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Abstract
Among shrimp viral pathogens, white spot syndrome virus (WSSV) and yellow head virus (YHV) are the most lethal agents, causing serious problems for both the whiteleg shrimp, Penaeus (Litopenaeus) vannamei, and the black tiger shrimp, Penaeus (Penaeus) monodon. Another important virus that infects P. vannamei is infectious myonecrosis virus (IMNV), which induces the white discoloration of affected muscle. In the cases of taura syndrome virus and Penaeus stylirostris densovirus (PstDNV; formerly known as infectious hypodermal and hematopoietic necrosis virus), their impacts were greatly diminished after the introduction of tolerant stocks of P. vannamei. Less important viruses are Penaeus monodon densovirus (PmDNV; formerly called hepatopancreatic parvovirus), and Penaeus monodon nucleopolyhedrovirus (PemoNPV; previously called monodon baculovirus). For freshwater prawn, Macrobrachium rosenbergii nodavirus and extra small virus are considered important viral pathogens. Monoclonal antibodies (MAbs) specific to the shrimp viruses described above have been generated and used as an alternative tool in various immunoassays such as enzyme-linked immunosorbent assay, dot blotting, Western blotting and immunohistochemistry. Some of these MAbs were further developed into immunochromatographic strip tests for the detection of WSSV, YHV, IMNV and PemoNPV and into a dual strip test for the simultaneous detection of WSSV/YHV. The strip test has the advantages of speed, as the result can be obtained within 15 min, and simplicity, as laboratory equipment and specialized skills are not required. Therefore, strip tests can be used by shrimp farmers for the pond-side monitoring of viral infection.
Core tip: Monoclonal antibodies (MAbs) specific to various shrimp viruses were generated. The MAbs can be used to detect viral infection in shrimp by immunological assays such as Western blotting, dot blotting, and immunohistochemistry. Some of the MAbs were used to developed immunochromatographic strip tests for specific detection of white spot syndrome virus, yellow head virus, infectious myonecrosis virus, and Penaeus monodon nucleopolyhedrovirus formerly known as monodon baculovirus. The strip test has the advantages of speed, as the result can be obtained within 15 min, and simplicity, as laboratory equipment and specialized skills are not required.
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INTRODUCTION

According to the Food and Agriculture Organization of the United Nations FAO report, aquaculture is one of the fastest-growing animal food-producing sectors, and in the next decade, total production from both capture and aquaculture will exceed that of beef, pork or poultry[1]. In 2009, crustaceans contributed approximately 11.2 million tons to global fishery and aquaculture production. During the period of 2000-2008, crustacean production increased at an average annual rate of approximately 15%, faster than in the previous decade. The rapid increase largely reflected the remarkable increase in the whiteleg shrimp, Penaeus vannamei, in China, Thailand and Indonesia[2].
It has been estimated that 40% of tropical shrimp production is lost annually due to infectious diseases[3]. Approximately 60% of the disease-associated loss in shrimp production can be due to viral diseases and 20% to bacterial diseases. The remaining 20% of the loss was attributed to other pathogens, including parasites and fungi[4]. In the case of shrimp viruses, white spot syndrome virus (WSSV) is the most serious pathogen because it is lethal to all cultivated penaeid shrimp species, and mortality can be high and rapid. Another severe pathogen is yellow head virus (YHV), which can cause rapid mortality in P. vannamei and black tiger shrimp (Penaeus monodon). Other important viruses for P. vannamei but not for P. monodon are infectious myonecrosis virus (IMNV) and Taura syndrome virus (TSV). Less important viruses are Penaeus monodon densovirus [PmDNV; formerly called hepatopancreatic parvovirus (HPV)] and Penaeus monodon nucleopolyhedrovirus [PemoNPV; previously called monodon baculovirus (MBV)] because the proper washing of eggs and/or nauplii in the hatchery can eliminate the viruses. Penaeus stylirostris densovirus (PstDNV), formerly known as infectious hypodermal and hematopoietic necrosis virus (IHHNV), can cause high mortality in American blue shrimp (P. stylirostris) and stunt growth in P. vannamei. At present, the commercial stocks of P. vannamei used in Asia are highly tolerant to TSV[4].

