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Abstract

Microbial resistance to antibiotics is a global problem that threatens the lives
of millions of people and affects several sectors, including aquaculture. The
aim of the present study is to contribute to the monitoring of multi-resistant
enterobacterial strains circulating in fish ponds in the Sud-Comoé region of
south-eastern Cote d’Ivoire, more specifically in the Aboisso and Tiapoum de-
partments. To this end, 20 samples of Tilapia fish ( Oreochromis niloticus) and
60 samples of farm water were collected from 5 fish farms in the Sud-Comoé
region. Microbiological analyses were based on the isolation and identification
of enterobacteria on Mac Conkey + Ceftazidime medium. These analyses re-
sulted in the isolation of 73 strains of enterobacteria, including 58 from fish
and 15 from fish pond water samples. Antibiotic sensitivity tests carried out
on enterobacteria isolated from water and fish samples showed high levels of
resistance (100%) to the beta-lactam family (Amoxicilin + clavulanic acid,
Ceftazidime). Klebsiella pneumoniae and Enterobacter spp. showed resistance
to Ciprofloxacins (100%) and (25%) respectively. The study also showed that
strains of Enterobacteriaceae were resistant to all 3 families of antibiotics, no-
tably Beta-lactams, Fluoro-quinolones and Aminosides. The presence of
multi-resistant Enterobacteriaceae in fish and pond water samples represents
a public health risk.
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1. Introduction

Antimicrobial resistance (AMR) today represents one of the most serious threats
to global public health [1]. According to the Food and Agriculture Organization
of the United Nations, when antimicrobials are used inappropriately, they can
pose a serious health risk to consumers [2]. Indeed, the number of deaths per year
worldwide due to antibiotic resistance is currently estimated at 700,000, including
5500 in France. The most alarmist predictions predict 10 million deaths per year
in 2050, including 4.1 million in Africa [3]. It should be noted that a study carried
out on antibiotic resistance in the commensal flora of Asian aquaculture fish
showed that out of 203 strains isolated, 150 were resistant to the 10 antibiotics
tested (oxytetracycline, chloramphenicol, sulfonamides, nalidixic acid, ampicillin,
streptomycin, oxolinic acid...) [4].

Furthermore, in Africa, several sectors (animal, human and aquaculture) are
affected by antimicrobial resistance (AMR), in particular the aquaculture sector,
which uses large quantities of antibiotics to control numerous ichthyo-pathogens
(vibriosis, furunculosis, pasteurellosis, streptococcosis, myxobacteriosis, etc.) and
improve yields [5]. In addition, some studies on the resistance profile of bacteria
isolated from aquatic environments highlight the resistance of £. colito amoxicil-
lin, azithromycin, penicillin, erythromycin and other antibiotics [6] [7].

Sustainable management of antimicrobial resistance requires the adoption of a
strategic plan based on the surveillance, prevention and treatment of infections in
humans and animals, and the reduction of inappropriate antimicrobial use in all
sectors.

In Cote d’Ivoire, aquaculture plays a strategic role in both food security and
socio-economic development [8]. However, Ivorian production covers only 30%
of its needs [9]. Despite low production levels, fish farming plays a key economic,
social and nutritional role [9]. In addition, little work has been carried out in Cote
d’Ivoire on the resistance and microbiological quality of fish and water from the
aquaculture environment. Yet the quantity of inputs used in this sector is signifi-
cant. Hence the interest of this study, whose general objective was to contribute
to the surveillance of multi-resistant bacteria isolated from fish farms in the Sud-
Comoé region. More specifically, the aim was to:

» Identify enterobacteria in water and Tilapia fish (Oreochromis niloticus) from
fish farms in the Sud-Comoé region;

» Determine the resistance profile of enterobacteria strains isolated from water
and Tilapia fish (Oreochromis niloticus) from fish farms in the Sud-Comoé

region.
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2. Material and Methods
2.1. Material

2.1.1. Study Material
The study material consisted of fish named Tilapia (Oreochromis niloticus)

(Figure 1) and water samples taken from fish farms in the Sud-Comoé region.

Figure 1. Samples of tilapia fish (Oreochromis niloticus) taken
from Aketchi farms in the Sud-Comoé region.

