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Abstract

The shrimp industry has expanded significantly in various countries over the last 20 years, providing
humans with nutritious seafood and protein. Therefore, shrimp producers have attempted to improve
shrimp culture facilities to increase production rates. Intensive farming, however, might increase the
likelihood of emergent viruses entering the environment, which would drastically lower shrimp
culture profitability and inflict considerable economic losses. Shrimp vibriosis is a devastating
bacterial illness that frequently affects various shrimp species. Vibrios are gram-negative, ubiquitous
in marine and estuarine ecosystems as well as in aquaculture farms, and are one of the major
microbiotas of these ecosystems. Vibrio spp. is the most common cause of vibriosis, which is the
leading cause of death for fish and other cultured species globally Major Vibrio sp. viz. V. harveyi, V.
alginolyticus, V. vulnificus, V. parahaemolyticus. V. anguillarum, and V. splendidus are usually
associated with shrimp diseases. The review study that is being presented here is noteworthy because
it summarizes the most recent research on the uses and advantages of prebiotics, postbiotics,
synbiotics, and the use of bivalves to boost shrimp immunity and reduce vibriosis-related deaths in
several shrimp species.

1. Introduction
The shrimp industry has experienced tremendous growth as a result of increasing demand in

the global market (Harliosglu and Farhadi, 2017). It is projected that there will be more than nine
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billion people on the planet by 2030. Shrimp fisheries are expected to grow along with the population
to meet the world's food needs of people living in both developed and emerging nations (Kumara et
al., 2023). Issues with shrimp disease are common in the rapidly expanding shrimp production sector,
severely hurting the bottom-lines of affected farms. For instance, according to Shinn et al. (2018),
between 2009 and 2018, shrimp infections caused an annual loss of up to US$ 4 billion to the Asian
shrimp sector. Furthermore, the FAO calculated those epidemics caused annual economic losses of
more than US$ 9 billion (FAO, 2019). Many Vibrio species are the source of shrimp vibriosis, an
important and devastating bacterial disease affecting a variety of shrimp species (Kumara et al., 2023).
According to Lee et al. (2002) and other studies, Vibrio is a gram-negative, motile, facultative
anaerobic bacterium belonging to the Vibrionaceae family that poses a serious threat to shrimp
growers. Vibrio harveyi, Vibrio parahaemolyticus, Vibrio alginolyticus, Vibrio campbellii, Vibrio
vulnificus, Vibrio anguillarum, and Vibrio splendidus have all been isolated and identified from
infected shrimp (Chatterjee and Haldar, 2012). According to previous reports, shrimp aquaculture
suffers significant financial losses as a result of vibriosis and other infections. For example, Flegel
(2012) found that the white spot syndrome virus was responsible for 60% of the expected shrimp
production losses, while bacterial infections (mostly caused by Vibrio spp.) accounted for 20% of the
losses. According to previous reports, shrimp vibriosis is a persistent and dangerous issue to the
shrimp industry worldwide (Abdel-Latif et al., 2022).

The majority of countries have banned the use of antibiotics in aquatic food sources, such as
fish and shrimp, for a variety of reasons, including their negative effects on humans, the emergence
of antibiotic-resistant strains, reduced antibiotic efficacy due to repeated use, and environmental
contamination. This article provides information on different ways to reduce Vibrio load in shrimp
farming.

2. Control of shrimp vibriosis using prebiotics

Prebiotics are indigestible fiber components that boost the quantity of advantageous bacteria
in the host's digestive tract, thus boosting the host's overall health and well-being (Song et al., 2014).
According to Merrifield et al. (2010), Prebiotics are also described as "a substrate™ that the host gut
microorganisms specifically use to produce health advantages. Prebiotics are active ingredients used
in aquaculture that help activate bacteria found in the gastrointestinal tracts (aquatic), which increases
the number of these bacteria (Abdel-Latif et al., 2022). A variety of prebiotic products, including f-
1,4-mannobiose  (MNB), mannan oligosaccharide (MOS), Xylooligosaccharide (XOS),

fructooligosaccharide (FOS), B-glucan (BG), and others, have been effectively used in aquaculture to
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boost fish and shrimp immunity and increase their resistance against the invasive pathogens (Dawood
et al., 2020)

According to Sang and Thuy (2014), feeding P. monodon 0.15% MOS for eight weeks
improved its immunity (THC and granulocyte percentage), and after being challenged with V.
alginolyticus, it raised the shrimp Survival rate (SR%). Furthermore, in the hepatopancreatic and
intestinal tissues of L. vannamei, supplementing diets with MOS enzymatically extracted from copra
meal for six weeks markedly increased bactericidal activities and expression of immune-related genes
such as ALF, penaedin, and LYZ genes (Rungrassamee et al., 2014). Additionally, researchers
discovered that shrimp raised in the control group were less likely to survive an immersion bath
challenge with pathogenic V. harveyi than those on diets supplemented with MOS.

