
151

7Crustaceans: Microbes and Defense 
Mechanisms

Asha Pillai

Abstract

Crustaceans are one of the most diverse arthropods that have successfully inhab-
ited the aquatic ecosystems including freshwater, estuarine and marine. They 
have enormous benefits for the economy and human health and are of great sig-
nificance to the aquaculture industry. Crustaceans are a rich source of protein and 
hence contribute to more than 70% of the world’s economy through aquaculture. 
These animals are prone to many pathogenic species of microbes, especially 
bacteria. Most of the bacterial diseases in crustaceans are due to pathogenic 
strains belonging to Vibrio spp. Pseudomonas spp. and Aeromonas spp. that are 
known to cause blackspot diseases, necrosis and other shell diseases. To combat 
such infectious pathogens, crustaceans have developed simple but strong innate 
defense strategies. These innate immune mechanisms are activated upon specific 
recognition of molecules such as lipopolysaccharides, glycoproteins, glycolipids 
and peptidoglycans present in the invading microbes. An array of immune com-
ponents both cellular and humoral are involved in the crustacean effector defense 
processes including phagocytosis, antibacterial activity, encapsulation and 
agglutination. This chapter presents an overview of the microbes infecting the 
crustaceans, especially the decapods and focuses on the various defense mecha-
nisms adopted by them.
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7.1  Introduction

Crustaceans are a key source of protein represented by a variety of edible species 
distributed throughout the world. The growing demand for wild or captive crusta-
ceans has uplifted crustacean aquaculture as one of the most promising and com-
mercially viable businesses to meet the requirements of the ever-growing human 
population. The expansion of crustacean aquaculture has always been accompanied 
by increased incidences of several diseases caused by infectious microbes, notably 
of bacterial or viral origin. To combat such pathogenic microbes, the crustaceans 
have developed simple but strong defense mechanisms. Several studies on these 
innate immune mechanisms of crustaceans have been made with great progress 
since the late 1970s (Hauton 2012). In the past two decades, this progress has accel-
erated with the isolation, characterization (Asha and Arumugam 2017; Chen and 
Wang 2019) and functional analysis (Asha and Arumugam 2021) of new classes of 
effector molecules.

In normal conditions, crustaceans maintain a healthy state and keep infections 
under control. Externally, they are covered by a hard, rigid exoskeleton that func-
tions as an efficient physiochemical barrier against mechanical injury and microbe 
invasion. The cuticular coat, in combination with an acid environment rich in diges-
tive enzymes, is able to inactivate and degrade most viruses and bacteria and forms 
the first line of defenses of the crustaceans. However, they lack the complex and 
highly specific adaptive immune system of vertebrates, which is based on lympho-
cytes, immunoglobulins and immunological memory.

Crustaceans possess an open circulatory system that distributes the essential 
nutrients, hormones, oxygen and cells through the hemolymph. The circulating 
cells of crustaceans known as hemocytes are functionally analogous to leukocytes 
of vertebrates and are mainly concerned with the recognition and elimination of 
non-self-molecules (Sritunyalucksana and Söderhäll 2000). The defense mecha-
nisms of crustaceans become activated based on the nature and characteristics of the 
invading pathogen (Vazquez et al. 2009). Accordingly, different effector molecules 
are activated, such as proPO system, phagocytosis and encapsulation, which are 
mediated by proteins such as lectins, antimicrobial proteins and pattern recognition 
proteins (Luis et al. 2021).

This chapter provides a brief but broad overview of our current understanding of 
the crustacean immune system, especially of the decapods. This enables innumera-
ble pathways that enable us to venture into new avenues for solutions to ensure 
global food security through crustacean aquaculture. Although the details of the 
immune pathways and their interrelations are not known, the limited data provide 
information on the disease combat in crustacean aquaculture through prophylaxis.
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7.2  Crustaceans and Their Importance

Crustaceans are primarily marine organisms and compose a large, ancient and 
diverse animal group that includes many well-known, commercially exploited 
members, such as shrimps, crabs, crayfish and lobsters that form a vital link in food 
web (Szaniawska 2018). They are the most abundant animals inhabiting the world’s 
oceans and include freshwater, terrestrial and semi-terrestrial species. Crustaceans 
form the fourth largest diverse group among animals comprising approximately 
75,000 species, including barnacles and beach fleas. They are mostly aquatic in 
habitat with majority of the species inhabiting marine waters. Diversity of crusta-
ceans is also witnessed in freshwaters but on land the diversity is low. Studies have 
estimated a total of 14,756 species and 2725 genera of extent decapods and about 
3047 species of shrimps and prawns worldwide (Susanto 2021).

Crustaceans possess a hard exoskeleton due to the deposition of calcium carbon-
ate in the cuticle. The body and appendages are specialized into the thoracic and 
abdominal region with the head bearing the feeding and sensory organs. In a few 
crustaceans, the head and thorax are merged to form the cephalothorax secured by 
an expansive carapace. These animals possess remarkable survival due to the pres-
ence of a large number and assortment of joint appendages occurring in every seg-
ment of their body.

Crustaceans being rich in proteins, serve as valuable food sources and are there-
fore of substantial economic importance in aquaculture. They are the highest-valued 
seafood next to freshwater fishes with a global production of 8.5 million tonnes 
(Boenish et al. 2021; Azra et al. 2021).

Malacostracans (crabs) are the most cultivated class of crustaceans accounting 
for 20% of the marine crustacean species captured, reared, and used worldwide. 
This is followed by shrimps and prawns, the majority of the penaeid species 
(Penaeus monodon, Litopenaeus vannamei) that are mainly cultivated in Asia 
(Pratiwi 2008). Among the freshwater prawns, Macrobrachium is the only species 
that is cultured.

Apart from these, the shells of crabs and other crustaceans are used in the treat-
ment of inflammatory disorders. Crustaceans also serve as bioindicators as they 
successfully inhabited numerous environments. Palaemonetes argentinus serves as 
a bioindicator for pollution in freshwater bodies (Bertrand et  al. 2018). Besides, 
copepods are used as live feeds in aquariums, baits for game fishing and for com-
post production.

7.3  Disease-Causing Microbes of Crustaceans

The expansion of aquaculture has always been accompanied by an increase in the 
incidence of diseases caused by microbes. The crustacean aquaculture industry is no 
exemption and faces heavy losses due to disease-causing microbes. An insight into 
the various pathogenic strains of microbes infecting crustaceans revealed that bacte-
rial strains dominated the scenario. Studies have shown that crustaceans inhabiting 
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freshwater as well as marine habitats are equally prone to such infectious microbes 
(Odeyemi et al. 2021; Rowley 2022). These microbes invade a series of host tissues 
and organs including gut (Zhao et al. 2018; Le et al. 2019; Cicala et al. 2020), hemo-
lymph, hepatopancreas (Gainza et al. 2018; Landsman et al. 2019) gills, muscles as 
well as gonads.

Accordingly, a highly pathogenic bacterium Aeromonas hydrophila has been iso-
lated from the freshwater crayfish, Pacifastacus leniusculus (Jiravanichpaisal et al. 
2009), which causes necrosis of the gill, heart, hepatopancreas and the circulatory 
system. Endotoxins released by these bacteria were found to be the causative agent 
for the crayfish mortality. In the bluecrab Callinectus sapidus gram-negative bacte-
ria viz., Vibrio sps (gut, hepatopancreas, gills) and Clostridium botulinium (hemo-
lymph) were observed to cause necrotic centers in arteries, heart and hemal sinuses 
resulting in fatalities (Sizemore and Davis 1985). Several bacteremias in crabs have 
been attributed to Vibrio sps., Aeromonas sps., and Rhodobacteriales like chitino-
lytic and chitinoclastic bacteria which may cause shell diseases in these crabs (Wang 
2011). Novel pathogens like Spiroplasma sps identified in the Chinese mitten crab 
(Wang et al. 2004) have inflicted a huge loss to the crustacean aquaculture industry. 
Potential spoilage bacteria have also been identified in the farmed shrimp 
Litopenaeus vannamei (Don et al. 2018). In the freshwater prawn Macrobrachium 
rosenbergii more than 186 bacterial isolates related to 7 bacterial genera causing 
midcycle disease and black spot disease which are highly infectious have been iden-
tified. These bacterial spp. were V.alginolyticus, A.hydrophila, P.fluorescens, 
C.freundii and E.aerogens (Stephen 2022) which caused a heavy loss to the fresh-
water aquaculture industry.

