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Abstract 

Bacterial diseases, particularly caused by Aeromonas hydrophila, remain a major constraint to Nile 

tilapia (Oreochromis niloticus) aquaculture. Management of infections relies on application of 

antibiotics, resulting in accelerated development and spread of antimicrobial resistance. The 

present study assessed the diversity and probiotic potential against A. hydrophila of gut-derived 

bacteria from Nile tilapia, using and the cell-free supernatant and satellitism assays. Mature Nile 

tilapia individuals from three aquaculture farms were dissected, and gut bacteria isolated and 

identified using culture conventional culture techniques and the VITEK 2 Compact system 

respectively. Nine bacterial species, namely Staphylococcus gallinarum, S. sciuri, Micrococcus 

luteus, Kocuria kristinae, Bacillus subtilis, Aeromonas veronii, A. sobria, Rhizobium radiobacter, 

and Plesiomonas shigelloides, were recorded. None of the five selected gram-positive isolates — 

S. gallinarum, M. luteus, K. kristinae, B. subtilis, and S. sciuri — showed inhibitory activity against 

A. hydrophila probably due to inhibitions associated with culture media and conditions. The study 

recommends improvement in culture techniques that have the potential of maintaining the 

antagonist activities. 
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CHAPTER 1. INTRODUCTION 

1.1. Background 

Aquaculture is a critical sector in global food production (Khan et al., 2011; Anderson et al., 2017; 

Cantrell, 2023). Aquatic animals including fish are rich in bioavailable proteins and highly 

demanded to meet growing global population nutritional demand (Khan et al., 2011; Anderson et 

al., 2017; Cantrell, 2023). Global aquaculture production of animal species accounted for 51%, 

and Africa contributed 0.8% and 1.9% in 2022 and 2024 respectively (FAO, 2024). Uganda, 

second largest producer of Nile tilapia in sub-Saharan Africa after Egypt produced 101,377 metric 

tonnes with 15,000 tonnes from aquaculture (FAO, 2022). Nile tilapia (Oreochromis niloticus) 

accounted for 70% of Uganda’s total aquaculture production (FAO, 2022). Oreochromis niloticus 

is a highly cultivated species in tropical and sub-tropical counties globally with production in over 

90 countries (Prabu et al., 2019; El-Sayed & Fitzsismmons, 2023). Merits of O. niloticus like rapid 

growth, adaptability to diverse environmental conditions, relative tolerance to diseases and 

economic value have led to adoption (FAO, 2021; El-Sayed & Fitzsismmons, 2023). However, 

Nile tilapia culture expansion continues to be hampered by bacterial diseases (Haenen et al., 2023). 

Global annual production loss exceeding USD 6 billion is majorly from bacterial infections 

(Maezono et al., 2025). Among the main bacterial diseases impacting tilapia aquaculture include 

streptococcosis, Motile Aeromonad Septicaemia (MAS), francisellosis, columnaris, 

edwardsiellosis and vibriosis (Haenen et al., 2023) caused by Streptococcus agalactiae and S. 

iniae, Francisella orientalis, Flavobacterium columnare, Vibrio vulnificus, motile Aeromonas spp. 

respectively (Beleke et al., 2019; Haenen et al., 2023). Aeromonas hydrophila is an important 

etiological agent of motile aeromonad septicemia (MAS), ulcerative disease, and hemorrhagic 

septicemia in Nile tilapia (Pridgeon & Klesius, 2011). Pool prevalence of A. hydrophila was 

reported at 36.0% across Africa (Zhou et al., 2023) and at 43.8% in Ugandan fish farms (Wamala 

et al., 2018), which implies an important infectious disease. Stress factors like elevated 

temperatures, high stocking densities foster vulnerability to opportunistically pathogenic A. 

hydrophila (Awan et al., 2018; El-Banna et al., (2022), causing average mortality rates of 30% 

(Beaz‐Hidalgo & Figueras, 2013). Beyond direct mortalities, infections lead to reduced fish 

performance in feeding and growth, resulting in downgraded product quality (Zhou et al., 2023). 
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Consequently, treatment and prophylactic disease management strategies are utilized to counteract 

and prevent bacterial diseases. 

Intensification of aquaculture production to meet global demand has exacerbated usage of 

antibiotics to counteract bacterial diseases (Cabello, 2006; Schar et al., 2020; Quesada et al., 

2013). Commonly used antibiotics in aquaculture worldwide are tetracycline, oxolinic acid, 

flumequine, sarafloxacin, enrofloxacin, amoxicillin, erythromycin, sulfadimethoxine, ormetoprim 

and florfenicol (Arthur et al., 2019). However, imprudent usage of antibiotics has driven 

antimicrobial resistance (AMR) which lead to treatment failures (Wamala et al., 2018). In 

response, alternative strategies to reduce antibiotics dependence include bacteriophage therapy, 

vaccination strategies, quorum quenching, prebiotics, chicken egg yolk antibody (IgY), plant 

therapy and probiotics are being explored (Bondad-Reantaso et al., 2023). Due to environmental 

concerns, attention has shifted toward biological alternatives like probiotics that promote health in 

Nile tilapia culture. 

