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ABSTRACT: This study evaluated the effectiveness of dietary incorporation of P-1,3-glucan from 
SchizophyUum commune in enhancing the resistance of postlarval (PL15) or juvenile (5.5 * 0.5 g)  
Penaeus monodon to white spot syndron~e virus (WSSV). The shrimp were fed experimental diets with 
(2 g kg-' diet) or without P-1,3-glucan for 15 d (postlarvae) or 10 or 20 d (juveniles). Following these 
dietary treatments, the postlarvae were challenged by imrnerslon and the juveniles by injection using 
WSSV solution. After challenge with WSSV, initial mortality was significantly (p < 0.005) lower in all 
the glucan-fed groups than in the respective non-glucan control groups. In the juvenile groups, glucan 
supplementation for 20 d rather than 10 d significantly (p < 0.005) enhanced survival. After the WSSV 
challenge, none of the control diet postlarvae or juveniles survived beyond 4 d and none of the 10 d glu- 
can-fed juveniles survived beyond 6 d. By contrast, some of the glucan-treated postlarvae (12.2%) and 
some of the 20 d glucan-treated juveniles ('OX,) were still alive at Day 6. These surviving individuals 
were reared onwards up to 120 d post-challenge, at which tlme overall survivals were 5.5% (post- 
larvae) and 13.3% (juveniles) and body weights were 25 to 30 g (postlarvae) and 30 to 40 g (juveniles). 
Half of the surviving postlarvae and 58% of the surviving juveniles were 2-step WSSV polymerase 
chain reaction (PCR) negative 6 d after challenge. All the surviving shrimp were 2-step WSSV PCR 
negative 120 d after challenge. 
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INTRODUCTION 

Since 1993, white spot syndrome (WSS) has been 
epizootic in various penaeid species throughout South- 
east and East Asia. In the black tiger shrimp Penaeus 
monodon ,  WSS is generally characterized by obvious 
white spots on the carapace and appendages or gener- 
ally on the inside surface of the shell. Moribund shrimp 
usually exhibit red discoloration, and their cumulative 
mortality can reach 100% within 2 to 7 d. WSS is 
caused by an enveloped non-occluded rod-shaped virus 

known as white spot syndrome virus (WSSV) (Chou 
et al. 1995, Wang et al. 1995), which may be closely 
related to rod-shaped nuclear virus (RV-PJ) of P. japon- 
i cus  found in Japan (Inouye et al. 1994, Momoyama et 
al. 1994, Nakano et al. 1994, Takahashi et al. 19941, 
to systemic ectodermal and mesodermal baculovirus 
(SEMBV) of P. m o n o d o n  in Thailand (Wongteerasu- 
paya et al. 1995), and to hypodermal hematopoietic 
necrosis baculovirus (HHNBV) of P, chinensis in China 
(Cai et al. 1995). 

WSSV can be detected by l-step or 2-step WSSV 
diagnostic polymerase chain reaction (PCR) (Lo et al. 
1996a,b 1997). The 2-step amplification is 103 to 104 
times more sensitive than l-step amplification (Lo et al. 
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199613). Shrimp that test positive using l-step WSSV 
PCR usually die within 1 to 3 d, while 2-step WSSV 
PCR positive shrimp may survive indefinitely under 
non-stressful conditions. Thus, captured brooders that 
are 2-step WSSV PCR positive may survive and even 
spawn successfully (Lo et al. 1996b). 

