The influence of dietary p-glucans
on the adaptive and innate
immune responses of European
sea bass (Dicentrarchus labrax)
vaccinated against vibriosis

Alessio Bonaldo!, Kim D. Thompson?, Amedeo Manfrin3,
Alexandra Adams?, Erminio Murano#, Attilio Luigi Mordenti?,
Pier Paolo Gatta!

! Dipartimento di Morfofisiologia veterinaria e Produzioni animali. Universita di Bologna, Italy
2 Institute of Aquaculture. University of Stirling, Scotland, UK
3 Istituto Zooprofilattico Sperimentale delle Venezie. Padova, Italy
4 Protos Research Institute. Trieste, Italy

Corresponding author: Dr. Alessio Bonaldo. Dipartimento di Morfofisiologia Veterinaria e Produzioni
Animali. Universita di Bologna. Via Tolara di Sopra 50, 40064 Ozzano Emilia (BO), Italy - Tel. +39 051
2097992 - Fax: +39 051 2097373 - Email: alessio.bonaldo@unibo.it

Paper received July 4, 2006; accepted November 12, 2006

ABSTRACT

The effects of feeding 1,3/1,6 B-glucans on the innate and the adaptive immune responses of European
sea bass (Dicentrarchus labrax) was investigated. Two experiments were carried out during the study. In
the first, a number of non-specific immune parameters were examined at 4, 7, 10, 14, 21 and 25 days
of feeding fish with a semipurified diet containing Macrogard ©, a commercially available form of 1,3/1,6
B-glucans. The respiratory burst activity of head kidney macrophages isolated from the different groups
of fish fed the immunostimulant peaked and subsequently decreased at different times during the exper-
iment. Head kidney macrophages from fish fed 250 ppm p-glucans had a statistically higher level of res-
piratory burst activity at Day 21 of feeding compared with fish fed no immunostimulant. No statistical dif-
ferences were observed in lyzozyme activity during this trial.

In the second experiment, the effect of feeding 1,3/1,6 B-glucans on the immune response of fish to an
alginate-encapsulated Vibrio vaccine administered orally was examined. Respiratory burst of head kidney
macrophages and serum lysozyme activity decreased in all fish over the course of the trial, while serum
lysozyme activity was considerably lower than values obtained in the first experiment. Fish vaccinated
orally had significant increases in antibody response by Week 2 post-vaccination, but g-glucans did not
appear to affect these levels. Vaccination may have resulted in activating the immune system as a whole,
thus masking any difference in immunostimulation by the p-glucans. It may be that the optimal doses
and timing of pg-glucans administration is different when the immunostimulant is administered alone or in
combination with the vaccine.

In conclusion, European sea bass can be immunomodulated with oral administration of p-glucan.
Optimal doses and administration times have been established when pB-glucans are fed alone,
although further studies are needed to establish ideal feeding regimes for glucans administrated in
combination with vaccination.
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RIASSUNTO
L'INFLUENZA DEI B-GLUCANI ORALI SUL SISTEMA IMMUNITARIO SPECIFICO E ASPECIFICO DEL
BRANZINO (DICENTRARCHUS LABRAX) VACCINATO CONTRO LA VIBRIOSI

