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Abstract

Among the important challenges to shrimp aquaculture worldwide are diseases caused by viruses, in particular by White
Spot Syndrome Virus (WSSV) whose genome of 305 kb has been recently sequenced. WSSV, also dubbed White Spot
Bacilliform Virus (WSBV), is a major shrimp pathogen with a high mortality rate and a wide host range. The sequencing and
characterization of different strains of WSSV has begun to reveal aspects of its biology, virulence and pathogenesis.
Knowledge on these aspects is critical for developing effective control methods. The socioeconomic impacts of the diseases
caused by the WSSV have been catastrophic in some shrimp producing countries of Asia and the Americas. Thus, these
diseases were listed by the World Animal Health Organization (or Office International des Epizootics, OIE) as posing a
significant threat to cultured and wild crustaceans as a consequence of international trade or movement of infected
organisms. The aim of this review is to present a state-of-the-art knowledge in different aspects of WSSV like
morphogenesis, pathogenesis, transmission risks, detection, bio-inoculation studies, and international rules and standards.
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1. Introduction

The global shrimp production showed a declining trend from 1994 to 1997. The production figured 733,000
metric tons (MT) in 1994 and declined to 712,000 MT in 1995 and 693,000 MT in 1997 [1]. This declining trend
was mainly attributed to diseases caused by WSSV. Shrimp farming in India showed an increasing growth from
35,000 MT in 1991-92 to 62,000 MT in 1993-94. However, the production was found to decline from 82,850
MT in 1994-95 to 66,875 MT in 1997-98 [2] and in Asian countries, the value was found declined from
36,104,518 (USS '000) in 1997 to 35,839,499 (USS '000) in 1998 [3]. The natural marine ecology is also
threatened by WSSV as the virus has a wide host range, including salt and brackish water penaeids, crabs,
spiny lobsters, freshwater shrimp and crayfish [4]. The outbreak of viral diseases during 1991 caused a major
set back in the shrimp industry. WSSV was first described in China and Taiwan in 1991 in Penaeus japonicus.
WSSV spread rapidly to shrimp farming areas throughout Asia associated with a widespread pandemic by 1994
[5]. The WSSV causes serious economic losses because of 100% mortality leading to total crop losses within 3-
10 days under some farming conditions [6].

The spread of exotic viruses in cultured shrimps can be attributed to several avenues of introduction.
History has documented the introduction of animal diseases to previously uninfected areas by transportation
of infected stocks, by birds acting as vectors of diseases, and by import and processing of frozen food products
[7, 8]. Several developed countries like USA, Japan, EU and Australia import frozen shrimps from various Asian
countries particularly from China, India, Thailand, Taiwan, Philippines and Indonesia, and Latin American
countries like Brazil, Mexico and Ecuador [7]. Imports are typically repackaged at processing plants that are
located in the importing countries.

Risk pathways for transmission of exotic shrimp viruses from imported fresh/frozen products
intended for human consumption to wild and farmed shrimp have been proposed to be shrimp reprocessing
waste, packaged shrimp diverted for recreational fishing bait, and packaged shrimp diverted for shrimp feed in
shrimp hatcheries or in shrimp aquaculture ponds. Risks of shrimp virus introduction during trading of live
shrimp for culture have also been described, but other potentially important sources of shrimp viruses are ship
ballast water as well as frozen seafood products [9].

Fresh/frozen shrimp products imported into Australia for human consumption were subjected to
mandatory testing using PCR technology for three major shrimp viruses - WSSV, Yellow Head Virus (YHV) and
Infectious Hypodermal and Haematopoietic Necrosis Virus (IHHNV) at the level of 5% prevalence with 95%
confidence from October 2007. Batches that tested positive are destroyed or cooked in an approved facility
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[10, 11]. The requirement for IHHNV testing was dropped in September 2008, but testing requirements for
YHV and WSSV remain unchanged. Export of processed shrimp products from India to other countries involves
frequent detention of our commodity that causes great economic losses to cultured shrimp farms.

Viral disease diagnostics on imported fresh and frozen foods have been mainly implemented for those
produced in Latin America or Asia [7, 12-14]. Risks of shrimp virus introduction during trading of live shrimp for
culture have been described. Other potentially important sources of shrimp viruses suggested by several
authors include ship ballast water and frozen seafood products [8, 12-14]. The WSSV encountered in shrimps is
listed as a non-exotic disease in EC directive 2006/88 [15].

2. Different Nomenclatures for WSSV

The WSSV name is derived from the clinical sign that has been reported in some susceptible penaeid shrimp
hosts, for example the presence of white spots associated with calcium deposition on the inner surface of
cuticle [16]. The WSSV virus received different names during the first years of its appearance, due to its gross
and clinical signs. Hypodermal and haematopoietic necrosis baculovirus (HHNBV), chinese baculovirus (CBV),
systemic ectodermal and mesodermal baculovirus (SEMBV), penaeid rodshaped DNA virus (PRDV) or rod-
shaped nuclear virus of Penaeus japonicus (RV-PJ), and white spot disease (WSD) are some of the terms used
by shrimp disease investigation teams [5, 15, 17-19].

3. Taxonomy of WSSV

The WSSV was earlier known as white spot baculovirus (WSBV). However the ‘baculo’ prefix was later dropped
in accordance with the sixth report of the International Committee on Taxonomy of Viruses (ICTV) that
regrouped non-occluded baculovirus into unassigned invertebrate viruses. Recently, the phylogenetic studies
on large (RR1) and small (RR2) subunits of ribonucleotide reductase genes showed that WSSV and baculovirus
are not closely related. WSSV was assigned by ICTV as the only member of the genus Whispovirus in the family
Nimaviridae [15, 20, 21]. Today, although various geographical isolates with genotypic variability have been
identified, they all are classified as a single species within the genus Whispovirus [22].

4. Target Organs and Mechanism of Spread

The major targets for WSSV infection are tissues of ectodermal and mesodermal origin including those of the
epidermis, gills, foregut, hindgut, antennal gland, lymphoid organ, gonads, haematopoietic cells and cells
associated with the nervous system [23, 24]. Epithelial cells of organs of endodermal origin such as the
hepatopancreas, anterior and posterior midgut caeca and midgut trunk are refractory to WSSV infection [25].
In the late stages of infection, the epithelia of the stomach, gills and integument may become severely
damaged. This may cause multiple organ dysfunctions and probably lead to death.

The portals of WSSV entry into the shrimp have not yet been clearly identified. Studies have shown
variations in sites with respect to the entry. However, the primary sites of WSSV replication in early juvenile
Penaeus monodon (per os challenge with WSSV infected tissues) were found out as subcuticular epithelial cells
of the stomach and cells in the gills, in the integument and in connective tissue of the hepatopancreas
determined by in situ hybridization [26]. Another study conducted on Marsupenaeus japonicus indicated that
epithelial cells in the mid gut trunk may be a transient site for WSSV replication which would allow the virus to
cross the underlying basal lamina [27]. However, WSSV challenge by immersion showed that haemocytes
migrating to gills and midgut were WSSV negative at late stages of infection [28]. The sites of WSSV replication
on per os challenge of shrimp using viral particles were shown to be cells in the antennal glands in addition to
the epithelial cells in the foregut and cells in the gills (with a high dose of infection) [16].

