\'Ilu))1)  Continental J. Fisheries and Aquatic Science 51@) 23, 2011 ISSN: 2141 - 4181
My © Wilolud Journals, 2011 http://www.wiloludjournal.com
) Printed in Nigeria

WHITE SPOT SYNDROME VIRUS (WSSV) TRANSMISSION RISKHROUGH INFECTED
COOKED SHRIMP PRODUCTS ASSESSED BY POLYMERASE CHAREACTION (PCR) AND BIO-
INOCULATION STUDIES

A. Devivaraprasad Reddy, G. Jeyasekaran, R. Jegkil&h
Department of Fish Processing Technology, Fish&@mkege and Research Institute, Tamil Nadu Vetayin
and Animal Sciences University, Tuticorin 628 OD&lia

ABSTRACT

The aim of the study was to evaluate the resistafiaghite spot syndrome virus (WSSV) in shrimps
(Penaeus monoddrio the process of cooking. The cooking was cdroet at 100C six different
durations 5, 10, 15, 20, 25 and 30 min. The presefdVSSV was tested by single step and nested
polymerase chain reaction (PCR). In the single Bt€R, the primers 1s5 & 1a16 and IK1 & IK2 were
used. While in the nested PCR, primers IK1 &IK2k31& IK4 were used for the detection of WSSV.
WSSV was detected in the single step PCR with tiregrs 1s5 & 1al6 and the nested PCR with the
primers IK1 &IK2 — IK3 & IK4 from the cooked shrimpamples. The cooked shrimps, which gave
positive results for WSSV by PCR, were further @onéd for the viability of WSSV by conducting the
bio-inoculation studies. Mortality (100%) was obsat within 123 h of intra-muscular post injection
(P.I) into the live healthy WSSV-free shrimpga fnonodoh These results show that the WSSV survive
the cooking process and even infected cooked shphmgucts may pose a transmission risk for WSSV
to the native shrimp farming systems.
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INTRODUCTION

The white spot syndrome virus (WSSV), a sole membferthe monotypic family Nimaviridae, genus
Whispovirus(Pradeep, et al, 2009), is known to cause 100%atityrin shrimps within 3—10 days under
farming conditions (Lightner, 1996; Pradeep, et2al08b). Since its first report from China in 1994, the
virus has spread rapidly throughout the world (Begd et al, 2008a) causing huge economic loss €o th
aquaculture industry. During the last decades, tlisease has spread worldwide and caused large-scal
mortalities and severe damage to shrimp culturgicpdarly in Asia, leading to massive economicsies to the
farmers, processors and the country (Stentifordl,&2009). It is estimated that WSSV caused loe§&90,000
metric tons of shrimp, worth more than 1 billion d&8lars (Rosenberry, 2001).

Risks of shrimp virus introduction during trading live shrimp for culture have been described, otiter

potentially important sources of shrimp virusestsas ship ballast water or frozen seafood prodwstismp

reprocessing waste, packaged shrimp diverted feneagional fishing bait and packaged shrimp diveftar

shrimp feed in shrimp hatcheries or in shrimp agltace ponds have also been suggested (McColl, 2084;

Hasson, et al, 2006; Reyes-Lopez, et al, 2009;ek|2009; Reddy, et al, 2010). Whole, fresh/frogkrimp are
overwhelmingly preferred for the last two activitji@lthough it is likely that bait would not be piped before
use, while shrimp feed would most probably contat@rihe natural waters/mature animals.

Viral disease diagnostics on imported fresh andenostocks have been hardly implemented and halye on
included stock samples produced in Latin Americasia (Nunan, et al, 1998; Lightner, 1999; Duraetal,
2000; Reuville, et al, 2005; Hasson, et al, 2006yeRd_opez, et al, 2009). It is listed as a non-exdisease in
EC directive 2006/88 (Stentiford, et al, 2009).dffrozen shrimp products for human consumptionoirgul
into Australia have been subjected to mandatorngsince October 2007 using PCR technology foegh
major shrimp viruses viz., White Spot Syndrome ¥i(WSSV), Yellow Head Virus (YHV) and Infectious
Hypodermal and Haematpoietic Necrosis Virus (IHHNAfthe level of 5% prevalence with 95% confidence.
Batches that tested positive have to be destroyedaked in an approved facility (Biosecurity Awgia 2007;
Sritunyalucksana, et al, 2010). The requirementHiBtNV testing was dropped in September 2008, bsting
requirements for YHV and WSSV remain unchanged.il&imesting requirements are not applied for \@sum
other fresh/frozen crustaceans, fish or molluskscesfrozen shrimp products have been consideretasf
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the risks for shrimp virus introduction into thetima systems, the present study was conductedtbdut the
effect of cooking on the destruction of WSSV inistpr products.

