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ABSTRACT: Primary shrimp cell culture from lymphoid organ$eheaus monodomas successfully devel-

oped in our laboratory. Minced tissues of lymphiod organs were seeded and cultured in 2x Liebovitz-15 supple-
mented with 15% fetal bovine serum, 10% shrimp meat extract, and a salt mixture, with an osmolarity of 710-
730 mmol/kg. Plates were then incubated at 28°C until 70-80% cell monolayers were formed. Even though
these primary lymphoid cell cultures could not be subcultured, they proved to be useful for studying shrimp
viruses which could induce unequivocal cytopathology in them. Cytopathic effect (CPE) induced by white spot
syndrome virus (WSSV) showed characteristics of cell rounding, detachment and lysis. Quantitative analysis of
WSSV infectedP. monodorwas determined using primary lymphoid cell systems. Among those tissues and
organs observed, cuticular epidermis gave the highest titer*8f TIOID_/ml. Pathogenesis of shrimp viral
infections and the relative virulence of WSSV infecting various species of crustaceans were also examined using
this primary shrimp cell culture system.
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INTRODUCTION al. 1995, Luedeman & Lightner 1992, Nadala et al. 1993,
Disastrous failures have occurred in the shrimp farmimgulled et al. 1996). Lu et al. (1995b) and Tapay et al. (1997)
industry in Thailand in the past decade mostly due to virdeveloped arin vitro quantal assay for YHV and China
infection. One of the most serious viruses (known in Th@aculo-like virus (CBV) using primary lymphoid cells of
land as systemic ectodermal and mesodermal baculovirugherwhite shrimgPenaeus vannamandP. stylirostris
SEMBYV) causes reddish body discoloration and white spots

or patches on the inside surface of the carapace and shell ?t th|sdpr_es?jn]'£ StUd%’ vvle pripf?‘(;ed prlm%afry shrlr;p cell
affected shrimp (Kasornchandra et al. 199 ultures derived from the flymphoid organ rafmonodon

Wongteerasupaya et al. 1995). Similar viruses with simiI%Pd we also demonstrate_d the use of these primary s_hnmp
cerlé cultures for propagation of WSSV, for a viral titration

disease symptoms have now been reported elsewhé - . R
throughoutyAsﬁa (Flegel 1997). This virusphas been call§g>>’ for determining the WSSV tissue and organ specificity

white spot syndrome baculovirus (WSSV) by Lightner (199@485@0'10(10@“ for d_e terrpmmg the relative virulence of
and that abbreviation is now widely used but to stand f to various species of crustaceans.

white spot syndrome virus (i.e., the “baculo” prefix is usu-
ally dropped since the relationship of the virus to
baculoviruses is now widely questioned). Therefore, in this MATERIALS AND ME_THODS

paper we will use WSSV instead of SEMBV. This virus is@rimary cell culture preparation

DNA virus of bacilliform to cylindrical morphology withan ~ Primary culture of shrimp lymphoid cells are prepared
average size of 120x275+22 nm (Kasornchandra et al. 198gzording to the method of Kasornchandra et al. (1998) with
Wongteerasupaya et al. 1995). Characterization of this viglight modifications. Briefly, lymphoid organs were obtained
is based on histological observations, electron microscdpym adult black tiger shrim@. monodor¢40-50 g), washed
and molecular studies. However, to study its infectivity, oree times in cold antibiotic-buffered mixture consisting of
has to rely oiin vivobioassay which requires large numberk,000 1U/ml penicillin, 1,000 pg/ml streptomycin, 250 pg/
of animals. Although much new information is available fanl gentamicin, 250 pug/ml Fungizone, and 1M phosphate
this virus, many issues remain to be examined, and egpeffered saline (PBS). After a final wash and further incuba-
cially those relating to interaction between this virus and tign for 10 min in cold antibiotic-buffered solution, the lym-
host. These studies are difficult due to the lack of shrimpoid organs were then minced to small fragments of ap-
cell lines for production of the virus and farvitro studies. proximately 1 mri Four or five tissue fragments were trans-
Although numerous attempts have been made, no maf@ed to each well in 24-well plates and 1 ml of the culture
shrimp cell line has yet been established. Recently, the snedium containing 2x L-15 supplemented with 15% FCS,
cessful development of primary shrimp cell cultures has bedi?o shrimp meat extract (SME), 1% glucose, 5 g/L NacCl,
reported from many laboratories (Chen et al. 1986, Hsul®0 1U/ml penicillin, 100 pug/ml streptomycin and 5 pg/ml

Kasornchandra J, Boonyaratpalin S (1998) Primary shrimp cell culture: Applications for studying
white spot syndrome virus (WSSMh Flegel TW (ed) Advances in shrimp biotechnology. National
Center for Genetic Engineering and Biotechnology, Bangkok.