5. Morphology of WSSV

WSSV virions are enveloped, rod-shaped nucleocapsids with a bacilliform to ovoid or ellipsoid shape [22]. In
some virions, the most characteristic feature is the tail-like projections extending from one end [29, 30]. The
viral envelope, having a thickness of 6-7 nm, is a lipidic, trilaminar membranous structure with two electron
transparent layers divided by an electron opaque layer. The nucleocapsid is located inside the envelope and
has a striated appearance and a size of about 300 x 70 nm with a 6 nm thick external wall [23]. The size of the
nucleocapsid is found to vary between isolates [16]. The striations are probably the result of stacked ring like
structures consisting of rows of globular subunits of about 10 nm in diameter. These subunits are arranged in
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14-15 vertical striations located every 22 nm along the long axis, giving it a cross-hatched appearance. When
released from the envelope, the nucleocapsid increases in length indicating that it is tightly packed with the
virion. The stages of WSSV morphogenesis are found to be directly related to the development of cellular
lesions in the infected shrimps. There are 10 stages in the morphogenesis of WSSV [16].

1. Infectious WSSV particles.

2. An infectious WSSV virion attaches to a susceptible cell using envelope proteins with a cell attachment
motif.

3. WSSV enters the cell.

4. The envelope of the WSSV virion probably fuses with the endosome and the naked nucleocapsid is
transported to the nucleus, in a similar way as in baculoviruses.

5. The naked WSSV nucleocapsid attaches to the nuclear membrane and the WSSV genome is released into
the nucleus.

6. The WSSV genome replication starts in the host cytoplasm. The host mitochondria starts degenerating.

7. In the nucleus, the early virogenic stroma appears to be composed of loose granular material. Cellular
chromatin accumulates near the nuclear membrane and the rough endoplasmic reticulum (RER) becomes
enlarged and active.

8. The marginated chromatin is transformed in a dense ring zone (shaded area). The virogenic stroma is less
dense and starts forming vesicles that will form the viral envelope. The vesicles are probably formed with
membranous material found in the ring zone as in baculoviruses. A viral nucleosome is also observed as a
filamentous structure in the virogenic stroma. This structure contains proteins that will form the
nucleocapsid.

9. New WSSV particles are assembled in the nucleus within an electron-dense inclusion. The empty envelopes
are filled with a nucleocapsid. In the cytoplasm, organelles become disintegrated and the cellular and
nuclear membranes are disrupted.

10. WSSV virions are completely formed and released from the disrupted cell to begin the cycle in other
susceptible cells.

6. Hosts of WSSV

The WSSV infects a wide range of aquatic crustaceans ranging from marine, brackish water and freshwater
captured and cultured crustaceans and other arthropods, such as penaeid shrimps (Penaeus aztecus, P.
chinensis, P. duorarum, P. indicus, P. japonicas, P. merguiensis, P. monodon, P. penicillatus, P. schmittii, P.
semisulcatus, P. setiferus, P. stylirostris, P. vannamei); other shrimps (Acetes sp., Exopalaemon orientalis,
Macrobrachium idella, M. lamerrae, M. rosenbergii, Metapenaeus dobsoni, M. ensis, Palaemon adspersus, P.
sirrifer, P. styliferus. Parapenaeopsis stylifera, Scyllarus arctus, Solenocera indica, Squilla mantis,
Trachypenaeus curvirostris); crabs (Calappa lophos, Portunus sanguinolentus, Charybdis sp., Helice tridens,
Paratelphusa hydrodomous, P. pulvinata); wild lobster (Panulirus spp.); copepods; pupae of Ephydridian
insects; crayfish (Orconectes punctimanus and Procambrus clarkii); pest crab (Sesama pictum); mud crab
(Scylla serrata); and many other marine crustaceans [23, 32, 33].

7. Transmission Routes of WSSV Through Frozen Seafood

The first publication on possible disease transmission risks from shrimp commodities was the seminal study of
Lightner et al. [35]. This review attempted to examine possible routes of disease transmission and the authors
concluded that mechanisms for transfer of exotic viruses such as WSSV, YHV, IHHNV and TSV in imported,
frozen commodity shrimp from importer locations and distribution channels to shrimp aquaculture facilities or
to wild crustaceans and shrimp may be common in the USA. Those mechanisms may include reprocessing of
imported shrimp at processing plants located in fishing ports and release of untreated liquid and solid wastes
from these plants into coastal waters, the disposal of solid wastes (heads, shells, etc.) in land-fills where
seagulls and other shrimp-eating birds consume virus-infected tissues and then transport the virus to (and
contaminate) shrimp farms or coastal estuaries through their faeces, the use of imported shrimp as bait by
sports fishermen in coastal waters and the use of imported shrimp as ‘fresh food’ for the maintenance of other
aquatic species. It is also known that shrimp eat appendages of dead shrimp and little of the remaining carcass,
and that the carcass has the lowest transmission coefficient [35]. Subsequent publications reported
experimental work on some aspects of the transmission routes proposed in this initial review. These major
publications revealed that shrimp viruses may remain viable in frozen shrimp. The successful transmission of
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WSSV and YHV to experimental shrimp by the injection of viral extracts from some of the commodity shrimp
samples that were having gross clinical signs of infection as well as highly positive for viral infection by PCR
methods [7, 8, 14, 36, 37]. Briefly, the viral inoculation method consisted of tissue homogenization followed by
differential centrifugation ending with ultracentrifugation of the supernatant solution of the infected shrimp
homogenates. This was followed by re-suspension of the ultracentrifuge pellet into a small volume of buffer
for injection into test shrimp [8, 9, 22, 38]. Hill [39] reported the transmission of WTD through imports either
in live or in dead conditions and observed that probably the factors like translocation of infected brood shrimp
and post-larvae, highly virulent agent with a wide range of potential hosts and vectors, use of unprocessed
shrimp meal in feed, vertical transmission and latency of the virus, poor understanding of the disease at the
beginning by the researchers and farmers and the absence of adequate detection methods (i.e. PCR) at the
early stage, may influence the transmission. The virus can also be transmitted through cold stored and cooked
shrimp products [40, 41].

8. Incidence of WSSV in Cultured Shrimp Products

The incidence of WSSV in cultured shrimp products was found to be high with 66% of showing positive in
nested PCR reaction (Table 1). Nested PCR yielded good results than the single step PCR in which, the
incidence was to a maximum of 29%. The incidence rate of WSSV in small sized shrimp product samples (71%)
was more than in the big sized shrimp products [24]. Sritunyalucksana et al. [11] observed that marketed
shrimps of sizes less than 15 g originated from shrimp ponds if they have undergone emergency harvest after
the advent of high mortality due to known viral diseases including WSSV. Because of this reason only, small
sized shrimps were selected by Durand et al. [7] from market samples for their studies on transmission of
WSSV into native shrimps from imported frozen commodity shrimps. Jory and Dixon [42] also observed that
small count size is an indication that the shrimps were from an emergency harvest, which is a common
practice in Asian shrimp farms to save a crop once WSSV disease has been diagnosed.

Some of our laboratory experiments showed the incidence of WSSV in the cultured shrimp products
obtained from seafood processing plants was 66% (Table 2), while it was 79% in cultured chilled whole shrimps
procured from shrimp farms [24]. Nunan et al. [36] reported a prevalence of WSSV in 50% of frozen shrimps
sold in grocery stores in Texas, USA. Durand et al. [7] reported that the incidence of WSSV in various retail
outlets in Tucson, Arizona, USA was 80%. It has also been found that WSSV was present in frozen shrimp
(Penaeus monodon) imported into Australia from Asian countries [8]. Ostrowski [43] found that 73% of the
shrimp samples surveyed from grocery-store in Hawaii by PCR were positive for WSSV. The present results are
in line with the earlier findings. But, Reville et al. [12] have detected WSSV in only 4.7% of shrimp products in
supermarkets of Massachusetts, USA. In Mexico, Reyes-Lopez et al. [14] reported the incidence of WSSV in
frozen shrimp products as 32%. In India, Reddy et al. [24] found WSSV in 73% of the frozen shrimp products
surveyed from different processing plants. The variation in prevalence of WSSV in shrimp products observed
by different workers might be due to the differences in the pattern of outbreaks of WSSV in shrimp farms at
different point of time of sampling.