Infectious diseases among the cultivated penaeid prawns in the Northeast Asian 
countries of Hawaii and Japan and along the coasts of Central America were caused 
by viruses. Most of them belonged to the baculovirus species that infected the mid-
gut, exoskeleton and the hepatopancreas of the penaeid prawns (Lee et al. 2022). In 
India, the myxobacterial infection, reported in Penaeus indicus, Penaeus monodon, 
Metapenaeus affinis and Metapenaeus dobsonii, is caused by Chondrococcus spp. 
and Flexibacter succicans (Rao and Soni 1986). Several chitin-destroying bacteria, 
such as Pseudomonas spp. and Aeromonas spp., known to cause brown spot disease 
have been identified in the juveniles as well as adults of Penaeus indicus. Vibriosis 
caused by Vibrio anguillarum is the most important disease of Penaeus indicus 
cultivated in brackish water fields (Nilla et  al. 2012; Newman 2022) while 
Escherichia coli infects the larvae of these penaeids.

7.4  An Overview of Crustacean Immunity

Invertebrates, unlike vertebrates, do not possess true adaptive immune mechanisms 
and are hence totally dependent on their innate immune system to defend them-
selves against invading pathogens. In these animals, an inquiry into the nature of 
basic immune mechanisms underlying the defense network against invading patho-
gens has led to the identification of an apparently simple and primitive defense 
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system consisting of humoral and cellular components (Smith and Chisholm 1992; 
Cerenius and Söderhäll 1995; Zhang et al. 2019). It is notable that crustaceans have 
been one of the most extensively studied group of arthropods and are capable of 
maintaining a healthy state by mounting exclusive defense mechanisms against 
potential pathogens (Kulkarni et  al. 2020). A complex system of innate immune 
mechanisms involving cellular and humoral components is triggered in the host 
upon entry of a pathogen.

In crustaceans, the cellular immune components primarily include certain fixed 
maintaining cells such as branchial podocytes, nephrocytes, and circulating blood 
cells or hemocytes (Smith and Ratcliffe 1980; Johnson 1987; Stara et  al. 2018). 
Various soluble substances detected in the hemolymph of these animals constitute 
the humoral immune system in crustaceans. These include β-1,3 glucan binding 
proteins (bacterial lipopolysaccharides (LPS)-binding proteins) (Yu and Kanost 
2002; Chaosomboon et al. 2017), antimicrobial peptides (Destoumieux et al. 1997; 
Vazquez et  al. 2022), lectins or agglutinins (Maheswari et  al. 2002; Asha and 
Arumugam 2017), hemolytic components (Milochau et al. 1997), antifungal pro-
teins (Iijima et al. 1993) and a series of cytotoxic molecules. These innate immune 
mechanisms are activated upon specific recognition of molecules such as lipopoly-
saccharides, glycoproteins, glycolipids and peptidoglycans present in the invading 
microbes (Chen and Wang 2019).

7.4.1  Cellular Immunity in Crustaceans

The circulating cells (coelomocytes or hemocytes) represent the primary effector 
component during the immune response of crustaceans (Beck et al. 1994; Söderhäll 
and Junkunlo 2019). There are three types of circulating hemocytes found in crus-
taceans viz., (1) hyaline cells—which are small, spherical and lesser in number 
which varies among different crustacean species; (2) semigranular cells—which 
possess small eosinophilic granules and also contain prophenoloxidase activators; 
(3) granular cells—which are filled with numerous granules in their cytoplasm and 
can attach and spread on the foreign bodies (Wu et al. 2019; Liu et al. 2021; Li et al. 
2021; Asha and Arumugam 2021). These cells have been have shown to interact 
with a range of foreign materials and mediate different types of immune reactions 
such as phagocytosis, nodule formation, encapsulation, cytotoxicity and exocytosis 
of immune-reactive substances (Leippe and Renwrantz 1988; Liu et  al. 2018; 
Junkunlo et al. 2018, 2020). In addition, crustaceans possess fixed cells in their gills 
(Smith and Ratcliffe 1978), which plays a vital role in cellular defense mechanisms.

7.4.2  Phagocytosis

In crustaceans, intracellular destruction of microbes is accomplished through 
phagocytosis and the mechanism is similar to other animals. In the process, the 
microbe is trapped, ingested, destroyed and eliminated from the host with the help 
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of phagocytic cells. Fixed phagocytic cells are seen in pericardial sinuses, gills and 
the base of appendages, whereas circulating/mobile phagocytes are observed in the 
hemolymph in continuous circulation (Liu et al. 2020). Phagocytosis is a phenom-
enon in which hemocytes recognize and ingest foreign bodies such as bacteria, 
spores or dead cells of the organism itself. Most of the circulating pathogens such 
as Gram -ve Pseudomonas spp. and Escherichia coli in the hemocoel of the fresh-
water crab Parachaerabs bicarinatus and Cherax destructer are destructed and 
eliminated by the phagocytic hemocytes (McKay and Jenkin 1970). A similar situ-
ation has been observed in the American lobster Homarus americanus (Mori and 
Stewart 2006). Although in the blue crab Callinectus sapidus, both Gram +ve as 
well as Gram −ve bacteria are eliminated by the hemocytes (Cassels et al. 1986). 
The rate of phagocytosis by the hemocytes of crustaceans also appears to vary with 
other parameters including diet as observed in the larvae of tiger shrimp Penaeus 
monodon where the resistance due to infection was high in larvae fed on Vibrio spp. 
(Bechteler and Holler 1995).

7.4.3  Encapsulation

Pathogens of larger size like parasites cannot be phagocytosed and hence need to be 
eliminated through a different mechanism. The phenomenon of encapsulation 
involves the formation of compact layers of hemocytes especially the semigranular 
cells that congregate and surround the invader, thereby preventing them to enter into 
the muscle or hemocoel. Typically, a hemocyte capsule comprises several layers 
(10–30) of hemocytes tightly packed without intercellular spaces. The layer of 
hemocytes immediately in contact with the surface of the foreign particle lies 
extremely flattened on it almost resembling a myelin sheath. Interestingly the gran-
ular hemocytes rupture upon adherence to the foreign particle surface thereby 
releasing the granular material. The material also contains enzymes that signals the 
hemocytes to flatten and conjoin to form capsules and are referred to as encapsulation- 
promoting factors (EPF) (Ratner and Vinson 1983). In vitro encapsulation of for-
eign particles by separated hemocytes from several crustaceans have been 
reported  including crayfish Pascifastacus leniusculus (Söderhäll et  al. 1984), 
Astacus leptodactylus (Persson et al. 1987) and the horseshoe crab Carcinus mae-
nas (Söderhäll et al. 1986).

