
DISEASES OF AQUATIC ORGANISMS 
Dis Aquat Org l Published August 15 

Effect of long-term oral administration of P-glucan 
as an immunostimulant or an adjuvant on some 

non-specific parameters of the immune response 
of turbot Scophthalmus maximus 

M. Ogier de ~aulnyl, C. Quentell**, V. Fournierl, F.  amour', R. Le ~ o u v e l l o ~ ~ * *  

'CNEVA BRESTILaboratoire de Pathologie des Animaux Aquatiques, BP 70, F-29280 Plouzane, France 
2 S ~ N O F ~ ,  Sante et Nutrition Animale, BP 126, Z.I. de la Ballastiere, F-33501 Libourne cedex, France 

ABSTRACT: A commercial P-glucan known for its ~mmunostimulatory effects in several fish species 
was tested in turbot ScophthalniusmaximusL.. both as an oral immunostimulant and as an adjuvant for 
oral vaccination. Some non-specific immune parameters were tested after a 5 wk feeding period with a 
commercial diet mixed with yeast P-glucan. Furthermore, during the last 5 d of the feeding period, half 
of the fish were orally vaccinated by mixing the commercial pellets with an anti-vibriosis vaccine (Vib- 
riffa bain ND). The oral administration of P-glucan induced no reduction in mortality after a challenge 
with a virulent Vibrio anguillarum (strain 408). In contrast, a single oral vaccination resulted in protec- 
tion against V anguillarum. The use of P-glucan as an adjuvant did not reduce the mortality rate more 
than did the single vaccination. An increase in white blood cell count was observed after the adminis- 
tration of only P-glucan. The plasma complement activity was not influenced by any of the treatments. 
In contrast, lysozyme activity was enhanced after administration of the adjuvanted vaccine. An 
increase in the chemiluminescent response of opsonised zymosan-stimulated head-kidney leucocytes 
was less obvious and no significant results were recorded. 
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INTRODUCTION 

Antibiotics and other chemotherapeutics are today 
widely used by fish farmers to control disease out- 
breaks. But the secondary effects of these treatments 
upon the environment may be of importance. Indeed, 
they may result in a selection of resistant microbial 
strains and even render fish susceptible to secondary 
viral infections (Siwicki et al. 1989). Thus, disease con- 
trol in aquaculture should focus on preventative mea- 
sures. As commercial vaccines remain costly for fish 
producers and are not efficacious at present against 
many commercially important bacterial diseases and 
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those caused by viruses (Raa et  al. 1992), an interest in 
immunostimulants to improve fish health has devel- 
oped in recent years. Among substances involved in 
fish protection, research has already focused on poly- 
saccharides such as lentinan, schizophyllan, scleroglu- 
can and zymosan (Yano et al. 1991). 

Yeast-extracted P-1,3-glucans are of particular inter- 
est in fish disease prevention (Anderson 1992). They 
have been shown to enhance the disease resistance of 
several fish species, such as carp Cyprinus carpio L. 
(Yano et al. 1991), Atlantic salmon Salmo salar (Robert- 
sen et  al. 1990), yellowtail Senola quinqueradia ta 
(Matsuyama et al. 1992), rainbow trout Oncorhynchus 
mykiss (Jeney & Anderson 1993), brook trout Salveli- 
nus fontinalis (Anderson & Siwicki 1994) and African 
catfish Clanus gariepinus (Yoshida et al. 1995), against 
various major bacterial pathogens including Vibrio 
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anguillarum, Vibrio salmonicida and Yersinia ruckeri ment, namely circulating leucocyte number, plasma 
(Robertsen et al. 1990) and Aeromonas hydrophila lysozyme and complement activities and head-kidney 
(Yoshida et  al. 1995). leucocyte phagocytic activity, as well as the acquired 

