate in 

the collection tubes bringing the final volume to 1600 microliters, 800 microliters were then 

transferred to a Zymo-Spin IIC column in a collection tube, and centrifuged at 10,000xg for 1 

minute, the flow through was discarded from the collection tube. The remaining volume was 

transferred to the same Zymo-spin and spun. Two hundred (200) microliter of the DNA Pre-Was 

buffer was added to the Zymo-spin IIC in a new collection tube and spun at 10,000xg for 1 

minute followed by the addition of 500 microliters of fungal/bacterial DNA Wash Buffer and 

centrifuged at 10,000xg for 1 minute. 

The Zymo-spin IIC column was transferred to a clean 1.5 microliter centrifuge tube, and 100 

microliters of DNA elution buffer was added to the column matrix and centrifuged at 10,000xg 

microliter for 30 seconds to elute the DNA. The ultra-pure DNA was then stored at -20 degrees 

for other downstream reactions. 

2.2. DNA quantification 

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

software of the equipment was launched by double-clicking on the Nanodrop icon. The 

equipment was initialized with 2 ul of sterile distilled water and blanked using normal saline. 

Two microliters of the extracted DNA were loaded onto the lower pedestal, the upper pedestal 



 

 

was brought down to contact with the extracted DNA on the lower pedestal. The DNA 

concentration was measured by clicking on the ―measure‖ button.  

2.3 Extended Spectrum Beta- Lactamases detection 

2.3.1 Amplification of SHV genes 

―SHV genes from the isolates were amplified using the SHV F: 5' 

CGCCTGTGTATTATCTCCCT-3' and SHV R: 5'-CGAGTAGTCCACCAGATCCT-3' primers 

on an ABI 9700 Applied Biosystems thermal cycler at a final volume of 30 microliters for 35 

cycles. The PCR mix included: the X2 Dream taq Master mix supplied by Inqaba, South Africa 

(taq polymerase, DNTPs, MgCl), the primers at a concentration of 0.4M, and 50ng of the 

extracted DNA as template. The PCR conditions were as follows: Initial denaturation, 95ºC for 5 

minutes; denaturation, 95ºC for 30 seconds; annealing, 56ºC for 40 seconds; extension, 72ºC for 

50 seconds for 35 cycles and final extension, 72ºC for 5 minutes. The product was resolved on a 

1% agarose gel at 120V for 25 minutes and visualized on a UV transilluminator for a 281bp 

product size‖ [Nkiru et al. 2021]. 

2.3.2 Amplification of TEM genes 

―TEM genes from the isolates were amplified using the TEMF:  5’-

ATGAGTATTCAACATTTCCGTG-3’ and TEMR: 5’-TTACCAATGCTTAATCAGTGAG-3’ 

primers on an ABI 9700 Applied Biosystems thermal cycler at a final volume of 40 microlitres 

for 35 cycles. The PCR mix included: the X2 Dream taq Master mix supplied by Inqaba, South 

Africa (taq polymerase, DNTPs, MgCl), the primers at a concentration of 0.4M, and 50ng of the 

extracted DNA as template. The PCR conditions were as follows: Initial denaturation, 95ºC for 5 

minutes; denaturation, 95ºC for 30 seconds; annealing, 58ºC for 30 seconds; extension, 72ºC for    

30 seconds for 35 cycles and final extension, 72ºC for 5 minutes. The product was resolved on a 

1% agarose gel at 120V for 25 minutes and visualized on a UV transilluminator for an 850bp 

product size‖ [Nkiru et al. 2021]. 

2.3.3 Amplification of OXA genes 

―TEM genes from the isolates were amplified using the OXA-1F: 5’- 

AGCCGTTAAAATTAAGCCC-3’ and OXA-1R: 5’-CTTGATTGAAGGGTTGGGCG-3’ 



 

 

primers on an ABI 9700 Applied Biosystems thermal cycler at a final volume of 40 microliters 

for 35 cycles. The PCR mix included: the X2 Dream Taq Master mix supplied by Inqaba, South 

Africa (Taq polymerase, DNTPs, MgCl), the primers at a concentration of 0.4M, and 50ng of the 

extracted DNA as template. The PCR conditions were as follows: Initial denaturation, 95ºC for 5 

minutes; denaturation, 95ºC for 30 seconds; annealing, 47ºC for 30 seconds; extension, 72ºC for    

40 seconds for 35 cycles and final extension, 72ºC for 5 minutes. The product was resolved on a 

1% agarose gel at 120V for 25 minutes and visualized on a UV transilluminator for a 911bp 

product size‖ [Nkiru et al. 2021]. 