7.4.4  Clottable Proteins

These are defense molecules with multifunctional properties mostly found in the 
hemolymph plasma rather than hemocytes. The formation of intravascular and 
extracellular clots prevents the loss of hemolymph as well as the entry of invading 
pathogens by rapid sealing of wounds in injured animals (Morales et al. 2019). In 
some malacostracans, a hemocyte-derived clotting cascade is triggered by the lipo-
polysaccharide of bacteria which activates the clotting enzyme that catalyzes the 
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conversion of a soluble coagulogen into insoluble clot, coagulin (Kawabata et al. 
1996). In crustaceans like shrimps, lobsters and cray fishes, the transglutaminase 
released from hemocytes upon entry of a pathogen, catalyzes the linking of clottable 
protein into insoluble aggregates in the presence of calcium, which results in clot-
ting and trapping of pathogens. Clottable proteins with sequence identities have 
been found in freshwater crayfish, Penaeus leniusculus, Littopenaeus setiferus and 
Penaeus monodon. Although crustacean clottable proteins exhibit similarities in 
function, they do not share structural similarities (Hall et al. 1999).

7.4.5  Cytotoxicity

Similar to the cytotoxic mechanisms accomplished by the mammalian NK cells, the 
semigranular and granular cells of crustaceans destroy the tumor cells present in the 
host by attaching themselves to the target tissue and releasing the cytotoxic chemi-
cals (Parrinello and Arizza 1992).

7.4.6  Humoral Immunity in Crustaceans

The innate defense mechanisms of crustaceans also involve several factors, occur-
ring in the serum or plasma, which act against foreign bodies. Naturally occurring 
bioactive molecules are activated to bring about certain important immunological 
phenomena such as agglutination (Sima and Vetvicka 1993; Bouallegui 2021), lysis, 
precipitation and stasis (Boman et al. 1991) of nonself particles. These molecules 
that form the humoral defense of crustaceans include lectins, β-1,3 glucan-binding 
proteins (Duvic and Söderhäll 1990; Chai et al. 2018), proPO system, antifungal 
proteins (Chen et al. 2018) and antimicrobial proteins (Destoumieux et al. 1997; 
Vazquez et al. 2022). Although most of these humoral factors belong to the category 
of genuine humoral defense, some of them are derivatives of the circulating hemo-
cytes that operate in conjunction with the cellular network. Agglutinins/lectins, anti-
microbial peptides and prophenoloxidases are the most widely studied humoral 
components mainly due to their universal distribution, opsonophagocytic properties 
and well-known antimicrobial activity.

7.4.7  Agglutinins/Lectins

Agglutinins/lectins are proteins or glycoproteins capable of specifically binding to 
a whole sugar, a part of the sugar, a sequence of sugars, or their glycosidic linkages 
(Goldstein et al. 1980; Gabius 1994). In crustaceans, agglutinins have been detected 
against vertebrate erythrocytes (Hall and Rowlands Jr 1974a, b; Ratanapo and 
Chulavatnatol 1990), bacteria, invertebrate sperm, protozoans and other cells. In 
general, agglutinins do not occur in every crustacean species (Smith and Chisholm 
1992) and compared to other invertebrates, the titers are often quite low. Several 
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agglutinins may be present in any one species but levels of activity may differ con-
siderably between individual animals (Adams 1991).

Most of the lectins reported in crustaceans belong to the C type as they are 
dependent on calcium for their functioning (Runsaeng et al. 2018; Snigdha et al. 
2022). Identification of a 9.5 kDa lectin with N/O acetylated sugar specificity, in the 
freshwater prawn Macrobrachium rosenbergii, have been found to be produced in 
the hemocytes and remain on their membrane and participate in the recognition of 
foreign bodies (Vázquez et al. 1997). Although lectins from decapod crustaceans 
have been found to exhibit heterogeneity in molecular mass and subunit conforma-
tion, they possess preserved carbohydrate-binding specificities for N/O acetylated 
sugars, thus indicating the conservation of such sugar-binding specificities through-
out evolution (Kilpatrick 2002; Alpuche et al. 2005; Vasta et al. 2007). Bacterial 
species like Aeromonas spp. and Bacillus cereus, which possess O- acetyl groups of 
sugars in their cell wall is recognized by lectins in Macrobrachium rosenbergii 
(Vázquez et al. 1994, 1996). In a similar way, LPS from Escherichia coli is identi-
fied by a lectin from Carcinoscorpius cauda (Dorai et al. 1982). Studies have also 
shown that the synthesis of lectins in different organs of the crustaceans might be 
activated by the entry of the pathogenic bacteria or viruses. Thus, in the swimming 
crab Portunus trituberculatus, the main source of lectins is the hepatopancreas fol-
lowed by the gills, hemocytes and ovary (Kong et al. 2008). In the case of post- 
larvae of Penaeus monodon infected with White Spot Syndrome Virus (WSSV), the 
expression of lectin gene has been traced to the muscle, eye stalk and cuticle apart 
from hepatopancreas (Leu et al. 2007). Lectins have also been observed to show 
structural and functional diversity within the same species as reported in Litopenaeus 
vannamei (Viana et al. 2022).

In addition, many experimental studies have attributed a variety of biological 
functions to lectins including feeding, symbiosis, larval settlement and diverse 
endogenous functions, such as cell aggregation, embryonic development, metamor-
phosis, wound repair and transport of carbohydrates (Yeaton 1981; Beck et al. 1994; 
Ahamed et al. 2022). Agglutinins present in the hemolymph of crustaceans are pro-
posed to act as carriers for sugars, glyco-conjugates, or antibody-like molecules, or 
as opsonins involved in humoral responses against pathogens. These agglutinins 
present on hemocyte surfaces as in crayfish and bluecrab have been proposed to 
participate in cellular recognition and trigger phagocytosis, nodulation and encap-
sulation responses. Naturally occurring agglutinins serve as opsonins and facilitate 
the phagocytic uptake of target cells precoated with the serum-purified agglutinins 
(Kondo et al. 1992; Maheswari 2000; Ogutu 2003). It has also been demonstrated 
(Asha and Arumugam 2016) that the ability to agglutinate target cells is also associ-
ated with one of the most important physiological phenomena in crustaceans viz., 
stages of moult cycle.
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7.4.8  Antimicrobial Peptides

Antimicrobial peptides (AMPs) are one of the major components of the innate 
immune defense of crustaceans. AMPs are primarily known as natural antibiotics, 
which play a role in host defense response including self or non-self-recognition, 
cell-to-cell communication, superoxide anion activity, melanization, phagocytosis, 
cytotoxicity and encapsulation (Xiao et al. 2018). Penaeidins, a family of antimicro-
bial components, have been identified in shrimps and they have been shown to pos-
sess both antibacterial and antifungal properties (Vazquez et al. 2022). In crabs, a 
low molecular weight antimicrobial peptide called crustin which is immunologi-
cally effective against Gram-positive bacteria has been isolated (Du et al. 2019). 
The pathological and clinical backgrounds have prompted researchers to investigate 
novel and potent antioxidant peptides from crustaceans that are of therapeutic use. 
The regulation of expression and distribution of penaeidins during microbial chal-
lenges is done through hemocyte reactions and hemocyte proliferation process. 
Thus, these antimicrobial peptides in penaeid shrimps protect the tissues from 
infections and aid in wound healing (Xiao et al. 2020).

