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Strategies of Controlling Vibriosis in Fish
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ABSTRACT— The growth of the aquaculture industry is becoming more important in the food production sector.
Presently, the biggest problem in aquaculture is bacterial diseases that infect the host thus causing outbreaks and
economic losses. Vibriosis is a potentially lethal threat in commercial fish farming. Based on previous researches,
various infections of the Vibrio genus have been reported hence their virulence is not fully understood. This review
aims to provide enlightenment through research findings on Vibriosis-infected fish. Besides, some guidelines regarding
control measures of Vibrio in aquaculture, such as the application of immunostimulant, antibiotics, probiotics and
quorum sensing molecules, will be also reviewed.
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1. INTRODUCTION

The aquaculture industry is one of the fastest growing food sectors and may offer opportunities even on a small scale.
The reported global aquaculture production of food fish, including fin fishes, crustaceans, mollusks and other aquatic
animals for human consumption, reached a staggering height of 79.3 million tons in 2016 representing a decreased of
almost 2 million tones from the 81.2 million tones in 2015 (FAO, 2018). Globally, well-known cases of disease outbreaks
are increasing in both occurrence and intensity in many marine taxa (Burge et al., 2014). However, mass production through
intensive culture with high density condition has caused the outbreaks of diseases, especially by bacteria infection.
Therefore, there are various culture practices that have been explored in order to increase the production and to reduce the
mortalities in farms and hatcheries (Jasmin et al. 2016). The bacterial species, particularly Vibrio species, are often related
to low survival rates in the hatchery. Vibrio species belongs to members of Gamma proteobacteria and Gram negative,
usually motile rod (Thompson et al. 2004). These bacteria are described as luminescent Vibrios such as Vibrio harveyi,
and closely related bacteria such as Vibrio campbelli and Vibrio parahaemolyticus (and not all strains are luminescent
(Defoirdt et al. 2006). Infected fish by Vibrio sp. usually suffered from swollen spleen, abdominal dropsy, intestine
inflammation, scale shedding, epidermal bleeding, pop-eye and fin and tail rot (Figure 1) (BioAqua Vietnam, 2013). At its
most serious condition, the caudal peduncle was ulcerated up to the muscle. Vibrio alginolyticus is normally involved in
epizootic occurrences in cultured orange-spotted grouper (Epinephelus coioides) in Chinese aquaculture, causing fish
mortality and economic losses (Huang, 2005). Some of the Vibrio species are potentially zoonotic to humans, causing the
risk of zoonosis in aquaculture professionals and consumers of aquaculture products (Austin, 2010). Aquaculture
development mainly for infectious disease prevention alternatives strategies is urgently needed to minimize the risk of
spreading microbial using environmentally friendly tools. Disease resistance depends on the interaction of host, pathogen
and environment (Sniezko, 1970). To obtain more sustainable aquaculture industry, various disease control and prevention
alternative strategies need to be taken including the use and application of non-chemical products, strict biosecurity
measures and use of vaccines, probiotic, quorum sensing inhibitors and immunostimulant (Liu et al. 2003). Therefore, this
paper discussed the urgent need in aquaculture development for microbial control strategies since disease outbreaks are
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recognized as important constraints to aquaculture and despite the fact that the development of antibiotic resistance has
become a matter of growing concern.
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Figure 1: Typical ulcerative, popeye, fin and tail rot caused by Vibrio spp. in grouper (BioAqua Vietnam, 2013).

2. VIBRIOSIS IN FISH

The current growth in aquaculture production is influenced by the rising number of disease outbreaks, which affect
the production, profitability, and stability of the industry worldwide. Vibriosis is the most common and dangerous pathogen
in marine fish aquaculture worldwide. Recently, Vibrio has gained attention because several species are related to human
diseases (Amaro and Biosca, 1996), and it has also caused multibillion dollar of losses and severe mortality of livestock in
many countries. Based on some laboratory-based experiments, Vibrio sp. are pathogenic not only to saltwater fish, but also
to brackish water fish, with mortalities up to 100 % (Austin and Austin, 2007). Vibriosis is caused by several Vibrios: V.
harveyi, V. parahaemolyticus, V. alginolyticus, V. anguillarum, and V.vulnificus. Vibrio harveyi causes serious vibriosis,
resulting in massive grouper fish death and impoverish economic losses (Harikrishnan et al. 2011).

