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Abstract
The practice and development of the culture of commercially important penaeid shrimp
results in the occurrence of infectious and non-infectious diseases worldwide. Most of the
diseases are caused by the opportunistic microorganisms which are part of the microflora
and fauna of the penaeid shrimp. Once the pathogens get a favourable condition, it will
cause diseases to the host organisms. Most of the organisms are ubiquitous and
are found and reported all over the cultured area in the world. The pathogens are
the bacteria, viruses, parasites and protozoans. Viruses are the most important
disease-causing agents in penaeid shrimps. The penaeid viruses are widely spread
in geographical areas of shrimp culture. The shipment of broodstock and post
larvae from one geographical region to another region often results in spreading
of viral diseases. The penaeid viruses are the Whispovirus, white spot syndrome
virus (WSSV), Penaeus monodon baculovirus (monodon baculovirus), infectious
hypodermal and haematopoietic necrosis virus (IHHNV), infectious myonecrosis
virus (IMNV), Taura syndrome virus (TSV), yellow head virus (YHV), white tail
disease (WTD), covert mortality nodavirus (CMNV), Laem–Singh virus (LSNV)
and shrimp haemocyte iridescent virus (SHIV). The review examines and high-
lights the aquaculture penaeid shrimp viral diseases in detail and concludes the
need and importance of severe disease surveillance of the global countries
through networking and coordination to safeguard the aquaculture practice for
our future generation.
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Introduction

Aquaculture is defined as the farming of aquatic organisms including fish, molluscs, crusta-
ceans and aquatic plants under controlled conditions (FAO 1997). It involves the culture of
animals and plants from aquatic environment including marine, brackish and freshwater
environment. According to the findings and research, the widespread assumption that seafood
production from capture fisheries is at or near its end. So, aquaculture will become an
important source of seafood production and, ultimately, the main source of protein.
Aquaculture plays a key role to overcome the protein shortage in the diet of peoples in poverty
in developing countries (Subasinghe et al. 2009). World aquaculture production is increasing
rapidly year by year compared to capture fisheries and animal husbandry (Ndanga et al. 2013).

The growth of aquaculture production of animals and plants is at a mean rate of 81% over
year by year (FAO 2010). In 2004, aquaculture contributes 42% of total global seafood
production. When compared to capture fisheries, aquaculture is not limited by the natural
environment. Shellfish and finfish are the two major aquaculture families comprising more
than 90% in aquaculture sector. Shellfish are aquatic invertebrates with shell. Bivalves (oyster,
mussels, clams) and decapods (shrimp, crayfish, crabs) are the major aquaculture groups in
shellfish family. The crustacean (marine shrimp) shows an increasing level of production by
aquaculture throughout the global country day by day.

For the past three decades, farming of various marine shrimp species has developed widely.
Between 1975 and 1985, the global production of farmed shrimp increased by 300%. There
are totally 2500 species of shrimp worldwide, but nearly 12 species are farmed to some extent.
All the twelve species are belonging to Penaeidae family. Out of the twelve species, two
species account for more than 90–95% of global productions: one is black tiger shrimp
(Penaeus monodon) and another one is Pacific white shrimp (Litopenaeus vannamei).

In the initial part of marine shrimp farming, the black tiger prawn (Penaeus monodon) was the
preferred species. The global production of Penaeus monodonwas 623,194 tonnes in 2000 (FAO)
and the production of whiteleg shrimp (Litopenaeus vannamei) was only 2130 tonnes in that year.
But due to the growth performance, low-level protein requirements and disease resistance,
Litopenaeus vannamei overcomes Penaeus monodon in aquaculture production and farming.

The rapid growth of aquaculture in the twentieth and twenty-first centuries results in the
occurrence of many emerging diseases. Diseases are the most important limiting factor in
aquaculture. This includes bacterial, fungal, viral and parasitic diseases. Aquaculture has more
biosecurity challenges now than ever before. The economic evaluations of diseases are
relatively rare, but they have been determined and the costs are staggering. The best examples
are the US$3 billion loss of cultured marine shrimp by diseases in 1994 (Lundin 1995) and the
US$0.5 billion crash of cultured black tiger shrimp in Taiwan (1987–1988). Sustainable and
severe management practices will be protecting our shrimp aquaculture field to safeguard the
aquaculture industries. Then only, aquaculture will be safe and secure for our future need. This
review paper detailed about the different types of viral diseases occurred in penaeid shrimp
culture globally.

Yellow head virus

The first serious disease outbreak of yellow head virus (YHV) occurred in the adult Penaeus
monodon culture stocks in Central Thailand in the 1990s and was first noted by Limsuwan.
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The disease was widespread in the Penaeus monodon stock and caused severe mortality in the
adult culture of Penaeus monodon in Southeast Asia including China, India, Taiwan,
Indonesia, Philippines and Vietnam (OIE 2009a). YHV was considered earlier as baculovirus,
but after the purification and characterisation, it is morphologically differed from baculovirus.
Presently, the YHV is classified in the genus Okavirus, family Roniviridae (Cowley et al.
2012). The disease caused by yellow head virus genotype 1 (YHV1) is one of the eight known
genotypes in the yellow head complex of viruses. Yellow head genotype 2 is commonly called
as gill-associated virus (GAV). Other four genotypes (genotypes 3–6) were identified in
healthy P. monodon cultures in East Africa, Asia and Australia without any disease symptoms.
Recently, YHV7 and YHV8 are the two new genotypes of yellow head virus that have been
reported. YHV7 was isolated in diseased P. monodon in Australia (Mohr et al. 2015), and
YHV8 was detected in Penaeus chinensis (Liu et al. 2014a). YHV1 has been reported in
Chinese Taipei, Indonesia, Malaysia, Philippines, Sri Lanka, Thailand and Vietnam (Walker
et al. 2001). GAV and other genotypes in the yellow head complex have been detected in
healthy P. monodon from Australia, Chinese Taipei, India, Indonesia, Malaysia, Mozambique,
Philippines, Thailand and Vietnam (Wijegoonawardane et al. 2008). YHV1 has also been
detected in Penaeus vannamei in Mexico and Thailand (Sanchez-Barajas et al. 2009; Senapin
et al. 2010).