7.4.9  Prophenoloxidase System

Phenoloxidase (PO) is a copper-containing enzyme capable of catalyzing the 
hydroxylation and oxidation of phenols into quinones and a series of steps leading 
to the synthesis of melanin. It is the terminal enzyme of proPO which is a cascade 
that is activated by the extremely low levels of microbial cell wall components such 
as LPS and β-1,3 glucans. This stimulation of immune responses by the proPO sys-
tem is achieved by specific interactions with receptors on the hemocytes (Li et al. 
2018). The concept of pattern recognition receptors (PRPs), which are a group of 
germlines encoded receptors, recognize surface antigens on microbes like LPS, 
peptidoglycans, mannans and β-1,3 glucans (Habib and Zhang 2020; Tran et  al. 
2020). This results in the production of melanin pigment which is seen accumulated 
as dark spots in the cuticle of arthropods. The toxic metabolites that are formed dur-
ing melanin formation are known to exhibit antifungal activity. Enzymes of the 
proPO system are localized in the hemocytes of penaeid shrimps, especially in the 
semigranular and granular cells (Perazzolo and Barracco 1997). Studies on Penaeus 
monodon hemocytes have confirmed this showing the expression of proPO mRNA 
only in the hemocytes. The proPO cascade culminating in melanization plays a vital 
role in preventing the bacteria from proliferation and becoming deleterious to the 
host. Studies on the kuruma shrimp Marsupenaeus japonicus have shown that the 
inactivation of proPO results in a significant increase in the amount of bacteria and 
a sharp increase in shrimp mortality (Fernand et al. 2009). A bacteria-induced β-1,3- 
glucan binding protein has been isolated from red swamp crayfish Procambarus 
clarkii, which appears to protect the host from Aeromonas hydrophila infection 
(Chai et  al. 2018). Furthermore, it has been demonstrated that the expression of 
genes encoding LPS binding protein in hemocytes of the white shrimp L.vannamei 
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is upregulated in infections caused by Vibrio sps (Cheng et al. 2005) and viruses 
(Roux et al. 2002).

7.5  Future Perspectives

Crustaceans as a source of animal protein are much relied upon by the increasing 
global population demanding an expansion of their aquaculture. However, this 
demand for the expansion of crustacean aquaculture has to be met along with sev-
eral challenges, especially the spread of potential disease-causing microbes. 
Opportunistic pathogens cause diseases that severely affect crustaceans resulting in 
irreparable economic losses. The simple but strong innate immune mechanisms 
possessed by these animals have enabled them to overcome an unfavorable and life- 
threatening attack by the microbes. Several physiological factors like developmen-
tal stages, ecdysis and stress conditions also play a vital role in modulating these 
immune mechanisms. In recent years, there has been a lot of progress in the under-
standing of the crustacean defense systems. Novel defense molecules, some of 
which have been found to be homologous proteins to C Reactive Proteins (CRPs) 
and complement factors in human immune systems, have been discovered in crus-
taceans. This chapter highlighted the general immune mechanisms adopted by some 
of the disease-sensitive species of crustaceans, especially decapods. At this junc-
ture, it is of utmost importance and relevance to focus on the modifications in the 
immune mechanisms of crustaceans to avoid losses in aquaculture production 
sectors.

References

Adams A (1991) Response of penaeid shrimp on exposure to Vibrio species. Fish Shellfish 
Immunol 1:59–70. https://doi.org/10.1016/S1050- 4648(06)80020- 3

Ahamed MK, Bhowmik S, Giteru SG, Zilani MNH, Adadi P, Islam SS, Kanwugu ON, Haq M, 
Ahmed F, Wing Ng CC, Chan YS, Asadujjaman M, Chan GHH, Naude R, Bekhit AEA, Bun 
Ng T, Wong JH (2022) An update of lectins from marine organisms: characterization, extrac-
tion methodology and potential biofunctional applications mar. Drugs 20:430. https://doi.
org/10.3390/md20070430

Alpuche J, Pereyra A, Agundis C, Rosas C, Pascual C, Slomianny MC, Vázquez L, Zenteno E 
(2005) Purification and characterization of a lectin from the white shrimp Litopenaeus set-
iferus (Crustacea decapoda) hemolymph. Biochim Biophys Acta 1724(1–2):86–93. https://doi.
org/10.1016/j.bbagen.2005.04.014

Asha P, Arumugam M (2016) Moult related natural agglutinins with distinct sugar binding speci-
ficities in the serum of the intertidal mole crab Emerita asiatica international journal of novel 
trends in. Pharmaceut Sci 6(6)

Asha P, Arumugam M (2017) Isolation and characterisation of moult related agglutinins from the 
serum at intermoult (C) and postmoult (A2) stages of the intertidal mole crab Emerita asiatica. 
Int J Novel Trends Pharmaceut Sci 7(4)

Asha P, Arumugam M (2021) Functional analysis of Moult related hemagglutinins isolated from 
the serum of Intermoult and Postmoult stages of the intertidal mole crab Emerita asiatica. Int J 
Multidiscip Educ Res 10(7)

A. Pillai

https://doi.org/10.1016/S1050-4648(06)80020-3
https://doi.org/10.3390/md20070430
https://doi.org/10.3390/md20070430
https://doi.org/10.1016/j.bbagen.2005.04.014
https://doi.org/10.1016/j.bbagen.2005.04.014


161

Azra MN, Okomoda VT, Tabatabaei M, Hassan M, Ikhwanuddin M (2021) The contributions of 
shellfish aquaculture to global food security: assessing its characteristics from a future food 
perspective. Front Mar Sci 12:654897. https://doi.org/10.3389/fmars.2021.654897

Bechteler C, Holler D (1995) Preliminary studies of the immunization of shrimp (Penaeus mon-
odon) against vibrio infections. Berl Munch Tierarztl Wschr 108:462–465

Beck G, Cooper EL, Habicht GS, Marchalonis JH (1994) Primordial immunity: foundations for 
the vertebrate immune system. Ann N Y Acad Sci 712:376

Bertrand L, Monferrán MV, Mouneyrac C, Amé MV (2018) Native crustacean species as a bioindi-
cator of freshwater ecosystem pollution: a multivariate and integrative study of multi-biomarker 
response in active river monitoring. Chemosphere 206:265–277. https://doi.org/10.1016/j.
chemosphere.2018.05.002

Boenish R, Kritzer JP, Kleisner K, Steneck RS, Werner KM, Zhu W, Schram F, Rader D, Cheung 
W, Ingles J, Tian Y, Mimikakis J (2021) The global rise of crustacean fisheries. Front Ecol 
Environ 2021:102. https://doi.org/10.1002/fee.2431

Boman HG, Faye I, Gudmundson GH, Lee JY, Lidholm DA (1991) Cell-free immunity in 
Cecropia. A model system for antibacterial proteins. Eur J Biochem 201:23–31. https://doi.
org/10.1111/j.1432- 1033.1991.tb16252.x

Bouallegui Y (2021) A comprehensive review on crustaceans’ immune system with a focus on 
freshwater crayfish in relation to crayfish plague disease. Front Immunol 13:667787. https://
doi.org/10.3389/fimmu.2021.667787

Cassels FJ, Marchalonis JJ, Vasta GR (1986) Heterogeneous humoralandhemocyte-associated lec-
tins with N-acylamino sugar specifi-cities from the blue crab Callinectes sapidus Rathbun. 
Comp Biochem Physiol B 85:23–30. https://doi.org/10.1016/0305- 0491(86)90216- 6

Cerenius L, Söderhäll K (1995) Crustacean immunity and complement: a premature comparison? 
Am Zool 35:60–67. https://doi.org/10.1093/icb/35.1.60

Chai LQ, Menga JH, Gaob J, Xuc YH, Wang XW (2018) Identification of a crustacean β-1,3- 
glucanase related protein as a pattern recognition protein in antibacterial response. Fish 
Shellfish Immunol 80:155–164. https://doi.org/10.1016/j.fsi.2018.06.004

Chaosomboon A, Phupet B, Rattanaporn O, Runsaeng P, Utarabhand P (2017) Lipopolysaccharide- 
and β-1,3-glucan-binding protein from Fenneropenaeus merguiensis functions as a pattern 
recognition receptor with a broad specificity for diverse pathogens in the defense against 
microorganisms. Dev Comp Immunol 67:434–444. https://doi.org/10.1016/j.dci.2016.07.006

