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Abstract
At present, food security is a matter of debate of global magnitude and fulfilling the feeding requirement of > 8 billion human 
populations by 2030 is one of the major concerns of the globe. Aquaculture plays a significant role to meet the global food 
requirement. Shrimp species such as Litopenaeus vannamei, Penaeus monodon, and Macrobrachium rosenbergii are among 
the most popular food commodities worldwide. As per Global Outlook for Aquaculture Leadership survey, disease outbreaks 
have been a matter of concern from the past many decades regarding the shrimp aquaculture production. Among the past 
disease outbreaks, white spot disease caused by the white spot syndrome virus is considered to be one of the most devas-
tating ones that caused colossal losses to the shrimp industry. Since the virus is highly contagious, it spreads gregariously 
among the shrimp population; hence, practicing proper sanitization practices is crucial in order to have disease-free shrimps. 
Additionally, in order to control the disease, antibiotics were used that further leads to bioaccumulation and biomagnification 
of antibiotics in several food webs. The bioaccumulation of the toxic residues in the food webs further adversely affected 
human too. Recently, immunostimulants/antivirals were used as an alternative to antibiotics. They were found to enhance 
the immune system of shrimps in eco-friendly manner. In context to this, the present paper presents a critical review on 
the immunostimulants available from plants, animals, and chemicals against WSSV in shrimps. Looking into this scenario, 
maintaining proper sanitation procedures in conjunction with the employment of immunostimulants may be a viable approach 
for preserving shrimp aquaculture across the globe.

Keywords Shrimp sustainable aquaculture · White spot disease · White spot syndrome virus · Food security · Eco-friendly · 
Immunostimulants · Antivirals

Introduction

One of the most pronounced provocation of the future is to 
fulfill the feeding requirement of > 8 billion human popu-
lation by 2030 (Ferri 2010). With the mission to achieve 

sustainable future for all the mankind on the earth, the 
United Nations (UN) General Assembly had proposed Sus-
tainable Development Goals (SDGs) that are intended to 
be achieved by year 2030 under the UN resolution called 
the Agenda2030 (Ferri 2010). The Goal2 of the SDGs is to 
accomplish “Zero Hunger” across the globe by 2030. It aims 
to end hunger, attain food security and nutrition, and endorse 
sustainable agriculture worldwide. As per the official web-
site of GOAL2, currently, almost 8.9% of the world popula-
tion is hungry and the population would escalate up to 10 
million people in 1 year/60 million people in 5 years. As per 
the World Food Programme, almost 135 million global pop-
ulation is suffering from acute hunger principally because of 
anthropogenic clashes, climate change, and economic defla-
tion. Looking into such a scenario, an intense revolution 
of the global food and agriculture systems is required that 
can promote agricultural productivity and sustainable food 
production so as to accomplish the hunger demands globally.
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Fishes and other aquatic foods play a pivotal role to 
achieve nutrition and food security goals (Béné et al. 2015; 
Thilsted et al. 2016; Willett et al. 2019). Aquaculture is also 
being considered to be one of the most promising food-
producing sectors with the largest potential to accomplish 
growing demand of food (Das et al. 2017). If the chrono-
logical trends related to income and population growth, 
urbanization, and diets remain conserved, then demand for 
seafood will increase extensively over the years (2030–2050) 
(Willett et al. 2019). Furthermore, seafood are claimed to 
evidently provide more environmentally sustainable animal-
source foods (Hallström et al. 2019). Crustaceans serve as 
an important aquatic food commodity, and among the crus-
taceans, the shrimps constitute the most significant group 
that contribute to the global fishery sector (Bondad-Reantaso 
et al. 2012). Shrimp and prawns have been recognized as 
most heavily traded fish products. Asia and Latin America 
have lion’s share in bulk production of shrimps while USA, 
the European Union, and Japan are the major consumers of 
shrimps.

The Global Aquaculture Alliance’s GOAL (Global Out-
look for Aquaculture Leadership) 2019 survey depicted 
global shrimp aquaculture production with reference to dif-
ferent regions in the part of the world over a decade from 
2010 to 2021 (Fig. 1). Figure 1 summarizes estimated global 
production of shrimps and reported a surge in shrimp pro-
duction in 2018 which would further escalate through 2021. 
As per businesswire.com, the global shrimp market faced 
deterioration due to COVID-19 lockdown but still it was 

enumerated to be US$ 18.30 billion in 2020 and is expected 
to be US$ 23.4 billion by 2026.

From past few years GOAL surveys, some of the most 
stimulating challenges faced by Asian shrimp market were 
reported to be as follows: (i) disease outbreaks, (ii) feed 
costs, (iii) access to disease-free brood stock, (iv) inter-
national market prices, disease outbreaks being the most 
important cause for the hampered shrimp production and 
trade. The most popular shrimp species consumed world-
wide are Litopenaeus vannamei, Penaeus monodon, and 
Macrobrachium rosenbergii. Lessons from the past show 
that the global shrimp market has suffered adversely due 
to the impact of disease outbreaks (FAO 2020). Among 
these outbreaks, white spot disease (WSD) is one of the 
most devastating diseases caused by white spot syndrome 
virus (WSSV) that has severely affected the shrimp crops 
from the past many decades. Here, we review the most com-
mon approaches to deal with WSD and enumerate the dis-
ease mitigation process for WSD with special reference to 
immunostimulants.

White spot disease in shrimps

White spot disease (WSD) is one of the most devastat-
ing viral diseases caused by white spot syndrome virus 
(WSSV) (Chou Hsin-Yiu et al. 1995; Nadala and Loh 
1998; Rajan et al. 2000; Pradeep et al. 2012). Till date, 
almost 98 probable host species have been recognized 

Fig. 1  Shrimp farming production by region. Courtesy-Global Seafood Alliance
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and documented for WSD (Stentiford et al. 2009). From 
the past several decades, the prime focus of researchers 
was on WSD caused largely in farmed shrimps (such as 
Penaeus monodon, Fenneropenaeus indicus, Marsupe-
naeus japonicus, Litopenaeus vannamei, Penaeus mer-
guiensis, Penaeus indicus, Penaeus chinensis, Penaeus 
duorarum, Penaeus vannamei, Penaeus japonicus, Litope-
naeus setiferus, Macrobrachium rosenbergii). The disease 
can annihilate entire shrimp population within 3–7 days 
of its commencement.

At present, an absolute treatment in form of drug etc. 
is unavailable for WSD. The major cause behind unavail-
ability of any effectual treatment is due to multifarious 
reasons, and some are (i) paucity of properly sequenced 
and annotated host genome sequences, (ii) lack of com-
plete information on the functional aspects of pathogen-
esis (such as ingression/penetration of virus into the host, 
its dissemination/propagation within the host body) of 
WSSV, (iii) lack of in-depth understanding of host–patho-
gen molecular interactions at the protein level, and (iv) 
presence of innate immunity in the shrimps. Despite the 
fundamental knowledge gaps in this line, major efforts 
have been made to review the entire disease mechanism 
especially during entry and propagation of virus in the 
shrimps (Verma et al. 2017) and further progression of 
the disease in the host body (Verbruggen et al. 2016) at 
the molecular level.