YHV1 is a rod-shaped enveloped virion, approximately 40–50 nm × 150–180 nm in size,
with prominent spine-like projection approximately 11 nm in size from the surface and with an
inner helical nucleocapsid (Chantanachookin et al. 1993; Wongteerasupaya et al. 1995a).
Nucleocapsid is 20–30 nm in size and appears as rods. The virion comprises a nucleoprotein
(p20), envelope glycoproteins (gp64 and gp116) and a ~ 26-kb positive-sense single-stranded
RNA genome. The RNA genome consists of approximately 26,662 nucleotides with a 3′-
polyadenylated tail and contains four functional long open reading frames (ORFs) (ORF-1a,
ORF-1b, ORF-2 and ORF-3) (Sittidilokratna et al. 2008).

YHV-infected shrimp normally dies within 3 to 5 days, and YHV can cause 100%
mortality in 3 to 5 days. Apart from Penaeus monodon, the YHV1 affects Penaeus vannamei,
Penaeus stylirostris, Palaemonetes pugio and Metapenaeus affinis. In P. monodon, yellow
head virus infections occur at the adult stage of an animal or infect beyond post larval stage 15
(Khongpradit et al. 1995).

YHV1 affects the tissues of ectodermal and endodermal origin including lymphoid organ,
haemocytes, haematopoietic tissue, gill lamellae and spongy connective tissue of the subcutis,
gut, antennal gland, gonads, nerve tracts and ganglia. The clinical signs of YHV-infected
shrimp are characterised by a pale-yellowish cephalothorax due to the discolouration of the
hepatopancreas and gill (Chantanachookin et al. 1993; Lightner 1996a). The histological
analysis of an YHV1-infected shrimp shows necrosis containing vacuolated cells with
hypertrophied nuclei and basophilic viral inclusions in the cytoplasm of infected cells
(Fig. 1). Cellular necrosis occurs in connective tissues, haematopoietic and lymphoid organs,
abdominal muscle, haemocytes, nerves, hepatopancreas, midgut, heart, head muscle, lymphoid
organs and gills.

Taura syndrome virus

Taura syndrome virus (TSV) was first reported in the L. vannamei shrimp collected from the
shrimp farms located near the mouth of the Taura River in the Gulf of Guayaquil, Ecuador, in

1941



Aquaculture International (2020) 28:1939–1967

1992, and it was believed that the disease was caused by the pesticide runoff from the nearby
banana farms. After the epidemiological characterisation and laboratory analysis, they identified
that the disease was caused by the virus (Jimenez 1992; Lightner et al. 1995a). TSV disease
caused catastrophic losses to the L. vannamei shrimp farmers with the mortality rate ranging from
60 to 90%. After the first report of TSV and being recognised to cause a distinct disease to
L. vannamei culture, it spread rapidly to the other shrimp culture regions of America, Peru and
Mexico (Lightner 1996b, 1996c; Lightner and Redman 1998). TSV affects the penaeid shrimps
P. vannamei, P. stylirostris, Penaeus schmitti, Penaeus setiferus and Penaeus aztecus in America
and P. monodon, Penaeus japonicus and P. chinensis in Asia. In Asia, TSV was first reported in
Taiwan in 1999 and the virus spread rapidly to China, Thailand, Malaysia and Indonesia (Cheng
et al. 2011; Nielsen et al. 2005). Taura syndrome virus belongs to the genus Aparavirus (family
Dicistroviridae) consisting of a non-enveloped, icosahedral virion with a diameter of 31–32 nm
and having a buoyant density of 1.338 g ml−1 in CsCl. The genome of TSV consists of a linear,
positive-sense single-stranded RNA genome having 10,205 nucleotides in length. The RNA
genome has two ORFs: ORF-1 encodes the non-structural proteins including protease, helicase
and a RNA-dependent RNA polymerase, and ORF-2 encodes three capsid proteins: VP-1

Fig. 1 a Histological section of the gills from a black tiger prawn (Penaeus monodon) with yellow head disease.
A generalised, diffuse necrosis of cells in the gill lamellae is shown, and affected cells display pyknotic and
karyorrhectic nuclei b, c Histological section of the lymphoid organ (LO) of a juvenile giant black tiger prawn
(Penaeus monodon) with severe acute yellow head disease at low and high magnification d Gross signs of
yellow-head infection are seen in the shrimps on the right. (Source: T.W. Flegel 2006)

1942



Aquaculture International (2020) 28:1939–1967

(40 kDa), VP-2 (55 kDa) and VP-3 (24 kDa). The functions of the capsid are still unknown, even
though the genome of the TSV has been characterised and the virion has been identified (Bonami
et al. 1997; Mari et al. 1998, 2002; Robles-Sikisaka et al. 2001).

