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ABSTRACT: White spot syndrome virus (WSSV) is a devastating pathogen in shrimp aquaculture. 
S tandardized challenge procedures using a known am ount of infectious virus would assist in evalu
ating strategies to reduce its impact. In this study, the shrimp infectious dose 50% endpoint (SID5 0  

ml4 ) of a Thai isolate of WSSV was determ ined by intram uscular inoculation (i.m.) in 60 and 135 d 
old specific pathogen-free (SPF) Litopenaeus vannamei using indirect immunofluorescence (IIF) and 
1-step polym erase chain reaction (PCR). Also, the lethal dose 50% endpoint (LD5 0  m b 1) was deter
mined from the proportion of dead  shrimp. The m edian virus infection titers in 60 and 135 d old ju v e
niles w ere IO6 , 8  and IO6 , 5  SID5 0  ml4 , respectively. These titers w ere not significantly different (p > 
0.05). The titration of the WSSV stock by oral intubation in 80 d old juveniles resulted in approxi
m ately 10-fold reduction in virus titer com pared to i.m. inoculation. This lower titer is probably the 
result of physical and chemical barriers in the digestive tract of shrimp that hinder WSSV infectivity. 
The titers determ ined by infection w ere identical to the titers determ ined by mortality in all experi
m ents using both i.m. and oral routes at 1 2 0  h post inoculation (hpi), indicating that every infected 
shrimp died. The determ ination of WSSV titers for dilutions adm inistered by i.m. and oral routes con
stitutes the first step towards the standardization of challenge procedures to evaluate strategies to 
reduce WSSV infection.
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INTRODUCTION

W hite spot syndrome virus (WSSV) is a devastating 
pathogen w hich causes disease and mortality in 
shrimp aquaculture. First recorded in Taiwan in 1992 
(Chou et al. 1995), it has spread to several shrimp- 
farm ing countries in Asia and Latin America (Wang et 
al. 2000, Hill 2002). In culture ponds, mortalities up to 
1 0 0 % may occur w ithin 1 0  d after the onset of disease

(Kasornchandra et al. 1998). In m any Asian shrimp 
species the acute phase of disease is characterized by 
the presence of w hite spots on the inner surface of the 
exoskeleton (Lo et al. 1996) from w hich the disease 
nam e is derived. O ther clinical signs include anorexia, 
lethargy and reddish discoloration of the body (Otta et 
al. 1999). WSSV is an enveloped, non-occluded bacilli- 
form -shaped virus containing a double-stranded DNA 
genom e of betw een 293 and 308 kbp (van Hulten et al.
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2001, Yang et al. 2001). This pathogen w as first 
grouped with the non-occluded enveloped baculo- 
viruses (Durand et al. 1996), but gene sequencing and 
characterization of its major structural proteins have 
shown low homology with this virus family. These 
molecular differences supported the formation of a 
new  virus family for WSSV: the Nimaviridae  (Vlak et 
al. 2002). Several decapod crustaceans (Chang et al. 
1998, Sahul-H am eed et al. 2003) and shrimp species 
(W ongteerasupaya et al. 1996, Chou et al. 1998, Wang 
et al. 1999) are susceptible to WSSV infection.

Several experim ents have been carried out with 
WSSV to determ ine its pathogenicity in crustacean 
hosts using (1) intram uscular (i.m.) inoculation (Jira- 
vanichpaisal et al. 2 0 0 1 ), (2 ) the p er  os route by feeding 
WSSV-infected tissues to experim ental animals (Rajen- 
dran et al. 1999, W ang et al. 1999) and (3) immersion 
(Chou et al. 1998, Rajan et al. 2000). In these studies, 
the dose of infectious virus given to each animal was 
not known. A standardized inoculation procedure re 
quires 2  major components: (1 ) the use of animals with 
low genetic variability and high susceptibility to the 
virus, preferably free of specific pathogens and (2 ) a 
WSSV stock w ith a known titer of infection. Such a 
standardized procedure is essential (1 ) to com pare the 
susceptibility of different host species and life stages to 
WSSV, (2) to determ ine the virulence of different WSSV 
strains, and (3) to test the efficacy of strategies aim ed to 
control the disease. To date, no shrimp cell cultures are 
available for in vitro titration of WSSV; therefore, in 
vivo titration is the only alternative.

Only 1 previous study has determ ined the LD5 0  of a 
WSSV tissue suspension. A South Carolina isolate was 
inoculated i.m. in specific pathogen-free (SPF) Lito
penaeus vannamei of 1  g m ean body w eight, and 
the virus titer was determ ined using probit analysis 
(Prior et al. 2003).

The aims of the present study w ere (1) to determ ine 
the shrimp infectious dose 50%  endpoint (SID5 0  ml4 ) 
and the lethal dose 50% endpoint (LD5 0  m b 1) of a Thai 
isolate of WSSV in 2 sizes of juvenile SPF Litopenaeus 
vannam ei by i.m. inoculation, (2 ) to determ ine these 
virus titers by oral inoculation and (3) to establish the 
relationship betw een WSSV infection and shrimp 
mortality for the 2  routes of inoculation.