Probiotics are beneficial bacteria that can improve and sustain health of Nile tilapia in aquaculture 

(Irianto & Austin, 2002). Species in the genera Bacillus, Streptococcus, Enterococcus, 

Lactobacillus, and Lactococcus have probiotic potential (Irianto & Austin, 2002). Probiotics 

improve resistance against major bacterial pathogens of tilapia, including S. agalactiae and A. 

hydrophila (Phuoc & Hai, 2022). Furthermore, dietary supplementation with probiotics showed 

enhanced growth performance, feed conversion efficiency, and innate immune responses in Nile 

tilapia (Santos et al., 2023; Panase et al., 2023). In Uganda, research on probiotics in aquaculture 

is in early stages hence a knowledge gap. 

1.2. Statement of the problem 

Bacterial diseases remain a major constraint in aquaculture production, leading to significant 

economic losses and compromised fish health. Disease management has largely relied on the use 

of antibiotics for treatment and prevention. However, the widespread misuse of antibiotics drives 

development of antimicrobial resistance which results in disease treatment failure. In response, 

alternatives have been studied including probiotics, vaccines, immunostimulants, phages and 

herbal interventions.  Probiotics have emerged as a promising alternative strategy for disease 

management, offering the potential to enhance host immunity, improve gut microbial balance, and 

inhibit pathogenic bacteria. Despite these advantages, Ugandan isolates remain unexplored, hence 
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a knowledge gap underscoring the need for systematic investigation of the probiotic potential of 

gut-dwelling bacteria as a sustainable and effective alternative to antibiotics.   

1.3. Objectives of the study 

1.3.1. General objective 

To assess the potential of gut bacteria in O. niloticus to inhibit Aeromonas hydrophila for adoption 

as probiotics for sustainable disease management in Uganda.   

1.3.2. Specific objectives 

1. To determine the diversity of cultivable bacteria from the gut of Nile tilapia. 

2. To determine the in-vitro inhibition levels of the isolated bacteria against Aeromonas 

hydrophila. 

1.4. Hypotheses   

1. The gut of Nile tilapia does not harbor diverse bacterial species. 

2. The isolates have no significant inhibitory effect on Aeromonas hydrophila. 

1.5. Significance of the study 

This study contributes to the exploration of probiotic-based pathogen and disease management 

strategies in addressing the growing challenge of Aeromonas hydrophila in Uganda's aquaculture, 

by identifying probiotic species capable of inhibiting the pathogen. In doing so, the findings 

support the development of sustainable, eco-friendly alternatives to antibiotics, reducing the risk 

of antimicrobial resistance while enhancing fish health and productivity. More broadly, the study 

contributes to SDG 2 (Zero Hunger) and SDG 3 (Good Health and Well-Being) by advancing 

probiotic-based alternatives to antibiotics that support sustainable aquaculture productivity and 

help combat antimicrobial resistance. 
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CHAPTER 2. LITERATURE REVIEW 

2.1. Morphology, ecology and environmental persistence 

Aeromonas hydrophila is a Gram-negative, facultative anaerobic, motile rod belonging to the 

family Aeromonadaceae, and it is one of the most significant motile aeromonads associated with 

bacterial infections in freshwater fish globally (Janda & Abbott, 2010; Igbinosa et al., 2012). A. 

hydrophila is naturally found in pond water, sediments, biofilms, and the skin, gills, and intestines 

of healthy or diseased fish (Austin & Austin, 2016; Nhinh et al., 2021). Adaptability allows A. 

hydrophila to survive in diverse salinities, temperatures, and nutrient levels, enabling persistence 

and dissemination within aquaculture systems (Beaz & Figueras, 2013). Though naturally part of 

the aquatic microbiota, pathogenicity of A. hydrophila is induced under stressful conditions such 

as overcrowding, temperature fluctuations, poor water quality, or nutritional stress that suppress 

host immunity (Rasmussen et al., 2016; Nhinh et al., 2021). 

Environmental stressors compromise fish mucosal barriers, increasing vulnerability to A. 

hydrophila infection and septicemia (Rauta et al., 2011; Stratev & Odeyemi, 2016). Motility, 

biofilm formation, and secretion of extracellular enzymes such as proteases and lipases enhance 

A.hydroplia colonization and resistance to disinfection (Beaz & Figueras, 2013; Hossain et al., 

2018). Consequently, A. hydrophila remains one of the most economically important bacterial 

pathogens in aquaculture, contributing to severe production losses and increased antibiotic use, 

particularly in species like Nile tilapia (O. niloticus), African catfish (Clarias gariepinus), and 

common carp (Cyprinus carpio) (Wamala et al., 2018; Adah et al., 2024). 

2.2. Clinical signs in cultured fish caused by A. hydrophila 

A.s hydrophila is the major causative agent of Motile Aeromonad Septicemia (MAS), an acute or 

chronic systemic bacterial infection affecting a broad range of freshwater fish, including tilapia, 

catfish, and carp (Austin & Austin, 2016; Wamala et al., 2018). Acute infections may cause up to 

100% mortality within days, often with few external signs, while chronic cases exhibit external 

hemorrhages, ulcers, and fin rot (Beaz & Figueras, 2013; Rasmussen et al., 2016). Common 

clinical features include petechial hemorrhages, abdominal distension, exophthalmia, darkened 

coloration, and erratic swimming behavior (Stratev & Odeyemi, 2016; Igbinosa et al., 2012). 
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Internally, infected fish display hepatomegaly, splenomegaly, and hemorrhagic lesions on visceral 

organs, consistent with systemic bacterial invasion (Beaz & Figueras, 2013; Rauta et al., 2011). 

