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 INTRODUCTION 
 The structure and composition of the gut microbiota in fish is influ-

enced by its surrounding environment, in which diverse microbial 

species compete with each other for space, nutrients, and available 

energy. 1,2  Because conventional characterization of microorganisms 

has depended on cultivation-based techniques, our understand-

ing of the gut microbiota is restricted to those that can be cul-

tured. However, modern molecular methods, such as broad-range 

sequencing of 16S ribosomal RNA from amplified nucleic acid, 

indicate evolutionary divergence that can be used to identify and 

classify microorganisms. The availability of sequence data has facili-

tated the development of molecular probes for fluorescence  in situ  

hybridization and DNA microarrays that can identify and enume-

rate specific species. 3  Recent studies are now finding that host –

 microbiota interactions are essential to many aspects of normal 

physiology, ranging from metabolic activity to immune homeosta-

sis. 4  With the availability of new tools to examine complex microbial 

communities and the growing appreciation for the importance of 

the indigenous microbiota, this review will focus on the role of the 

microbiota in fish health status and how the immune system adapts 

to the presence of microorganisms in the fish gastrointestinal tract.   

 HOST – MICROBIOTA COMMUNICATION IN THE GUT 
 Fish intestinal mucosal surfaces interface with a complex 

and dynamic community of microorganisms. Although the 

 composition of intestinal microbiota depends on genetic, nutri-

tional, and environmental factors, it is generally accepted that 

the fish gut harbors an estimated 10 7  – 10 8  bacteria per gram. 2,5  

Members of the genera  Aeromonas ,  Alcaligenes ,  Alteromonas , 

 Carnobacterium ,  Flavobacterium ,  Micrococcus ,  Moraxella , 

 Pseudomonas,  and  Vibrio  constitute the predominant intestinal 

microbiota of a variety of marine fish species. In contrast to 

marine fish, the intestinal microbiota of freshwater fish species 

tend to be dominated by members of the genera  Acinetobacter , 

 Aeromonas ,  Flavobacterium ,  Lactococcus , and  Pseudomonas , 

representatives of the family  Enterobacteriaceae , and obligate 

anaerobic bacteria of the genera  Bacteroides ,  Clostridium,  and 

 Fusobacterium . 2,5  In rare circumstances these microorgan-

isms cause disease, either directly, by damaging or traversing 

epithelial layers, or indirectly, by inducing tissue-damaging 

inflammatory responses. 2  If microbial pathogens invade the 

host, innate and adaptive defense mechanisms are activated for 

preventing further spread of the infection. In healthy hosts, the 

intestinal immune system is hyporeactive, but it is capable to 

mount an extensive immune reaction against pathogenic bac-

teria. 6  However, in addition to responding to these sporadic 

confrontations with microbial pathogens, the immune system 

must also properly calibrate responses to frequent confronta-

tions with non-pathogenic commensal and microorganisms 

from the external environment. 3  It is well documented that gut 
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microbiota is essential for intestinal development, homeostasis, 

and protection against pathogenic challenges, to the point that 

some investigators have referred to it as an  “ extra organ ”  of the 

host. 7  The gut represents the natural interface between intesti-

nal microbiota and the host; in fact, the mucosal surfaces of the 

gastrointestinal tract are the main sites in which environmental 

microorganisms and antigens interact with the host, through 

intensive cross-talks. 8  Thus, the first line of defense is provided 

by the mucus layer, which covers the epithelium and contains 

various protective and antimicrobial substances secreted by 

epithelial cells, including complement components, mucins, 

enzymes, piscidins, and defensins. 9,10  

 With intestinal microbiota in continuous direct contact with 

the gut mucosa, the gut-associated lymphoid tissue (GALT) 

must develop mechanisms to distinguish between potentially 

pathogenic microorganisms and commensal microbiota, 

and to determine whether tolerance or an immune response 

should be induced. GALT contains important regulatory cells 

of the mucosal immune system such as lymphocytes, which are 

equipped to organize and mount rapid, selective, and potent 

immune responses against harmful foreign pathogens and 

phagocytes, which have a role in the sampling, presentation, 

and destruction of pathogens. 11  Commensal bacteria exert an 

effect as an important antigenic stimulus for the maturation of 

GALT implicated in the induction of local immune responses. 

