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ABSTRACT: Whlte spot syndrome virus (WSSV) is the cause of a widespread epizoot~c in cultured 
shrimp in Thailand and many other countries in Asia. A number of crustacean and other arthropod 
species have been proposed as reservoirs for the virus by feeding trials and PCR assays. Ho~vever, 
detailed histological studies are needed to confirm that suspected carriers have active viral infections. 
This study was carried out to determine whether 3 common crustacean residents of shrimp culture 
ponds (the sand crab Portunus pelagicus, the mud crab Scylla serrata, and krill Acetes sp.) could be 
experimentally infected with WSSV and, if so, what the effect of these infections would be. For krill, 3 
routes of infection were tested (injection, ingestion and immersion) while for the crab species, only 
injection and ingestion were tested. WSSV preparations were made from naturally and experimentally 
infected Penaeus monodon as viral extracts from tissue homogenates (for injection and immersion) and 
as cut tissues (for ingestion). As determined by normal histology, electron microscopy and in situ DNA 
hybridization, all of the test species could be infected with M'SSV. For krill, injection was the most 
effective route (100% mortality in 3 d), followed by immersion (100% mortality in 5 d)  and ingestion 
(20% mortality in 9 d). For the crabs, injection was also the most effective route of infection. However, 
infection dld not necessarily lead to mortality. Mortality for injected sand crabs was 100% in 8 d but for 
mud crabs only 20% in 9 d .  By ingestion exposure, there was no mortality for either species over the 
9 d experimental period, even though infection was confirmed by histological examination. Based on 
the results of this study, the crab species and krill can be considered as viral reservoirs, since they are 
able to carry the infection and may persist for significant periods in the shrimp farming environment. 
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INTRODUCTION 

Shrimp exports from Thailand have increased 
rapidly in the last 10 yr because of expansion in the 
number of Thai farms. Because Thailand's geographi- 
cal location, temperature range and water quality are 

exceptionally well suited for shrimp production, in the 
past few years it has become the world's leading 
producer of cultivated shrimp. Statistical records of 
shrimp exported from Thailand in 1992 to 1994 were 
163 000, 209 000 and 250000 metric tons per year, 
respectively (Lin & Nash 1996). Although production 
has increased, many problems have occurred due to 
diseases from pathogens including protozoa, fungi, 
bacteria and viruses. Viral diseases, in particular, have 
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become an important limiting factor for shrimp produc- 
tion in recent years. Many viral diseases have been 
reported from shrimp culture in this region. Fegan et 
al. (1991) and Flegel et al. (1992) reported some com- 
mon viruses with low virulence such as monodon bac- 
ulovirus (MBV) and hepatopancreatic parvo-like virus 
(HPV). These viruses are widespread and have oc- 
curred in Thailand for many years. In early 1992, Boon- 
yaratpalin et al. (1993) and Chantanachooklin et al. 
(1993) found yellow-head virus (YHV), which was 
highly virulent for black tiger shrimp. Two years later, 
Kasornchandra et al. (1995) and Wongteerasupaya et 
al. (1995) reported another highly virulent virus in 
black tiger shrimp culture which caused even greater 
losses in the shrimp industry than those caused by 
YHV in 1992-1993. The causative agent has since 
been called white spot syndrome baculovirus complex 
(WSSV) by Lightner (1996), and a serious epizootic of it 
is now widespread in Asia (Flegel 1997). 

Certain organisms such as krill Acetes sp., and other 
marine shrimp (e.g. banana shrimp Penaeus mer- 
guiensis) have been found to be carriers of WSSV in 
feeding tests with infected shrimp (Supamattaya un- 
publ. data), but there have been no detailed reports in 
Thailand on the mechanism of WSSV transmission or 
on the histology of suspected carriers. This work is 
needed to prove whether the suspected carriers are 
actual reservoirs of the virus. Lo et al. (1997) have 
reported the detection of WSSV in many cultured and 
captured crustaceans and other arthropods using PCR 
technology. Such studies can identify suspected reser- 
voir hosts, but more detailed work is required to prove 
that they are actually infected. This study was carried 
out to determine whether 3 common crustacean resi- 
dents of shrimp culture ponds (implicated as carriers 
by unpubl. feeding trials) can be reservoir hosts for 
WSSV. In order to do this, experimental infections of 
WSSV were studied in krill Acetes sp.,  sand crab Por- 
tunus pelagicus and mud crab Scylla serrata. 