Histopathological observations reveal severe hepatic necrosis, renal tubular damage, and splenic 

congestion, resulting from extracellular toxins such as hemolysins, aerolysin, and proteases that 

degrade host tissues and impair immunity (Hossain et al., 2018; Rasmussen et al., 2016). In 

Uganda, A. hydrophila outbreaks are frequent in farmed tilapia and catfish, causing high 

mortalities and economic losses due to poor fish quality and market rejection (Wamala et al., 2018; 

Adah et al., 2024). Co-infections with Pseudomonas and Flavobacterium species further 

complicate disease management (Wamala et al., 2020). Environmental stressors such as poor water 

quality and temperature fluctuations (25–30°C) are strongly linked to MAS outbreaks (Nhinh et 

al., 2021). Recurrence of infections despite antibiotic interventions highlights the need for 

sustainable prevention strategies such as probiotics and improved biosecurity (Hoseinifar et al., 

2018; Calcagnile et al., 2024). 

2.3. Pathogenicity of Aeromonas hydrophila 

The pathogenicity of A. hydrophila involves diverse virulence factors, host susceptibility, and 

environmental stressors. Critical determinants include aerolysin and hemolysin toxins, responsible 

for cell lysis and tissue necrosis leading to hemorrhagic lesions and septicemia (Rasmussen et al., 

2016; Beaz & Figueras, 2013). Enzymes such as proteases, lipases, and elastases contribute to host 

tissue degradation and immune evasion, while outer membrane proteins and flagellar structures 

enhance adhesion and motility on mucosal surfaces (Igbinosa et al., 2012; Hossain et al., 2018). 

Additionally, A. hydrophila synthesizes siderophores to acquire iron under limiting conditions and 

forms biofilms that protect against phagocytosis and antimicrobial agents (Stratev & Odeyemi, 

2016; Adah et al., 2024). Environmental stress, including high temperatures, poor water quality, 

and handling, upregulates virulence genes, intensifying disease outbreaks in aquaculture (Wamala 

et al., 2018; Calcagnile et al., 2024). These adaptive mechanisms enable A. hydrophila to persist 

as both a commensal and an opportunistic pathogen, making it a recurrent cause of Motile 

Aeromonad Septicemia and a persistent threat to sustainable fish production. 

2.4. Probiotic bacteria and Nile tilapia 

The gastrointestinal tract of Nile tilapia (Oreochromis niloticus) harbors a diverse consortium of 

microorganisms that contribute significantly to host nutrition, digestion, and immunity. Within 
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this microbial community, probiotic bacteria defined as live microorganisms which when 

administered in adequate amounts, confer health benefits to the host and play a pivotal role in 

maintaining intestinal homeostasis and preventing pathogen colonization (Cavalcante et al., 2020). 

The most frequently reported probiotic genera in tilapia include Bacillus, Lactobacillus (or 

Lactiplantibacillus), Paenibacillus, Pediococcus, Pseudomonas, and the yeast Saccharomyces 

(Hoseinifar et al., 2024). Bacillus species, particularly B. subtilis, B. amyloliquefaciens, and B. 

velezensis, are preferred for the production of spores that survive pelleting and storage, while 

Lactobacillus spp. and Pediococcus spp. are valued for their capacity to colonize the gut mucosa 

and stimulate immune responses (Kuebutornye et al., 2020). Such microbial taxa are often isolated 

from the intestine or pond water of healthy tilapia and screened for probiotic potential through a 

series of in vitro and in vivo assays. 

2.5. Representative probiotic isolates in Tilapia 

Several strains have been identified with strong probiotic potential in tilapia culture. For instance, 

Paenibacillus ehimensis isolated from tilapia pond water, was reported to enhance fish growth, 

innate immune parameters, and survival following Aeromonas hydrophila challenge (Chen et al., 

2019). Likewise, indigenous Bacillus spp. such as B. subtilis and B. amyloliquefaciens have 

demonstrated broad-spectrum antibacterial activity and immunostimulatory effects when 

incorporated into tilapia diets (Macias et al., 2024; Nayak et al., 2024). Lactic acid bacteria such 

as Lactiplantibacillus plantarum can modulate gut microbial balance, improve feed utilization, 

and reduce infection severity upon pathogen exposure (Butprom et al., 2013; Ren et al., 2013). 

These findings emphasize the potential of both spore-forming and non-spore-forming probiotic 

taxa in the maintenance of tilapia health. 

2.6. In vitro inhibitory effects against A. hydrophila 

In vitro inhibition assays are often employed to screen for antagonistic probiotic strains. Common 

methods include agar well diffusion, spot-on-lawn, cell-free supernatant (CFS) testing, and co-

culture assays. Several tilapia-derived isolates of Bacillus, Paenibacillus, and Lactobacillus have 

shown pronounced inhibitory effects against A. hydrophila under laboratory conditions (Chen et 

al., 2019; Wang et al., 2023). For example, B. subtilis isolates reduced pathogen growth by over 

50% in co-culture, while CFS from L. plantarum disrupted A. hydrophila membrane integrity, 

leading to cell lysis and decreased cultivability (Ren et al., 2013; Wang et al., 2023). The 
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magnitude of inhibition often declines following neutralization or protease treatment, suggesting 

that both acidic and proteinaceous metabolites contribute to the observed antagonism (Midhun et 

al., 2017). 