Fig. 2 Taura syndrome virus. a Tail fan showing reddening of the uropod and multifocal necrotic lesions (I,
TSV-infected shrimp; H, normal shrimp). bMultifocal-melanised lesions on the cuticle (I, TSV-infected shrimp;
H, normal shrimp). c Histology of H&E-stained ventral cephalothorax of TSV-infected shrimp showing the
pyknotic nuclei, cytoplasmic eosinophilia and detachment from the surrounding cell matrix. d In situ
hybridisation of TSV-infected cells displaying a probe-positive signal characterised by cytoplasmic blue-black
colouration (arrow), while normal cells are golden orange. (Source: Dhar et al. 2010)
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TSV infections were reported in all three stages (post larvae (PL), juveniles and adults) of
P. vannamei culture. Clinical signs of TSV-infected shrimp are characterised by lethargy,
anorexia, opaque musculature and reddish discolouration in the tail fan and pleopods (Lightner
et al. 1995a). The virus affects the hypodermis of the exoskeleton, foregut, hindgut, gills and
appendages and often the connective tissues, haematopoietic tissues, lymphoid organ (LO) and
antennal gland (Fig. 2). The histological analysis of the enteric organs and smooth, cardiac,
striated muscle, and the ventral nerve cord, its branches and its ganglia has not shown any
signs of infection by TSV.

White spot syndrome virus

White spot disease is caused by white spot syndrome virus. The first occurrence of white spot
syndrome has been reported in Taiwan in 1992 (Chen 1995). After that, it spread rapidly in the
shrimp culture regions of Asia and Indo-Pacific. Although isolates from different geographical
area with different genotypes have been reported, all are classified as a single species within the
genusWhispovirus (family Nimaviridae). In earlier days, five baculoviruses have been reported to
cause white spot disease in different geographical areas, such as hypodermal and haematopoietic
necrosis baculovirus (HHNB) in China (Huang et al. 1994); systematic ectodermal and meso-
dermal baculovirus (SEMBV) in Thailand (Wongteerasupaya et al. 1995b) and Bangladesh
(Ahmed 1996); rod-shaped nuclear virus in P. japonicus culture stock (RV-PJ) in Japan, China
and South Korea (Inouye et al. 1994); white spot baculovirus (WSBV) in India, Malaysia,
Vietnam and Indonesia (Wang et al. 1995); and non-occluded baculovirus in Penaeus monodon
(PMNOB) in Taiwan (Lo et al. 1995), America (Rosenberry 1996, 2000) and France (Rosenberry
2002). Later, it has been reported that all viruses in the group are very similar in morphology and
replicated in the nuclei of the infected cells of mesodermal and ectodermal origin. The
characteristic of white spot syndrome virus is more similar to the family Baculoviridae.
Volkman et al. (1995) reported that the white spot virus is not a baculovirus and referred to
names as white spot syndrome virus (WSSV). WSSV can infect aquatic crustacean including
marine, fresh and brackish water shrimps, prawns, crayfish and lobsters.

According to the International Committee on Taxonomy of Viruses (ICTV), WSSV is the
only member in the genus Whispovirus (family Nimaviridae). The virions of WSSV are ovoid
or ellipsoid to bacilliform in shape with a diameter of 80–120 nm and a length of 250–380 nm.
In some isolates, a flagella-like extension has been observed at the one end of the virion (Lo
et al. 2012). The nucleic acid of WSSV is composed of a double-stranded DNA (dsDNA)
molecule with 100 to 200 kbp in length (Wongteerasupaya et al. 1995a).

WSSV infects and causes mass mortality in P. monodon, Penaeus semisulcatus,
P. japonicus, P. chinensis, Penaeus penicillatus (redtail prawn), Penaeus indicus, Penaeus
merguiensis, Trachypenaeus curvirostris (southern rough shrimp), Metapenaeus ensis
(greasyback shrimp), Macrobrachium rosenbergii (giant river prawn), Procambarus clarkia
(red swamp crayfish) and a variety of marine crabs and lobsters (Chang et al. 1998; Lightner
1996b; Wang et al. 1997). WSSV can be susceptible at all stages of the animal from eggs to
broodstock (Lightner 1996b; Venegas et al. 1999). It infects the ectodermal and mesodermal
origin tissues especially connective tissues and subcuticular connective tissues. Infection of
endodermal tissues with WSSV is still not confirmed. The histological analysis showed the
intranuclear viral inclusions with hypertrophied nuclei and marginated chromatin (Fig. 3). The
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similar type of inclusions was shown in the histopathological study of infectious hypodermal
and haematopoietic necrosis virus (IHHNV) and other DNA virus–infected tissues.

Infectious hypodermal and haematopoietic necrosis virus

IHHNVwas first reported inP. stylirostris andP. vannamei in the early 1980s in theAmericas
(Lightner et al. 1983a; Lightner 2011b) and later in P. monodon from Asia. After the initial
identification, it spread rapidly along the culture regions in Mexico, Central America,
Ecuador, Peru, Brazil, numerous Caribbean Islands, Hawaii, Guam, Tahiti, New