Questo studio é stato condotto per determinare I'effetto che i 1,3/1,6 B-glucani possono esercitare sul
sistema immunitario specifico e aspecifico del branzino Dicentrarchus labrax. A questo scopo sono stati
effettuati due esperimenti. Nel primo, alcuni parametri relativi al sistema immunitario aspecifico sono
stati esaminati dopo 4, 7 10, 14, 21 e 25 giorni di alimentazione con diete semi-purificate contenenti il
prodotto commerciale a base di p-glucani Macrogard®. L’attivita relativa allo scoppio respiratorio dei
macrofagi del rene craniale isolati dagli animali di tutti i gruppi sperimentali ha mostrato un picco di atti-
vita seguito da un decremento, ma con temporalita differenti a seconda del dosaggio. I macrofagi dei
pesci alimentati con la dieta contenente 250 ppm di glucani hanno mostrato differenze statisticamente
significative rispetto agli altri gruppi al giorno 21 di somministrazione. Nessuna differenza é stata riscon-
trata per quanto riguarda Iattivita del lisozima. Nel secondo esperimento, gli effetti della somministra-
zione orale di g-glucani sono stati valutati quando somministrati insieme ad un vaccino orale contro la
vibriosi. L’attivita relativa allo scoppio respiratorio dei macrofagi e I'attivita del lisozima sono calati lungo
tutto il periodo di osservazione, con quest’ultimo valore considerevolmente pit basso rispetto a quello
ottenuto nel primo esperimento. I pesci vaccinati oralmente hanno mostrato un aumento della risposta
anticorpale dopo 2 settimane dalla somministrazione di vaccino anche se i $-glucani non hanno mostra-
to effetti sul sistema immunitario specifico dei pesci. La vaccinazione, stimolando I'attivita del sistema
immunitario, puo aver mascherato l’effetto dei p-glucani. La dose ottimale di B-glucani potrebbe essere
differente quando questi vengono somministrati insieme ad un vaccino. In conclusione, il branzino sem-
bra poter essere immunomodulato mediante la somministrazione oral dei p-glucani. E stato possibile sta-
bilire la dose e il tempo di somministrazione ottimali quando i p-glucani vengono utilizzati singolarmen-
te; al contrario, sono necessari ulteriori studi per stabilire la dose ottimale quando questi vengono som-
ministrati insieme ad un vaccino.

Parole chiave: Branzino, Glucani, Immunostimolanti, Risposta immunitaria, Vaccinazione orale.

Introduction 1998), African catfish (Claria gariepinus)

(Yoshida et al., 1995) and snapper (Pagrus

p-glucans have proven to be valuable sub-
stances in the control of fish disease, and
their application may be useful for control-
ling disease in fish culture. The immunomod-
ulatory properties of these substances were
first demonstrated in mammals, in which
they were shown to induce haemopoiesis,
enhance immunity and thus increase resis-
tance to infectious pathogens (Di Luzio,
1985). Attention has since focused on the
effects of these compounds on fish. Many
studies have been carried out with these sub-
stances on different species such as Atlantic
salmon (Salmo salar) (Brattgjerd et al., 1994;
Dalmo et al., 1996; Paulsen et al., 2001), rain-
bow trout (Oncorhynchus mykiss) (Jorgensen
et al., 1993; Verlhac et al. 1996; Verlhac et al.,
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auratus) (Cook et al., 2003). There is strong
experimental evidence to suggest that p-glu-
cans, administered in the diet or by intraperi-
toneal injection (i.p.), can modify the activity
of some components of the immune system of
fish (Anderson, 1996; Secombes, 1996;
Galeotti, 1998; Robertsen, 1999; Sakai, 1999).
Several studies have recently been reported
on the effects of S-glucans in Mediterranean
species, both on their innate and their adap-
tive immune responses. According to Castro
et al. (1999), macrophages isolated from the
head kidney of gilthead seabream (Sparus
aurata) and incubated with high levels of b-
glucans showed enhanced respiratory burst
activity, followed by a period of reduced activ-
ity. Spain-Ortunio et al. (2002) showed that
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oral administration of yeast cells
(Saccharomyces cerevisiae), containing high
levels of glucans, can increase several param-
eters of the innate immune response of
seabream. In turbot (Scophthalmus max-
imus), serum lysozyme activity was signifi-
cantly higher in fish injected with p-glucans
7, 14 and 21 days after treatment
(Santarem et al., 1997). Groups of seabream
fed with 1 and 10 g Kg ! of glucans for short
periods of time, showed a higher degree of
protection against pasteurellosis than the
control group (Couso et al., 2003). On the
other hand, no effect of p-glucans was
found in turbot against Enterococcus sp.
(Toranzo et al., 1995).

