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Abstract: The antibiotic resistance of bacteria isolated from Clarias gariepinus from 3 farms in Ago-Iwoye,
Nigeria was investigated. Morphological and biochemical characteristics of isolates revealed that majority of
the bacteria belonged to the family Enterobacteriaceae. Staphylococcus aureus and Pseudomonas aeruginosa
were also recovered. E. coli strains were highly resistant to ampicillin, chloramphenicol and oxytetracycline
(82.4%). Majority of the Pseudomonas aeruginosa were resistant to ampicillin (63.6%), amoxycillin (54.5%),
nalidixic acid (63.6%) and oxytetracycline (72.7%), whereas most of the Salmonella spp. were resistant to
erythromycin (85.7%), gentamycin (71.4%), amoxicillin (57.1%), chloramphenicol (57.1%) and
sulphamethoxazole (57.1%). All isolates were highly sensitive to ciprofloxacin, novobiocin and ofloxacin.
While the presence of potentially pathogenic bacterial species as observed in the study may not present a
serious human health hazard because of heat treatment accorded fish before consumption, the presence of
antibiotic resistant strains should not be ignored because of the potential for horizontal gene transfer in the food
chain.
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INTRODUCTION

Fish culture is a relatively new enterprise in the
developing world, especially in Africa. However there are
a number of constraints to its growth/expansion, which
include among others, infection by bacteria. Aquatic
bacteria that infect fish belong to three groups: the Gram-
negative bacteria (most common), Gram-positive bacteria
and acid-fast bacteria, which are obtained from food or
from the environment. Gram-negative bacteria cause most
diseases in tropical fish. Several workers have conducted
investigations on these bacteria (Ducenci and Candan,
2003; Kar and Ghosh, 2008); some of which are
opportunistic pathogens (Schmidt et al., 2000) while
others are obligatory pathogens (Tendencic, 2004). In
recent studies, some of the bacteria inhabiting the
intestine of fish have been isolated and cultured and used
as probionts (Vines et al., 2006; Marzouk et al., 2008;
Verschuere et al., 2000). This novel method has replaced
the use of chemotherapy in many fish diseases. Bacteria
tend to develop resistance to these chemotherapeutics,
which at times is transferred to related species, rendering
these drugs impotent. Seafood is becoming an important
avenue for the evolution of antibiotic-resistant bacteria
and their dissemination.

Clarias gariepinus is a popular fish for aquaculture
because of its hardiness, ease of larval production in

captivity and good market price. Investigations have been
conducted on the bacteria infecting different catfish
species  including  Pangasius  hypophthalmus (Crumlish
et al., 2002; Dung et al., 2004; El-Yazeed and Ibraheem,
2009; Ferguson et al., 2001; Sarter et al., 2007). Whereas
studies have been conducted on the bacteriology of fish
samples purchased from fish markets, there is limited data
on the prevalence of bacteria and on the antibiotic
resistance of bacteria isolated from Clarias gariepinus, a
very common species, directly obtained from fish farms
in Nigeria. The present study was aimed at determining
the intestinal bacteria of Clarias gariepinus and their
susceptibility to antibiotics commonly used in aquaculture
in southwestern Nigeria.

MATERIALS AND METHODS

Collection of samples and bacteria isolation: Catfish
(Clarias gariepinus) samples were collected randomly
from 3 fish farms located in Ago-Iwoye, Southwestern
Nigeria. The samples were collected between June and
August, 2010. Five live fishes were each collected from
the farms at 2 weeks interval, making a total of 30
samples per farm. The intestines and gills of fishes
collected from each farm were aseptically removed,
pooled and chopped with sterile knife. Twenty five grams
of a mixture from intestines and gills was blended using
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a stomacher with 225 mL Buffered Peptone Water
(BPW). The BPW-enriched mixture was incubated at 30º
C for 24 h after which direct plating was done on Eosin
Methylene Blue agar, Mannitol Salt Agar, Glutamate
Starch Pseudomonas agar, Baird Parker agar and Blood
agar. Water samples from each farm was diluted up to 104

times in sterile physiological saline. One ml of the
dilution was inoculated onto Plate Count Agar (PCA) in
addition to the solid media used above using the spread
plate method. The plates were incubated at 30ºC for 24 h.
After incubation, the numbers of colony forming unit
(cfu) were recorded by regarding only the plates
containing cfu between 30-300 and the bacterial densities
expressed in cfu/mL of water sample. The bacterial
colonies that grew on the media were selected, purified
and subjected to morphological and biochemical tests for
identification. Tests carried out for identification included
Gram’s stain, catalase, oxidase, coagulase, motility, O-F,
indole, gelatin hydrolysis, methyl-red, Voges-Proskauer,
ONPG, lysine decarboxylase, citrate utilization, Triple
Sugar Iron (TSI) agar, nitrate reduction and fermentation
of sugars such as glucose, sucrose, lactose, mannitol,
arabinose, sorbitol, inositol, fructose, mannose and
rhamnose. The identities of some enterobacteria were
confirmed using commercial identification system kit
(API 20E, Biomerieux, France).

