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 Abstract 
Multi-drug resistant Enterobacteriaceae were isolated from cultured African catfish 
(Clarias gariepinus) from ten different fish farms located in Kano Metropolis, Nigeria 
using conventional methods of bacterial isolation, phenotypic characterization and 
antimicrobial susceptibility test. This study seeks to document the occurrence of 
Enterobacteriaceae isolates in cultured African catfish from ten registered fish farms, 
determine possible resistance to some antimicrobials and the fish safety for human 
consumption. Isolation and identification of microorganisms were carried out based 
on the standard procedures and antimicrobial susceptibility to 8 commonly used 
antimicrobials were conducted using the Kirby-Bauer disc diffusion method. Out of 
the 400 fish liver sampled, 370 (92.5%) were positive for Enterobacteriaceae isolates, 
these included 277 (69.25%) E. coli, 13 (3.25%) Salmonella spp, 36 (9%) Klebsiella spp, 
21 (5.25%) Proteus spp and 23 (5.75%) Enterobacter spp. The prevalence of the multi-
drug resistance was 97.5% for E. coli, 100% for Salmonella spp, 100% for Klebsiella 
spp, 90.5% for Proteus spp and 82.6% for Enterobacter spp. This study establishes the 
presence of some Enterobacteriaceae and the development of multi-drug resistance 
by these microorganisms. More studies like molecular characterization need to be 
carried out to determine the resistant genes in these organisms, also to assess 
antimicrobial use among fish farmers and the drug residue levels in the edible tissues 
of cultured African catfish in Kano Metropolis, Nigeria. 
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Introduction
As far back middle of the 1990s, catfish has been the 
dominant fish cultured in Nigeria and is currently 
responsible for the major aquaculture output of the 

country (FAO, 2017). Adewumi et al. (2010) opined 
that Clarias gariepinus gave Nigeria a niche in the 
global aquaculture production, and Nigeria is 
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currently the highest producer of aquaculture 
products in Africa and the highest producer of 
African catfish in Africa as well as the world (FAO, 
2017). However, infectious and non-infectious 
diseases constitute a major constraint to 
aquaculture productivity (Bagumire et al., 2010).  
Antimicrobial regimens are being employed 
prophylactically and therapeutically to combat these 
challenges as well as for growth promotion. 
Extensive use of these antimicrobials for prophylaxis 
or additives may translate to more risk of pathogenic 
bacteria developing resistance (Maciej et al., 2020). 
The antimicrobials used either for therapy, as 
prophylactic or for growth promotion purposes 
below therapeutic doses can lead to the transfer of 
resistance genes from the aquatic animals to 
humans, thereby establishing a source of resistant 
microbes. Consequently, contaminated fish with 
these antibiotic-resistant bacteria can be a major 
threat to public health, as the resistant genes can be 
transferred to other bacteria of clinical significance 
(Sérgio et al., 2018). 
Smith et al. (2013) and the World Organization for 
Animal Health (OIE), aquatic animal health code 
(2018) recommended continuous monitoring and 
surveillance of antimicrobial resistance in 
microorganisms associated with aquatic animals 
(OIE, 2018).  
The multi-drug resistance survey in food animals will 
help to develop guidelines for the prudent use of 
antimicrobials (Geidam et al., 2012).  
This study aimed at determining the frequency and 
antimicrobial susceptibility pattern of 
Enterobacteriaceae isolated from cultured African 
catfish (Clarias gariepinus) in Kano Metropolis, 
Nigeria. Members of the family Enterobacteriaceae 
are small Gram negative, non-spore forming straight 
rods. Some genera are motile; others (Tatumella, 
Shigella and Klebsiella species) are non-motile. They 
are facultative anaerobe and most species grow well 
at 37°C. They grow well on peptone and meat 
extract media. Some strains grow on D- glucose as 
the sole source of carbon and energy, but other 
strains require vitamins and or amino acids. Acid is 
produced during the fermentation of D- glucose and 
other carbohydrates. They are oxidase negative and 
catalase reactions vary among Enterobacteriaceae. 
Nitrates are reduced to nitrites except by some 
strains of Erwinia. They are distributed worldwide 
and may be found in soil, water, plants, humans and 
animals (PHC, 2013). 
Multi-drug resistance here is defined as being 
resistant to at least three antimicrobials from 

different classes as defined by Shimaa & Raghda 
(2020). 
 