Immune system of shrimps

The innate immune system of shrimps embodies profuse nat-
ural defense mechanisms, and few to name are (i) a microbial 
recognition system, (ii) a prophenoloxidase cascade system 
(proPO system), (iii) a coagulation system, (iv) phagocyto-
sis, (v) encapsulation, (vi) formation of nodules and reactive 
oxygen compounds, and (vii) hemocyte mobilization (Sten-
tiford et al. 2009; Johansson and Soderhall 1989) (Fig. 2). 
The microbial recognition system is mediated by the pattern 
recognition proteins (PRPs) (Medzhitov and Janeway 1997; 
Janewey and Medzhitov 2000), which catalyzes the primary 
tread for automatically identifying the non-self material that 
has intruded into the host body. The PRPs have an intrinsic 
ability to spot out the conserved molecules located on the 
exterior facet of infringing microorganisms. Such conserved 
domains/patterns are called as pathogen-associated molec-
ular patterns (PAMPs) such as lipopolysaccharide (LPS) 
and peptidoglycan (PG) from bacteria and laminarin from 
fungi (Janeway 1989). As soon as the PRPs get associated 
with PAMPs, a cascade of immune responses gets initiated 
which further stimulates the host-defense system. C-type 
lectin is one of the most important examples of PRPs in 
the invertebrates, which play crucial role in shrimps while 
fighting against various viral and bacterial diseases. The 
immune system of shrimp is inseparably associated with 
its hemolymph and hemocytes that implicate to the cellular 
defense mechanisms, viz., phagocytosis of the pathogens, 

Fig. 2  Immune system of 
shrimps

25327Environmental Science and Pollution Research (2023) 30:25325–25343



1 3

and encapsulation as well as breakdown of foreign material 
(Liu et al. 2007). Furthermore, the hemocytes also play an 
imperative role in the cellular immune response including 
encapsulation, clotting, non-self-recognition, melanization, 
phagocytosis, cytotoxicity, and cell-to-cell communication 
(Söderhäll et al. 1998).

In crustaceans, when any foreign material (bacteria, virus, 
or any other pathogen) invades the host organism, then a 
cascade of cellular defense reactions are initiated that finally 
activate melanization process in host body (Hirono et al. 
2011). PO, the chief enzyme responsible for the produc-
tion of melanin, occurs in hemolymph of host in the form 
inactive proPO. ProPO gets activated to form PO on react-
ing with zymosan (carbohydrates from yeast cell walls), 
bacterial lipopolysaccharide (LPS), trypsin, calcium ions, 
urea, or even heat that eventually triggers melanization in 
the host. Along with triggering melanization process, the 
proPO system also activates defense mechanisms, involving 
encapsulation, nodule formation, phagocytosis, and hemo-
cyte locomotion (Johansson and Soderhall 1989). Stimulated 
hemocytes in turn make extra bactericidal substances, such 
as  H2O2 and superoxide anion  (O2−) that boost host disease 
resistance (Johansson and Soderhall 1989).

Disease mitigation strategies used 
for shrimp aquaculture

The disease mitigation strategies employed in order to pre-
vent shrimp disease include antibiotics/chemotherapeutics, 
vaccination, and immunostimulants (Apines-Amar and 
Amar 2015). Asia Pacific is accounted to be the largest 
fish producer as well as exporter in the aquaculture market. 
Such countries always remain under a stimulated pressure 
of producing high-quality aquaculture products. In order to 
attain this objective, efficient aquaculture operations and 
technology adoption work in amalgamation with automa-
tion to deliver the best quality-assured aquaculture harvest. 
Moreover, some shrimp species are very receptive to variety 
of bacterial, fungal, and viral diseases. In such scenario, the 
fish farmers or feed manufacturers started using “antibiot-
ics” as a preventive and therapeutic measure. The practice 
of using antibiotics in recent times has become customary to 
cure the recurrent diseases occurring in the aquatic species.

The repercussion of using antibiotics in aquaculture 
is that it adversely affects aquatic micro‐flora, leading to 
accumulation of harmful residues in the aquatic organism, 
and also develops drug-resistant bacteria and pathogens 
(Singer et al. 2019). Such antimicrobial resistant bacteria/
pathogens are usually transferred from fish to humans via 
the food chain. Thus, in general, the human may acquire 
antibiotic-resistant bacteria that can eventually lead 
to adverse drug reactions and cause treatment resistant 

illness or even mortality (Fig. 3). In the modern era, a 
lot of awareness is being laid on the food safety for good 
health and well being. Thus, use of antibiotics is often 
forbidden in the aquaculture systems. In fact, the Marine 
Products Export Development Authority (MPEDA) 
of India has enumerated a list of 20 antibiotics that are 
debarred for their usage in the aquaculture. Some of them 
are chloramphenicol, nitrofurans, neomycin, nalidixic 
acid, chloroform, colchicine, ronidazole, ipronidazole, sul-
fonamide drugs, fluroquinolones, glycopeptides, etc. The 
biomagnifications and bioaccumulation of antibiotics in 
the food chains and food webs caused huge repercussions. 
Increasing antibiotic resistance among aquatic bacteria has 
been documented in several studies (Rhodes et al. 2000; 
Miranda and Zemelman 2002) and others, all of which 
used antibiotics as prophylactics during the rearing of 
shrimps and salmon in water bodies (Grave et al. 1999). In 
addition, antibiotic resistance in shrimp and fish pathogens 
has increased over the years (Rhodes et al. 2000). Anti-
biotic residues were accumulated in aquaculture products 
owing to the aggravated usage of antibiotics (Grave et al. 
1999; Cabello 2006; Aguirre-Guzmán et al. 2010). That 
in turn leads to an increased accumulation of antibiotics 
in the consumers of aquatic commodities (Grave et al. 
1999; Salyers et al. 2004). Consequently, there is a risk of 
antibiotic-resistant bacteria spreading from aquatic to ter-
restrial and human sources (Miranda and Zemelman 2002; 
Cabello 2006). Antibiotics in food may also create aller-
gic reactions and toxicity issues that are difficult to assess 
because of a lack of prior knowledge on antibiotic intake 
in the food supply (Cabello 2006). Antibiotics may cause 
a wide range of allergic reactions and toxicity issues in 
aquaculture employees who are not properly safeguarded 
from them. It is possible to develop an allergy or toxicity 
to antibiotics when employees provide antibiotics to fish 

Fig. 3  Effects on antibiotics on shrimp aquaculture and environment
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or shrimp by touching their skin or ingesting significant 
quantities of antibiotic-treated food (Grave et al. 1999; 
Cabello 2006). It in turn paves path for employment of 
probiotics and natural medicines in the aquaculture to sus-
tain optimal food safety and human health.

Vaccines and immunostimulants are prophylactic in 
nature and are used to make the host immune-competent. 
Musthaq and Kwang examined in detail the prospects 
of vaccinations for WSD (Syed Musthaq et al. 2009). A 
concept of pathogen-specific “immune priming” has been 
cited in recent studies and is considered to provide an 
optimized solution in vaccine efficacy against WSD (Yang 
et al. 2021). It involves application of viral RNA/DNA, 
attenuated viruses, and recombinant viral proteins. The 
major drawback with all these treatments is that it provides 
temporal protection (Verbruggen et al. 2016). Hence, vac-
cination serves to be a promising means to fight against 
diseases but there are not much effective vaccines against 
most shrimp viruses (Fig. 4). Unlike mammals and other 
vertebrates, shrimps do not possess adaptive immune sys-
tem and therefore have to depend on the innate immune 
system. Therefore, developing vaccines for shrimps is 
quite cumbersome and subject of ongoing investigations. 
In addition, they are very costly and vaccinating each and 
every shrimp individually is a tedious job.