Glucans are known to stimulate the non-specific protection of fish given the different treatments 
mechanisms of the immune response in mammals against anguillarum. 
(DiLuzio 1985). In fish, Yano et al. (1991), following in 
vitro studies, suggested that the effect of P-1,3-glucans 
may be associated with the activation of the alternate MATERIAL AND METHODS 
complement pathway. After intra-peritonea1 (IP) injec- 
tion of Atlantic saln~on with a P-1,3-glucan, Engstad et Fish. 1200 turbot, weighing about 30 g at the begin- 
al. (1992) showed an increase in plasma spontaneous ning of the experiment and 50 g at sampling time, were 
haemolytic activity and lysozyme activity. Matsuyama group-housed in 8 experimental 200 1 tanks (EWOS, 
et al. (1992) also obtaired enhanced serum alternate 1 X 1 m). These tanks were supplied with filtered, well- 
complement pathway and lysozyme activities after an  oxygenated and thermoregulated seawater (salinity 
IP injection of yellowtail with schizophyllan or scle- 35%0; temperature 20 + 1°C). Fish were acclimatized 3 
roglucan. In addition, they observed an increase in the wk prior to initiating experiments and water renewal 
phagocytic activity of pronephros cells. (150 1 h-') was maintained throughout the stocking and 

P-1,3-glucans are usually given by IP injection and experimental period. 
the protection induced appears to be dosage-depen- Reagents. The P-glucan ~ a c r o ~ a r d @  was purchased 
dent (Chen & Ainsworth 1992). However, oral adminis- from Mackzymal (Tromsa, Norway). It is an insoluble 
tration is of obvious interest, due to its convenience to yeast glucan from Saccharomyces cerevisiae cell walls. 
fish farmers and lack of stress for fish. Few data exist The antigen for oral vaccination was a commercial 
concerning oral administration protocols or dosages in formalin-killed anti-vibriosis vaccine (Vibriffa bainB; 
farmed fish species. Today, no standardized protocol Rhbne-Mkrieux, Lyon, France) containing about 2 X 

exists and recommendations may vary according to the 10" killed bacteria ml-l. 
molecule tested. Feeding preparation. Three different experimental 

P-Glucans can also be used as vaccine adjuvants, diets were prepared. 
particularly with bacterin vaccines. Indeed, Aakre et The experimental diet for oral immunostimulation 
al. (1994) showed that the presence of a glucan adju- was prepared by mixing together commercial pellets 
vant in an anti-Aeromonas vaccine gave a high rela- (EcolineB; Aqualim, Nersac, France) and P-glucan 
tive percent survival in Atlantic salmon after a virulent powder; a vegetable oil was then added to the mix- 
challenge. Furthermore, these authors showed that the ture at a rate of 2 % in order to coat the pellets. The 
use of P-glucan as an adjuvant led to higher serum amount of glucan added to the food was 2 g kg-'. The 
antibody levels compared to vaccine given alone. Sim- coated food was prepared and the daily ratlon per 
ilarly, Jeney & Anderson (1993) obtained enhanced tank was sealed in plastic bags and stored at -20°C 
immune responses in rainbow trout given a glucan- until used. 
adjuvanted anti-Yersinia ruckerj vaccine. Most of the The vaccine food was prepared daily during the vac- 
studies have been performed In salmonids (Anderson cination period. The Vibriffa bain vaccine had been 
1992) and protocols for use of glucans as adjuvants also previously diluted in saline (9%0 NaCI). The vaccine 
remain highly variable. suspension was added to the food at a proportion of 

