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Abstract

The VP 28 gene encoding a structural envelope
protein of the white spot syndrome virus (WSSV) was
cloned into a pET32a(1) expression vector for the
production of the recombinant VP28 protein. A puri-
¢ed recombinant protein of 39.9 kDa size was used for
polyclonal antibody production in rabbit. Speci¢c im-
munoreactivity of the rabbit anti rVP28 antiserum to
the viral antigenwas con¢rmed byaWestern blot.The
speci¢city of this polyclonal anti-rVP28 antiserum to
detect the presence of the virus in WSSV-infected
Penaeus monodonwas veri¢ed using a immunodot blot
assay. Immunodot blot showed a positive reaction in
infected shrimp tissues with prominent colour devel-
opment using 3,30,5,5 0-tetramethylbenzidine (TMB)
as a chromogenic substrate when compared with
3^30 diaminobenzidine tetrahydrochloride (DAB).
Highest signal intensities of the immunodots were
observed in infected shrimp pleopod extracts and
haemolymph. On comparison with polymerase chain
reaction (PCR), immunodot blot could detect 76%
of PCR-positive WSSV-infected shrimp samples.
Immunodot blot was found to be equivalent to
¢rst-step PCR sensitivity to detect WSSV particles
estimated to contain1.0 � 105 viral DNAcopies.

Keywords: white spot syndrome virus, Penaeus
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Introduction

Outbreaks of viral disease in Penaeus monodon due to
the white spot syndrome virus (WSSV) continue to be
a major problem for the shrimp aquaculture industry

worldwide. ExtensiveWSSV research is being focused
on the development of antiviral therapeutics that can
contain this disease. However, the protections con-
ferred by these therapeutics have been found to be
shortlived. Presently, with no e¡ective treatments
available for the prevention and cure of this disease,
good management practice with biosecurity mea-
sures is the onlyoption that can reduce the riskof viral
outbreaks in shrimps. Major emphasis is being placed
on e¡ective monitoring of disease outbreak. Simple
and rapid diagnostic tests help in adopting suitable
preventive measures against disease occurrence. Sev-
eral diagnostic techniques such as histopathology
(Pantoja & Lightner 2003), polymerase chain reaction
(PCR) (Lo, Leu, Ho, Chen, Peng, Chen, Chou, Yeh,
Huang, Chou, Wang & Kou 1996; Takahashi, Itami,
Maeda, Suzuki, Kasornchandra, Supamattaya, Khong-
pradit, Boonyaratpalin, Kondo, Kawai, Kusuda, Hirono
& Aoki 1996), immunoblot (Poulos, Pantoja, Bradley,
Aguilar & Lightner 2001; Anil, Shankar & Mohan
2002; Yoganandhan, Musthaq, Narayanan & Sahul
Hameed 2004; Makesh, Koteeswaran, Daniel Joy
Chandran, Murali Manohar & Ramasamy 2006),
in situ hybridization (Kanchanaphum,Wongteerasu-
paya, Sitidilokratana, Boonsaeng, Panyim,Tassanaka-
jon,Withyachumnarnkul & Flegel 1998) and dot blot
(Shekhar, Azad & Ravichandran 2006) have been de-
veloped for the detection of WSSV. Among these diag-
nostic tests, PCR is one of the most sensitive methods
that is widely used to detectWSSV in infected shrimp.
However, PCR, despite being a very sensitive techni-
que, yields false-positive results if handling of samples
is not proper. The contamination risk is high, as many
of the nested-PCR methods, using conventional steps,
requires transfer of the ¢rst step ampli¢ed product to a
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second PCR reaction tube for the nested ampli¢cation
(Kiatpathomchai, Boonsaeng, Tassanakajon, Wong-
teerasupaya, Jitrapakdee & Panyim 2001). In addition,
it is also reported that PCR inhibitory factors present
in the tissue also have a signi¢cant e¡ect on the results
(Cunningham 2002; Shekhar et al. 2006). In the pre-
sent study, as an approach to develop a ¢eld-based di-
agnostic test that can avoid the use of sophisticated
equipments like a thermocycler, an immunodot blot
assay was evaluated.
VP28, which is located on the surface of the virus