2.1.2. Sampling Equipment

The sampling equipment consisted of one (01) liter bottle for water sampling, a
cooler containing dry ice for sample preservation, a pH meter for pH measure-
ment, a marker, gangs, adhesive tape for bottle labeling, distilled water for rins-

ing the pH meter after each pH measurement and stomacher bags for fish sam-

pling.

2.1.3. Culture Media and Reagents for Bacterial Isolation and Identification
Mac-conkey agar, UTT agar and Le Minor rack were used to test for enterobacte-
ria. Buffered peptone water, Rapapport Vassiliadis broth (RVS) and Hektoen agar
were used respectively for pre-enrichment, enrichment and as a selective medium
for the detection and isolation of Salmonella. A concentration of 2 mg per liter of
the antibiotic Ceftazidime was added to Mac Conkey agar for the detection of an-

tibiotic-resistant Enterobacteriaceae. Kovac reagent was used for the indole test.

2.2. Methods
2.2.1. Study Area

The study was carried out in two departments (Aboisso and Tiapoum) of Sud-

Comoé region in southern Cote d’Ivoire.

2.2.2. Sampling

The sampling phase of water and Tilapia fish (Oreochromis niloticus) in fish
farms took place from July 2022 to September 2022. Two Departments were se-
lected (Aboisso, Tiapoum). The Departments were selected on the basis of their
large number of fish farms. Samples were taken from a total of 5 fish farms in both

departments (Figure 2). Samples for microbiological analysis were taken under
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aseptic conditions: gloves were used to protect hands during sampling. A total of
80 samples were taken, including 20 fish samples and 60 water samples. On each
farm, two ponds were selected for water and fish sampling: the growth pond and
the maturity pond. In each pond, one (01) fish sample consisted of five (05) fish
taken at random using a net by the fish farmers. Water samples were taken up-
stream, in the middle and downstream of each pond using a sterile one (01) liter
bottle. Fish samples were collected and packed in stomatcher bags and water sam-
ples were collected in 500 mL sterile bottles. Samples were then placed in a cooler

containing carboglass and transported immediately to the lab for analysis.
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Figure 2. Map of the Sud-Comoé region and sampling points.

2.2.3. Microbiological Analysis

Bacteriological Analysis of Fish

Bacteriological analyses focused on enterobacteria in water samples and various
organs (skin, gills and viscera).

The stock solution consisted of 25 g of fish tissue (viscera, skin and gills)
weighed and introduced into a sterile bottle containing 225 mL of buffered pep-
tone water. The whole mixture was homogenized using a magnetic stirrer, and the
flasks were then placed in an oven at 37°C for 24 hours. For Salmonella testing,
0.1 mL of each pre-enriched suspension (EPT) was inoculated into Rapapport-
Vassiliadis broth for enrichment and incubated at 42°C for 24 hours. Using a ster-
ile Pasteur pipette, the enriched suspension of each tissue was Z streaked onto
Hektoen selective medium and the Petri dishes incubated at 37°C for 24 hours.
For resistant enterobacteria, 0.1 mL of each pre-enriched suspension (EPT) was
spread onto Mac Conkey + Ceftazidime antibiotic-supplemented media and Mac
Conkey media for resistant and non-resistant enterobacteria. Petri dishes and
tubes were then incubated at 37°C for 18 to 24 hours. Colonies obtained after 24
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hours were transferred to UTI agar (nutrient medium) and the plates were then
incubated at 37°C for 24 hours.

Bacteriological Analysis of Water

Microbiological analyses of pond water were carried out using the membrane
filtration method, with decimal dilutions made from the samples. A volume of 1
mL of each dilution was taken and filtered through a 0.45 pm porosity membrane
filter. The membranes were removed and placed in Petri dishes containing Mac
Conkey agar, then incubated at 37°C for 24 hours. At the end of incubation, red
colonies were counted on Petri dishes with colony counts between 15 and 150.
After incubation, presumptive red colonies of Enterobacteriaceae on Mac Conkey
+ Ceftazidime medium were transferred to UTI chromogenic medium. On UTI
agar, red colonies are characteristic of either E. coli or Proteus vulgaris, while blue
colonies are either Enterobacter spp. or Klebsiella pneumoniae. Blue and red col-
onies were then isolated and transferred to nutrient agar for biochemical charac-

terization. All identified Enterobacteriaceae were subjected to an antibiogram test.