Thus, at present, the immunostimulants depict the most 
innovative approach in order to fight the shrimp diseases 
(Barman and Nen 2013). Immunostimulants are molecules 
that effectually boost non-specific defense machinery of 
the host to combat against invading microorganism. They 
compensate the discrepancies of chemotherapeutant/vac-
cine usage and provide a moderate solution in regard to 
the shrimp immunity. Hence, immunostimulants might be 
considered a prospective option for shrimp health manage-
ment (Fig. 5).

Immunostimulants against WSSV

An immunostimulant is a naturally occurring substance 
that simulates the immune system of host against pathogens 
(Barman and Nen 2013). Immunostimulants can be divided 
into several groups depending on their sources: bacterial, 
algae-derived, animal-derived, nutritional factors, and hor-
mones/cytokines (Sakai 1999). Recently, polysaccharides 
from seaweeds have also been tested as immunostimulants 
for shrimps (Declarador et al. 2014) (Fig. 6). They are broad 
range in efficacy and depict multitude of functions (Fig. 7). 
The multifarious antivirals available from variety of life 
forms are now discussed below.

Plant‑derived antivirals

Plants serve as repository of secure and economic chemical 
compounds that depict various properties such as growth 
promoters, immunostimulants, and antimicrobials (Cita-
rasu et al. 2002). These have an upper hand because they 
consist of compounds that are non-toxic, biodegradable, 
and biocompatible (Citarasu et al. 2006). Underneath effort 
was done to provide a detailed insight into various forms of 
immunostimulants and chemicals derived from plants that 
have been reported as antiviral against WSSV.

Antiviral activity of genipin

Genipin (GN) is a bioactive compound obtained from the 
fruits of Gardenia jasminoides (Huang et al. 2019). GN 
is an aglycone obtained from an iridoid glycoside called Fig. 4  Effects of vaccination on shrimp aquaculture

Fig. 5  Effects of immunostimulants on shrimp aquaculture and its 
environment
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geniposide. It is a natural cross-linker that has low toxic-
ity and excellent biocompatibility. Therefore, it is used for 
synthesizing diverse biological polymers for drug delivery 
purpose (Sung et al. 2001; Mahgoub et al. 2017). It depicts 
anti-inflammatory, neuroprotective, antidiabetic, antiprolif-
erative, antioxidative, and antiviral activities (Wang et al. 
2017). Lately, the antiviral activity of GN against WSSV 
has been illustrated in crayfish Procambarus clarkii and 
in shrimp Litopenaeus vannamei. The infection caused by 
WSSV was impeded to the maximum level when the crayfish 
and shrimps were treated with 50 mg/kg of GN for a day. A 
detailed insight into the mechanism showed that GN dete-
riorates gene expression of signal transducer and activator 

of transcription (STAT), which in turn obstructs transcrip-
tion of WSSV immediate-early gene, thus finally retarding 
WSSV replication. Moreover, it also caused the inhibition of 
Bax inhibitor-1 gene expression, which contributed further 
to inhibition of WSSV infectivity. Hence, GN is presumed to 
be an effective remedy to occlude WSSV infection (Huang 
et al. 2019).

Immunostimulant from various herbs

Oral administration of immunostimulants like lipopolysac-
charides, etc. has shown increase in defensive effectiveness 
in WSD (Citarasu et al. 2003). Recently, a variety of herbal 

Fig. 6  Sources of immunostim-
ulants

Fig. 7  Function of immu-
nostimulants
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extracts have demonstrated their ability to augment immu-
nity in shrimp against yellow head virus YHV and WSSV 
(Citarasu et al. 2003). Immunostimulants from 5 diverse 
herbal medicinal plants such as Eclipta alba, Aegle marme-
los, Tinospora cordifolia, Picrorhiza kurooa, and Cyanodon 
dactylon depicted significant reduction in the viral load with 
increase in survival rate (74%) of shrimps (Citarasu 2010). 
Five herbs such as Adathoda vasica, Agathi grandiflora, 
Leucas aspera, Psoralea corylifolia, and Quercus infectoria 
have been used to screen the antiviral and immunostimulant 
activity against WSSV using different organic polar and non-
polar solvents. Ethyl acetate and methanolic extracts of A. 
grandiflora depicted strong antiviral and immunostimulant 
activities. Compounds such as 1,2-benzenedicarboxylic acid, 
diisooctyl ester in the A. grandiflora extract–enriched diets 
helped to control the WSSV in shrimps (Bindhu et al. 2014). 
The shrimp species which were not subjected to any immu-
nostimulant completely died in 3 days while the one who 
were inoculated with A. grandiflora extract–enriched diets 
showed reduction in the cumulative mortality of shrimps up 
to 60–80% (Bindhu et al. 2014).

Antimicrobials from Argemone mexicana

A. mexicana is a species of poppy that has medicinal proper-
ties and used by people in parts of Mexico, western US, and 
India. A. mexicana is employed to cure numerous illnesses 
including tumors, lumps, skin diseases, inflammations, pain-
ful joints, leprosy, malaria, and microbial infections. Such 
ailments can be treated due to diversified chemical constit-
uents of plant that includes various alkaloids, mexicanol, 
mexicanic acid, argemonic acid, and phenolics (Palanikumar 
et al. 2018). Its seeds contain argemone oil that is composed 
of alkaloids such as sanguinarine, dihydrosanguinarine, 
dehydrocorydalmine, jatrorrhizine, columbamine, and oxy-
berberine (Gunstone et al. 1977). Variety of other alkaloids 
like cheilanthifoline, berberine, cryptopine, muramine, 
protopine, sanguinarine, stylopine, and thalifoline have 
also been described in the recent years (Singh et al. 2010). 
Methanolic and ethanolic extracts of the plant have potent 
astringent, antioxidant hepatoprotective activities, and anti-
microbial properties (Dash and Murthy 2011).

A. mexicana roots possess antioxidant activity and there-
fore can be used as restorative agent in pacifying oxidative 
stress–associated degenerative diseases (Perumal et  al. 
2010). The methanolic extract accelerates the wound healing 
in wounded rats because of the phytochemicals like triterpe-
noids, alkaloids, flavonoids, and tannins. The proPO system 
then stimulates the production of antioxidant enzymes such 
as reactive oxygen intermediates (ROI) and reactive nitrogen 
intermediates (RNI), antimicrobial peptides, and lysozymes 
that eventually lead to phagocytosis. The fraction of shrimp 
group kept in control conditions succumbed 100% death in 

just 4 days, while the shrimp group subjected to A. mexicana 
extracts depicted the survival up to 79%.