particle, is reported to play a key role in the systemic
WSSV infection in shrimp (van Hulten, Witteveldt,
Snippe & Vlak 2001).We therefore chose to clone and
express the recombinant proteinofWSSVVP28 to raise
the polyclonal antibodies against this protein. The
polyclonal antisera raised against WSSV VP28 were
e¡ective in detecting the presence of the virus ina large
number of infected shrimp samples by an immunodot
blot with a sensitivity equivalent to ¢rst-step PCR.

Materials and methods

Shrimp samples

Ninety-nine white spot-infected P. monodon shrimps
were collected from shrimp farms located in the east
coast regions of India that were a¡ected by disease
outbreaks. The shrimp samples were collected in
sealed polythene bags and transported in ice to the
lab and were stored at �80 1C till further use.

Preparation of tissue homogenate

WSSV-infected P. monodon tissues (approximately
30mg) were homogenized in 300 mL of extraction buf-
fer (10mM Tris pH 8.0, 25mM EDTA, 100mM NaCl,
0.5% SDS, 100 mgmL�1 Proteinase K). The homoge-
nized tissue samples were boiled in a water bath for
2min, followed by centrifugation at11000 g for 5min

at room temperature. One microlitre of the superna-
tant was used for dot blot and PCR analysis. Tissue ex-
tract supernatants were also prepared from healthy
shrimp samples, whichwere included as negative con-
trols in the immunodot blot analysis of samples.

PCR

The PCR protocol consisted of an initial denaturation
at 95 1C for 2min, followed by 30 cycles of 94 1C for
1min, 58 1C for 30 s,72 1C for 30 s and a ¢nal exten-
sion step of 72 1C for10min. The outer and inner pri-
mers for the detection of WSSV by nested PCR were
based on the sequence reported by Takahashi et al.
(1996), whereas the primers for ampli¢cation of
VP28 gene for recombinant protein expression were
based on GenBank accession no. DQ681069. The
sequences of these primers are shown inTable1.

Cloning and expression of VP28 gene

To clone the VP28 gene fragment, NcoI and HindIII
restriction sites were added, respectively, to the
forward and reverse primers used for ampli¢cation
of a full-length (615 bp) VP28 gene. The PCR product
containing the restriction sites was digested and
cloned into the NcoI and the HindIII sites of the
pET32a(1) expression vector (Novagen, Darmstadt,
Germany). The plasmid construct was con¢rmed for
the presence of the insert by PCR and restriction di-
gestion with NcoI and HindIII restriction enzymes.
The plasmid was transformed into Escherichia coli
strain BL21 (DE3) pLysS for protein expression. The
transformed cells were grown in Luria^Bertani med-
ium supplemented with ampicillin until the optical
density (OD600 nm) reached 0.6. Protein expression
was induced for 3^4 h by adding 1.0mM of isopro-
pyl-b-D-thiogalacto-pyranoside (IPTG). Expression of
recombinant proteinwas analysed on SDS-PAGE, fol-
lowed by electroelutionusing an electroeluter (Model
422, Biorad, Hercules, CA, USA).

Table 1 Primers used for white spot syndrome virus (WSSV) screening and cloning of WSSV VP28 gene

WSSVPrimer sequence
Amplified product
Size (bp)

Position in nucleotide
sequence References

WSSV

(outer)

F: 50 GACAGAGATATGCACGCCAA 30 643 51–70 Takahashi et al. (1996)

R: 50 ACCAGTGTTTCGTCATGGAG 30 674–693

WSSV

(inner)

F: 50 GGTAGATTCTGGTATTAGG 30 298 122–140 Takahashi et al. (1996)

R: 50 ACCTGGCGTAGTTCTTGC 30 402–419

VP28 F: 50 ATGGATCTTTCTTTCACTCT 30 615 1–20 DQ681069

R: 50 TTACTCGGTCTCAGTGCCAG 30 596–615
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Production of antiserum