2.3.4 Amplification of CTX-M genes 

―CTX-M genes from the isolates were amplified using the CTX-MF: 5'-

CGCTTTGCGATGTGCAG-3’ and CTX-MR:5'-ACCGCGATATCGTTGGT-3’ primers on an 

ABI 9700 Applied Biosystems thermal cycler at a final volume of 40 microliters for 35 cycles. 

The PCR mix included: the X2 Dream Taq Master mix supplied by Inqaba, South Africa (Taq 

polymerase, DNTPs, MgCl), the primers at a concentration of 0.4M, and 50ng of the extracted 

DNA as template. The PCR conditions were as follows: Initial denaturation, 95ºC for 5 minutes; 

denaturation, 95ºC for 30 seconds; annealing, 52ºC for 30 seconds; extension, 72ºC for    30 

seconds for 35 cycles and final extension, 72ºC for 5 minutes. The product was resolved on a 1% 

agarose gel at 120V for 25 minutes and visualized on a UV transilluminator for a 550bp product 

size‖ [Nkiru et al. 2021]. 

2.4   16S rRNA Amplification 

The 16s rRNA region of the rRNA gene of the isolates were amplified using the 16s RRNA 

region of the rRNA genes of the isolates were amplified using the 27F: 5'-

AGAGTTTGATCMTGGCTCAG-3’ and 1492R: 5'-CGGTTACCTTGTTACGACTT-3’   primers 

on an ABI 9700 Applied Biosystems thermal cycler at a final volume of 40 microlitres for 35 

cycles. The PCR mix included: the X2 Dream Taq Master mix supplied by Inqaba, South Africa 

(Taq polymerase, DNTPs, MgCl), the primers at a concentration of 0.5uM, and the extracted 

DNA as template. The PCR conditions were as follows: Initial denaturation, 95ºC for 5 minutes; 

denaturation, 95ºC for 30 seconds; annealing, 52ºC for 30 seconds; extension, 72ºC for    30 

seconds for 35 cycles and final extension, 72ºC for 5 minutes. The product was resolved on a 1% 

agarose gel at 130V for 30 minutes and visualized on a blue light transilluminator. 



 

 

2.5.   Sequencing 

Sequencing was done using the BigDye Terminator kit on a 3510 ABI sequencer by Inqaba 

Biotechnological, Pretoria South Africa. The sequencing was done at a final volume of 10ul, the 

components included 0.25 ul BigDye® terminator v1.1/v3.1, 2.25ul of 5 x BigDye sequencing 

buffer, 10uM Primer PCR primer, and 2-10ng PCR template per 100bp. The sequencing 

conditions were as follows 32 cycles of 96°C for 10s, 55°C for 5s, and 60°C for 4min. 

2.6. Phylogenetic Analysis 

―Obtained sequences were edited using the bioinformatics algorithm Trace edit, similar 

sequences were downloaded from the National Center for Biotechnology Information (NCBI) 

database using BLASTN.  These sequences were aligned using MAFFT. The evolutionary 

history was inferred using the Neighbor-Joining method in MEGA 6.0‖ (Saitou & Nei, 1987). 

―The bootstrap consensus tree inferred from 500 replicates (Felsenstein, 1985) is taken to 

represent the evolutionary history of the taxa analysed. The evolutionary distances were 

computed using the Jukes-Cantor method‖ (Jukes & Cantor 1969).  

Results 

Table 1 shows the level of bacterial contamination of the catfish gills sample, Figure 1 shows the 

percentage of occurrence of bacteria in the gills of Arius heudelotii. Bacterial species isolated 

and their percentages of occurrencein gills of Arius heudelotii, were E. coli (15.56%), Shigella 

spp (13.33%), Klebsiella spp (11.11%), Salmonella spp (11.11%), Staphylococcus spp (11.11%), 

Enterobacter spp (8.89%), Proteus spp (8.89%), Citrobacter spp (8.89%), Enterococcus spp 

(6.67%), Bacillus spp (2.22%), and Micrococcus (2.22%). 