9. Bio-inoculation Studies

In our laboratory, bio-inoculation studies were conducted on the healthy WSSV-free shrimps using viral
inoculum from infected shrimp product tissues showed 100% mortality within 28-45 h of P.l. Negative control
group were injected with inoculum from negative shrimp extract. The progress of WSSV infection in the bio-
inoculated shrimps showed that WSSV first affected the pleopods followed by uropods. The injected shrimps
showed gross clinical signs of WSSV infection. The WSSV infected animals on bio-inoculation exhibited pinkish
red discolouration on the uropods and pleopods [24]. Sudha et al. [44] also reported that the shrimps with
reddish discolouration without white spots were a preacute form of the disease caused by WSSV. The disease
process may be completed in a short time period because of high viral load and small pore size, and therefore,
the principal clinical sign of white spot appearance normally associated with WSSV syndrome may not develop
at all. The successful WSSV infection on infectivity bioassays in all of the experimental animals caused rapid
reduction in feed intake and lethargy [45], which was also observed in the present study. Of the 5 animals
injected with the viral inoculum from frozen cold stored shrimps, the first mortality was observed at 28 h P.I.
No clinical signs of disease or mortality were observed among negative control shrimps during the
experimental period. Lightner [46] also reported the appearance of reddish discoloration or small white spots
in the WSSV infected P. monodon. Durand et al. [7] observed 100% mortality in the indicator shrimp [specific
pathogen free (SPF) P. vannamei] by injection of WSSV inoculum from frozen shrimp products. All the 5
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animals in the present study died within 45 h after P.l., which showed that the viability of WSSV in shrimps was
not affected by freezing cold storage.

Nunan et al. [36] reported that the bioassay using 15 P. stylirostris indicator shrimps produced 100%
mortality within 8 day P.l. of WSSV inoculum from frozen shrimp products. The series of experiments
conducted by Nunan et al. [36] also showed that frozen product imported from Asia contains the viral
pathogens, WSSV and YHV and through the use of bioassay, they demonstrated that the viruses in the frozen
imported product were infectious. Durand et al. [7] observed that the challenge bioassay of WSSV by shrimp
injection produced the first mortality in indicator shrimp on day 3, but, the entire indicator shrimps had died
by day 4. Hasson et al. [13] observed the clinical signs of disease including lethargy, anorexia and
chromatophore expansion resulting in dark body coloration and reddening of both the uropods and antennae,
when SPF Litopenaeus vannamei juveniles were injected with WSSV PCR-positive Parapenaeopsis spp. tissue
homogenates resulting in 100% mortality in the experimental shrimps within 48 to 72 h of P.I.

10. Clinical Signs and Pathology of WSSV

The WSSV takes some time to express itself but once after its expression, infected animals die within 3-8 days
resulting in high mortality [45]. The WSSV infected shrimp in the field is found to gather near the pond edge
and display clinical signs in 1 or 2 days before occurrence of any mortality. Cumulative mortality may reach
100% within 10 days after the onset of disease [47, 48]. In grow-out ponds, juvenile shrimp of all age and sizes
are susceptible to the disease but massive mortality occurs 1 or 2 months after stocking [49]. The most obvious
symptom of WSSV infection is the presence of circular white spots or patches of 0.5-3.0 mm in diameter most
prominent in the cuticle of cephalothorax and tail part [5, 50]. Expression of WSSV infection furnished with
some characters as white to reddish-brown / reddish / pinkish / to discoloration [5, 45] over the head and
carapace, low appetite, gather near the embarkment etc., which are not distinct from some other viral
infection of bacterial white spot syndrome [51].

Even though the exact mechanism of white spot formation is not known, it is possible that the WSSV
infection may induce the dysfunction of the integument resulting in the accumulation of calcium salts within
the cuticle and giving rise to white spots [52]. Other symptoms of the disease include a reddish discolouration
of body and appendages because of the expansion of chromatophores [53, 54], less intake of feed [55, 56],
reduced preening and low response to stimulus [19, 57], loose cuticle [58], swelling of branchiostegites
because of accumulation of fluid [25, 59] and thinning and delayed clotting of haemolymph [60]. Histologically,
infection is characterized by eosinophilic to progressively more basophilic inclusion bodies in the
hypertrophied nuclei of infected cells [58]. Infected nuclei become progressively more basophilic and enlarged
[59, 61-63]. In the late stages of infection, karyorrhexis and cellular disintegration may occur, leading to the
formation of necrotic areas characterized by vacuolization [47, 49].

11. Survival and Stability of WSSV

The WSSV is viable for at least 30 days at 30°C in seawater under laboratory conditions [64] and is viable in
ponds for atleast 3-4 days [22, 65]. The WSSV has been found to be inactivated in <120 min. at 50°C and <1
min. at 60°C [65]. According to Maeda et al. [66], sodium hypochlorite inactivated PRDV at 1ppm for 30 min.
and at 5ppm for 10 min. SEMBV at 10 ppm for 30 min. Povidone-iodine inactivated these viruses at a
concentration of 10 ppm for 30 min. A high concentration of NaCl (12.5%) inactivated PRDV in 24 h at 25°C and
15% NaCl inactivated SEMBV in 24 h at 28°C. PRDV was inactivated by heating at 50°C for 20 min, by drying at
30°C for 1h and by using ethyl ether at 4°C for 18 h. The PRDV in the seawater maintained its infectivity for at
least 120 days at 4°C and for more than 60 days but less than 120 days when kept at 25°C. According to Reddy
et al. [40], various processing treatments such as icing, freezing, cooking, cooking followed by slow freezing,
cooking followed by quick freezing, canning, and cold storage were employed to destruct the WSSV DNA. But,
among all these processing treatments, cooking followed by quick freezing found to be very effective in
destruction of WSSV DNA.

12. Genome of WSSV

The WSSV genome is a circular dsDNA molecule and is one of the largest animal virus genomes that has been
entirely sequenced [67-69]. The genome size varies according to the viral isolate. Three complete WSSV
sequences (accession numbers AF369029, AF332093, AF440570) identified and the sizes of the genomes were
found to be 292,967 bp, 305,107 bp, 307,287 bp for the Thailand, China and Taiwan isolates, respectively [69,
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70]. The nucleotide sequence analysis revealed that the WSSV genome encodes approximately 185 open
reading frames (ORFs) of 50 amino acids or more. With completion of the WSSV genomic DNA sequence,
research has now been focused on the functional analysis of the gene products, especially, on the functions of
the viral envelope proteins. A few structural genes and DNA metabolism related genes have also been
identified and characterized [71-78].