2.2.4. Expression of Results
The total number of colonies in the dilutions was calculated using the following
formula [10].
> Colonies
V(n1+0,1n2)d

With:

N: number of bacteria expressed per log CFU/mL of water;
YColonies: sum of colonies on interpretable membranes;
Volume of water filtered on interpretable membranes (in mL);
d: dilution factor;

nl: number of Petri dishes inoculated with the first dilution;
n2: number of Petri dishes inoculated with the second dilution.

The loads obtained were then expressed in Log CFU/100mL of water.

2.2.5. Statistical Analysis

Analysis of variance (ANOVA) was performed using Statistica software version
7.1 to study significant differences between the variables measured (pH, average
microbial load). In the event of a significant difference between the parameters
studied, means and standard deviations were classified using the Newman-Keuls
test at a significance level (a) of 5%. Statistical differences with a probability value
of less than 0.05 were considered significant. When the probability is greater than
0.05, statistical differences are not significant. Band diagrams were plotted using
Excel 2013.

3. Results

3.1. Loads of Enterobacteria Isolated on Mac Conkey Medium from
Fish Farm Water Samples

Average enterobacteria loads in farm water ranged from 3.65 to 5.62 Log
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CFU/100mL. The highest average load was obtained from the Ebalé farm with
5.62 Log CFU/100mL, while the lowest average load (3.74 Log CFU/100mL) was
obtained from the Aketchi farm (Figure 3). Statistical analysis reveals that there
is a significant difference (P < 0.05) between the different average loads of Enter-

obacteriaceae in the water samples analyzed.
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Figure 3. Variation of loads in Log CFU/100mL of enterobacteria on Mac
Conkey medium.

3.2. Loads of Ceftazidime-Resistant Enterobacteriaceae Isolated
from Fish Farm Water Samples

Average loads of Ceftazidime-resistant Enterobacteriaceae ranged from 2.04 to
2.92 Log CFU/100mL. The highest load was obtained at the Ebalé farm with 2.92
Log CFU/100mL. The lowest load (2.04 Log CFU/100mL) was obtained on the
Kodjo and Aketchi farms (Figure 4). Statistical analysis reveals that there is a sig-
nificant difference (P < 0.05) between the different enterobacteria loads in the wa-
ter samples analyzed.
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Figure 4. Variation of loads in Log CFU/100mL of Ceftazidime-resistant
Enterobacteriaceae, values bearing the same letters are not significantly
different according to the Newman-Keul test (a = 0.05).

3.3. Frequency of Isolation of Enterobacteria from Water Samples
from Fish Farms in the Sud-Comoé Region

Enterobacter spp., Klebsiella pneumoniae, E. coli and Proteus vulgaris were the
main species isolated from water samples. The most frequently isolated species
were Enterobacter spp. and E. coli, with a frequency of isolation of 46.67% and
40% respectively (Figure 5).
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Figure 5. Proportion (%) of enterobacteria isolated from water samples.

3.4. Frequency of Isolation of Enterobacteria from Fish Samples
from Fish Farms in the Sud-Comoé Region

Bacteriological analysis of skin, gills and viscera revealed a total of 58 enterobac-
teria, including Enterobacter spp. (12.07%), Klebsiella pneumoniae (24.14%), E.
coli (53.45%) and Proteus vulgaris (10.34%) (Figure 6). Among the organs ana-
lyzed, gills were the most contaminated with bacteria, with 22 isolated enterobac-
teria (37.93%), followed by skin, with 19 isolated enterobacteria (32.76%), and
viscera, with 17 isolated enterobacteria (29.31%). The normality of the distribu-
tion of enterobacteria identified according to organ follows a normal distribution
according to the Kolmogoro and Chappiro Wilk Test (Table 1).

10.34%
24.14%
53.45%
12.07%
Escherichia.coli Enterobacter spp

Klebsiella pneumoniae  Proteus vulgaris

Figure 6. Proportion (%) of enterobacteria isolated from fish.