MATERIALS AND METHODS

Positive control samples

A clear WSSV infected shrimg®( monodoj sample collected from a shrimp farm located idldte, Andhra
Pradesh, India, based on the typical clinical symmst associated with the WSSV, was selected as itivpos
control. This positive control sample was initialhged for the standardization of polymerase chaattion
(PCR) for the detection of WSSV from cultured shriproducts. The highly positive sample was alsesehdo
investigate the effect of cooking on the survivelhe WSSV in shrimps.

Preparation of samples

The highly PCR positive shrimp samples were usethénpresent study. About 60 shrimps were putn si
polythene bags (10 No. each/pack) and sealed. iWkey cooked in 800 ml of sterile water on a gasest®ne

bag containing 10 shrimps was collected at 5 mih,niin, 15 min, 20 min, 25 min and 30 min after the
beginning of boiling. During the cooking proceshge twater temperature was measured by using the
thermocouple (Consort NV, T852, Turnhout, Belgiuffille temperature was maintained at@@uring the
whole process of cooking.

Experimental animals

The live healthy shrimpsP( monodon)veighing 6-9 g were used for the bio-inoculatiomdges. The shrimps
were screened for WSSV prior to acclimatizatiomément tanks. They were then maintained in 200 ageid
borewell seawater having salinity between 20-25ipptement tanks with air-lift biological aerataatroom
temperature (24-2€). They were fed with artificial pellet feed (CRede, Thailand). They were reared
laboratory conditions for 10 days prior to the bioeulation studies. The animals were divided imto groups.
One group consisting of five animals was injecteéthWWSSV viral inoculum. The other group (also witte
animals) was treated as negative control, wheratim@als were injected with negative shrimp viraddulum.
The inoculated shrimps were continuously obsereed\fSSV infection and time of mortality.

n

Preparation of viral inoculum for bio-inoculatiotudies

Viral inoculum was prepared by the method descrig®Reddy, et al, (2010). Briefly, pleopods wermoeed
from cooked shrimps separately, homogenized in Tfeb and centrifuged at 1000 g for 10 min 8€4n a
refrigerated microfuge (Eppendorf AG, Hamburg, Gang). The supernatant fluid was diluted to 1/1thv#i%e
NaCl and filtered through 0.2 um membrane filtelboAt 100 pl of inoculum was injected into the livealthy
animals through the dorsal region of the third abial segment.

DNA extraction

The WSSV DNA for PCR was extracted by using stashdphenol extraction procedure and ethanol
precipitation (Jeyasekaran, 2000; Reddy, et al0pRriefly, about 500 mg of homogenized tissueslofimp
was taken in a 2.0 ml sterile microfuge tube. ThH&B, ml molecular grade water (Sartorius Stedimtesib,
Gottingen, Germany) was added to each tube andated for 15 min at -2C. To each tube, 0.5 ml of
buffered phenol (which is prepared by mixing 500afphenol with 50 ml of 0.1M Tris (pH 8.0) and 1Q0of
B-Mercaptoethanol) was added. The tissue sampletheas centrifuged at 10,000 rpm for 15 min &€4n a
refrigerated microfuge and the supernatant wassteared to another sterile microfuge tube and Ol5om
buffered phenol was added and centrifuged. Thisge® was repeated until the supernatant became Thea
supernatant was then transferred to another staideofuge tube and 0.5 ml of diethyl ether waseatidnd
centrifuged at 10,000 rpm for 10 min &C4 The supernatant was discarded and 50 ul of ®dim acetate
and 1.5 ml of 100% ethanol were added and store808E overnight (or) at -8 for 2 h. The extract was
centrifuged at 10,000 rpm for 15 min &C4and the supernatant was discarded. The pelletwsabed with
70% ethanol and dried at room temperature. Thetpehs finally dissolved in 20 pl molecular gradetev and
stored at -28C until further use.