For the detection of shrimp viruses, the World Animal Health Organization (the OIE-Office International des Epizooties) recommends polymerase chain reaction (PCR)-based methods[5]. In this brief review, we present alternative assays for the detection of various shrimp viruses based on immunologically developed methods. In all cases, the immunological-based assays are virus specific with optimum sensitivity. Further development into immunochromatographic strip tests that can be used by shrimp farmers to monitor certain shrimp virus infections is discussed.

WSSV

WSSV is a causative agent of white spot disease, which is one of the most devastating diseases in cultured penaeid shrimp, including black tiger shrimp (P. monodon) and whiteleg shrimp (P. vannamei). WSSV infections results in the gross sign of white inclusions embedded in the shrimp cuticle at the late stages of infection[6]. This gross sign of infection was first recognized during an outbreak in Penaeus japonicus in 1993[7]. WSSV is a large, enveloped, rod-shaped, double-stranded DNA virus with a genome size of approximately 300 kbp. The WSSV genome encodes at least 181 open reading frames (ORFs), and most of the predicted gene products show no similarity to known proteins[8]. Due to its unique characteristics, the International Committee on Taxonomy of Viruses (ICTV) classified WSSV as the only member of the genus Whispovirus within a new family called Nimaviridae[9].

At present, at least 40 WSSV structural proteins have been identified, ranging in size from 68 to 6077 amino acid residues[8]. When WSSV virions were subjected to gradient SDS-PAGE analysis, major protein bands were identified and named VP664, VP28, VP26, VP24, VP19 and VP15. VP28 and VP19 were identified as enveloped proteins[10,11], whereas VP26 and VP24 were identified as tegument proteins[8]. Based on solubilization in salt-containing Triton X-100, the tegument protein may loosely associate with both the envelope and nucleocapsid[12]. The nucleocapsid protein VP15 demonstrates DNA-binding activity and may be involved in the packaging of the WSSV genome into the nucleocapsid[11,13]. VP664 is another major nucleocapsid protein with a calculated molecular mass of 664 kDa, and it is encoded by an intron-less ORF of 18234 nucleotides. It is the largest known viral structural protein[14].

Because VP28 is the most abundant WSSV envelope protein[8], it is a good candidate protein for WSSV detection by immunological-based assays. In 2001, four monoclonal antibodies (MAbs) raised against purified WSSV were generated, and they were reacted with the VP28 protein by Western blot analysis. Two of the MAbs were selected for further development into various serological methods, i.e., an immunohistochemical assay and Western blotting for WSSV detection. The two MAbs did not cross-react with hemolymph from shrimp infected with other viruses, including IHHNV, YHV and TSV. However, in that report, no comparative study with PCR was performed[15].

In 2002, three reports described the production of antibodies specific to WSSV VP28 protein. Liu et al[16] produced MAbs using a recombinant 6x-histidine-tagged VP28 as an antigen. The MAbs were used to develop an antigen-capture enzyme-linked immunosorbent assay (ELISA) (Ac-ELISA), and the results revealed that the sensitivity of the Ac-ELISA (400 pg of purified WSSV protein) was comparable to that of PCR (300 pg of DNA extracted from purified WSSV). You et al[17] generated polyclonal antibodies raised against a truncated histidine-tagged VP28 protein, but the antibody cross-reacted with a shrimp protein at 80 kDa. Anil et al[18] reported the production of MAbs against purified WSSV, and the obtained MAbs recognized both the 28 and 18 kDa WSSV proteins. The limit of detection of the immunodot test was 500 pg of the viral protein, which is similar to that of a 1-step PCR assay. However, the immunodot test detected WSSV in only 21 of the 22 PCR-positive samples.