With regard to other Mediterranean
species, few experiments are available in
the literature relating to European sea
bass (Dicentrarchus labrax) (Bagni et al.,
2000; 2005). The present study was there-
fore undertaken to investigate the effect of
orally administered 1,3/1,6 p-glucan on the
innate and the adaptive immune responses
of sea bass. The effect of glucan treatment
on the fishes’ immune response to both oral
and immersion vaccination against Vibrio
anguillarum was examined.

Material and methods

Fish

European sea bass of 60.4 = 0.5 g and 20.1 +
0.9 g body weight were used in Experiments 1
and II, respectively. Animals were obtained
from the Valle Ca Zuliani Srl hatchery (Pila di
Porto Tolle, Rovigo, Italy) and transported to
the Laboratory of Aquaculture, University of
Bologna, Cesenatico (FC), Italy. Fish were
acclimated to experimental conditions for a
week before commencing the experiments.
The experimental tanks were supplied with
recirculated seawater (oxygen > 6.0 mg/l, tem-
perature 21 + 1 °C, salinity 30%0), with a 10/14
h L/D cycle throughout each experiment.
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Table 1. Composition of semi-purified

basal formula used in the

Experiment I and II.
Ingredients (g 100 g wet weight):
Casein 45.0
Pre-gelatinised starch 20.0
Fish oil 15.0
Dextrin 10.0
Gelatine 4.5
Mineral mix 2.0
Vitamin mix 2.0
L-arginine 1.0
DL-methionine 0.5
Vaccine

Vibrio anguillarum (serotype O1, strain
43305), obtained from the American Tissue
Culture Collection was grown in tryptose soya
broth for 24 h. After reaching the stationery
growth phase, the bacteria were inactivated
with formalin, the concentration of which was
4.9 x 108 cells ml . A portion of this suspen-
sion was used as an immersion vaccine, while
the remainder was particulated in alginate by
first freeze-drying it and then placing it in an
ultra-mixer until an average particle size of
less than 50 pym was obtained. Particles were
dispersed in 2 L of a 3 % w/w sodium alginate
solution (Protanal Pronova LF 10/60). The dis-
persion was then dropped into 1 M CaCl, by
means of a multi-nozzle air drop generator.
The resulting microspheres were recovered
from the calcium bath, rinsed with distilled
water and freeze dried. The dried micro-
spheres were sieved to obtain an average par-
ticle size of up to 250 pm (Murano et al., 1997).

Diets

The composition of the semipurified basal
diets used in the study is given in Table 1.
The formulation used was similar to that of
Kaushik et al. (1998) which has been shown

153




BonALDO et al.

to be nutritionally suitable for European sea
bass. Vitamin-free casein, fish oil, pre-gela-
tinised starch and dextrin were used as
dietary protein, lipid and carbohydrate
sources respectively. Diets, 2.5 mm in diame-
ter, were produced using a pelletizer
machine at the Department of Veterinary
Morphophysiology and Animal Production
(DIMORFIPA, University of Bologna).
Glucan (Macrogard© Biotec Asa, Norway)
and vaccine were added to the mixture prior
to pellettizing the diet at the concentrations
shown below.

Experiment I set up

Sea bass, with a body weight of 60.4 + 0.5 g,
were randomly divided into four 1000 1 cubic
tanks with 30 fish used per tank. The tanks
were part of a recirculation system consist-
ing of a mechanical filter, a UV filter and a
biological filter. Four diets containing differ-
ent levels of g-glucans were administered for
a 25-day period in order to evaluate their
effect on the innate immune response of the

sea bass. The diets used were designated as
either low (L) containing S-glucan at 250
ppm; medium (M) containing S-glucan at 500
ppm; high (H) containing S-glucan at 1000
ppm or (C) the control diet containing no glu-
can. Animals were fed twice daily with a
daily ration of 1.5 % body weight! (BW).
Levels of respiratory burst activity by head
kidney macrophages and serum lysozyme
activity were evaluated for 5 fish per diet at
Day 4,7, 10, 14, 21 and 25 after commencing
feeding.