Chen F, Wang K (2019) Characterization of the innate immunity in the mud crab Scylla parama-
mosain. Fish Shellfish Immunol 93:436–448. https://doi.org/10.1016/j.fsi.2019.07.076

Cheng W, Liub CH, Tsai CH, Chen JC (2005) Molecular cloning and characterisation of a pattern 
recognition molecule, lipopolysaccharide- and b-1,3-glucan binding protein (LGBP) from the 
white shrimp Litopenaeus vannamei. Fish Shellfish Immunol 18:297–310

Cicala F, Lago-Lestón A, Gomez-Gil B, Gollas-Galván T, Chong-Robles J, Cortés-Jacinto E, 
Martínez-Porchas M (2020) Gut microbiota shifts in the giant tiger shrimp, Penaeus monodon, 
during the post-*larvae, juvenile, and adult stages. Aquacult Int 28:1421–1433. https://doi.
org/10.1007/s10499- 020- 00532- 1

Destoumieux D, Bachère E, Bulet P, Loew D, Van Dorsselaer A, Rodriguez J (1997) Penaeidins, a 
new family of antimicrobial peptides isolated from the shrimp Penaeus vannamei (Decapoda). 
J Biol Chem 272:28398–28406. https://doi.org/10.1074/jbc.272.45.28398

Don S, Xavier KAM, Devi ST, Nayak BB, Kannuchamy N (2018) Identification of potential spoil-
age bacteria in farmed shrimp (Litopenaeus vannamei): application of relative rate of spoilage 
models in shelf life-prediction. LWT-Food Sci Technol 97:295–301. https://doi.org/10.1016/j.
lwt.2018.07.006

Dorai DT, Somasundaran M, Srimal S, Bachhawat BK (1982) On the multispecificity of carci-
noscorpin, the sialic acid binding lectin from the horseshoe crab Carcinoscorpius rotundacauda 
Recognition of glycerolphosphate in membrane teichoic acids. FEBS Lett 148(1):98–102. 
https://doi.org/10.1016/0014- 5793(82)81251- 9

7 Crustaceans: Microbes and Defense Mechanisms

https://doi.org/10.3389/fmars.2021.654897
https://doi.org/10.1016/j.chemosphere.2018.05.002
https://doi.org/10.1016/j.chemosphere.2018.05.002
https://doi.org/10.1002/fee.2431
https://doi.org/10.1111/j.1432-1033.1991.tb16252.x
https://doi.org/10.1111/j.1432-1033.1991.tb16252.x
https://doi.org/10.3389/fimmu.2021.667787
https://doi.org/10.3389/fimmu.2021.667787
https://doi.org/10.1016/0305-0491(86)90216-6
https://doi.org/10.1093/icb/35.1.60
https://doi.org/10.1016/j.fsi.2018.06.004
https://doi.org/10.1016/j.dci.2016.07.006
https://doi.org/10.1016/j.fsi.2019.07.076
https://doi.org/10.1007/s10499-020-00532-1
https://doi.org/10.1007/s10499-020-00532-1
https://doi.org/10.1074/jbc.272.45.28398
https://doi.org/10.1016/j.lwt.2018.07.006
https://doi.org/10.1016/j.lwt.2018.07.006
https://doi.org/10.1016/0014-5793(82)81251-9


162

Du ZQ, Li B, Shen XL, Wang K, Du J, Yu XD (2019) A new antimicrobial peptide isoform, pc- 
crustin 4 involved in antibacterial innate immune response in fresh water crayfish, Procambarus 
clarkii. Fish Shellfish Immunol 94:861–870. https://doi.org/10.1016/j.fsi.2019.10.003

Duvic B, Söderhäll K (1990) Purification and characterization of a β-1,3-glucan binding protein 
from plasma of the crayfish Pacifastacusleniusculus. J Biol Chem 265:9327–9332. https://doi.
org/10.1016/S0021- 9258(19)38852- 0

Fernand F, Fagutao FF, Koyama T, Kaizu A, Saito-Taki T, Kondo H, Aoki T, Hirono I (2009) 
Increased bacterial load in shrimp hemolymph in the absence of prophenoloxidase. FEBS J 
276(18):5298–5306. https://doi.org/10.1111/j.1742- 4658.2009.07225.x

Gabius H-J (1994) Non-carbohydrate binding partners / domains of animal lectins. Int J Biochem 
26:469–477. https://doi.org/10.1016/0020- 711x(94)90002- 7

Gainza O, Ramirez C, Ramos AS, Romero J (2018) Intestinal microbiota of white shrimp Penaeus 
vannamei under intensive cultivation conditions in Ecuador. Microb Ecol 75:562–568. https://
doi.org/10.1007/s00248- 017- 1066- z

Goldstein IJ, Hughes RC, Monsigny M, Osawa T, Sharon N (1980) What should be called a lectin? 
Nature 285:66. https://doi.org/10.1038/285066b0

Habib YJ, Zhang Z (2020) The involvement of crustaceans toll-like receptors in pathogen recogni-
tion. Fish Shellfish Immunol 102:169–176. https://doi.org/10.1016/j.fsi.2020.04.035

Hall JL, Rowlands DT Jr (1974a) Heterogeneity of lobster agglutinins. I Purification and physi-
cochemical characterization. Biochemistry 13:821–827. https://doi.org/10.1021/bi00701a028

Hall JL, Rowlands DT Jr (1974b) Heterogeneity of lobster agglutinins. II Specificity of agglutinin- 
erythrocyte binding. Biochemistry 13:828–832. https://doi.org/10.1021/bi00701a029

Hall M, Wang R, van Antwerpen R, Sottrup-Jensen L, Soderhall K (1999) The crayfish plasma 
clotting protein: a vitellogenin-related protein responsible for clot formation in crustacean 
blood. Proc Natl Acad Sci U S A 96:1965–1970. https://doi.org/10.1073/pnas.96.5.1965

Hauton C (2012) The scope of the crustacean immune system for disease control review. J Invertebr 
Pathol 110(2):251–260. https://doi.org/10.1016/j.jip.2012.03.005

Iijima R, Kurata S, Natori S (1993) Purification, characterization and cDNA cloning of an anti-
fungal protein from the hemolymph of Sarcophaga peregrina (flesh fly) larvae. J Biol Chem 
268(16):12055–12061

Jiravanichpaisal P, Roos S, Edsman L, Liu H, Söderhäll K (2009) A highly virulent pathogen, 
Aeromonas hydrophila, from the freshwater crayfish Pacifastacus leniusculus. J Invertebr 
Pathol 101(1):56–66. https://doi.org/10.1016/j.jip.2009.02.002

Johnson PT (1987) A review of fixed phagocytic and pinocytotic cells of decapod crus-
taceans, with remarks on hemocytes. Dev Comp Immunol 11:679–704. https://doi.
org/10.1016/0145- 305x(87)90057- 7

Junkunlo K, Söderhäll K, Söderhäll I (2018) Clotting protein—an extracellular matrix (ECM) 
protein involved in crustacean hematopoiesis. Dev Comp Immunol 78:132–140. https://doi.
org/10.1016/j.dci.2017.09.017

Junkunlo K, Söderhäll K, Söderhäll I (2020) Transglutaminase 1 and 2 are localized in differ-
ent blood cells in the freshwater crayfish Pacifastacus leniusculus. Fish Shellfish Immunol 
104:83–91. https://doi.org/10.1016/j.fsi.2020.05.062

Kawabata SI, Muta T, Iwanaga S (1996) The clotting cascade and defense molecules found in the 
hemolymph of the horseshoe crab. In: New directions in invertebrate immunology, vol 1996. 
SOS, Fair Haven, CT, pp 255–283

Kilpatrick D (2002) Animal lectins: a historical introduction and overview. Biochim Biophys Acta 
1572(2–3):187–197. https://doi.org/10.1016/S0304- 4165(02)00308- 2