2.7. Mechanisms of Pathogen Inhibition 

The inhibitory activity of probiotic bacteria against A. hydrophila is attributed to multiple, often 

overlapping mechanisms. First, several isolates produce bacteriocins or antimicrobial peptides, 

which exert bactericidal effects through pore formation or interference with cell wall synthesis; 

these are typically heat-stable yet protease-sensitive, confirming their proteinaceous nature (Chen 

et al., 2019). Second, organic acid production, particularly lactic and acetic acids by lactic acid 

bacteria, lowers environmental pH and restricts the growth of Gram-negative bacteria such as A. 

hydrophila (Ren et al., 2013). Third, extracellular hydrolytic enzymes such as proteases, lipases, 

and chitinases secreted by Bacillus and Paenibacillus species degrade bacterial biofilms and 

interfere with pathogenic adhesion (Lin et al., 2022).  

Furthermore, some probiotics exhibit competitive exclusion, effectively occupying mucosal 

attachment sites and depriving the pathogen of essential nutrients (Kuebutornye et al., 2020). 

Emerging studies have also highlighted quorum-quenching activity, where probiotic metabolites 

degrade A. hydrophila signaling molecules, thereby suppressing virulence gene expression (Xu et 

al., 2023). In addition, certain metabolites disrupt biofilm formation and increase pathogen 

susceptibility to environmental stresses and antimicrobial compounds (Wang et al., 2023). 
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CHAPTER 3. MATERIALS AND METHODS 

3.1. Study area 

The experimental research was conducted at the Department of Zoology, Entomology and 

Fisheries Sciences microbiology laboratory, GPS coordinates 0°20'11.3"N 32°33'57.9"E in 

College of Natural Sciences, Makerere University. Makerere University is situated on Makerere 

hill, University parish, Kawempe North constituency in Kawempe division, Kampala district, 

Uganda. 

3.2. Experimental design 

A two-objective qualitative research laboratory-based experiment isolated bacteria from the gut of 

healthy Nile tilapia and evaluated the inhibitory activity against A. hydrophila in-vitro. Primary 

and subcultures were done in triplicate while the antagonistic assays were done in duplicates and 

results were statistically analyzed using R studio and Microsoft excel programs. 

3.2.1. Sample collection 

Three healthy Nile tilapia denoted PA, KJ and TI, weighing 537±106.1grams with total length of 

30.1±1centimeters, were collected aseptically from three unbiased selected aquaculture farms in 

Wakiso district using sterile scoop nets and euthanized using clove oil. Samples were placed in 

cooler box and properly iced to minimize microbial alteration and growth during transit to 

microbiology laboratory. All consequent handling procedures were conducted aseptically to 

prevent external contamination. 

3.2.2. Gut extraction 

Prior to dissection, fish samples were first surface-sterilized around incision area using 70% 

ethanol to eliminate surface contaminants. The abdominal cavity was subsequently opened along 

the ventral midline under aseptic conditions, and the entire gut carefully excised using sterile 

surgical forceps and scissors. The excised gut was stretched out on the dissection tray and mid gut 

located (Appendix 1).  

3.2.3. Primary culture and colony differentiation 

The mid guts were aseptically harvested independently from each of the three fish guts, thoroughly 

ground in a mortar and macerated then transferred independently into individually labelled sterile 

tubes containing sterile alkaline peptone water. Each sample was thoroughly vortexed and the 
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resultant supernatant from each independently processed sample was subsequently subjected to 

standard microbiological analysis. Using sterile swab sticks, the resultant supernatant was streaked 

onto fresh Tryptic Soy Agar plates, which were incubated aerobically at 30°C for 48 hours to 

facilitate bacterial growth (Appendix 2). 

3.2.4. Subculture and isolation of pure colonies 

Distinct bacterial colonies were differentiated based on macroscopic morphology including shape, 

margin, elevation, and color. Colonies were aseptically picked and streaked on fresh agar plates to 

obtain pure isolates (Appendix 3). The purity of each isolate was confirmed through consistent 

colony morphology and Gram-staining results. Pure isolates were preserved on blood base agar 

and nutrient agar at 4 °C for further identification and functional assays. 

3.2.5. Identification of bacterial species 

Pure isolates were subjected to biochemical characterization using the VITEK® 2 Compact system 

version 08.01 at Kiruddu national referral hospital. The system generated biochemical profiles 

automatically interpreted to species level, allowing identification of the species isolated. Bacterial 

diversity and richness of the mid gut bacterial community were assessed based on VITEK® 2 

identification outcomes across all three fish samples. 

3.3. In-vitro antagonistic activity assays 

3.3.1. Preparation of pathogenic lawn 

Aeromonas hydrophila was obtained from College of Veterinary medicine, Animal resources and 

Biosecurity microbiology laboratory stock culture in Makerere University and confirmed using 

standard biochemical and morphological characteristics. The pathogen was maintained on Tryptic 

Soy Agar (TSA) at 4 °C and sub-cultured prior to use in inhibition assays. Using sterile swab 

sticks, fresh Mueller-Hinton agar plates were surface spread with a wet lawn of A. hydrophila at 

10⁶ CFU/ml compared with McFarland standard for the inhibition assays. Pathogenic species 

isolates I6, I7, I8 and I9 identified were excluded from the inhibition assays. 

3.3.2. Cell-Free Supernatant (CFS) inhibition assay 

The antimicrobial activity of CFS was assessed using the agar well diffusion method. Isolates were 

inoculated into in Tryptic Soy Broth and incubated at 30°C for 48 hours. The cultures were then 

centrifuged at 5000 rpm for 10 minutes, and the supernatant filtered through 0.22 μm membranes 
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filter to obtain sterile cell-free supernatants (CFS). Four shallow wells (7 mm diameter) were bored 

halfway into Mueller-Hinton agar previously seeded with a wet lawn of A. hydrophila (10⁶ 

CFU/ml). Two wells were filled with 100 µL of CFS, one with 30µg tetracycline antibiotic solution 

as the positive control and one was filled with sterile distilled water as a negative control and plates 

incubated at 30 °C for 24 hours (Appendix 4). Zones of inhibition around the wells were measured 

in millimeters as an indicator of inhibitory activity. 