274 Kasornchandra & Boonyaratpalin

Fungizone, osmolarity 72@0 mmol/kg, was added to eachVirulence of WSSV to various species of
well. Plate was then sealed and incubated 4 B8til 70- ~r staceans

80% confluent monolayers were formed. These cells were The infectivity of WSSV to various species of crusta-
then ready for propagation of the virus. Before propagati8 an was conducted in aquaria at the Marine Shrimp Re-

Of. the virus, 0.1 m| OT_med'“”"! N each well was replaces arch and Development Center (MSRDC), Songkhla. Four
with fresh culture mediim containing 5% FCS. The plate W@ﬁecies of penaeid and metapenaeid shifiponodonp.

then ready for use. meguiensis, Metapenaeus esnsind M. brevicornig and
Propagation of WSSV three species of cratffortunus pelagicus, Scylla serrata

Primary shrimp cell cultures were examined for thier abfid Sesarmapp.) collected from uninfected shrimp ponds
ity to propagate WS® Viral suspension was prepared agnd reservoirs |ns_|de the center and nearby were _|nJected
described by Boonyaratpalkit al (1993) with slight modi- intramuscularly with 1 TCID,/ml at 0.1% body weight
fications. Briefy, 10% (w/v) gill tissue bP. monodorex- (te€n shrimp or crabs of each species per dosage). Control
perimentally infected witkvSSvVwas homogenized in 2xL-Shrimp and crabs were injected with L-15 basal medium.
15 medium and filtered through a 0.2 um sterile membraf@th injected and control animals were kept separately in
The virus suspension was then diluted 100 times in 2xL-38L aquaria equipped with aeration. Chlorinated sea water
medium and 10 pl of the diluted suspension was inoculafdd?8-30 ppt salinitywas changed daily (75%). Experimen-
onto primary shrimp cell cultures. Control wells were irf@! shrimp and crabs were fed 3 times yldlihe animals
oculated with an extract of normal gill tissue prepared in thgreé observed daily for clinical signs for 10 days. Dead and
same manmeThe inoculated plates were incubated ac2gmoribund shrimp and crabs were recorded and removed. In
and observed daily for cytopathitfect (CPE)To confirm order to confirm WSSV inf_ection,_ portions of the c_rusta-
viral propagation in the shrimp cells, they were fixed witR€ans were homogenated immediately after death in 2x L-
6.25% glutaraldehyde in cacodylatdfeapH 7.2 and proc- 15 medium. The homogenate was then filtered and inocu-

essed for examination with the electron microscopic. lated onto primary shrimp cell cultures. Moribund shrimp
and crabs were also fixed in David&®fixative and then

Titration of WSSV subjected to histological preparation. At the termination of
The viral titer was determined in primary lymphoid cethe experiment, all remaining crustaceans were subjected to

cultures by end-point dilution assay (TG}nl) according histological analysis and shrimp cell culture assays.

to the method of Rovozzo and Burke (1973). Primary shrimp

lymphiod cells were prepared in 96-well plates as described

by Lu et al. (1996). Brieyl two to three tissue fragments RESULTS

were seeded in wells of a 96-well plate and a drop of culture Cel|ls obtained from the lymphoidgan tissue fragments
medium was added to each well. The plate was then sealgdibited fibroblastic-like morphology by 18 h post-seed-
and incubated at 28 until 70-80% confluent monolayersing. After 3-4 days, 70% confluent monolayers were achieved

were formed. The cells were then ready for virus titration.#nd these cells could be maintained for 8-10 days without
day before performing the quantitative biogs€al ml of  changing medium.

medium in each well was exchanged with fresh culture me- . . ) .

dium containing 10% FCS and the plate was then incubated!nfectivity of WSSV in primary lymphoid cells showed
at 28C until usedViral suspension was prepared as preJineauivocal cytopathology in which the cells became
ously mentioned. The 10-fold diluted WSSV suspension wiinded followed by detachment and lysis. (Fig. 1). The
diluted serially in 2x L-15 medium, and 0.1 ml of each dilgompletion of cells lysis occurred within 4-5 days post-in-
tion (10°-10°) was then inoculated into 3 wells of a Conﬂugculatlo_n. No CPE was 0b§erved in cont.rol wells (Elg._Z).
ent lymphoid cells monolayeControl wells were inoculated T© €onfirm the cause of primary lymphoid cells lysis, in-
with the same amount of normal gill tissue extract in inoc{cted cells were processed and subjected to electron
lation medium. The plate was then sealed and incubatedgroscop. The results reyealed the presence ofa baC|II|for.m
28°C for 7 days and examined daily for cytopattiteet ViU having the same size as WSSV in nucleus of the in-
(CPE). Dilution end-points were calculated by the methgFted cells.