Immunoglobulin A is the most abundantly produced immu-

noglobulin isotype at the surface of mucous membranes in 

mammals, which is capable of entering Peyer ’ s patches across 

M cells and targeting dendritic cells that may direct bacteria in 

the form of immune complexes into the GALT to permit continu-

ous immune stimulation under non-inflammatory conditions. 12  

Intestinal bacteria are essential for the normal development of 

GALT. In the absence of luminal bacteria, B cells and T cells 

do not home to the lamina propria of the intestine, and immu-

noglobulin A is not secreted. 13  

 GALT in teleost fish lacks specialized structures — such as 

Peyer ’ s patches in mammals — but the intestinal mucosa contains 

lymphocytes, plasma cells, granulocytes, and macrophages in the 

epithelial cells or disseminated throughout the lamina propria. 14  

In this sense,  Lactobacillus delbrueckii  ssp.  delbrueckii , isolated 

from intestinal microbiota of adult sea bass ( Dicentrarchus 

labrax ), was administered to sea bass larvae and post-larvae 

to investigate the effects on development and differentiation 

of GALT, and it was observed that the number of T cells and 

acidophilic granulocytes in treated fish was significantly higher 

than in controls. 15  

 Intestinal epithelial cells process the combined information 

from the luminal microbiota and the intestinal immune system. 

In consequence, the activation status and immune regulatory 

function is dependent on the kind of bacteria and immune-

derived stimuli they receive. Intestinal epithelial cells are capable 

of sensing components of the microbiota through the expression 

of pattern recognition receptors. 6  One of the most representa-

tive members of pattern recognition receptors is the Toll-like 

receptor family; these receptors recognize bacterial lipopolysac-

charides and other characteristic microbial molecules such as 

pathogen-associated molecular patterns. 16  Toll-like receptors 

help direct the immune response by activating signaling events 

that increase expression of soluble mediators, which recruit 

and regulate the immune and inflammatory cells that initiate 

or enhance immune responses ( Figure 1 ). 17  These mediators 

can exert an effect locally to recruit other immune cells to the 

site of activation, or can exert an effect systemically to medi-

ate a systemic immune response. Important soluble mediators 
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  Figure 1          Mucosal immune system discriminates between pathogenic and commensal bacteria through pattern recognition receptors (PRRs), 
which mediate the detection of bacterial antigens and activate signaling cascades that regulate immune reactions (cytokines). Commensal bacteria 
(probiotics) can provide protection through the creation of a hostile environment for pathogenic bacteria by the production of inhibitory compounds, by 
competing for adhesion sites, or by modulating the immune response.  
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include the inflammatory cytokines, tumor necrosis factor-

 � , interleukin-1 �  (IL-1 � ), chemokines, and reactive oxygen 

species, including superoxide and nitric oxide, as well as the 

anti-inflammatory cytokine IL-10. 18 – 20  Activation by patho-

gen-associated molecular patterns also stimulates the expres-

sion of a distinctive subset of microbial defense mediators that 

are specific for the particular Toll-like receptor activated. 21  In 

fact, Picchietti  et al.  15  quantified transcripts of immune-related 

genes (CD4, CD8- � , Cox-2, immunoglobulin A, IL-1 � , IL-10, 

T cell receptor- � , and transforming growth factor- � ) of the sea 

bass as markers of inflammation and cell-mediated immunity. 

Real-time PCR detected lower IL-1 �  transcripts, a typical pro-

inflammatory cytokine, in probiotic group than in controls. 