Experiment II set up

Sea bass with a body weight of 20.1 £ 0.9 g
were used in the second trial, and again 30
fish per tank were used, randomly placed in
eighteen 200-1 cylinder-conical tanks sup-
plied with recirculating water. The diets used
were designated as (M) containing -glucan
at 500 ppm; (H) containing S-glucan at 1000
ppm or (C) the control diet, containing no
glucan. Fish were fed twice a day at 1.5 %
BW throughout the experimental period.

Antibody response in the serum of sea bass after vaccination against Vibrio

Week

4

6

0.155+0.035*
0.143+0.022*
0.164+0.106*
0.137+0.040*
0.155+0.018*

Table 2.
anguillarum (n= 6 fish) in Experiment II.

Treatment 0 2

C-1 0.058+0.007 0.296+0.142%

c-0 0.068+0.016 0.216£0.082*

M-Short 0.057+0.007 0.139+0.024*

M-Long 0.053+0.004 0.231£0.084*

H-Short 0.055%0.002 0.222+0.074*

H-Long 0.056+0.000 0.180+0.058*

0.143+0.038*

0.178+0.066*
0.133+0.015*
0.135+0.028*
0.140+0.040*
0.135+0.030*
0.194+0.062*

C = control; M = 500 ppm glucans; H = 1000 ppm glucans; C-I = control vaccinated by immersion; C-O = orally
vaccinated control; Short = fed immunostimulants during stage 1 and 2; Long = fed immunostimulants during
stages 1, 2 and 3. Optical density of positive controls and blank was 0.696 £ 0.053 nm and 0.058.5 + 0.009 nm,
respectively. Blank has been cut off from any value shown in this table.

* denotes a significant difference from week 0 within the same treatment groups (P<0.05).
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The feeding protocol over the course of the
trial was divided into three different stages
as shown in Figure 1. In the first stage, the
diets were administered to six tanks from
Day 0 until Day 7. At the end of this period,
fish were sampled to determine the levels of
respiratory burst by head kidney macro-
phages and serum lysozyme activity. During
the second stage of the trial, from Day 8 until
Day 12, immunostimulated groups and three
of the six tanks fed the control diet were treat-
ed with oral vaccine (C-O). Pellets containing
the vaccine were fed to fish in order to
achieve a dose of 10° cells animal over the
five day feeding period. During this period
glucans continued to be administered with
the vaccine. At the same time, the other
three tanks fed the control diet were vacci-
nated by immersion at Day 10 (C-I). This
consisted of immersing the fish in the bac-
terin suspension described above (diluted
1:3 dilution) for 3 min while held in seawa-
ter. At Day 13, a second sampling was made
to determine respiratory burst activity of

head kidney macrophages and serum
lysozyme activity. During the third stage,
from Day 13 until Day 22, three tanks from
each group, treated with immunostimu-
lants, were switched to the control diet
(Short) whereas the other tanks were fed
with glucans for a further ten days (Long).
The control fish continued to be fed diets
with no immunostimulants.

The antibody response of six fish per treat-
ment were measured at 0, 2, 4 and 6 weeks
post-vaccination. From day 23 until the end
of the experiment, fish were fed practical diet
(Hendrix S.pA., Mozzecane, Italy) twice a
day at a daily ration of 1.5 BW-L,

Determination of respiratory burst activity of
head kidney macrophages

Head kidney macrophage suspensions were
prepared according the method of Secombes
(1990), by teasing head-kidney tissue trough
a 100 um nylon mesh into Leibovitz-15 medi-
um (L-15) (Sigma) containing 20 iu ml?! of
heparin. The cell suspension was then lay-