The electroeluted recombinantWSSV VP28 (39.9 kDa)
protein was used for immunization in New Zealand
white rabbits for raising polyclonal hyper immune ser-
um. The rabbits were ¢rst immunized with 300 mg of
recombinant protein emulsi¢ed with Freund’s com-
plete adjuvant, followed by two booster doses of
200 mg eachof protein emulsi¢edwith Freund’s incom-
plete adjuvant at 30 and 45 days. Blood was collected
20 days after the last booster dose and the serumwas
separated. The immunoglobulin G (IgG) fraction was
puri¢ed by protein Aa⁄nity chromatography.

Western blotting

Western blots were performed according to Sam-
brook, Fritsch and Maniatis (1989). The recombinant
fusion protein expressed from pET32a(1) expression
vector was detected using the Western Breeze chro-
mogenicWestern blot immunodetection kit, with al-
kaline phosphatase-conjugated anti-His mouse
monoclonal antibodies (1:10000 dilution) (Invitro-
gen, Carlsbad, CA, USA).Western blot was also car-
ried out to check the speci¢city of the polyclonal
antibodies raised against recombinant WSSV VP28
protein using horseradish peroxidase (HRP)-conju-
gated polyclonal antibodies (1:5000 dilution). Custom
conjugation of the primary antibody with HRP was
carried out by Bangalore Genei (Bangalore, India).
The membranes were developed using BCIP/NBT or
TMB as substrates.

Immunodot blot

An immunodot blot assay was performed by spotting
1.0 mL of homogenized tissue sample supernatants of
uninfected and infected shrimps made in extraction
bu¡er onto a nitrocellulose membrane. The spots
were air dried and were blocked in blocking bu¡er
(50mM Tris, 200mM NaCl, 0.05% Tween 20, 3%
BSA) for 1h. The membranes were washed in wash-
ing bu¡er (50mMTris,200mMNaCl), followed by in-
cubation with anti-WSSV VP28 IgG conjugated with
HRP (1:5000 dilution) for 1h. The membranes were
washed thrice for 10min each with washing bu¡er
before detecting with either TMB or DAB substrate.

Sensitivity of immunodot blot

Detectionof puri¢edWSSVrecombinant protein at dif-
ferent dilutions was carried out by immunodot blots

using HRP-conjugated polyclonal antibodies. The im-
munodot blots were developed using DAB and TMB
as chromogenic substrates for comparative analysis.
In the case of infected shrimp samples, the superna-
tants of di¡erent shrimp tissues (muscle, gills, pleopod
and eye stalk) and haemolymph at various dilutions
were used for the initial analysis of dot-blot sensitivity
using HRP-conjugated polyclonal antibodies. The im-
munodot blot was developed with TMB as a chromo-
genic substrate. After immunodot blot sensitivity
determination of di¡erent tissues, the supernatants of
shrimp pleopod extracts were chosen for immunodot
blot analysis of all theWSSV-infected P. monodon ¢eld
samples.The sensitivityof the immunodot blotwas as-
sessed by the quanti¢cation of WSSVvirus using real-
time PCR (Applied Biosystems, Foster City, CA, USA)
and nested PCR.

Results

Cloning and expression of theVP28 gene

The positive clones were con¢rmed for the presence
of the insert by PCR and restriction digestion with
NcoI andHindIII restriction enzymes.The PCRampli-
¢cation of the VP28 WSSV gene resulted in an
expected size of 615 bp ampli¢ed product. A similar-
size insert could be obtained from the vector on NcoI
andHindIII restriction enzyme digestionas shown in
Fig. 1(a). On IPTG induction, the expression of the
fusion recombinant protein was observed with an
expected size of 39.9 kDa, which was puri¢ed by
electroelution as shown in Fig.1(b).

Western blotting

The expression of recombinant fusion protein was
con¢rmed by detection of a single band using alkaline
phosphatase-conjugated anti-His mouse monoclonal
antibodies Fig. 2(a). The speci¢city of the polyclonal
antibodies raised against recombinant and electroe-
lutedWSSVVP28 protein using HRP-conjugated poly-
clonal antibodieswas revealed by the development of a
single band as shown in Fig. 2(b).