MATERIALS AND METHODS 

Test animals. Adult krill of 1 to 2 cm in length were 
collected from shrimp ponds where there was no 
report of viral disease. They were stocked at 20 indi- 
viduals each in 60 1 aquaria equipped with a seawater 
flow-through system and aeration, and were fed with 
minced fresh fish. Adult sand crabs were collected at 
the same site as the krill, and adult mud crabs were 
purchased from fishermen on the east coast of south- 
ern Thailand. Crabs with a size range of 50 to 60 g 
body weight were kept in an identical system to that of 
the krill with 5 crabs per aquarium. They were also fed 
with minced fresh fish. 

Viral stock. WSSV was obtained from naturally in- 
fected black tiger shrimp Penaeus monodon collected 
in southern Thailand from January to March 1995. Gill 
tissue was dissected and homogenized in lobster 
hemolymph medium (LHM), pH 7.4 (Paterson & Stew- 
art 1974). The ratio of tissue to LHM was 1:lO. After 
centrifugation at 3000 X g for 10 min (4"C), the super- 
natant was filtered through a 0.22 pm sterile mem- 
brane which had been coated with 1 % fetal calf serum. 
Presence of WSSV was confirmed by negative staining 
with 1 % phosphotungstic acid and viewing under the 
transmission electron microscope (Jeol 100CX). The 
stock solution of virus was kept at -80°C until used. 

Infection trials. For experimental WSSV infection in 
krill, specimens were divided into 6 groups as follows. 
In group 1,20 individuals were challenged by injecting 
10 p1 of a 1:5000 dilution of the viral stock solution. In 
group 2, 20 individuals were challenged by immersion 
for 1 h with aeration in a 1:1000 dilution of the virus 
stock solution in sterile seawater. In group 3, 20 indi- 
viduals animals were challenged by feeding tissues 
from experimentally WSSV-infected shrimp (gills, lym- 
phoid organs and subcuticular epithelium). Krill were 
fed 3 times daily for 5 d. Groups 4 to 6 served as con- 
trols. In group 4, krill were injected with LHM only, in 
group 5, they were immersed in sterile seawater and in 
group 6, they were fed with minced fish instead of 
WSSV infected shrimp tissue. The numbers of indi- 
viduals in each control group were identical to those in 
the treatment groups. 

Mortality of the krill was recorded for 9 d after be- 
ginning the infectivity challenge. Specimens were ob- 
served for clinical signs, and moribund and control 
individuals were fixed for histology by the light and 
electron microscopes. 

For experimental infection in crabs, specimens were 
divided into 2 sets (1 for sand crabs and 1 for mud 
crabs) of 4 groups as follows. In group 1, 10 crabs were 
challenged by injecting 0.1 m1 of a 1:5000 dilution of 
the stock virus solution in LHM into the soft tissues of 
the joint of a swimming leg. Group 2 was challenged 
by feeding 10 crabs with muscle t~ssue from the tails of 
shrimp experimentally infected with WSSV. The tails 
were cut into small pieces and fed individually to each 
crab. Each crab received 1 to 2 pieces per meal twice 
daily for 9 d. Groups 3 and 4 served as controls. Crabs 
in group 3 were injected with LHM only and those in 
Group 4 were fed with fresh fish. The numbers of crabs 
in the test and control groups were identical (10 each). 
Gross signs and mortality of the 2 species of crabs were 
recorded daily for 14 d after beginning the infectivity 
challenge. Moribund and control crabs were fixed for 
histology by the light and electron microscopes. 