This study was undertaken to investigate the effect 1/5. The quantity of vaccine added to the food was cal- 
of a P-1,3/P-1,6 linked glucan (Macrogarda), which is culated so that the theoretical amount of bacteria 
known to be effective in salmonids (Robertsen et al. ingested daily by each fish was 4 X l o g  (Vigneulle 
1990, Onarheim 1992a, b, Raa et al. 1992). In our 1991). 
study, Macrogard was orally administered to turbot The 'immunostimulant and vaccine' coated food was 
Scophthalmus maxjmus L. and the effect of long-term obtained by adding the vaccine-diluted suspension to 
oral administration on some parameters of the the immunostimulant-coated food, both prepared as 
immune response explored. The immunostimulant previously described. 
was either given alone or administered with an immu- Feeding regimes. The oral immunostimulation 
nisation against the Vibrio anguillarum bacterin to lasted 5 wk. The oral vaccination was performed for 
investigate its 'adjuvant effect' This combined admin- 5 d following the protocol defined by Vigneulle (1991). 
istration was compared both with untreated controls Four different groups were established correspond- 
and with the effect of a single oral anti-vibriosis vacci- ing to 4 different treatments. Each group comprised 
nation. Some non-specific immune parameters poten- 2 tanks of 150 fish. Fish were fed twice a day at 1.9% 
tially involved in protection were studied post-treat- d-' of body weight throughout the experiment. The 
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control (C) group received normal commercial pellets. 
The immunostimulated (IS) group was given the P- 
glucan-coated food for 35 d .  At the same time, the 
'immunostimulated and vaccinated' (IS+VAC) group 
received P-glucan-coated pellets for 30 d and then, for 
5 d ,  a P-glucan- and vaccine-coated food. The vacci- 
nated (VAC) group was fed with normal pellets for 30 d 
and received the vaccine food for the last 5 d of the 
treatment period. 

After 35 d of experimental feeding, blood samples 
were taken from 10 fish of each group to determine 
plasma parameters, on Days 1,  8,  14 and 21 after the 
end of the treatment period. Head kidneys were also 
removed from 10 fish of each group on Days 1 and 14 
to perform phagocytic activity assays. Twenty-eight 
days after the end of the feeding period, the remaining 
fish in each tank were experimentally injected with 
Vibrjo anguillarum serotype 1 (strain 408; Baudin Lau- 
rencin 1981) to compare their resistance to the 
pathogen. 

Blood sampling. Blood samples were collected in 
hepannised vacuum tubes (VacutainerN, Becton Dick- 
inson Vacutainer Systems, Meylan, France) from the 
caudal vessel. Approximately 1 m1 of whole blood was 
taken from each fish. Fifty p1 of each whole blood sam- 
ple was immediately removed and stained for white 
blood cell counts (WBCC). The blood was then cen- 
trifuged at 900 X g for 10 min at 4"C, and the resulting 
plasma samples collected, aliquoted and stored at 
-70°C until analysis. 

Experimental infection. Virulent Vibrio anguillarum 
suspension was prepared using an 18 h bacterial cul- 
ture on trypticase soy agar supplemented with 1.5% 
NaCl (TSA 1.5). Fish were infected by IP injection of 
about 2 X 106 bacteria per fish. Deaths were recorded 
over 15 d .  Dead fish were collected daily and necrop- 
sied. l d n e y  samples were streaked on TSA 1.5 and 
the presence of V anguillal-um was verified through 
seroagglutination using a polyclonal anti- V anguil- 
larum 408 serum. 

For each treatment, the relative per cent survival 
(RPS) was calculated as follows (Ellis 1988): 

(Mortality ( % I  of untreated controls-\ 
I ~ o r t a l ~ t ~  ( O u )  of trcatcd group 

RPS = -- ) X 1 0 0  
bfortality (%) of untreated controls 

Total white blood cell count. The WBCC was con- 
ducted employing a Thon~a 's  haemocytometer and 
Kekic & Ivanc's method (1982), using Giemsa solution 
as the diluent (1/400) and stain. 

Lysozyme activity. The turbidimetric assay for 
lysozyme was carried out according to Parry et al. 
(1965) as modified by Grinde et al. (1988). Briefly, test 
plasma (100 p1) was added to 2 m1 of a suspension of 
Iz4icrococcus lysodeikticus (0.2 mg ml-l) in a 0.05 M 

sodium phosphate buffer, pH 6.2. The reactions were 
carried out at 20°C and absorbance at 520 nm was 
measured between 1 and 4 min on a spectrophoto- 
meter (DU40; Beckmann, Gagny, France). A lysozyme 
activity unit was defined as the amount of enzyme pro- 
ducing a decrease in absorbance of 0.001 m i n '  at 
20°C. 