13. Virion Proteins

A virion is a complex assembly of macromolecules exquisitely suited for the protection and delivery of viral
genomes. Its structural proteins are found to be highly important, since these proteins are the first molecules
to interact with the host, and they therefore play critical roles in cell targeting as well as in the triggering of
host defences [79]. The characterization of structural proteins and their genomic sequence is of major
importance to determine the taxonomic position of viruses. Furthermore, the structure and interaction of the
WSSV virion proteins may explain the unique morphological features of the virus. Diagnostic tests could
therefore be designed based on one or more of these structural proteins [68] Several WSSV proteins have
been characterized. Some non-structural proteins are found to be involved in transcriptional regulation (VP9)
[80], virus proliferation (WSV 021) and / or regulation of DNA replication (WSV 477). Of the total proteins, 21
have been found in the envelope, 10 in the nucleocapsid and 5 in the tegument (putative structure located
between the envelope and nucleocapsid).

The non-structural proteins identified in the WSSV genome are found to be required for the
replication of the viral genome, production of the virus particle, and inhibition of the cell functions. These
proteins therefore prove as potential candidates for drug design and the development of vaccine. VP9, a full
length protein of WSSV, encoded by ORF115, was identified for the first time in the infected P. monodon
shrimp tissues, gills and stomach as a novel, non-structural protein by Western blotting, mass spectroscopy
and immunoelectron microscopy. Although, the exact cellular function of VP9 is not clear, studies have
identified VP9 as an abundant protein in WSSV infected host tissue [80]. X-ray and NMR based structural
studies revealed that VP9 possesses a DNA recognition fold with Zn ions specific binding sites [81, 82]. All these
results indicate that VP9 could act as a transcriptional regulator of WSSV.

The envelope proteins are particularly important for enveloped viruses, because these proteins often
play vital roles in viral entry, assembly and budding [83]. The envelope proteins VP31, VP110 and VP281 show
the presence of a cell attachment motif which has a role in viral entry [79, 84-86]. The tegument proteins
VP36A and the nucleocapsid proteins VP664 [79, 87] and VP136 A [79, 88, 89], are also characterized by the
presence of a cell attachment motif. Other proteins such as VP28, VP39B, VP31A, VP41B, VP51A, VP51B, VP68,
VP124, VP150, VP187, VP281, VP292 and a collagen like protein [85] have been located in the envelope [68,
70, 84, 88], whereas the proteins VP35 [71], VP466 [89], VP15, VP51 and VP76 [90] are found to be located in
the nucleocapsid and may have different putative functions [68].

Among these proteins, VP466 is found to have an important role in virus penetration
[91]. P466 is designated by the ORF151, is one of the latency associated genes in WSSV, and is found to be a
glutathione S- transferase (GST) fusion protein [88]. VP76 is designated by the ORF112, contains the conserved
domain of Class | cytokine receptors [68, 69] and is involved in WSSV infection. ORF112 is 2025 nt long and
encodes a protein of 675 aa with a theoretical molecular mass of 76 kDa [92]. Phylogenetic analysis has shown
that ORF112 contains the conserved motif sequence of a Class | cytokine receptor and has several
glycosylation sites and a signal peptide, but no transmembrane domain. This implies that WSSV has evolved
mechanisms to evade the host defence system (cytokines) in favour of virus infection and replication.

14. Detection of WSSV by Polymerase Chain Reaction

Various diagnostic procedures have been developed for detection of WSSV. These include histopathological
techniques [14, 57], in situ hybridization [53], immunological methods such as Nitrocellose-enzyme
immunoblot [93] and Western blot techniques [19, 55] and more recently highly simple, sensitive and reliable
technique such as Polymerase Chain Reaction based methods [59, 94-96]. The level of sensitivity with the use
of different DNA based techniques seems to vary. This is observed in a recent study of identification of WSSV
latency-related genes by use of microarray [97]. However, from the practical point of view, among the various
diagnostic techniques, PCR provides a high degree of sensitivity and specificity in detection of WSSV [95]. PCR
has been used recently to detect WSSV in a very specific and sensitive manner. Nested or two step PCR has the
advantage of increasing the level of sensitivity over single step PCR. Nested PCR consists of the reamplification
of the PCR product obtained on a single step PCR reaction by using an aliquot of this first reaction product as a
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template in a second round of amplification. When a shrimp shows clinical signs of WSSV, it is easily detected
by single step PCR. However, at low viral loads, WSSV is latent without causing disease symptoms in the
shrimps, and can be detected by nested PCR [59, 98]. Sensitivity comparison of several PCR methods
commonly employed in Thailand such as Tag Man real-time PCR, one-step PCR, single-tube nested PCR, two
tube nested PCR and triple blind ring test [96]. Several authors studied the use of reverse transcription PCR for
the detection of WSSV [19, 69, 73, 99]. Durand and Lightner [29] developed a quantitative real time PCR
method for the detection and quantification of WSSV in samples.

15. Primer Design in PCR Detection of WSSV

A number of primers have been designed for PCR detection of WSSV by several research groups. Lo et al. [58]
designed three sets of primers based on sequence of cloned WSSV Sal | 1461 bp DNA fragment. The primers
146F1/146R1 gave an amplicon of 1447 bp while primers 146F2/146R2 and 146F4 / 146R3 yielded amplicons
of 941 and 775 bp, respectively. Another set of primers designed by Wongteerasupaya et al. [57] were based
on the sequence of a specific probe yielding a 294 base pair fragment specific for WSSV DNA. Takahashi et al.
[63] developed a primer pair which amplified a 643 bp fragment of RV-PJ of Japan and designated the primers
as PJ1 and PJ2. Kim et al. [94] designed two primers named IF and IR based on the sequence data of WSSV DNA
which gave an amplicon of 365 bp. Nunan et al. [36] designed two sets of primers based on sequence of WSSV
genome. The first set (N/L primers) designated as 6581 and 7632 amplifies a 750 bp sequence of WSSV DNA
while the second set of primers designated as 9987 and 9988 amplifies a 500 bp internal sequence to the first
set of primers. Kasornchandra et al. [49] used two oligonucleotide primers designated 102 F1 and 102 R1
which amplified a 520 bp fragment of white spot virus genomic DNA. Magbanua et al. [100] used a set of DNA
oligonucleotide primers originally designed by Tapay et al. [101] which gives an amplicon of 217 bp. Hossain et
al. [102] and Pradeep et al. [103] used two sets of primers, designated IK1- IK2 and IK3— IK4 that were based
on sequence from Gene Bank Accession No. U50923 giving an amplicon of 486 and 310 bp, respectively. A
method for the detection of degraded WSSV DNA was developed by the Australian Animal Health Industries of
CSIRO based on the primers 1s5 and 1al6, which gave an amplicon of any one of the following products size of
480, 420, 385 280 and 198 bp [104].

16. Does WSSV Pose a Threat to European/Australian Crustaceans?

Shrimp farming is limited in the European Union (EU) in comparison to the world production estimates [105],
but interest is increasing, particularly in the use of intensive re-circulation rearing systems and some pilot
operations have started [39]. Concerns have been expressed about the potential risk that WSSV poses to both
cultivated and wild populations of European native crustaceans because of its unusually large host range.
Corbel et al. [45] observed mortality of European crustaceans due to WSSV infection. McColl et al. [8] detected
the presence of WSSV and YHV in frozen shrimps imported from Australia. The authors warn on the high
potential risk of spreading of WSSV in EU waters and emphasised the justification for a rigorous monitoring of
imported shrimp, including frozen consignments, to prevent introduction of the virus and subsequent losses of
cultivated and natural populations of crustaceans. East et al. [104] examined the populations of Australian
crustaceans for evidence of WSSV and found no mortalities or clinical signs of disease or evidence of WSSV
during the survey.