Fig. 3 White spot syndrome virus. a Carapace and columnar epithelial cells showing enlarged nuclei. b Stomach
epithelium showing hypertrophied nuclei with eosinophilic staining. c Enlarged infected nuclei in the epithelial
cells. d Gill cuticular epithelium with enlarged, infected nuclei (source: Bateman et al. 2012). (1) Clinical signs of
white spot virus–infected animal. (2) White spots on the cephalothorax (Lightner 1996b)
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Caledonia, Singapore, Philippines, Thailand, Malaysia, Indonesia (Lightner 1996b), India
(Rai et al. 2009), Australia (Krabsetsve et al. 2004; Owens et al. 1992; Tang and Lightner
2006) and China (Zhang and Sun 1997). According to the aquatic animal health code, the
susceptible host species for IHHNV infection arePenaeus californiensis (yellowleg shrimp),
Penaeus monodon (giant tiger prawn), Penaeus setiferus (northern white shrimp), Penaeus
stylirostris (blue shrimp) and Penaeus vannamei (white leg shrimp) (Table 1). IHHNV has
been reported in all life stagesof the animal (eggs to adult).The eggsproducedby the IHHNV-
infected females were found to be rich in virus load and fail to hatch out (Motte et al. 2003).
Natural infections of IHHNV have been detected from Penaeus stylirostris, P. vannamei,
Penaeus occidentalis, P. californiensis, P. monodon, P. semisulcatus and P. japonicus.
P. setiferus, Penaeus duorarum and P. aztecus have been infected experimentally with
IHHNV, and P. indicus and P. merguiensis were found to be refractory to infection (Brock
andLightner 1990a; Lightner 1996b). Somemembers ofP. stylirostris andP. vannamei from
different geographical areas are found to have survived with IHHNV infection and carry the
virus to the progeny and other populations (Bell and Lightner 1984; Lightner 1996b, 1996c;
Morales-Covarrubias and Chavez-Sanchez 1999; Motte et al. 2003). IHHNV can be trans-
mitted through horizontally and vertically. The horizontal transmission is carried out by
cannibalism and through contaminated water (Lightner 1996b; Lightner et al. 1983b, 1983c,
1985). The vertical transmission is caused by the infected eggs (Motte et al. 2003). IHHNV is
believed to be enzootic in wild reservoir hosts (P. monodon) (Brock and Lightner 1990b),
wild stockofP. stylirostris in the lower andupperGulf ofCalifornia (Pantoja et al. 1999),wild
stock of adult male and female P. stylirostris from the mid-region of the Gulf of California
(Morales-Covarrubias and Chavez-Sanchez 1999), wild stock of P. vannamei from the
Pacific coast of Panama (Nunan et al. 2000) and wild stock of P. vannamei collected from
the Pacific coasts of Ecuador, Colombia and Panama (Motte et al. 2003).

IHHNV infects and replicates in the tissues of ectodermal and mesodermal origin from the
embryo. Thus, the IHHNV infects organs including gills, connective tissues, hypodermis,
lymphoid organs, antennal gland and nerve cord and its ganglia (Fig. 4). The endodermal-
derived tissues such as hepatopancreas, midgut and midgut mucosal epithelial and striated
muscles have not showed any histological signs of infection with IHHNV (Lightner 1993,
1996b, 2011a).

IHHNV is a stable shrimp virus and the smallest of the known penaeid shrimp viruses. The
virion is a non-enveloped icosahedron with 20–22 nm diameter in size. It consists of the
ssDNA genome with an estimated size of 3.9 to 4.1 kb and has a capsid composed of four
polypeptides with different molecular weights of 74, 47, 39, and 37.5 kDa (Bonami et al. 1990;
Nunan et al. 2000). Still now, two distinct genotypes of IHHNV have been reported: type 1
genotype from America and East Asia and type 2 genotype from Southeast Asia. These
genotypes were reported to be infectious to P. vannamei and P. monodon (Tang et al.
2003). Two sequences homologous to part of the IHHNV genome are found to be present
in the genome of penaeid. The homologous sequences were initially described as type 3A from
India, Australia and East Africa and as type 3B from the Western Indo-Pacific region including
Madagascar, Mauritius and Tanzania (Tang and Lightner 2006; Tang et al. 2007). Tissues
containing the IHHNV-homologous sequences in the P. monodon genome are not infectious to
the susceptible host species P. vannamei and P. monodon (Lightner et al. 2006; Tang and
Lightner 2006; Tang et al. 2007).
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Infectious myonecrosis virus

Infectious myonecrosis virus (IMNV) is the emerging viral disease, first reported in the Pacific
white leg shrimp in the state of Piauí, northeast Brazil, in 2002 (Lightner et al. 2006). Followed
by the first outbreak in Brazil, the disease spread to Southeast Asian countries such as
Indonesia (Senapin et al. 2007) and India (Sahul Hameed et al. 2017). Initially, the disease
was named as idiopathic myonecrosis (Lightner et al. 2004) and the disease was renamed as
infectious myonecrosis. Finally, the aetiological agent was identified as virus and renamed as
infectious myonecrosis virus (Poulos et al. 2006; Tang et al. 2008). Apart from L. vannamei,
species like Litopenaeus stylirostris, P. monodon and Fenneropenaeus subtilis are shown to be
experimentally susceptible (OIE 2009b). The virus infects all three life stages of the shrimp
including post larva, juvenile and adult (Nunes et al. 2004). The cumulative mortality to IMNV
reaches 40 to 70%. The target tissues for IMNV include the striated muscles (skeletal and less
often cardiac), connective tissues, haemocytes and the lymphoid organ parenchymal cells
(Tang et al. 2005). The IMNV infection is enzootic, and the signs of the disease in acute phase
are characterised by focal to white necrotic areas in the striated muscles, particularly in the
distal abdominal segment and tail fan. Infection with IMNV associated with heavy mortality
may follow stressful events such as capture by cast-netting, feeding and sudden changes in
water salinity or temperature (Poulos et al. 2006). IMNV has been demonstrated to be
transmitted horizontally by cannibalism (Lightner 2011b; Poulos et al. 2006). Transmission
via water probably occurs. The histological analysis of IMNV in acute phase is characterised

Fig. 4 Infectious hypodermal and haematopoietic necrosis virus. a, b Haematoxylin and eosin (H&E)-stained
sections showing the presence of fixed phagocytes on myocardial fibres (source: Dhar et al. 2005). IHHNV-
infected shrimp with deformed rostra; one curved down (c) and the other curved up (d) are marked by blue
arrows. (Source: Dhar et al. 2014)
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by coagulative muscle necrosis, often with marked oedema among affected muscle fibres, fluid
accumulation between muscle fibres, haemocytic infiltration, lymphoid organ spheroid for-
mation and fibrosis (Fig. 5). Significant hypertrophy caused by accumulations of lymphoid
organ spheroids (LOSs) is a highly consistent lesion in shrimp with acute- or chronic-phase
infection with IMNV lesions. Common locations for ectopic LOS include the haemocoelom in
the gills, heart, near the antennal gland tubules and ventral nerve cord.