Similarly, Cox-2, IL-10, and transforming growth factor- �  

transcripts were reduced in probiotic group, indicating a trend 

toward downregulation of inflammatory genes. These data dif-

fer from a study with rainbow trout ( Oncorhynchus mykiss ), in 

which upregulation of IL-1 �  1  and transforming growth factor- �  

transcripts was observed in the spleen and head kidney after 

dietary administration of freeze-dried forms of  Lactobacillus 

rhamnosus  and  Enterococcus faecium . 22  

 In addition, to resolve the question of how the intestine cali-

brates its response against high lipopolysaccharide loads, Bates 

 et al.  23  have recently shown that the zebrafish intestinal alka-

line phosphatase is required to detoxify lipopolysaccharide and 

to prevent intestinal inflammation in response to the resident 

microbiota.   

 PROBIOTICS 
 Colonization of intestinal mucosal surfaces with a normal 

microbiota has a positive effect on immune regulatory functions, 

and disturbance of these functions by an imbalanced microbiota 

may contribute to the development of diseases. In fact, Rawls 

 et al.  4  have shown that the establishment of the gut microbiota 

in zebrafish results in the induction of a complex pattern of 

gene expression. The genes expressed include those involved 

in stimulation of epithelial proliferation, promotion of nutrient 

metabolism, and innate immune responses. Significant attention 

has therefore been recently focused on the role of probiotics in 

the induction or restoration of a disturbed microbiota to its nor-

mal beneficial composition. Probiotics have been defined by the 

World Health Organization – Food and Agriculture Organization 

as  “ live microorganisms which when administered in adequate 

amounts, confer a health benefit on the host. ”  24  

 The use of probiotic bacteria has been applied in human and 

animal nutrition with successful results. 25  In the past 10 years 

there has been a growing interest in fish farming to control dis-

eases through alternative methods, such as probiotics. 26,27  

 Recent evidence shows that some members of lactic acid 

bacteria, notably the genera  Lactococcus  and  Carnobacterium , 

are important transient or permanent inhabitants in the gas-

trointestinal tract of fish. 28 – 30  They are believed to exert sev-

eral beneficial effects there, such as nutritional contribution 

and protection against pathogens, either by the production of 

antimicrobial compounds or through competition for mucosal 

binding sites. 31  They are also vital to modulating interactions 

with the environment and the development and / or activation of 

beneficial immune responses associated with the mucous mem-

branes that line the epithelial surfaces. 28,32  

 A wide range of microalgae (Tetraselmis), yeasts (Debaryomyces, 

Phaffia, and Saccharomyces), and Gram-positive (Bacillus, 

Carnobacterium, Enterococcus, Lactobacillus, Lactococcus, 

Micrococcus, Streptococcus, and Weissella) and Gram-negative 

bacteria (Aeromonas, Alteromonas, Phaeobacter, Pseudomonas, 

and Vibrio) have been applied as probiotics to improve aquatic 

animal growth, survival, health, and disease prevention. 26,27  

 Table 1  shows lactic acid bacteria and other microorganisms 

that are currently being used as probiotics, either singly or 

in combination. In this context, we have shown that feed-

ing rainbow trout with members of its intestinal microbiota, 

such as  Lactobacillus sake i,  Lactococcus lactis , or  Leuconostoc 

mesenteroides , for 2 weeks resulted in a higher survival rate 

after challenge with  Aeromonas salmonicida . All three pro-

biotic strains colonized the fish gastrointestinal tract and 

antagonized the populations of  A. salmonicida , which initially 

infects the intestine and induces furunculosis in various wild 

and farmed fish species. In addition, there was a correlation 

between colonization with these probiotic strains and innate 

immune responses such as phagocytic activity and alternative 

complement pathway activity. 33  

 Phagocytosis is responsible for early activation of the inflam-

matory response before antibody production, and is mediated 

by phagocytic cells, such as neutrophils, monocytes, and mac-

rophages, in fish. The  in vivo  activation of phagocytic cells by 

immunomodulators may also lead to the secretion of a wide 

range of biologically active molecules, such as enzyme inhibi-

tors, cationic peptides, and complement components, and to 

the production of reactive oxygen and nitrogen species that 

are involved in bactericidal activity. 34,35  Moreover, activation 

of the complement system initiates a cascade of biochemi-

cal reactions accompanied by the generation of biologically 

active mediators that result in antigen elimination through 