Antiviral activity of bis(2‑methylheptyl)phthalate 
from Pongamia pinnata leaves

Pongamia glabra vent (family Leguminosae) is an aboriginal 
ethnomedical plant found throughout India, tropical Asia, 
and Northern Australia. It is a moderate sized, expeditiously 
growing, and resilient plant that thrives under wide range of 
agroclimatic conditions and commonly occurs around road-
sides, river banks, tidal forests, and even coastal areas. Its 
dried leaves when stored in the stocked grains serve as insect 
repellent. Its leaves decrease nematode infections tremen-
dously when used as part of manure. The leaves of the plant 
are popularly known for its digestive, laxative properties, 
curing piles, lacerations, and extra soreness too. The juice of 
the leaves can be consumed to reduce flatulence, dyspepsia, 
diarrhea, cough, leprosy, and gonorrhea. The bark and roots 
of the plant are bitter in nature and therefore have anthel-
mintic properties (Al Muqarrabun et al. 2013). Feeding 
the purified ethanolic extract of P. pinnata leaves orally to 
WSSV-infected P. monodon increased the survival chances 
of the shrimps. Bis(2-methylheptyl)phthalate was respon-
sible for the antiviral nature of P. pinnata. When WSSV-
infected shrimp were fed with 200 g and 300 g extracts of 
P. pinnata, their survival rates improved by 40% and 80%, 
respectively (Rameshthangam and Ramasamy 2007).

Immunomodulatory effect of polysaccharide gel extracted 
from Durio zibethinus

D. zibethinus is the most prevalent tree species in the genus 
Durio most commonly found in South Asia especially 
Thailand. Its fruit is brown-green in coloration and exhib-
its presence to massive spiny thorns. The durian-rind waste 
is economically viable and produces polysaccharides with 
pharmaceutical and therapeutic uses (Pongsamart et  al. 
2005). The polysaccharide gel (PG) of durian rinds has been 
extracted, refined, and characterized (Hokputsa et al. 2004), 
and is now known to be a water-soluble pectic polysaccha-
ride. The structure was deciphered and detail introspection 
revealed that the structure contains polygalacturonic acid 
with side chain made up of neutral sugars such as rhamnose, 
arabinose, glucose, galactose, and fructose. Regarding the 
bioactivity of the PG, it was discovered that it is antibacte-
rial and also possesses wound-healing activities and immu-
nomodulating properties (Chansiripornchai and Pongsamart 
2008). Hence, PG extract from Durio zibethinus was tested 
as an immunostimulant to check the immunocompetency in 
shrimp against WSSV.

Shrimps that were given 1 and 2% of PG as diet for a 
period of 12 weeks demonstrated accelerated proPO activity 

25331Environmental Science and Pollution Research (2023) 30:25325–25343



1 3

as well as elevated values of THC (P < 0.05) when compared 
to the control group that was fed the basal diet without PG. 
Such results clearly suggested that the shrimp population 
in which PG-supplemented diet was orally administration 
emerged to be resistant to WSSV. Hence, the observed dis-
ease resistance in shrimps against WSSV may be attributed 
to the aggravated immune response of shrimps. Shrimps fed 
with 2% PG-supplemented diet indicate disease resistance 
of 36% (at day 4) and 100% (at day 6) (Pholdaeng and Pong-
samart 2010).

Antiviral extract from Cyanodon dactylon

In another study, antiviral plant extract derived from Cyano-
don dactylon was injected both by in vitro as well as in vivo 
process. In in vitro method, the extract was injected intra-
muscularly while in in vivo process, it was fed orally at 
concentration of 2 mg per animal. When C. dactylon plant 
extract was inoculated in WSSV-infected shrimps, then 
proPO,  O2−, and NO got considerably high (P < 0.05) in val-
ues. Such evidence strongly suggests that inoculation of C. 
dactylon plant extract both by in vivo and in vitro procedures 
into shrimps enhances immunity of the shrimps. Addition-
ally, the plant extract is very easily accessible and can serve 
as an excellent pre-emptive agent against WSSV disease in 
shrimps (Balasubramanian et al. 2007).

Phytochemicals as immunostimulants

An assortment of heterocyclic synthetic compounds like 
benzisoxazoles and piperidines has been found to play 
significant roles against microbial pathogens (Rajashekar 
Reddy et al. 2016). Furthermore, in silico studies provide 
a deeper knowledge for developing novel inhibitor against 
WSSV. The computational studies divulge that phytocom-
pounds 2H-1-benzopyran-6-ol, 3,4-dihydro-2,5,7,8-tetra-
methyl-2-(4,8,12-trimethyltridecyl)-acetate, and 1,4-ben-
zenediamine, N,N0-diphenyl identified from Phyllanthus 
amarus can serve as candidate molecules for WSD man-
agement (Dinesh et al. 2017). Another phytochemical known 
as quercetin has been predicted to be the suitable lead as 
it interacts with PmRab7 (one of the most crucial shrimp 
receptor proteins). Hence, use of this compound during 
maintenance of shrimp population in ponds, tanks, or natural 
reservoirs might diminish the interactions between Peneaus 
monodon PmRab7 and the viral proteins (Joseph et al. 2017).

A polyphenolic extract of red raspberry (Rubus idaeus) 
has shown to cluster viral particles cohesively to form non-
infectious aggregations (Fukuchi et al. 1989). The polyphe-
nols have further been reported to get associated with the 
virus particles directly thereby inhibiting the viral absorp-
tion into the host. Moreover, numerous polyphenolic com-
pounds have been found to decrease association between 

human immunodeficiency virus (RNA virus) and influenza 
virus (RNA virus) with the host cells. Recently, 2,4-di-tert-
butylphenol extracted from Emilia sonchifolia (a medicinal 
herb) has been recognized to have anti-WSSV and anti-
8YHV (Maikaeo et al. 2015) properties and, therefore, it has 
been suggested to be fed to shrimp in order to boost resil-
ience against virus-induced disease (Citarasu et al. 2006).

Anti-inflammatory activities of coumarins, which are 
naturally occurring pharmacologically active chemicals, are 
infinitely strong and efficient (Liu et al. 2020). This structure 
is made up of a benzo-pyranolactone moiety. Coumarins 
are divided into four categories: (i) simple coumarins, (ii) 
furanocoumarins, (iii) pyranocoumarins, and (iv) pyrone-
substituted coumarins. They have a wide range of non-
covalent interactions that allow them to bind to a variety 
of active sites. Some of the diversified functions in which 
coumarins majorly contribute are as follows: antioxidants 
(Minhas et al. 2017), antibacterials (Dastan et al. 2016), anti-
inflammatory (Sahu et al. 2017), anticancer (Zhang et al. 
2019), and antiviral (Kostova et al. 2006). Anti-diabetic 
drugs, HIV, cancer, and degenerative disorders may all ben-
efit from the use of hydroxycoumarin derivatives in animals 
(Shen et al. 2010). There is a lot of potential for coumarins 
to be employed as antiviral medications in aquaculture 
because of their widespread usage as phytochemicals. Carp 
virus (SVCV) expression in host cells may be inhibited by 
7-[6-(2-methylimidazole)-hexyloxy] coumarin (a coumarin 
derivative), which has been used as a potent antiviral medi-
cation (Chen et al. 2018). Epithelial papulosum cyprinid 
cells may be successfully treated with imidazole-coumarin 
compounds with four-carbon linker lengths (Liu et al. 2020). 
A coumarin derivative, chromene-3-carbonitrile widely 
known as C3007 used in Litopenaeus vannamei larvae, was 
tested for its anti-WSSV function. More than half of WSSV-
infected larvae were able to survive for longer after taking 
C3007. Continued immersion in C3007 resulted in a 20% 
decrease in mortality after a 24-h WSSV infection. Hence, 
coumarin and its derivatives can be a viable treatment and 
prevention option for farmed shrimp WSSV infection.