Another study based on the production of MAbs using a truncated VP28 envelope protein lacking the N-terminal transmembrane region as an antigen has also been reported[19]. A MAb named W29 was used to develop immunohistochemical and dot blot assays for WSSV detection, and this MAb could be used to detect WSSV in experimentally infected P. monodon at 12 h. The W29 MAb was further used to develop an immunochromatographic strip test that can be used conveniently by shrimp farmers; the results of this test can be obtained within 15 min without the requirement of sophisticated tools. The strip test employed the W29 MAb conjugated with colloidal gold at a glass fiber located downstream of the sample pad and a rabbit anti-recombinant VP28 antibody combined with the W28 MAb at the test line (Figure 1). However, the sensitivity of the strip test was much lower than that of a 1-step PCR assay[20]. Another immunochromatographic assay called Shrimple® demonstrated lower sensitivity (34.7% of the inoculated shrimp) when compared with real-time PCR (100% of the specimens)[21].
The second generation of immunochromatographic strip tests, called the dual strip test, was developed for the simultaneous detection of WSSV and YHV[22]. MAbs designated W1 and W30 were raised against a truncated VP28 envelope protein and were used for the development of the dual strip test. The W30 MAb was conjugated to colloidal gold, and the W1 MAb was used at the test line (Figure 2). The detection of WSSV by the dual strip test was approximately 500-fold less sensitive when compared with a 1-step PCR assay. However, the dual strip test could remain functional under storage at room temperature for at least 2 years. At present, this dual strip test has been commercialized by Marine Leader Co. Ltd, Thailand.

In addition to VP28, other WSSV structural proteins, such as VP19 and VP26, have also been used as targets for WSSV detection. In the case of the VP19 envelope protein, polyclonal and MAbs were raised against a maltose-binding protein (MBP)-VP19 fusion protein[23,24]. The detection limit of MAbs specific to VP19, designated W25, was 1.2 fmole/L of purified recombinant MBP-VP19 protein, as determined by dot blotting. It has been shown that the combination of MAbs specific to VP19 and VP28 (W29) results in twofold higher sensitivity than if either MAb is used alone. However, the sensitivity of the combined MAbs was still much lower than that of a 1-step PCR assay[24]. In the case of the VP26 structural protein, the polyclonal antibody raised against a truncated 6x-His-tagged VP26 protein demonstrated specific immunoreactivity to viral antigen, as determined by immunohistochemistry and Western blotting[25]. A MAb specific to the VP26 protein is under investigation in our laboratory.

As mentioned above, all of the target proteins for WSSV detection belong to viral structural proteins. However, one report has stated that the ICP11 protein, a non-structural protein, is likely to be a better indicator of WSSV infection. ICP11 is the most highly expressed protein in WSSV-infected gill tissue at 48 h post-infection[26]. ICP11 acts as a DNA mimic by binding to the histone H3 protein, thus disrupting nucleosome assembly[27]. MAbs specific to ICP11 were recently generated using C-terminally intein-tagged ICP11 (ICP11-intein) and N-terminally glutathione-S-transferase (GST)-tagged ICP11 (GST-ICP11) as antigens. The detection limit of the MAbs was approximately 0.7 fmole/L of GST-ICP11 as determined by dot blotting. A combination of MAbs specific to ICP11, VP28 (W29) and VP19 (W25) increased the detection limit for WSSV to a sensitivity 250-fold lower than that of a 1-step PCR assay[28]. Thus, the development of a higher-sensitivity immunochromatographic strip test for WSSV detection could be achieved in the near future using these MAbs.

