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 A B S T R A C T 
 
 

Current growth in aquaculture production is parallel with the increasing number of diseases outbreaks 
and can affect the production, profitability and sustainability of the industry worldwide. Among the groups 
of pathogenic microorganisms, vibriosis is the well-known cause of severe economic losses and 
responsible for (massive) mortality of cultured shrimp, fish and shellfish. Antibiotics and chemicals have 
been applied in farms for traditional treatment and prevention of Vibriosis.  However, the frequent use of 
chemotherapeutic agents has allowed for the development of drug-resistant strainsand has led to allergy 
and toxicity in humans. Therefore, the use of prophylactic approaches to stimulate and enhance the 
immune responses becomes urgent. In this short review, the application of immunostimulant, vaccine, 
probiotics and quorum quenching molecules to inhibit the communication of Vibrio spp were presented. 
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INTRODUCTION 

The importance of aquatic farming 
referred to as “Aquaculture” has been increasing 
recently as a consequence from the decline 
production in capture fishery. A closer look at the 
statistics shows that global aquaculture 
production continues to grow at an average rate 
of 8.6 percent per year and attained up to 90.4 
million tonnes in 2012 (FAO,2014). In addition, 
aquaculture plays an important role in the 
economic development, with estimated farm 
sales of over US$144.4 billion, and provide 
numerous jobs in the secondary sector, such as 
fish processing, fish feed industry, trade and 
marketing, as well as in many ancillary services 
(FAO, 2014). However, due to the (super) 
intensification in aquaculture activities, outbreaks 
of diseases, especially caused by bacterial 
infection, are being increasingly reported as a 
significant challenge to the expansion of 
aquaculture production and affects the economic 
development of some countries. The annual 
economic losses associated with diseases 
worldwide are estimated to be in excess of US$9 
billion per year (Ruwandeepika, 2010) and 

caused losses of over US$120 million in China 
during 1990 and 1992 (Wei, 2002). 
 Meyer (1991) pointed out that bacterial 
pathogens probably caused more disease 
problems in aquaculture. Among the many 
infectious diseases caused by bacteria, vibriosis 
is classically considered to be the well-known 
cause of severe losses associated with their 
invasion to fishes (Austin and Austin, 2007).This 
disease has been described as vibriosis or 
bacterial disease, penaeid bacterial septicemia, 
penaeid vibriosis, luminescent vibriosis or red leg 
disease (Aguirre-Guzman et al., 2004). The first 
report of Vibrio disease occurring in an 
aquaculture system was described by Rucker et 
al. (1954) without any proper discussion related 
to the symptoms of the disease among 
Oncorhynchus gorbuscha, Oncorhynchus keta, 
and Oncorhynchus taschawytscha along the 
Washington coast. Today, members of the genus 
Vibrio have gained attention because several 
species are associated with human diseases 
(Amaro and Biosca, 1996) and cause multibillion 
dollar losses and severe mortality of livestock in 
many countries, especially in shrimp aquaculture 
industries (Prayitno and Latchford, 1995; 
Lightner, 1996; Defoirdt et al., 2007). In addition, 
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based on the laboratory-based experiments, 
pathogens belonging to the Vibrio sp were 
pathogenic not only to salt water fish but also to 
brackish water fish with mortalities up to 100% 
(Austin and Austin, 2007) and their prevalence 
has been increased in the last 44 years, 
especially in the coastal North Sea (Le Roux et 
al., 2015). Therefore, in the present study a 
detailed review including description of pathogen, 
socio-economic impacts, epidemiology, virulence 
factors, and control measures was undertaken to 
study the diseases caused by Vibrio spp. In this 
short review, several prophylactic approaches 
used to improve the growth performance, 
survival and enhance the immune system of 
aquatic organisms against Vibrio infection within 
the aquaculture system were also presented. 
 