Kondo M, Matsuyama H, Yano T (1992) The opsonic effect of lectin on phagocytosis of hemocytes 
of kuruma prawn, Penaeus japonicus. AGRIS 27(4):217–222

Kong HJ, Park EM, Nam BH, Kim YO, Kim WJ, Park HJ, Lee CH, Lee SJ (2008) A C-type lectin 
like-domain (CTLD)-containing protein (PtLP) from the swimming crab Portunus tritubercu-
latus. Fish Shellfish Immunol 25(3):311–314. https://doi.org/10.1016/j.fsi.2008.05.003

A. Pillai

https://doi.org/10.1016/j.fsi.2019.10.003
https://doi.org/10.1016/S0021-9258(19)38852-0
https://doi.org/10.1016/S0021-9258(19)38852-0
https://doi.org/10.1111/j.1742-4658.2009.07225.x
https://doi.org/10.1016/0020-711x(94)90002-7
https://doi.org/10.1007/s00248-017-1066-z
https://doi.org/10.1007/s00248-017-1066-z
https://doi.org/10.1038/285066b0
https://doi.org/10.1016/j.fsi.2020.04.035
https://doi.org/10.1021/bi00701a028
https://doi.org/10.1021/bi00701a029
https://doi.org/10.1073/pnas.96.5.1965
https://doi.org/10.1016/j.jip.2012.03.005
https://doi.org/10.1016/j.jip.2009.02.002
https://doi.org/10.1016/0145-305x(87)90057-7
https://doi.org/10.1016/0145-305x(87)90057-7
https://doi.org/10.1016/j.dci.2017.09.017
https://doi.org/10.1016/j.dci.2017.09.017
https://doi.org/10.1016/j.fsi.2020.05.062
https://doi.org/10.1016/S0304-4165(02)00308-2
https://doi.org/10.1016/j.fsi.2008.05.003


163

Kulkarni A, Krishnan S, Anand D, Uthaman KS, Otta SK, Karunasagar I, KoolothValappil R 
(2020) Immune responses and immunoprotection in crustaceans with special reference to 
shrimp. Rev Aquac 13:431–459. https://doi.org/10.1111/raq.12482

Landsman A, St-Pierre B, Rosales-Leija M, Brown M, Gibbons W (2019) Impact of aquacul-
ture practices on intestinal bacterial profiles of Pacific whiteleg shrimp Litopenaeus vannamei. 
Microorganisms 7:1–14. https://doi.org/10.3390/microorganisms7040093

Le DH, Nguyen NT, Dang OHT, Steinert G, Tran TT, Vu TH, Sipkema D, Chu HH (2019) 
Characterization of bacterial community in the gut of Penaeus monodon and its culture water 
in shrimp ponds. Turk J Fish Aquat Sci 19:977–986. https://doi.org/10.4194/1303- 2712- 
v19_11_09

Lee D, Yu YB, Choi JH, Jo AH, Hong SM, Kang JC, Kim JH (2022) Viral shrimp diseases listed 
by the OIE: a review. Viruses 14(3):585. https://doi.org/10.3390/v14030585

Leippe M, Renwrantz L (1988) Release of cytotoxic and agglutinating molecules by Mytilus 
hemocytes. Dev Comp Immunol 11:297–308. https://doi.org/10.1016/0145- 305x(88)90006- 7

Leu JH, Chang CC, Wu JL, Hsu CW, Hirono I, Aoki T, Juan HF, Lo CF, Kou GH, Huang HC 
(2007) Comparative analysis of differentially expressed genes in normal and white spot syn-
drome virus infected Penaeus monodon. BMC Genomics 8:120. https://doi.org/10.1186/1471- 
2164- 8- 120

Li F, Chang X, Xua L, Yang F (2018) Different roles of crayfish Hemocytes in the uptake of foreign 
particles. Fish Shellfish Immunol 77:112–119. https://doi.org/10.1016/j.fsi.2018.03.029

Li F, Zheng Z, Li H, Fu R, Xu L, Yang F (2021) Crayfish hemocytes develop along the granular cell 
lineage. Sci Rep 11(1):13099. https://doi.org/10.1038/s41598- 021- 92473- 9

Liu Z, Qiuqian L, Yao Z, Wang X, Huang L, Zheng J, Wang K, Li L, Zhang D (2018) Effects of 
a commercial microbial agent on the bacterial communities in shrimp culture system. Front 
Microbiol 9. https://doi.org/10.3389/fmicb.2018.02430

Liu S, Zheng SC, Li YL, Li J, Liu HP (2020) Haemocyte-mediated phagocytosis in crustaceans. 
Front Immunol 11:268. https://doi.org/10.3389/fimmu.2020.00268

Liu MJ, Liu S, Liu H (2021) Recent insights into hematopoiesis in crustaceans. Fish Shellfish 
Immunol Rep 2:100040. https://doi.org/10.1016/j.fsirep.2021.100040

Luis J, Salgado S, Pereyra MA, José J, Alpuche O, Edgar Z (2021) Pattern recognition receptors in 
the crustacean immune response against bacterial infections. Aquaculture 532:735998. https://
doi.org/10.1016/j.aquaculture.2020.735998

Maheswari R (2000) Isolation, characterization and analyses of the immune functions of a natu-
ral agglutinin from the serum of Indian white shrimp Penaeus indicus (H. Milne Edwards). 
Ph.D. Thesis, University of Madras, 139 pp

Maheswari R, Mullainadhan P, Arumugam M (2002) Isolation and characterization of an acetyl 
group-recognizing agglutinin from the serum of the Indian white shrimp Fenneropenaeus indi-
cus. Arch Biochem Biophys 402:65–76. https://doi.org/10.1016/s0003- 9861(02)00055- 3

McKay D, Jenkin CR (1970) Immunity in the invertebrates. Aust J Exp Biol Med Sci 48:139–150
Milochau A, Lassègues M, Valembois P (1997) Purification, characterization and activities of two 

hemolytic and antibacterial proteins from coelomic fluid of the annelid Eisenia foetidaandrei. 
Biochim Biophys Acta 1337:123–132. https://doi.org/10.1016/s0167- 4838(96)00160- 4

Morales RP, Alejo VM, Perera E (2019) The clotting system in decapod crustaceans: history, 
current knowledge and what we need to know beyond the models. Fish Shellfish Immunol 
84:204–212. https://doi.org/10.1016/j.fsi.2018.09.060

Mori K, Stewart JE (2006) Immunogen-dependent quantitative and qualitative differences in 
phagocytic responses of the circulating hemocytes of the lobster Homarus americanus. Dis 
Aquat Organ 69:197–203. https://doi.org/10.3354/dao069197

Newman SG (2022) An update on vibriosis, the major bacterial disease shrimp farmers face. 
Responsible Seafood Advocate. 11th April 2022

Nilla SS, Mustafa MG, Khan MMR, Khan AR (2012) Bacterial abundance in Indian white 
shrimp, Penaeus indicus collected from two different market conditions of Dhaka city Dhaka 
University. J Biol Sci 21(1):29. https://doi.org/10.3329/dujbs.v21i1.9742