MATERIALS AND METHODS 

Experimental shrimp and rearing conditions. SPF
Litopenaeus vannamei of the Kona strain was used 
(Wyban et al. 1992). Batches of shrimps arrived as post
larvae (PL 8  to 12; m ean body w eight [MBW] =
0.0013 g) and w ere acclimatized and reared  for a 
period of 36 to 50 d after arrival. Postlarvae w ere fed

with Artem ia  nauplii once daily. Juveniles w ere fed 
w ith a commercial pelleted feed (A2 monodon high 
perform ance shrimp feed/shrim p complete grower, 
INVE aquaculture nv) at a rate of 2.5%  MBW twice 
daily. W ater tem perature was kept at 27 ± 1°C, salinity 
betw een 30 and 35 g I-1, total ammonia-N less than
0.5 mg I- 1  and nitrite-N betw een  0.05 and 0.15 mg I-1.

Experimental conditions. Shrimp w ere acclimatized 
to a salinity of 15 g I- 1  over 4 d prior to experim ental 
infectivity trials. Shrimp w ere kept individually in 10 1 
plastic aquaria provided w ith aeration and covered 
w ith acrylic plates. Shrimp w ere fed a restricted diet of 
6  pellets divided into 2  rations a day to m aintain w ater 
quality. W ater tem perature was betw een  25 and 28°C, 
total ammonia levels w ere betw een  0 and 5 mg I- 1  and 
nitrite was betw een 0 and 0.15 m g I- 1  as monitored 
daily. Artificial seaw ater at a salinity of 15 g I- 1  was 
prepared  w ith instant ocean (Marine Systems) d is
solved in distilled water.

Virus and production of the WSSV stock. A Thai iso
late of WSSV from naturally-infected Penaeus m on
odon was used. This virus isolate was passaged once in 
crayfish Pacifastacus leniusculus (Jiravanichpaisal et 
al. 2001). A gili suspension from crayfish (10~ 2  in L-15 
medium) was kindly donated by P. Jiravanichpaisal 
and K. Söderhäll (Uppsala University, Sweden). It was 
diluted 10_ 1  in phosphate-buffered saline (PBS) pH 7.4, 
and 50 pi w ere injected i.m. into SPF Litopenaeus 
vannam ei to amplify the virus. The inoculated shrimp 
w ere collected at 48 h post inoculation (hpi) and w ere 
frozen at -70°C. Tissues from these shrimps w ere an a 
lyzed by indirect im munofluorescence (IIF) to confirm 
WSSV infection. Thaw ed carcasses w ithout hepato- 
pancreas, gut and exoskeleton w ere minced. A 10_ 1  

suspension was m ade in PBS and centrifuged (3000 x g  
at 4°C for 20 min). The supernatant was centrifuged 
(13 000 x g  at 4°C for 20 min), filtered (0.45 pm) and 
aliquoted for storage at -70°C. The total volume was 
250 ml. Samples from tissues used to produce the viral 
stock w ere sent to Dr. Jam es Brock (Moana Technolo
gies LLC, Hawaii) for detection of the major viral 
pathogens of shrimp by polym erase chain reaction 
(PCR). PCR analysis confirmed the sole presence of 
WSSV DNA in the tissues.

In vivo  titration by intramuscular inoculation. Virus 
Infection titer In 135 d old juveniles and Its correla
tion to the m ortality  titer: Five experim ents w ere p e r
formed using shrimp of this age (MBW = 13.34 ± 4.08 g; 
n = 172). In 3 experim ents, shrimp w ere inoculated i.m. 
w ith 200 pi of a 10-fold serial dilution of WSSV. Four 
shrimp w ere used per dilution. M oribund and dead 
shrimp w ere recorded, rem oved from the aquaria and 
processed for detection of WSSV infection. Surviving 
shrimp w ere sacrificed at the end of the experim ents 
and analyzed for WSSV infection. These experim ents
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w ere term inated at 72, 96 and 168 hpi. In the other 2 
experim ents shrimp w ere inoculated i.m. w ith 50 pi of 
a 10-fold serial dilution of WSSV. Twelve shrimp w ere 
used per dilution. Moribund, dead  and surviving 
shrimp w ere analyzed for WSSV infection. These 
experim ents w ere term inated at 1 2 0  and 168 hpi (see 
Table 1).

Virus titers in 60 d old juveniles: Three experim ents 
w ere perform ed with shrimp (MBW = 3.00 ± 1.18 g; 
n = 75) inoculated i.m. w ith 50 pi of a 10-fold serial 
dilution of WSSV. Five shrimp w ere used per dilution. 
M oribund and dead  shrimp w ere processed for de tec
tion of WSSV infection. These experim ents w ere term i
nated  at 120 hpi (see Table 2).

The statistical comparison of the virus titers in these 
2  sizes of juvenile shrimp was undertaken  using the 
M ann-W hitney non-param etric test (Zar 1996).