Vibriosis in aquaculture 

 Vibriosis is a potentially serious illness 
caused by a group of bacteria called Vibrio 
(Chen et al., 2000). Vibrios are gram negative 
that are ubiquitous in marine environment and 
estuarine ecosystems (Austin and Austin, 2007) 
and can be found free-living in the water column, 
as part of biofilm, or in association with a host 
(Thompson et al., 2004). The number of reported 
Vibrio species has increased rapidly and ten of 
them have been associated with diseases in 
human since they can cause skin infections and 
gastrointestinal disorders (Venkateswaran et al., 
1998; Andrews, 2004). Surprisingly, even Vibrio 
have been reported as one of the causal agents 
of diseases in aquatic organisms, other species 
such as Vibrio alginolyticus have been used as 
probiotics for shrimp production (Vandenberghe, 
2003). In general, signs of disease caused by 
Vibrio include lethargy, tissue and appendage 
necrosis, slow growth, slow metamorphosis, 

body malformation, bioluminescence, muscle 
opacity and melanization (Aguirre-Guzman et al., 
2004). Moreover, infected fish show skin 
discoloration, the presence of red necrotic lesion 
in the abdominal muscle, and erythema (bloody 
blotches) at the base of the fins, around the vent, 
and within the mouth (Anderson and Conroy, 
1970). Vibrios could frequently found in mussels 
and cause irregular circular movements and 
deterioration of the mussel larvae perna 
canaliculus soft tissue (Kesarcodi-Watson et al., 
2009). In many cases, Vibrios may be classified 
as an opportunist, only causing disease when the 
host organisms is immune suppressed or stress 
due to the (super)intensive culture and adverse 
environmental conditions (Alderman and 
Hastings, 1998). 

From the description of Ishimaru et al., 
(1996), Vibrio may be isolated on marine agar 
with incubation at 250 C for 2 – 7 days. 
Moreover, thiosulphate-citrate-bile salt sucrose 
agar may also be used for selective isolation of 
Vibrio strains by transferred a loopful of the 
enrichment culture and incubated at 370 C for 18 
– 24 hours. Pure colonies were randomly 
selected and then transferred to tryptic soy agar 
(TSA, Difco, Spain) supplemented with 1% NaCl 
(Hara-Kudo et al., 2001). Isolates of the Vibrio 
can be stored in 30% glycerol at -800 C for 
further analysis (Khouadja et al., 2013). The 
observation of colony morphology can be carried 
out on Zobell 2116 E agar medium (Isnansetyo 
et al., 2009), while morphological, biochemical 
and physiological test can be carried out based 
on the protocol described by Smibert and Krieg 
(1994).  The interest in Vibrios as the scourge of 
marine fish and shellfish has resulted in the 
description of new species and a better 
understanding of the biology of long-recognised 
taxa (Austin and Austin, 2007). 
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Figure 1. a) lethargy, tissue and appendage necrosis in Asian Seabass Lates calcarifer infected by Vibrio 
parahaemolyticus and Vibrio damsella; b) Vibrio isolation; and c) green colonies of Vibrio spp in 
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thiosulphate-citrate-bile salt sucrose agar prior transferred to tryptic soy agar (Courtesy: Romi Novriadi, 
2014). 
 

 
Vibrio abound in the warm (>15 0C) saline 
aquatic environments (Le Roux et al., 2015), and 
therefore present a constant threat for any 
susceptible host, especially for the most 
important fish species used in marine and 
brackish water farming. However, evidence is 
also accumulating that vibriosis may occur in the 
fresh water environment (Muroga, 1975; Ghittino 
and Andruetto, 1977).  Warming of marine and 
saline inland waters is also have an important 
role in support the growth of Vibrio populations 
and become a major limiting factor in the 
successful of aquaculture industry (Mahnken, 
1975). Vibriosis appears to have been confined 
initially in European waters (Austin and Austin 
2007). A further continuous plankton recorder 
(CPR) survey in northern Europe showed that 
the genus Vibrio, including the human pathogen 
V. cholerae, has increased in prevalence in the 
last 44 years (Vezzulli et al., 2012). Moreover, an 
authorative publication in Austin and Austin 
(2007) reported that Vibriosis occurs in more 
than 14 countries and represents a significant 
cumulative loss among 48 species of marine fish. 
Recent study from Soto-Rodriguez et al., (2015) 
confirmed that, from field and experimental 
results, Vibrio parahaemolyticus acts as a 
primary pathogen that causes acute 
hepatopancreatic necrosis disease (AHPND) for 
shrimp in Mexico. In addition, six isolates (H1 to 
H6) obtained from a shrimp hatchery in Rio 
Grande do Norte (Natal-Area, Brazil), which had 
been confronted with disease outbreaks in 2009, 
were identified to belong to the Harveyi clade of 
vibrios (Vanmaele et al., 2015). This results 
suggest that vibriosis is an extremely widespread 
problem. 
 