Common foodborne diarrheal diseases are caused by eating raw seafood infected by V. parahaemolyticus (Wang et
al., 2011) and the poisoning occurred again regarding 50 % outbreaks caused by Vibrio (Gao et al., 2012). Presently, there
are alternatives to control vibriosis in aquaculture including a few allowable antibiotics. Animals infected by shows signs
of lethargy, appendage and tissue necrosis, slow growth, body malformation, bioluminescent, muscle opacity, slow
metamorphosis and melanization (Aguirre-Guzman et al., 2004). The spreading of vibriosis occurrence from adhesion to
colonization within the host could be the key to formulate therapeutic strategies for disease prevention and treatment. To
reduce losses caused by vibriosis infection to a minimum, several attenuated Vibrio sp. strains derived from wide-type have
been constructed by recombinant DNA technology, which states a full range of protecting antigens without causing
infection in the host and provides efficient protection against vibriosis.

2.1 Virulence mechanism of vibriosis

The most current work on Vibrio diseases of marine fish has agreed to the explanation of virulence mechanisms. The
virulence factors of V. harveyi have been reported and identified over the years. The highlight of several studies suggests
that Vibrio may be considered as highly virulent fish pathogen with three major infectious cycles, namely: (i) entry of
antibody, (ii) formation and amplification, through avoiding host resistance and causing destruction to host tissues and
cells and (iii) exit (Austin et al., 2007). These processes affected the host, resulting in motility, adhesion, gross tissue
damage, iron overload and innate host defense (Donnenberg, 2000). The susceptibility of moribund grouper (Epinephelus
coioides) to Vibrio carchariae infection have been interpreted by Yii et al. (1997), who demonstrated that the LDso value
was 2.53 x 107 colony structure units/grouper body weight.

This particular strain V. carchariae has been confirmed to be susceptible to chloramphenicol, oxolinic acid,
oxytetracycline, doxycycline-HCI, nalidixic acid and sulfonamide, as opposed to ampicillin and penicillin G. In another
study by Saeed (1995), the LDso value was high in brown-spotted grouper (Epinephelus tauvina): 1.56+0.19x10° CFU/mI
for intramuscularly (IM) infection and 1.59 +0.17 x 10° CFU/mlI for intraperitoneal (IP) infection; thus showing that V.
harveyi should be considered as a potential infection. Similarly, V. carchariae strains from brown-spotted grouper appeared
to be more virulent to moribund grouper (Lee et al., 2002). However, the extracellular products (ECPs) of V. harveyi have
been confirmed to consist of hemolysins and several proteases and other hydrolytic enzymes (Zhang et al.2005). Gelatinase,
lipase, phospholipase, siderophores, cysteine protease, metalloprotease, and hemolysins are the key ECPs that have been
identified (Liu et al. 1999). Protease and antagonism of the extracellular products of V. carchariae the pathogenesis agents
of gastroenteritis in E. coioides were studied and the role of protease has been considered as the cause for gastroenteritis
in the grouper (Lee et al. 1999). Certain vaccines often contain some potential risks in virulence recovery and spread
infections; therefore new approaches are greatly needed to improve the biological safety of fishes.
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3. STRATEGIES IN FISH HEALTH MANAGEMENT: PREVENTION AND CONTROL
3.1 Antibiotics