Sensitivity of immunodot blot

Immunodot blot was carried out using supernatants
of the infected shrimp tissue extracts of muscle, gills,
pleopod, eye stalk and haemolymph at di¡erent dilu-
tions. Pleopod and haemolymph extracts up to 1:100
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dilutions showed positive reactions with prominent
immunodots using HRP-conjugated polyclonal anti-
bodies developed with a TMB substrate as shown in
Fig. 3(a). Supernatants of the WSSV-infected shrimp
pleopod extracts were therefore further used for im-
munodot blot, real-time PCRand nested PCRanalysis.
The sensitivity of the immunodot blot was as-

sessed by quanti¢cation of the WSSV virus using
real-time PCR (Applied Biosystems). A positive reac-
tion of immunodot blot was observed in the shrimp
tissue extract estimated to contain 1 � 105 viral
DNA copies mL�1 as shown in Fig. 3(b). First- and

second-step PCRwas also carried out in the shrimp-
infected tissue extracts at di¡erent dilutions using
WSSV external and internal primers. First-step PCR
was able to detect WSSV (643 bp) in the infected
shrimp tissue extract at the dilution estimated to con-
tain1 � 105 viral DNAcopies mL�1or more, whereas
nested PCR (298 bp) was positive for WSSV in the
infected shrimp tissue extract estimated to contain
1 � 102 viral DNA copies mL�1.

Analysis of WSSV-infected ¢eld samples by
immunodot blot and PCR

Pleopod tissue extracts from 99 WSSV-infected
shrimp samples collected fromdisease outbreakwere
used for the detection of virus by immunodot blot.
These samples were screened for the presence of
WSSV by nested PCR reactions. Seventy-six samples
tested ¢rst-step PCR positive, showing ampli¢cation
of a 643 bp product. Twenty samples yielded second-
step PCR-positive reactions showing 298 bp ampli¢ed
PCR products.Three of the shrimp samples tested ne-
gative by nested PCR. All these samples were used for
subsequent immunodot blot analysis. Initial experi-
ments were conducted on some of the samples in
which immunodot blots were developed using DAB
or TMB as a substrate. It was observed that the use
of TMB led to the development of intense colour and
produced high signals for the positive immunodots in
comparison with DAB as shown in Fig. 4(a and b).
The sensitivityof TMBwas found to be high in detect-
ing puri¢ed WSSV recombinant protein at a 1:1000
dilution estimated to contain 2 ng mL�1 protein
concentration in comparison with DAB, which
showed a detection level up to a 1:10 dilution esti-
mated to contain 200 ng mL�1 of viral protein
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1×10

1×10

1×10

1:10 1:50 1:100 1:1000

Gills

Pleopod

Eye stalk

Haemolymph
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control

(a) (b)