In vivo  titration by oral inoculation. Virus titers in 
80 d old juvenile shrimp: The minimum size of shrimp 
that could be inoculated by the oral route was 6  to 7 g. 
The virus titer of the WSSV stock after oral inoculation 
was evaluated using the overall m edian virus titer after
i.m. inoculation as the basis to define 5 doses (IO3, IO2, 
IO1, 10° and 10_ 1  SID5 0  [i.m.] in 50 pi). This procedure 
perm itted a direct comparison of the infectivity of the 
virus stock w hen applied i.m. and w hen applied orally. 
Two experim ents w ere perform ed in 80 d old shrimp 
(MBW = 7.75 ± 2.83 g; n = 50). Five shrimp per dose 
w ere intubated using a sterile flexible pipette tip 
(Biozym) and a magnifying glass (2.5x) to locate the 
mouth. Shrimp w ere placed w ith the ventral side up, 
the pipette tip was introduced into the oral cavity and 
the viral inoculum w as delivered into the lum en of the 
oral tract. M oribund and dead  shrimp w ere analyzed 
for WSSV infection.

Determination of the virus titers. The virus infection 
titers (SID5 0  m b 1) and mortality (LD5 0  m b 1) w ere calcu
lated using the m ethod of Reed & M uench (1938). 
Briefly, data of infected and uninfected shrimp at each 
dilution w ere recorded. Totals w ere calculated for 
infected shrimp from the lowest to the highest concen
tration and for uninfected shrimp in the inverse d irec
tion, so as to obtain the percentage of infected shrimp 
for each dilution. The 2 dilutions w ith the nearest p er
centage above (a) and below (b) 50 % w ere used to cal
culate a proportional distance (50% -b)/(a-b) which 
was added to the log 1 0  of the highest dilution below 
50 % in order to determ ine the 50 % endpoint of infec
tion (SID5 0  m b 1) according to the volume inoculated.

Evaluation of WSSV infection. At the end  of the 
experim ents moribund, dead  and surviving shrimp 
w ere processed to detect WSSV infection using IIF and 
1-step PCR.

IIF analysis: Tissues from the pereon w ere em bed
ded  in methylcellulose (Fluka) and frozen at -20°C.

Cryosections (5 to 6  pm) w ere m ade and fixed in 
absolute m ethanol at -20°C, w ashed with PBS, incu
bated  for 1 h at 37°C w ith 2 m g m b 1 of the monoclonal 
antibody 8B7 specific for VP28 (Poulos et al. 2001), 
w ashed and incubated for 1 h at 37°C with 0.02 mg 
m b 1 of fluorescein isothiocyanate (FITC)-labeled goat 
anti-m ouse antibody (F-2761, M olecular Probes) in 
PBS, w ashed with PBS, rinsed in deionised water, 
dried and m ounted. Slides w ere analyzed by fluores
cence microscopy (Leica). Tissues of m oribund shrimp 
infected w ith WSSV and uninfected shrimp w ere 
stained and used as positive and negative controls, 
respectively.

One-step PCR: Total DNA was extracted from shrimp 
muscle w ith lysis buffer (Intelligene). Primers F002 and 
R002 w ere used to amplify WSSV DNA, and primers F 
and R3 w hich amplify ß-actin from shrimp w ere used as 
controls. The amplicon for WSSV was 306 bp, while 
that for b-actin w as 339 bp (Dhar et al. 2001).

Extracted DNA (2 pi) was added to a PCR tube con
taining 48 pi of a PCR master mix (lx  PCR buffer [Euro- 
gentec], 1.5 mM M gCl2, 0.3 mM of each of the respec
tive forward and reverse primers for WSSV or ß-actin, 
1.6 mM dNTPs [Eurogentec], 1 U hot goldstar Taq poly
m erase [Eurogentec] total reaction volume 50 pi). One- 
step PCR was carried out, which included a preheating 
step at 95°C for 10 min followed by 35 cycles each with 
the following steps: dénaturation (94°C for 45 s), an 
nealing (55°C for 45 s) (72°C for 75 s) and a final ex ten
sion at 72°C for 5 min. PCR products were stored at 4°C. 
PCR products (12 pi), negative (ultrapure water) and 
positive (DNA from a IO- 2  dilution of WSSV stock) con
trols, as well as DNA m arkers (smart ladder, E urogen
tec) w ere resolved on a 1 .2 % agarose gel in tris- 
acetate-EDTA (TAE) buffer. The gel was stained with 
ethidium  bromide (0.02 m g m b 1) and visualized by UV 
transillumination.