Amplification of WSSV DNA

Oligonucleotide primers (1s5-1al6, IK 1-2, IK 3ehosen for the amplification of WSSV DNA fragmentsre
based on the earlier reports of East, et al, (2@0%) Pradeep, et al, (2009) for single step antede3CR,
respectively (Table 1). The primers produced anlamp size of 486 bp (for IK 1-2), 310 bp (for Ik4 and
198 bp (for 1s5-1al6).
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Polymerase Chain Reaction (PCR

First / Single step PCR

The volume of reaction mixture for the first/singep PCR was 25 pl containing 18 pl molecular gnadter,
2.50 pl reaction buffer (100mM Tris with 15mM Mg¥;I1 pl each of forward and reverse primer (1s5 and
1al6; IK1 and IK2), 0.25 pl dNTPs (deoxyribonucldettriphosphates) mix, 0.25 pl Tag DNA polymerdae,
pl crude DNA extract (template DNA). The PCR reactivas conducted in the Thermalcycler (GeneAmp 9700
ABI Systems, Rotkreuz, Switzerland). The PCR prot@omprised of 35 cycles of 60 sec aP®@460 sec at
55°C and 90 sec at 2. The programme included an initial delay of 4 mirf94C and final extension of 5 min
at 72C before and after 35 cycles, respectively.

Second step/nested PCR
In this case, an aliquot of 2 ul from the firstpsfeCR product was used as the DNA template togettibrthe
nested primer pair, IK-3 and IK-4. The rest of BléR mixtures were the same as described above.

Electrophoresis

After completion of PCR, 5 pl of PCR product wageta and mixed with 1 pl of 6X loading buffer and
subjected to electrophoresis (GE Healthcare Bioseig, Kowloon, Hong Kong) in 2% agarose gel coimgin
ethidium bromide at a concentration of 0.5 pl /mlliX Tris-acetate — EDTA (TAE) buffer and the gedsv
analysed under UV trans-illumination and photogeaplusing Gel Documentation System (Alpha Innotech
Corp. California, USA).

RESULTS

The WSSV infected shrimp samples cooked af@Ohowed positive results even after 30 min of aupky
the single step PCR for the primer 1s5 and 1al@. (B, but not with IK1 & IK2 primers. The produgield
was found to be the same in all the samples theg e@oked for different durations. However, allshesamples
were found to be positive by the nested (Fig. 2).

The bio-inoculation studies conducted on the hgdlitle WSSV-free shrimpsR. monodoh produced 100%
mortality within 123 h of post injection (P.l.). Ne of the healthy shrimps died in buffered salingdted
negative control group. The WSSV viral inoculumpgaeed from the cooked shrimps showed a 100% migrtali
but only after 123 h of P.I. The mortality appeamdy after 95 h of P.l. with pinkish discoloratiam the
uropods in the first shrimp and after 102 h in $leeond shrimp. The mortality of third shrimp ocedriafter
109 h of injection with more intense pink discoliya on the uropods as well as on the pleopods.foheh
and fifth shrimps died after 116 h and 123 h oédtijon, but had intense pinkish discoloration anuhopods as
well as on the pleopods. White spots were not eleskin any of the shrimps.

Nested PCR alone yielded the positive resultsHerfirst two shrimp samples that died after 95 46d h of
post injection (Table 2 and Fig.3). The shrimpg ttiad at 109 h of P.I. were found to be positweWSSV by
the single step PCR with the primers 1s5 and latighat with the primers IK1 and IK2, besides pesitby the
nested PCR. The shrimps in which mortality occumédr 116 h and 123 h showed positive by the sistgp
and nested PCR with the three sets of primersdestee present results clearly indicated that theking did
not destroy the WSSV and found that virus was eaven after 30 min of cooking.