           Table. 1: Bacterial isolates and their percentage occurrence in the gills of catfish  

Bacterial Isolates    Gills 

E. Coli 13     (34.2) 

Klebsiella spp 11      (31.4) 

Enterobacter spp   9      (28.1) 

Citrobacter spp   8      (30.0) 

Bacillus spp   4      (16.0) 

Proteus spp   8      (30.8) 

Shigella spp 12      (33.3) 

Enterococcus spp   7      (31.8) 



 

 

Salmonella spp   9      (25.0) 

Staphylococcus spp   6      (21.4) 

Micrococcus spp   2       (11.1) 

Acinetobacter spp   2       (18.2) 

Total 91       (28.0) 

 

 

 

 Figure 1: Percentage frequency of occurrence of bacterial isolates from gills of Arius 

         heudelotii during a months study period. 

 

Figure 2, shows the percentage of occurrence of bacteria in the gills of Clarias gariepinus, 

Klebsiella spp (13%), Shigella spp (13%), E. coli (13%), the most percentage frequently 

distributed bacteria isolate in the gills of C. gar, Salmonella spp (8.8%), Proteus spp (8.8%), 

Bacillus spp (6.5%), Enterobacter spp (10.9%), Enterococcus spp (8.88%), Staphylococcus spp 

(2.2%), Citrobacter spp (8.8%), Acinetobacter spp (4%), and Micrococcus (2.2%). 
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Figure 2: Percentage frequency of occurrence of bacterial isolates from gills of Clarias 

         gariepinus during a months study period. 

 

The obtained 16s rRNA sequence from the isolates produced an exact match during the mega 

blast search for highly similar sequences from the NCBI non-redundant nucleotide (nr/nt) 

database.  The 16S rRNA of the isolates showed a percentage similarity to other species at 100%.  

The evolutionary distances computed using the Jukes-Cantor method were in agreement with the 

phylogenetic placement of the 16S rRNA of the isolates within the Proteus, Providencia, Vibrio, 

and Aeromonas sp and revealed a close relatedness to Proteus vulgaris, Providencia alcalifaciens, 

Vibrio azureus,  Aeromonas hydrophila and  Aeromonas dhakensis (Figure 3).  

Table 2 shows the isolates coded with H1, H2, H3, H4, H5, H6, H7, H8 H9, and H10 were 

identified as Vibrio azureus, Providencia alcalifacians, Aeromonas dhakensis, Aeromonas 

dhakensis, Proteus vulgaris, Proteus vulgaris, Proteus vulgaris, Vibrio azureus, Aeromonas 

hydrophila, and Providencia alcalifacians, respectively with their accession numbers. 

Plate 1-4 shows the resistant gene of isolates in the primers used. For Plate 1, the TEM gene 

were identified in H2 and H8 (Providencia alcalifaciens and Vibrio azureus). Plate 2 identified 

the CTX-M gene in H2 (Providencia alcalifaciens), Plate 3 identified the SHV gene H1, H2, H5, 

H9 and H10 (Vibrio azureus, Providencia alcalifacians, Proteus vulgaris, Aeromonas hydrophila, 

Providencia alcalifacians). While in (plate 4) the Oxa gene was not identified in the bacterial 

genera. 
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Figure 3: Phylogenetic tree showing the evolutionary distance between the bacterial isolates 

       Table 2: Molecularly identified isolates with their Accession numbers 

Isolate Code Molecular Identification Accession Number 

H1 Vibrio azureus MZ049675 

H2 Providencia alcalifacians ON459767 

H3 Aeromonas dhakensis ON375398 

H4 Aeromonas dhakensis ON375398 

H5 Proteus vulgaris LC654887 

H6 Proteus vulgaris LC654887 

H7 Proteus vulgaris KY494852 

H8 Vibrio azureus MZ049675 

H9 Aeromonas hydrophila ON203020 

H10 Providencia alcalifacians ON459767 

 

Plate(1 to 4):resistant gene of isolates in the primers 
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Plate 2: Agarose gel electrophoresis showing the amplified CTX-M gene. Lane 2 

shows the CTX_M gene band at 800bp while lane L represents the 100bp 

molecular ladder. 
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Plate 1: Agarose gel electrophoresis showing the amplified TEM gene. Lanes 2 and 8 

show the TEM genes at 1100bp while lane L represents the 100bp molecular ladder. 