Fixation and tissue processing. Davidson's fixative 
was injected into the hepatopancreas and muscle of live 
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Table I .  Acetes sp. Percent survival of krill after experimental challenge with 
WSSV by injection, immersion and feeding. Group 1, WSSV injection chal- 
lenge; Group 2, WSSV immersion challenge; Group 3, WSSV feeding challenge, 
Group 4 ,  injection control; Group 5, immersion control; Group 6, feeding 

control. Number of krill in each group = 20 

Treatment Days post challenge 
1 2 3 4 5 G 7 8 9 

Group1 100 40 0 0 0 0 0 0 0 
Group 2 100 100 80 40 0 0 0 0 0 
Group 3 100 100 100 100 100 80 80 80 80 
Group 4 100 100 100 100 90 90 80 80 80 
Group5 100 100 100 100 100 100 100 100 100 
Group6 100 100 100 100 100 100 100 100 100 

krill (-0.2 m1 krill-') in order to avoid 
autolysis of those organs. After injection, 
the whole krill were immersed in the 
same fixative for 48 h before further pro- 
cessing. The same fixative was injected 
into live crabs. After injection gill tissue, 
heart, muscle and midgut glands were 
dissected, and invnersed in Davidson's 
fixative for 48 h. Samples were further 
processed by standard histological 
methods (Bell & Lightner 1988). 

Electron microscopy. Parallel sam- 
ples to the histological samples de- 
scribed above were fixed in 2.5% 
glutaraldehyde in cacodylate buffer, 
pH 7.4 at 4°C for 24 h. They were then 
washed in the same buffer and cut into small pieces (2 to 
3 mm3). These tissues were postfixed in 1 % OsO, for 1 h 
and were then dehydrated through an acetone series. 
They were embedded in Epon-812, and semi-thin sec- 
tions were cut at 0.5 to 1.0 pm thickness and stained with 
toluidine blue and safranin for viewing with the light rni- 
croscope. Ultra-thin sections were subsequently cut at 50 
to 100 nm thickness and contrasted with uranyl acetate 
and lead citrate. They were viewed under an electron 
microscope (Zeiss EM 109) at 80 kV acceleration. 

In si tu hybridization tests. Tissue sections processed 
for normal histology as previously mentioned were 
used for this test. In situ DNA hybridization was car- 
ried out using a digoxigenin-labeled 4.2 kbp specific 
probe for WSSV, as described by Wongteerasupaya 
et al. (1996). Negative and positive control slides 
consisted of tissues from Penaeus monodon uninfected 
and infected with WSSV, respectively. 

whereas krill injected with LHM only showed no 
abnormal signs. Mortality of the virus-injected krill 
was 100 % within 4 d,  while it was zero at  that time for 
the LHM-injected control group which suffered 20% 
mortality by Day 9. Krill exposed to WSSV by im- 
mersion showed signs of red discoloration and first 
mortality 3 to 4 d after the challenge. The mortality by 
immersion was slower than that by injection, but it 
still reached 100?b at 5 d post challenge. At 9 d,  no 
mortality was observed for the krill immersed in 
sterile seawater. Krill challenged by ingestion showed 
no gross signs of disease, but there was 20% mor- 
tality by Day 6. The krill survival rates are shown in 
Table 1. 

Crab infections 

WSSV-injected crabs showed no gross signs of typi- 
cal white spot disease. However, mortality of the sand 

RESULTS crab reached 100% by Day 9 and mortality for the mud 
crab was 20% by Day 4. The animals looked appar- 

Krill infections ently healthy and fed well up to the point of death. No 
mortality or morbidity was seen in the crabs chal- 

WSSV-injected krill exhibited red discoloration lenged by ingestion. The crab survival rates are shown 
within 24 to 48 h post injection of WSSV filtrates, in Table 2. 

Table 2. Portunus pelagicus and Scylla serrata. Percent survival of sand crab and mud crab after experimental challenge with 
WSSV by injection and feeding. Group 1, WSSV injection challenge; Group 2, WSSV feeding challenge; Group 3,  injection 

control; Group 4, feeding control. Number of crabs in each group = 10 

Treatment Days post challenge 
1 2 3 4 5 6 7 8 9 

Group 1 
Sand crab 100 GO 60 60 50 20 10 0 0 
Mud crab 100 100 100 80 80 80 80 80 80 
Groups 2 to 4 (sand and mud crabs) No mortality 
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Histology 

With the light microscope, the  gills anrl s~~bcuticular 
epithelial cells of normal krill showed no abnormal 
structures or sizes. However, for some specimens, epi- 
commensal protozoans like Zoothamnium sp, were 
present on the gill filaments and gregarines were pre- 
sent in the inte! 