In recent years, immunostimulants have been used 
to enhance resistance of fish and shrimp against bacte- 
rial and viral infections (Kitao & Yoshida 1986, Oliver 
et al. 1986, Robertsen et al. 1990, Matsuyama et al. 
1992, Raa et al. 1992, Itami et al. 1994, Sung et al. 1994, 
Su et al. 1995, Liao et al. 1996, Song et al. 1997). For 
example, dietary uptake of P-1,3-glucan increased 
resistance to Edwardsiella tarda and Aeromonas hydro- 
phila in carp Cyprjnus carpio (Yano et al. 1991). Itami 
et al. (1994) reported that dietary administration of 
schizophyllan, a water-soluble p-1.3-glucan derived 
from the fungus Schizophyllum commune and contain- 
ing some P-1,6-glucosidic side chains, increased the 
resistance of Penaeus japonicus against vibriosis. This 
glucan is a known anti-tumor substance that stimulates 
non-specific immunity in mammals (Azuma 1987). Pre- 
vious work (Su et al. 1995, Liao et al. 1996) found that 
P-1,3-glucan significantly enhanced postlarval, juve- 
nile, and adult P. monodon resistance to Vibrio dam- 
sela and V. harveyi infection, but little is known about 
its effectiveness in enhancing immunity of shrimp to 
viral infections. Using a different P-1,3-1,6-glucan 
extracted from yeast cell walls, Song et al. (1997) 
revealed enhanced resistance of P. monodon to WSSV 
infection. The present study evaluated the effect of 
dietary intake of the P-1,3-glucan schizophyllan on the 
resistance of P. monodon to WSSV infection. 

MATERIALS AND METHODS 

Test diets. Two diets with (2 y kg-') or without 
supplementation of P-1,3-glucan were prepared. This 
concentration was chosen because previous results 
(Chang et al. 1996a, Liao et al. 1996) indicated that 2 g 
kg-' provided optimal protection. The control diet was 
a basal diet (Liao et dl. 1996) containing a crude pro- 
tein level of 46 g per 100 g, a crude lipid level of 12 g 
per 100 g, and an ash content of 8.5 g per 100 g. The 
experimental diet consisted of the basal diet plus a 
supplement of P-1,3-glucan (2 g kg-'). This P-1.3- 
glucan (schizophyllan) was obtained courtesy of the 
Taito Co. (Tokyo, Japan). The ingredients were mixed 
thoroughly and cold extruded into 0.2 to 0.5 mm pellets 
for postlarvae and 2 to 5 mm pellets for juveniles. Pel- 
lets were air-dried with a blower and then stored at 
-10°C until feeding. 

Feeding trials. Black tiger shrimp Penaeus monodon 
postlarvae (PL15) and juveniles (5.5 * 0.5 g) were arti- 

ficially propagated and raised at the Tungkang Marine 
Laboratory, Taiwan. The postlarvae were randomly 
divided into 2 groups of 1000 shrimp each. Each group 
was further divided into 4 replicates. Each replicate 
(250 postlarvae) was held in a 20 1 rectangular plastic 
tank with flow-through seawater and aeration. The 
juveniles were randomly divided into 2 groups of 300 
shrimp each and further subdivided into 3 replicates. 
Each replicate (100 juveniles) was held in a 2000 1 
circular fiberglass tank with flow-through seawater 
and aeration. Each experimental diet was fed to 1 
group of shrimp. Each morning before feeding, all the 
uneaten food and debris were removed from the bot- 
tom of the tanks. The postlarvae were fed 3 times daily 
(09:00, 13:OO and 18:00 h) at an initial rate of 10 to 15% 
of wet biomass. The ration for the juveniles was given 
at 3 to 5% wet weight and was divided into 2 meals 
(09:OO and 18:OO h). Feeding rates were adjusted there- 
after according to the feeding response of the shrimp. 
For the postlarvae, the feeding protocol was followed 
for 15 d before challenge, and it was designed to cor- 
respond to current commercial practice by which post- 
larval farmers acquire and keep PL15 for 15 d before 
they are sold for pond stocking. The feeding regime for 
the juveniles followed Liao et al. (1996). During the 
experiment, water temperature ranged between 29 
and 31°C, salinity between 30 and 32 ppt and pH be- 
tween 7.8 and 8.5. 