Plate 3: Agarose gel electrophoresis showing the amplified SHV gene. Lanes 1, 

2, 5, 9, 10 show the SHV gene bands at 200bp while lane L represents the 100bp 

molecular ladder. 
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Discussion 

The study has shown that pathogenic bacteria are present in C. gariepinus from a cultured 

environment (earthen pond) and A. heudelotii from a wild environment (New Calabar River). 

The microbiological characteristics revealed that Gram-negative bacteria were dominant in the 

bacteria isolated from the earthen pond and New Calabar River. Bacterial infection has been a 

major challenge militating aquaculture and is responsible for high pond mortality, and it has been 

attributed as the main cause of economic losses (Wise et al., 2021; Gophen, 2017). Domitila et 

al., (2022), reported that based on Gram staining reaction, the majority of the bacterial isolates in 

their study were Gram-negative. On the other hand, Gram-positive bacteria were also isolated in 

this study. The finding is in tandem with Al-Reza et al., (2015), who reported that Gram-positive 

bacteria in the genera Clostridium, Bacillus, and Micrococcus have been isolated from different 

fish species.  

Bacillus sp. was also isolated in this study. Our finding agrees with the findings of Domitila et 

al., (2022). According to Setlow, (2014), the predominance of the Bacillus species can be 

attributed to their ubiquitous nature and the ability to produce endospores which allows them to 

survive in fish and fish processing conditions. The bacteria contribute to fast food spoilage 
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Plate 4: Agarose gel electrophoresis of the Oxa gene showing no bands. Lane L 

represents the 100bp molecular ladder. 



 

 

because they do not produce extracellular enzymes and toxins (Sheng & Wang, 2021). The 

presence of Bacillus spp. in the organs of fish poses a considerable health concern. Akani & 

Obire (2014) pointed out that Bacillus, E. coli, Staphylococcus and others can cause disease of 

fish, economic loss and public health hazards, Hence, Bacillus has the potential of causing 

infections and food poisoning.  

The bacteria in the samples include E. coli, Shigella spp, Salmonella spp, Klebsiella spp, 

Enterobacter spp, Staphylococcus aureus, Proteus spp, Bacillus spp, Enterococcus spp, 

Citrobacter spp, Micrococcus spp, and Acinetobacter spp. The finding in this study confirmed 

the view of Lazado et al., (2015), who stated that fish products have been documented to harbour 

diverse bacteria, including pathogenic bacteria and other microorganisms. Our study agrees with 

the findings of Njoku et al., (2015), who reported the presence of Escherichia coli, Salmonella 

spp., Staphylococcus aureus, Proteus spp, Klebsiella spp, and Enterobacter in some fish pond 

water within the Niger Delta region of Nigeria. The result also agrees with Uchechukwu & Okoli 

(2019), The bacteria: Staphylococcus aureus and Escherichia coli in the catfish samples are the 

commonest bacteria found in the fish samples. Escherichia coli has been identified as a potential 

cause of diarrhoea and kidney damage as well as uncomplicated community-acquired urinary 

tract infections (Odu & Imaku, 2013). Currently, the productivity, development, and expansion 

of the aquaculture sector are under threat because of bacterial diseases (Gobarah et al., 2021). 

The prevalence of bacteria may be attributed to changes or deterioration of the aquatic 

environment (Shyne et al., 2008).  

Specifically, Salmonella spp. was highly present in the catfish. Salmonella spp has been reported 

by Porto et al., (2023) as a pathogen that causes salmonellosis, a dangerous infection 

characterized by enterocolitis. This salmonellosis infection is a foodborne disease (FDA) that is 

generating public health worries in various countries worldwide. In this present study, salmonella 

was found in the gills. Other past studies have found Salmonella spp in the gills (Antuns et al., 

2018; Gazal et al., 2018; Sing et al., 2016; Efuntoye et al., 2012). 