RESULTS 

In vivo  titration by intramuscular inoculation

Virus infection titer in 135 d old juveniles and its 
correlation to the mortality titer. The num ber of 
shrimp that died before term ination of the experim ents 
at 72, 96, 120 and 168 hpi and the num ber of dead  or 
euthanized shrimp found positive by IIF (Fig. 1) and 1- 
step PCR are presen ted  in Table 1. The virus infection 
titers in the experim ents term inated at 72 and 96 hpi 
w ere 10fa,° and IO0 , 4  SID5 0  m b 1 respectively, and the 
infection titer in the experim ent term inated at 168 hpi 
was IO6 , 5  SID5 0  m b 1. The experim ents perform ed with 
1 2  shrimps dilution - 1  had  virus infection titers of 
IO6 ' 4  SIDso ml- 1  at 120 hpi and IO6 ' 6  SID5 0  m b 1 at
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168 hpi. The same proportion of infected shrimp was 
detected  by both IIF and 1-step PCR in each of these 
experiments.

The mortality titers w ere lower than the infection 
titers w hen the experim ents w ere term inated at 72 or 
96 hpi (IO5,7 and IO5,4 LD50 ml4 , respectively), w hereas 
the mortality titer fully m atched the infection titer in 
the experim ent term inated at 120 hpi (IO6,4 LD50 ml4 ) 
as well as in the 2 experim ents term inated at 168 hpi 
(IO6 5 and IO66 LD50 ml4 ).

Virus titers in 60 d old juveniles. The virus infection 
titers in each of the 3 experim ents perform ed on this

size of juveniles w ere IO6,8, IO6,9 and IO6,5 SID50 m b 1 
(Table 2). The same proportion of WSSV-infected 
shrimp was determ ined by IIF and 1-step PCR (Fig. 2). 
Likewise, the mortality titers w ere the same as the 
infection titers for each experim ent.

The statistical comparison of the 3 virus titers d e te r
m ined at 120 and 168 hpi in 135 d old shrimp and the 
3 titers determ ined in 60 d old juveniles inoculated by 
the i.m. route showed no significant differences (p > 
0.05). Therefore, these 6 virus titers w ere used to 
establish the overall m edian virus infection titer of the 
WSSV stock at IO6,6 SID50 m b 1, and the overall 

m edian virus mortality titer was 
IO66 LD50 m b 1.

In vivo  titration by oral inoculation

Virus titers in 80 d old juvenile 
shrimp. The 50%  endpoint of the 
virus titers by oral inoculation was 
1.2 log10 and 0.7 log10 times higher 
than  by i.m. inoculation (Table 3). 
Thus, the titers of the WSSV stock 
determ ined using the oral route of 
inoculation w ere IO5,6 SID50 m b 1 and 
IO5'6 LD50 ml“1.

DISCUSSION

The in vivo titration of viral stocks 
using the 50% endpoint dilution 
assay is commonly used w hen virus 
titers cannot be calculated in vitro 
(Flint et al. 2000). In the present 
study, the virus infection and m ortal
ity titers of a WSSV stock inoculated 
by i.m. and oral routes w ere d e te r
m ined using this method. To our 
knowledge, this is the first study to 
describe the relationship betw een 
routes of exposure (i.m. vs. oral) and 
virus infectivity of a WSSV stock in 
Litopenaeus vannamei. The virus 
infection and mortality titers in 60 
and 135 d old juveniles w ere not 
significantly different, indicating 
that these 2 stages of juvenile shrimp 
had  the same susceptibility to WSSV 
w hen the virus is inoculated i.m.

In vivo titrations are im portant to 
evaluate differences in susceptibility 
betw een  life stages within a host 
species or betw een related  species

Table 1. Litopenaeus vannamei. M ortality (LD50 m b 1) and infection (SID50 m l-1) 
titers of the w hite spot syndrome virus (WSSV) stock by intram uscular inoculation 
in 135 d old shrimp, hpi: hours post-inoculation, IIF: indirect im munofluorescence

Expt Termination Dilution No. of Morta]iy Infection determ ined by
(hpi) shrimps IIF PCR

1 72 io - 5 4 2/4 2/4 2/4
io - 6 4 0/4 1/4 1/4
io - 7 4 0/4 0/4 0/4
io - 8 4 0/4 0/4 0/4

Titer IO5'7 IO6'0 IO6'0
LD50 m b 1 SID50 m l-1 SID50 m l-1

2 96 io - 2 4 4/4 4/4 4/4
io - 3 4 4/4 4/4 4/4
io - 4 4 4/4 4/4 4/4
io - 5 4 1/4 4/4 4/4
io - 6 4 0/4 1/4 1/4

Titer IO5'4 IO6'4 IO6'4
LD50 m b 1 SID50 m l-1 SID50 m l-1

3 120 io - 4 12 11/12 11/12 11/12
io - 5 12 7/12 7/12 7/12
io - 6 12 1/12 1/12 1/12
io - 7 12 0/12 0/12 0/12
io - 8 12 0/12 0/12 0/12

Titer IO6'4 IO6'4 IO6'4
LD50 m b 1 SID50 m l-1 SID50 m l-1

4 168 io - 5 4 4/4 4/4 4/4
io - 6 4 1/4 1/4 1/4
io - 7 4 1/4 1/4 1/4
io - 8 4 0/4 0/4 0/4