Preparation of the WSSV solution. The WSSV filtrate 
solution was prepared following the method of Chou et 
al. (1995) with minor modifications. Shell and attached 
epidermis were collected from frozen (-80°C) black 
tiger shrimp from a shrimp culture pond that had been 
infected with WSSV. The tissues were homogenized in 
saline water (1:9 v/v) at 4°C. After centrifugation at 
17 345 X g for 5 min, the supernatant fluid was filtered 
through a 0.45 pm membrane. The filtrate was used as 
the WSSV stock filtrate solution. In a series of immer- 
sion and injection trials, the optimal challenge dilution 
levels (48 h of the WSSV stock filtrate were esti- 
mated as 500x for immersion of postlarvae and 20x for 
injection of juveniles. 

Challenge tests for postlarvae. A WSSV infection 
challenge was performed after the postlarvae were fed 
test diets for 1.5 d. The postlarvae from each of the 4 
replicates of the dietary groups were randomly divided 
into duplicate immersion challenge and control groups 
of 100 postlarvae each. The WSSV stock filtrate solu- 
tion was diluted 500 times in seawater and the post- 
larvae were immersed in 1000 m1 of this solution or 
1000 m1 seawater (control groups) for 2 h. After im- 
mersion, the postlarvae were removed to 2000 ml, glass 
beakers containing 1600 m1 seawater. The water 
temperature and salinity were 29 to 31°C and 30 to 
32 ppt. Aeration was provided throughout the expen- 
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ment. blortality was assessed 3 times daily. Moribund 
shrimp were collected and tail portions were placed in 
1.5 m1 microfuge tubes for storage in liquid nitrogen 
until used in WSSV diagnostic PCR. 

Challenge tests for juveniles. Two challenge tests 
were conducted when the juveniles had been fed the 
test diets for either 10 or 20 d. The injection solution 
was prepared by diluting the WSSV stock filtrate solu- 
tion 20 times with saline. For each test, 20 juveniles 
from each replicate were challenged by intramuscular 
injection of the injection solution at a dose of 0.01 m1 
juvenile-'. The control 'blank' group was injected with 
0.01 m1 saline. After injection, the juveniles were re- 
turned to glass aquaria (60 X 45 X 40 cm) with flow- 
through seawater which ranged from 29 to 31°C and 
from 30 to 32 ppt salinity. All received the glucan-free 
(control) diet. The numbers of dead juveniles were 
recorded once every 8 to 10 h for 6 d.  Moribund juve- 
niles were collected and their pleopods were excised 
and placed in 1.5 m1 microfuge tubes stored in liquid 
nitrogen until used in WSSV diagnostic PCR. 

WSSV diagnostic PCR. Postlarvae and juveniles 
were tested before the feeding trial and challenge tests 
to ensure that all were initially 2-step WSSV PCR neg- 
ative, and the same 2-step WSSV diagnostic PCR (Lo et 
al. 1997) was used to establish absence/presence/ 
extent of WSSV infection after WSSV challenge. For 
those surviving shrimp reared onwards to 120 d post- 
challenge, organs and tissues from 10 randomly se- 
lected surviving shrimp (5 from the postlarval group 
and 5 from the juvenile group) were separately sub- 
jected to 2-step WSSV diagnostic PCR. 

DNA was isolated from the samples as described by 
Lo et al. (1997), and its quality was verified with primer 
set 143F-145R for the decapod 18s rRNA gene (tem- 
plate control; Lo et al. 1996a) before being used in 
WSSV diagnostic PCR. Following Lo et al. (1997), the 
outer primer set, 146F1/146Rl, was used for l-step 
WSSV diagnostic PCR. In each l-step WSSV diagnos- 
tic PCR test, DNA extracted from the muscle of a natu- 
rally WSSV-infected Penaeus monodon was used as a 
positive control template, and a reaction mixture con- 
taining no DNA was used as a negative (reagent cont- 
amination) control. The amplification was performed 
in a Thermolyne Amplitron I1 (Barnstead/Thermolyne 
Corp., Kerper Blvd, Dubuque, USA) for 1 cycle of 94°C 
for 4 min, 55°C for 1 min, 72°C for 2 mini 39 cycles of 
94°C for 1 rnin, 55°C for 1 min, 72°C for 2 min, plus a 
final 5 min extension at 72°C after 40 cycles. A sample 
of each of the completed PCR reactions (10 p1) was 
mixed with 1 p1 loading buffer, subjected to electro- 
phoresis on 1 % agarose gels containing ethidium bro- 
mide at a concentration of 0.5 pg ml-l, and then visual- 
ized by ultraviolet transillumination. After completion 
of the first step, 10 p1 of the reaction mixture was 