Materials and Methods 
Sample collection 
Convenient sampling was carried out; 400 Catfish 
samples were sourced from 10 registered 
commercial farms (40 samples per farm) spread 
within Kano metropolis. The culture system in all the 
farms sampled is pond fish culture, raising only 
African catfish of the same age. All the fish sampled 
were between the age of 22 to 25 weeks with an 
average mass and length of 800 ± 79.16g and 32 ± 
2.67cm respectively. All were killed by positioning 
two hands and holding firmly the head and upper 
trunk, forcefully bending it to immobilized, incised 
longitudinally using a sterile scissors from the anal 
opening to the operculum. Liver samples were 
aseptically removed, labeled in a small sterile nylon 
and transported to the Veterinary Microbiology 
Diagnostic Laboratory, Department of Veterinary 
Microbiology Faculty of Veterinary Medicine, 
Ahmadu Bello University, Zaria for the analysis. 
 
Isolation and identification of Enterobacteriaceae 
Isolation and identification were carried out based 
on the procedure described by Quin et al. (2002). 
The convex surface of a hot sterile spatula was used 
to sear the surface of the liver. The seared surface 
was then cut using a sterilized scissors. A swab stick 
was then placed deep into the liver tissue through 
the cut surface to make a primary smear. Using a 
sterilized wire loop, secondary and tertiary streaks 
were made. Briefly, each sample was inoculated on 
MacConkey agar plate and incubated aerobically at 
37oC for 24h. The growth was then sub-cultured on 
Eosin Methylene blue (EMB) agar and incubated at 
37oC for 24h. Colonial morphology was then studied 
and the growth were subjected to Gram staining and 
biochemical tests (Urease test, Citrate test, Methyl 
Red Voges-Proskauer Test (MR-VP), Motility and 
Indole test, Triple Sugar Iron) for identification. All 
identified microorganisms were preserved in a 
nutrient agar slant for antimicrobial susceptibility 
test. 
 
Gram staining 
All the isolated organisms were subjected to Gram 
staining techniques for identification as described by 
Quin et al. (2002). 
 
Biochemical tests 
The biochemical tests that were carried out include: 
triple sugar iron (TSI), Indole, Urea, Citrate, MRVP 



Sokoto Journal of Veterinary Sciences, Volume 19 (Number 2). June, 2021 

108 

 

(Methyl red Voges Proskeur) and motility. The media 
were prepared based on the manufacturer’s 
instructions.  The test tubes containing the test 
media were labeled and arranged properly in a test 
tube rack, each was inoculated with the test 
organism and incubated aerobically at 37oC for 
24hours, after which Kovac’s reagent, VP1 & VP2 
were added to the incubated peptone water for 
both Indole and MRVP tests respectively. Table 1 
shows the criteria adopted to classify the isolates to 
be either Enterobacteriaceae or not. 
 
Antimicrobial susceptibility testing (disc diffusion) 
The Antimicrobial susceptibility testing was carried 
out on Mueller Hinton agar using Kirby-Bauer disc 
diffusion method and results were interpreted 
according to Clinical laboratory standards Institute 
guide (CLSI, 2018). Susceptibility to the following 
antimicrobials from OxoidTM was tested: Gentamicin, 
Amoxicillin, Erythromycin, Tetracycline, Penicillin, 
Streptomycin, Nitrofurantoin and Doxycycline. Out 
of the 8 antimicrobials tested, any isolate resistant 
to at least 3 of them from different classes was 
considered multi-drug-resistant. 