17. Conclusion

It can be inferred that WSSV DNA is not destroyed by icing, freezing, cooking, and cooking followed by slow
freezing, canning, and cold storage processes. The nested PCR is the most reliable technique to detect WSSV
DNA from shrimp products. It is clear that WSSV DNA could be destroyed by cooking followed by quick freezing
process. Hence, the transmission risk of WSSV from infected shrimp products to the native aquaculture
systems could be reduced by coupling the processes of cooking with quick freezing and thereby reducing the
risk of economic losses to the aquaculture industries throughout the world.

Acknowledgement
Authors wish to thank the Dean, Fisheries College and Research Institute, Tuticorin, India for providing all
facilities and support to carry out this study.

http://astonjournals.com/faj



DN Review

References

[1] Rosenberry B, 2001. World shrimp farming 2001, In: Shrimp News International, USA Rosenberry B, (Ed.), pp.324. San
Diego, CA, USA.

[2] Pillai NGK, Katiha PK, 2004. Evolution of fisheries and aquaculture in India, p240. Central Marine Research Institute,
Kochi, India.

[3] FAO, 2008. Fishery and Aquaculture Statistics. FAO Year Book 2006. Food and Agriculture Organization of the United
Nations, Rome, p57.

[4] Wang YC, Lo CF, Chang PS, Kou GH, 1998. Experimental infection of white spot baculovirus in some cultured and wild
decapods in Taiwan. Aquaculture, 164: 221-231.

[5] Rout N, Citarasu T, Ravindran R, Murugan V, 2005. Transcriptional and translational expression profile of a white spot
syndrome viral (WSSV) gene in different organs of infected shrimp. Aquaculture, 245: 31-38.

[6] Pradeep B, Karunasagar |, Karunasagar |, 2009. Fitness and virulence of different strains of white spot syndrome virus.
Journal of Fish Diseases, 32: 801-805.

[7] Durand SV, Tang KFJ, Lightner DV, 2000. Frozen commodity shrimp: Potential avenue for introduction of white spot
syndrome virus and yellow head virus. Journal of Aquatic Animal Health, 12: 128-135.

[8] McColl K, Slater J, Jeyasekaran G, Hyatt A, Crane MS, 2004. Detection of white spot syndrome virus and yellow head
virus in prawns imported into Australia. Australian Veterinary Journal, 82: 69-74.

[9] Flegel TW, 2009. Review of disease transmission risks from prawn products exported for human consumption.
Aquaculture, 290: 179-189.

[10] Biosecurity Australia, 2007. Biosecurity Australia, Policy Memorandum 2007/16, 24 July 2007.
http://www.baphiq.gov.tw/public/Data/77301011971.pdf

[11] Sritunyalucksana K, Srisala J, Wangnai W, Flegel TW, 2010. Yellow head virus (YHV) transmission risk from commodity
shrimp is reduced to negligible levels by normal processing. Aquaculture, 300: 32-36.

[12] Reville CJ, Al-Beik D, Meehan-Meola, Xu Z, Goldsmith MI, Rand W, et al., 2005. White spot syndrome virus in frozen
shrimp sold at Massachusetts supermarkets. Journal of Shellfish Research, 24: 285-290.

[13] Hasson KW, Fan Y, Reiningen T, Vennti J, Varner PW, 2006. White-spot syndrome virus (WSSV) introduction into the
Gulf of Mexico and Texas freshwater systems through imported, frozen bait-shrimp. Disease of Aquatic Organisms,
71:91-100.

[14] Reyes-Lopez MA, Salazar-Marroquin EL, Oliva-Hernandez AA, Salinas-Lopez N, Narvaez-Zapata JA, 2009. White-spot
syndrome virus diagnostics in frozen shrimp stocks imported to Mexico. CyTA —Journal of Food, 7: 89-94.

[15] Stentiford GD, Bonami J-R, Alday-Sanz V, 2009. A critical review of susceptibility of crustaceans to Taura syndrome,
Yellowhead disease and White Spot Disease and implications of inclusion of these diseases in European legislation.
Aquaculture, 291: 1-17.

[16] Escobodo-Bonilla CM, Sanz VA, Wille M, Sorgeloos P, Pensaert MB, Nauwynck HJ, 2008. A review on the morphology,
molecular characterization, morphogenesis and pathogenesis of white spot syndrome virus. Journal of Fish Diseases,
31:1-18.

[17] Momoyama K, 2003. Detection of white spot syndrome virus from small penaeid shrimp species caught in the
Western Seto Inland Sea. Fish Pathology, 38: 81-85.

[18] Yoganandhan K, Narayana RB, Hameed ASS, 2003. Larvae and early post larvae of Penaeus monodon (Fabricius)
experimentally infected with white spot syndrome virus (WSSV) show no significant mortality. Journal of Fish
Diseases, 26: 385-391.

[19] Durand SV, Lightner DV, Redman RM, Bonami, JR, 1997. Ultrastructure and morphogenesis of white spot syndrome
baculovirus (WSSV). Disease of Aquatic Organisms, 29: 205-211.

[20] Mayo MA, 2002. A summary of taxonomic changes recently approved by ICTV. Archives of Virology, 147: 1655-1656.

[21] Pradeep B, Shekar M, Gudkovs N, Karunasagar |, Karunasagar |, 2008. Genotyping of white spot syndrome virus
prevalent in shrimp farms of India. Disease of Aquatic Organisms, 78: 189-198.

[22] OIE, 2009. (World Organization for Animal Health) Manual of diagnostic tests for aquatic animals - White spot
disease, Office International des Epizooties, Paris, Chapter 2.2.5, 121-131.

[23] Rajendran KV, Vijayan KK, Santiago TC, Krol RM, 2001. Experimental host range and histopathology of white spot
syndrome virus (WSSV) infection in shrimps, prawns, crabs and lobsters from India. Journal of Fish Diseases, 22: 183-
191.

[24] Reddy AD, Jeyasekaran G, Shakila RJ, 2010. Incidence of white spot syndrome virus (WSSV) in Indian farmed frozen
shrimp products and testing for viability through bio-inoculation studies. Journal of Aquatic Research &
Development, 1: 102, 1-5.

[25] Hameed ASS, Anilkumar M, Raj ML, Jayaraman K, 1998. Studies on the pathogenicity of systemic ectodermal and
mesodermal baculovirus (SEMBV) and its detection in shrimps by immunological methods. Aquaculture, 160: 31-45.

[26] Chang PS, Lo CF, Wang YC, Kou GH, 1996. Identification of white spot syndrome virus associated baculovirus (WSBV)
target organs in the shrimp P. monodon by in situ hybridization. Disease of Aquatic Organisms, 27: 131-139.

[27] Di Leonardo VA, Bonnichan V, Roch P, Parinello N, Bonami JR, 2005. Comparative WSSV infection routes in the shrimp
genera Marsupenaeus and Palaemon. Journal of Fish Diseases, 28: 565-569.

[28] Arts JAJ, Taverne-Thiele AJ, Savelkoil HFJ, Rombout JHWM, 2007. Hemocyte reactions in WSSV immersion infected P.
monodon. Fish & Shellfish Immunology, 23: 164-170.

http://astonjournals.com/faj


http://www.baphiq.gov.tw/public/Data/77301011971.pdf

Fisheries and Aquaculture Journal, Vol. 2013: FAJ-66

[29] Durand SV, Lightner DV, 2002. Quantitative real time PCR for the measurement of white spot syndrome virus in
shrimp. Journal of Fish Diseases, 25: 381-389.

