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Abstract  Tilapia aquaculture (Oreochromis niloticus) is an important sector for food security in Côte d’Ivoire, but 
faces increasing sanitary risks from bacterial infections. This study aimed to characterize cultivable opportunistic 
bacteria isolated from rearing water and fish organs (skin, intestine, liver, and kidney) in semi-intensive aquaculture 
systems in Anyama and Aboisso, and to examine seasonal patterns in their abundance and distribution. Water and 
fish samples were collected during the dry and rainy seasons. Bacterial isolation was performed using conventional 
culture-based methods on selective and differential media, followed by identification using MALDI-TOF mass 
spectrometry. The diversity of cultivable isolates was assessed using the Shannon index (H′), and non-parametric 
statistical tests were applied to evaluate seasonal variation. Three cultivable opportunistic bacterial species were 
identified: Pseudomonas aeruginosa, Staphylococcus aureus, and Macrococcus caseolyticus. No significant 
seasonal difference was observed in the diversity index across the studied matrices. These results indicate relative 
temporal stability in the distribution of the recovered cultivable bacterial isolates under the present study conditions. 
However, because the study relied on targeted fish sampling and culture-dependent methods, the findings should be 
interpreted with caution and limited to the cultivable fraction of opportunistic bacteria, which may not reflect the full 
microbial diversity of aquaculture systems. To cultivable opportunistic bacteria. This work provides baseline data for 
microbiological monitoring of tilapia aquaculture systems in southern Côte d’Ivoire. 
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1. Introduction 

Tilapia aquaculture (Oreochromis niloticus) is one of 
the fastest-growing sectors in Africa, contributing to food 
security and rural development while providing an 
important source of animal protein and income [1]. 
However, the intensification of aquaculture systems has 
led to increasing health challenges, particularly bacterial 
infections, which represent a major cause of mortality and 
economic losses [2,3]. 

Bacteria associated with aquaculture systems originate 
from both the aquatic environment and the fish microbiota. 
Rearing water plays a central role as a reservoir and vector 
of microorganisms, directly influencing the colonisation 

of the skin, gastrointestinal tract, and, to a lesser extent, 
internal organs [4]. In tilapia, several opportunistic and 
pathogenic bacteria, including Staphylococcus aureus, 
Pseudomonas aeruginosa, Aeromonas spp., and 
Flavobacterium spp., have been frequently associated with 
infections [3,5]. 

Culture-based methods remain widely used to isolate 
and characterize bacteria in aquaculture systems. However, 
these approaches detect only cultivable microorganisms 
and may underestimate the true microbial diversity in the 
environment. The use of MALDI-TOF mass spectrometry 
has improved bacterial identification by enabling rapid, 
reliable species-level characterization of cultured isolates 
[6,7]. In this context, ecological indices such as the 
Shannon index (H′) can be used to describe the diversity 
of recovered cultivable bacterial isolates. However, they 
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do not reflect the full microbial community [8,9]. 
In tropical regions, seasonal variations between dry and 

rainy periods can influence physicochemical properties of 
water and potentially affect the distribution of 
microorganisms [10]. Nevertheless, data on seasonal 
patterns of cultivable bacteria in tilapia aquaculture 
systems in Côte d’Ivoire remain scarce. 

Therefore, this study aimed to characterize cultivable 
opportunistic bacteria isol 

ated from tilapia and rearing water, to describe their 
distribution across compartments and sampling sites, and 
to assess seasonal variation in the diversity of recovered 
isolates in semi-intensive aquaculture systems in Anyama 
and Aboisso. 

2. Materials and Methods 

2.1. Study Design and Duration 
This cross-sectional and prospective study was 

conducted from January to December 2020. 

2.2. Study Area 
The study was conducted in southern Côte d’Ivoire at 

three sampling stations located in Anyama and Aboisso 
(Figure 1). Station 1 is located in Anyama (5.53293° N; 
−4.06262° W), whereas stations 2 (5.47800° N; −3.14900° 
W) and 3 (5.486743° N; −3.214537° W) are situated in 
Aboisso. 

