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Background 

In the face of multi-drug antibiotic resistance, and 
vaccine limitations, working towards natural disease 
resistance, whether by genetic selection or other means, 
has turned to a crucial issue. The use of immuno¬
modulators and/or probiotics in marine aquaculture has 
the potential to provide many benefits to the industry. 
Immuno-modulators can, in theory, improve fish health 
by up-regulating the immune system, reduce the 
requirement for intervention with immuno-therapeutics 
and improve animal welfare. They also offer the potential 
to improve larvae and fry survival as judicious use of 
these compounds could protect larvae from endemic 
pathogens in the hatchery. 

Probiotics may have a wide range of beneficial effects on 
animal health, but few have been documented in fish so 
far. They may act directly on the host by stimulating the 
immune response, and the ontogeny of digestive 
enzymes in larvae. They may fight against pathogens by 
secreting antagonistic compounds like antibiotics, 
surfactants, etc. They may also intervene in the host-
pathogen relationship by competing for adhesion sites, 
nutrients, or by destroying toxins. This variety allows 
synergy, and probiotics could be also combined with 
immuno-stimulants. 

Contributions that investigate the potential benefits and 
possible detrimental effects that the use of immuno¬
modulators and probiotics may have on marine fish 
culture were called. The session was arranged with ten 
highly relevant and constructive papers. 

Overview of the session 

New infectious diseases have spread with the 
intensification of fish culture, and immuno-stimulants or 
probiotics are essential to check livestock loss, especially 
when vaccine is difficult to develop. Immuno-stimulants 
are non-specific, with a broad range of action. Most of 
them are conserved microbial polymers that are 
recognised by the immune system. Their effect is dose 
dependent, as excess may cause immuno-suppression. 
A n alternative treatment may be the use of nutrients like 
nucleotides that may fuel the immune system. Probiotics 
are more specific than immuno-stimulants, and they need 
to be selected for a particular bacterial infection. If their 
effect is easy to observe in vitro, the demonstration is 
difficult in vivo. Their possible immuno-stimulating 
effect has not been convincingly proved yet. The 
efficiency against intra-cellular pathogens is questionable 
for both immuno-stimulants and probiotics. 

Probiotics were further described and debated in several 
presentations. A l l of these presentations were devoted to 
cold-water fish, but there is an urgent need to extend 
applications to warm-water fish, especially as fish culture 
is developing mainly in the tropical and subtropical area. 

The methodology to select probiotics was presented. 
Their efficiency was then tested within challenge 
experiments, stressing the importance of statistical 
analysis. The need for understanding the mechanisms 
that cause the effects observed in vivo was emphasised. 
Most studies have selected probionts based on in vitro 
antagonism or mucus adhesion, but it is not known 
whether these reactions are efficient to prevent infection 
in vivo. Lactic acid bacteria, common in fish microbiota, 
are an important source of probiotics, though they are 
generally present at a relatively low level in the gastro¬
intestinal tract. A remarkable exception is the hindgut 
fermentation chamber of cod, where high amounts of 
Carnobacterium spp. are present. Their location between 
gut microvilli suggested an important role in intestinal 
health and function. Prebiotics should be developed with 
further research. For instance, dietary inulin could boost 
Carnobacterium spp. proliferation in the gut, but it 
caused tissue damages at high dose. 

Besides probiotics originating in fish microbiota, the 
efficiency in fish of Lactobacillus rhamnosus, initially 
intended for human use was demonstrated. A particular 
interest of this methodology is the measure of respiratory 
burst activity that enables the assessment of the effect of 
probiotics on host immunity (Figure R1). The application 
of probiotics to fish larvae is promising, but it requires 
special methods of delivery. For instance, it was 

Figure R1. A n example of methods to investigate 
the effect of a probiotic on fish health. From: 
"Benefits of a human divided probiotics for the 
rainbow trout (Oncorhynchus mykiss) health" by 
Sami Nikoskelainen. Doc. R:04. 
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demonstrated how to follow the fate of the probiotic from 
the enrichment medium of live food organisms up to the 
gut of halibut larvae thanks to immuno-histo-chemistry. 
Results obtained with larval Senegalese sole, with a 
promising quantification method of probiotic cells by 
immuno-colony blot, were also demonstrated. These two 
methodological approaches based on immunological 
tools are potent, but there are still some problems of 
specificity, which could be solved by using mono-clonal 
antibodies. 

The possible effects of immuno-stimulants were 
summarised in a review (Table R1), but there are also 
limitations. It was shown that the efficiency of the 
treatment is highly dependent on dose, but also on 
duration, as a too long treatment may cause loss of 
efficiency, or even immuno-suppression. There are some 
instances indicating that the abuse of immuno-stimulants 
may promote resistance (e.g. levamisole), and restrictions 
are necessary. It is essential to treat at the right period, 
i.e. before the emergence of stress, which may reduce the 

immune response. There is also a particular interest in 
immuno-stimulants for the larval stages, when the 
immune system is not achieved, though non-specific 
immune response may be induced yet. This was further 
illustrated by excellent results obtained with turbot larva 
fed a non-conventional immuno-stimulant, High-M-
alginate. p-glucans seemed to have some adverse effects 
on the larvae, but these could have been caused by wrong 
administration of the stimulant. Another example of non-
conventional immuno-stimulants involved the selection 
of seaweed extracts after their ability to stimulate 
chemotaxis and respiratory burst in Senegalese sole 
macrophages. 

Conclusions 

Both kinds of treatments can reduce the need for 
chemotherapy. Immuno-stimulants and probiotics may 

especially increase the survival of fish larvae and fry, 
whereas vaccination is difficult to apply on early 
developmental stages. It is noteworthy that the exact 
timing for the acquisition of immune responses is 
variable among fish species. Immuno-stimulants may be 
used in short-term non-specific preventive treatments, 
whereas probiotics are useful to prevent specific bacterial 
infections. 

If the limitations of immuno-stimulants seem sufficiently 
described to allow a more rational use, further research is 
required for probiotics. In particular, the dose response 
and the effect of duration of probiotic treatments need to 
be investigated. This approach is difficult in many cases, 
due to the colonisation potential, which is one of the 
main features of probiotics. 

Probiotic treatments raise the question whether it is really 
worth while to use viable cells, or whether cell 
components identified as active principles could work as 
well. The question applies to every expected probiotic 

effect (e.g. antagonism due to bacteriocin-like 
compound, immuno-stimulation, etc.). One of the main 
advantages of live cells over cell components may be the 
possibility to deliver the active principle in situ, with the 
right dose at the right place, thus limiting adverse effects 
like toxic overdose or resistance spread. There may be 
disadvantages too, especially by considering safety 
regulation and the risk that a micro-organism with high 
colonisation potential may get out of control. 

While further developing such treatments for commercial 
applications in hatcheries and fish farms, it is 
recommended to follow the actual settlement of approval 
procedures, mainly by the Center for Food Safety and 
Applied Nutrition of the U.S. Food and Drug 
Administration or the Scientific Committee on Animal 
Nutrition of the European Commission. 

vitro effects in iw-effeets 
Phagocytosis 

Radical production 

Enzyme activity 

Migration activity 

Production of cytokines 

NO production 

Bacterial killing 

Ab production 

Cytotoxicity 

Cell division 

Survival after challenges with 

pathogens 

Antiparasitic effects 

Growth 

Induction of synthesis of antimicrobial 

substances 

Table R l : Effects of immunostimulants in fish. Fron 
"Immunostimulation of fish" by Roy A. Dalmo. Doc. R:09. 
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