of Reed and Muench (1938). Titration of the WSSV in primary lymphoid cells was

Pathogenesis of WSSV infected shrimp 1*°TCID_/ml. This titration was repeated twice and simi-
Specificity of tissues and@ans oP monodorior WSSV lar results were obtained. The recovery of infectious WSSV

. pec ty . ga ' : - from selected tissues andjans of infected’. monodoris

in experimentally infected shrimp was determined using Pl own inTable 1 Among those tissues andans exam-

mary Iymphqld cells. WS.SV suspension was prepared fr?rﬁréd, cuticular epidermis gave the highest titer 8# IGID_/
gills, lymphoid agans, cuticular epidermis, hepgtopancrear%,l_ followed by hemolymph and gills. Perieopods, eye-
heart, hemolymph, eygstalks, musple and perleppods Ofs'pélks, muscle and heart produced moderate titers ranging
fected animals as previously described. A bacterial-free si

3 0 0 i ti
pension of these homogenated WSSV infected tissues E)P\}VH; Slto;t:ro; 'lrgol_[r)éofgI(.J/:tlepatopancreatlc tissue gave the
organs (0.1 ml) was added separately to sterile test tubes 0T

containing 0.9 ml 2xL-15 medium, and then serially diluted The infectivity of WSSV to various types of crustaceans
10-fold. A portion (0.1 ml) of each dilution was added twas investigated and compare@l. monodonand P.
tissue culture wells (3 wells each) followed by incubationeguiensiswere the most susceptible to WSSV infection.

for 10 days at 2& to determine the viral tite They produced clinical symptoms after 4 days post-injec-
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Figure 1 Primary lymphoid cell culture showing cytopathigigure 2 Primary lymphoid cell culture 5 days after
effect (CPE) 5 days p.i. with WSSV extract from infected inoculation with extract from normal shrimp gill tissue.
shrimp gill tissue.

Table 1 Titer & WSSV recovered from one mangrove cralsesarmaspp., died during this experi-
selectd tissus and organs of ment. Histological examination of the moribund and surviv-
expermentally infected P. monodon. ing shrimp revealed the presence of hypertrophied nuclei in

various tissues of ectodermal and mesodermal origin. The
characteristics of CPE induced by their tissue extracts in pri-

Tissue/Organ TCIDog/ml mary shrimp cells were also similar to those induced by
WSSV extracts as previously described. Interestjriagh

Cuticular epidemis 1085 numbers of hypertrophied nuclei were observed in the in-

Gills 1077 fected tissues of surviving crabs.

Hemolymph 10"%°

Lymphoid ogan 107 DISCUSSION

Perieopods 10°%® Primary shrimp cell cultures obtained from lymphoid or-

Eye-stalk 105'22 gans oP. monodomwere successfully developed in our labo-

mg;rctle ig::oo ratory. These cells can be maintained up to 10 days without

Hepatopancreas 10700 changing medium. This is enough time to conduct viral ti-

tration assays. The study also demonstrated that our primary
lymphoid cells supported growth of WSSV and that CPE
induced by this virus exhibited cell rounding followed by
detachment and lysis. Similar CPE was reportetepay et

tion and all shrimp died within 9 days post-injectidalgle

2). Metapenaeus ensadM. brevicorniswere also suscep- i - ) -
tible to WSSV infection. Howevesome of these shrimpal' (1997) for Chinese Baculo-like virus or CBV (which pro-

still survived 10 days post-injectiofdble 2).Portunus duced white spot disease syndrome in China) in primary lym-
pelagicus, Scylla serratand Sesarmaspp. were also in- phoid cells derived from lymphoidrgans of the white
fected by WSS. Only a few crabsHortunus pelagicsiand shrimp P. stylirostris Moreover the viral titer produced in
Scylla serratg died within 7 and 9 days post-injection. Th&1€ir primary lymphoid cells was as high as that for our pri-
others still survived 10 days post-injectiarable 2). only Mary cells (i.e., giving a TCIRtiter of 1GTCIDy/ml).

Table 2. Percent survival of seven species ofustaceas after
experimentd injection with WSSV. Number of aninals in each group
= 10.