 
Figure 1. Map showing the location of the study sites in Anyama and 
Aboisso, Côte d'Ivoire 

These localities are in the southern part of the country 
and are characterised by a subequatorial climate with four 
distinct seasons. The long rainy season generally extends 
from April to mid-July and corresponds to the period of 
maximum rainfall. It is followed by a short, dry season 
from mid-July to September, characterised by a slight 
decrease in precipitation. A short rainy season then occurs 
from September to November, marked by moderate 
rainfall. Finally, a long dry season extends from December 
to March under the influence of the Harmattan, a dry wind 
originating from the Sahara [2,11]. 

Annual rainfall exceeds 1.500 mm, and mean 
temperatures range from 25 to 30°C [11], creating 

favourable conditions for the development of aquatic 
ecosystems, aquaculture activities, and microorganisms, 
particularly pathogenic bacteria [2,12]. The areas of 
Anyama and Aboisso are characterised by dense 
hydrographic networks, respectively connected to the 
Ébrié Lagoon and the Bia River basin [13], which supply 
fish ponds and may facilitate the dispersion of bacteria, 
especially during the rainy season [14]. The vegetation, 
originally part of the Guinean forest domain but heavily 
modified by human activities, influences water quality by 
supplying organic matter and nutrients, thereby affecting 
physicochemical parameters and microbial diversity [15]. 
Furthermore, the relatively flat topography and 
predominantly ferralitic and hydromorphic soils contribute 
to the biogeochemical dynamics of aquatic environments, 
the development of aquaculture infrastructures, and 
microbial load [11,16]. 

Microbiological analyses were carried out at the 
Antibiotics, Natural Substances and Antimicrobial 
Resistance Surveillance Unit of the Institut Pasteur of 
Côte d’Ivoire. This laboratory is equipped with advanced 
platforms in microbiology, molecular biology, and 
biochemistry, enabling diagnosis, epidemiological 
surveillance, and antimicrobial resistance research. 

2.3. Measurement of Physicochemical 
Parameters 

Water physicochemical parameters, including 
temperature (°C), pH, dissolved oxygen (mg/L), and 
conductivity (µS/cm), were measured in situ at each 
sampling station (S1, S2, and S3) during each sampling 
campaign. Measurements were performed using a portable 
multiparameter device previously calibrated according to 
the manufacturer’s recommendations. These variables 
were considered to assess their potential influence on the 
dynamics of bacterial communities in aquaculture systems. 

2.4. Water and Fish Sampling 

2.4.1. Water Samples 
Water samples were collected from fish farms located 

in Anyama and Aboisso. Sampling was carried out in the 
same ponds containing diseased fish throughout the study 
period. 

The sampling campaign was conducted over a period of 
twelve (12) months, from January to December 2020. Two 
(2) sampling campaigns were performed per month. 
During each campaign, three (3) water samples were 
collected, totalling six (6) per month. 

Samples were collected using sterile 500 mL bottles. The 
bottles were immersed at a depth of approximately 20 cm 
below the water surface to avoid surface contamination. 

2.4.2. Fish Samples 
Fish sampling was conducted in aquaculture ponds 

located in Anyama and Aboisso over a twelve (12)-month 
period, from January to December 2020. 

During this period, two (2) sampling campaigns were 
carried out per month. In each campaign, fish exhibiting 
clinical signs of disease were preferentially selected, 
including red spots on the back and head, skin ulcers, and 
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other visible pathological signs. Therefore, a targeted 
(non-random) sampling strategy was adopted, focusing on 
symptomatic individuals. 

As a result, the number of sampled fish was not strictly 
consistent across sites and sampling campaigns. Fish were 
captured using fishing nets and subsequently processed for 
bacterial isolation and identification. Fish sampling was 
performed in parallel with water sampling from the same 
ponds to ensure consistency between environmental and 
host-associated samples. 