Bacteria were found in the gills of C. gariepinus and Arius heudelotii. The higher bacteria load in 

the C. gariepinus from the earthen pond may be due to improper hygiene of the fish pond. 

Whereas loads of bacteria associated with Arius heudelotii from natural habitat may be due to 

contamination as a result of indiscriminate disposal of waste materials into the river through 

runoffs, animal excreta and other environmental wastes, free-roaming animals and pets such as 



 

 

dogs also contribute to faecal contamination of the river. The variations in the bacterial load of 

the gills of the fish samples existed. The results from the earthen pond (Cultured fish habitat) and 

New Calabar River (Wild environment), the bacterial load reported in the gills (Tables 1) was 

high in both Clarias gariepinus and A. heudelotii. This finding agrees with the findings of 

Ogbukagu et al., (2021), who recovered more bacteria in the gills of the catfish. Our study also 

reechoed the same concern expressed by Nwankwo & Akani (2017), that the presence of these 

organisms could constitute a public health risk and calls for adequate preventive measures. 

Conclusion 

The study has shown that gills of Clarias gariepinus and Arius heudelotii samples from the two 

sample sites (Earthen Pond Aluu and New Calabar River Choba) harbour bacteria. It confirmed 

the presence of microorganisms and contamination of the gills. Therefore, catfish may serve as a 

reservoir for pathogens thereby acting as a mechanism for cross-contamination. Importantly, in 

this study, it can be concluded that bacteria were present in catfish, which was identified using 

biochemical tests and molecular analysis. The organisms isolated in this study are all pathogenic 

organisms and some are resistant to some commonly used antibiotics. The study specifically 

reported the presence of Vibrio azureus, a novel species of Vibrio that has a hundred per cent 

similarity to Vibrio alginolyticus. They are members of the V. harveyi clade that share a high 

degree of genetic and phenotypic similarity, which can often lead to the misidentification of 

species within the clade. The study also revealed the presence of other organisms, and antibiotic-

resistance genes present in some of the bacterial isolates that could constitute a public health risk 

because of its capacity to spread and pose serious antibiotic-resistance pollution to human and 

animal health. This calls for concern to health management and other stakeholders and needs 

adequate preventive measures. 

REFERENCES 

Adeshina, I., Emikpe, B. O., Jenyo-Oni, A. & Ajani, E.K. (2018). Distributional and factors 

associated with occurrence of listeria monocytogenes in table size African Catfish, pond 

water and sediment in two ecological zones in Nigeria. Journal of Applied Biological 

Sciences, 12(3): 14-20. 

Akani, N. P. & Obire, O. (2014). Bacterial population of Clarias gariepinus (Burchell 1922) 



 

 

exposed to an oilfield wastewater in Rivers state, Nigeria. Asian Journal of Biological 

Scienes 7(5), 208-2016. 

Al-Reza, S. Karmaker, M. Hasan, S. Roy, R. Hoque, and N. Rahman (2015).  Effect of 

traditional fish processing method on the proximate and microbiological characteristics of 

Laubuka dadiburjori during storage at room temperature,‖ Journal of Fisheries and Aquatic 

Science, (10) 4, 232–243. 

Antunes P., Campos J., Mourão J., Pereira J., Novais C., Peixe L. (2018). Inflow water is 

 a major source of trout farming contamination with Salmonella and multidrug- 

resistant bacteria. Science Total Environment 642:1163–1171.  

Brunton, L. A.,  Desbois, A. P., Garza, M., Wieland, B., Mohan, C. V., Hasler, B.,….Guitian, J. 

(2019). Identifying hotspots for antibiotic resistance emergence and selection, and 

elucidating pathways tohuman exposure: Application of a systems-thinking approach to 

aquaculture systems. Science of the Total Environment. 687, 1344-1356.  

Capita,R. and  Alonso-Calleja, C. (2013). Antibiotic-Resistant Bacteria: A Challenge for the 

food Industry. Critical reviews in Food Science and Nutrition 53(1):11-48 . 

Cheesbrough, M. (2006). District laboratory practices in tropical countries. Volume 2 Part 2. 