[30] Afsharnasab M, Mortezaei R, Yegane V, Kazemi B, 2009. Gross sign, histopathology and polymerase chain reaction
observations of white spot syndrome virus in shrimp specific pathogen free Litopeneaus vannamei in Iran. Asian
Journal of Animal and Veterinary Advances, 4: 297-305.

[31] Tsai JM, Wang HC, Leu JH, Wang AHJ, Zhuang Y, Walker PJ, et al., 2006. Identification of the nucleocapsid, tegument
and envelope proteins of the shrimp white spot syndrome virus virion. Journal of Virology, 80: 3021-3029.

[32] Flegel TW, 2006. Detection of major penaeid shrimp viruses in Asia, a historical perspective with emphasis on
Thailand. Aquaculture, 258: 1-33.

[33] Waikhom G, John KR, Geaorge MR, Jeyaseelan MJP, 2006. Differential host passaging alters pathogenecity and
induces genomic variation in white spot syndrome virus. Aquaculture, 261: 54-63.

[34] Lightner DV, Redman RM, Poulos BT, Nunan LM, Mari JL, Hasson KW, 1997. Risk of spread of penaeid shrimp viruses
in the Americas by the international movement of live and frozen shrimp. Reveiws of Science & Technology — Office
International des Epizooties, 16: 146-160.

[35] Soto MA, Shervette VR, Lotz JM, 2001. Transmission of white spot syndrome virus (WSSV) to Litopenaeus vannamei
from infected cephalothorax, abdomen, or whole shrimp cadaver. Disease of Aquatic Organisms, 45: 81-87.

[36] Nunan LM, Poulos BT, Lightner DV, 1998. The detection of white spot syndrome virus (WSSV) and yellow head virus
(YHV) in imported commodity shrimp. Aquaculture, 160: 19-30.

[37] Lightner DV, 1999. The penaeid shrimp viruses IHHNV, WSSV and YHV: Current status in the Americas, available
diagnostic methods and management strategies. Journal of Applied Aquaculture, 9: 27-52.

[38] Reddy ADV, 2010. Effect of processing treatments on the survival of white spot syndrome virus (WSSV) in cultured
shrimp. MFSc. Thesis, Tamil Nadu Veterinary and Animal Sciences University, Chennai, India, 70 pp.

[39] Hill BH, 2002. National and international impacts of white spot disease of shrimp. Bulletin of the European
Association of Fish Pathologists, 22: 58-65.

[40] Reddy AD, Jeyasekaran G, Shakila RJ, 2011. Effect of processing treatments on the white spot syndrome virus DNA in
farmed shrimps (Penaeus monodon). Letters in Applied Microbiology, 52: 393-398.

[41] Reddy AD, Jeyasekaran G, Shakila RJ, 2011. White spot syndrome virus (WSSV) transmission risk through infected
cooked shrimp products assessed by polymerase chain reaction (PCR) and bioinoculation studies. Continental
Journal of Fisheries and Aquatic Science, 5 (1): 16-23.

[42] Jory DE, Dixon HM, 1999. Shrimp white spot virus in the hemisphere. Aquaculture Magazine, 25: 83-91.

[43] Ostrowski AC, 2004. Consortium research update FY2004. The latest report from the USMSFP consortium, December
2004. Waimanolo, Hl, 1-6, http://www.usmsfp.org/research.htm

[44] Sudha PM, Mohan CV, Shankar KM, 1998. Relationship between white spot syndrome virus infection and clinical
manifestation in Indian cultured penaeid shrimp. Aquaculture, 167: 95-101.

[45] Corbel V, Zuprizalk Shi Z, Huang C, Sumartono Arcier J-M, et al., 2001. Experimental infection of European
crustaceans with white spot syndrome virus (WSSV). Journal of Fish Diseases, 24: 377-382.

[46] Lightner DV, 1996. A handbook of shrimp pathology and diagnostic procedures for diseases of cultured penaeid
shrimp. The World Aquaculture Society, Baton Rouge Louisiana, USA, 305pp.

[47] Karunasagar |, Otta SK, Karunasagar |, 1997. Histopathological and bacteriological study of white spot syndrome of P.
monodon along the west coast of India. Aquaculture, 153: 9-13.

[48] Lotz JM, Soto AM, 2002. Model of white spot syndrome virus (WSSV) epidemics in Litopenaeus vannamei. Disease of
Aquatic Organisms, 50: 199-207.

[49] Kasornchandra J, Boonyaratpalin S, Itami T, 1998. Detection of white spot syndrome in cultured penaeid shrimp in
Asia: microscopic observation and polymerase chain reaction. Aquaculture, 164: 243-251.

[50] Lo CF, Leu JH, Ho CH, Chen CH, Peng SE, Chen YT, et al., 1996. Detection of baculovirus associated with white spot
syndrome (WSBV) in penaeid shrimps using polymerase chain reaction. Disease of Aquatic Organisms, 25: 133-141.

[51] Wang YT, Liu W, Seah JN, Lam CS, Xiang JH, Korzh V, et al., 2002. White spot syndrome virus (WSSV) infects specific
haemocytes of the shrimp Penaeus merguiensis. Disease of Aquatic Organisms, 52: 249-259.

[52] Wang YG, Hassan MD, Shariff M, Zamri SM, Chen X, 1999. Histopathology and cytopathology of white spot syndrome
virus (WSSV) in cultured P. monodon from peninsular Malaysia with emphasis on pathogenesis and the mechanism
of white spot formation. Disease of Aquatic Organisms, 39: 1-11.

[53] Lightner DV, Redman RM, 1998. Shrimp diseases and current diagnostic methods. Aquaculture, 164: 201-220.

[54] Nadala Jr. ECB, Tapay LM, Loh PC, 1998. Characterization of a non-occluded bacuolovirus-like agent pathogenic to
penaeid shrimp. Disease of Aquatic Organisms, 33: 221-229.

[55] Chou HY, Huang CY, Wang CH, Chiang HC, Lo CF, 1995. Pathogenicity of a baculovirus infection causing white spot
syndrome in cultured penaeid shrimp in Taiwan. Disease of Aquatic Organisms, 23 (3): 165-173.

[56] Durand SV, Lightner DV, Nunan LM, Redman RM, Mari J, Bonami JR, 1996. Application of gene probes as diagnostic
tools for white spot baculovirus (WSSV) of penaeid shrimp. Disease of Aquatic Organisms, 27: 59-66.

[57] Wongteerasupaya C, Vickers JE, Sriurairalana S, Nash GL, Akarajamorn A, Boonsaeng V, et al., 1995. A non-occluded,
systemic baculovirus that occurs in cells of ectodermal and mesodermal origin and causes high mortality in the black
tiger prawn, P. monodon. Disease of Aquatic Organisms, 21: 69-77.

http://astonjournals.com/faj


http://www.usmsfp.org/research.htm

Review

[58] Lo CF, Ho CH, Peng SE, Chen CH, Hsu HC, Chiu YL, et al., 1996. White spot syndrome baculovirus (WSBV) detected in
cultured and captured shrimps, crabs and other arthropods. Disease of Aquatic Organisms, 27: 215-225.

[59] Hameed ASS, Balasubramanian G, Musthaq SS, Yoganandhan K, 2003. Experimental infection of twenty species of
Indian marine crabs with white spot syndrome virus (WSSV). Disease of Aquatic Organisms, 57: 157-161.