Haemolytic complement activity. The assay of the 
classical complement pathway activity was carried out 
using the procedure of Yano (1992) with some modifi- 
cations: total reaction volume and sheep red blood 
cells (SRBC) count were reduced, respectively, from 
1.5 to 0.15 m1 and from 5 X 108 to 1 X 107 SRBC, to per- 
mit the use of microplates. 

SRBC were washed 3 times with an  EDTA gelatin 
veronal buffer (Yano 1992) and resuspended to yield 
a 2% concentration (2 X 10' cells m]-') in a glucose 
gelatin veronal buffer (Yano 1992). SRBC were sensi- 
tised with heat-inactivated turbot anti-SRBC serum 
diluted to 1/75, a dilution permitting complete haemo- 
lysis. SRBC were incubated at 30°C for 30 min, with 
shaking every 5 min. 

Test plasma samples were first diluted to 1/128 in 
order to suppress natural haemolysin activity (author's 
pers. obs.), then volumes of the diluted plasma (0.01, 
0.02, . . . ,  0.09 ml) were combined with gelatin veronal 
buffer (0.09, 0.08, . .., 0.01 ml) in the microplate and 
0.05 m1 of the sensitised SRBC suspension was added 
per well. Complete haemolysis was obtained by mix- 
ing 0.05 m1 of sensitised SRBC with 0.1 m1 of distilled 
water (positive control). The negative control consisted 
of 0.05 m1 sensitised SRBC mixed with 0.1 m1 of gelatin 
veronal buffer. 

After incubation at 20°C for 60 min, microplates 
were centrifuged at  800 X g for 5 min. The optical den- 
sity of the supernatant was measured in a microplate 
reader (IEMS; Labsystems, Cergy-Pontoise, France) at 
490 nm. A lysis curve was obtained by plotting the per- 
centage of haemolysis against the volume of plasma 
added (ml). The volume which yielded 50% haemoly- 
sis was determined and used for calculating the com- 
plement activity of the sample (CH50 units ml-') as 
described by Sakai (1981). 

Dilution co~ffici~nt of plasma D 1.5 ml 
CH50 units ml-' = - - X 

m1 tor 50"6 haemolysis 7 .5  ml 

Phagocytic activity of head-kidney leucocytes. This 
was estimated using an  indirect method, i.e. the 
chemiluminescence response of zymosan-activated 
leucocytes. Head kidney cell suspensions were pre- 
pared as previously described by Angelidis et al. 
(1988). Head kidney was removed and passed through 
a metal filter (Cellector Belco filters, 100 pm).  Cells 
were harvested, suspended in hepannized (10 USP 
ml-') Hank's balanced salt solution (HBSS) without 
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phenol red, and kept on crushed ice. The leucocyte 
concentration was adjusted to 5 X 106 viable cells ml-' 
after cell viability was evaluated by a trypan blue 
exclusion test. Luminol was prepared according to the 
method described by Scott & Klesius (1981), to give a 
stock solution of 8 mM, and stored for a week at 4°C in 
tubes wrapped in aluminium foil. The stock solution 
was diluted 4 to 6 h before use in distilled water to 
obtain a working solution of 0.05 mM. The procedure 
to opsonise zymosan was a modification of that used by 
Scott & Klesius (1981). Zymosan and pooled serum 
from healthy turbot (non-experimental fish) were incu- 
bated together a t  30°C for 4 5  min. The zymosan final 
concentration was 5 mg ml-'. Duplicate assay vials 
received 0.1 m1 cell suspension, 0.1 m1 opsonised 
zymosan, and 0.05 m1 luminol. Control vials were pre- 
pared by replacing zymosan with HBSS. Chemilumi- 
nescence (CL) values were recorded at 10 min inter- 
vals for 1 h on a 1250 LKB luminometer (Pharmacia, 
Saint-Quentin en Yvelines, France), to determine CL 
peak intensities. 