Antivirals from bacteria

Other alternatives used as protection against WSD were oral 
inoculation of baculovirus and Bacillus subtilis spores (Syed 
Musthaq et al. 2009; Nguyen et al. 2014). RNA interference 
(RNAi) was also used to restrain the expression of viral pro-
teins for inducing immunity in the host against WSD. It is 
elusive that M. japonicus has a potential to generate small 
interfering RNA (siRNA), which targets vp28 (vp28-siRNA) 
in reaction to WSSV infectivity. This further indicates that 
RNAi has a shielding effect for the host (Huang and Zhang 
2013). In another contemporary work, when vp28-siRNAs 
encapsulated with β-1,3-d-glucan were injected along 
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with WSSV in M. japonicas (Zhu and Zhang 2012), there 
occurred tremendous inhibition of WSSV replication.

The studies made till date laid a lot of importance on 
increasing the immune competency of the host. It can be 
done by catering the host with agents containing pathogen-
associated molecular patterns (PAMPs). Studies have illus-
trated that feeding P. japonicus with peptidoglycans over 
a time span has escalated the phagocytic activity of host 
granulocytes therefore significantly decreasing mortality 
of P. japonicus upon WSSV exposure (Itami et al. 1998). 
Similarly, injecting β-glucan in shrimp prior to WSSV infec-
tion activated prophenoloxidase system and consequently 
caused reduction of morbidity in shrimps up to 25–50% 
when compared to control system (Song et al. 1994). They 
boost innate immunological responses such as phagocytic 
activation, neutrophil activation, alternative complement 
system stimulation, and enhanced lysozyme activity (Kyu 
et al. 2014).

Vibrio is a rod-shaped gram-negative bacteria and has 
been documented to reduce mortality in shrimps (Itami et al. 
1989). The non-specific immune cells of shrimps such as 
phagocytic hemocytes are activated (Sakai 1999) by use 
of Vibrio. The bacterium Vibrio harveyi was reported to 
defend P. monodon against WSSV infection. Another impor-
tant bacterial component is lipopolysaccharide (LPS). LPS 
are the major component of the outer membrane of gram-
negative bacteria that can stimulate immune responses in 
different hosts. They are constituted by lipid and a polysac-
charide that are joined by a covalent bond. The lipid in con-
junction with polysaccharide is considered to be responsible 
for the biological activities of LPS (Rietschel et al. 1993). 
The immunostimulatory activity of LPS has been depicted 
in shrimps. Shrimps fed with LPS-containing diet depicted 
higher survival rates in comparison to the one fed with nor-
mal diet. Receptors such as anti-lipopolysaccharide factor 
3 (ALF3), C-lectin, and mucin-like peritrophin located on 
shrimp digestive tracts were induced on using LPS-contain-
ing diet. Thus, LPS-supplemented diet was considered to be 
an efficient immunostimulant for Peneaus monodon (Run-
grassamee et al. 2013). Another form of immunostimulants 
can be live bacteria. When shrimp feed is supplemented with 
probiotic bacteria, the cellular and humoral components of 
the innate immune system of shrimps get stimulated. Immu-
nostimulation of Penaeus monodon by Bacillus S11 bacteria 
boosted phagocytic activity. Lactobacillus plantarum treat-
ment increased phenoloxidase and superoxide dismutase 
activity, resulting in improved Vibrio alginolyticus clear-
ance efficiency in Litopenaeus vannamei (Chiu et al. 2007).

Antivirals from algae

Seaweeds are multicellular algae that have been conceded 
to be a significant resource to develop resistance against 

pathogens for aquaculture because of prevalence of bioac-
tive compounds, such as laminarin, fucoidan, carrageenan, 
and alginate that act as immunostimulants for the aquatic 
species. Furthermore, brown seaweeds have lately been 
reported as a source of polysaccharides and exhibit prop-
erty of therapeutic agents and antibiotics for aquatic spe-
cies. Fucoidan containing extracts from Sargassum spp. 
and from Cladosiphon okamuranus seaweed provide some 
resistance to WSD in Penaeus monodon and Marsuspenaeus 
japonicus (Immanuel et al. 2012), respectively. Recent stud-
ies have revealed that fucoidan plays an imperative role in 
the defensive mechanism of shrimp through mediating the 
cellular and the humoral responses in order to confront with 
the virus. It hampers the absorption of viral particles and 
facilitates the genesis of virus-induced syncytium. Feed-
ing fucoidan orally is presumed to have defensive effects 
through inhibition of viral replication directly as well as trig-
gering the innate immune defense responses.

It is seen that sodium alginate obtained from brown algae 
Undaria pinnatifida and Macrocystis pyrifera has potential 
to aggravate the nonspecific defense response of common 
carp Cyprinus carpio to Edwardsiella tarda (Fujiki et al. 
1994). In similar manner, alginate obtained from brown 
algae U. pinnatifida and Lessonia nigrecans boosts Litope-
naeus vannamei resistance to V. alginolyticus. Another study 
showed that sodium alginate availed from brown seaweed 
Sargassum wightii and primed in form of powder/beads was 
used to supplement Artemia nauplii. Such alginate-enriched 
nauplii when catered to Penaeus monodon could poten-
tially impede succession of WSSV disease. When mortal-
ity between alginate-fed shrimp groups and control groups 
was compared, it was detected that mortality increases in 
alginate-fed groups by 26.5 to 58.4%.

More recently, a screening study was performed to check 
efficiency of Cereops tagal mangrove extracts against 
WSSV activity in P. monodon (Sudheer et al. 2011), and 
Litopenaeus vannamei immersed in the seawater containing 
Sargassum hemiphyllum var. chinensis powder. A signifi-
cant increase in the defensive mechanism of such P. mono-
don (Sudheer et al. 2011) and Litopenaeus vannamei was 
depicted with increased protection against Vibrio alginolyti-
cus and WSSV (Huynh et al. 2011).

Antivirals from fungi

A marine yeast Candida aquaetextoris S527 was used as 
diet for P. monodon with varying proportions, viz., single 
dose every day, once in 3 days, once in 7 days, and once 
in 10 days followed by challenge with WSSV. Following 
induction of this feed, the immune parameters such as total 
hemocyte count, pro-phenoloxidase, nitroblue tetrazolium 
reduction, and acid phosphatase activity were tested on the 
shrimps. The expression profiling of immune-associated 
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proteins and pathways such as antimicrobial peptide (AMP) 
genes, alpha-2-macroglobulin (a-2-M) genes, prophenol oxi-
dase (proPO) genes, and WSSV genes was further analyzed. 
The investigation established that when the yeast feed was 
inoculated one time every 7 days, then it worked as a supe-
rior immunostimulant against WSSV infection (Babu et al. 
2013).