3.3.3. Satellitism inhibition assay 

Inhibition satellitism method was used to evaluate the direct antagonistic interaction between 

isolate candidates and A. hydrophila on a cell-to-cell basis. Mueller-Hinton agar plates seeded with 

wet lawn of A. hydrophila (10⁶ CFU/ml) were streaked across the surface to introduce the isolates. 

Inoculated plates were incubated at 30 °C for 24 hours, and the presence of visible inhibition zones 

or satellite growth suppression around the isolate streaks were recorded as evidence of antagonism. 

The intensity and consistency of inhibition zones were measured in millimeters and compared 

across inhibition assay plates to identify the most effective probiotic candidates. Only Isolates 1 – 

5 were tested against the pathogen in the antagonism assays whereas isolates 6 – 9 were exempted 

due to their pathogenicity record. 

3.4. Data analysis 

Data was entered and managed in Microsoft Excel and analyses were performed in R Studio 

(v2026.06.0+242), with outputs presented in tabular form. Diversity of bacteria in the gut of Nile 

tilapia was recorded as species richness of distinct bacterial species identified across each sample. 

Relative abundance of identified bacterial species per sample was calculated using formula; 

Relative Abundance = (Number of colonies of isolate x ÷ Total number of colonies of all 

isolates in sample y) × 100%. 

Invitro inhibition zone diameters (mm) of A. hydrophila observed from both the Cell-Free 

Supernatant assay and the inhibition satellitism assay constituted the primary outcome variable for 

specific objective two. One-way ANOVA with Tukey's HSD post-hoc were rendered inapplicable 

because the dataset exhibited no variance. Results were instead reported descriptively as mean ± 

standard deviation (Appendix 5).    
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CHAPTER 4. RESULTS  

4.1. Diversity and composition of gut Isolates 

4.1.1. Species richness 

Nine bacteria species were identified across the three samples, with at least six cultivable species 

recorded from TI and KJ, while five from PA. The bacteria consisted of five gram-positive species: 

Staphylococcus gallinarum, Micrococcus luteus, Kocuria kristinae, Bacillus subtilis and 

Staphylococcus sciuri and four gram-negative species namely; Aeromonas veronii, Aeromonas 

sobria, Rhizobium radiobacter and Pleisomonas shigelloides (Table 1).  

4.1.2. Relative abundance of bacterial Species  

Three species S. gallinarum, K. kristinae and S. sciuri were ubiquitous across all samples. Two 

species were found in only two samples: M. luteus was present in PA (16.4%) and KJ (11.8%) but 

absent from TI, while A. veronii occurred in TI (21.3%) and KJ (51.6%) but was absent from PA. 

The remaining four species were sample-specific. R. radiobacter (32.8%) and P. shigelloides 

(21.3%) occurred only in TI, A. sobria (52.9%) occurred only in PA, and B. subtilis (10.8%) 

occurred only in KJ. All three of the species that occurred across the samples were gram-positive, 

whereas three of the four sample-specific species were gram-negative. A. sobria recorded the 

highest sample percentage abundance unlike S. gallinarum which recorded the least in this study.  

Table 1. Relative abundance (%) of bacterial species by sample 

Bacterial species Gram reaction TI PA KJ 

Staphylococcus gallinarum + 3.3% 3.9% 5.4% 

Staphylococcus sciuri + 10.9% 7.7% 4.3% 

Kocuria kristinae + 10.4% 19.2% 16.1% 

Micrococcus luteus + — 16.4% 11.8% 

Bacillus subtilis + — — 10.8% 

Aeromonas veronii - 21.3% — 51.6% 

Aeromonas sobria - — 52.9% — 

Rhizobium radiobacter - 32.8% — — 

Pleisomonas shigelloides - 21.3% — — 
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4.2. Antagonistic activity of bacterial isolates 

No measurable zone of inhibition was recorded across both satellitism and cell free supernatant 

assays for all tested bacteria hence no significant inhibitory effect against A. hydrophila. Positive 

control (tetracycline) produced consistent zone of inhibition diameter ± SD of 21.7 ± 1.1 mm, 

while the negative control showed no inhibition. 

  

Figure 1. Plates showing inhibition assay results, (a) 

satellitism assay and (b) shows cell free supernatant 

assay post incubation with only positive control well 

exhibiting a halo. 

a 

b 
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CHAPTER 5. DISCUSSION  

5.1. Taxonomy, occurrence, and one-health of the isolates 

The diversity of bacteria reflects poor health in fish (Xavier et al., 2024; Diwan et al., 2022). 

Several bacteria identified carry direct implications for health risk, as several of the recovered taxa 

are linked to zoonotic potential and antimicrobial resistance in tilapia (Haenen et al., 2023). 