Statistical methods. Statistical analysis was per- 
formed using a computerised STATITCF statistical 
system (ITCF, Paris, France). Results from the 2 tanks 
of each group were analysed for heterogeneity and 
then grouped together when no statistical difference 
existed. Results on the immune parameters for the dif- 
ferent treatments were compared to each other using 
a Student's t-test, based on an average of 20 fish per 
regime, or 10 fish per regime for the CL response. 
Mortality rates were analysed by a x2 test. Each 
regime was compared to the control group and, to 
evaluate the 'adjuvant effect', the IS+VAC group was 
also compared to the VAC group in order to establish 
if the variations observed were due to the single 
vaccination or to the combined effect of glucan and 
vaccine. 

RESULTS 

Total white blood cell count 

Results are given as the mean of 20 fish per day and 
per regime and are  shown in Fig. 1. Some variation in 
WBC number was observed due to the effect of the dif- 
ferent treatments. 

The total WBCC was always higher in the IS group 
compared to the control group, but this elevation was 
only significant on Days 8 and 21. The oral vaccination 
(VAC group) induced no variation in WBCC. No signif- 
icant difference was observed between the IS+VAC 
group and the control group on any sampling day. On 
Day 21, the WBCC in the IS+VAC group was signifi- 
cantly higher than in the VAC group. 

'0° "ay l 

" 
Controls IS VAC IS+VAC 

- 
Controls IS VAC IS+VAC 

l o o  Day 14 - 

Controls IS VAC ISfVAC 

Controls IS V A C  IS+VAC 

Feed ing  r e g i m e  

Fig. 1. Scophthalmus maximus. Effect of the different treat- 
ments on total white blood cell counts on each sampling day. 
Results are means + SE, n = 20 fish per group. 'Sign~ficant dif- 
ference (p  c 0.05 uslng a Student's t-test to compare control 

group and treated group) 

Plasma lysozyme activity 

Fig. 2 shows that the lysozyme activity levels were 
higher the first 2 d of sampling than on Day 14 or 21. 
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Controls IS VAC IS+VAC 

L 8 0 0  J 

Controls IS VAC IS+VAC 

1400 Day 1- 
1300 

Controls IS VAC IS+VAC 

400 Day 2 1  
1300 1 

- - -  
Controls IS VAC IS+VAC 

Feeding regime 

Fig. 2. Scophthaln~us maximus. Effect of the different treat- 
ments on the plasma lysozyme activity on each sampling day. 
Results are means + SE, n = 20 fish per group. 'Significant dif- 
ference (p < 0.05 using a Student's t-test to compare control 

group and treated group) 

Generally, plasma lysozyme activity was not affected 
by administration of the immunostimulant (IS group), 
whatever the sampling day. The vaccination (VAC 

group) led to a significant increase in lysozyme activity 
only on Day 14. No significant difference was observed 
between fish from the control group and the IS+VAC 
treated fish on Day 1 or 8. In contrast, the IS+VAC 
group developed significantly higher lysozyme activi- 
ties on both Days 14 and 21 when compared to the 
control group. When compared to the VAC group, 
lysozyme activity was enhanced in this group on Day 
21 only. 

Plasma complement activity 

As observed in Fig. 3, none of the treatments, IS, 
VAC or IS+VAC, induced any change in the studied 
parameter, whatever the sampling day. 

Phagocytic activity of the head-kidney leucocytes 

The chemiluminescent response of head-kidney 
phagocytes stimulated by opsonised zymosan in- 
creased progressively, reached a peak between 20 and 
30 min, and then decreased slightly (data not shown). 
Only the maximum value obtained was retained for 
analysis (Fig. 4) .  Just after the end of the feeding 
period, i.e. at Day 1, the CL response was higher 
(p < 0.1) in fish given the glucan (IS group). The single 
vaccination (VAC group) induced no variation of this 
parameter. In contrast, the CL peak was enhanced in 
the IS+VAC group when compared to the control 
group (p < 0.1). However, when compared to the VAC 
group this elevation was not significant. At Day 14, 
zymosan-stimulated CL response was highly variable 
between fish in all the experimental groups and, in 
spite of an enhanced response in all treated groups, 
results obtained for the IS group and the VAC group 
were not significantly different from those of the C 
group. Due to less variability in the IS+VAC group, the 
mean CL response in this group was significantly 
higher than in the C group. 