2.1 Control of shrimp vibriosis using postbiotics

Postbiotics are defined by Aguilar-Toal a et al. (2018) as metabolic by-products or cell wall
components secreted (or released) by a variety of probiotic bacteria following their lysis, which have
the potential to improve the health of treated hosts. These products also exhibit biological activities
for the host and can be categorized as non-viable bacterial products created from microorganisms
(Nataraj et al., 2020). Peptides, enzymes, exopolysaccharides, cell surface proteins, peptidoglycan-
derived muropeptides, short-chain fatty acids, and teichoic acids are examples of postbiotics (Aguilar-
Toal"aetal., 2018). Postbiotics may have a number of significant and advantageous uses for boosting
immunity and preventing infectious illnesses in aquaculture, according to recently published research
(Abdel-Latif et al., 2022).

Most bacterial cell walls are formed by a mesh-like layer of a polymer called peptidoglycan
(PG), which is composed of amino acids and sugars. Multiple probiotic bacterial species, including
Bifidobacterium thermophilum and Brevibacterium lactofermentum, have been used to generate (or
extract) PG (Ang et al., 2020). As a special immunomodulatory drug, PG has been successfully
applied in shrimp (Song et al., 2013) and fish (Zhang et al., 2014).

In a previous investigation, Itami et al. (1998) found that, in comparison to control shrimp,
dietary supplementation with PG-derived muramyl dipeptide derived from the probiotic
Bifidobacterium thermophilum effectively increased the phagocytic activities of P. japonicus
granulocytes and the survivability of shrimp following an experimental water-borne challenge with
pathogenic V. penaeicida.

The authors postulated a strong correlation between the heightened immune responses of

shrimp and the improvement in shrimp survival rates following the V. penaeicida challenge. The

2150

Official Website
www.thescienceworld.net Published 19.06.2024
thescienceworldmagazine@gmail.com

‘MJA‘W



http://www.thescienceworld.net/
mailto:thescienceworldmagazine@gmail.com

The Baimer e « ClMmehly 2 Cllagamme June 2024 Vol .4(6), 2148-2156 Kumaraet al

improvement in phagocytosis (Itami et al., 1996) or activation of immune-related genes (Song et al.,
2013) may be the mechanisms of action of PG-derived Bifidobacterium thermophilum in boosting
shrimp immunity.

2.2 Control of shrimp vibriosis using Synbiotics

A synbiotic is a mix of live microorganisms and substrate(s) that host microorganisms use to
deliver health benefits (Swanson et al., 2020). According to Abdel-Latif et al. (2022) and Yilmaz et
al. (2022), "synbiotics,” defined in aquaculture as "a dietary supplement that contains a blend of
probiotic and prebiotic,” boost fish and shrimp immunity and resistance to challenging infections.
Their combined action creates dual additive beneficial effects on the parameters. Several studies have
demonstrated the possible functions of synbiotics in regulating the immune system of farmed shrimp
and enhancing their ability to fend off Vibrio infection.

Previous research has revealed that adding a synbiotic mixture containing B. licheniformis
and/or B. subtilis as probiotics and 0.2% isomaltooligosaccharide as a prebiotic to P. japonicus diets
for two weeks significantly increased intestinal TBC, decreased intestinal Vibrio sp. count, and
improved immune parameters (PA, LYZ, and nitric oxide synthase activities) (Zhang et al., 2011).
They also discovered that shrimp raised in the control group were less resistant to V. alginolyticus
infection than those fed diets enriched with synbiotics. Furthermore, compared to shrimp raised in the
non-synbiotic control group, the study by Bolivar Ramirez et al. (2013) showed that L. vannamei fed
diets supplemented with a mixture of 0.5% inulin and L. plantarum for 6 weeks had an increased gut
LAB count, reduced intestinal Vibrio sp. count, and higher resistance against V. alginolyticus
infection.

Widanarni et al, (2018) reported that the SR% of L. vannamei challenged with V. harveyi
infection (=83.3%) was significantly higher than 31.7% in the infected control group after 30 days of
dietary supplementation with a synbiotic mixture consisting of 1% V. alginolyticus SKT-b (as a
probiotic bacterium) and 2% sweet potato oligosaccharides (SPO) (as a prebiotic). When compared
to animals raised in the non-synbiotic control group, the same synbiotic mixture also increased the
THC count and PO and RBA activities.