Antibiotic susceptibility testing: The antibiotic
susceptibility test was performed according to Kirby-
Bauer disk diffusion method (Bauer et al., 1966) using
Mueller-Hinton (MH) agar (Oxoid, Basingstoke, U.K.).
The inoculums was prepared in tryptone soy broth and the
concentration of the bacterial cells were adjusted to a 106

colony forming unit using sterile physiological saline to
correspond to 0.5 MacFarland standard. The inoculums
was swabbed on the prepared MH agar. The antibiotics
tested and their concentrations were, ampicillin 10:g,
amoxicillin 25 :g, tetracycline 30 :g, chloramphenicol 30
:g, nalidixic acid 30 :g, novobiocin 30 :g, erythromycin
15 :g, streptomycin 30 :g, nitrofurantoin 300 :g,
sulphamethoxazole 25 :g, gentamicin 10:g, ofloxacin 5
:g and ciprofloxacin 5 :g. E. coli ATCC 25922 was
included as control for the series of antibiotic
susceptibility determinations. After incubation for 24 h,
the zones of inhibition were interpreted according to the
criteria recommended by CLSI (2006).

RESULTS

Isolation and identification of bacterial species:
Bacteria were isolated from the intestines and gills of
Clarias gariepinus from three farms in Ago-Iwoye,
Nigeria. A total of 56 bacterial isolates belonging to 8
genera namely, Edwardsiella, Escherichia, Morganela,
Proteus, Pseudomonas, Salmonella, Shigella and
Staphylococcus and representing 11 bacterial species were
recovered from 90 fish samples from the 3 farms studied.
Escherichia coli was the most prevalent species identified

Table 1: Bacteria isolated from intestine and gills of Clarias gariepinus
Fish farm (No. of isolates)
---------------------------------------------------

Isolate identified Farm A Farm B Farm C Total
Edwardsiella tarda 2 - - 2
Escherichia coli 5 6 6 17
Morganella morganii - 1 - 1
Proteus vulgaris 2 - - 2
Pseudomonas aeruginosa 3 - 5 8
Pseudomonas fluorescens 2 1 - 3
Salmonella typhimurium 1 4 - 5
Salmonella enteritidis 2 - - 2
Shigella sp. - 1 - 1
Staphylococcus aureus 4 2 5 11
Staphylococcus 
saprophyticus 1 3 -  4

22 18 16 56

Table 2: Total colony forming unit of bacteria isolated from water
samples collected at 2 weeks interval for 3 months

Staphy-
E. Pseudomonas  Salmonella Edwardsiella lococcus

Farm coli spp. spp tarda spp.
Farm A
1 105 104 104 105 105

2 105 104 104 1.2×106 105

3 104 102 104 3.2×106 105

4 105 103 104 - 105

5 105 104 104 - 105

6 105 104 - - 105

Farm B
1 106 - 105 - 105

2 105 - 1.2×107 - 105

3 105 1.2×104 105 - 104

4 104 - 105 - 104

5 105 1.8×107 106 - 104

6 105 - 105 - 104

Farm C
1 105 - - - 1.8×107

2 1.2×107 - - - 1.3×106

3 3.4×106 - - - 105

4 1.8×107 - - - 106

5 1.3×106 - - - 105
6 1050 - - - 105

and the species occurred in all the farms visited. This was
followed by Staphylococcus aureus which was also
recovered from the 3 farms. Edwardsiella tarda,
Morganella morganii, Proteue vulgaris, Salmonella
enteritidis and Shigella sp. were recovered from one farm
each and at low frequencies (Table 1).

The total colony forming unit of representative
bacterial isolates from water samples collected in the
present investigation ranged from 102 to 107 (Table 2).

Antibiotic resistance patterns of bacterial species: All
isolates showed high sensitivity to ciprofloxacin and
novobiocin. Resistance to amoxycillin and streptomycin
was highest for Staphylococcus spp. than other organisms
whereas Salmonella spp. showed the highest resistance
for erythromycin, gentamicin, chloramphenicol and
sulphamethoxazole when compared with the other
organisms. The highest percentage resistance for nalidixic
acid was recorded for Pseudomonas spp. The two isolates
of Edwardsiella tarda were 100% resistant to
erythromycin and sulphamethoxazole whereas they were
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Table 3: Antibiotic resistance (%) in bacteria isolated from Clarias gariepinus
Antibiotic E. coli Pseudomonas spp. Salmonella spp. Staphylococcus spp Edwardsiella tarda
Ampicillin 82.4 63.6 42.9 73.3 0
Amoxycillin 41.2 54.5 57.1 66.7 0
Chloramphenicol 82.4 36.4 57.1 53.3 0
Ciprofloxacin 0 9.1 0 0 0
Erythromycin 47.1 9.1 85.7 66.7 100
Gentamicin1 7.6 18.2 71.4 40.0 0
Nalidixic acid 5.9 63.6 14.3 6.7 0
Novobiocin 11.8 9.1 0 6.7 0
Nitrofurantoin 17.6 27.3 28.6 6.7 0
Streptomycin 29.4 36.4 42.9 46.7 0
Sulphamethoxazole 0 9.1 57.1 20 100
Tetracycline 82.4 72.7 28.6 40 0
Ofloxacin 0 0 0 0 0

sensitive to all the other antibiotics tested. Majority of the
E. coli strains were sensitive to most antibiotics used
except ampicillin, chloramphenicol and tetracycline
(Table 3). 