added to 90 p1 of PCR cocktail containing the inner 
primer pair, 146F2 and 146R2, for 2-step WSSV diag- 
nostic PCR. The reaction was amplified for 40 cycles, 
and 10 p1 of the final reaction mixture was used to ana- 
lyze the PCR products. 

Statistical analysis. The statistical significance (p c 
0.05) of differences in the shrimp survivals between 
the control and experimental groups in the challenge 
tests was evaluated by the chi-square test at  each time 
period. Differences in survival (p  0.05) between the 
10 and 20 d glucan-treated juvenile groups were 
examined by a covariance analysis. 

RESULTS 

Challenge tests for the postlarvae 

The survival of postlarvae fed the glucan diet for 
15 d was significantly higher than that of basal diet con- 
trol groups when challenged with WSSV (Fig. 1). Sig- 
nificant differences (p  < 0.005) between the 2 groups 
were observed at all periods for which comparisons were 
made. All shrimp in the WSSV-challenged, glucan-free 
(control) group died by 5 d. By contrast, mean survival in 
the WSSV-challenged, glucan-fed group was 12.2% on 
Day 6. Survivals for the non-challenged, seawater im- 
mersion control groups fed basal diet with or without 
glucan were 72.2 and 79.7 %, respectively. The WSSV- 
challenged survivors were cultivated further for 120 d. 
By 30 d post-challenge, 60 % of them (7.3 % of initlal pop- 
ulation) were still alive, and at 120 d,  45 % (5.5 % of initial 
population) were still alive. Their final body weights 
were 25 to 30 g. For the non-challenged, seawater 
immersion control groups fed basal diet with or without 
glucan survival was 65% at 30 d (51.9% of initial 
population) and 41 % (32.8% of initial population) at  
120 d,  and body weights were 22 to 28 g. 

P-1 ,3-g1ucan 

Control 

24 48 72 96 120 144 

Elapsed time (h) 

Fig. 1. Penaeusmonodon. Six-day survival of postlarvae fed a 
diet that either contained or did not contain 2 g kg-' P-1,3- 
glucan for 15 d before challenge by immersion in white spot 
syndrome virus (WSSV) solution. Vertical bars indicates SEM 

(n = 4). **X' > 8.3, df = l ,  p < 0.005 
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Challenge tests for juveniles 

For the challenged juvenile groups fed glucan for 
10 d ,  a significantly better survival (p  < 0.005) than the 
challenged basal diet controls was observed by 2 d 
post-challenge (Fig. 2A). This difference persisted for 
the following days. By Day 5, all the challenged shrimp 
in the glucan-free, basal diet groups had died while 
some of the glucan-fed group still survived, although 
they had died by Day 6. When fed glucan for 20 d,  mor- 
tality was also higher, but the proportion of shrimp sur- 
viving the challenge was significantly higher than it 
was for the 10 d glucan-fed group (p  < 0.005) (Fig. 2B). 
About 40 % of these challenged shrimp were still alive 
at  5 d and more than 20 % were still alive at 6 d. There 
was no mortality at  6 d for the basal diet or glucan con- 

m P-1 ,3-g~ucan 
Control 

lOdays 
A 20 days 

Y = 120.1 1 - 0.67X, 
R = 0.9787 

Y = 123.11 - 0.85X. R = 0.9818 

Elapsed time (h) 