Crustaceans Days post injection
1 2 3 4 5 6 7 8 9 10

Penaeus monodon | 100 100 100 100 80 60 20 10 0 0

P. merguiensis 100 100 100 100 100 70 50 20 0 0
Metapenaeus ensis| 100 100 100 100 100 80 80 60 40 [20
M. brevicornis 100 100 100 100 100 100 80 60 50 |30
Portunus pelagicus | 100 100 100 100 100 100 80 80 70 |60
Scyllaserrata 100 100 100 100 100 100 100 90 80 |70

Sesarmaspp. 100 100 100 100 100 100 100 100 100 |90
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Susceptibility of tissues and organdofmonodorsup- Hsu Y-L, Yang Y-H, Chen C-Y, Tung M-C, Wu J-L, Engelking
porting growth of WSSV was determined in primary shrimp MH, Leong JC (1995) Development of an in vitro subculture
cells. The amount of infectious WSSV recovered was high- Systém for the oka organ (Lymphoid tissue)Renaeus
est from cuticular epidermis followed by hemolymph ang Monodon Aquaculture 136:43-55 _
gills suggesting that those organs greatly support viral m'ﬁﬁsé)kmchandra J, Boonyaratpalin 'S, Khongpradit R,
e L panithanpong U (1995) Mass mortality caused by systemic
t'p“(_:at'_on and would enhance the recovery of WSSV. A simi- bacilliform virus in cultured penaeid shrinifenaeus monodon
lar finding was reported by Tapay et. al. (1997) who demon- i, Thajland. Asian Shrimp News 5: 2-3
strated that cuticular epidermis of experimentally infectg@thsornchandra J, Khongpradit R, Ekpanithanpong U,
P. stylirostriswas the most susceptible target for CBV multi- Boonyaratpalin S (1997) Progress in the development of shrimp
plication, followed by gills and hemolymph. Thus, those tis- cell culture in Thailand. In: the Proceeding of the Biotech Fo-

sues and organs seem to be the best choice for virus isolatum on Shrimp Biotechnology, BIOTECH/NSTDA, Bangkok,
tion. pp. 132-136

Lightner DV (1996) Handbook of pathology and diagnostic pro-
Many scientists have reported that WSSV is capable of cedures for dieases of penaeid shrimp. World Aquaculture Soc,
infecting various species of crustaceans including larval in- Baton Rouge
sects (Kasornchandra et al. 1997, Lo et al. 1997, Supamattsy@F, Wang CH, Kou GH (1997) White spot syndrome (WSS):
et al. 1998). However, the relative virulence of this virus to Pathology, hosts and prevalence in captured shrimp and craps
the various species of crustaceans has not yet determined” Tawan. In: “NRIA International Workshop: new approaches
due to the lack of cell lines far vitro studies. We described tzoog'_r;‘if'seases of aquatic animals, Watarai, Mie, Japan pp.

here a method using primary s_hnmp cell cultures for virg|, Y, Tapay LM, Loh PC, Brock JA, Gose RB (1995a) Distribu-
quantitation to determine relative virulence of WSSV for o of vellow-head virus in selected tissues and organs of

four species of shrimp and three species of crabs. The repenaeid shrimpenaeus vannamedis Aquat Org 23:67-70
sults suggest th& monodorandP. merguiensiare the most Lu Y, Tapay LM, Loh PC, Brock JA, Gose RB (1995b) Develop-
susceptible hosts for WSSV infection while the two species ment of a quantal assay in primary shrimp cell culture for yel-
of metapenaeid shrimp). brevicornisandM. ensis were low head baculovirus (YBV) of penaeid shrimp. Virmet 52:231-
moderately susceptible hosts. The shrimp survivors also236 _ o
showed typical characteristics of hypertrophied nuclei f€déman RA, Lightner DV (1992) Development of an in vitro

. . . rimary cell culture system from the penaeid shrirgnaeus
infected tissues. For the three species of crabs teSteoztylirostrisandPenaeus vannamehquaculture 101:205-211

(FfortunqspelagmusScylIasgrr'atagndSesarmapp-_)v MOSt \adala ECB Jr, Lu Y, Loh PC (1993) Primary culture of lymphoid,
still survived 10 days post-injection. However, histological nerve, and ovary cells fromenaeus stylirostrignd P.
examination showed high levels of infection but little tissue yannameiln Vitro Cell Dev Biol 29A:620-622

damage in these survivors. Therefore, they may be imptieed LJ, Muench H (1938) A simple method of estimating fifty
cated as carriers for white spot disease. Even though no conpercent end points. Am J Hyg 27: 493-497

tinuous shrimp cell lines are available as yet, primary lyrovozzo GC, Burke CN (1973) A manual of basic virological tech-
phoid cell cultures established not only in our laboratory but niques. Prentice-Hall, Englewood Cliffs, New Jersey
elsewhere have proven to be useful for studying shrimp {8y LM, Lu Y, Gose RB, Nadala ECB Jr., Brock JA, LohPC

rusesin vitro (Chen and Kou 1989, Lu et al. 1996a,b, Tapa 1997. Development of an in vitro quantal assay in primary cell
! ' 0, 1apay cultures for a non-occluded baculo-like virus of penaeid shrimp.

et. al. 1997). Virmet 64:37-41
Toulled JY, Crozat Y, Patrois J, Porcheron P (1996) Development
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