Titer IO6'5 IO6'5 IO6'5
LD50 m b 1 SID50 m l-1 SID50 m l-1

5 168 io - 4 12 12/12 12/12 12/12
IO-5 12 7/12 7/12 7/12
IO-6 12 3/12 3/12 3/12
IO-7 12 0/12 0/12 0/12
IO-8 12 0/12 0/12 0/12

Titer IO6'6 IO6'6 IO6'6
LD50 m b 1 SID50 m l-1 SID50 m l-1
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Fig. 1. Litopenaeus vannamei, (a) Presence or (b) absence of w hite spot syndrome virus (WSSV)-infected cells in  tissues of 
(a) WSSV-infected or (b) uninfected shrimp as determ ined by indirect immuno-fluorescence. Scale bar = 100 pm

(Plumb & Zilberg 1999). In shrimp, there are indi
cations that susceptibility to WSSV may differ betw een 
life stages (Pramod-Kiran et al. 2002, Y oganandhan et 
al. 2003), shrimp species (Lightner et al. 1998, W ang et 
al. 1999) and different decapods (Wang et al. 1998, 
Sahul-H am eed et al. 2003). However, the use of a

known dose of infectious virus is critical to dem on
strate these differences.

The virulence of a pathogen or its pow er to produce 
disease in a host is a m easurable feature (Shapiro-Ilan 
et al. 2005). In order to com pare the virulence of dif
ferent virus strains, their infectivity (SID50 m b 1) should 

be known. Every shrimp should be 
inoculated w ith the same am ount of 
infectious virus. The inoculation 
techniques described in the present 
study may be used both to determ ine 
the infectivity of different WSSV 
strains and to test their virulence.

The virus infection titers d e te r
m ined both by IIF and 1-step PCR 
w ere identical in each of the experi
m ents perform ed either by in tra
m uscular or oral inoculation. Every 
shrimp detected  positive by PCR was 
equally detected  by IIF. All shrimp 
surviving at 120 hpi or longer w ere 
not infected w ith WSSV as d e te r
m ined by these 2 methods. Although 
it is well established that PCR is more 
sensitive than  IIF (Sizun et al. 1998, 
W alker et al. 1998), under these 
experim ental conditions IIF was able 
to detect WSSV-infected cells in all 
shrimp detected  positive by PCR. 
In addition, it was very convenient: 
cheap, easy to perform, yielding 
rapid results (within 4 h) and with 
good sensitivity. Thus, these results 
indicate that IIF may be considered 
as a suitable diagnostic tool in areas 
w here PCR is not available.

Table 2. Litopenaeus vannamei. M ortality (LD50 ml4 ) and infection (SID50 m T1) 
titers of the w hite spot syndrome virus (WSSV) stock by intram uscular inoculation 
in 60 d old shrimp, hpi: hours post-inoculation, IIF: indirect im munofluorescence

Expt Termination
(hpi)

Dilution No. of 
shrimps

M ortality Infection determ ined by 
IIF PCR

1 120 io-4 5 5/5 5/5 5/5
io-5 5 5/5 5/5 5/5
io-6 5 0/5 0/5 0/5
io-7 5 0/5 0/5 0/5
io-8 5 0/5 0/5 0/5

Titer IO6'8 IO6'8 IO6'8
LD50 m T 1 SID50 ml 1 SID50 m l-1

2 120 io-4 5 5/5 5/5 5/5
IO-5 5 5/5 5/5 5/5
IO-6 5 1/5 1/5 1/5
IO-7 5 0/5 0/5 0/5
IO-8 5 0/5 0/5 0/5

Titer IO6'9 IO6'9 IO6'9
LD50 m T 1 SID50 ml 1 SID50 m l-1

3 120 IO-4 5 5/5 5/5 5/5
IO-5 5 3/5 3/5 3/5
IO-6 5 0/5 0/5 0/5
IO-7 5 0/5 0/5 0/5
IO-8 5 0/5 0/5 0/5

Titer IO6'5 IO6'5 IO6'5
LD50 m T 1 SID50 ml 1 SID50 m l-1
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Fig. 2. Detection of w hite spot syndrome virus (WSSV) DNA 
in shrimp tissues (1-step polym erase chain reaction). Results 
of the second in vivo titration (i.m.) in 60 d old Litopenaeus 
vannamei. Lanes 1 to 5: shrimp number, M: DNA w eight 
m arker (upper = 400 bp, lower = 200 bp), N: negative-control, 
P: positive control. Amplification of ß-actin w as m ade as an 

internal control

Table 3. Litopenaeus vannamei. Doses of w hite spot syndrome virus (WSSV) 
(based on the m edian virus tite r by the intramuscular, i.m., route) orally in
oculated in 80 d old shrimp, and mortality (LD50 m b 1) and infection (S1D50 m b 1) 
titers of the WSSV stock obtained by the oral route, hpi: hours post-inoculation, 

IIF: indirect immunofluorescence

Expt Termination Dose No. of Mortally Infection determ ined by
(hpi) (s id 50 IM) shrimps IIF PCR