IMNV is likely belonging to be a member to Totiviridae family and is the first member
of this family to infect a host other than fungus or protozoan (Nibert 2007). Phylogenetic
analysis of its RNA-dependent RNA polymerase (RdRp) gene coding sequence indicates
that IMNV is most closely related to Giardia lamblia virus, a member of the family

Fig. 5 Infectious myonecrosis virus. a IMNV-infected shrimp showing acute coagulative necrosis in the muscle
fibres (mesoderm-derived tissue), the progression of myonecrosis giving affected muscle fibre a hyaline
appearance, nuclear pyknosis, oedema and haemocytic infiltration. b Lymphoid organ spheroids (LOSs)
(Source: Sunarto and Naim 2016). IHHNV-infected shrimp showing reddish opaque muscle at distal abdominal
segments c naturally and d experimentally (Source: Sahul Hameed et al., 2017)
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Totiviridae (Fauquet et al. 2005; Lightner 2011a, 2011b). IMNV is a non-enveloped virion
icosahedral in shape, with a diameter of 40 nm and a buoyant density of 1.366 g ml−1 in
caesium chloride. The genome consists of a single, double-stranded RNA (dsRNA)
molecule of 8226–8230 bp (Loy et al. 2015; Naim et al. 2015). The genome contains
two non-overlapping ORFs. The first ORF (ORF1, nt 470–5596) encodes a putative RNA-
binding protein and a capsid protein. The coding region of the RNA-binding protein is
located in the first half of ORF1 and contains a dsRNA-binding motif in the first 60 amino
acids. The second half of ORF1 encodes a capsid protein, as determined by amino acid
sequencing, with a molecular mass of 106 kDa. The second ORF (ORF2, nt 5884–8133)
encodes a putative RdRp (Poulos et al. 2006). The complete genomes of IMNV types
originating from Brazil and Indonesia have been sequenced and found to be 99.6%
identical at the nucleotide level (Poulos et al. 2006; Senapin et al. 2007). The 99.6%
full-genome sequence identity indicates that the disease was introduced from Brazil to
Indonesia in 2006.

Shrimp haemocyte iridescent virus

Shrimp haemocyte iridescent virus (SHIV) was first isolated and identified by Qiu et al. (2017)
from the samples collected from the period 2014 to 2016 in Zhejiang Province in China. The
disease caused high mortality in farmed L. vannamei in December 2014 in Zhejiang Province
of China. It is confirmed that the farmed Fenneropenaeus chinensis and Macrobrachium
rosenbergii were detected positive for SHIV disease from the collected samples from
Zhejiang, Guangdong and Hebei provinces, China (Qiu et al. 2017). Based on the sequence
of major capsid protein (MCP) (accession number KY681039) and ATPase (accession number
KY681040), it has been indicated that SHIV virus belongs to the genus Xiairidovirus from
Iridoviridae family. Iridoviridae group is characterised by large icosahedral viruses with
diameters ranging from 120 to 300 nm. The virion is composed of the double-strand DNA
genome ranging in size from 103 to 220 kbp (Qiu et al. 2017). The SHIV genome consists of a
double-stranded DNA molecule composed of 165,809 bp. When compared to other members
in the family Iridoviridae, the SHIV genome is larger than the members of the genera
Ranavirus and Megalocytivirus and smaller than the members of the genera Iridovirus and
Chloriridovirus. The G+C content of the SHIV genome is 34.6%. One hundred seventy ORFs
were identified in the SHIV genome. Of this, 102 ORFs were in the forward orientation and 68
ORFs were in the reverse orientation. Eleven overlapping ORFs were found in the 170 ORFs
of the SHIV genome (Shi et al. 2010).

SHIV infects tissues of ectodermal and mesodermal origin. Thus, the principal target organs
include the gills, cuticular epithelium (or hypodermis), all connective tissues, haematopoietic
tissues, lymphoid organ, antennal gland and the ventral nerve cord, its branches and its ganglia.
L. vannamei exhibited the symptoms, including empty stomach and guts in all diseased shrimp,
a slight loss of colour on the surface and section of hepatopancreas and soft shell in partially
infected shrimp. One third of individuals had slightly reddish body. The moribund shrimp lost
their swimming ability and sank to the bottom of water. The symptom and mortality were
observed in the infected L. vannamei from post larvae to sub-adult shrimp. The histopathology
analysis of SHIV-affected animal cephalothoraxes showed that karyopyknosis and basophilic
inclusions existed in haematopoietic tissue and haemocytes in hepatopancreas, gills and

1951



Aquaculture International (2020) 28:1939–19671952



Aquaculture International (2020) 28:1939–1967

periopods (Fig. 6). SHIV is a novel pathogen which had the potential to infect a lot of hosts,
including shrimp, lobster, crayfish or other aquatic animals (Qiu et al. 2017, 2018).