Fig. 2. Penaeus monodon. Six-day survival rates of juveniles 
fed on a diet that either contained or did not contain 2 g kg-' 
P-1.3-glucan for (A) 10 d or (B) 20 d before being challenged 
with injection of white spot syndrome virus (WSSV) solution. 
(C) Results of the regression analysis indicate that cumulative 
shrimp survival rates under the 2 feeding regimes (10 and 
20 d)  were significantly different (p < 0.005). Vertical bars 
indicates SEM (n = 3). *X' > 6.2, df = 1, p < 0.05, * *x2  > 10.3, 

d f =  l , p < 0 . 0 0 5  

trol groups injected with sallne (i.e. 100% survival). 
When the WSSV-challenge survivors were reared on- 
wards to 120 d, 75% (15% of initial population) sur- 
vived to 30 d post-infection, and 66.7 % (about 13.3% 
of the initial population) survived to 120 d,  at  which 
time body weights were 30 to 40 g. A regression analy- 
sis (Fig. 2C) showed that the survival rate of shrimp on 
the 20 d glucan feeding regime was significantly 
higher (p < 0.005) than that of shrimp on the 10 d 
glucan feeding regime. For the basal diet or glucan 
control groups injected with saline, survival was 82 % 
at 30 d post-injection and 52 % at 120 d post-injection, 
by which time body weights were 25 to 30 g. 

Confirmation of WSSV infection 

Although all shrimp (postlarvae and juveniles) were 
2-step WSSV diagnostic PCR negative before the feed- 
ing and challenge trials, all the dead or moribund 
shrimp that died after WSSV challenge were found to 
be l-step PCR positive. However, on Day 6 post- 
immersion or injection challenge, random sampling 
suggested that 50% of the survlving postlarvae and 
nearly 60% of the surviving juveniles were 2-step 
WSSV PCR negative (Table 1). At 120 d, tissues from 
the heart, gill, stomach, midgut, hepatopancreas, 
abdominal muscle, lymphoid organ, pereiopods, pleo- 
pods, and haemolymph of 5 shrimp survivors each from 
the WSSV-challenged postlarval and juvenile groups 
were all found to be 2-step WSSV PCR negative. 

DISCUSSION 

It is commonly agreed that arthropods and other 
invertebrates generally do not possess immunoglobu- 
lins (Ratcliffe et al. 1985). Nevertheless, with an open 
circulatory system, they must have immediate, non- 
inducible defense and coagulation mechanisms to 
entrap parasites and prevent blood loss upon wound- 
ing (Ratcliffe et al. 1985). These reactions are  carried 

Table 1. Penaeus monodon. White spot synd.rome virus 
(WSSV) prevalence in survlving postlarvae and luvenlles. Suc 
days after challenge with WSSV, rando~nly selected survivors 
were tested for the presence of WSSV using 2-step WSSV 

diagnostic PCR 

Tested shnmp Prevalence (%) 
specimens Positive by Positive only 2-step PCR 

Stage No. l-step PCR by 2-step PCR negative 

Postlarval 20 7 (35) 3 (15) l 0  (50) 
Juvenile 12 2 (17) 3 (25) 7 (58) 
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out primarily by the blood cells or haemocytes. I t  has 
long been recognized that the cellular defense reac- 
tions in invertebrates are most often accompanied by 
melanization (Soderhall 1982, Ratcliffe et al. 1985, 
Soderhall et al. 1986). The key enzyme in the synthesis 
of the pigment melanin is phenoloxidase, which is pre- 
sent in arthropod blood (haemolymph) as an inactive 
pro-enzyme, prophenoloxidase (proPO). ProPO is 
activated in a stepwise process by microbial cell wall 
components such as the P-1,3-glucans of fungi, or the 
lipopolysaccharides (LPS) and peptidoglycans of Gram- 
negative and Gram-positive bacteria, respectively 
(Soderhall 1982, Soderhall et al. 1986, Johansson & 
Soderhall 1989). Apart from its role in melanization, 
the results from several experiments have implied that 
components of the putative proPO activating system of 
arthropods stimulate several cellular defense reac- 
tions, including: (1) phagocytosis, (2) nodule formation, 
(3) encapsulation, and (4) haemocyte locomotion (Soder- 
hall et al. 1986, Johansson & Soderhall 1989). A quan- 
titative analysis of the stimulative effects of the im- 
munostimulants on shnmp haemocytes revealed that 
P-glucan had the strongest effect (Song & Hsieh 1994). 
P-1,3-glucan also increases resistance to Vibrio infec- 
tion in kuruma shrimp (Itami et al. 1994), adult black 
tiger shrimp (Liao et al. 1996) and black tiger shrimp 
larvae (Su et al. 1995), where post-challenge survival 
rates may reach over 60%. Itami et al. (1994) con- 
cluded that this increased resistance was partially due 
to enhancement of haemocyte phagocytic activity. 