[60] Wang Q, Nunan LM, Lightner DV, 2000. Identification of genomic variations among geographic isolates of white spot
syndrome virus using restriction analysis and Southern blot hybridization. Disease of Aquatic Organisms, 439: 175-
181.

[61] Wang YC, Lo CF, Chang PS, Kou GH, 1998. Experimental infection of white spot baculovirus in some cultured and wild
decapods in Taiwan. Aquaculture, 164: 221-231.

[62] Otta SK, Shubha G, Joseph B, Chakraborty A, Karunasagar |, Karunasagar |, 1999. Polymerase chain reaction (PCR)
detection of white spot syndrome virus (WSSV) in cultured and wild crustaceans in India. Disease of Aquatic
Organisms, 38: 67-70.

[63] Takahashi Y, Kondo M, Itami T, Honda T, Inagawa H, Nishizawa T, et al., 2000. Enhancement of disease resistance
against penaeid acute viraemia and induction of virus-inactivating activity in haemolymph of kuruma shrimp, P.
japonicas by oral administration of Pantoca agglomerans lipopolysaccharide (LPS). Fish and Shellfish Immunology,
10: 555-558.

[64] Momoyama K, Hiraako M, Nakano H, Sameshima M, 1998. Cryopreservation of penaeid rod-shaped DNA virus (PRDV)
and its survival in seawater at different temperatures. Fish Pathology, 33: 95-96.

[65] Nakano H, Hiraka M, Sameshima M, Kimura T, Momoyama K, 1998. Inactivation of penaeid rod-shaped, the causative
agent of penaeid acute viremia (PAV), by some chemical and physical treatments. Fish Pathology, 33: 65-71.

[66] Maeda M, Kasornchandra J, Itami T, Sujuki N, Henning O, Kondo M, et al., 1998. Effect of various treatments on white
spot syndrome virus (WSSV) from Penaeus japonicus (Japan) and P. monodon (Thailand). Fish Pathology, 33: 381-387.

[67] van Hulten MC, Witteveldt J, Peters S, Kloosterboer N, Tarchini R, Fiers M, et al., 2001. The white spot syndrome virus
DNA genomic sequence. Virology, 286: 7-22.

[68] Yang F, He J, Lin X, Li Q, Pan D, Zhang X, et al., 2001. Complete genome sequence of the shrimp white spot bacilliform
virus. Journal of Virology, 75(23): 11811-11820.

[69] Kang S, Leu J, Wang H, Chen L, Kou G, Lo C, 2009. Polycistronic mRNAs and internal ribose entry site elements (IRES)
are widely used by white spot syndrome virus (WSSV) structural protein genes. Virology, 387: 353-363.

[70] van Hulten MCW, Witteveldt J, Snippe M, Vlak JM, 2001. White spot syndrome virus envelope protein VP28 is
involved in the systemic infection of shrimp. Virology, 285: 228-233.

[71] Chen LL, Wang HC, Huang CJ, Peng SE, Chen YG, Lin SJ, et al., 2002. Transcriptional analysis of the DNA polymerase
gene of white spot syndrome virus. Virology, 301: 136-147.

[72] Tsai MF, Lo CF, van Hulten MCW, Tzeng HF, Chou CM, Huang CJ, et al., 2000. Transcriptional analysis of the
ribonucleotide reductase genes of shrimp white spot syndrome virus. Virology, 277: 92-99.

[73] Yoganandhan K, Musthaq SS, Sudhakaran R, Balasubramain G, Hameed ASS, 2006. Temporal analysis of VP28 gene of
Indian white spot syndrome virus isolate (WSSV) in different crustacean hosts. Aquaculture, 253: 71-81.

[74] de-la-Re-Vega E, Garcia-Orozco KD, Arvizu-Flores AA, Yepiz-Plascencia G, Muhlia-Almazan A, Herndndez J, et al., 2011.
White spot syndrome virus Orf514 encodes a bona fide DNA polymerase. Molecules, 16(1): 532-542.

[75] Guevara-Hernandez E, Garcia-Orozco KD, Sotelo-Mundo RR, 2012. Biochemical characterization of thymidine
monophosphate kinase from white spot syndrome virus: a functional domain from the viral ORF454. Protein Peptide
Letters, 19(11): 1220-1224.

[76] Arvizu-Flores AA, Aispuro-Hernandez E, Garcia-Orozco KD, Varela-Romero A, Valenzuela-Soto E, Velazquez-Contreras
EF, et al., 2009. Functional identity of the active sites of crustacean and viral thymidylate synthases. Comparative
Biochemistry and Physiology C — Toxicology and Pharmacology, 150(3): 406-413.

[77] Han F, Xu J, Zhang X, 2007. Characterization of an early gene (wsv477) from shrimp white spot syndrome virus
(WSSV). Virus Genes, 34(2): 193-198.

[78] Liu X, Yang F, 2005. Identification and function of a shrimp white spot syndrome virus (WSSV) gene that encodes a
dUTPase. Virus Research, 110(1-2): 21-30.

[79] Tsai JM, Wang HC, Leu JH, Hsiao HH, Wang AHJ, Kou GH, et al., 2004. Genomic and proteomic analysis of thirty- nine
structural proteins of shrimp white spot syndrome virus. J. Virol., 78: 11360-11370.

[80] Liu Y, Wu J, Song J, Sivaraman J, Hew CL, 2006. Identification of a novel nonstructural protein, VP9, from white spot
syndrome virus: its structure reveals a ferredoxin fold with specific metal binding sites. Journal of Virology, 80:
10419-10427.

[81] Banci L, Bertini I, Ciofi-Baffoni S, Finney LA, Outten CE, O'Halloran TV, 2002. A new zinc-protein coordination site in
intracellular metal trafficking, solution structure of the apo and Zn (Il) forms of ZntA (46-118). Journal of Molecular
Biology, 323: 883-897.

[82] Rosenzweig AC, Huffman DL, Hou MY, Wernimont AK, Pufahl RA, O'Halloran TV, 1999. Crystal structure of the Atx1
metallochaperone protein at 1.02 A resolution. Structure, 7: 605-617.

[83] Chazal N, Gerlier D, 2003. Virus entry, assembly, budding and membrane rafts. Microbiology and Molecular Biology
Reviews, 67: 226-237.

[84] Huang C, Zhang X, Lin Q, Xu X, Hew CL, 2002. Characterization of a novel envelope protein (VP281) of shrimp white
spot syndrome virus by mass spectrometry. Journal of General Virology, 83: 2385-2392.

http://astonjournals.com/faj



Fisheries and Aquaculture Journal, Vol. 2013: FAJ-66

[85] Li L, Lin' S, Yang F, 2005. Functional identification of the non-specific nuclease from white spot syndrome virus.
Virology, 337: 399-406.

[86] Xie X, Xu L, Yang F, 2006. Proteomic analysis of the major envelope and nucleocapsid proteins of white spot
syndrome virus. Journal of Virology, 80: 10615-10623.

[87] Leu JH, Tsai JM, Wang HC, Wang AHG, Wang CH, Kou GH, et al., 2005. The unique stacked rings in the nucleocapsid of
the white spot syndrome virus virion are formed by the major structural protein VP664, the largest viral structural
protein ever found. Journal of Virology, 79: 140-149.

[88] Xie X, Xu L, Yang F, 2006. Proteomic analysis of the major envelope and nucleocapsid proteins of white spot
syndrome virus. Journal of Virology, 80: 10615-10623.