1 120 IO3 5 5/5 5/5 5/5
IO2 5 5/5 5/5 5/5
IO1 5 2/5 2/5 2/5
10° 5 0/5 0/5 0/5
io - 1 5 0/5 0/5 0/5

IO12* IO1'2* IO1'2*

Titer IO5'4 IO5'4 IO5'4
LD50 m l-1 SIÜ50 ml- 1 SIÜ50 m l-1

2 120 IO3 5 5/5 5/5 5/5
IO2 5 5/5 5/5 5/5
IO1 5 3/5 3/5 3/5
10° 5 1/5 1/5 1/5
i o - 1 5 0/5 0/5 0/5

10OJ* IO0'7* IO07*

Titer IO5'9 IO5'9 IO5,9
LD50 m l-1 SIÜ50 ml- 1 SIÜ50 m l-1

'O ra l inoculation required  0.7 log10 or 1.2 log10 times more infectious virus than
i.m. inoculation to cause infection or death

The relationship betw een the virus infection and 
mortality titers using the Thai isolate of WSSV by the
i.m. or oral route was 1:1 only in experim ents which 
w ere term inated at 120 hpi or later. Thus, every shrimp 
that becam e infected with this strain of WSSV by either 
of these routes of inoculation died within 120 hpi. 
A lthough previous studies have determ ined WSSV 
infection and mortality of Litopenaeus vannamei, none 
has indicated a full m atch betw een these 2 param eters: 
All surviving shrimp analyzed by histopathology were 
WSSV-negative, bu t not all the dead shrimp (6%) were 
WSSV-positive (Soto & Lotz 2003) or the analysis of 
WSSV infection was not perform ed in all the survivors 
(Prior et al. 2003). Therefore, the present study is the 
first to show the identity betw een infection (SID50 ml-1) 
and mortality (LD50 m L1) in shrimp inoculated by i.m. 
or oral routes. Moreover, the present study extends the 
findings of Prior et al. in the following respects: (1) the 
virus titers w ere determ ined by i.m. injection and oral 
intubation in contrast to the evaluation of the LD50 only 
by i.m. inoculation but not by immersion; (2) the WSSV 
strain used is different (a Thai strain vs. an American
strain); (3) the infectivity of the WSSV stock was deter
m ined by the i.m. route in 2 sizes of juvenile shrimp, in 
contrast to only 1 shrimp size; and (4) the use of IIF to 
detect WSSV replication in infected cells represents a 
more appropriate virological technique than histo
pathology to determ ine WSSV infection.

The oral route represents the n a t
ural way of WSSV entry into shrimp 
through ingestion (Wu et al. 2001, 
Lotz & Soto 2002). Experim ental 
infections using the oral route have 
been perform ed by feeding shrimp 
and other crustaceans with WSSV- 
infected tissues. However, this proce
dure cannot guarantee that every 
animal receives the same am ount of 
infectious virus. The results p re 
sented here dem onstrate that oral 
intubation m akes it possible to 
deliver a fixed quantity of virus to all 
inoculated shrimp and therefore rep 
resents a solution to this problem.

Once WSSV enters the oral cavity it 
has to overcome a series of physical 
and chemical barriers in the digestive 
tract of the shrimp in order to reach 
the susceptible epithelial cells. The 
cuticle sheath coating the epithelium 
of the foregut forms an im portant 
physical barrier (Ceccaldi 1997, 
Martin & Chiu 2003). Digestive en 
zymes such as trypsin, amylases and 
lipases (Gamboa-Delgado et al. 2003)
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form a chemical barrier. These barriers may account 
for the reduction of WSSV infection by approximately 
1 log10 com pared with the i.m. route of inoculation. It is 
possible that these barriers may be able to prevent 
WSSV from reaching the epithelial cells in the stomach 
w hen orally inoculated.

In conclusion, the virus titers of the WSSV stock 
determ ined in vivo by intram uscular and oral routes 
constitute the first step towards standardization of 
infectivity models. These models can be used for the 
evaluation of different strategies (immunostimulants, 
antivirals and vaccines) aim ed at reducing the impact 
of WSSV disease and for com paring the virulence of 
WSSV strains.

A cknow ledgem ents. We thank  P. Jiravanichpaisal and K. 
Söderhäll (Department of Comparative Physiology, Evolu
tionary Biology C entre, Uppsala University, Sweden) for 
kindly providing us w ith the WSSV gills extract. Thanks also 
go to Dr. J. Brock (M oana Technologies LLC, Hawaii) for the 
analysis of shrimp viral pathogens in  the WSSV stock. A 
scholarship (110056) from CONACyT (Mexico) w as granted 
to C.M.E.-B. This study was funded by a grant from the 
Belgian M inistry of Science Policy.