Virulence factors and pathology 

 The highlight of several studies suggest 
that Vibrio may considered as a highly virulent 
fish pathogen with three major infectious cycle, 
namely: (i) entry of pathogen; (ii) establishment 
and multiplication, thereby avoiding host 
defenses and causing damage to host tissues 
and cells; and (iii) exit (Donnenberg, 2000; Austin 
and Austin, 2007).These different steps allow the 
pathogens to infect and damage the host, 
including products involved in motility, adhesion, 
host tissue degradation, iron acquisition and 

protection from host defence (Donnenberg, 
2000). One virulence factor that have been 
identified is a very efficient iron-sequestering 
system, encoded by the 65-kilobase pair (kb) 
pJM1 plasmid isolated from prototype O1 strain 
V. anguillarum (Crosa et al., 1977). The role of 
this iron-uptake system, consist with siderophore, 
named anguibactin, and a membrane-receptor 
complex, in virulence was further confirmed by 
the introduction of recombinant clones 
possessing the pJM1-encoded iron-uptake 
genetics determinants into avirulent V. 
anguillarum strains (Woo and Bruno, 2011). 
 Another factors that is believed to play a 
central role in the infectivity of bacterial 
pathogens, include (i) Haemagglutinating activity 
affected the intestinal tract and the vascular 
system of injected animals, (ii) leucocytolytic 
factor, induced by the presence of V. ordalii 
(Harbell et al., 1979), (iii) the ability to resist the 
bactericidal effect of non-immune serum (Trust et 
al., 1981), (iv) the secretion of extracellular 
cytotoxic and cytolytic factors (Amaro et al., 
1994), an elastolytic protease (Kothary and 
Kreger, 1987), and the availability of iron (Amaro 
et al., 1994). Clinical and environmental isolates 
suggest that the virulence expression critically 
depend on biotic interactions with the host and 
other resident microbiota. Recently, Vibrio 
disease cannot be seen as an isolated event but 
needs to be considered in the context of the 
microbiome, which includes other non-virulent 
Vibrio (Le Roux et al., 2015). 
 The infection process of Vibrio remains 
unclear, but undoubtedly involves colonization of 
(attachment to) the host starting with the skin 
(Spanggaard et al., 2000), and thence 
penetration of the tissues (Austin and Austin, 
2007). Therefore, for the invasion of the host, 
chemotactic motility is necessary for virulence 
(Larsen et al., 2004). Moreover, it has been 
reported as well that bacteriophages are 
important elements of Vibrio spp in transferring 
virulence (Pasharawipas et al., 2005). 
Bacteriophages have been known to confer 
virulence to bacteria upon infection, a process 
known as lysogenic conversion (Boyd et al., 
2001) whereby a non-pathogenic strain can 
transform into a virulent strain or a strain with 
increased virulence. The bacteriophage-encoded 
proteins provide mechanisms to invade host 
tissues, avoid host immune defenses and 
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damage host cells (Boyd et al., 2001). Another 
group of vibriosis virulence factors include lytic 
enzymes, which are produced by many 
pathogenic bacteria and often play a central role 
in pathogenesis (Finlay and Falkow, 1997). 
These enzymes that consist with hemolysins, 
proteases (including caseinase and gelatinase), 
able to cause damage to host tissues, thereby 
allowing the pathogen to obtain nutrients and to 
spread through tissues (Defoirdt et al., 2007). 
 

Epidemiology of Vibrio infections in 
aquaculture 

In general, most cases of vibrio 
infections evidence that has been provided 
showing that Vibrio species are natural 
inhabitants of marine aquatic environment in both 
temperate and tropical regions. However, recent 
evidence is also accumulating that vibriosis may 
occur in freshwater condition (Muroga, 1975) and 
in the inland areas far from any sea cost (Rhodes 
et al., 1985). Contact with contaminated water 
and also consume raw, poorly cooked, or 
decontaminated shellfish are at risk for vibrio 
infections (Janda et al., 1988). In addition, Vibrio 