There are a wide range of components in yeast that are 
of nutritional benefit to humans and other animals, includ-
ing proteins, carbohydrates, lipids, vitamins, and minerals. 
Yeast extracts are made up of water-soluble components of 
yeast cells, such as amino acids, peptides, carbohydrates, and 
salts, which are their primary constituents. Because of their 
nutritional properties, nitrogen components and vitamins 
are of the utmost economic significance. In recent years, 
yeasts have been shown to exhibit antioxidant and immu-
nostimulating properties. Bakery and brewer’s yeast produce 
naturally occurring polysaccharides containing glucose as a 
structural component, connected by β-glycocidic linkages 
(Saccharomyces genus). Saccharomyces cerevisiae, the 
yeast used in the brewing process, contains a variety of com-
pounds, including the sugars glucans and nucleic acids as 
well as the mannan-oligosaccharides that have been shown 
to improve immune responses and growth in a variety of 
fish species (Ortuño et al. 2002). Brewer’s yeast β-glucan 
(BYG) has been shown to have enhanced phenoloxidase 
activity, and oral treatment of BYG for 3 days to black tiger 
shrimp (Suphantharika et al. 2003) boosted their ability to 
kill Vibrio harveyi (Thanardkit et al. 2002). Pacific Food 
supplemented with an inactive yeast cell wall had no effect 
on the shrimp’s weight, survival rate, or growth rate; yet they 
exhibited stronger immunological measures (total hemocyte 
count, clearance of microorganisms) than shrimp given a 
standard diet (Chotikachinda et al. 2008).

Antivirals from animals

In some studies, animals have also been utilized to extract 
antivirals in order to cure WSSV in shrimps. In a recent 
study, cathelicidin 5, a type of peptide was obtained from 
Alligator sinensis and used as antimicrobial peptide against 
WSSV in caridean shrimp Exopalaemon modestus. Shrimp 
medicated with cathelicidin 5 and injected with WSSV 
revealed an appreciably lower mortality rate, lower viral 
VP28 amplification rate, and improved antioxidant enzyme 
activity and immune-related gene expression in shrimp Exo-
palaemon modestus (Xie et al. 2019).

Furthermore, the compound 3-(1-chloropiperidin-4-yl)-
6-fluoro benzisoxazole 2 has been identified as a suitable 
antiviral curative agent in freshwater crabs Paratelphusa 
hydrodomous against WSD (Rajashekar Reddy et al. 2016). 
The same compound was tested against WSSV in shrimps 
by employing in silico methodologies such as molecular 

docking and molecular dynamics. The computational analy-
sis revealed that the inhibitor binds to the polar amino acids 
that line the pore region of the envelope proteins. The deline-
ation of the inhibitor molecule within the binding pocket is 
much plausible due to the low binding energy against VP26 
and VP28. This makes the inhibitor a preferred antiviral lead 
against WSSV (Rajashekar Reddy et al. 2016).

Similarly, chitosan has been proposed to be a good immu-
nostimulant. Chitin is a polysaccharide prevalent in insects, 
crustacean exoskeletons, and fungal cell walls, and is one of 
the most ubiquitous polysaccharides in nature (Esteban et al. 
2005). Chitosan is derived from the alkaline deacetylation 
of crustacean chitin. Chitin and chitosan have been shown to 
protect fish and shrimp from bacterial infection when given 
as an injection, immersion, or dietary supplement (Siwicki 
et al. 1994).

Immunostimulants from synthetic sources

Currently, nanotechnology is being used to study the bio-
logical systems in much intricate detail at the atomic level 
(Parveen et al. 2012; Esmaeillou et al. 2017). Silver nano-
particles (AgNPs) are presently serving as very promising 
nanomaterials because they render comprehensive antiviral 
property (Galdiero et al. 2011; Bello-Bello et al. 2018; Chris 
et al. 2018). Multifarious studies have confirmed that AgNPs 
are a potential antiviral substitute against human viruses, 
including human immunodeficiency virus (Lara et al. 2010), 
H1N1 influenza A virus, monkeypox virus (Rogers et al. 
2008), Tacaribe virus (Speshock et al. 2010), and herpes 
simplex virus (Baram-Pinto et al. 2009).

Many studies have elucidated wide usage of AgNPs in 
many intricate details against enveloped viruses and such 
studies have confirmed that AgNPs preferentially bind to the 
viral envelope glycoproteins to hinder the binding between 
viruses and host cell (Lara et al. 2011; Bogdanchikova et al. 
2016). Additionally, immune system can recognize the 
nanoparticles very well and these particles help in inducing 
immunostimulatory effects in the immune system (Boraschi 
et al. 2017; Dacoba et al. 2017).

A pivotal step taken in applying nanotechnology in 
aquaculture was making use of AgNP-based formulations. 
One such formulation, Argovit R, was inoculated in the 
form of intramuscular injections into L. vannamei (Romo-
Quiñonez et al. 2020). An observation was deduced that 
silver nanoparticle single dosages can alone enhance the 
shrimp survival tremendously without toxic effects, thus 
proving its antiviral activity against WSSV. Another study 
evaluated that Argovit R promoted the immune response 
of shrimp infected with WSSV even under unfavorable 
circumstances, for example elevated concentration of 
 Fe+2 ions in the medium (Ochoa-Meza et al. 2019). Thus, 
AgNPs can be used as an effective agent against a large 
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heterogeneous form of viruses, especially against WSSV, 
although intramuscular administration of AgNPs is practi-
cally not feasible due to large volumes of organisms that 
need to be treated. A realistic substitute for intramuscu-
lar administration of AgNPs is incorporating AgNPs in 
the form of feed (Dananjaya et al. 2016). This will assure 
the applicability of AgNP to evade WSSV infection in 
shrimps. A new formulation named Argovit-4 (that essen-
tially retains same design of Argovit R) has been recently 
reported as a propitious antiviral additive in feed to inter-
fere with WSSV infection in shrimp. The most characteris-
tic attributes that contribute to make Argovit-4 as a poten-
tial candidate for antiviral therapy in shrimps are (i) its 
decreased/increased concentrations do not cause toxicity 
to shrimps, (ii) intramuscular administration of a mixture 
of WSSV-Argovit-4 potentially decreased shrimp mortal-
ity at least by 50%, and (iii) it shows unaltered expression 
of PEN4, PAP, Crustin, and Rab6 genes suggesting that it 
does not interfere with immune system of shrimps (Romo-
Quiñonez et al. 2020).

Immunostimulants from nutritional factors

There was a marked increase in resistance of shrimps against 
the pathogens when they are injected with vitamins A, C, 
and E supplements (Lee and Shiau 2004). Similarly, carot-
enoids depict functions such as lymphocyte blastogenesis, 
lymphocyte cytotoxicity activity, stimulate the production of 
certain cytokines, and aggravate the phagocytic and bacterial 
killing ability of neutrophils and macrophages. In shrimps, 
dietary carotenoid supplementation enhanced stress resist-
ance, salinity shock resistance, and antioxidant response 
before and after viral infection. Trace elements such as 
incorporation of copper in tiger shrimp resulted in escalated 
growth, total hemocyte count, and superoxide anion produc-
tion. In white shrimp, nutritional supplementation with Zn 
improved immunological responses in a similar way (Lin 
et al. 2013).