LITERATURE CITED

Ceccaldi H J (1997) Anatomy and physiology of the digestive 
system. In: D 'Abramo LR, Concklin DE, Akiyama DM (eds) 
C rustacean nutrition. Advances in world aquaculture. 
World A quaculture Society, Baton Rouge, LA p 261-291 

Chang PS, C hen HC, W ang YC (1998) Detection of w hite spot 
syndrome associated baculovirus in  experimentally 
infected w ild shrimp, crabs and lobsters by in situ 
hybridization. A quaculture 164:233-242 

Chou HY, H uang CY, W ang CH, C hiang HC, Lo CF (1995) 
Pathogenicity of a baculovirus infection causing white 
spot syndrome in cultured penaeid  shrimp in  Taiwan. 
Dis A quat Org 23:165-173 

Chou HY, H uang CY, Lo CF, Kou GH (1998) Studies on 
transmission of white spot syndrome associated baculovirus 
(WSBV) in  Penaeus m onodon  and P. japonicus via w ater
borne contact and oral ingestion. A quaculture 164:263-276 

Dhar AK, Roux MM, Klimpel KR (2001) Detection and quan
tification of infectious hypoderm al and hem atopoietic 
necrosis virus and w hite spot virus in  shrimp using rea l
tim e quantitative PCR and SYBR green chemistry. J  Clin 
Microbiol 39:2835-2845 

D urand S, Lightner DV, N unan LM, Redman RM, Mari J, 
Bonami JR (1996) Application of gene probes as diagnostic 
tools for w hite spot baculovirus (WSBV) of penaeid  
shrimp. Dis A quat O rg 27:59-66 

Flint SJ, Enqvist LW, Racaniello VR, Skalka AM (2000) Princi
ples of virology. M olecular biology, pathogenesis and con
trol of anim al viruses. ASM Press, W ashington, DC 

Gam boa-Delgado J, M olina-Poveda C, C ahu C (2003) D iges
tive enzyme activity and food ingesta in  juvenile shrimp 
Litopenaeus vannam ei (Boone, 1931) as a function of body 
weight. Aquae Res 34:1403-1411 

Hill B (2002) Keynote 2: N ational and international im pacts of 
w hite spot disease of shrimp. Bull Eur Assoc Fish Pathol 
22:58-65

Jiravanichpaisal P, B angyeekhun E, Söderhäll K, Söderhäll I 
(2001) Experim ental infection of w hite spot syndrome 
virus in  freshw ater crayfish Pacifastacus leniusculus. Dis 
A quat O rg 47:151-157 

K asornchandra J, Boonyaratpalin S, Itami T (1998) Detection 
of w hite spot syndrome in cultured penaeid  shrimp in 
Asia: microscopic observation and polym erase chain reac
tion. A quaculture 164:243-251 

Lightner DV, Hasson KW, White BL, Redm an RM (1998) 
Experim ental infection of w estern hem isphere penaeid  
shrimp w ith Asian w hite spot syndrome virus and Asian 
yellow head  virus. J  A quat Anim H ealth 10:271-281 

Lo CF, Leu JH, Ho CH, C hen CH and 8 others (1996) D etec
tion of baculovirus associated w ith w hite spot syndrome 
(WSBV) in penaeid  shrimp using polym erase chain reac
tion. Dis A quat O rg 25:133-141 

Lotz JM, Soto MA (2002) Model of w hite spot syndrome virus 
(WSSV) epidemics in  Litopenaeus vannamei. Dis A quat 
Org 50:199-209 

M artin GG, Chiu A (2003) Morphology of the m idgut trunk  in 
the penaeid  shrimp, Sicyonia ingentis, highlighting novel 
nuclear pore particles and fixed hemocytes. J  Morphol 
258:239-248

O tta SK, Shubha G, Joseph B, Chakraborty A, K arunasagar I, 
Karunasagar I (1999) Polymerase chain reaction (PCR) 
detection of w hite spot syndrome virus (WSSV) in  cultured 
and wild crustaceans in  India. Dis A quat O rg 38:67-70 

Plumb JA, Zilberg D (1999) The lethal dose of largem outh 
bass virus in  juvenile largem outh bass and the com para
tive susceptibility of stripped bass. J  A quat Anim H ealth 
11:246-252

Poulos BT, Pantoja CR, Bradley-Dunlop D, Aguilar J, Lightner 
DV (2001) D evelopment and application of monoclonal 
antibodies for the detection of w hite spot syndrome virus 
of penaeid  shrimp. Dis A quat O rg 47:13-23 

Pramod-Kiran RB, Rajendran KV, Jung  SJ, Oh M J (2002) 
Experim ental susceptibility of different life-stages of the 
giant freshw ater praw n, M acrobrachium  rosenbergii (de 
Man), to w hite spot syndrome virus (WSSV). J  Fish Dis 25: 
201-207

Prior S, Browdy CL, Shepard EF, Laramore R, Parnell PG 
(2003) Controlled bioassay systems for determ ination of 
lethal infective doses of tissue hom ogenates containing 
Taura syndrome or w hite spot syndrome virus. Dis A quat 
Org 54:89-96

Rajan PR, Ramasamy P, Purushotham an V, B rennan GP 
(2000) White spot syndrome in the Indian shrimp Penaeus 
m onodon  and P. indicus. A quaculture 184:31-44 