All collected water and fish samples were placed in 
insulated coolers containing ice packs to maintain the cold 
chain. They were transported to the Antibiotics, Natural 
Substances, and Antimicrobial Resistance Surveillance 
Unit of the Institut Pasteur of Côte d’Ivoire, where 
microbiological analyses were conducted. 

This symptom-oriented sampling approach facilitates 
the detection of bacteria associated with clinical infections. 
However, it may introduce selection bias and limit the 
representativeness of the results, particularly with respect 
to the overall diversity of cultivable bacteria within the 
entire fish population. 

2.5. Enumeration of Pathogenic Bacteria 
The assessment of bacterial loads of major pathogenic 

agents present in rearing water and fish organs was 
performed using standard microbiological methods based 
on culture on selective media. 

For water samples, 500 mL was filtered through sterile 
cellulose ester membranes (0.45 µm, Whatman®, type 
WCN) using a vacuum filtration system. The membranes 
were then aseptically placed on appropriate selective and 
differential culture media (Table 1). 

For fish samples, aseptic sampling of liver, intestine, 
and kidney was performed. One gram of each organ was 
homogenized in 10 mL of Tryptic Soy Broth (TSB), 
followed by serial decimal dilutions (10⁻¹ to 10⁻⁸). 0.1 mL 
of the appropriate dilutions was spread onto the same 
selective media. 

The plates were incubated at 37°C for 24 to 48 hours. 
After incubation, only colonies exhibiting characteristic 
morphology were counted. 

Bacterial loads were expressed as colony-forming units 
(CFU) according to the general formula: 

FBacterial load
Q

N ×
=

 
where N represents the number of colonies counted, F is 
the dilution (or conversion) factor, and Q is the quantity of 
the analyzed sample (volume in mL for water or mass in g 
for organs). The results were expressed as colony-forming 
units (CFU) per 100 mL for water and CFU per gram 
(CFU/g) for organ samples. 

2.6. Identification of Isolates by MALDI-TOF 
Mass Spectrometry  

Bacterial isolates were identified using MALDI-TOF 
mass spectrometry. Fresh colonies grown on Tryptic Soy 
Agar (TSA) were deposited onto a stainless steel target 
plate and overlaid with a matrix solution of α-cyano-4-

hydroxycinnamic acid (HCCA). Spectra were acquired in 
positive linear mode and compared with the manufacturer's 
reference database. Identification scores ≥ 2.0 were 
considered reliable for species-level identification [6,7]. 

The analysis focused on cultivable isolates recovered 
from selective and differential culture media. The main 
bacterial taxa targeted through the culture conditions 
included Aeromonas hydrophila, Edwardsiella tarda, 
Flavobacterium columnare, Francisella spp., 
Streptococcus agalactiae, Pseudomonas aeruginosa, 
Staphylococcus aureus, Vibrio cholerae, and 
Macrococcus caseolyticus. 

However, only isolates that successfully grew under the 
applied culture conditions and yielded reliable MALDI-
TOF identification scores were retained for analysis. 
Consequently, the results presented in this study reflect 
only the cultivable fraction of opportunistic bacteria and 
may underestimate the true microbial diversity in 
aquaculture systems. 

2.7. Diversity analysis of Cultivable Bacterial 
Isolates  

The Shannon diversity index (H′) was used to describe 
the diversity of cultivable bacterial isolates by integrating 
species richness and relative abundance among recovered 
taxa. Higher H′ values indicate greater diversity and a 
more even distribution of the detected isolates, whereas 
lower values reflect the dominance of one or a few taxa. 

Given the culture-based approach used in this study, the 
calculated diversity index reflects only the diversity of 
cultivable opportunistic bacteria recovered under the 
applied experimental conditions. Therefore, it does not 
represent the full microbial diversity or the overall 
structure of the microbial community in the aquaculture 
systems. 