spp have been isolated from a variety of 
environment samples including water, sediment, 
plankton, shellfish, fin fish and crustaceans 
(Dalsgaard, 1998). According to Chatterjee and 
Haldar (2012), Major Vibrio spp. associated with 
shrimp diseases include V. harveyi, V. 
parahaemolyticus, V. alginolyticus, V. 
anguillarum, V. vulnificus, and V. splendidus. 
Meanwhile, V. anguillarum, V. salmonicida, and 
V. vulnificus are among the main bacterial 
pathogens in several fish species (Austin and 
Austin, 2007). 
 Vibriosis had gained considerable 
notoriety in aquaculture, where it has become 
major limiting factor and widely responsible for 
mortality in cultured aquaculture systems 
worldwide. An authoritative publication reported 
that vibriosis occurs in more than 14 countries, 
where it has ravaged approximately 48 species 
of marine fish (Austin and Austin, 2007). To cite 
one example, in Denmark, vibriosis has resulted 
in cumulative losses of 30% among eel 
populations (Austin and Austin, 2007). Significant 
economic losses and other impacts due to the 
vibriosis in aquaculture system are presented in 
Table 1. Until around 1980, Vibrio 
anguillarum was the only Vibrio species 
connected with disease in fish (Egidius, 1987). 
However, during the last few years, several new 
fish pathogens belonging to this genus have 

been described, including the new 
Characterization of 6 Vibrio strains (H1-6) isolate 
from a shrimp hatchery in Rio Grande do Norte 
(Natal-Area, Brazil), where high mortalities were 
faced at that moment (Vanmaele et al.,2015). 
Moreover, the 69 kb plasmid pVPA3-1 found in 
Vibrio parahaemolyticus become the causative 
agent of acute hepatopancreatic necrosis 
diseases (AHPND) and responsible for mass 
mortalities in farmed penaeid shrimp (Han et al., 
2015). This disease that also referred to as early 
mortality syndrome has seriously impacted the 
shrimp aquaculture industry in both Asia and 
Central America (Mexico) (Flegel, 2012; Soto-
Rodriguez et al., 2015) and cause economic 
losses for more than US$ 1 billion (Zorriehzahra 
and Banaederakhshan, 2015).  
 
 Control of Vibriosis in Aquaculture 

 To control the vibriosis in aquaculture, 
feeding infected fish with antibiotic-medicated 
food (Pridgeon et al., 2012) and the application 
of antibiotics via the oral route to groups of fish 
that share tanks or cages are common practices 
(Defoirdt et al., 2007).However, these 
approaches may be ineffective mainly due to the 
development of resistance to antimicrobial 
compounds in pathogen caused by the frequent 
use of antimicrobial compounds.Another problem 
created by unrestricted use of antibiotics is the 
presence of residual antibiotics in 
commercialized of aquaculture products and has 
led to allergy and toxicity in humans (Cabello, 
2004). The massive use of antibiotics for 
livestock’s may result in frequent rejections from 
destination exports countries due to the presence 
of residues from the use of prohibited antibiotics. 
Recently, data collected by EU, United States, 
Australian and Japanese authorities showed that 
2,400 export consignment of Vietnamese fishery 
products have been rejected by Unites States 
authority (during 2002 – 2010), 422 shipments 
have been rejected by EU authorities, while 
Japanese and Australian authorities have 
refused market entry to 464 and 206 Vietnamese 
shipments (2003 – 2010), respectively (IDE-
JETRO, 2014). In view of the above 
circumstances, the use of antibiotics not only 
caused severe decline in production but also loss 
of competitiveness in export market. 

The antibiotics resistance is common in 
bacteria isolated from the aquaculture system. 
Study from Akinbowale et al., (2006) showed that 
74% of Vibrio spp isolated from aquaculture 
settings in different states in Australia were found 
to be resistant to at least one antibiotic. 
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Resistance to Ampicillin, Amoxicillin, Cephalexin, 
Cephalothin, Gentamycin, Erythromycin, 
Tetracycline, and Oxytetracycline was found in 

several isolates during the sampling campaign 
program.  
 

 
Table 1. 
Examples of socio-economic and other impacts of Vibrio related diseases in aquaculture system. 
 