7 Crustaceans: Microbes and Defense Mechanisms

https://doi.org/10.1111/raq.12482
https://doi.org/10.3390/microorganisms7040093
https://doi.org/10.4194/1303-2712-v19_11_09
https://doi.org/10.4194/1303-2712-v19_11_09
https://doi.org/10.3390/v14030585
https://doi.org/10.1016/0145-305x(88)90006-7
https://doi.org/10.1186/1471-2164-8-120
https://doi.org/10.1186/1471-2164-8-120
https://doi.org/10.1016/j.fsi.2018.03.029
https://doi.org/10.1038/s41598-021-92473-9
https://doi.org/10.3389/fmicb.2018.02430
https://doi.org/10.3389/fimmu.2020.00268
https://doi.org/10.1016/j.fsirep.2021.100040
https://doi.org/10.1016/j.aquaculture.2020.735998
https://doi.org/10.1016/j.aquaculture.2020.735998
https://doi.org/10.1016/s0003-9861(02)00055-3
https://doi.org/10.1016/s0167-4838(96)00160-4
https://doi.org/10.1016/j.fsi.2018.09.060
https://doi.org/10.3354/dao069197
https://doi.org/10.3329/dujbs.v21i1.9742


164

Odeyemi OA, Dabade DS, Amin M, Dewi F, Waiho K, Kasan NA (2021) Microbial diversity and 
ecology of crustaceans: influencing factors and future perspectives current opinion in food. 
Science 38:140–143. https://doi.org/10.1016/j.cofs.2021.01.001

Ogutu PA (2003) Isolation, characterization and analyses of immune functions of multiple agglu-
tinins naturally occurring in the serum of marine crab Sylla serrata (Forskal). PhD Thesis, 
University of Madras. p 112

Parrinello N, Arizza V (1992) Cytotoxic activity of invertebrate hemocytes with prelimi-
nary findings on the tunicate Ciona intestinalis. Ital J Zool 59(2):183–189. https://doi.
org/10.1080/11250009209386667

Perazzolo LM, Barracco MA (1997) The prophenoloxidase activating system of the shrimp, 
Penaeus paulensis and associated factors. Dev Comp Immunol 21:385–395. https://doi.
org/10.1016/S0145- 305X(97)00022- 0

Persson M, Vey A, Söderhäll K (1987) Encapsulation of foreign particles in vitro by separated 
blood cells from crayfish, Astacus leptodactylus. Cell Tissue Res 247:409–415. https://doi.
org/10.1007/BF00218322

Pratiwi R (2008) Economic aspects of shrimp biology are important. Oseana 33(2):15–24
Rao PV, Soni SC (1986) Diseases and parasites of Penaeid prawns of India—a short review. J 

Indian Fish Assoc 18:289–298
Ratanapo S, Chulavatnatol M (1990) Monodin, a new sialic acid-specific lectin from black 

tiger prawn (Penaeus monodon). Comp Biochem Physiol 97B:515–520. https://doi.
org/10.1016/0305- 0491(90)90152- J

Ratner S, Vinson SB (1983) Phagocytosis and. Encapsulation: Cellular Immune Responses in 
Arthropoda American Zoologist 23(1):185–194. https://doi.org/10.1093/icb/23.1.185

Roux MM, Pain A, Klimpel KR, Dhar AK (2002) The lipopolysaccharide and β-1,3-glucan bind-
ing protein gene is upregulated in white spot virus-infected shrimp (Penaeus stylirostris). J 
Virol 76(17):8978. https://doi.org/10.1128/JVI.76.17.8978.2002

Rowley AF (2022) Bacterial diseases of crustaceans. In: Invertebrate pathology. Oxford University 
Press, Oxford. https://doi.org/10.1093/oso/9780198853756.003.0015

Runsaeng P, Kwankaew P, Utarabhand P (2018) FmLC6: an ulti-mate dual-CRD C-type lectin 
from Fenneropenaeus merguiensis mediated its roles in shrimp defense immunity towards bac-
teria and virus. Fish Shellfish Immunol 80:200–213. https://doi.org/10.1016/j.fsi.2018.05.043

Sima P, Vetvicka V (1993) Evolution of immune reactions. Crit Rev Immunol 13:83–114
Sizemore RK, Davis JW (1985) Source of vibrio spp. found in the hemolymph of 

the blue crab, Callinectes sapidus. J Invertebr Pathol 46(1):109–110. https://doi.
org/10.1016/0022- 2011(85)90135- 1

Smith VJ, Chisholm JRS (1992) Non-cellular immunity in crustaceans. Fish Shellfish Immunol 
2:1–31. https://doi.org/10.1016/S1050- 4648(06)80024- 0

Smith VJ, Ratcliffe NA (1978) Host defence reactions of the shore crab, Carcinus maenas (L.), in 
vitro. J Mar Biol Ass 58:367–379. https://doi.org/10.1017/S0025315400028046

Smith VJ, Ratcliffe NA (1980) Cellular defense reactions of the shore crab, Carcinusmaenas: 
in  vivo hemocytic and histopathological responses to injected bacteria. J Invertebr Pathol 
35:65–74. https://doi.org/10.1016/0022- 2011(80)90085- 3

Snigdha B, Sonalina S, Jo YH, Han YS, Arup S, Lee YS, Jyotirmaya M, Bharat Bhusan P (2022) 
Molecular cloning, sequence characterization, and expression analysis of C-type lectin (CTL) 
and ER-Golgi intermediate compartment 53-kDa protein (ERGIC-53) homologs from the 
freshwater prawn, Macrobrachium rosenbergii. Aquacult Int 30:1011–1035. https://doi.
org/10.1007/s10499- 022- 00845- 3

Söderhäll I, Junkunlo K (2019) A comparative global proteomic analysis of the hematopoietic 
lineages in the crustacean Pacifastacus leniusculus. Dev Comp Immunol 92:170–178. https://
doi.org/10.1016/j.dci.2018.11.016

Söderhäll K, Smith VJ, Johansson MW (1986) Exocytosis and uptake of bacteria by isolated hae-
mocyte populations of two crustaceans: evidence for cellular co-operation in the defense reac-
tions of arthropods. Cell Tissue Res 245:43–49. https://doi.org/10.1007/BF00218085

A. Pillai

https://doi.org/10.1016/j.cofs.2021.01.001
https://doi.org/10.1080/11250009209386667
https://doi.org/10.1080/11250009209386667
https://doi.org/10.1016/S0145-305X(97)00022-0
https://doi.org/10.1016/S0145-305X(97)00022-0
https://doi.org/10.1007/BF00218322
https://doi.org/10.1007/BF00218322
https://doi.org/10.1016/0305-0491(90)90152-J
https://doi.org/10.1016/0305-0491(90)90152-J
https://doi.org/10.1093/icb/23.1.185
https://doi.org/10.1128/JVI.76.17.8978.2002
https://doi.org/10.1093/oso/9780198853756.003.0015
https://doi.org/10.1016/j.fsi.2018.05.043
https://doi.org/10.1016/0022-2011(85)90135-1
https://doi.org/10.1016/0022-2011(85)90135-1
https://doi.org/10.1016/S1050-4648(06)80024-0
https://doi.org/10.1017/S0025315400028046
https://doi.org/10.1016/0022-2011(80)90085-3
https://doi.org/10.1007/s10499-022-00845-3
https://doi.org/10.1007/s10499-022-00845-3
https://doi.org/10.1016/j.dci.2018.11.016
https://doi.org/10.1016/j.dci.2018.11.016
https://doi.org/10.1007/BF00218085


165

Söderhäll K, Vey A, Ramstedt M (1984) Hemocyte lysate enhancement of fungal spore encapsula-
tion by crayfish hemocytes. Developmental & Comparative Immunology 8(1):23–29. https://
doi.org/10.1016/0145- 305X(84)90006- 5

Stara A, Kouba A, Velisek J (2018) Biochemical and histological effects of sub-chronic exposure 
to atrazine in crayfish Cherax destructor. Chem Biol Interact 291(June):95–102. https://doi.
org/10.1016/j.cbi.2018.06.012

Sritunyalucksana K, Söderhäll K (2000) The proPO and clotting system in crustaceans. Aquaculture 
191(1–3):53–69. https://doi.org/10.1016/S0044- 8486(00)00411- 7