Results 
Table 2 shows the isolation rate of the 
Enterobacteriaceae isolated from the liver of 
cultured African catfish from 10 different farms, 1 in 
Dala, 1 in Fagge, 1 in Nasarawa, 2 in Ungoggo, 2 in 
Tarauni, 1 in Municipal, 1 in Gwale and 1 in 
Kumbotso Local Government Areas distributed 
within Kano Metropolis, Nigeria. Out of 400 samples, 
277 (69.25%), 13 (3.25%), 36 (9%) 21 (5.25%), 23 
(5.75%) were positive for E. coli, Salmonella spp, 
Klebsiella spp, Proteus spp and Enterobacter spp, 
respectively, 30 (7.5%) were negative (No microbial 
growth was observed). Table 3 shows the multi-drug 
resistance pattern of Enterobacteriaceae isolated 
from the liver of African catfish from Kano 
Metropolis, Nigeria. 
As shown in Table 4, only 7 E. coli isolates were 
resistant to 1 antimicrobial, 21 isolates were 
resistant to 2 antimicrobials; other E. coli isolates 
were resistant to 3 or more antimicrobials. Only 2 
isolates of Klebsiella spp were resistant to 2 
antimicrobials, other Klebsiella spp isolates were 
resistant to 3 or more antimicrobials. Only 1 isolate

 

Table 1: Biochemical test for identification of Enterobacteriaceae isolated from the liver of African catfish from 
Kano Metropolis, Nigeria 

S/N Test Salmonella spp E. coli Klebsiella spp Proteus spp Enterobacter spp 

1. 
2. 

Grams reaction 
Oxidase 

- 
- 

- 
- 

- 
- 

- 
- 

- 
- 

3. TSI K/A A/A A/A K/A A/A 
4. Indole - + - + - 
5. Methyl red + + - + - 
6. Voges-proskauer - - + - + 
7. Citrate + - + - + 
8. Urease - - + + + 
9. Motility + + - + (Swarming) + 

Key: TSI = Triple sugar iron; K/A = Alkaline/Acid; A/A = Acid/Acid; + = positive; - = Negative; spp = species 
 
Table 2: Frequency isolation rate of the Enterobacteriaceae isolated from the liver of cultured African catfish from 
ten (10) different farms distributed within Kano Metropolis, Nigeria 

S/No. Farms 
(N=400) 

E. coli 
 

Salmonella spp Klebsiella spp Protesus spp Enterobacter spp Samples 
negative 

1.  K 8 3 4 4 8 13 
2.  D 34 3 2 0 0 1 
3.  O 36 0 0 2 2 0 
4.  J 24 0 3 6 0 7 
5.  L 28 3 2 0 2 5 
6.  N 27  0 7 4 0 2 
7.  R 34 0 1 0 5 0 
8.  A 33 1 4 2 0 0 
9.  X 32 0 2 0 4 2 
10.  Z  21 3 11 3 2 0 

 Total 277 13 36 21 23 30 
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Table3: Multi-drug resistance pattern of Enterobacteriaceae isolated from the liver of African Catfish in some selected 
farms from Kano Metropolis, Nigeria 

Antimicrobials Disc Conc. 
(µg) 

E. coli Salmonella 
spp 

Klebsiella 
spp 

Protesus 
Spp 

Enterobacter 
spp 

Cumulative % 

Gentamicin (CN) 10  136 11 23 11 13 194 52.4 
Amoxycilin (AML) 10  197 7 25  14 13 256 69.2 
Erythomycin (E) 15  149 9 18 7 8 191 51.6 
Tetracycline (TE) 30  152 7 25 11 8  203 54.9 
Penicillin (P) 10 units 238 13 33 18 18 320 86.5 
Streptomycin (S) 10  131 7 18 9 9 174 47.0 
Nitrofuramtoin (F) 50 103  8  9 8 3   133 35.9 
Doxycycline (DO) 30  123 11 15 6 7 162 43.8 