Country Vibrio spp. caused 
disease 

Losses and other impacts Reference 

China V. fluvialis >US$ 120M annual losses between 
1990-1992 

Wei (2002) 

Egypt V. anguillarum 
V. alginolyticus 
V. ordalii 
V. harveyi 

Red spot on the ventral and lateral area 
Swollen and dark skin lesions, necrosis, 
hemorrhagic areas, exophthalmia and 
ulcers on the skin surface 50% mortality 
in Seabass and Seabream 

Saad and Atallah 
(2014) 

Indonesia Luminescent Vibrio >US$ 100 M in 1991 at shrimp 
hatcheries 

APEC (2000) 

Tunisia V. parahaemolyticus Darkened body color, white nodular skin 
lesion, and sudden death with 
haemorrhages in the skeletal muscle of 
European Seabass 

Khouadja et al. 
(2013) 

Mexico V. parahaemolyticus Acute Hepatopancreatic Necrosis 
Disease (AHPND) in L. vannamei 
include empty gut, anorexia, lethargy, 
expanded chromatophores and pale HP 
with discoloration 

Soto-rodriquez et 
al. (2015) 

Thailand V. harveyi Mass mortalities in P. monodon Groumellec et al. 
(1995) 

Ecuador V. harveyi Mass mortalities in P. monodon Groumellec et al. 
(1995) 

Japan V. carchariae Mass mortalities in Japanese abalone 
Haliotis diversicolor 

Nishimori et al. 
(1998) 

India V. harveyi Tail rot, erythemia, and as white 
patches on the body of seahorses, 
Hippocampus kuda 

Raj et al. (2010) 

India V. parahaemolyticus 
V. alginolyticus 
V. anguillarum 
V. vulnificus 

Poor growth, lethargic movements, red 
discoloration, and mortality in Penaeus 
monodon 

Thakur et al. 
(2003) 

Italy V. alginolyticus 
V. anguillarum 
V. harveyi 
V. ordalii 
V.  salmonicida 
V. vulnificus 

Mass mortalities in bivalves farm 
located in Mar Piccolo in Taranto 

Cavallo et al. 
(2012) 

West coast of 
North America 

V. tubiashii Reduce the bivalve shellfish larval and 
seed production. One hatchery in their 
study estimated a 59% loss in 2007 
production. 

Elston et al. 
(2008) 
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Moreover, recent findings from Costa et 
al., (2015) stated that Vibrio spp resistant to β-
lactam and tetracycline has been detected in 
farmed shrimp and cultivation areas. Thus, the 
emergence of resistant bacteria to antimicrobial 
drugs may be indicative of the indiscriminate use 
of these drugs in aquaculture system. 
Surprisingly, the unresponsible use of antibiotics 
not only influence the cultivation site but also 
have the potential impact to develop antibiotic-
resistant bacteria in the environment surrounding 
the farming operations. Clear evidence from 
Buschmann et al., (2012) suggests that residues 
of flumequine, a quinolone with potential cross of 
resistance with oxolinic acid, were also present 
at the side that 20 m and 8 km distant from the 
aquaculture facility. The residues were most 
likely carried by marine currents from the 
aquaculture sites that already used the 
antibiotics for more than ten years.  

Based on the above information, a holistic 
approach, which includes environment, host and 
pathogen, to protect the aquatic animals from 
vibriosis without using antibiotics are needed to 
make the industry more sustainable (Defoirdt et 
al.,2007). This prophylactic approach will 
become a good complement for the restriction 
use of antibiotics in aquaculture in many 
countries (Cabello, 2004; Goldburg and Naylor, 
2005). Moreover, in the view of good health 
management practices, disease prevention is 
more important than the treatment of diseased 
animals (Brumley, 1921). Therefore, the 
application of prophylactic approaches will be 
more sustainable especially within the 
aquaculture system that culture the animals in 
several types of system and not always in their 
most optimal conditions. Several prophylactic 
approaches directed towards vibriosis that have 
been developed and applied in aquaculture 
system that aim to control and prevent the 
disease will be briefly discussed throughout the 
following paragraphs, namely: 

immunostimulation, vaccination, probiotics and 
quorum sensing to inhibit the virulence factors of 
vibriosis. 
 