Figure 3 (a) Immunodot blot of WSSV-infected shrimp
tissues extracts at di¡erent dilutions. (b) The sensitivity
of the immunodot blot was assessed by quanti¢cation of
theWSSVvirus inWSSV-infected shrimp tissue extract.
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Figure 1 (a) Con¢rmation of recombinant WSSV VP28-
positive clones for the presence of the insert. Lane 1.
Lambda DNA EcoRI/HindIII marker. Lane 2. Restriction
digestion of pET32a(1) expression vector with NcoI and
HindIII restriction enzymes. Lane 3. PCR-ampli¢ed pro-
duct of the WSSV VP28 gene (615 bp). (b). Expression of
the fusion recombinant protein. Lane1. Proteinmolecular
weight marker. Lane 2. Uninduced Escherichia coli cells
(negative control). Lane 3. IPTG-induced E. coli cells. Lane
4. Puri¢ed recombinant protein (39.9 kDa).
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Figure 2 (a) Western blot analysis of expressed WSSV
VP28 recombinant protein at di¡erent dilutions using alka-
line phosphatase-conjugated anti-His mouse monoclonal
antibodies. Lane1.1:40 protein dilution. Lane 2.1:30 protein
dilution. Lane 3. 1:20 protein dilution. Lane 4. 1:10 protein
dilution. Lane 5. Undiluted protein. Lane 6. Coloured pro-
tein molecular weight marker. (b). The speci¢city of the
polyclonal antibodies raised against recombinant WSSV
VP28 protein using horseradish peroxidase-conjugated
polyclonal antibodies. Lane 1. Uninduced Escherichia coli
cells (negative control). Lane 2. IPTG-induced E. coli cells of
expressedWSSV VP28 recombinant protein. Lane 3. Puri-
¢ed WSSV VP28 recombinant protein. Lane 4. Coloured
protein molecular weight marker.
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(Fig.4c and d). Subsequent analyses of ¢eld samples for
immunodot blot were continued with the use of TMB
as a substrate. Out of 99 total shrimp samples analysed
by immunodot blot, 73 of the samples tested positive
and 26 samples tested negative for immunodot blot
(Fig. 5). The 73 dot-blot-positive samples included 60
and 13 samples that were ¢rst- and second-step PCR-
positive samples respectively. The 26 samples that
tested negative for immunodot blot included 16 sam-
ples that were ¢rst-step PCR positive, seven samples
that were second-step PCR positive and three shrimp
samples that tested negative for nested PCR. A total of
76% of the PCR-positive samples could therefore be de-
tected by immunodot blot forWSSV infection.

Discussion

An early detection of the WSSV virus by a sensitive
and accurate molecular diagnosis helps in maintain-
ing a healthy brood stock and in the production of
good-quality shrimp larvae. Polymerase chain reac-
tion is one of the most widely used techniques ap-
plied to detect WSSV in farmed and wild shrimp,
postlarvae, carrier animals, water and pond sedi-
ments. As an alternative to PCR, the progress in the
use of immuno-based detection methods for shrimp
viruses has been rather slow. This is primarily
because of the di⁄culties associated with the avail-
ability of a puri¢ed antigen for immunization
and availability of puri¢ed antibodies. For example,
Nadala Jr, Tapay, Cao and Loh (1997) reported the
cross reaction of the polyclonal antibody raised using
WSSV puri¢ed from infected shrimp tissue and hae-

molymph with the shrimp tissue protein. These pro-
blems can be circumvented to a large extent by the
production of recombinant proteins. Bacterial expres-
sion systems have been extensively used in the pro-
duction of recombinant proteins as they help obtain
puri¢ed overexpressed recombinant proteins that can
be used for raising antibodies. The use of E. coli has
been reported to be e¡ective in producing recombi-
nant proteins of WSSV (Sathish, Musthaq, Sahul
Hameed & Narayanan 2004; Yoganandhan et al.
2004; Chaivisuthangkura, Phattanapaijitkul, Tham-
mapalerd, Rukpratanporn, Longyant, Sithigorngul &
Sithigorngul 2006), with the production of puri¢ed
recombinant protein up to 10mg L�1 of bacterial
culture (You, Nadala,Yang, van Hulten & Loh 2002).
Previous research on WSSV has shown that its
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1:1000

1:10000

Negative

(a) (b) (c) (d)

Figure 4 Comparative analysis of TMB and DAB sensitivity in immunodot blot. (a) Screening of samples for the presence
of WSSVusing DAB as a substrate (b) Screening of samples for the presence of WSSVusing TMB as a substrate. (c) Detec-
tion of puri¢edWSSV recombinant protein at di¡erent dilutions using DAB as a substrate. (d) Detection of puri¢edWSSV
recombinant protein at di¡erent dilutions using TMB as a substrate.