. - 
1 spite of this, 

1 -  - - 
l exhibited 

I " .  . 

F F.-. , .  

good health. Krill injected with WSSV showed hyper- 
trophied nuclei of hemocytes and pilaster cells along 
the gill filaments. Hypertrophied nuclei in subcuticular 
epithelial cells were common (Figs. 1 to 4). No patho- 
logical changes were observed in the hepatopancreas 
of uninfected or infected krill. Nuclear hypertrophy 
was also observed in the subcuticular epithelia of krill 
infected with WSSV by ingestion and immersion. 

Similar pathological changes were 
observed in crabs injected with WSSV. 
Four days after injection, slight changes 
were observed in gill tissue with some 
hypertrophy of the nuclei of hemo- 
cytes and subcuticular epithelial cells. 
There was also some degeneration of 
pilaster cells. By 7 d after injection, 
however, these pathological changes 
were extensive (Fig. 1). For crabs 
infected by injection, extensive histo- 
logical changes were also seen in the 
gill tissue (Figs. 3 & 4) and even more 
extensive changes was observed in 
regenerating claws (Figs. 5 & 6). 

Figs. 1 & 2. Acetes sp. Histopathology of WSSV-infected knU. Fig. 1 WSSV- 
infected gill tissue, showing infected cells with hypertrophied nuclei (arrows) 
(H&E, scale bar = 10 pm). Fig. 2. Electron micrograph of the same tissue as in 
Fig. 1, showing subcuticular epithelial cells with hypertrophied nuclei con- 

taining virus particles (uranyl acetate and lead citrate, scale bar = 2 pm) 

Electron microscopy 

Electron micrographs of infected 
krill revealed a bacilliform virus in the 
hypertrophied nuclei of pilaster cells, 
hemocytes and subcuticular epithelial 
cells (Fig. 2). The virus found was sim- 
ilar in size and structure to that 
detected in WSSV-infected shrimp. 
Virus particles were detected in the 
hypertrophied nuclei of all WSSV 
challenge groups of krill but not in the 
controls. Crabs gave the same results 
as krill. Virus particles were found in 
the hypertrophied nuclei of all WSSV 
challenge groups (Figs. 7 & 8) but not 
in the control groups. Virus particles 
found in krill and crabs measured 
120 to 125 nm in diameter and 245 to 
290 nm in length. 

In situ hybridization 

In addition to the use of electron 
microscopy to verify the presence of 
WSBV, a specific DNA probe was used 
for in situ DNA hybridization tests 
with tissue sections from paraffin- 
embedded tissues of the krill and 



F
ig

s.
 3

 &
 4

. P
or

tu
nu

sp
el

ag
ic

us
. H

is
to

pa
th

ol
og

y 
of

 g
il

l 
tl

ss
ue

 o
f 

th
e 

sa
n

d
 c

ra
b.

 
H

ea
lt

hy
 g

il
l t

is
su

e 
sh

ow
in

g 
no

rm
al

 c
el

ls
 w

it
h 

no
rm

al
 s

~
z

e
d

 
nu

cl
ei

. -
4.

fS
SV

-i
nf

ec
te

d 
gi

ll
 t

is
su

e 
sh

ow
in

g 
m

an
y

 h
yp

er
tr

op
hi

ed
 n

uc
le

i 
(H

&
E

, s
ca

le
 b

ar
 =

 1
5 

p
m

) 

F
ig

s.
 5

 &
 6

. P
or

tu
nu

s 
pe

la
gi

cu
s.

 C
la

w
 t

is
su

e 
of

 W
S

S
V

-i
nf

ec
te

d 
sa

nd
 c

ra
b.