 Cambridge University Press, Uk  

Domitila, N. K., Maingi, J. M., Njeru, E. M & Nyamache, A. K. (2022). Molecular 

Characterization and Diversity of Bacteria Isolated from Fish and Fish Products 

 Retailed in Kenyan Markets. International Journal of Food Science Volume (2022), 

2379323, 1-12  

 

Dar, A. Z., Bashir, I, Lone, F. A., Bhar, R. A., Mir, A.S. and Dar, S. A (2020). Concerns and 

Threats of Contamination on Aquatic Ecosystems. Bioremediation and Biotechnology pp 

1-26. 

Efuntoye, M.O.; Olurin, K.B.; Jegede, G.C. (2012). Bacterial flora from healthy clarias 

gariepinus and their antimicrobial resistance pattern. Advance Journal Food Science 

Technology, 4, 121–128 



 

 

fagbenro, O. A., Akinbulumo, M. O., Adeparusi, O. E and Raji, A. A.(2005). Flesh yield Waste 

Yield, Proximate and Mineral Composition of Four Commercial West African freshwater 

Food Fish. Journal of Animal and Veterinary Advances, 4(10): 848-851 

Fafioye, O. O. (2011). Preliminary studies on water characteristics and bacterial population in 

 high yield Kajola fish ponds. Journal of Agricultural Extension and Rural 

 Development, 3(3), 68-71. 

Farah Zereen, Soudiya Akter, Abdus Sobur M . D., Muhammad T. H., and Tanvir Rahman M 

.D.(2019) Molecular detection of vibrio cholerae from human stool collected from SK 

Hospital, Mymensingh and their antibiogram Journal of Advanced Veterinary and Animal 

Research. Dec: 6(4) 451-455. 

Famoofo, O. O. & Adeniyi, I.F (2020). Impact of effluent discharge from a medium-scale fish 

farm on the water quality of Odo-Owa stream near Ijebu-Ode, Ogun State, Southwest 

Nigeria. Applied Water Science 10, 68(2020). https://doi.org/10.1007/s13201-020-11489 

Food and Agriculture Organization of the United Nations, (2020). The state of world fisheries 

and aquaculture. Available at: http://wwww.fao.org/state-of-fisheries-aquaculture [Accessed 

on 18 December 2022]. 

Feldhusen, F.  (2000). The role of seafood in bacterial foodborne diseases microbe infection 2: 

1651-1660 

Felsenstein J. (1985). Confidence limits on phylogenies: An approach using the bootstrap. 

 Evolution 39:783-791. 

Gazal L.E.S., Brito K.C.T., Cavalli L.S., Kobayashi R.K.T., Nakazato G., Otutumi L.K., Cunha 

 A.C., Neto J.A.S.P., & Brito B.G. (2018). Salmonella sp. in fish—What is the 

 importance for Health in fish farm? Pesqui. Agropecuária Gaúcha. 2018; 24:55–64. 

 doi: 10.36812/pag.2018241/255-64. ISSN online: 2595-7686 

Gobarah, D., Helmy, S., Mahfouz, N., Fahmy, H., Abou Zeid, M., & Moustafa, E. (2021). 

 Phenotypic and Molecular Characterization of Vibrio Species Isolated from Fish 



 

 

 market in Egypt. Journal of the Hellenic Veterinary Medical Society, 72(2), 2817–2824. 

https://doi.org/10.12681/jhvms.27517 

Gong, Q., YANG, M., Yan, L., Chen, Z., Jiang, M. & Peng, B. (2020) Metabolic 

 modulation of redox state confounds fish survival against Vibrio 

 alginolyticus infection. 13(3): 796-813. https://doi.org/10.1111/1751-7915.13 

Gophen M (2017). Fish-Zooplankton, a predator-prey relation as a key factor for the design 

 of zooplankton distribution sampling program in lake Kinneret, Israel. Open Journal 

 Modern Hydrol., 7: 209-222. 

He, M.; Lei, T.; Jiang, F.; Zhang, J.; Zeng, H.; Wang, J.; Chen, M.; Xue, L.; Wu, S.; Ye, Q.;  

et al. (2021). Genetic Diversity and Population Structure of Vibrio parahaemolyticus 

 Isolated from Clinical and Food Sources. Front. Microbiology. 12, 708795. 