DISCUSSION

The detection of WSSV in the cooked shrimps cleahgwed that cooking process at ¥D@ven for 30 min
did not destroy the WSSV DNA (Figs.1 and 2). Snytalncksana, et al, (2010) studied the effect ofkauyp of
whole shrimps at €& on the virus, YHV, before freezing and reporteat the cooking temperature given was
the core temperature of the processed shrimp. EBvaigh the present findings showed that cookingrditl
destroy the WSSV DNA, Hasson, et al, (2006) regbttat the shipments found to be WSSV-positive khou
be cooked to inactivate the viral pathogens. He&i@reening, (2006) showed differences in Hepatitigirus
(HAV) and Norovirus (NoV) inactivation in New Zeald greenshell musselBgrna canaliculusdepending on
the method of cooking, where boiling for 3 min wasre effective than steaming for 3 min to inactvatAV.

In these studies, boiling for 3 min gave an intétamperature of $€, but steaming for the same period gave
an internal temperature of only 3 Croci, et al, (2005) studied the resistance epaditis A virus (HAV) in
mussels subjected to different domestic cookingkfaond that the virus was still present even afterking
for 9 min at boiling temperature. It is known thla¢ environment may influence the virus sensitititythermal
inactivation, particularly in a fat or protein eriment, as in shellfish flesh, the virus is masistant to the
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inactivation action of heat (Murphree & Tamplin, 98 Croci, et al, 1999). However, only a 2-lpdecrease in
viable viruses was seen after steaming for 30 miart internal temperature of 937 Virus survivals ranging
from 7 to 13% were observed using different cookimethods (Richards, et al, 2010).

The progress of WSSV infection in the bio-inocutbrimps showed that WSSV first affected the pbetsp
followed by uropods. The injected shrimps showeasbsgrclinical signs of WSSV infection. The WSSV it
animals, on bio-inoculation, exhibited pinkish rdidcoloration on the uropods and pleopods. Sudhal, e
(1998) also reported that the shrimps with reddiskioloration without white spots was a preacutenfof the
disease caused by WSSV. The disease process n@apnieted in a short time period because of higal vi
load and small pore size, and therefore, the gralailinical sign of white spot appearance normalgociated
with WSSV syndrome may not develop at all. The sasful WSSV infection on infectivity bioassays Ihad
the experimental animals caused rapid reductiofeea intake and lethargy (Corbel, et al, 2001),clvhivas
also observed in the present study.

The first mortality observed in the shrimps thatevimjected with viral inoculum obtained from codkshrimp
samples was at 95 h P.I. (Table 2 and Fig. 3). INucal signs of disease or mortality were obserastbong
negative control shrimps during the experimentaigoe The action of WSSV was slow due to the cogkin
process applied, and hence it took more time teldgvinfection in the healthy shrimps on bio-inatidn.
However, all the experimental animals died with281h of P.l., which indicated that the WSSV wasreve
viable after cooking and could cause mortality. Htiger, (1996) also reported the appearance of sbddi
discoloration or small white spots in the WSSV atéal shrimp P. monodoh Durand, et al, (2000) observed a
100% mortality in the indicator shrimp [specifictpagen free (SPF) shrim®. vannam@ion injection of
WSSV inoculum from frozen shrimp products. Nunarale(1998) reported that the bioassay using tlfcator
shrimps P. stylirostrig produced 100% mortality within 8 day P.I. of WS®\bculum from frozen shrimp
products. The series of experiments conducted hyaNuet al, (1998) also showed that frozen shringolyrct
imported from Asia contains the viral pathogens WS8d YHV and through the use of bioassay, they
demonstrated that the viruses in the frozen imdagoteduct were infectious. Duraed al. (2000) observed that
the challenge bioassay of WSSV by shrimp injecposduced the first mortality in indicator shrimp day 3,
but, all the indicator shrimps had died by day 4ssbn, et al, (2006) observed the clinical signdiséase
including lethargy, anorexia and chromatophore egjmn resulting in dark body coloration and reddgnif
both the uropods and antennae, when SPF shiiitgpénaeus vannamguveniles were injected with WSSV
PCR-positive shrimpRarapenaeopsisp.) tissue homogenates resulting in 100% moytadithe experimental
shrimps within 48 to 72 h of P.l. Reddy, et al, {@Dobserved that the WSSV in frozen shrimp proslwatre
infectious and causing a 100% mortality in live llgaWSSV-free shrimpsR. monodoh within 45h of intra-
muscular post injection (P.1). It is inferred frattme present study that the WSSV was virulent inngts
subjected to cooking process and infectious regulti 100% mortality of healthy shrimps.