Viral covert mortality disease

In 2009, serious disease outbreak caused heavy economic loss in China shrimp aquaculture
industries (Zhang et al. 2017). The disease was commonly named as covert mortality disease
(CMD) due to the moribund shrimp which died at the bottom of the pond instead at the surface
of the water as the shrimp suffered from WSD (Zhang 2004; Gu 2012; Huang 2012). The
diseased shrimp showed similar histopathology characters of IMNV, Macrobrachium
rosenbergii nodavirus (MrNV) and Penaeus monodon nodavirus (PvNV). The disease-
affected shrimps tested negative for IMNV, MrNV and PvNV by RT-PCR. Recently, a new
emerging virus, covert mortality nodavirus (CMNV), was identified to be the aetiological
agent of covert mortality disease. Now, the covert mortality disease was renamed as viral
covert mortality disease (VCMD). The cumulative mortality of CMNV was variable, but it
reaches 80 to 90% in some L. vannamei culture ponds (Xing 2004; Zhang 2004; Zhang et al.
2014). Apart from L. vannamei, species like Penaeus monodon, Fenneropenaeus chinensis,
Marsupenaeus japonicas andMacrobrachium rosenbergii are shown to be CMNV positive by
nested RT-PCR assay. Reverse transcription loop-mediated isothermal amplification (RT-
LAMP) and RT-PCR assay showed that CMNV-positive samples were identified in brine
shrimp (Artemia sinica), barnacle (Balanus sp.), rotifer (Brachionus urceus), amphipod
(Corophium sinensis Zhang), Pacific oyster (Crassostrea gigas), hermit crab (Diogenes
edwardsii), common clam (Meretrix lusoria), ghost crab (Ocypode cordimundus), hyperiid
amphipod (Parathemisto gaudichaudi), fiddler crab (Tubuca arcuata) and an unidentified
gammarid amphipod (Liu et al., 2018). After the first appearance in China, CMNV was also
reported in Thailand (Thitamadee et al. 2016; Pooljun et al. 2016), Vietnam and Ecuador
(Zhang et al. 2017).

CMNV is a non-enveloped, spherical-shaped, single-strand RNA virus, similar to other
viruses in the family Nodaviridae. The virus consists of an icosahedral capsid size ranging
from 29 to 35 nm in diameter. The capsid is constructed of 32 capsomers. The virion contains
single-stranded RNA consisting of 4500 nucleotides. CMNV-infected shrimp shows
hepatopancreatic atrophy and necrosis, empty stomach and gut, soft shell, slow growth of
infected shrimp, abdominal muscle whitening and necrosis (Zhang 2004; Huang 2012). The
histopathology analysis of CMNV-infected shrimp showed coagulative necrosis of striated
muscle, eosinophilic inclusions in the epithelium of the tubules in the hepatopancreas and
lymphoid organ, mass karyopyknotic nuclei which existed in the muscle and lymphoid
organ and the tubular epithelium of the hepatopancreas showing significant atrophy
(Fig. 7) (Zhang et al. 2014).

�Fig. 6 Histopathology analysis of shrimp haemocyte iridescent virus (SHIV)-affected L. vannamei showing
basophilic inclusion (black arrow) and karyopyknotic nuclei (white arrow). Haematoxylin and eosin (H&E)
staining of a the haematopoietic tissue, b the gills, c the sinus in the hepatopancreas, and d the periopods (Qiu
et al. 2017). Clinical signs of SHIV-affected animal (challenge group) compared with the control group (normal
group). (a) External appearance of the shrimp. (b) Section of the hepatopancreas (Qiu et al. 2017)
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Laem–Singh virus

Laem–Singh virus (LSNV) was first identified in 2006 in Penaeus monodon shrimp reared at
Laem-Singh District, Chanthaburi Province, Thailand, while investigating the cause of
monodon slow growth syndrome (Sritunyalucksana et al. 2006). First, it has been assumed
that LSNV is the aetiological agent for the cause of MSGS, but later, it was confirmed that

Fig. 7 Viral covert mortality disease. a Haematoxylin and eosin (H&E) staining of the muscle showing the
presence of necrotic muscle lesion in L. vannamei. b H&E staining of the hepatopancreatic tubular epithelium
showing the eosinophilic inclusions. c H&E staining of the transection of abdominal necrotic muscle
lesion in Macrobrachium rosenbergii. d H&E staining of the longitudinal section of abdominal
necrotic muscle lesion in M. rosenbergii (Source: Zhang et al. 2017). e Clinical signs of CMNV-infected
L. vannamei (Source: Huang et al. 2015)
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LSNV is not the cause of MSGS because LSNV is detected in normal monodon shrimp and
also LSNV was detected in L. vannamei culture stocks by RT-PCR which not retarded the
growth of the shrimp. Meanwhile, it was found that LSNV was associated with retinopathy in
small-sized shrimps from MSGS-affected ponds but it was not detected in large-sized shrimps
from the same MSGS-affected ponds or in shrimps from normal ponds positive for LSNV by
RT-PCR (Pratoomthai et al. 2008a). The reason for retinopathy was still unknown.
Meanwhile, the presence of a novel integrase-containing element (ICE) along with LSNV
was noticed in the retinal lesions of stunted shrimp from MSGS ponds in Thailand (Panphut
et al. 2011). LSNV was reported in India in WSSV-, monodon baculovirus (MBV)- and HPV-
affected Penaeus monodon shrimps (Prakasha et al. 2007), but it did not retard the growth of
the shrimp (Kumar et al. 2011). LSNV was reported with MSGS in both healthy and infected
P. monodon from Thailand, India (Poornima et al. 2012; Sathish Kumar et al. 2011), Sri Lanka
(NACA), Indonesia, Malaysia and Vietnam. From the distribution of the disease, we came to
know that LSNV is geographically restricted to South and Southeast Asia countries
(Sittidilokratna et al. 2009). LSNV is a positive-sense single-stranded RNA (ssRNA), and
the virion is non-enveloped and icosahedral in shape with a size ranging from 25 to 30 nm,
similar to the insect-transmitted plant viruses in the family Luteoviridae.