 
Table 4: Isolates resistant to 1 or 2 antimicrobials 

S/N Isolate (n) Frequency of resistance 
to antimicrobials 

Antimicrobial-resistant pattern 

1  E. coli (7) 1 5P, 1E & 1S 
2  E. coli (21) 2 5P & S, 4P & TE, 4P & CN, 2P & DO, 1E & TE, 1AML & 

DO, 1CN & DO, 1DO & F, 1E & P and 1CN & AML 
3 Klebsiella species (2) 2 1P & DO and 1P & TE 
4 Proteus species (1) 1 1F 
5 Proteus species (3) 2 1P & DO and 2P & S 
6 Enterobacter species (4) 1 2P and 2CN 
7 Enterobacter species (5) 2 1P & S, 1CN & AML, 2CN & P and 1P & F 

Key: CN=Gentamicin, AML=Amoxycilin, E=Erythromycin, TE=Tetracycline, P=Penicillin, S=Streptomycin, 
F=Nitrofurantoin, DO=Doxycycline 
 
of Proteus spp was observed to be susceptible to all 
antimicrobials tested, 1 isolate was resistant to 1 
antimicrobial, 3 isolates were resistant to 2 
antimicrobials, other Proteus spp isolates were 
resistant to 3 or more antimicrobials. 
Only 4 isolates of Enterobacter spp were resistant to 
1 antimicrobial, 5 isolates were resistant to 2 
antimicrobials; other Enterobacter spp isolates were 
resistant to 3 or more antimicrobials. All isolates 
resistant to more than two antimicrobials were 
considered multi-drug resistant as defined by Shimaa 
& Raghda (2020). 
 
Discussion 
Members of the group Enterobacteriaceae of human 
origin survive and multiply in the GIT and tissues of 
fish (Udeze et al., 2012). In this study, E. coli was the 
predominant species found in the liver of fish. The 
presence of E. coli suggests it as the possible cause 
of frequent gastrointestinal illness in humans and 
may constitute potential danger of antibiotic 
resistance to humans, Grema et al. (2015). The high 
number of E. coli isolates in this study agrees with 
the findings of Grema et al. (2015) that reported 
75.7% multi-drug resistant E. coli isolates from fish. 
In Malaysia, Wan & Gerald (2017) reported 100% 

Erythromycin and Penicillin, 23.2% Tetracycline and 
14.5% Streptomycin resistant E. coli strains in fish. 
This however, contradicts the findings in this study, 
perhaps this is attributed to exposure, non-exposure 
to the drugs or different types of strains involved. 
Multi-drug resistance in fish was also reported in 
Klebsiella spp and Proteus spp with most isolates 
resistant to 4 to 8 antibiotic agents (Grema et al., 
2015), this also agrees with the results obtained in 
this study. 
All the isolated microorganisms in this study were 
found to be present in fish livers, and in other 
studies were isolated in water and fish samples from 
market environments (Da Costa et al., 2013). These 
microorganisms may carry the genes of multi-drug 
resistance that are transferable to other humans or 
animals pathogens through environment and or 
consumption in food (Da Costa et al., 2013; Grema et 
al., 2015). 
The findings in this study also agree with earlier 
reports of Overdevest et al. (2011) that antibiotic 
resistance in Enterobacteriaceae has increased 
dramatically during the past decade. Also these 
results provide evidence that there is an increased 
emergence of antibiotic resistance from bacterial 
isolates of fish. This agrees with the reports of 
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Albuquerque et al. (2007) who found increasing 
emergence of antibiotic resistance in bacterial 
isolates originating from fish and fish handlers. 
This study established the presence of some 
Enterobacteriaceae and the development of multi-
drug resistance by these microorganisms in some 
selected fish farms in Kano Metropolis, Nigeria. The 
findings from this study should serve as an indicator 
for the likelihood of consuming Enterobacteriaceae 
resistant to the tested antimicrobials and that may 
give room for the transfer of the resistant genes to 
other organisms. There is a need to carry out the 
molecular characterization of the enteric 
microorganisms in the study area, for a detailed 
understanding of these microorganisms and the 
arrays of conditions they do cause in aquaculture 
and fish farms.  More studies need to be carried out 
to assess antimicrobial use among fish farmers and 
determine drugs residues level in the edible tissues 
of cultured African catfish in Kano Metropolis, 
Nigeria. 
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