According to Biosecurity Australia, (2007), freshifen shrimp products for human consumption imbiriéo
Australia from October 2007 should be subjectedhtmdatory testing using PCR technology for thregpma
shrimp viruses viz., White Spot Syndrome Virus (W3SYellow Head Virus (YHV) and Infectious
Hypodermal and Haematpoietic Necrosis Virus (IHHNat)the level of 5% prevalence with 95% confidence
and the batches that tested positive have to leogled or cooked in an approved facility. Howevbg present
study indicated that cooking did not destroy theSWDNA in shrimps P. monodohand the cooked shrimp
products may also pose the risk of transmitting\iHeSV to the healthy native shrimps.

CONCLUSION

On the basis of the bio-inoculation studies, it baninferred that the WSSV was not destroyed af@@¥en
after 30 min of cooking process. Results clearlyvshhat a transmission risk of WSSV remains eveauph

the infected cooked shrimp products. Hence, thé@nghfarmers, processors and exporters should bes mor
vigilant on WSSV infection in farmed shrimps in erdo prevent economic losses.
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M 1 2 3 4 5 6 /

Fig. 1. Detection of WSSV in cooked shrimp sampiéth the primers 1s5 & 1al6 in a single step PCéhd.
M — 100 bp DNA ladder; Lane 1 — negative contr@nk 2 - 5 min; Lane 3 - 10 min; Lane 4 - 15 minmé® -
20 min; Lane 6 - 25 min; Lane 7 - 30 min
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«—— 310bp

Fig. 2. Detection of WSSV in cooked shrimp sampiéth the primers IK3 & IK4 in a nested PCR. Lane-M
100 bp DNA ladder; Lane 1 — negative control; L&nte5 min; Lane 3 - 10 min; Lane 4 - 15 min; Lane Z)
min; Lane 6 - 25 min; Lane 7 - 30 min

<«——486 bp

<«<—310bp
<+«—— 198 bp

Fig. 3. Agarose gel showing results of PCR assatstive primers 1s5 & 1a16; IK1 & IK2 in single ptand
IK1 & IK2-IK3 & IK4 in nested PCR from moribund simps bio-inoculated with WSSV inoculum from
cooked shrimp sample. Lane M — 100 bp DNA laddemd_1 - negative control; Lane 2 — 95 h (for 1s8 an
1al16); Lane 3 — 123 h (for 1s5 and 1al6); Lan®8 h (for IK1 and IK2); Lane 5 - 123 h (for IK1 ahd2);
Lane 6 - 95 h (for IK3 and 1K4); Lane 7 - 123 hr(f&3 and 1K4)
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Table 1:

Primers used for the detection of WSSV from shrpmpducts

Primer specific for Primer Sequence (5’-3") Product size
name
Single step PCR 1s5 CACTCTGGCAGAATCAGACCAGACCCCTGAC 198 bp
Nested PCR 1al6 TTCCAGATATCTGGAGAGGAAATTCC
1% step
IK-1 TGGCATGACAACGGCAGGAG 486 bp
2" step IK-2 GGCTTCTGAGATGAGGACGG
IK-3 TGTCATCGCCAGCACGTGTGC 310 bp
IK-4 AGAGGTCGTCAGAGCCTAGTC
Table 2:

Detection of WSSV by PCR from the tissues of shri(Rp monodoj challenged by intramuscular (1.M)
injection of WSSV inoculum from cooked (1%for 30 min) shrimp sample

PCR diagnosis Negative Time of mortality (P.l.)
group 95h 102 h 109 h 116 h 123 h

Single step PCR (1s5 & 1al6 - - - + + +
primers)

Single step PCR (IK1 & IK2 - - - - + +
primers)

Nested PCR (IK1& IK2 - IK3 - + + + + +

& 1K4)
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