Fig. 8 a Haematoxylin and eosin (H&E) staining of the monodon baculovirus (MBV)-infected hepatopancreas
of Penaeus monodon showing eosinophilic multiple inclusions of MBV (black arrow). b Enlarged view of the
hepatopancreas of Penaeus monodon infected with monodon baculovirus stained with H&E showing the
hypertrophied nuclei with marginated chromatin and inclusions of MBV (Source: Rajendran et al. 2012).
c MBV-infected animal showing the pinkish colouration on the body (left) with normal shrimp
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LSNV was detected in P. monodon, Metapenaeus dobsoni, Fenneropenaeus merguiensis
and L. vannamei. Still now, the natural host range of LSNV is unknown (Sathish Kumar et al.,
2011). It has been reported that the LSNV can be transmitted vertically and horizontally
because of its widespread detection in wild and domesticated broodstock and post-
larval shrimp in Thailand and India (Raja et al., 2009; Saksmerprome et al. 2008).
The virus affects the lymphoid organ of the shrimp. The in situ hybridisation (ISH)
studies reveals the presence of LSNV in the cytoplasm of cells in the LO, heart,
hepatopancreas and interstitial cells (Flegel and Withyachumnarnkul 2005; Flegel
2006; Pratoomthai et al. 2008b). The histopathological study of the LSNV with
MSGS-positive shrimp shows the unusually large, magenta cytoplasmic inclusions in
the LOSs (Fig. 8). Retinopathy was observed in the small shrimps only. Retinopathy
is characterised by the abnormally enlarged haemolymphatic vessels, haemocytic
infiltration in the fasciculated zone of the small shrimp and rupture of the membrane
that separated the fasciculated zone from the overlying row of retinula cells (Poornima
et al. 2012; Pratoomthai et al., 2008a, b; Raja et al., 2009).

Monodon baculovirus

MBV has been first reported in 1977 in Penaeus monodon culture systems from Taiwan (Liao
1977). Later, it has been identified and reported from a variety of penaeid shrimps from
different geographical areas throughout the world. Still now, MBV was reported in cultured
shrimp in People’s Republic of China, Taiwan, Indonesia, Philippines, Malaysia, Thailand, Sri
Lanka, Singapore, Australia, India, Israel, Kuwait, Oman, Italy, Kenya, Gambia, South Africa
and USA (Baticados 1988; Baticados et al. 1991; Chen et al. 1989; Colorni 1989; Colorni et al.
1987; Alavandi et al. 1995; Felix and Devaraj 1993; Natividad and Lightner 1992; Ramasamy
et al., 1995; Wang et al. 1997). MBV is otherwise called as Penaeus monodon singly
enveloped nuclear polyhedrosis virus (PmSNPV). Besides MBV, still now two strains of

Fig. 9 Laem–Singh virus-infected animal showing dark discolouration and stunned growth (Source: Poornima
et al. 2012)
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SNPV were reported: Plebejus baculovirus and bennettae baculovirus. MBV has been reported
from cultured or captured or imported shrimp species from different geographical regions. The
primary host of the virus appeared to be Penaeus monodon, and it has been reported in
Penaeus merguiensis, Penaeus semisulcatus, Penaeus kerathurus, Penaeus vannamei,
Penaeus esculentus, Penaeus penicillatus, Penaeus plebejus, Metapenaeus ensis and
Macrobrachium rosenbergii (Oanh and Phuong 2005; Vijayan et al., 1995a, b; Hao 1999;
Chen et al. 1989; Lightner et al. 1987; Doubrovsky et al. 1988; Lightner 1988, 1996b; Colorni,
1989; Gangnonngiw et al. 2010; Manivannan et al. 2004). MBV has been reported in all stages
in P. monodon. Late larval, post larval and young juvenile stages are the most susceptible
stages (Brock and Lightner, 1990a). Lethargy, anorexia, dark colour and presence of heavy
surface fouling are the morphological symptoms of the disease. Normally, the size of the
MBV-infected shrimp is small compared to uninfected shrimps in the same culture pond.
Hepatopancreatic tubule and duct epithelium in post larval, juvenile and adult stages and the
anterior midgut epithelium of very young post larvae are the target organs for MBV. Acute
MBV causes loss of hepatopancreatic tubule and midgut epithelia. The presence of multiple,
spherical OBs in the hepatopancreas and anterior midgut epithelial cells is the prominent
clinical sign of the disease (Fig. 9). Histopathological study shows the infected cells exhibit
necrosis, lysis and sloughing of cells into tubule lumen (Brock and Lightner, 1990b; Baticados
et al. 1991; Lightner and Redman 1981; Vijayan et al., 1995b).

MBV is a circular, dsDNA virus with a genome size in the range of 80–160 kbp. The
genome size is reported to be similar to that of the dsDNA of insect baculoviruses (Mari et al.
1993). Taxonomic position of MBV is still uncertain, and the ICTV lists MBV (spherical
baculoviruses) as a tentative species named PemoNPV in the genus Nucleopolyhedrovirus
(Theilmann et al. 2005).

White tail disease

White tail disease (WTD) is also known as white muscle disease. The WTD has been first
reported in the French West Indies (Arcier et al., 1999a). Later, the disease was reported
from China (Qian et al., 2003a), India (Sahul Hameed et al., 2004), Thailand
(Yoganandhan et al. 2006), Australia (Anonymous 2008; Owens et al. 2009), Taiwan
(Wang et al. 2008) and Malaysia (Saedi Tayebeh et al. 2012). Two viruses
(Macrobrachium rosenbergii nodavirus and extra small virus-like particle (XSV)) are
found to be the aetiological agents causing white tail disease. Macrobrachium rosenbergii
is the only host species for the WTD. But, pathogen-specific positive polymerase chain
reaction (PCR) results (but not active infection) have been reported in white leg shrimp
(Penaeus vannamei), kuruma prawn (Penaeus japonicus), Indian white prawn (Penaeus
indicus), giant tiger prawn (Penaeus monodon), backswimmer (Notonecta sp.), hairy river
prawn (Macrobrachium rude), monsoon river prawn (Macrobrachium malcolmsonii),
brine shrimps (Artemia sp.) and red claw crayfish (Cherax quadricarinatus). Larval, post
larval and early juvenile stages are the susceptible stages to WTD infection, whereas adults
are resistant to the disease (Qian et al., 2003b; Sahul Hameed et al., 2004). Transmission
of the disease occurs vertically (ovum) and horizontally (waterborne route) (Qian et al.,
2003a; Sahul Hameed et al., 2004; Sudhakaran et al., 2007). The target organs for WTD
infection include gill tissue, head muscle, heart, abdominal muscle, ovaries, pleopods and
tail muscle. But, it did not infect the hepatopancreas and eyestalk (Sahul Hameed et al.,
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2004; Sri Widada et al. 2003). Pleopods are a convenient source of RNA for the screening
of MrNV and XSV (Sahul Hameed et al., 2004). The WTD-infected post larvae show the
following clinical signs: lethargy and opaqueness of the abdominal muscle starting at
second or third abdominal segment and gradually extending from the centre to the anterior
and the posterior sections of the muscle. Degeneration of the telson and uropods is
observed in severe cases (Sahul Hameed and Bonami 2012). Mortality reaches a maximum
within 5 to 6 days after appearance of whitish colouration. The infected PL show
progressive weakening of their feeding and swimming ability (Sahul Hameed et al., 2004).