Disease resistance depended heavily on the interaction of host, pathogen, and environment (Sniezko, 1970). To
manage vibriosis infection in aquaculture, fish may be fed with antibiotic medicated food (Pridgeon et al. 2012). The use
of antibiotics was widely accepted in the beginning which able to reduce diseases thus, it leads to the emergence of
numerous antibiotic-resistant bacteria (Shazwani et al. 2015). In order to promote the development of antibiotic-resistant
bacteria in fish and the environment, lactic acid bacteria was introduced (Shazwani et al. 2015). Many treatment methods
involving the use of antibiotic have been adapted in aquaculture to reduce vibriosis. Common antibiotics applied in
aquaculture are amoxicillin, benzylpenicillin, co-trimazine, entrofloxacin, florfenicol, flumequine, oxolinic acid,
oxytetracycline, sarafloxacin, trimethoprim and sulphadiazine (Roque et al., 2001). The introduction of oxytetracycline
in food successfully decreased mortality amongst brown-spotted grouper from which V. harveyi was isolated in large
amounts and practically pure forms (Saeed, 1995). However, antibiotics used in aquaculture industry product has caused
problem worldwide. It may cause an altered human gut microflora which can further lead to allergy reactions and toxicity
(Cabello, 2006). It is widely known that the application of veterinary medicines and chemical additives, especially
antibiotics, may be hazardous to public health by promoting growth and reproduction, and strengthening the resistance
in bacterial strain. As a result, 2,400 export consignments of Vietnamese fishery products have been rejected by the
United States authority, while 422 shipments have been rejected by EU authorities between the year 2002 to 2010 (East
Asia, 2013).

3.2 Immunostimulation

The word ‘immunostimulant’ refers to any chemical compound that activates white blood cells (leukocytes) which
may render the animals more resistant to infection by harmful microorganisms in aquaculture, such as viruses, bacteria,
fungi and parasites (Raa, 2000). The use of immunostimulants showed increase resistance of aquatic organisms against
infectious disease. A previous study reported that grouper (Epinephelus fuscoguttatus) fed with diet introduced with
sodium alginate or k-carrageenan has shown an increased in resistance and innate immune response against V.
alginolyticus (Cheng et al., 2008). Several studies have also experimented dietary supplements infused with Phellinus
linteus for grouper Epinephelus bruneus, which was later tested with V. anguillarum, V. harveyi, V. alginolyticus, and
V. carchariae. The results indicated that Phellinus linteus enriched-diet had heightened cellular and humoral immunity
response and the grouper was thus protected against vibriosis. Phagocytes such as neutrophils and macrophages play an
important role in the anti-bacterial resistance, in which these cells consume and kill bacteria during the production of
reactive oxygen species (ROS), including superoxide anion, hydrogen peroxide and hydroxyl radicals in the respiratory
burst (Ellis et al., 1999). In tilapia (Oreochromis niloticus), a two week feeding of Lactobacillus rhamnosus significantly
activated phagocytosis (Pirarat et al., 2006).

A number of probiotics can effectively modulate the production of pro-inflammatory cytokines, such as interleukin-
1 (IL-1), IL-6, IL-12, tumor necrosis factor a (TNF-a) and interferon-gamma (IFN-g) and anti-inflammatory cytokines,
such as 1L-10 and transforming growth factor b (TGF b) in many organisms (Niers et al., 2005). Thus, a large number
of microorganisms have been considered for use as probiotics in aquaculture with a mechanism of action involving more
immunoprotective, wherein some of subcellular components act as immunostimulating agents in their own right.
Respiratory outbreak activity is also an important natural protection mechanism of fish. Case studies on probiotics have
shown that it improves respiratory burst of phagocytic cells, which play a role in the protection of non-specific cell
(Panigrahi et al., 2004).The two-week feeding lactic acid bacteria significantly enhanced the respiratory burst of
secondary blood lymphocytes from both fish and strain demonstrating effective protection of Cobia (Rachycentron
canadum) against photobacteriosis challenge (RPS ¥ 74.3) (Xing et al., 2013). On the other hand, lysozyme is a factor
of the innate immune system and plays a main role in the resistance mechanism because of its anti-cancer, anti-viral and
opsonization properties (Jolles et al., 1984). It is noted that the addition of L. rhamnosus (10° CFU g?) as feed additives
for 30 days improved lysozyme activity in rainbow trout (Panigrahi et al., 2004). The peroxidase is an important enzyme
that uses the oxidizing extreme to create hypochlorous acid to kill pathogens (Akhter et al., 2015) while cytokines contain
chemokines, interferons, interleukins, lymphokines, tumor necrosis factor (Oxford University Press., 2010).