1. Immunostimulation 

The word of ‘immunostimulant’ refers to any 
chemical compound that activates white blood 
cells (Leukocytes) and hence may render the 
animals more resistant to infection by a harmful 
micro-organisms in the culture environment, such 
as: viruses, bacteria, fungi and parasites (Raa, 
2000). Moreover, according to Raa (1996), 
immunostimulants can be grouped into: (i) 
structural elements of bacteria: 
lipopolysaccarides, capsular glycoproteinsand 
muramylpeptides, (ii) Various β-1,3 glucan from 
bacteria and mycelial fungi, (iii) β-1,3/1,6-glucans 
from the cell wall of baker’s yeast, (iv) glycans 
from various biological structures, (v) peptides, 
(vi) nucleotides and (vii) various synthetic 
products.  The use of immunostimulants will 
increasethe resistance of aquatic organisms 
against infectious diseasesby enhancing their 
adaptive and innate defense mechanisms. The 
role of immunostimulants for their immunological 
and pharmacological effects have been 
discussed in detail, including the efficiency and 
dose-effect relationship of immunostimulants in 
shrimps (Sajeevan et al., 2009; Duvic and 
Söderhäll 1990) and aquatic organisms (Castro 
et al.,1999). In terms of vibriosis, the application 
of many commercial immunostimulants have 
succesfully been used to increase the 
resistanceagainst vibriosis in fish (Spain-ortuno 
et al., 2002). Bridle et al. (2005) reported the 
dietary administration of β-glucan to Atlantic 
salmon (Salmon salar) stimulates the respiratory 
burst activity (RBA) of head kidney macrophage 
in vitro and challenge tests with infectious 
pathogen (in vivo experiment) showed negative 
effect on RBA, serum lysozyme production and 
diseases resistance to amoebic gill disease. 

Moreover, the oral administration of β-
glucan may be beneficial to enhanced the 
immune system of European seabass 

Dicentrarchus labrax against V. anguillarum 
infection (Bonaldo et al., 2007) 

Similar studies have also been done in 
invertebrates. A number of reports from Marques 
(2005) and Soltanian (2007) confirm that daily 
addition of small amounts of yeast and/or glucan 
to a poor performing feeds provide protection to 
Artemia against the pathogenic Vibrio campbellii 
while for Artemia that do not supplemented with 
yeast and/or pure glucan cannot survive against 
pathogenic Vibrio campbellii. Moreover, the oral 
administration of peptidoglycan (PG) derived 

from Bifidobacterium thermophilum was able to 
enhance the phagocytic activity of the 
granulocytes and increase the resistance of 
kuruma shrimp P. japonicas against virulent 
strain of Vibrio penaeicida (Itami et al., 
1989).However, although various 
immunostimulant substances have been used 
and their suitability to increase the immune 
reactions of animals (Raa 1996, 2000) and their 
capability to eliminate pathogens (Vici et al., 
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2000) has been studied, only a few of them are 
suitable for aquaculture purposes (Raa et al. 
1996; Siwicki et al.,1998).  
 

2. Vaccination 

The purpose of vaccination is to induce and 
build resistance in the host organisms against a 
wide array of pathogenic diseases; and this 
remains as the most viable approach in the 
prevention of fish diseases (Caipang et al., 
2014). Generally, there are three type of 
vaccines in fish, include traditional inactivated 
vaccine (Sommerset et al., 2005), live attenuated 
and sub unit vaccines (Caipang et al., 2014). The 
administration for these vaccines in fish can be 
applied through injection (both intraperitoneal 
and intramuscular injection), oral, direct 
immersion or spraying (Yang and Chen, 1996). 
Injection method remains to be the most popular 
method of choice in fish vaccination mainly due 
to the fish received an exact dose of vaccine 
resulted in the best effect. However, the 
excessive operation, time-consuming and difficult 
to administer to fry and other small fishes 
become the limitation factor of this injection 
method (Caipang et al., 2014).  

There are several components that have 
been tested as vaccines against infection caused 
by vibriosis. The outer membrane protein (OMP) 
of this Gram-negative bacteria has an important 
role in the interaction between bacteria with host. 
Mao et al. (2007) stated that the production of 
recombinant OMP from V. harveyi and V. 
parahaemolyticus was able to protect yellow 
croaker Pseudosciaena crocea from infection 
with virulent strains of both bacteria. Moreover, 
DNA vaccine by using the OMP gene against V. 
harveyi have been tested in terms of their 
protective ability following bacterial challenge in 
Asian seabass. However, the relative efficiency 
of these DNA vaccines was considered as 
moderate level even injected intramuscularly or 
incorporated with chitosan particles and 
administered as feed (Kumar et al., 2007, 2008). 
Other components that have been tested as 

vaccine candidate is the haemolysin gene from 
V. harveyi produced in yeast cells. According to 
Zhu et al. (2006) the yeast cell displaying 
haemolysin may be more suitably used as the 
live vaccine in turbot to avoid its infection by V. 
harveyi. 