Table 1. Distribution of enterobacteria isolated from different organs of fish from fish

farms.
Organs . . .
Germs Skin Viscera Gills Total Percentage (%)
Escherichia coli 19 11 01 31 53.45
Klebsiella pneumoniae 00 00 14 14 24.14
Proteus vulgaris 00 06 00 06 10.34
Enterobacter spp. 00 00 07 07 12.07
Total 19 17 22 58 100
Percentage (%) 32.76 29.31 37.93 100
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3.5. Antibiotic Resistance Profile of Enterobacteria Isolated from
Fish Farms in the Sud-Comoé Region

Sensitivity tests carried out on enterobacteria identified in fish (Table 2) from fish
farms were carried out using the antibiotic families (beta-lactams, fluoro-quin-
olones, aminoglycosides). Bacteria isolated from fish samples showed high levels
of resistance (100%) to two beta-lactam antibiotics (Amoxicillin + Clavulanic
acid, Ceftazidime). Resistance (55.56%) of E. coli strains to Imipenem was also
observed. In the fluoroquinolone family, only E.colf strains showed 55.56% re-
sistance to nalidixic acid. However, an average resistance (22%) of E.coli was ob-
served with both Ciprofloxacin and Aminosides (Amikacin, Gentamicin). All
Klebsiella pneumoniae strains (100%) were resistant to nalidixic acid. Resistance
rates of 50% for Enterobacter spp. were observed with nalidixic acid and Gentami-
cin, and 33% for Proteus vulgaris with respect to Imipenem, nalidic acid, Ciprof-
loxacin, Gentamicin and Amikacin.

When sensitivity tests were carried out on the enterobacteria identified in the
water samples. We also observed a high level of resistance (100%) to two beta-lac-
tam antibiotics (Amoxicillin + Clavulanic acid, Ceftazidime) in all strains isolated.
Resistance rates of 100% were observed in Klebsiella pneumoniae and Proteus vul-
garis with Ciprofloxacin and nalidixic acid. Strains of E.coli and Enterobacter spp.

showed resistance rates of 75% and 62.5% respectively to Gentamicin (Table 3).

Table 2. Antibiotic resistance levels of enterobacteria identified in fish from fish farms in
the Sud-Comoé region.

Antibiotic K. pneumoniae  Escherichia coli ~Enterobacter spp  Proteus vulgaris
families (N =02) (N =09) (N =02) (N =03)
R S R S R S R S

Beta-lactam
Amoxicillin +
clavulanic 2 (100) 0(0) 9(100) 0(0) 2(100) 0(0) 3(100) 0 (0)
acid (AMC)
Ceftazidime
(CAZ)

Imipenem
(IPM)

2(100) 0(0) 9(100) 0(0) 2(100) 0(0) 3(100) 0(0)

1(50) 1(50) 5(55.56) 4 (44.44) 0(0) 2 (100) 1(33.33) 2 (66.67)

Fluoro-

quinolones
Nah‘(i;(:)mdz(lom 0(0) 5(55.56) 4 (44.44) 1(50) 1(50) 1 (33.33) 2 (66.67)

Ciprofloxacin
(CIP)

1(50) 1(50) 2(22.22) 7(77.78) 0(0) 2 (100) 1(33.33) 2 (66.67)

Aminosides

Gentamicin
(CN)
Amikacin
(AK)

1(50) 1(50) 2(22.22)7(77.78) 1(50) 1(50) 1(33.33) 2 (66.67)

1(50) 1(50) 2(22.22)7(77.78) 0(0) 2 (100) 1(33.33) 2 (66.67)
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Table 3. Antibiotic resistance levels of enterobacteria identified in water samples from fish
farms in the Sud-Comoé region.