Immunostimulants from hormones

Growth hormone (GH) is a peptide hormone (also known 
as somatotropin or somatropin) that has numerous benefi-
cial effects such as promotion of lipolysis, gluconeogenesis, 
increase in protein synthesis and stimulation of immune 
responses among others. In shrimp larvae, a recombinant 
bovine growth hormone has been demonstrated to improve 
development and immunity. In Macrobrachium rosenbergii, 
dietary supplementation of bovine lactoferrin (LF) improved 
immunological indices and resistance to Aeromonas 
hydrophila challenge in crustaceans (Chand et al. 2006).

Mechanism of immunostimulation 
within shrimp body

As stated above, shrimps lack adaptive immunity, but 
they have evolved a well-developed innate immune sys-
tem in order to defend themselves from diseases. They 
have a hard exoskeleton as their first line of protection 
against pathogens (Aguirre-Guzmán et al. 2010). It con-
tains calcium carbonate, carbohydrates, and proteins, and 
it aids in a variety of immune-related physiological func-
tions (Mylonakis and Aballay 2005). Antimicrobials in 
the exoskeleton protect them against a variety of injuries 
and microbial attacks (Aguirre-Guzmán et al. 2010). After 
bypassing this initial line of protection, pathogens are able 
to make their way into the shrimps’ hemocoel. The hemo-
coel is made up of a variety of hemocytes, which are the 
primary cells responsible to defend shrimp’s body against 
invaders. In shrimps, three kinds of hemocytes have been 
hypothesized, namely, (i) hyaline (HCs) that participates 
in phagocytosis; (ii) granular (GCs) that get involved in 
melanization, antimicrobial peptides, and cytotoxicity; and 
(iii) semigranular cells (SGCs) that implicate encapsula-
tion, early non-self-recognition, melanization, and coagu-
lation (Jiravanichpaisal et al. 2006). Pathogen-associated 
molecular patterns (PAMPs) are unique patterns seen 
on pathogens that allow shrimp hemocytes to detect and 
destroy non-self materials (PAMPs). The shrimp innate 
system gets activated by the presence of invading patho-
gens since it is able to distinguish between the “non-self” 
cells of an invading pathogen and “self-cells” belonging 
to itself. Shrimp hemocytes recognize and eliminate non-
self matter by recognizing specific patterns located on 
pathogen called pathogen-associated molecular patterns 
(PAMPs).The receptors located on hemocyte that rec-
ognize these PAMPs are called host pattern recognition 
proteins (PRPs). As soon as there is recognition between 
PAMPs and PRPs, the system is characterized by a cascade 
of cellular signals resulting in the release of antimicrobial 
factors. These cellular signals majorly include (i) patho-
genesis, (ii) activation of reactive oxygen species (ROS) 
for respiratory burst, (iii) prophenoloxidase (proPO) sys-
tem, and (iv) melanization that eventually kill and decom-
pose the pathogen (Cerenius et al. 2010; Amparyup et al. 
2013).

Hence, pattern recognition is the first step in innate 
immunity. Alike any infection, the immunostimulants also 
get detected in the hemocoel of shrimps by recognition 
of diversified PAMPs located on the immunostimulants. 
Any kind of antigen-specific responses to immunostimu-
lants are not generated, but rather an overall response that 
accelerates the detection and clearance of a wide spectrum 
of infectious pathogens is stimulated by the introduction of 
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immunostimulants (Secombes 1994). In addition, immu-
nostimulants may be administered to aquatic animals by 
injection, bathing, or orally to increase their immune 
responses. Immunostimulants may be administered 
via injection; however, oral administration is preferred 
because of its non-stressful nature and extensive usage at 
little expense and effort, making it a more cost-effective 
option. To boost aquatic animals’ immune systems, it may 
be necessary to include immunostimulants in the food 
(Harikrishnan et al. 2011).

In shrimp, different types of PRRs including (i) β-1,3-
glucanase-related proteins, (ii) β-1,3-glucan-binding pro-
teins, (iii) c-type lectins, (iv) scavenger receptors, (v) 
galectins, (vi) fibrinogen related proteins, (vii) thioester-
containing down syndrome cell adhesion molecules, (viii) 
serine protease homologs, (ix) trans-activation response 
RNA-binding protein, and (x) TLRs have been reviewed 
(Wang and Wang 2013). Shrimp’s innate immune system 
was activated by the binding of PRPs to pathogen-associ-
ated molecular patterns (PAMP), such as lipopolysaccharide 
from bacteria’s cell walls or peptidoglycan (PG) from fungi’s 
cell walls (Janeway 1989). After a successful recognition 
between PAMPs and PRPs, the serine proteinase cascade 
gets triggered and the PAMPs induced SGCs and GCs to 
degranulate, and release granules containing proPO system; 
then, proPO was converted to PO by active ppAE, resulting 
in the activation of melanization, releases of cytotoxic com-
pounds, and encapsulation (Chen et al. 2016b). Additionally, 
two proPOs may be directly implicated in shrimp’s acute-
phase immune defense, with proPO-II perhaps sometimes 
contributing sooner than proPO-I (Yeh et al. 2009).

Studies have been reported that after L. vannamei was 
induced with immunostimulant 10.6% pectin of cacao pod 
husks (pCPH), a recognition was established between pCPH 
and LGBP of L. vannamei. This resulted in marked increase 
of granulocytes, which further caused degranulation of 
SGCs/GCs to further stimulate the proPO-II system. There 
was an evident increase in level of immunocompetence as 
depicted by aggravated levels of THC, GC, SGC, HC, and 
PO activity in shrimp’s body. The phagocytic activity and 
clearance efficiency against V. alginolyticus in L. vannamei 
injected with pCPH clearly elevated after 1–7 days of injec-
tion (Lee et al. 2020).

Furthermore, newborn hemocytes are synthesized, 
matured, and released into the circulatory system by the 
hematopoietic tissue (HPT). Hemocyte homeostasis-asso-
ciated protein (HHAP) has been found in the crayfish Paci-
fastacus leniusculus, P. monodon, and L. vannamei and is 
involved in hemocyte homeostasis. Astakine, an invertebrate 
cytokine that promotes HPT hematopoiesis and participates 
in cell differentiation, has been described in the crayfish 
P. leniusculus, P. monodon, and L. vannamei (Chen et al. 
2016a). When L. vannamei was injected with fucoidan, a 

type of brown seaweed–based polysaccharide, the prolifera-
tion ratio and the number of mitotic cells were significantly 
increased in HPT, which resulted in an increase in THC, 
HCs, SGCs, and GCs, and the elevated levels remained for 
7 days after injection of the immunostimulants (Lee et al. 
2020). Fucoidan-treated shrimp had considerably increased 
phagocytic activity than saline-treated shrimp (25%) after 
48 h. These shrimps also showed improvement in clearance 
efficiency against pathogens. Shrimp receiving fucoidan 
at either 48 or 144 h and subsequently confronted with V. 
alginolyticus had a substantially greater survival rate than 
control shrimp at 48–144 h post-challenge (p 0.05) (Chen 
et  al. 2016a). Shrimp given diets containing fucoidan 
showed increased growth and immunological parameters, 
as well as resistance to V. alginolyticus and WSSV chal-
lenges in vivo experiments, as previously reported (Chen 
et al. 2016a). According to this research, the immunologi-
cal parameters, HPT proliferation, phagocytic activity, and 
clearance of V. alginolyticus were evaluated. It was shown 
that shrimp treated with fucoidan maintained homeostasis 
in immunological parameters such as hemoglobin count 
and other immune markers, suggesting that shrimp treated 
with fucoidan might stay resistant to pathogens even if their 
immune markers returned to baseline levels (Chen et al. 
2016a).