The histopathology analysis of the affected tissues in the infected PL shows the
presence of acute Zenker’s necrosis of striated muscles, characterised by severe
hyaline degeneration, necrosis and muscular lysis (Fig. 10). Large oval or irregular
basophilic cytoplasmic inclusion bodies are seen in the target tissues (Arcier et al.,
1999b; Hsieh et al. 2006; Sri Widada et al. 2003).

MrNV is a small, icosahedral, non-enveloped particle, 26–27 nm in diameter with two
single-stranded RNAs: RNA1 (2.9 kb) and RNA2 (1.26 kb). Its capsid contains a single

Fig. 10 a Histological analysis of white tail disease (WTD)-infected M. rosenbergii showing the presence of
acute necrosis in the skeletal muscles of shrimp b WTD-infected animal showing the whitish colouration on the
body (right) with normal shrimp (left). (Source: Arcier et al. 1999a)
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polypeptide of 43 kDa. XSV is a non-enveloped icosahedral virus, 15 nm in diameter
with a linear ssRNA genome of 0.9 kb encoding two overlapping structural proteins of
16 and 17 kDa. XSV is a small size virus and does not have gene-encoding enzymes
required for replication, and it depends upon the MrNV virus for their replication. So, it
has been suggested that XSV may be a satellite virus and MrNV a helper virus (Sahul
Hameed and Bonami 2012).

Conclusions

The decline of capture fisheries worldwide directly increases the importance of aquaculture
products in the global market. Finfish and shellfish are the major culture organisms in most of
the countries around the world. The demand for the culture fishes and shrimps in the
international market gradually increases the intensity of the culture practice worldwide. This
results in the failure of Good Manufacturing Practice (GMP) in the culture methods. In the last
few decades, the ever increase in shrimp and fish culture activities in the developed and
developing countries results in the formation and spreading of viral, bacterial and parasitic
diseases and others.

Viral diseases are the major problem to the shrimp aqua farmers, which cause severe
economic loss globally. In the 1990s, the disease white spot syndrome virus (WSSV) causes
nearly seven billion dollars loss in Asian and American aquaculture industries. Even though
IHHNV, YHV and TSV cause severe mortality and economic loss on the particular period, the
loss was not much higher when compared to that by WSSV. From 1989 to 1994, viral and
bacterial diseases cause a US$3019 million loss to the shrimp aqua farmers (Israngkura and
Sae-Hae 2002). Recently, a new viral disease, shrimp haemocyte iridescent virus (SHIV), was
identified in China in 2017, which caused severe mortality in the shrimp culture systems. To
overcome the problem caused by diseases and to safeguard the shrimp aqua farmers from the
severe economic loss, the following recommendations are suggested: (i) introduction of
insurance policies to the aqua farmers, (ii) extension activities (experts’ coordination, invest-
ment of agencies, etc.), (iii) networking (field investigation, research, exchange of information,
preventive measures), (iv) farm management (pond preparation, water quality, feed manage-
ment, biosecurity etc.), (v) crop diversification (shrimp culture should be stopped, and different
species culture were encouraged) and (vi) alternative income generation (explore and engage
small-scale shrimp farmers to alternative works).

Disease surveillance is the most important work followed by the most of the developed
countries and developing countries in the aquaculture regions. It helps to identify the presence,
spreading and information about the disease in a particular region. The Network of
Aquaculture Centres in Asia-Pacific (NACA) is an intergovernmental organisation that pro-
motes rural development through sustainable aquaculture and aquatic resource management.
The organisation improves the livelihoods of rural people, reduce poverty and increase food
security. NACA is the nodal organisation for disease surveillance, which regulates and
formulates the disease surveillance in most of the aquaculture countries through networking
and coordination. Disease surveillance provides the complete details about the aquaculture
status in a particular region, which are helpful to those countries importing culture organisms
to clarify the presence of disease in the culture systems in the exporting countries. Disease
surveillance is also helpful to the researchers to identify and prevent the spread of particular
disease in a particular region.

1959
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& Mandate to use certified (disease-free) broodstock (exotic and native) in all hatcheries
& To develop origin traceability network systems for aquaculture species and their diseases
& Even though there are epidemic shrimp diseases, OIE has to edify them and they have to

provide auxiliary funds to develop diagnostic kits on those diseases
& Regular surveillance of culturing ponds which will facilitate to map the viral hotspot areas

to be focused by the amendable government bodies
& Effective regulation and on-spot routine monitoring of infective ponds and their surround-

ing ponds
& Molecular screening of imported aquaculture products specific to live feeds
& We have to develop in-depth educational videos about good farm practices, aetiology and

impact of the virus on shrimps and re-habitation complications-cum-expenses to farmers
and economy diminution to the sector which has to projected through mobile digital big
screens while conducing on-sight awareness camps
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