3.3 Probiotic
Another trending method is the use of probiotic immunostimulants (Chatterjee et al.2012), where probiotics is used
to control disease in aquaculture. Furthermore, the efficiency of probiotics introduced in the diet can increase fish’s

absorption of nutrients. It is also well-known to stimulate reproduction and increase stress tolerance in aquaculture
species. According to Karim et al. (2013) and Ina-Salwany et al. (2015), probiotics in aquaculture have been suggested
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to have several modes of action which included improved water quality, improved immune responses of host species,
improved nutrition of host species through the production of additional digestive enzymes, competition for space with
pathogenic bacteria and the production of antimicrobial compounds. Probiotic products are gaining worldwide
acceptance in fighting against various bacterial species (Bacillus sp., Lactobacillus sp., Enterococcus sp., Saccharomyces
cerevisiae and Carnobacterium sp.) and their use is monitored via management guidance (Cruz et al. 2012). The major
concern towards the application of probiotics is that in some cases they are unable to preserve themselves and
consequently has to be added regularly and at high awareness (Vine et al. 2006). Table 1 summarizes that many probiotic
bacteria are applied to prevent and control main diseases in fish. According to Huang et al. (2014), the potency of lactic
acid bacterium Pediococcus pentosaceus as a probiotic for the orange-spotted grouper through feeding is probable, thus
protecting the grouper against vibriosis. Aside from that, probiotics as a source of micro- and macronutrients also reduces
the expression of virulence genes or interrupt quorum sensing mechanism, by which in turn, increase the contribution of
enzymatic digestion system (Merrifield et al. 2010). The use of probiotics is considered as a potential alternative to the
use of some chemicals.

In addition, there are two types of aquatic probiotics, 1) gut probiotics which can be mix together with feed and 2)
water probiotics which can multiply in the water medium and eliminate the pathogenic bacteria by consuming all present
nutrients. Probiotics works as antagonistic against pathogens, disease resistance, improving enzyme activity,
improvement of the immune response and feed digestibility and fish health performance. The typical element of a
probiotic microbe is that it should be able to colonize the gastrointestinal tract, but the intestinal microflora in aquatic
animals’ changes rapidly with the continuous flood of microbes coming from water and food. It is considered so far as
the best solution to avoid colonization of the gut by other disease-causing bacteria through a process known as
competitive elimination. Although the addition of potentially probiotic bacteria to culture water in larval fish systems is
a means of biocontrol, it is possible that some bacteria may possibly be ingested, subsequently producing several
probiotic effects on the host animal. Since fish larvae are known to have high inter-individual unpredictability, it makes
the efficiency of potential treatment challenging (Meyer et al., 2012).

To optimize the conditions for the species being farmed, intensive aquaculture should be carefully controlled. A
new definition of probiotics, also applicable to aquatic environments, is proposed, and a detailed report is agreed upon
on their possible modes of action, i.e., production of compounds that are inhibitory toward pathogens, competition with
harmful bacteria for nutrients and energy, antagonism with harmful species for adhesion sites, enhancement of the
immune response of the animal, improvement of water quality, and interaction with phytoplankton. Therefore, the
application of probiotics has been shown the potential alternative to the use of antibiotics in animal production (Pandiyan
etal., 2013). There is an urgent need in aquaculture development for microbial control strategies since disease outbreaks
are recognized as important limitations to aquaculture and in spite of the fact that the development of antibiotic resistance
has become a matter of growing concern.
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Table 1.Probiotic bacteria challenge in various species of Grouper Epinephelus sp..