Experimental infection 

Mortality began 24 h after the virulent Vibrio anguil- 
larum inoculation and lasted 5 d (Fig. 5).  Classical signs 
of haen~orrhagic septicemia were observed, i.e. inter- 
nal haemorrhages on the visceral organs and in the 
musculature and ascites, and all dead fish were positive 
for V: anguillarum. The post-challenge mortality rate 
was the same in untreated controls and in fish given the 
immunostimulant, i .e.  4 1  and 44 %, respectively. 

In contrast, after the IS+VAC treatment and the 
VAC treatment, the mortality rate dropped to 16% for 
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Controls IS VAC IS+VAC 

Controls IS VAC IS+VAC 

Controls IS VAC IS+VAC 

- - 
Controls IS VAC IS+VAC 

Feeding regime 

Fig. 3 Scophthalmus rnaximus. Effect of the different treat- 
ments on the plasma complement activity on each sampling 
day. Results are means + SE, n = 20 fish per group. 'Signifi- 
cant difference (p < 0.05 using a Student's t-test to compare 

control group and treated group) 

the former and 19.5% for the latter group, corre- 
sponding to protection rates of 60.9 and 52.4% 
respectively. 

0 
Controls IS VAC IS+VAC 

Feeding regime 

Fig. 4 Scophthalmus maximus Effect of the different treat- 
ments on the cherniluminescence response of head-kidney 
leuko cytes on Days 1 and 14. Results are means + SE, n = 10 
fish per group. 'Significant difference (p c 0.05 using a Stu- 

dent's t-test to compare control group and treated group) 

DISCUSSION 

Previous studies have shown great variability in the 
effect of P-glucans on total WBCC. Siwicki et  al. (1994) 
reported contradictory effects of P-glucans on rainbow 
trout leucocyte numbers after an  oral exposure. In the 
first experiment they obtained an elevated leucocyte 
number in immunostimulated fish, but in the second 
they observed no effect. In contrast, Jeney & Anderson 
(1993) observed a rise in the WBCC after injection or 
bath administration of a barley-extracted glucan in 
rainbow trout. They showed an initial decrease In 
WBCC 6 h after immunostimulation, followed by a n  
increase at 12 h and a greater increase at  Day 2 after 
injection, and at Day 3 after bath treatment. Further- 
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Fig 5 Scophthalmus maximus. Cumulative mortality rate (X) 
after infectious challenge with Vlbrio anguillarum (straln 408) 

more, WBCC was always higher in immunostin~ulated 
fish 10 d later. In the present study, although signifi- 
cant only at Days 8 and 21, WBCC was higher from 
Day 1 to Day 21 after oral administration of the P-glu- 
can. This rise in WBCC may imply a mobilization of the 
WBC population in response to P-glucans. In fact, as 
the glucan is orally administered, no development of 
an inflammatory reaction could be suspected which 
would have increased the number of circulating leuco- 
cytes. Furthermore, this WBC nlobilization lasted at 
least until Day 21 after the end of glucan administra- 
tion. 

The effect of a single or adjuvanted vaccine upon 
WBCC was reported by Jeney & Anderson (1993), who 
obtained only a slight increase in leucocyte number 
after bath administration of a Yersinia rucken antigen 
in rainbow trout, whereas the administration of a 
glucan-adjuvanted vaccine induced a more marked 
increase in WBCC. In contrast, the present results 
showed no effect on WBCC after either the single vac- 
cination or the administration of adjuvanted vaccine. A 
possible interaction between the vaccine and the adju- 
vant could have masked the effect of the P-glucan on 
WBCC. 