TSV

TSV is a major viral pathogen in cultured whiteleg shrimp (P. vannamei). It was first recognized in Ecuador in 1992[29] and later spread to many countries, including those in the Americas, Taiwan, China, Thailand and Indonesia[30-33]. TSV infections can cause gross pathology in P. vannamei that can occur in two phases, the acute and recovery phases. The acute phase can be characterized by a reddish necrotic area on the tail fan, whereas the recovery phase often includes black cuticular lesions in the regions where the acute phase necrosis occurred[6]. TSV is a small, nonenveloped icosahedron, positive-sense, single-stranded RNA virus with a diameter of 32 nm[34]. The viral genome is 10205 nucleotides and contains two large ORFs. ORF1 contains the sequence motifs for helicase, a protease and an RNA-dependent RNA polymerase (RdRp). ORF2 contains the sequences of structural proteins, including three major capsid proteins, VP1 (55 kDa), VP2 (40 kDa) and VP3 (24 kDa), and one minor capsid protein (58 kDa) (Mari 2002). TSV has been classified by the ICTV in the novel genus Aparavirus in a new family Dicistroviridae (in the Order Picornavirales)[35].

VP1 displays greater variation in its amino acid sequence (3.5%) than VP2 and VP3 (both 0.8%)[36]. Therefore, the VP1 region can be used to establish the genetic relationship among TSV isolates. At present, at least four genotypic variants have been identified according to the sequence of the VP1 (equivalent to capsid protein 2; CP2) structural protein. They are the Mexico, Southeast Asia, Belize/Nicaragua and Venezuela/Aruba lineages[37]. Therefore, strain variation may result in an inaccurate diagnosis of TSV infection. Chicken and mouse polyclonal antisera and MAbs against purified TSV antigens have been produced[38]. A MAb specific to VP1 (called 1A1) has been obtained and used to develop Western blot, dot blot and immunohistochemical assays for TSV detection. However, the 1A1 MAb does not recognize TSV isolates from Mexico, Nicaragua and Belize[39-41] and reacts weakly with TSV from Venezuela[42]. Moreover, the 1A1 MAb, raised against purified TSV, displays cross-reactivity to the hemolymph of shrimp infected with PstDNV, YHV or WSSV[38].

In 2006, polyclonal antibodies against VP1 and VP3 were generated using recombinant VP1 and VP3 proteins as the antigens. The obtained MAbs demonstrated specificity to TSV by Western blot and immunohistochemistry[43]. Later, MAbs specific to the VP3 capsid protein were developed and shown to detect TSV infection by dot blot and Western blot without cross-reactions with other shrimp viruses[44]. To increase the sensitivity of TSV detection, MAbs raised against recombinant VP2 proteins were generated[45]. The combination of VP2 and VP3 MAbs can detect TSV infections in field samples of P. vannamei with a better detection limit than a single MAb[45]. Recently, MAbs specific to VP1 of TSV were produced and demonstrated dot blot sensitivity at 2 fmole/L of GST-VP1[46]. In the near future, an immunochromatographic strip test using MAbs specific to VP1 and VP2 should be used to enhance the pond-side identification of TSV infection.

YHV

YHV is the causative agent of yellow head disease in penaeid shrimp. The virus was named after its gross signs of disease, including a yellowish cephalothorax and a very pale overall coloration of moribund, infected shrimp[6]. YHV first emerged in farmed black tiger shrimp (P. monodon) in Thailand in 1990[47] and caused a loss of shrimp production equivalent to 30-40 million USD[48]. The entire crop is typically lost within a few days after the appearance of the gross signs of this disease[49]. YHV is a bacilliform, enveloped, (+) single-stranded RNA virus classified in the new virus genus Okavirus, the new family Roniviridae and the order Nidovirales[50-52]. There are at least six distinct genetic lineages (genotypes) of YHV, but only YHV type-1 has caused major disease-related losses[53]. Gill-associated virus (GAV or YHV-type 2) has been linked to disease outbreaks with a less severe condition described as mid-crop mortality syndrome[54,55]. Other genotypes were detected exclusively as low level infections in apparently healthy shrimp[53].