Potential probiotic Disease Probiotic efficiency References
Bacillus &Micrococcus Vibrio alginolyticus Play a role in inhibiting the pathogen by production of extracellular enzyme and improve the feed  Noraetal 2016
digestion.
Bacillus Vibrio alginolyticus Potential probiotics for disease prevention and improving the productivity of tiger grouper Yasinetal. 2016
Epinephelus fuscoguttatus larvae and juveniles.
Pediococcus pentosaceus Vibrio anguillarum Enhance innate immunity, psychological health and resistance to vibrio anguillaruminorange- ~ Jian-Binetal. 2014
spotted grouper (Epinephelus coioides).
Bacillus subtilis Streptococcus sp. Improve the growth performance, immune response and disease resistance of the grouper, Liuetal. 2012
Epinephelus coioides.
Bacillus cereus Vibrio alginolyticus, Vibrio Nurhidayu etal. 2012
&Micrococous luteus parahaemolyticus, Inhibit pathogens and their sensitive and intermediate susceptibility to all the antibiotics tested
Vibrio harveyi and Aeromonas cannot be neglected.
hydrophila
Psychrobacter sp Staphylococcus saprophyticus Improved the autochthonous microbial diversity along the gastrointestinal tract of grouper Hong-Ling etal. 2011
Epinephelus coioides.
Saccharomyces cerevisiae Streptococcus sp. Enhanced the growth, innate immune responses, and disease resistance of the grouper, Chiuetal. 2010
Epinephelus coioides.
Bacillus pumilus &Bacillus Vibrio sp. Reduction of Vibrio levels. Yun-Zhangetal. 2013
clausii
Bacillus clausii, Streptococcus iniae, Streptococcus Improved the growth performance and immune responses of grouper Epinephelus coioides. Yun-Zhang etal.2010
Bacillus pumilus & parauberis
Psychrobacter sp.
Lactobacillus plantarum Streptococcus sp, Iridovirus Enhanced the growth, innate immune responses, and disease resistance. Voetal. 2009
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Lactobacillus plantarum Vibrio anguillarum Induced inflammation and apoptosis in silvery pomfret (Pampus argenteus) intestinal epithelial -~ Gaoetal., 2016
cells
Paenibacillus polymyxa Pseudomonas Midhunetal., 2017
fluorescens, Pseudomonas
aeruginosa, Aeromonas
sobria, Aeromonas hydrophila,,
Aeromonas caviae , Bacillus subtilis

Antibacterial activity and probiotic characterization of autochthonous Paenibacillus polymyxa
isolated from Anabas testudineus (Bloch, 1792)

Bacillus amyloliquefaciens Aeromonas hydrophila Evaluation of in vivo probiotic efficiency of Bacillus amyloliquefaciens in Labeo rohita Nandi etal., 2018
challenged by pathogenic strain of Aeromonas hydrophila MTCC 1739.
Bacillus subtilis Vibrio spp. Control of pathogenic Vibrio spp. by Bacillus subtilis BT23, a possible probiotic treatmentfor ~ Vaseeharanetal., 2003
black tiger shrimp Penaeus monodo.
Bacillus subtilis and Aeromonas hydrophila, Studies on Bacillus subtilis and Lactobacillus acidophilus, as potential probiotics, onthe immune  Alyetal., 2008
Lactobacillus acidophilus, Streptococcus iniae response and resistance of Tilapia nilotica (Oreochromis niloticus) to challenge
Infections.

Asian Online Journals (www.ajouronline.com) 518



http://www.ajouronline.com/
https://www.sciencedirect.com/topics/immunology-and-microbiology/pseudomonas-fluorescens
https://www.sciencedirect.com/topics/immunology-and-microbiology/pseudomonas-fluorescens
https://www.sciencedirect.com/topics/immunology-and-microbiology/pseudomonas-aeruginosa
https://www.sciencedirect.com/topics/immunology-and-microbiology/pseudomonas-aeruginosa
https://www.sciencedirect.com/topics/immunology-and-microbiology/aeromonas-sobria
https://www.sciencedirect.com/topics/immunology-and-microbiology/aeromonas-sobria
https://www.sciencedirect.com/topics/immunology-and-microbiology/aeromonas-hydrophila
https://www.sciencedirect.com/topics/immunology-and-microbiology/aeromonas-caviae
https://www.sciencedirect.com/topics/immunology-and-microbiology/bacillus-subtilis

Asian Journal of Applied Sciences (ISSN: 2321 — 0893)
Volume 07 — Issue 05, October 2019