Presence of opportunistic bacteria signals a heightened risk of disease outbreak under stressful 

rearing conditions which favor pathogen proliferation in fish (Xavier et al., 2024; dos Santos et 

al., 2023). The present study recorded nine bacterial species from Nile tilapia gut belonging to 

three phyla. Phylum Bacillota comprised Staphylococcus gallinarum, Staphylococcus sciuri, and 

Bacillus subtilis; Phylum Actinomycetota comprised Micrococcus luteus and Kocuria kristinae; 

and Phylum Pseudomonadota comprised Aeromonas veronii, Aeromonas sobria, Rhizobium 

radiobacter, and Plesiomonas shigelloides. These three phyla are consistently reported as core 

constituents of the Nile tilapia gut microbiota across independent studies (Hossain et al., 2021). 

Staphylococcus species within the Phylum Bacillota, Class Bacilli, Order Bacillales, Family 

Staphylococcaceae (Devriese et al., 1983) exhibit pathogenic potential that varies considerably by 

species, ranging from harmless skin commensals to opportunistic pathogens capable of infection 

(Becker et al., 2014). Staphylococcus gallinarum has been isolated from aquatic environments and 

retail market fish (Devriese et al., 1983; Cole et al., 2021.) with no documented fish pathogenicity, 

but carries human relevance as a rare opportunistic pathogen causing bacteraemia in 

immunocompromised patients (Yu et al., 2008; Morfín-Otero et al., 2012). In contrast, 

Staphylococcus sciuri, is highly pathogenic agent in fish causing disease outbreaks characterised 

by superficial haemorrhage, liver damage, and significant mortality in hybrid sturgeon, (Zhang et 

al., 2022), though no equivalent pathogenicity study has yet been conducted in Nile tilapia 

specifically. Human health relevance of S. sciuri lies less in direct infection but more as a reservoir 

of the mecA methicillin-resistance gene, a silent contributor to antimicrobial-resistance (Becker et 

al., 2014). 

Bacillus subtilis belongs to the Family Bacillaceae within the Phylum Bacillota and Class Bacilli, 

Order Bacillales (Bhandari et al., 2013). B. subtilis is ubiquitous in soil, water, and the 

gastrointestinal tracts of animals and is frequently isolated from the intestines of healthy fish (Earl 
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et al., 2008). No fish pathogenicity is documented for B. subtilis but rather improves fish growth 

and disease resistance as a probiotic (Chen et al., 2019; Lin et al., 2022). Dietary supplementation 

with B. subtilis improved growth, immune function, digestive enzyme activity, and antioxidant 

status through secretion of antimicrobial peptides and bacteriocins that inhibit pathogens and 

support gut microbial balance invivo(Yu et al., 2025; Olmos et al., 2020). Furthermore, B. subtilis 

holds Qualified Presumption of Safety (QPS) since 2007, reflecting a similarly low disease-risk 

profile in humans (EFSA Panel on Biological Hazards, 2008). 

Micrococcus luteus occurs as a ubiquitous commensal of skin, mucosae, soil, and water (Nouioui 

et al., 2018) and in fish tissues (Abd El-Rhman et al., 2009), belonging to the Phylum 

Actinomycetota, Class Actinomycetes, Order Micrococcales and Family Micrococcaceae.  M. 

luteus is an opportunistic pathogen that induce gill hyperplasia, hepatic/renal degeneration, and 

mortality in farmed Nile tilapia (Suresh et al., 2025). Despite inducing pathologies in fish, M. 

luteus can inhibit growth of A. hydrophila (Abd El-Rhman et al., 2009). In humans, M. luteus is 

an established cause of bloodstream infection in immunocompromised patients (Zhu et al., 2021). 

Kocuria kristinae is an emerging fish bacteria pathogen particularly to marine species (Meng et 

al., 2023). Kocuria kristinae has been documented as a rare, catheter-associated cause of urinary 

tract infection in humans (Tewari et al., 2013) and confirmed pathogenicity to marine fish causing 

dose-dependent mortality (Meng et al., 2023). 

Aeromonas veronii and Aeromonas sobria, in the Phylum Pseudomonadota, Class 

Gammaproteobacteria, Order Aeromonadales and Family Aeromonadaceae, are closely related 

(Janda & Abbott, 2010; Sherif & Kassab, 2023). A. veronii occurs in freshwater and sediment, 

colonizing the gut of both healthy and diseased fish (Janda & Abbott, 2010). A. veronii causes 

motile Aeromonad septicaemia with haemorrhagic lesions, fin/tail rot, and abdominal distension, 

and outbreaks reaching 100% mortality in tilapia (dos Santos et al., 2023). In humans, A. veronii 

is a recognized zoonotic pathogen causing sepsis and gastroenteritis, particularly in vulnerable 

groups (Janda & Abbott, 2010). Similarly, A. sobria is widely distributed across aquatic products 

and shows notable environmental resilience (Igbinosa et al., 2012; Liu et al., 2025), and is 

established as the cause of tail-rot disease in juvenile Nile tilapia, with an experimentally 

determined LD₅₀ (Li & Cai, 2011). Clinical manifestations extend to extensive haemorrhage of the 

gills, heart, liver, spleen, and intestines, reflecting a systemic haemorrhagic septicaemia (Liu et 
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al., 2025). In humans, A. sobria is clinically relevant as one of the principal Aeromonads 

responsible for gastroenteritis, wound infections, and septicaemia (Janda & Abbott, 2010). 

Plesiomonas shigelloides, of Order Enterobacterales and Family Enterobacteriaceae, is the sole 

member of genus Plesiomonas (Janda et al., 2016). The species has been recoded recently and an 

emerging pathogen in commercial catfish aquaculture (Mohammed et al., 2026). In humans, P. 

shigelloides is a well-established pathogen causing gastroenteritis typically linked to consumption 

of contaminated aquatic food (Janda et al., 2016).  