cell membrane lysis and activation of nonspecific mediators 

of inflammation. 36  

 We have also shown that the administration of  L. mesenteroides  

and  Lactobacillus plantarum  confers protection against  Lactococcus 

garvieae  in rainbow trout. 37  Competition for nutrients and 

adhesion receptors could be the basis for this protection, as 

microbiological and molecular analyses have revealed the pres-

ence of these probiotic strains in the fish intestine. In addition, 

it is well known that the gastrointestinal tract constitutes a pre-

ferred target for colonization by  L. garvieae , and thus probiotic 

strains may create a hostile environment for the establishment 

of this pathogen. 38  

 Probiotic microorganisms consist mostly of bacterial strains, 

although the use of other microorganisms such as yeasts has 

also been explored. Recently, Reyes-Becerril  et al.  39  showed 

that administration of  Debaryomyces hansenii  resulted in an 

enhancement of the innate immune response in juvenile gilt-

head seabream ( Sparus aurata ). The mRNA transcript of Hep, 

immunoglobulin M, T cell receptor- � , nonspecific cytotoxic cell 

receptor protein 1, major histocompatibility complex class II � , 
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colony stimulating factor 1 receptor, C3, tumor necrosis factor-

 � , and IL-1 �  genes were significantly higher in head kidney from 

fish fed the yeast-supplemented diet. 

 Multistrain and multispecies formulations, which are more 

than one strain of the same species or closely related species, 

have been proven to have synergistic beneficial effects on the 

host health, although the underlying mechanisms remain 

unclear. In higher vertebrates, there is conclusive evidence that 

adequately designed multistrain probiotic formulations pos-

sess health-promoting effects that are lacking in monospecies 

probiotic diets. 40  Some of the proposed mechanisms include 

greater survival, growth, viability, or adhesion to mucosal sur-

faces of one species in the presence of another species, the pro-

duction of different enzymes or other proteins, the creation 

of a probiotic niche, and additive / synergistic effects of strain-

specific properties. 40 – 43  Salinas  et al.  41  studied the effect of 

either  Lactobacillus delbr ü eckii  ssp.  lactis  or  Bacillus subtilis  or 

a combination of both strains on the innate immune response 

of gilthead seabream. They showed that increased phagocytic 

activity of the leukocytes from fish fed the monospecies diets 

disappeared at third week, whereas fish that received the mul-

tispecies diet maintained their greater leukocyte phagocytic 

ability. Moreover, cytotoxic activity, which had not varied dur-

ing the first 2 weeks of feeding in any experimental group, was 

higher in the multispecies group at third week. Capkin and 

Altinok 44  also reported the effects of a multistrain probiotic 

formulation ( Enterobacter cloacae  and  Bacillus mojavensis ) on 

prevention of yersiniosis in rainbow trout. After feeding fish 

with multistrain formulation for 60 days, the fish survival rate 

increased to 99.2 %  after challenge with  Yersinia ruckeri  com-

pared with controls that had 35 %  survival rate. The successful 

multistrain treatment may be the result of an optimal combina-

tion of strain-specific properties. 

 The effect of the indigenous microbiota is restricted to not 

only immune response but also to the structure, function, 

and metabolism of the digestive tract of fish. The gut micro-

biota and, by the same token, probiotics have a strong effect 

on priming immunophysiologic regulation in the intestine ’ s 

mucosal barrier, which has opened up new angles in the sci-

ence of nutrition. 8  

 Physiological effects that have been suggested include serving 

as a source of nutrients, vitamins, and enzymes, and contrib-

uting to the microbial breakdown of indigestible components 

such as chitin,  p -nitrophenyl- � - N -acetylglucosamine, cellulose, 

and collagen. 45  Studies in freshwater angelfish ( Pterophyllum 

scalare ), oscars ( Astronotus ocellatus ), and the marine southern 

flounder ( Paralichthys lethostigma ) suggest that the intestinal 

anaerobic bacteria can perform a role in the digestive process of 

the fish by providing a variety of enzymes such as carbohydrases, 

phosphatases, esterases, lipases, and peptidases that help in the 

absorption of nutrients. 46  According to Aly  et al.  47  the adminis-

tration of  B. subtilis  and  Lactobacillus acidophilus  increased the 

body-weight gain and this could be attributed to the improved 

digestive activity by enhancing the synthesis of vitamins, cofac-

tors, and enzymatic activity, with a consequent improvement in 

the digestion, nutrient absorption, and weight gain.   