Susanto GN (2021) Crustacea: the increasing economic importance of crustaceans to humans 
arthropods. Intech Open, London. https://doi.org/10.5772/intechopen.96255

Szaniawska A (2018) Function and importance of Crustaceans. In: Baltic Crustaceans. https://doi.
org/10.1007/978- 3- 319- 56354- 1_11

Tran NT, Liang H, Zhang M, Bakky MAH, Zhang Y, Li S (2020) Role of cellular receptors in the 
innate immune system of crustaceans in response to white spot syndrome virus. Viruses Rev 
14:743. https://doi.org/10.3390/v14040743

Vasta GR, Ahmed H, Tasumi S, Odom EW, Saito K (2007) Biological roles of lectins in innate 
immunity: molecular and structural basis for diversity in self/non-self-recognition review. Adv 
Exp Med Biol 598:389–406. https://doi.org/10.1007/978- 0- 387- 71767- 8_27

Vazquez L, Montano LH, Zenteno E (1994) Biological activity of the lectin from Macrobrachium 
rosenbergii. Lectins 10:261–265

Vázquez L, Jaramillo L, Lascurain R, Cooper EL, Rosas P, Zenten E (1996) Bacterial agglutina-
tion by the sialic acid specific serum lectin from Macrobrachiumrosenbergii. Comp Biochem 
Physiol 113B:355–359. https://doi.org/10.1016/0305- 0491(95)02039- X

Vázquez L, Maldonado G, Agundis C, Pérez A, Cooper EL, Zenteno E (1997) Participation 
of a sialic acid-specific lectin from freshwater prawn Macrobrachiumrosenbergii hemo-
cytes in the recognition of non-self-cells. J Exp Zool 279:265–272. https://doi.org/10.1002/
(SICI)1097-010X(19971015)

Vazquez L, Alpuche J, Maldonado G, Agundis C, Pereyra-Morales A, Zenteno E (2009) 
Review: immunity mechanisms in crustaceans. Innate Immun 15:179. https://doi.
org/10.1177/1753425909102876

Vazquez L, Alpuche J, Maldonado G, Agundis C, Pereyra-Morales A, Zenteno E (2022) 
Review: immunity mechanisms in crustaceans. Innate Immun 15:179. https://doi.
org/10.1177/1753425909102876

Viana JT, Rocha RS, Maggioni R (2022) Structural and functional diversity of lectins associ-
ated with immunity in the marine shrimp Litopenaeus vannamei. Fish Shellfish Immunol 
129:152–160, ISSN 1050-4648. https://doi.org/10.1016/j.fsi.2022.08.051

Wang W (2011) Bacterial diseases of crabs: a review. J Invertebr Pathol 106:18–26. https://doi.
org/10.1016/j.jip.2010.09.018

Wang W, Wen B, Gasparich GE, Zhu N, Rong L, Chen J, Xu Z (2004) A spiroplasma associ-
ated with tremor disease in the Chinese mitten crab (Eriocheir sinensis). Microbiology 150(Pt 
9):3035–3040. https://doi.org/10.1099/mic.0.26664- 0

Wu H, Ge M, Zhou X, Jiang S, Lin L, Lu J (2019). Nutritional qualities of normal and preco-
cious adult male Chinese mitten crabs (Eriocheir sinensis) Aquaculture Research https://doi.
org/10.1111/are.14107

Xiao B, Fu Q, Niu S, Li H, Lǚ K, Wang S, Yin B, Weng S, Li C, He J (2018) Penaeidins are a novel 
family of antiviral effectors against WSSV in shrimp. BioRxiv 467571:390. https://doi.org/1
0.1080/22221751.2020.1729068

Xiao B, Fu Q, Niu S, Zhu P, He J, Li C (2020) Penaeidins restrict white spot syndrome virus 
infection by antagonizing the envelope proteins to block viral entry. Emerg Microb Infect 
9(1):390–412. https://doi.org/10.1080/22221751.2020.1729068

Yeaton RW (1981) Invertebrate lectins: II diversity of specificity, biological synthesis and function in 
recognition. Dev Comp Immunol 5:535–545. https://doi.org/10.1016/S0145- 305X(81)80028- 6

7 Crustaceans: Microbes and Defense Mechanisms

https://doi.org/10.1016/0145-305X(84)90006-5
https://doi.org/10.1016/0145-305X(84)90006-5
https://doi.org/10.1016/j.cbi.2018.06.012
https://doi.org/10.1016/j.cbi.2018.06.012
https://doi.org/10.1016/S0044-8486(00)00411-7
https://doi.org/10.5772/intechopen.96255
https://doi.org/10.1007/978-3-319-56354-1_11
https://doi.org/10.1007/978-3-319-56354-1_11
https://doi.org/10.3390/v14040743
https://doi.org/10.1007/978-0-387-71767-8_27
https://doi.org/10.1016/0305-0491(95)02039-X
https://doi.org/10.1002/(SICI)1097-010X(19971015)
https://doi.org/10.1002/(SICI)1097-010X(19971015)
https://doi.org/10.1177/1753425909102876
https://doi.org/10.1177/1753425909102876
https://doi.org/10.1177/1753425909102876
https://doi.org/10.1177/1753425909102876
https://doi.org/10.1016/j.fsi.2022.08.051
https://doi.org/10.1016/j.jip.2010.09.018
https://doi.org/10.1016/j.jip.2010.09.018
https://doi.org/10.1099/mic.0.26664-0
https://doi.org/10.1111/are.14107
https://doi.org/10.1111/are.14107
https://doi.org/10.1080/22221751.2020.1729068
https://doi.org/10.1080/22221751.2020.1729068
https://doi.org/10.1080/22221751.2020.1729068
https://doi.org/10.1016/S0145-305X(81)80028-6


166

Yu XQ, Kanost MR (2002) Binding of hemolin to bacterial lipopolysaccharide and lipoteichoic 
acid: an immunoglobulin superfamily member from insects as a pattern-recognition receptor. 
Eur J Biochem 269:1827–1834. https://doi.org/10.1046/j.1432- 1033.2002.02830.x

Zhang X, Tang X, Tran NT, Huang Y, Gong Y, Zhang Y, Zheng H, Ma H, Li S (2019) Innate immune 
responses and metabolic alterations of mud crab (Scylla paramamosain) in response to Vibrio 
parahaemolyticus infection. Fish Shellfish Immunol 87:166–177. https://doi.org/10.1016/j.
fsi.2019.01.011

Zhao Y, Duan C, Zhang XX, Chen H, Ren H, Yin Y, Ye L (2018) Insights into the gut microbiota 
of freshwater shrimp and its associations with the surrounding microbiota and environmental 
factors. J Microbiol Biotechnol 28:946–956. https://doi.org/10.4014/jmb.1710.09070

A. Pillai

https://doi.org/10.1046/j.1432-1033.2002.02830.x
https://doi.org/10.1016/j.fsi.2019.01.011
https://doi.org/10.1016/j.fsi.2019.01.011
https://doi.org/10.4014/jmb.1710.09070

	7: Crustaceans: Microbes and Defense Mechanisms
	7.1	 Introduction
	7.2	 Crustaceans and Their Importance
	7.3	 Disease-Causing Microbes of Crustaceans
	7.4	 An Overview of Crustacean Immunity
	7.4.1	 Cellular Immunity in Crustaceans
	7.4.2	 Phagocytosis
	7.4.3	 Encapsulation
	7.4.4	 Clottable Proteins
	7.4.5	 Cytotoxicity
	7.4.6	 Humoral Immunity in Crustaceans
	7.4.7	 Agglutinins/Lectins
	7.4.8	 Antimicrobial Peptides
	7.4.9	 Prophenoloxidase System

	7.5	 Future Perspectives
	References