2.8. Statistical Analysis 
Comparisons between the dry and rainy seasons were 

performed using the non-parametric Mann–Whitney test 
due to the non-normal distribution of the data. The level of 
statistical significance was set at p < 0.05. All statistical 
analyses were carried out using R software (version 4.3.1). 

3. Results 

The results are presented according to three main 
aspects: (i) physicochemical parameters, (ii) bacterial 
loads and species distribution, and (iii) bacterial diversity 
and seasonal variations. 

3.1. Physicochemical Parameters of Water 
Figure 2 shows the monthly variation of water 

physicochemical parameters throughout the study period. 
Conductivity exhibited marked variability, with low 

values at the beginning of the year (January–March: 27.1–
44.9 µS/cm), followed by a sharp increase from April, 
reaching a peak in June (202.63 µS/cm), and then 
gradually decreasing until December (20.7 µS/cm). 

 
 



 Journal of Applied & Environmental Microbiology 27 

 
Figure 2. Annual variations of water physicochemical parameters in 
aquaculture ponds: (A) conductivity(uS/cm), (B) dissolved oxygen 
(mg/L), (C) pH, and (D) temperature (°C), measured monthly from 
January to December 2020 

Dissolved oxygen concentrations showed moderate 
variability (3.52–4.97 mg/L), with the lowest values 
recorded in March and September, and the highest values 
in February and October. 

The pH remained relatively stable throughout the year 
(6.49–7.05), indicating neutral to slightly acidic conditions. 
A slight decrease was observed between March and May, 
followed by a stabilization. 

Water temperature ranged from 25.5 °C to 29 °C, with 
higher values between February and April, a noticeable 
decrease in June, and a gradual increase until September. 

Overall, the results indicate relative stability of 
physicochemical conditions despite temporal fluctuations, 
particularly in conductivity and dissolved oxygen. 

3.2. Bacterial Loads 
Bacterial loads varied significantly across 

compartments and sampling sites (Table 2). 
In water, the highest values were observed at site 2 

(23,792 ± 26,398 CFU/100 mL), followed by site 3 
(18,633 ± 24,190 CFU/100 mL) and site 1 (15,925 ± 
22,390 CFU/100 mL), indicating the highest 
contamination at site 2. 

At the intestinal level, a progressive decrease in 
bacterial load was observed from site 1 (375 ± 918 CFU/g) 
to site 3 (131 ± 189 CFU/g), with an intermediate value at 
site 2 (282 ± 347 CFU/g). The high variability observed at 
site 1 (SD = 918) suggests substantial interindividual 
variation. 

Hepatic bacterial loads remained generally low across 
the three sites, with a maximum value recorded at site 2 
(29.9 ± 17.7 CFU/g). Renal bacterial loads were very low 
at all sites (4.4–9.6 CFU/g), indicating limited kidney 
colonisation. 

Overall, a decreasing gradient in bacterial load was 
observed across compartments (water > intestine > liver > 
kidney), regardless of the site. 

Analysis of variance (ANOVA) followed by Tukey’s 
post hoc test revealed: 
•  a significant difference between sites for water 

samples (p < 0.05), 
•  a significant difference at the intestinal level (p < 

0.05), 
•  no significant difference for liver and kidney 

samples (p > 0.05). 

3.3. Distribution of Bacterial Species  
Table 3 shows that three main cultivable bacterial 

species were identified: Pseudomonas aeruginosa, 
Staphylococcus aureus, and Macrococcus caseolyticus. 

P. aeruginosa and S. aureus were detected at all 
sampling sites, indicating a widespread occurrence among 
the recovered cultivable isolates. In contrast, M. 
caseolyticus was not detected at site 3, indicating that 
fewer cultivable taxa were recovered at this site under the 
present study conditions. 