100

90

80

70

60

50
N

o.
 o

f s
am

pl
es

40

30

20

10

0
PCR 1st

step
positive

PCR 2nd
step

positive

PCR
negative

Dot-blot
negative

Dot-blot
positive

Figure 5 Comparative analysis of PCR and immunodot
blot on 99 shrimp samples showing 73 and 26 number of
samples testing positive and negative for immunodot blot
respectively. Seventy-six and 20 samples testing ¢rst-step
and second-step PCR positive respectively. Three shrimp
samples tested negative by PCR.
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envelope protein such asVP28 plays a vital role in the
initial steps of the systemic infection of WSSV in
shrimp (van Hulten et al. 2001). The recombinant
VP28 protein expressed in E. coli has been success-
fully utilized with the purpose of vaccinating shrimp
(Witteveldt, Cifuentes, Vlak & van Hulten 2004;
Witteveldt,Vlak & van Hulten 2004) and for develop-
ing monoclonal (Liu,Wang,Tian,Yin & Kwang 2002)
and polyclonal antibodies (You et al. 2002;Yoganand-
han et al. 2004) for use in immuno-based detection
tests. In the present study,1.0mg of the overexpressed
puri¢ed recombinant protein of WSSV VP28 protein
(39.9 kDa) in E. coli cells was su⁄cient for raising poly-
clonal antibodies in New Zealand white rabbit. The
identity of the recombinant protein was con¢rmed
with anti-His antibody byWestern blotting.
Several reports have shown that PCR is the most

sensitive technique when compared with di¡erent
molecular techniques that have been used for detec-
tion of WSSV such as DNA dot blot (Shekhar et al.
2006) andWSSV test strip (Sithigorngul, Rukpratan-
porn, Pecharaburanin, Longyant, Chaivisuthang-
kura & Sithigorngul 2006).
Shrimple, an immunochromatographic detection

assay forWSSV, is reported to be less sensitive in de-
tecting the early onset of infection when compared
with real-time PCR. Only 34.7% of the specimens
tested were determined to be positive forWSSVusing
the shrimple test; however, the assay was found to be
sensitive enough to detectWSSV infections before de-
velopment of gross signs of acute disease (Powell,
Burge, Browdy & Shepard 2006). In the present study,
the sensitivity to detect WSSV with the use of ¢rst-
step PCR (1 � 105 viral DNAcopies mL�1) and nested
PCR (1 � 102 viral DNAcopies mL�1) is in agreement
with other reports showing nested PCR to be more
sensitive than ¢rst-step PCR by approximately 103^
104-fold (Sritunyalucksana, Srisala, McColl, Nielsen
& Flegel 2006; Srisala,Tacon, Flegel & Sritunyaluck-
sana 2008). Shrimp tissue extract dilutions
o1 � 105 viral DNA copies mL�1 resulted in second-
step PCR-positive reactions for WSSV. At these dilu-
tions, the nested PCRwas found to be more sensitive
in comparison with immunodot blot, which failed to
detect WSSV. Even though immunodot blot was
found to be less sensitive as compared with the
nested PCR, its sensitivity was found to be equivalent
to ¢rst-step PCR inWSSVdetection in tissue extracts
having1 � 105 viral DNAcopies mL�1. Similar obser-
vations of monoclonal-based immunodetection tests
with a diagnostic sensitivity comparable to single-
step PCR for the detection of WSSV have been re-

ported (Anil et al. 2002; Makesh et al. 2006). The
monoclonal antibodies speci¢c to VP28 of WSSV
could detect 500 pg protein by immunoperoxidase
dot blotting (Anil et al. 2002) and 625 pg by the im-
munocomb detection method (Makesh et al. 2006).
Among the HRP chromogens, DAB and TMB are

widely used for histochemistry. However, several stu-
dies have reported that DAB is less sensitive than the
TMB (Mesulam 1978; Morrell, Greenberger & Pfa¡
1981; van der Want, Klooster, Nunes^Cardozo, de
Weerd & Liem 1997). In the case of shrimp viruses,
the use of these two substrates for HRPhas been eval-
uated for sensitivity to detect virus bydot immunoas-
say. TMB, which could detect 0.4 ng of shrimp yellow
head viral protein, was found to be more sensitive
when compared with DAB, having a detection limit
of 0.8 ng of viral protein (Lu, Tapay & Loh 1996). In
the present study, similar results of enhanced sensi-
tivity of TMB (2 ng mL�1) with intense colour devel-
opment in detecting puri¢ed WSSV recombinant
protein were observed when compared with DAB
(200 ng mL�1). The sensitivity of immunodot blot as-
say in the present study was observed to be in the
same range as reported byothers (800^5 ng of the to-
tal protein concentration) for the detection of the
virus in WSSV-infected shrimp samples (Sahul Ha-
meed, AnilKumar, Stephen Raj & Jayaraman 1998;
You et al. 2002;Yoganandhan et al 2004).
One of the major advantages of this immunodot