Vaccination receiving most attention and 
claims for success in promoting survival of fish. 
However, based on the assumed lack of antigen 
receptor diversity in invertebrates, the possibility 
of vaccines application in invertebrates has been 
a paradigm for those that assume the non-
existence of an adaptive immune response in 
these animals (Arala-chavez and Sequeira, 
2000). Crustacean defense against pathogens 
have three principle known components: 
phagocytosis, nodulation and encapsulation 
(Bang, 1983). However, further study conducted 
by Arala-chavez and Sequeira (2000) conclude 
that an adaptive immune response can be 
detected in invertebrates after challenge with 
certain antigens but not with others. Thus it 
seems reasonable to accept the results stated 
that the application of vaccine was able to 
significantly reduced mortality in cultured kuruma 
prawns Penaeus japonicas when they were 
challenged by Vibrio injection (Itami et al., 1989). 
Another success story on the application of 
vaccine in the invertebrates also showed by 
Kumar et al. (2008) stated that the application of 
DNA vaccine pVP 28 were able to protect shrimp 
and significantly induce higher survival compared 
to the control. Moreover, based on the 
immunological parameter analysis, the 
vaccinated shrimp showed significantly higher 
level of prophenoloxidase and superoxide 
dismutase (SOD) when compared to the control 
groups. 

 

3. Probiotics 

The possibilities for using probiotics as a 
prophylactic approach have gained much interest 
in the last years (Skjermo and Vadstein, 1999). 
Important probiotic strains can be isolated from 
indigenous and exogenous microbiota of aquatic

animals (Balcazar et al., 2006). Probiotics have 
several benefits for aquaculture, such as 
production of inhibitory compounds, source of 
nutrients and enzymatic contribution to digestion 
and they can also help to improve water quality 
(Moriarty, 1997; Sahu et al., 2008). The isolation 
of bacterial and yeast flora as the probiotics from 
rainbow trout were able to inhibit the growth of V. 
anguillarum in a well diffusion assay 
(Spanggaard et al., 2001). Furthermore, field 

experiments in penaeid aquaculture ponds have 
shown that the addition of selected strains of 
Bacillus to pond water reduces Vibrio harveyi-
caused mortality (Moriarty, 1998). However, even 
the use of probiotic bacterial cultures offers an 
alternative to antibiotic treatment, the regular 
addition of probiotics bacteria to maintain high 
concentrationsis the most important limitation 
because it makes probiotic techniques inefficient 
and cost-effective (Vine et al., 2006).  
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4. Quorum sensing 

The definition of quorum sensing (QS) as 
described by Defoirdt et al. (1997) is a 
mechanism by which bacteria coordinate the 
expression of certain genes in response to the 
presence or absence of small signal molecules. 
In Gram-negative bacteria, such as Vibrio, QS 
can be generalized into a one or multi-channel 
system circuits (Wang et al., 2008). In the one-
channel system, bacteria use Acylated 
Homoserine Lactones (AHLs) as the sole signal 
molecules. According to Miller and Bassler 
(2001), AHL is synthesized by the LuxI protein 
and is detected by the LuxR protein. When a 
certain threshold concentration of signals is 
achieved, LuxR binds to the auto inducer and 
activates the transcription of the luxICDABE 
operon that encodes the genes responsible for 
luminescence production. High mortalities in 
different aquaculture organisms are observed 
when exposed to AHLs. The negative impact of 
AHLs is probably due to the stimulation of 
bacterial virulence factors that are controlled by 
QS. 
 To date, in order to inhibit the quorum 
sensing, a non-bacteriostatic/molecules that can 
restrain the virulence of pathogens through 
interference with quorum sensing that enabling 
the host to control the pathogen are being 
developed (Wang et al., 2008). In terms of 
vibriosis, Halogenated furanones and natural 
furanone-4-bromo-5-(bromomethylene)-3-butyl-
2(5H)-furanone blocks quorum sensing regulated 
gene expression in Vibrio harveyi by decreasing 
the DNA-binding activity of the quorum sensing 
response regulator (Defoirdt et al., 2007). 
Several findings have reported that numerous 
aquatic organisms such as micro-algae, macro-
algae, invertebrates, or even other bacteria have 
the potential to disrupt the quorum sensing. The 
mechanism of action varies from degradation of 
signals through enzymatic or chemical 
inactivation to antagonistic as well as agonistic 
activities (Natrah, 2011). For sustainable 
aquaculture, the use of natural resources to 
disrupt the communication offers a promising 
alternative to control the bacterial infection 
caused by Vibrio spp. 
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