It must be pointed out that, in the present work, the 
mean lysozyme activity values obtained from control 
groups varied according to the different sampling 
days. This remains unexplained, as all the measure- 
ments were performed on the same date upon 
defrosted plasma samples and according to a classical 
method used to determine lysozyme activity in 
salmonids ( J ~ r g e n s e n  et al. 1993). No effect of 

Macrogard on plasma lysozyme activity was obsei-ved 
in the present work, in spite of the fact that this mole- 
cule is produced by macrophages and granulocytes 
(Alexander & Ingram 1992). This suggests that if the 
number of leucocytes was enhanced after long-tel-m 
oral administration of this 0-glucan, no rise in their 
activity was induced. Engstad et al. (1992) observed 
an  increased lysozyme activity from Day 7 to Day 28 
after a single IP injection of Macrogard in salmonids, 
and J ~ r g e n s e n  et al. (1993) obtained the same result 
in rainbow trout 7, 14 and 21 d after a M-glucan 
injection. This could indicate that Macrogard has a 
greater effect on plasma non-specific defences after 
injection rather than after oral administration. The 
difference between the 2 routes of administration 
may be due to the inflammatory reaction induced by 
the IP injection which could enhance the setting of 
the immune response. The degradation and absorp- 
tion of the glucan in the digestive tract after oral 
administration must also be taken into account, as 
this may modify the effect of the molecule on the 
immune system. 

In the present work, an  elevation in lysozyme activ- 
ity occurred in the VAC group only on Day 14, but in 
the IS+VAC group the increase was significant on 
Days 14 and 21. Increased lysozyme levels may occur 
after an antigenic stimulation (Alexander & Ingram 
1992) and the present results showed that the use of 
glucan could potentiate the effect of the vaccine. 

Complement, another component of the non-specfic 
immune response also produced by leucocytes, was 
studied in the present work. The 0-glucan when given 
alone had no effect on the classical complement path- 
way activity. The study of Yano et al. (1991) showed 
that in vitro pre-incubation of a carp serum with glu- 
cans inhibited the alternate complement pathway; as a 
consequence, they suggested that the protective effect 
of P-glucans Illay be associated with the activation of 
the alternate complement pathway. It can be assumed 
that the effect of P-glucan takes place at  the C3 activa- 
tion step of the complement serial 'cascade' reaction 
and thus does not affect the classical pathway. In mam- 
mals, polysaccharides such as zymosan are known to 
induce the C3 activation step of the complement reac- 
tion (Bach & Lesavre 1989) and this might also be the 
case in fish. 

In contrast to the plasma parameters, the oral admin- 
istration of glucan did induce an  enhanced phagocytic 
activity of head-kidney leucocytes on both Days 1 and 
14. This is in agreement with the augmentation of 
phagocytosis by circulating leucocytes observed after 
bath or injection administration of glucan by Jeney & 

Anderson (1993) in rainbow trout. Siwicki et al. (1994) 
also obtained a higher phagocytic activity after feeding 
immunostin~ulants to rainbow trout for 1 wk. These 
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results concur with the general hypothesis of a strong 
action of P-glucan on the non-specific immune mecha- 
nisms (Raa et al. 1992). Furthermore, although the CL 
response after a single oral vaccination was never sig- 
nificantly higher than in controls in the present study, 
the administration of the adjuvanted vaccine was fol- 
lowed by an increased CL response on both Days 1 and 
14. This could indicate that P-glucan acts strongly on 
this parameter compared to the vaccination effect. In 
fact, the P-glucan seems to influence phagocytic activ- 
ity by itself rather than optimize the vaccine. However, 
1 d after oral administration was probably too soon to 
observe any effect of the vaccine in the head kidney, as 
the 'antigen processing' might not have occurred by 
that time. In addition, it must be noted that the mean 
CL values obtained at Day i4 in eacn of tne treated 
groups were similar but not significantly different from 
the controls, except for the IS+VAC group, due to their 
high variability. It is therefore difficult to know 
whether the significant elevation in phagocytic activity 
in the IS+VAC group is due to the glucan or to the vac- 
cine or to both. 