 F
ig

 H
ea

lt
hy

 c
la

w
 t

is
su

e 
sh

ow
in

g 
no

rm
al

 s
ub

-c
ut

ic
ul

ar
 e

pi
th

el
ia

1 
(e

pi
) c

el
ls

 w
it

h 
no

rm
al

 s
iz

es
 

n
u

cl
e~

. *
C

ut
ic

le
. 
U

. W
S

S
V

-i
nf

ec
te

d 
cl

aw
 t

~
s

s
u

~
 

sh
o

w
~

n
g

 la
rg

e 
nu

m
be

rs
 o

f 
ce

ll
s 

w
it

h 
hy

pe
rt

ro
ph

ie
d 

nu
cl

ei
 I

n
 a

 t
hi

ck
en

ed
, d

~
so

rg
an

iz
ed

 su
bc

ut
ic

ul
ar

 e
p

~
th

el
iu

m
 (H

&
E

, 
sc

al
e 

ba
r 

=
 1

5 
p

m
) 



84 Dis Aquat Org 32: 79-85, 1998 

monodon tissue served as positive and 
negative controls for these tests. A 
sample positive in situ hybridization 
reaction is shown for mud gill tissue in 
Fig. 9. 

DISCUSSION 

Research on WSSV in Thailand has 
been reviewed by Flegel (1997). In that 
review, a large number of crustaceans 
were implicated as possible carriers for 
WSSV. However, for many of the poten- 
tial carriers, detailed experimental trials 
were iaciting to indicate whether they 
were actually infected hosts of WSSV 
or whether they were only passive 
mechanical carriers. This study has 
clearly shown that krill, sand crabs and 
mud crabs can be active carriers of ' WSSV. In these tests, krill was obviously 
more susceptible to the virus than the 
crabs. It suffered high mortality, similar 
to that reported for Penaeus monodon .' when infected with WSSV by similar 
routes. Because of their rapid mortality, 

\ krill would not be able to move far after 

E infection and they may therefore repre- 
sent a less serious threat to shrimp farms 
than the crabs, which can apparently 
carry an active infection for some time 
without adverse effect. 

In the shrimp farming environment, it 
is known that WSSV can be transmitted 
to Penaeus monodon via contaminated 
water and by ingestion of WSSV- 
infected shrimp tissues (Kasornchandra 
et al. 1995, Supamattaya et al. 1996). 
There is also some evidence that it may 
be transmitted amongst P. monodon by 
cohabitation (Flegel 1997, Flegel et al. 
1998), although the specific mode of 
transfer has not been identified or char- 

Figs. 7 & 8. Portunus pelagicus. Electron micrograph of WSSV infected tissue acterized. Nor has the source of WSSV 
of the sand crab. F l g .  WSSV-infected gill tissue showing numerous virus par- in contaminated water been identified, 
ticles in the nucleus of an epithelial cell and free in the hemolymph (asterisks). 
Fig. 8. WSSV-infected claw tissue showing virus particles in the nuclei of it is possible that shrimp and 
epithelia1 cells and in the intracellular space. The cuticle is indicated by an crabs feeding on carcasses of WSSV- 

asterisk (uranyl acetate and lead citrate, scale bar = 2 pm) infected shrimp may account for a good 
part of it. 

crabs. All of the tissues showing hypertrophied nuclei There is little reason to expect that Penaeus mono- 
characteristic of WSBV infections also gave positive i n  don would not be infected with WSSV upon ingestion 
situ hybridization reactions with the probe. By con- of infected tissue from krill and crabs, just as they are 
trast, tissues from the control krill and crabs did not. from ingestion of infected P. monodon tissue. Indeed, 
Sections of WSBV-infected and non-infected Penaeus P. monodon is known to eat carcasses of krill and other 
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crustaceans including P. rnonodon and it was the 
results from unpublished studies of WSSV infections 
resulting from krill ingestion (Flegel et al. 1995) that 
led to this investigation. The question of viral transfer 
via contact or through the water from living, infected 
krill and crabs remains open to speculation. However, 
WSSV transfer from infected to uninfected P. rnonodon 
(Flegel et al. 1998) and P. japonicus (Maeda et al. 1997) 
by cohabitation is known to occur, so the likelihood of 
similar transfer from infected knll and crabs would 
seem to be high. Taking into consideration recent 
reports from Taiwan (Lo et  al. 1997) and Japan (Maeda 
et al. 1997) which show that the rate of PCR-detected 
WSSV in wild crabs can be very high, it would be pru- 
dent for shrimp farmers to exclude these potential car- 
riers from the farming system, until it can be estab- 
lished whether They represent a practical danger on 
the farm. 
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