3.4. Diversity of Cultivable Bacterial Isolates 
across Compartments  

Figure 3 shows the relative abundance (%) of the main 
cultivable bacterial species identified, namely 
Staphylococcus aureus, Pseudomonas aeruginosa, and 
Macrococcus caseolyticus, across different sample types 
(intestine, liver, kidney, and water). 

 
Figure 3. Relative abundance () of the main bacterial speciesidentified 
(Staphylococcus aureus, Pseudomonas aeruginosa, and Macrococcus 
caseolyticus) across different sample types (intestine, liver, kidney, and 
water) 

The results indicate an overall predominance of 
Staphylococcus aureus among the recovered isolates 
across all studied compartments. This species exhibited its 
highest relative abundance in water (47.89%), followed by 
the intestine (46.33%) and the liver (32.33%). In contrast, 
its proportion was markedly lower in the kidney (10.67%), 
indicating a heterogeneous distribution of the detected 
isolates across compartments. 

Pseudomonas aeruginosa showed a relatively 
homogeneous distribution across the intestine (32.2%), 
liver (29.33%), and water (29%), but was not detected in 
the kidney. This pattern may reflect a greater occurrence 
in external environments and in certain tissues than in 
deeper internal organs under the present study conditions. 

In contrast, Macrococcus caseolyticus exhibited a more 
restricted distribution. This species was mainly detected in 
the intestine (15.47%) and water (22.78%), but was not 
recovered from the liver or kidney. This limited 
distribution may indicate an association with the rearing 
environment and the digestive compartment among the 
cultivable isolates. 

Overall, the diversity of recovered cultivable isolates 
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was higher in water and intestinal samples, where multiple 
taxa were detected. In contrast, internal organs, 
particularly the liver and kidney, showed lower diversity, 
with dominance of Staphylococcus aureus and limited 
representation of other isolates. 

3.5. Seasonal Variation in the Diversity of 
Cultivable Bacterial Isolates  

Shannon diversity index (H′) values indicated low to 
moderate diversity of cultivable bacterial isolates across 
all studied matrices (Figure 4). 

 
Figure 4. Seasonal variation in the Shannon diversity index of recovered 
cultivable bacterial isolates: samples from site 1 (E1), site 2 (E2), and 
site 3 (E3) 

For matrix E1, diversity values were relatively low in 
both seasons. During the dry season, the median H′ was 
approximately 0.19, with values ranging from 0.08 to 0.28. 
In the rainy season, the median slightly increased to 
approximately 0.24, with greater dispersion (0.05–0.41). 
However, this difference was not statistically significant 
(p = 0.818). 

Matrix E2 showed the highest diversity values. In the 
dry season, the median H′ was approximately 0.37 (0.19–
0.65), whereas in the rainy season it slightly decreased to 
approximately 0.28 (0.14–0.55). This variation was not 
statistically significant (p = 0.699). 

For matrix E3, diversity values were intermediate. In 
the dry season, the median was approximately 0.38 (0.29–
0.52), while in the rainy season it decreased to 
approximately 0.29 (0.08–0.33). This difference was not 
statistically significant (p = 0.37). 

Overall, no significant difference was observed 
between the dry and rainy seasons across the three 
matrices (p > 0.05). Although descriptive variations were 
noted, particularly a decreasing trend in diversity during 
the rainy season for E2 and E3, these differences were not 
statistically significant. 

These results indicate that no marked seasonal effect 
was detected on the diversity of recovered cultivable 
bacterial isolates under the present study conditions. 
However, this finding should be interpreted with caution, 
as it reflects only the cultivable fraction of the bacterial 
assemblage and does not represent the full microbial 
diversity of the aquaculture systems. 