blot detectionmethod is its ability to detect and grade
the severity of viral infections. Grading of infections
is one of the important criteria required for the prop-
er management of WSSV in culture systems (Lo,
Chang, Cheng & Kou 1998). The use of single-tube
semi nested PCR has been reported for grading the
severity of WSSV infections in P. monodon. For exam-
ple, heavy (42 � 104 viral particles), moderate
(around 2 � 103 viral particles) and light infections
(20^200 viral particles) of WSSV have been graded
based on multiplex PCR (Kiatpathomchai et al.
2001). In our earlier studies using single tube nested
PCR, we have also reported the level of WSSV infec-
tion in di¡erent tissues of P. monodon. Cuticle and tel-
son of shrimp were reported to be the most severely
infected tissues, followed by moderately infected gill
tissue, and mild infection was found in other tissues
such as the eye stalk, pleopod, periopods and uropod
(Shekhar et al.2006). Similarly, immunodot blot assay
has been used for the detection of virus in various
WSSV-infected shrimp organs such as eyestalks, head
muscle, gills, heart, haemolymph, tail and appendages.
Thehaemolymphwas found to beagood source for the
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early detection of WSSV at 12h post infection (Yoga-
nandhan et al 2004) by immunodot blot assay.The tail,
head tissue and eye stalk of WSSV-infected shrimp
were observed to contain a high viral load byWestern
blot and ELISA (Sathish, Selvakumar, Sahul Hameed &
Narayanan 2004). Gill homogenate of WSSV-infected
shrimp is also reported to be e¡ective inWSSV detec-
tion by immunodot blot assay (You et al. 2002). In this
study, we used WSSV-infected muscle, gills, pleopod,
eye stalk and haemolymph for the detection of WSSV
by immunodot blot assay. Both haemolymphand pleo-
podswere found tobe suitable for the detectionof virus
at a 1:100 dilution in generating a positive reaction
with a distinct colour development when compared
with other tissue homogenates.
Because the technique in the present study has the

ability to detect WSSV in samples collected from dis-
ease outbreak having a viral load with a sensitivity
equivalent to ¢rst-step PCR (1 � 105 viral DNA
copies mL�1), this may be used for the initial screening
of a large number of samples avoiding the use of ¢rst-
step PCR. Furthermore, it has been reported that sin-
gle-step PCR is a good indicator of ¢eld outbreaks than
nested PCR (Lo et al. 1998; Tsai, Kou, Liu, Liu, Chang,
Peng, Hsu,Wang & Lo1999). Good management prac-
tice suggests monitoring forWSSV bya single-step and
nested PCRat regular intervals during the shrimp cul-
tivationperiod.The use of nested PCRas a technique to
screen and gradeWSSV infections into categories ran-
ging fromvery severe, severe, light and very light infec-
tions helps in providing an ample opportunity to
decide on any emergency harvest if needed. Usually,
an emergency harvest is suggested if the shrimps are
diagnosed positive by single-step PCR.
About 76.04% of the nested PCR-positive samples

could be detected by immunodot blot in the present
study.We have successfully circumvented the need to
use ¢rst-step PCR using a simpli¢ed immunodot blot
assay. The tissue extraction procedure described here
requires minimal time, e¡orts and yields satisfactory
results under the given conditions of our assay. Our
method with visual estimation of results in shrimps
would be more suitable and applicable for routine as-
says before full-blown WSSV outbreaks without the
use of sophisticated equipments, which would help in
adopting suitable preventivemeasures at the ¢eld level.
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