On the other hand, Rhizobium. radiobacter belongs to Class Alphaproteobacteria, Order 

Hyphomicrobiales in the Family Rhizobiaceae (Flores-Félix et al., 2020). R. radiobacter occurs 

predominantly as a soil- and plant-associated organism, primarily in terrestrial than aquatic 

environments (Liu et al., 2025). There is no documented pathogenicity of the bacterial to aquatic 

hosts. However, the species is recognized as an opportunist bacteria causing bacteraemia and 

peritonitis in immunocompromised patients and poss a serious human risk associated with catheter 

operations (Liu et al., 2025). 

5.2. Diversity and dominance of the gut microbiota 

Six cultivable species were isolated from two samples and five species from one sample making 

nine isolates across all three samples. Species richness outcomes of this study reflect that the 

culture-dependent approach used recovers only a small proportion of the taxa rather than a 

definitive measure of true diversity (Kanika et al., 2025). In a comparable setting, high-throughput 

16S rRNA sequencing of shrimp pond water resolved 2,498 unique taxonomic units, yet only 15 

isolates were ultimately recovered by culturing (Ali et al., 2022). Species recovered here therefore 

plausibly represent a fraction of the bacteria actually present in the tilapia gut, since culture-

dependent methods consistently miss taxa that molecular techniques can detect (Ali et al., 2022). 

Individual host variation and the specific aquaculture environment from which each sample was 

drawn also contribute to the species richness observed (Kokou et al., 2018). Furthermore, culture-

system types also shape gut bacterial community structure in farmed fish species (Vala et al., 

2024). Gut samples of Pangasius pangasius cultured in biofloc, pond and cage systems yielded 

significant differences between genera which highlights the culture environmental influence on 

gut bacterial diversity (Vala et al., 2024). 
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Numerical dominance of Aeromonas veronii and Aeromonas sobria (51.6% and 52.9%, 

respectively), is a consistently recognized status of the bacteria as ubiquitous, opportunistic 

inhabitants of fish gut community (Janda & Abbott, 2010). Similar pattern was reported by Newaj-

Fyzul et al. (2008), who found Aeromonas spp. as the second most prevalent genus (44.0%) in 

tilapia fish-slurry isolates. Both species possess a broad genomic and physiological toolkit that 

favours proliferation including large complements of virulence and upto 60 antimicrobial-

resistance genes across 22 drug classes (da Silva Maia et al., 2023). This competitive advantage is 

reflected in field data showing A. veronii as the single most common species among motile 

aeromonads recovered from septicemic fish (Beaz-Hidalgo & Figueras, 2013), and in documented 

outbreaks in which it reached 100% mortality in farmed tilapia (dos Santos et al., 2023). A. sobria 

shows a parallel pattern, tolerating a wide range of pH, temperature, and salinity conditions that 

allow for persistence and dominance across diverse aquatic niches (Igbinosa et al., 2012). 

Combined dominance of the bacteria in two of the three samples reflects an opportunistic bloom 

favored by environmental ubiquity and a high fitness (Janda & Abbott, 2010), which is also 

broadly consistent with patterns reported elsewhere in tilapia gut/organ surveys (Chitambo et al., 

2023; Wu et al., 2020)  

5.3. Isolates antagonistic activity against A. hydrophila 

Five gram positive isolates namely; S. gallinarum, S. sciuri, K. kristinae, M. luteus and B. subtilis 

were tested against A. hydrophila and no visible inhibition zone, as a sign of antagonism, was 

recorded in this study. Consistently with other studies, S. gallinarum, S. sciuri and K. kristinae 

have no reported antagonistic or immunostimulatory probiotic activity, in for instance, a meta-

analysis pooling data from 67 studies (Saba et al., 2024) and systematic reviewed data from 79 

studies on probiotics for disease management (Ntakirutimana et al., 2025) in Nile tilapia 

comparable aquaculture species. However, S. gallinarum, S. sciuri, and K. kristinae have each 

been subjected to probiotic-relevant screening in non-piscine contexts namely; fermented foods 

(Dhanya Raj et al., 2023), dairy products (syn. Mammaliicoccus sciuri; Naqqash et al., 2022), and 

the bovine reproductive tract (Styková et al., 2016) respectively. The bacteria rather exhibit 

pathogenic implications in fish than beneficial ones especially S. sciuri and K. kristinae (Zhang et 

al., 2022); Meng et al., 2023).  Inhibitory mechanisms documented for established tilapia 

probiotics are largely genus-specific: Bacillus spp. reduced A. hydrophila growth by over 50% in 

co-culture through bacteriocins and hydrolytic-enzyme production (Chen et al., 2019; Lin et al., 
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2022). Lactic acid bacteria such as Lactiplantibacillus plantarum achieved inhibition through 

organic-acid-mediated pH suppression and cell-free-supernatant-induced membrane disruption 

(Ren et al., 2013; Wang et al., 2023) and quorum-quenching activity against Aeromonas signaling 

molecules (Xu et al., 2023). 