Purified YHV virions contain three major structural proteins with molecular masses of 116 kDa (gp116), 64 kDa (gp64) and 20 kDa (p20). The gp116 and gp64 enveloped glycoproteins are encoded by ORF3, whereas the p20 nucleoprotein is encoded by ORF2[56,57]. For YHV detection, a dot blot assay using antiserum against purified YHV was first developed in the year 2000[58]. A MAb named V3-2B that is specific to gp116 was generated and demonstrated specificity to YHV-infected shrimp by dot blot, Western blot and immunohistochemistry[59]. Later, four groups of MAbs specific to gp116, gp64 and p20 were produced against purified YHV virions and were shown to detect YHV infection by dot blot and immunohistochemistry[60]. A single-chain variable fragment antibody directed against gp116 was generated, and a dot blot assay demonstrated its specificity to YHV without cross-reactivity with WSSV and TSV proteins[61].

A convenient immunochromatographic strip test was also developed using a MAb specific to p20 and polyclonal antibodies raised against recombinant p20 protein. The sensitivity of this strip test was approximately 500-fold lower than that of the 1st step reverse transcription (RT)-PCR assay. This kit can also be used to detect GAV infection because the MAb cross-reacts well with GAV[62]. Further improvement of this dual strip test for WSSV and YHV was performed. The sensitivity of the improved dual strip test was 1000-fold lower than an RT-PCR test for YHV and 500-fold lower than a one-step PCR test for WSSV. Although the dual strip test kit has a lower sensitivity than that of PCR, it has advantages in speed and simplicity, as it does not require equipment[22].

IMNV

The first disease outbreak caused by IMNV was reported in farmed Pacific white shrimp (P. vannamei) from Brazil in the year 2004. The gross signs of disease include focal to extensive necrotic areas in skeletal muscle tissues, primarily in the distal abdominal segments and the tail fan, and the appearance of white discoloration of affected muscle[63,64]. Mortality due to IMNV infection in cultivated P. vannamei can reach 70%[65]. IMNV is a nonenveloped, icosahedral virus with a diameter of 40 nm. The genome consists of a double-stranded RNA molecule of 7560 nucleotides containing two ORFs, ORF1 and ORF2. The first half of ORF1 encodes an RNA-binding motif, and the second half encodes a capsid protein with a molecular mass of 160 kDa. ORF2 encodes a putative RdRp[66].

For immunodiagnostic assays, MAbs against a recombinant capsid protein comprising amino acids 300-527 were generated. In an immunodot-blot assay and Western blotting, the MAbs effectively bound tissue extracts from shrimp naturally infected with IMNV. Viral inclusions can also be revealed by immunohistochemistry using these MAbs[67]. Another study on MAb production has also been reported. The gene encoding the capsid protein was amplified into three parts, namely CP-N (nucleotides 2248-3045), CP-I (nucleotides 3046-3954) and CP-C (nucleotides 3955-4953). Two MAbs (IMN7 and IMN12) specific to CP-N and one MAb (IMC1) specific to CP-C were then obtained. The detection sensitivities, as determined by dot blot, were 6 fmole/L of purified recombinant CP-N protein and 8 fmole/L of purified recombinant CP-C protein. A combination of all three MAbs resulted in a twofold increase in the detection limit compared to the use of any single MAb. However, the sensitivity is 10-fold lower than that of the a-step RT-PCR assay[68].

Subsequently, the MAbs IMN7 and IMC6, specific to CP-N and CP-C, respectively, were utilized for immunochromatographic strip test production (Figure 3). The sensitivity of the test was comparable to that of dot blot but was approximately 300-fold less sensitive than a one-step RT-PCR[69].

PemoNPV

PemoNPV was previously called MBV. It has been shown that PemoNPV does not typically cause mortality in farmed P. monodon[70], but it has been linked to stunting, causing the mean length of PemoNPV-infected shrimp to be significantly shorter than that of uninfected shrimp from the same pond[71].