The fact that activated haemocytes also produce 
extra bactericidal substances, such as H20z  and super- 
oxide anion (02-), may also partially account for the 
increased resistance (Song & Hsieh 1994, Sung et al. 
1996). Enzymes involved in killing bacteria, such as 
phenoloxidase, can also be activated by the glucan 
(Song & Hsieh 1994). In our study, the high rate and 
quick onset of mortality observed after WSSV chal- 
lenge of postlarval and juvenile groups on glucan-free 
diets were consistent with other reports (see e.g. Chou 
et al. 1995, Chang et al. 1996b). However, the fact that 
12.2 % of the postlarvae and 20% of the juveniles sur- 
vived for 6 d post-challenge and beyond showed that 
P-1,3-glucan effectively enhanced resistance to WSSV 
infection. On the other hand, the survival rates of the 
postlarvae and juveniles fed glucan were low (<20%) 
and juvenile resistance appeared to develop slowly, 
20 d feeding being required before challenge with 
WSSV. Thus, it appears that for shrimp the mechanism 
of resistance against viral infection is different from 
that against bacterial infection. Although bacterial 
resistance may be partially due to enhancement of 
phagocytic activity, the mechanism of viral resistance 
is still unknown. In any case, the results of this study 
clearly showed that oral administration of glucan for 

20 d (Fig. 2) enhanced resistance against WSSV and 
protected the shrimp. For more effective protection, 
research is needed to quantify proper doses and to elu- 
cidate the physiological factors relevant to viral resis- 
tance. 

In a s~milar study, Song et al. (1997) investigated the 
effect of P-1,3-1,6-glucan on the WSSV resistance of 
black tiger shrimp fed intermittently with a diet con- 
taining glucan from baker's yeast Saccharornyces 
cerevisiae for 4.5 mo They found that survival rates of 
PL66 and PL113 (i.e. juveniles and subadults) were 59 
and 24 %, respectively, following immersion challenge 
with WSSV for 6 h. While the results herein clearly 
demonstrate that oral administration of P-1,3-glucan 
for 20 d also enhanced viral resistance, the survival 
rates were generally lower than those reported in Song 
et al. (1997). Possibly the immersion method used by 
Song et al. (1997) was less stressful than the injection 
method employed here, but there is also evidence (e.g. 
Chou et al. 1995) that juvenile and subadult shrimp are 
less susceptible to WSSV infection by immersion. 

Although 40 to 50% of the surviving postlarvae 
and juveniles were apparently infected with WSSV 
(Table l ) ,  many survived for up to 120 d, by which time 
they had grown to 25 to 40 g. By that time, all the 
organs sampled were 2-step WSSV PCR negative. This 
suggested that possibly as a result of the glucan diet, 
the surviving shrimp had (1) somehow avoided infec- 
tion in the first place, (2) subsequently completely 
eliminated the virus after infection, or (3) contained the 
WSSV infection and reduced the number of virus 
particles to below detectable levels. Further work, 
including time-course infection studies, should help to 
resolve these alternatives. 
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