M. luteus and B. subtilis on the other hand, have documented antagonism against Aeromonas 

pathogens specifically in Nile tilapia. M. luteus isolated from tilapia gonads and intestine has 

previously produced a 4 cm inhibition zone against A. hydrophila, and reduced experimental 

mortality from 80–90% to 25% following a challenge (Abd El-Rhman et al., 2009). Bacillus is the 

genus most consistently linked to A. hydrophila inhibition in the wider literature (Chen et al., 

2026). However, antagonism is a strain-specific outcome traceable to variable biosynthetic gene 

cluster (BGC) content and expression; among 111 Bacillus-like strains screened in a study, a single 

isolate, B. velezensis FJAT-57093 showed strong inhibitory activity against A. hydrophila (Chen 

et al., 2026). Furthermore, Kiesewalter et al. (2021) isolated 23 B. subtilis strains from 11 sampling 

sites and found that nonribosomal peptide production varied even among strains co-isolated from 

the same soil sample. Failure of pathogen inhibition could therefore be a result of protocol used in 

this study (Chen et al., 2026). 

5.4. Assay and methodological limitations 

The absence of inhibitory activity in M. luteus and B. subtilis is also attributed to protocol 

limitations rather than a true absence of antagonistic capacity. Chen et al. (2026) used near-

identical conditions to obtain CFS from B. velezensis against A. hydrophila, yet raw supernatant 

was only weakly active limiting even in a confirmed producer until concentrated to 40 mg/mL. 

Medium choice compounds this across both isolates, since Mueller-Hinton agar, while diffusion-

optimal, is nutritionally leaner than the enriched media shown to maximize metabolite output 

elsewhere (Kiesewalter et al., 2021). Optimal B. subtilis antimicrobial yield further required an 

agitated, nutrient-defined medium (corn flour, soybean meal, NaCl; 220 rpm), conditions markedly 

richer than the static TSB used here (Wu et al., 2023). Even bypassing supernatant concentration 

entirely, live-cell screening recovered antagonism in fewer than half of Bacillus isolates tested by 

Zhang et al. (2019), confirming strain-level variability independent of assay format. M. luteus 

required marine broth at 37 °C for up to seven days (Dugyala & Kuthadi, 2024), and the pigment-
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associated active compound recovered from the cell pellet rather than filtered supernatant (Majeed, 

2017), both excluded by the present 48-hour, 0.22 µm-filtered CFS format. 

Conclusion 

This study isolated and Identified bacteria from the gut of three randomly sampled Nile tilapia, 

and tested for their probiotic potential against gram negative pathogen A. hydrophila. Nine 

cultivable bacteria species were isolated and species richness in the samples ranged 5 to 6, while 

A. veronii and A. sobria dominated relative abundance, together reflecting a modest diversity, 

opportunist-favoring gut community consistent with compromised host health rather than a stable, 

beneficial microbiota. Tested isolates exhibited no antagonism invitro against the pathogen and 

results attributed to combination of strain-level variability and protocol-related limitations — 

unconcentrated supernatant, suboptimal culture medium, and short harvest duration — that likely 

masked strain-specific antagonistic potential.  

Recommendation 

Future probiotic-screening work with these isolates should directly address the protocol gaps 

identified in this study rather than repeat a single generic protocol across all isolates. Cell-free 

supernatants should be concentrated before testing — via acid precipitation, lyophilization, or 

ultrafiltration — since raw, unconcentrated supernatant has been shown to underestimate activity 

even in a confirmed Aeromonas hydrophila-inhibiting strain (Chen et al., 2026). Growth 

conditions should also be tailored per isolate rather than standardized: B. subtilis metabolite yield 

responds strongly to agitated, nutrient-defined media (Wu et al., 2023), while M. luteus requires 

substantially longer incubation in enriched marine-type broth to reach peak activity (Dugyala & 

Kuthadi, 2024). Because M. luteus antibacterial activity has been linked to a cell-associated 

pigment rather than a freely secreted compound (Majeed, 2017), future assays should include a 

solvent-extracted cell-pellet fraction alongside filtered supernatant. Diffusion-based assays alone 

are also insufficient, since they cannot detect non-diffusible mechanisms; isolates should 

additionally be screened for competitive exclusion and mucosal adhesion (Knipe et al., 2021). 

Finally, richer culture media more representative of literature-optimized conditions (Kiesewalter 

et al., 2021) and live-cell screening formats (Zhang et al., 2019) should be used alongside CFS 

assays, since strain-level variability persists even when concentration and medium limitations are 

addressed.   
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Appendix  1.  Gut extraction. 

Appendix  2. Primary culture plates growth. 

Appendix  3. Subcultured isolations. 

Pure isolates subcultures based on colony 

morphologies. 

Triplicate primary cultures of TI (left), PA (center) and KJ (right) samples 

From left to right: dissected sample; laid out gut on dissection 
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Appendix  5. Table showing inhibition assay results. 

 

isolate ID 
Isolate 

code 
Satellitism (mm) CFS (mm) 

mean SD 

satellitism CFS satellitism CFS 

S. 

gallinarum 
I1 0 0 0 0 0 0 0 0 0 0 0 0 

M. luteus I2 0 0 0 0 0 0 0 0 0 0 0 0 

K. 

kristinae 
I3 0 0 0 0 0 0 0 0 0 0 0 0 

B. subtillis I4 0 0 0 0 0 0 0 0 0 0 0 0 

S. sciuri I5 0 0 0 0 0 0 0 0 0 0 0 0 
 Mean SD 

 control 

(+ve) 
21 24 21 21 23 21 22 21 22 21 21.7 1.1 

 control 

(-ve) 
0 0 0 0 0 0 0 0 0 0 0 0 

Appendix  4. CFS inhibition assay setup inoculation. 

100µl of the CFS supernatant inoculated in agar wells for inhibition assay. 

 