Figure 1. Feeding protocol of Experiment II.
Tank T1 T2 T3 | T4 | TS Ta T7 T8 T TiO Til TIi2 TIi3 T4 TI5 Tié TI17 TI®
15t stage
Diarys Group C M H
07
Treatment clclc’r]c|c .\1’?\-!].\1];\!’.\1'?4 H|H|HIH|H|H
Tk I | T2 [ T3 T4 | TS | T6 T7 ‘ 8 ‘ 9 ‘ T10 ‘ Tl | TI2 T3 ‘ Tl4 ‘ TIS [ TI6 ‘ T17 | TI8
Ind stage
Days Group CI c-0 M H
812
Treatment 1 | 1 I 1 [s] | (e} | o] M+0O ‘ M+O | M+0 ‘ M+O | M+0O | M+O H+O | H+O | H+O I H+O | H+O | H+O
Tank Tl ‘ T2 [ T3 T4| TS | T6 T | T8 | 9 T10 ‘Tll ‘ T2 TI3 ‘ T4 | TIS TG ‘ TI7 ‘ TI8
3rd stage
Days Group -1 c-0 M-Short M-Long H-Short H-Long
2
13-22 Treatment a|(‘lc clc.'|c clr.lc \(|M|M r.|c|r. H|H|H

C = control fed no immunostimulants; C-I = control vaccinated by immersion; C-O = orally vaccinated control;
M = fed diets with 500 ppm glucans; H = fed diets with 1000 ppm glucans; Short = fed immunostimulants during
stage 1 and 2; Long = fed immunostimulants during stages 1, 2 and 3.
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ered onto a 34%/51% Percoll gradient and
centrifuged at 400 x g for 25 min at 4°C. The
macrophages at the interface of the two con-
centrations were collected and washed twice
with L-15 medium by centrifugation at 1000
x g for 7 min. The concentration of cell sus-
pension was adjusted to 1 x 107 cell ml'. Each
cell suspension was placed in eight wells of a
96 well tissue culture plate (Microtest™,
Bencton Dickinson Labware) at 100 ul well .
The cells were incubated at 23°C for 3 h
before washing the plates three times with L-
15 medium to remove non-adherent cells. L-
15 containing 1 mg ml! Nitroblue tetrazoli-
um (TMB) was added to three of the eight
wells (100 ul well?). 1-15 containing 1 ug ml
I NBT and phorol myristate acetate (PMA)
(Sigma) at 1 mg I' was added to another
three of the eight wells. The plates were incu-
bated for 60 min at 23°C before stopping the
reaction with methanol. The wells were
washed twice with 70% (v/v) methanol and
allowed to air dry. The insoluble formazan
that resulted was dissolved in 120 ul 2 M
KOH and 140 ul dimethyl sulphoxide. The
contents of each well were carefully mixed
and air bubbles removed before reading the
absorbance of the reaction at 630 nm with an
ELISA reader plate reader (Labsystems
Multiskan MS). The number of macrophages
adhering in each well was determined from
the remaining two wells by adding the lysis
buffer (Secombes, 1990), and counting
released nuclei on a haemocytometer. The
results were then adjusted to an absorbance
at 630 nm for 10° cells.

Determination of serum lysozyme activity

Serum lysozyme activity was measured
using a turbidity assay in which 0.2 mgml
lyophilised Microccus lysodekticus in 0.04 M
sodium phosphate buffer (pH 6.1) was used
as a substrate (Parry et al., 1965). One hun-
dred ul of serum was added to 2 ml of the
bacterial suspension and the reduction in
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absorbance at 540 nm determined after incu-
bating between 0.5 and 6.5 min at 22°C.