In contrast to insect baculoviruses, little data exist on the genes and genomes of crustacean baculoviruses. However, the PemoNPV genome size has been proposed to fall within the typical baculovirus range of 80 to 160 kb[72]. At present, the only characterized PemoNPV gene is a polyhedrin-encoding gene, and its deduced amino acid sequence revealed no homology to other known proteins[73].
For use in an immunodiagnostic assay, MAbs were raised against a partially purified polyhedrin protein and demonstrated specific PemoNPV detection by Western blot and immunohistochemistry[74]. Subsequently, MAbs raised against a recombinant polyhedrin protein were also produced. Dot blot, Western blot and immunohistochemical assays showed specific PemoNPV detection without cross-reactivity with WSSV, TSV, YHV or PmDNV. Dot blotting using a combination of four MAbs obtained from both studies was approximately 100-fold less sensitive than a 1-step PCR assay[75]. An immunochromatographic strip test using four MAbs raised against partially purified polyhedrin protein was developed and demonstrated a sensitivity 200-fold lower than that of a 1-step PCR assay[76] (Figure 4).

PmDNV

PmDNV, also called HPV, is a pathogen responsible for stunted growth in black tiger shrimp (P. monodon). Most PmDNV-infected shrimp grow very slowly and stop growing at approximately 6 cm in length[6,71]. PmDNV is a non-enveloped icosahedral virus that is 22-23 nm in diameter and contains linear ssDNA. It belongs to the family Parvoviridae in the densovirus group[77,78]. Two Asian types of PmDNV have been characterized at the molecular level. One type has been identified in P. chinensis from South Korea[77], P. monodon from Madagascar, Mozambique and Tanzania and P. merguiensis from New Caledonia[79] and Australia[80]. The other type has been identified in infected P. monodon from Thailand and India[78,81]. The complete genome of PmDNV isolated from infected P. monodon in Thailand consists of 6321 nucleotides, representing three ORFs and two non-coding termini. ORF3 encodes a capsid protein of approximately 92 kDa, which may later be cleaved after the first or second arginine residue to produce a 57 kDa or 54 kDa structural protein, respectively[82].

MAbs raised against purified PmDNV isolated from Thailand have been produced, four of which react with a 54 kDa protein by Western blotting and to intranuclear inclusion bodies in tubule epithelial cells in PmDNV-infected tissue by immunohistochemistry[83]. The recombinant capsid proteins of PmDNV have also been used to generate MAbs, and five MAbs have been obtained. The most sensitive MAb displayed a detection limit of 50 fmole/L of a recombinant protein, as determined by dot blotting. However, the combination of three MAbs revealed a sensitivity 25000-fold lower than a one-step PCR assay[84].

PstDNV

PstDNV, formerly called IHHNV, is a viral pathogen that can cause mortality in juveniles and sub-adults of the blue shrimp P. stylirostris[85] and cuticular deformities and growth retardation (collectively called runt-deformity syndrome) in P. vannamei[86,87]. PstDNV is a non-enveloped icosahedral virus that is 22-23 nm in diameter and contains 4.1 kb of linear ssDNA[85-89]. PstDNV is classified in the family Parvoviridae, subfamily Densovirinae in the genus Brevidensovirus[90]. The PstDNV genome consists of three large ORFs in which the left ORF encodes the non-structural protein, and the right ORF represents the capsid protein; the function of the middle ORF is still unknown[91].