Jukes T.H. and Cantor C.R. (1969). Evolution of protein molecules. In Munro HN, editor, 

 Mammalian Protein Metabolism, pp. 21-132, Academic Press, New York. 

Lazado, C.C., Caipang, C. M. A & Estante, E. G. (2015). Prospects of host-associated 

Microorganisms in fish and penaeids as Probiotics with immunomodulatory functions, 

Fish & Shellfish Immunology, 45(1), 2–12. 

Lloyd, N .A., Nazaret, S. & Barkay, T. (2019). Genome-facilitated discovery of RND efflux 

pump-mediated resistance to cephalosporins in Vibrio spp. isolated from the mummichog 

fish gut, Journal of Global Antimicrobial Resistance,19, 294-300 

 https://doi.org/10.1016/j.jgar.2019.05.006 

Njoku, O. E., Agwa, O. K. & Ibiene, A. A. (2015). An investigation of the microbiological 

 and physicochemical profile of fish pond water within the Niger Delta region of 

 Nigeria. African Journal of Food Science. 9(3), 155-162.  

Doi: 10.5897/AJFS2014.1208. 

Nwankwo, C. E., & Akani, N. P. (2017). Bacterial flora of Clarias gariepinus from some 



 

 

  selected fish ponds in Port Harcourt. Journal of Environment & Biotechnology 

 Research, 6(2), 208-212. 

Odu N. N & Imaku L. N. (2013). Assessment of the microbiological quality of street-vended 

            ready-to-eat bole (roasted plantain) fish (Trachurus trachurus) in Port Harcourt 

            metropolis, Nigeria. Researcher, 5(3):9-18  

 

Ogbonna, D. N. amd Inana, M .E. (2018). Characterization and multiple Antibiotic Resistance of 

Bacterial Isolates Associated with fish Aquaculture in Ponds and Rivers in PortHarcourt 

Nigeria.Journal of Advances in microbiology.Doi: 10-9734ss 

Ogbukagu, C. M., Anaukwu, C. G., Ekwealor, C. C., Mba, A. N., Ekwealor, I. K. (2021). 

 Bacteriological Assessment and Antibiotic Susceptibility Profile of Bacteria 

 Recovered from Clarias gariepinus Selected from Various Fish Farms in Anambra 

 North Senatorial Zones in Anambra State, Nigeria. Advances in Microbiology, 2021, 

 11, 243-256 

Olajide, J. A., Oluwole, O. O., Fayokemi, C. & Olususi  (2020). Assessment of bacterial loads of 

Clarias gariepinus (Bushell 1822) obtained from cultured and natural habitats. The Journal 

of Basic and Applied Zoology. 81:32. Doi.org/10.1186/s41936-020-00168-w 

Oluwatayo, I. B  & Adedeji, T. A. (2019). Comparative analysis of technical efficiency of catfish 

farms using different technologies in Lagos State, Nigeria: a data envelopment analysis 

(DEA) approach. Agriculture & Food Security, 8:8. 

Olugbojo, J. A & Ayoola, S. O. (2015). Comparative studies of bacteria load in fish species of 

commercial importance at the aquaculture unit and lagoon front of the University of Lagos. 

International Journal of Fisheries and Aquaculture. 7(4): 37-46. Doi: 10.5897/IJFA 

Plaza, N., Castillo, D., Pérez-reytor, D., Higuera, G., García, K., & Bastías, R. (2018). 

Bacteriophages in the control of pathogenic vibrios. Electronic Journal of Biotechnology, 

31, 24–33. https://doi.org/10.1016/j.ejbt.2017.10.012 



 

 

Osawe, M. (2007). Technical know-how of Catfish Grow out for Table size in 4–6 months. 

Proceedings of seminar on modern fish farming by dynamo Catfsh production, Lagos. 1–14 

Preena, P. G., Swaminathan, T. R., Kumar, V. J. R., & Sing, I. S. B. (2020). Antimicrobial 

 resistance in aquaculture: a crisis for concern. Biologia, 75, 1497-1517. 