DISCUSSION

The concentration of bacteria associated with the
water samples in the farms visited was high. This high
level of bacteria recovered in the water samples calls for
concern and provides an early warning since the fishes
reared in them stand the potential risk of being devastated
by disease outbreak with time if the level is not
monitored. Fishes could be contaminated by the water in
which they are grown (Alcaide et al., 2005). Although the
bacterial species found in the present study did not cause
mortality to the fishes in the studied farms probably
because the fishes have strong host defence response yet
the species are both opportunistic and pathogenic species
which could be involved in causing fish diseases. In
addition, these organisms could also be involved in the
transmission of diseases to human beings. Fish and their
products have been reported as vehicles of foodborne
bacterial infections in humans (Novotyn et al., 2004;
Hastein et al., 2006). Some of the bacterial species
recovered in this study were also identified from catfish,
Pangasius sp. in Vietnam (Sarter et al., 2007). A number
of investigators have reported the occurrence of
Edwardsiella spp. in fishes (especially Pangasius and
Pangasionodon spp.) from freshwater aquaculture
environment (Ferguson et al., 2001; Crumlish et al.,
2002). Edwardsiella ictaluri infection was first reported
from channel catfish in 1979 (Hawke, 1979) and has been
attributed to cause 50-90% mortality for Tra catfish in
Vietnam (Dung et al., 2004). Ho et al. (2008) also
isolated the species along with Aeromonas hydrophila
from infected Pangasionodon hypophthalmus (Sauvage,
1879). In the present investigation, Edwardsiella tarda
was recovered in low frequency and from only one farm.
The isolates were isolated from apparently healthy fishes,
indicating that the organism does not constitute a serious
threat to fishes in the environment studied. However the
organism is of public health significance in that human
liver infections caused by it has been reported in literature

(Manchanda et al., 2006). The organism has also been
associated with a number of other human infections such
as gastroenteritis, osteomyelitis, cellulitis and meningitis
(Janda and Abbott, 1993). It is not surprising that E. coli
was recovered in high frequency from the 3 farms.
Although it is not known whether the fish farms use
livestock manures, it is pertinent to say that most isolates
recovered may have been introduced as a result of
contamination with animal faecal matter. In this
environment, it is not uncommon to find fish grown in
aquaculture fed with faecal matter of livestock origin.
This practice poses a serious danger to human health since
strains of E. coli that are pathogenic and enterotoxigenic
are known to cause life-threatening foodborne diseases
(Temelli, 2002; Manna et al., 2008).

Salmonella spp. have been recovered from gills,
intestine and whole body of catfish, Clarias gariepinus
and seafood in Malaysia and elsewhere (Budiati et al.,
2011;  Bremer  et  al.,  2003;  Kumar et al., 2009; Heinitz
et al., 2000; Ponce et al., 2008). The present study
recovered two species, Salmonella typhimurium and Salm.
Enteritidis. This constitutes a food safety problem
because catfish could be a potential agent of transfer of
these species to unsuspecting consumers. Aeromonas
hydrophila and Vibrio spp. which are ubiquitous in the
aquatic environment and which are common fish
pathogens (Hatha et al., 2005; Ottaviani et al., 2001;
Vivekanandhan et al., 2002) were not recovered in this
study.

Out of the 17 isolates of E. coli recovered from the 3
farms 14 were resistant to tetracycline, chloramphenicol
and ampicillin. It is not known whether the resistance to
tetracycline and other antibiotics was as a result of the
practice of incorporation of drugs into feeds used in
aquaculture. Although the fish farmers claimed to use
industrial feed meals, it is not clear whether the meals
contain antibiotics. The use of antibiotics may select for
antibiotic resistant bacteria in aquaculture ecosystem
(Nawaz et al., 2001; Carbello, 2006). High level
resistance to chloramphenicol has been reported by
Michel et al. (2003) although the % resistance reported in
the present investigation was a little higher and the fishes
examined by them were different from the current study.
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The results of the resistance rate of E. coli to
nitrofurantoin compares favourably with that of Teophilo
et al. (2002). In the present study, resistance of the
bacterial isolates to nitrofurantoin and sulphamethoxazole
were lower than those reported by Phuong et al. (2005)
and Sarter et al. (2007) from Pangasius sp. in Vietnam.

In conclusion, the widespread use of antibiotics in
fish farming for therapeutic, prophylactic purposes and as
growth promoters can promote the emergence of
resistance in bacteria. Many of the antibiotics investigated
in the present study are known to be used in veterinary
practice (Michael, 2001). It is therefore necessary to
monitor the usage of antibiotics in aquaculture practices
to prevent the frequency of development of resistant fish
pathogens and bacteria. Moreover the transferability of
fish pathogens that are multi-drug resistant through
horizontal gene transfer in the food chain has human
health consequences (Nawaz et al., 2001; Heuer et al.,
2009).
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