To summarize, immunostimulants are detected as for-
eign material when they enter the shrimp hemocoel. PRPs 
of shrimp hemocytes identify PAMPs on immunostimu-
lants. When a certain pattern is recognized, a chain of events 
occurs that includes phogocytosis, melanization, and the 
creation of a hostile environment for the pathogen. These 
investigations show that shrimps’ defense systems stay rein-
forced even if their immunological parameters return to their 
pre-stimulant levels, which aids in the clearing of pathogens 
(Lee et al. 2020).

Under these conditions, when pathogens enter a shrimp, 
then the hemocytes will transform from non-adhesive cells 
to sticky cells in order to aggressively attach to them. Encap-
sulation occurs when a multilayered sheath of cells is formed 
around the foreign invader. When it comes to phagocytosis, 
membrane invagination, the production of coated vesicles, 
and guided vesicle trafficking all play a role in this com-
plicated process. Cellular defensive mechanisms such as 
phagocytosis, formation of nodules, encapsulation, and 
hemocyte motility are all stimulated by the proPO activat-
ing system (Yeh et al. 2009). Hydrogen peroxide, superoxide 
anion, and hydroxyl ions are produced by activated hemo-
cytes to induce respiratory burst for creating an environment 
that is detrimental to the pathogen (Ancieta-Probstl et al. 
2005).

Prophenoloxidase (PO), a crucial enzyme in the formation 
of melanin, is found in hemolymph as an inactive proenzyme 
(proPO). Enzyme ppAE activates proPO to PO which further 
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oxidizes phenol into quinines which then polymerizes non-
enzymatically to form melanin. This melanin is responsible 
for melanization reaction in which the melanin gets depos-
ited around the pathogen and blackens it due to the action 
of phenoloxidase, an oxidoreductase (Ancieta-Probstl et al. 
2005). An easy way to spot parasites in the blood or exoskel-
eton is to look for the “melanization response” or darkened 

spots in the cuticle. Hence, phagocytosis, encapsulation, res-
piratory bursts, and melanization, all these immunological 
processes work cumulatively towards attacking and killing 
the pathogen (Fig. 8). Thereafter, follows a pathogen clear-
ance process in which pathogen debris is confined to gills 
and sinuses of the host hepatopancreas, from where they are 
expelled out of the shrimp (Aguirre-Guzmán et al. 2010).

Fig. 8  Mechanism of immu-
nostimulation within shrimp 
body: the PAMP located on 
immunostimulants (IM) is rec-
ognized by PRP located on the 
hemocyte. This pattern recogni-
tion between IM and hemocyte 
activates the cascade of cellular 
signals that brings the shrimp’s 
body into a state of elevated 
immune response. When a 
pathogen enters shrimp’s body 
in such a state of aggravated 
immune response, then the 
PAMP of pathogen gets recog-
nized by PRP of hemocyte, to 
cause phagocytosis, encapsula-
tion, melanization, and nodule 
formation of the pathogen. All 
these immunological responses 
altogether eventually kill and 
decompose the pathogen
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Conclusion

Shrimps constitute one of the most preferred commodities 
among the seafood for the humans. Despite the fact that 
they form part of most exquisite cuisines globally, there is 
a downside to shrimp aquaculture industry: the disease out-
breaks. The aquaculture industry is gradually learning how 
to deal with these disease threats. The Snieszko’s “epidemio-
logical triad” has laid a lot of importance in shrimp health 
management. The reduction of stressful situations and the 
use of chemicals that strengthen and/or activate the shrimp 
immune system are other significant aspects of shrimp health 
management. In essence, these fundamentals correspond to 
the three elements of Snieszko’s traditional epidemiological 

triad: host, pathogen, and environment (Fig. 9). Thus, cre-
ating a balance between the components of the triad, viz., 
ensuring a pathogen-free stock, increasing host defense by 
giving nutrient/immunostimulants that strengthen immune 
system, pathogen-free water, and pathogen-free feed, and 
maintaining good water quality can promote sustainable 
shrimp aquaculture.

In order to combat the diseases, shrimp aquaculture 
industry embarked on usage of antibiotics. But introduction 
of antibiotics for fighting the disease leads to unnecessary 
biomagnification and bioaccumulation of toxic residues in 
the food web that further hampered human health too. Fur-
thermore, due to the absence of innate immunity in shrimps, 
the possibility of using vaccination to successfully manage 
shrimp disease also looked unlikely. Looking into such a 
scenario, use of immunostimulants in order to increase the 
immunity of shrimps was a better answer to manage the 
shrimp health. A comparison between usage of antibiot-
ics, vaccines, and immunostimulants has been mentioned 
(Table 1).

The various types of life forms including plants, animals, 
fungi, algae, and yeast serve as source of the natural medi-
cine. They serve as most versatile, easily available, and low 
priced source of immunostimulants. When these immu-
nostimulants were used as feed, the survival rates of shrimps 
increased somewhere from 40 to 80%. Immunostimulants 
appear to be most promising and useful tools for prophy-
lactic treatment of farmed fish and shrimp. It is safer than 
chemotherapeutics and their range of efficacy is wider than 
vaccination. The strength of these compounds appears to lie 
in their ability to enhance larval culture before the specific 
immune system matures, and the animals can be vaccinated 
and able to improve nonspecific immune function against a 
broad spectrum of pathogens (Barman and Nen 2013). Thus, 
employment of immunostimulants provides a “win–win” 
solution that augments the shrimp aquaculture as well as 
promotes human health. To eliminate pathogens and trans-
porters of pathogens, pond bottoms must be disinfected after 

Fig. 9  Snieszko “epidemiological triad” and its application to shrimp 
health management

Table 1  Comparison among antibiotics, vaccines, and immunostimulants for shrimp aquaculture management

SR No Antibiotics Vaccines Immunostimulants

1 Non-prophylactic Prophylactic for long duration with 
only one or two treatments

Prophylactic for short duration, require more 
treatments

2 Costly Costly Cost effective
3 Efficacy of antibiotics is good Efficacy of vaccines is excellent Efficacy of immunostimulants is good
4 Limited spectrum of activity Limited spectrum of activity Wide spectrum of activity
5 Toxic side effects can prevail No toxic side effects No toxic side effects
6 There might occur accumulation of toxic resi-

dues
No accumulation of toxic residues No accumulation of toxic residues

7 There can occur environmental impacts No environmental impacts No environmental impacts
8 Easy to provide antibiotics to all shrimps and 

their larvae
Difficult to vaccinate larvae and 

individual shrimps
Easy to provide immunostimulants to larvae as 

well as individual shrimps
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each culture cycle. The pond should be entirely emptied and 
well dried, or oxidizing chemicals should be used. It is also 
a good idea to clean up any organic trash that has gathered 
on the pond’s bottom. Thus, amalgamation of proper sanita-
tion practices and usage of immunostimulants to enhance the 
immune system of shrimps can lead to sustainable shrimp 
aquaculture.
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