3.4 Qourum Sensing

Quorum sensing (QS) is defined as the mechanism which allows bacteria to coordinates the expression of
certain genes in response to the presence of small signal molecules (Noorashikin et al. 2016). Quorum sensing regulates
gene by detecting and responding to cell regulation density. It is one of the new alternatives to control the bacterial
infection caused by Vibrio spp. by disrupting bacterial cell-to-cell communications. The effect of halogenated furanones
had been reported to interrupt acyl homoserine lactone (AHL) and caused an intermediated signaling in Gram-negative
bacteria (Hentzer et al.2003). More interestingly, quorum sensing interrupting compounds can inhibit the growth of the
vibrios. The antipathogenic compounds tend to create a selective pressure for the increase of resistance making this
method highly recommendable as an efficient biocontrol strategy. Therefore, it would be valuable to try to generate
novel quorum sensing disrupting compounds, such as furanone analogues for instance could be applied to manage
luminescent vibriosis in aquaculture. Pathogens that can break down AHL-type indicator molecules have been published
widely in the literature (Uroz et al.2003). Quorum sensing is used to investigate the inhibition property of probiotics to
other bacterial communities. To examine the management of potential probiotic ability, the Fluorescent in situ
Hybridization (FISH technique is used as a potential tool to characterize its dynamics and efficiency in the control of
pathogenic bacteria (Del’duca et al. 2013). Lamari et al. (2013) suggest that the estimate of probiotics should take into
account ontogenetic chronology for improving larval quality. Some researchers (Yasin et al., 2016) have proved that the
use of selected probiotics can be an alternative method for the protection of aquatic animals against diseases. As a result,
further work on the effects of treatment is required if the onset has already occurred.

3.5 Vaccines

At the wake of vaccination as a new trend in bacterial disease prevention and pathogen control in aquaculture,
new vaccines have been developed to control vibriosis in fish (Chuang et al.2014). Injection remains to be the most
popular method in fish vaccination — mainly due to the possibility of an exact dose of vaccine which could bring the best
effect when inserted (Marlowe et al. 2014). There are numerous elements that have been used as vaccines against
infection caused by vibriosis. It needs to be easy to use (immersion or oral delivery workable) and offer a broader and
longer protection. Such advantages are urgently sought by the aquaculture industry in order to solve the problems in the
management of vaccines in fish. Understanding of the immune mechanisms of the species of fish during vaccination will
lead to higher quality vaccine design and formulation when bacterial infections occur in the aquaculture facility.
According to Zafran et al. (2016), polyvalent vaccine has been administered through immersion had been shown to the
immune response of juvenile tiger grouper Epinephelus fuscoguttatus against disease in floating net cages. On the other
hand, diet enriched with mushroom (Phellinus linteus) extract increase the growth, immune response and disease
resistance of kelp grouper, E. bruneus against vibriosis (Harikrishnan et al. 2011). In addition, ultrasound treatment was
administered on juvenile groupers, Epinephelu sawoara to facilitate the vaccination against vibriosis (Huang et al.2002).
Outer membrane proteins (OMPs) have become the focus for vaccine development nowadays which due to the exposed
epitopes on the bacteria cell surface and its conserved nature (Nehlah et al. 2017). OmpK and OmpW are the good
candidates of potential proteins for vaccine development. It is reported that OmpK is widely distributed among Vibrio
sp. and acted as an immunogenic antigen against vibriosis while OmpW is a major antigen in bacterial infections and
also highly immunogenic (Nehlah et al. 2017).

4. CONCLUSIONS

It is certain that the use of probiotics is able to enhance immunity to increase aquaculture sustainability. The rising
economic loss affected by fish infections showed the need to develop new preventative strategies. Some of the useful
methods in fish health management skills have only been tested in the laboratory, whereas other methods that have a longer
history have been tested through farm experiments. Viral, bacterial, and parasitic diseases rise to be the major concern that
poses threat towards aquaculture in the Asia Pacific region. A sensible approach of biocontrol management is expected to
be valuable. Each of the currently available method has its benefits but there are also limitations, therefore it is advisable
to cover them altogether with random screening to maximize protection.

5. SIGNIFICANCE STATEMENT
This review explained the solutions in managing vibriosis disease in fish. This study will help the researchers to gain
more knowledge and able to explore more about vibriosis disease as well as the techniques on the prevention.
Indirectly, this study can be beneficial for the aquaculture industries on providing information on the strategies to
combat vibriosis in order to produce high and quality production.
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