Determination of anti-Vibrio anguillarum
antibodies by ELISA

The antibody levels against V. anguil-
larum in sera from experimental fish
were determined by an enzyme-linked
immunosorbent assay (ELISA). V. anguil-
larum, prepared as described above, was
diluted to 20 ug ml-'with PBS, and added
to microplates (Polysorp, Nunc) at 50 ul
well-l. The plates were incubated over-
night at 22° + 2. The following day, the
plates were washed four times with phos-
phate buffer saline [PBS-T: 0.01 M phos-
phate containing 0.05 % Tween-20,
(Sigma) ], and non-specific binding sites
on the plates were blocked with 3 %
bovine serum albumin (BSA)(Sigma) in
PBS-T for 30 min at 22°C. After washing
the plate four times, sea bass sera diluted
1:100 in BSA PBS-T, were added to the
plate at 50 ul well! and incubated for 2 h
at 25°C. Positive controls were included in
the assay by adding 100 ul well~! sea bass
serum, previously shown to be positive in
the ELISA when diluted 1:100 in BSA
PBS-T, to duplicate wells, while blank
value was determined using duplicate
wells of 100 ul well'* BSA PBS-T. After
another four washes with PBS-T, rabbit
anti-sea bass Ig (obtained from rabbits
injected with sea bass Ig and prepared by
the Istituto Zooprofilattico delle Venezie,
Italy) diluted 1:500 in BSA PBS-T, was
added to the plate at 50 ul well!. After
incubating for 90 min at 25 °C, the plate
was again washed and 50 ul well! peroxi-
dase-conjugated goat anti-rabbit anti-
serum (1:1000 dilution in PBS) (Sigma)
was added. The plates were then incubat-
ed for a further 90 min at 25 °C and
washed again as above. Next, 100 ul well!
of substrate (0.4 mg/ml o-phenylenedi-
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Figure 2. Nitroblue tetrazolium reduction by head-kidney macrophages after stimu-
lation with PMA in Experiment I. Results are expressed as the mean
absorbance of 10° cells at 630 nm for triplicate wells £ SD for five fish.
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Figure 3. Lysozyme serum activity of sea bass in Experiment I. Results are expressed
as the mean units min* £ SD for five fish.

1400 I C = Control

L =250 ppm glucans
B M = 500 ppm glucans
1000 wzzz H = 1000 ppm glucans

1200+

800+

600+

Absorbance (540 nm)

400+

2004

Day 7

Day 4

Day 10 Day 14
Treatments

ITAL.J.ANIM.ScI. voL. 6, 151-164, 2007 157




BonALDO et al.

amine in 0.05 M citrate phosphate pH 5 to
which was added 0.3 ul ml* of 30 % H,0,)
was added and left to react in the dark for
30 min at 22°C. The enzyme reaction was
stopped by adding 50 ul well! of 2 M
H,SO, and measured at an absorbance of
492 nm with a microplate reader
(Multiskan MS, Labsystem). All stages of
the assay were carried out in a humidi-
fied atmosphere. The antibody response is
expressed as the mean absorbance at 492
nm for a 1/100 dilution of serum value,
minus the blank value from six fish.

Statistical analysis

Data at any one sampling time were anal-
ysed using Grubb’s test in order to reject
outliers and were then subjected to a one-
way ANOVA. Differences between means
were compared using the Newmann-
Keuls multiple comparison test
(GraphPad Prism 4.00; Graph Pad Soft-
ware, San Diego, California, USA). In all
statistical testing, differences at P<0.05
were considered as significant.

Results and discussion

Experiment I

Fish accepted the semipurified diets and
consumed the pellets fed to them in both
experiments. In Experiment I, sampling of
fish took place on Days 4, 7, 10, 14, 21 and
25 to evaluate their innate immune
response after feeding the f-glucans. No
analysis of fish from Group C was made at
Day 25 due to technical problems. Group L
showed a statistically higher level in respi-
ratory burst activity of head kidney
macrophages at Day 21 compared with the
other three groups. On the other hand, at
the end of the first experiment (at Day 25),
the respiratory burst activity of macro-
phages isolated from the group of fishes fed
with the highest level of glucans was signif-
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Figure 4. Nitroblue tetrazolium reduc-
tion by head-kidney macro-
phages after stimulation with
PMA in Experiment II.
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Results are expressed as the mean absorbance of 10°
cells at 630 nm for triplicate wells £ SD: a) first stage;
b) second stage; c) third stage. C = control; M = 500
ppm glucans; H = 1000 ppm glucans C-I = control
vaccinated by immersion; C-O = orally vaccinated con-
trol; Short = fed immunostimulants during stage 1 and
2; Long = fed immunostimulants during stages 1, 2
and 3.