R ajendran KV, Vijayan KK, Santiago TC, Krol RM (1999) 
Experim ental host range and histopathology of w hite spot 
syndrome virus (WSSV) infection in  shrimp, praw ns, crabs 
and lobsters from India. J  Fish Dis 22:183-191 

Reed LJ, M uench H (1938) A simple m ethod of estim ating 50 
per cent end-points. Am J  H yg 27:493-497 

Sahul-H am eed AS, Balasubram anian G, Syed M usthaq S, 
Y oganandhan K (2003) Experim ental infection of tw enty 
species of Indian m arine crabs w ith w hite spot syndrome 
virus (WSSV). Dis A quat O rg 57:157-161 

Shapiro-Ilan D, Fuxa JR, Lacey LA, O nstad DW, Kaya, HK 
(2005) Definitions of pathogenicity and virulence in inver
tebrate pathology. J  Invertebr Pathol 88:1-7 

Sizun J, Arbour N, Talbot PJ (1998) Comparison of im m uno
fluorescence w ith monoclonal antibodies and RT-PCR for 
the detection of hum an coronaviruses 229E and OC43 in 
cell culture. J  Virol M ethods 72:145-152 

Soto MA, Lotz JM  (2003) Transmission, virulence, and recov
ery coefficients of w hite spot syndrome virus (WSSV) and



170 Dis A quat Org 66: 163-170, 2005

Taura syndrome virus (TSV) infections in  Kona stock 
Litopenaeus vannamei. J  A quat Anim H ealth  15:48-54 

van H utten MCW, W itteveldt J, Peters S, Kloosterboer N and 
5 others (2001) The w hite spot syndrome virus DNA 
genom e sequence. Virology 286:7-22 

Vlak JM, Bonami JR, Flegel TW, G uang HK, Lightner DV, 
Lo CF, Loh PC, W alker PJ (2002) Nimaviridae. A new  virus 
family infecting aquatic invertebrates. Report from the 
X llth Int Congr Virol, Paris. Oral and poster presentation 

W alker MJ, M ontemagno C, Bryant JC , Ghiorse WC (1998) 
M ethod detection limits of PCR and im munofluorescence 
assay for Cryptosporidium parvum  in soil. Appl Environ 
Microbiol 64:2281—2283 

W ang CH, Yang HN, Tang CY, Lu CH, Kou GH, Lo CF (2000) 
Ultrastructure of w hite spot syndrome virus developm ent 
in  prim ary lym phoid organ cell cultures. Dis A quat Org 
41:91-104

W ang Q, White BL, Redm an RM, Lightner DV (1999) Per os 
challenge of Litopenaeus vannam ei postlarvae and Farfan
tepenaeus duorarum  juveniles w ith six geographic isolates 
of w hite spot syndrome virus. A quaculture 170:179-194 

W ang YC, Lo CF, C hang PS, Kou GH (1998) Experim ental 
infection of w hite spot baculovirus in  some cultured and 
w ild decapods in  Taiwan. A quaculture 164:221-231 

W ongteerasupaya C, W ongwisansri S, Boonsaeng V, Panyim

Editorial responsibility: Tim othy Flegel,
Bangkok, Thailand

S, Pratanpipat P, N ash GL, W ithyachum narnkul B, Flegel 
TW (1996) DNA fragm ent of Penaeus m onodon  bac
ulovirus PmNOBII gives positive in situ hybridization with 
white-spot viral infections in  six penaeid  shrimp species. 
A quaculture 143:23-32 

Wu JL, Namikoshi A, N ishizawa T, M ushiake K, Teruya K, 
M uroga K (2001) Effects of shrimp density on transmission 
of penaeid  acute virem ia in  Penaeus japonicus by canniba
lism and the w aterborne route. Dis A quat Org 47:129-135 

W yban JA, Swingle JS, Sw eeney JN , Prüder GD (1992) 
Development and commercial perform ance of h igh health  
shrimp using specific pathogen  free (SPF) broodstock 
Penaeus vannamei. In: W yban JA (ed) Proc Spec Session 
Shrimp Farming, M ay 22-25, 1992, Orlando. World A qua
culture Society, Baton Rouge, LA, p 254-260 

Yang F, He J, Lin X, Li Q, Pan D, Zhang X, Xu X (2001) Com
plete genom e sequence of the shrimp w hite spot bacilli- 
form virus. J  Virol 75:11811-11820 

Y oganandhan K, N arayanan RB, Sahul H am eed AS (2003) 
Larvae and early post-larvae of Penaeus m onodon  (Fabri
cius) experim entally infected w ith w hite spot syndrome 
virus (WSSV) show no significant mortality. J  Fish Dis 26: 
385-391

Zar JH  (1996) Biostatistical analysis, 3rd edn. Prentice-Hall, 
Englewood Cliffs, NJ

Subm itted: N ovem ber 10, 2004: Accepted: April 12, 2005 
Proofs received from author(s): A ugust 24, 2005