Munaeni et al. (2014) conducted a study that revealed that feeding L. vannamei a
microencapsulated synbiotic mixture consisting of SPO and Bacillus sp. NP5 for 40 days resulted in
a significant increase in intestinal TBC, along with a decrease in V. harveyi and total Vibrio counts
when compared to the animals reared in the control group. Furthermore, the growth performance

measures, immunological responses (THC, differential hemocyte count, and PO), and resistance of L.
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vannamei to challenge with V. harveyi infection were all enhanced by 3% encapsulated synbiotics
made up of SPO and Bacillus sp. NP5 (Zubaidah et al., 2015). Similarly, L. vannamei co-infected with
WSSV and V. harveyi showed significantly higher THC, PO, RBA, and resistance upon food
supplementation with a micro-encapsulated synbiotic (Bacillus NP5 and MOS).

The 90-day administration of a synbiotic mixture of B. subtilis S11 and ripe banana extract in
the diet of L. vannamei resulted in a considerable increase in both PO and THC levels. Additionally,
following an immersion challenge with V. harveyi, they reduced the CMR% of shrimp (Boonmee and
Rengpipat, 2015). Additionally, Huynh et al. (2018) found that supplementing L. vannamei's digestive
tracts with a synbiotic mixture consisting of 0.4% galactooligosaccharide and L. plantarum 7—40 for
two months markedly raised the number of LAB and lowered the number of Vibrio sp.

According to recent research, feeding L. vannamei diets supplemented with a synbiotic
mixture containing 1% Bacillus NP5 and 0.75% honey prebiotics for 60 days increased the expression
of immune-related genes ( SP, PE, and LGBP genes), immunological indices (such as THC, PO, and
RBA), and resistance against experimental IM infection with V. parahaemolyticus (Muharrama et al.,
2021). It is interesting to note that adding a synbiotic mixture—probiotics B. subtilis and S. cerevisiae
and prebiotics BG and MOS—to L. vannamei's diet for 56 days dramatically increased the animals'
capacity for antioxidant defense (CAT and T-SOD increased along with decreased serum MDA levels)
and boosted their immune responses (LYZ and ACP) (Yao et al., 2021).
2.3 Control of shrimp vibrio using bivalves

Filter feeders remove excess nitrogenous waste accumulated from the feed and feces,

and the reduction of nutrients by filter feeders inhibits the growth of microorganisms (Kumara et al.,
2023). Bivalves can obtain exogenous bacteria in their tissues (Rathod et al. 2023). Xing et al. (2013)
reported that the co-culture of P. vannamei and C. gigas improved health status and reduced the
prevalence of Vibrio in the gut of P. vannamei. According to Omont et al. (2020), the gut bacterial
populations of oysters from co-culture systems showed greater diversity of microorganisms than
oysters in the monoculture system. Kumara et al. (2023) reported that bivalves reduced the growth of
Vibrio in IMTA systems compared with the polyculture of shrimp farming. Rathod et al. (2023) and
Naskar et al. (2022) also reported that the integration of bivalves in aquaculture systems can reduce
the Vibrio load.
2.4 Control of shrimp vibrio by water exchange

Widiyanto et al. (2020) reported that water exchange and siphoning might help decrease

organic matter in shrimp aquaculture ponds. Alfiansyah et al. (2018) explained that good water
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management, such as removing sludge and maintaining pH and salinity, might avoid abrupt water
quality changes and could minimize the organic matter and anaerobic area, which are suitable nutrients
for the growth of Vibrio sp. Higher water exchange rates with clean water can lessen Vibrio loads and
decrease the impact of stressors by washing out organic material and other metabolites such as
ammonia and other inorganic nutrient parameters.
3. Conclusion

Shrimp has become a major global sector over the last 20 years, providing humans with healthy
seafood and protein in several countries. As a result of this issue, shrimp farmers have attempted to
upgrade shrimp culture facilities in order to increase production rates. However, extensive cultivation
may increase the likelihood of new viruses entering the environment, reducing shrimp production
profitability and resulting in severe financial losses. To avoid the disease most of the farmers are using
antibiotics, the consequences of antibiotics like horizontal gene transfer, bacterial resistance,
multidrug resistance, and environmental pollution. However, for these reasons, many antibiotics have
been banned in most countries; therefore, the use of prebiotics, postbiotics, synbiotics, and bivalves
in shrimp farming can reduce Vibrio load and enhance shrimp production.
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