L . K. pneumoniae E. coli Enterobacter spp Proteus vulgaris
Antibiotic families
(N =01) (N =04) (N =08) (N =01)
R S R S R S R S

Beta-lactam
Amoxicillin +
clavulanicacid  1(100) 0(0) 4(100) 0(0) 8(100) 0(0) 1(100) 0 (0)
(AMC)
Ceftazidime (CAZ) 1(100) 0(0) 4(100) 0(0) 8(100) 0(0) 1(100) 0 (0)
Imipeném (IPM)  0(0) 1(100) 1(25) 3(75) 2(25) 6(75) 0(0) 1(100)

Fluoroquinolones

Nalidixic acid (NA) 0(0) 1(100) 1(25) 3(75) 4(50) 4(50) 1(100) 0(0)
Ciprofloxacin (CIP) 1(100) 0(0) 1(25) 3(75) 2(25) 4(75) 0(0) 1(100)

Aminosides
Gentamicin (CN)  0(0) 1(100) 3(75) 1(25) 5(62.5) 3(37.5) 0(0) 1 (100)
Amikacin (AK)  0(0) 1(100) 0(0) 4(100) 3(37.5) 5(62.5) 0(0) 1 (100)

NB: S = Susceptible, R = Resistant, N = Number of bacteria.

4. Discussion

Enterobacteriaceae identified in water samples from fish farms consisted mainly
of Enterobacter spp, E. coli, Klebsiella pneumoniae. This corroborates studies car-
ried out by Samira et al [11] on aquaculture stations in Malaysian Borneo, which
found Enterobacter spp, E. coli, Klebsiella pneumoniae in the water and fish from
the fish farms. The results of our study disagree, however, with those of Kathleen
et al. [12] on the antibiotic resistance of various bacteria from the aquaculture
waters of Limbang in Malaysian Borneo. These authors also observed the presence
of Enterobacter spp, E. coli, Klebsiella pneumoniae in water samples with sensi-
tivity rates (100%) to Ceftazidime. Resistance rates differing from those observed
in our study have also been reported by Cui-Yi ez a/ [13]. In a study of antimicro-
bial resistance in E. coli strains from farm farms and their environment in Zhan-
jiang, China, these authors observed resistance rates of over 70% to amoxicillin,
ampicillin, penicillin and tetracycline. A high level of resistance to beta-lactams
(Amoxicillin + Clavulanic acid, Ceftazidime) was observed for all strains of En-
terobacteriaceae isolated in this study. This result could be explained by the high
selection pressure due to the often abusive and uncontrolled use of antibiotics, in
particular beta-lactam antibiotics (Amoxicillin + Clavulanic acid, Ceftazidime,
etc.) in both human and veterinary medicine.

The strains of enterobacteria identified in fish farm samples are mainly Enter-
obacter spp, E. coli and Klebsialla pneumoniae. This result is similar to that of
Raymond et al. [14] on the bacteriological quality of fish from Lac municipal Obili

in Yaoundé, Cameroon. The bacterial contamination rates of the fish analyzed
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showed that E. coli (53.45%) was the most isolated bacterium followed by
Klebsiella pneumoniae (24.14%) in the fish samples analyzed. On the other hand,
in a study carried out on bacteria in fish taken from fish farms in the Sud-Comoé
region of Cote d’Ivoire, Adingra et al [15] showed that E.coli was the most iso-
lated bacterium (63%). This high prevalence of E. coli could be linked either to
contamination of pond water by farmers through faecal contamination or by the
farm environment.

The distribution of Enterobacteriaceae strains by organ shows that the gills are
the area of greatest concentration of isolated Enterobacteriaceae. These results are
similar to those obtained by Giatsis et a/ [16] and Sullam et a/ [17]. This high
presence of bacteria in this part of the fish could be linked to the fact that many
bacterial species, including those identified, live in aquatic environments and re-
main in constant contact with fish [15].

Overall, the strains of Enterobacteriaceae isolated both from Tilapia fish (Ore-
ochromis niloticus) and from the waters of fish ponds in the Sud-Comoé region
showed high levels of resistance to the antibiotics commonly used in human and

veterinary medicine.

5. Conclusion

The general objective of this study is to contribute to the monitoring of antibiotic
resistance in enterobacteria from fish ponds in the Sud-Comoé region. The study
of the resistance profile of enterobacteria isolated from samples of Tilapia fish
(Oreochromis nicotilicus) and fish pond water from the Sud-Comoé region iso-
lated bacteria such as E. coli, Klebsiella pneumoniae, Enterobacter spp. and Pro-

teus vulgaris with high levels of resistance to a number of marker antibiotics.
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