In contrast to the non-specific immune parameters, 
no effect upon mortality in turbot was observed when 
the P-glucan was given alone in the present study. 
Previous studies have shown that extensive mortality 
reductions were obtained following the use of glucans 
in salmonids. Onarheim (199213) observed a 4 1 %  
reduction in the mortality of Atlantic salmon chal- 
lenged with furunculosis 42 d after a 14 d glucan 
feeding period, and Raa et al. (1992) obtained a 
marked reduction in mortality after carrying out a 
furunculosis challenge soon after 5 wk of Macrogard 
feeding. Furthermore, Siwicki et al. (1994) observed a 
40% reduction in mortality after a 1 wk P-glucan 
exposure. This difference between previous and pre- 
sent results might be related to the species but also to 
the 28 d interval between the end of the immunostim- 
ulation and the virulent challenge. In fact, in order to 
test for a possible 'adjuvant effect' in addition to the 
'immunostimulant effect' of P-glucan, the challenge 
was performed 4 wk after vaccination in order to 
allow the specific immune mechanisms to develop 
after vaccination. The challenge method also needs to 
be taken into account. In this study, the IP route was 
chosen to perform the virulent challenge in order to 
be sure of the number of bacteria challenging each 
fish. This allows a sufficient mortality rate to be 
obtained in controls, as is recommended when testing 
vaccines in fish (Amend 1981). The mortality rate 
attained in controls in thls study may have masked 
the effect of the P-glucan. In fact, a less drastic chal- 
lenge such as in the bath or cohabitation approach 
could have revealed the role of local intestinal mecha- 
nisms after oral administration of glucan and/or vac- 

cine. In addition, IP challenge involves the systemic 
immune response and may mask local protection 
(Vigneulle 1991) 

Furthermore, the use of P-glucan as an adjuvant 
showed no effect on the mortality rate compared to 
that obtained after a single vaccination. The study of 
Aakre et  al. (1994) in Atlantic salmon vaccinated 
against furunculosis produced contradictory results; 
they obtained a higher survival rate with glucan- 
c0ntainin.g vaccine compared to a single bacterin vac- 
cine, when fish were challenged 7 wk after vaccina- 
tion. On the other hand, a challenge performed 12 wk 
after a booster vaccination showed no difference in 
protection between the glucan-adjuvanted and non- 
adjuvanted vaccine. 
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stimulation period may play a role in the development 
of an 'adjuvant effect'. In the present work, the vacci- 
nation occurred during the last 5 d of the glucan 
administration period, and this might explain the 
results obtained. Anderson et al. (1989) reported an  
enhanced non-specific (phagocytic indices, neutrophil 
enzyme activities, number and percentage of adherent 
cells) and specific (antibody secreting cells enumer- 
ated by plaque-forming cells assays) immune response 
in rainbow trout when administering an irnmunostimu- 
lant, levamisole, during or after immunisation with the 
Yersinia ruckeri 0-antigen. No variation of non-spe- 
cific immune parameters occurred when the adjuvant 
was given before immunisation. In spite of the differ- 
ences between glucan and levamisole, the relative 
times of vaccination and immunostimulation may be of 
importance. 

The strong mortality reduction obtained after a sin- 
gle oral vaccination must be highlighted. This confirms 
the relative efficacy of oral immunisation in turbot 
when compared to other fish species. Indeed, Baudin 
Laurencin & Batellier (1986) managed to protect turbot 
against vibriosis through this vaccination method. Dec 
et al. (1990) also obtained a 70% protection after oral 
anti-vibriosis vaccination in turbot and sea bass, 
whereas protection rates remain very low in salmonids 
after oral vaccination against both Vibrio anguillarum 
and Yersinia ruckeri (Ellis 1985, Baudin Laurencin & 
Batellier 1986, Vigneulle 1991). 

Results obtained from this work did not enable us to 
draw a definite conclusion about the effect of Macro- 
gard orally administered to turbot. In spite of an 
enhanced non-specific response following the oral 
administration of P-glucan to turbot, further studies 
need to be carried out to improve the efficacy of P-glu- 
can products and to assess administration schedules, 
duration of protection and the possible oral adjuvant 
potential for this species, which responds well to oral 
imm.unisation. 
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