[89] Huang C, Zhang X, Lin Q, Zu Y, Hu Z, Hew CL, 2002. Proteomic analysis of shrimp white spot syndrome viral proteins
and characterization of a novel envelope protein VP466. Molecular & Cellular Proteomics, 1: 223-231.

[90] Wu C, Yang F, 2006. Localization studies of two white spot syndrome virus structural proteins VP51 and VP76.
Virology, 3: 76-83.

[91] Wu W, Wang L, Zhang X, 2005. Identification of white spot syndrome virus (WSSV) envelope proteins involved in
shrimp infection. Virology, 332: 578-583.

[92] Huang R, Xie Y, Zhang J, Shi Z, 2005. A novel envelope protein involved in white spot syndrome virus infection.
Journal of General Virology, 86: 1357-1361.

[93] Nadala Jr ECB, Loh PC, 2000. Dot-blot nitrocellulose enzyme immunoassays for the detection of white-spot virus and
yellow-head virus of penaeid shrimp. Journal of Virological Methods, 84: 175-179.

[94] Kim CK, Kim PK, Sohn SG, Sim DS, Park MA, Heo MS, et al., 1998. Development of polymerase chain reaction (PCR) for
the detection of baculovirus associated with white spot syndrome (WSBV) in penaeid shrimps. Journal of Fish
Diseases, 21: 11-17.

[95] Hossain MS, Otta SK, Chakraborty A, Sanathkumar H, Karunasagar |, Karunasagar |, 2004. Detection of WSSV in
cultured shrimps, captured brooders, shrimp postlarvae and water samples in Bangladesh by PCR using different
primers. Aquaculture, 237: 59-71.

[96] Sritunyalucksana K, Srisala J, McColl K, Nielson L, Flegel TW, 2006. Comparison of PCR testing methods for white spot
syndrome virus (WSSV) infections in penaeid shrimp. Aquaculture, 255: 95-104.

[97] Khadijah S, Neo YS, Hossain MS, Miller LD, Mathavan S, Kwang J, 2003. Identification of white spot syndrome virus
latency-related genes in specific-pathogen-free shrimps by use of a microarray. Journal of Virology, 77: 10162-10167.

[98] Peinado-Guevara LI, Lopez-Meyer M, 2006. Detailed monitoring of white spot syndrome virus (WSSV) in shrimp
commercial ponds in Sinaloa, Mexico by nested PCR. Aquaculture, 251: 33-45.

[99] Liu X, Yang F, 2005. Identification and function of a shrimp white spot syndrome virus (WSSV) gene that encodes a
dUTPase. Virus Research, 110: 21-30.

[100] Magbanua FO, Natividad KT, Migo VP, Alfafara CG, De La Pena FO, Miranda RO, et al., 2000. White spot syndrome
virus (WSSV) in cultured Penaeus monodon in the Philippines. Disease of Aquatic Organisms, 42: 77-82.

[101] Tapay LM, Nadala Jr ECB, Loh PC, 1999. A polymerase chain reaction protocol for the detection of various
geographical isolates of white spot virus. Journal of Virology, 81: 307-316.

[102] Hossain MS, Otta SK, Karunasagar |, Karunasagar |, 2001. Detection of white spot syndrome virus (WSSV) in wild
captured shrimp and in non-cultured crustaceans from shrimp ponds in Bangladesh by polymerase chain reaction.
Fish Pathology, 36: 93-95.

[103] Pradeep B, Shekar M, Karunasagar |, Karunasagar I, 2008. Characterization of variable genomic regions of Indian
white spot syndrome virus. Virology, 376: 24-30.

[104] East IJ, Black PF, Findlay VL, Bernoth E-M, 2005. A national survey to verify freedom from white spot syndrome virus
and yellow head virus in Australian crustaceans. In: Diseases in Asian Aquaculture V; Walker P, Lester R, Bondad-
Reantaso MG (eds); Fish Health Section, Asian Fisheries Society, Manila, Philippines, pp. 15-26.

[105] GOAL, 2010. Report - Global Aquaculture Alliance. [http://www.gaalliance.org/mag/.../Jan_Feb2011.pdf]

http://astonjournals.com/faj



Review

Table 1: Incidence of WSSV in cultured chilled whole shrimps collected from shrimp farms.

Sl. Date of Location No. of Wt. of Diagnostic PCR
No. collection samples samples (g) Single step Single step Nested (IK1,2
(1s5 & 1a16) (1K1 & IK2) & 1K3,4)
1 03/11/09 Nellore, AP 3* 5.0 + + +
2 10/01/10 Nellore, AP 3 9.0 - - +
3 10/01/10 Nellore, AP 3 11.0 - - +
4 20/03/10 Kottaipattinam, 3 13.0 - - +
TN
5 12/04/10 Kottaipattinam, 3 11.0 - - +
TN
6 12/04/10 Kottaipattinam, 3 14.0 - - +
TN
7 14/04/10 Memisal, TN 3 12.5 - - -
8 14/04/10 Memisal, TN 3 13.0 - - +
9 17/04/10 Mallipattinam, 3 15.0 - - +
TN
10 17/04/10 Mallipattinam TN 3 13.0 - - +
11 23/04/10 Kottaipattinam, 3 10.0 - - +
TN
12 23/04/10 Kottaipattinam, 3 12.0 - - +
TN
13 28/04/10 Thondi, TN 3 10.0 - - +
14 28/04/10 Thondi, TN 3 10.0 - - -
15 10/05/10 Nellore, AP 3 8.0 - - +
16 12/05/10 Gudur, AP 3 8.0 - - -
17 12/05/10 Gudur, AP 3 9.0 - - +
18 13/05/10 Krishnapatnam, 3 8.5 - - +
AP
19 16/05/10 Kakinada, AP 3 9.0 - - -
Total 57 3 3 45

*With prominent external signs of WSSV
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Table 2: Incidence of WSSV from cultured shrimp products collected from seafood processing plants.
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Sl Date of Location Type of No. of Wt. of Diagnostic PCR
No. collection samples samples samples Single step Single step Nested
(g) (1s5 & (IK1 & IK2) (IK1,2 &
1a16) 1K3,4)
1 17/12/09 Plant A, Whole* 3 26.0 + - +
Tuticorin, TN
2 18/12/09 Plant B, PUD 3 14.0 + - +
Tuticorin, TN
3 09/01/09 Plant A, Whole 3 22.0 - - +
Tuticorin, TN
4 09/01/09 Plant B, PUD 3 11.5 - - -
Tuticorin, TN
5 11/01/10 Plant B, Whole 3 13.0 - - +
Tuticorin, TN
6 11/01/10 Plant B, PUD 3 7.0 - - +
Tuticorin, TN
7 13/01/10 Plant C, Whole 3 16.0 - - +
Tuticorin, TN
8 22/01/10 Plant D, Whole 3 20.0 - - -
Tuticorin, TN
9 22/01/10 Plant D, HL (1QF) 3 15.0 - - -
Tuticorin, TN
10 02/02/09 Plant C, HL 3 15.5 + - +
Tuticorin, TN
11 04/02/10 Plant D, Whole 3 19.0 - - -
Tuticorin, TN
12 04/02/10 Plant D, HL (1QF) 3 16.0 - - -
Tuticorin, TN
13 05/02/10 Plant C, HL 3 12.0 + - +
Tuticorin, TN
14 18/02/10 Plant D, HL (1QF) 3 15.0 - - +
Tuticorin, TN
Total 42 12 0 27

HL — Headless, PUD - Peeled and undeveined, IQF — Individual quick frozen
*With less prominent signs of WSSV
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