4. Discussion  

This study identified three cultivable opportunistic 
bacterial species, namely Pseudomonas aeruginosa, 
Staphylococcus aureus, and Macrococcus caseolyticus, in 
water and tilapia samples from semi-intensive aquaculture 
systems in southern Côte d’Ivoire. The recovery of only 
three taxa should be interpreted with caution, as the study 
relied on culture-based methods and symptom-oriented 
fish sampling, both of which may substantially 
underestimate the actual bacterial diversity present in 
aquaculture environments [17,18]. 

The frequent detection of P. aeruginosa and S. aureus 
across all sampling sites suggests that these bacteria are 
common cultivable opportunists under the studied 
conditions. Their occurrence in both water and fish organs 
supports the role of rearing water as an important reservoir 
of bacteria and a potential source of host exposure [3,5]. 

The distribution of bacterial loads revealed a decreasing 
gradient across compartments (water > intestine > liver > 
kidney), indicating higher bacterial abundance in 
compartments directly exposed to the environment. In 
contrast, the low bacterial loads observed in internal 
organs may reflect either limited systemic dissemination 
or reduced recovery of bacteria under the applied culture 
conditions [4,19]. 

The Shannon index values obtained in this study 
indicate low to moderate diversity among the recovered 
cultivable isolates, with dominance of a limited number of 
opportunistic taxa. This pattern is consistent with previous 
studies based on culture-dependent approaches in 
aquaculture systems [20,21]. 

Measured physicochemical parameters were relatively 
stable throughout the study period, particularly pH and 
temperature, while conductivity and dissolved oxygen 
exhibited moderate variation. Under these conditions, no 
significant seasonal difference was detected in the 
diversity of cultivable bacterial isolates. However, this 
finding should not be interpreted as evidence of the 
absence of seasonal effects on the overall microbial 
community, as only the cultivable fraction of bacteria was 
assessed [10]. 

Under the present study conditions, the observed patterns 
in bacterial distribution may be influenced by local 
environmental and management factors, including feeding 
practices, stocking density, and water renewal. These 
factors could contribute to relatively stable conditions 
within ponds and may reduce detectable temporal variation 
among the recovered cultivable isolates [4]. 

In addition, anthropogenic activities in the studied areas 
may contribute to continuous nutrient and microorganism 
inputs, potentially limiting seasonal contrasts in the 
detected bacterial profiles [13]. 

Finally, several limitations should be acknowledged. 
The use of a symptom-oriented, non-random fish 
sampling strategy may introduce selection bias and limit 
the representativeness of the results. Moreover, reliance 
on culture-based methods restricts the analysis to 
cultivable bacteria, thereby underestimating total 
microbial diversity. The relatively small sample size may  
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also reduce the analyses' statistical power. These 
limitations should be considered when interpreting the 
findings of this study. 

5. Conclusion 

This study documented the occurrence of three 
cultivable opportunistic bacterial species—Pseudomonas 
aeruginosa, Staphylococcus aureus, and Macrococcus 
caseolyticus—in rearing water and tilapia organs from 
semi-intensive aquaculture systems in Anyama and 
Aboisso. The results also showed differences in bacterial 
loads among compartments, with higher values in water 
and intestine than in internal organs. No significant 
seasonal difference was detected in the diversity of the 
recovered cultivable isolates. However, because the study 
used culture-dependent methods and symptom-oriented 
fish sampling, these findings should be interpreted as 
applying only to the detected cultivable bacterial fraction. 
The study nevertheless provides useful baseline data for 
microbiological monitoring of tilapia farming systems in 
southern Côte d’Ivoire. 
Perspectives 

Future studies should combine culture-based methods 
with high-throughput molecular approaches, such as 16S 
rRNA metabarcoding or metagenomics, to capture both 
cultivable and non-cultivable bacterial taxa. Randomized 
fish sampling, including both healthy and diseased 
individuals, would also improve the representativeness of 
microbiological profiles. In addition, investigating 
antimicrobial resistance patterns among isolated bacteria 
would strengthen the epidemiological value of such 
studies within a One Health framework. 
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