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DESCRIPTION

As global demand for aquatic protein continues to rise,
aquaculture has become a vital component of food production.
Despite its growth, disease outbreaks remain a major challenge,
leading to significant economic losses and animal suffering.
Traditionally, antibiotics and chemical treatments have been the
primary defense strategies. However, these approaches raise
concerns regarding antimicrobial resistance, food safety and
environmental degradation.

A growing body of research has turned to the internal biology of
fish, particularly the gut microbiome and immune system, to
understand natural defense mechanisms. The gut, home to
trillions of microorganisms, plays an important role not only in
digestion but also in shaping immune responses and maintaining
overall health. Supporting the gut ecosystem and immune
defenses of farmed fish may provide more sustainable and
effective protection against infections.

Microbiota and immune system interactions

The gut is a critical interface between the external environment
and the fish's internal systems. Through direct interactions and
chemical signaling, the microbiota influences both local and
systemic immune activity.

In teleost fish, the innate immune system is the primary defense
mechanism. Components such as antimicrobial peptides,
phagocytic cells and pattern recognition receptors are constantly
working to identify and neutralize invaders. Gut microbes help
educate these immune cells, modulate cytokine production and
stimulate the development of gut-associated lymphoid tissues.

Factors influencing the gut microbiome

Several environmental and managementrelated factors can
influence the structure and stability of the gut microbiome in
aquaculture.

Diet: Feed composition significantly affects microbial
populations. Diets rich in carbohydrates or poorly digestible

ingredients can favor harmful fermentative bacteria. Inclusion of
prebiotics, probiotics, or functional feed additives can support
beneficial microbes.

Water quality: Temperature, pH, salinity and microbial load of
the water influence gut microbiota. Sudden changes can disrupt
microbial equilibrium, particularly in larval and juvenile stages.

Antibiotics and medications: Broad-spectrum antimicrobials
can reduce microbial diversity and eliminate protective species,
creating opportunities for opportunistic pathogens to proliferate.

Life stage: The gut microbiome matures over time. Early
colonization plays a significant role in immune development, so
initial microbial exposure can shape long-term health outcomes.

Strategies to improve gut health and immunity

Probiotics: Probiotics are live microbial supplements that, when
administered in adequate amounts, confer health benefits to the
host. In fish, commonly used strains include Lactobacillus,
Bacillus and Enterococcus and Pediococcus species. These
organisms can compete with pathogens, enhance enzyme
production, stimulate mucosal immunity, and improve feed
efficiency

Synbiotics: Combining probiotics and prebiotics may offer
synergistic effects, improving colonization and persistence of
beneficial microbes. Synbiotics are being increasingly tested in
commercial aquaculture settings to boost immunity and disease
resistance.

Immunostimulants: Natural compounds such as beta-glucans,
nucleotides and herbal extracts can activate immune responses
in fish. By increasing the activity of macrophages, lysozyme
production and antibody levels, immunostimulants help fish
prepare for microbial challenges without inducing chronic
inflammation.

Vaccination: Vaccines remain one of the most direct ways to
train the immune system. While not directly modifying the
microbiome, effective vaccination can reduce infection pressure
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and minimize antibiotic use, indirectly benefiting microbial
balance.

Environmental and ethical considerations

Improving fish health through internal biological pathways
aligns with global efforts to reduce antibiotic usage and
environmental discharge. Unlike synthetic chemicals, most
microbial and plantbased interventions do not leave harmful
residues. Moreover, supporting the fish's natural defenses
contributes to better survival rates and feed conversion ratios,
reducing resource use and waste.

Supporting the gut microbiome and immune system of farmed
fish presents an effective path toward more resilient and
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Through dietary interventions,

improved management

sustainable  aquaculture.
supplementation  and

practices, fish can be better equipped to withstand disease

microbial

challenges.

As aquaculture continues to expand, a deeper understanding of
fish internal ecology and its interaction with the environment
will help improve productivity, reduce reliance on medications
and support responsible growth of the industry. Enhancing
natural defense systems not only benefits farm performance but
also contributes to broader goals in animal welfare and
environmental stewardship.
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