An early report on MAb production described six IgM MAbs generated against purified PstDNV. These MAbs displayed specificity to purified PstDNV preparations in both ELISA and immunoblot assays. However, the ELISA using these MAbs reacted nonspecifically to shrimp samples that were negative for PstDNV by histology and DNA hybridization[92]. In 2009, MAbs raised against a recombinant capsid protein were produced and demonstrated PstDNV specificity in Western blot, dot blot and immunohistochemical assay without cross-reactivity with uninfected shrimp. The sensitivity was 300 pg/L of recombinant capsid protein, as determined by immunodot-blotting; however, the sensitivity of the dot blot was 1000-fold lower than that of a one-step PCR assay[93].
MrNV NODAVIRUS AND EXTRA SMALL VIRUS

MrNV is an important viral agent that causes white tail disease (WTD) in the giant freshwater prawn Macrobrachium rosenbergii. WTD causes significant mortality in hatchery- and nursery-reared postlarvae[94]. The disease was first reported in Guadeloupe Island (French West Indies) in 1997[95] and was later reported in China[96], India[97], Thailand[98], Taiwan[99] and Australia[100]. MrNV is a non-enveloped, icosahedral virus with a diameter of 26-27 nm and a genome comprised of two pieces of positive-sense ssRNA. RNA 1 is 3202 bp in length and encodes the RdRp, whereas RNA 2 is 1175 bp in length and encodes a viral capsid protein of 43 kDa[96,101]. Extra small virus (XSV) is usually associated with MrNV. XSV is also a non-enveloped, icosahedral virus; it is 15 nm in diameter and contains a 796 bp ssRNA genome[101,102]. XSV has been hypothesized to be a satellite virus that depends on the RdRp of MrNV for replication[96].

For use in immunodiagnostic assays, polyclonal antibodies were raised against a purified viral suspension. A sandwich ELISA was developed and successfully used to identify tissue extracts infected with MrNV as well as purified viral extracts[103]. The purified virus was also used to generate MAbs that demonstrated specificity to the MrNV 42 kDa capsid protein by Western blotting. A triple antibody ELISA (TAS-ELISA) has also been developed and shown to be more sensitive than an indirect ELISA[104]. Recently, a MAb raised against a recombinant MrNV capsid protein was generated and demonstrated a sensitivity of 10 fmole/L of recombinant protein by dot blotting. However, the sensitivity of this MAb in a dot blot assay using homogenate from naturally MrNV-infected shrimp was 200-fold lower than that of a one-step RT-PCR assay. In the case of XSV, MAbs were raised against a recombinant XSV capsid protein. Four MAbs were obtained and demonstrated a detection limit of 10-20 fmole/L of purified recombinant protein by dot blotting. Using an XSV-specific MAb and an MrNV-specific MAb, immunohistochemistry on connective tissue sections from prawn with WTD revealed that XSV infection co-localized at varying densities with MrNV infection[105].
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Figure Legends
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Figure 1  White spot syndrome virus immunochromatographic test strip. Gill homogenates from (A) uninfected P. monodon showing a negative result with only one reddish-purple band at the C line and (B) WSSV-infected P. monodon showing a positive result with two reddish purple bands at the T line and C line. T: Test line; C: Control line. WSSV: White spot syndrome virus.
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Figure 2  White spot syndrome virus and yellow head virus Dual test strip results. Pleopod homogenates samples from (A) uninfected P. vannamei, (B) WSSV infected P. vannamei, (C) YHV infected P. vannamei or (D) a combination of B and C were applied to the test strip. W: The test line for WSSV, Y: The test line for YHV and C: The control line. WSSV: White spot syndrome virus; YHV: Yellow head virus.
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Figure 3  Infectious myonecrosis virus test strip results. Shrimp muscle homogenate samples from (A) an uninfected P. vannamei showing a negative result with only one reddish-purple band at the C line and (B) an IMNV infected P. vannamei showing a positive result with two reddish purple bands. IMNV: Infectious myonecrosis virus.
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Figure 4  Penaeus monodon nucleopolyhedrovirus immunochromatographic strip test results. Homogenates of (A) uninfected P. monodon postlarvae showing a negative result with only one band at the C line and (B) PemoNPV-infected P. monodon postlarvae displaying a positive result. PemoNPV: Penaeus monodon nucleopolyhedrovirus; MBV: Monodon baculovirus.
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