 Doi.org/10.2478/s11756-020-00456-4 

Porto, Y.D.; Fogaça, F.H.d.S.; Andrade, A.O.; da Silva, L.K.S.; Lima, J.P.; da Silva, J.L.; 

Vieira, B.S.; Cunha Neto, A.; Figueiredo, E.E.d.S.; Tassinari, W.d.S. (2023). 

 Salmonella spp. in Aquaculture: An Exploratory Analysis (Integrative Review) of 

 Microbiological Diagnoses between 2000 and 2020. Animals, 13, 27. 

  https://doi.org/10.3390/ani13010027 

Setlow, P. (2014). Germination of spores of Bacillus species what we know and do not know. 

Journal Bacteriology. 196(7): 1297-305.  DOI: 10.1128/JB.01455-13 

Sheng, I and Wang, I. (2021). The microbial safety of fish and fish products: recent advances 

 in understanding its significance, contamination sources, and control strategies. 

 Comprehensive Reviews in Food Science and Food Safety, 20(1), 738–786. 

https://doi.org/10.1111/1541-4337.12671 

Shyne Anand PS, Sobhana KS, George KC, Paul Raj R (2008) Phenotypic characteristics and 

antibiotic sensitivity of Vibrio Parahaemolyticusstrains isolated from diseased groupers 

(Epinephelus spp.). Journal. Mar. Biology. Ass. India, 50 (1):1-6. 

Sing, C.K.; Khan, M.Z.I.; Daud, H.H.M.; & Aziz, A.R (2016). Prevalence of Salmonella sp. in 

African Catfish (Clarias gariepinus) Obtained from Farms and Wet Markets in Kelantan, 

Malaysia and their antibiotic resistance. Sains Malaysiana. 45(11), 1597–1602. 

Soheir, S., Abd El-salam, F. M., Ghaly, Dina M., Baraka Shahira H.M., and Abeer A.E. 

( 2016). Isolation and Identification of Bacterial Flora from /catfish (Clarias gariepinus) 

with Antimicrobial susceptibility and Herbal sensitivity. Journal of pure and Applied 

Microbiology vol. 10(3), P. 1835-1846. 

Saitou N. and Nei M. (1987). The neighbor-joining method: A new method for reconstructing 

phylogenetic trees. Molecular Biology and Evolution 4:406-425 

Tercero-Alburo, J. J, Gonzalez- Marquez, H., Bonilla-Gonzalez, E., Quinones - Ramirez , E.I  

https://doi.org/10.1128/jb.01455-13


 

 

 and Vazpuez-Salinas, C. (2014) Identification of capsule, biofilm, lateral flagullum,  and 

type IV pilli in Vibrio mimicus strains. Microbial Pathogensis76: 77-83. 

Thomas, O. I. and Adenik, B. A. (2021).  Seasonal variations in Microbial load and Heavy metal 

concentrations in fish from Yenagoa metropolis, Nigeria. Journal of  Applied Health 

Sciences and Medicine 1(1)2021: 13-29. 

Uchechukwu, E. D, & Okoli, M. T. (2019). Microbial communities of culture water and African 

Catfish reared in different aquaculture systems in Nigeria analyzed using culture dependent 

techniques. Asian Journal of Fisheries and Aquatic Research 5(1): 1-18.  

Williams, B.B., Olaosebikan, B. D., Adeleke, A & Fagbenro, O. A (2007). Status of African 

 catfish farming in Nigeria. In: Proceedings of a workshop on the development of 

 genetic improvement program for African catfish Clarias gariepinus held in Ghana 

  

Wise, A. L.; LaFrentz, B. R., Kelly, A. M., Khoo, L. H., Xu, T., Liles & M. R., Bruce, T.J. 

(2021). A review of bacterial co-infections in farmed catfish: Components, diagnostics, and 

treatment  

Nkiru UC, Chukwudi CC, Njideka OC, Okwukweka NF, Chioma A. Isolation of Multi-Resistant 

Bacteria of Patients Suffering from Urinary Tract Infections in Owerri Metropolis, Imo 

State, Nigeria. Acta Scientific MICROBIOLOGY (ISSN: 2581-3226). 2021 Sep;4(9). 

 

 

 

 

 