  Table 1     Probiotics used in fish and the effect on their host 

   Host species  Potential probiotic  Effect on host 

    Epinephelus 
coioides  

  Lactobacillus 
plantarum  7 –  40 

 Immune stimulation 
and improved 
survival after challenge 
with  Streptococcus  sp. 
or iridovirus. 48  

    Oncorhynchus 
mykiss  

  Vibrio fluvialis  
A3-47S,  Aeromonas 
hydrophila  A3-51, 
 Carnobacterium  sp. 
BA211,  Micrococcus 
luteus  A1-6 

 Immune stimulation 
and improved survival 
after challenge 
with  Aeromonas 
salmonicida . 49  

    Oncorhynchus 
mykiss  

  Lactobacillus 
rhamnosus  
ATCC 53103 

 Immune stimulation 
and improved survival 
after challenge 
with  Aeromonas 
salmonicida.  50,51  

    Oncorhynchus 
mykiss  

  Aeromonas sobria  
GC2 

 Immune stimulation 
and improved survival 
after challenge with 
 Lactococcus garvieae  
and  Streptococcus 
iniae.  52  

    Oncorhynchus 
mykiss  

  Carnobacterium 
maltaromaticum  B26, 
 Carnobacterium 
divergens  B33 

 Expression of cytokine 
genes and improved 
survival after challenge 
with  Aeromonas 
salmonicida  and 
 Yersinia ruckeri . 28,53  

    Oncorhynchus 
mykiss , 
 Salmo trutta  

  Lactobacillus 
sakei  CLFP 202, 
 Lactococcus 
lactis  CLFP 100, 
 Leuconostoc 
mesenteroides  
CLFP 196 

 Immune stimulation 
and improved survival 
after challenge with 
 Aeromonas 
salmonicida.  32,33,54  

    Oncorhynchus 
mykiss  

  Lactobacillus 
rhamnosus  ATCC 
53103,  Bacillus 
subtilis ,  Enterococcus 
faecium  

 Immune stimulation 
and expression of 
cytokine genes. 22  

    Oncorhynchus 
mykiss  

  Bacillus subtilis  AB1  Immune stimulation 
and improved sur-
vival after challenge 
with  Aeromonas  sp. 
ABE1. 55  

    Oncorhynchus 
mykiss  

  Lactobacillus 
plantarum  CLFP 238, 
 Leuconostoc 
mesenteroides  
CLFP 196 

 Competitive exclusion 
and improved survival 
after challenge with 
 Lactobacillus garvieae.  37  

    Oncorhynchus 
mykiss  

  Aeromonas sobria  
GC2,  Brochothrix 
thermosphacta  
BA211 

 Immune stimulation 
and improved survival 
after challenge with 
 Aeromonas bestiarum  
and  Ichthyophthirius 
multifiliis.  56  

    Sparus aurata    Lactobacillus 
delbrueckii  
CECT 287,  Bacillus 
subtilis  CECT 35 

 Immune stimulation   41  
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 CONCLUSIONS 
 The manipulation of the host microbiota may represent a new 

possibility in the prevention or management of pathological and 

physiological disorders. Probiotics are usually members of the 

normal indigenous microbiota, which has an important role in 

the health of animals, and their addition can assist in returning 

a disturbed microbiota to its normal beneficial composition. 

Better understanding of how bacteria are able to differentially 

modulate host cell function will result from the identification 

of bacterial cell constituents and corresponding host cell recep-

tors that modulate downstream responses. It will be crucial to 

consider the role of microbial communities and provide new 

avenues to treat and prevent infections.     
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