* marks the group which marginally differs from the
others (P<0.10).
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Figure 5. Lysozyme serum activity of
sea bass in Experiment II.
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Results are expressed as the mean units min* £ SD:
a) first stage; b) second stage; c) third stage.

C = control; M = 500 ppm glucans; H = 1000 ppm
glucans C-I = control vaccinated by immersion;

C-0 = orally vaccinated control; Short = fed immunos-
timulants during stage 1 and 2; Long = fed immunos-
timulants during stages 1, 2 and 3.

icantly lower than the other two glucan-fed
groups (Figure 2). Each group showed a
peak in macrophage respiratory burst activ-
ity which subsequently decreased, but at dif-
ferent times during the experiment. The
highest peak in activity was seen with

ITAL.J.ANIM.ScI. voL. 6, 151-164, 2007

macrophages isolated from the group fed
Diet M at Day 10, even though this value
was not statistically different to that of the
control group. No statistical differences
were observed in lyzozyme activity during
this trial (Figure 3).

Experiment I1

In this trial, three consecutive feeding peri-
ods were carried out. During the first stage
of the experiment, experimental diets con-
taining the immunostimulants were admin-
istered to the fish; during the second stage,
fish were vaccinated either by immersion or
orally through their diet, some of which
were still fed the immunostimulants; and in
the third stage fish in some of the tanks
were switched to the control diet while the
others continued to be fed on the immunos-
timulants diet for a further ten days.

No statistically significant difference was
observed in respiratory burst activity of
head kidney macrophages between treat-
ments during the three feeding periods
(Figure 4). However, at the end of first peri-
od, macrophages from Group H fish, fed the
diet containing 1000 ppm glucans, had a
higher respiratory burst activity compared
with control fish (P = 0.0567). Respiratory
burst activity was observed to decrease over
the course of the trial in all groups, from the
first feeding phase (OD,,, ranging from
0.147 to 0.186) to the third feeding phase,
during which respiratory burst values were
all under an OD,,, of 0.100.

No significant differences were seen in the
lysozyme activity during the course of
Experiment II (Figure 5), however values
were considerably lower compared with
those obtained in Experiment 1.

The antibody response of the fish immedi-
ately before vaccination was low (Table 2).
Each group showed a significant increase
their antibody response by Week 2 post-vac-
cination compared with initial levels; how-
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ever no statistical difference was noted
between treatments. The highest antibody
values were obtained in animals vaccinated
by immersion at Week 2 post-vaccination
(OD,,, = 0.296), while within the orally vac-
cinated groups, treatment M-Long showed
the highest value at Week 2 (OD,., = 0.231),
even though differences among groups were
not statistically different.

Recent findings relating to the effects of -
glucans, administered orally, on the
immune response of certain species of
Mediterranean fish, have lead to the ques-
tion of their effect on European sea bass.
There are only two reports available in the
literature relating to f3-glucans fed to sea
bass. In the first report Bagni et al. (2000)
fed glucans together with increased doses of
vitamins long-term. They were able to
demonstrate increased activation of the
alternative complement pathway and
increased serum lysozyme activity in these
fish, although they did not see any differ-
ence in their serum protein content, includ-
ing albumin and globulin. Unfortunately, it
was not possible to establish the effect of
the B-glucans on the immune response of
the fish in their study since the two
immunostimulants were fed simultaneous-
ly. In their second study, Bagni et al., (2005)
compared the effects of Macroguard with
Ergosan, a commercial algal extract con-
taining alginic acid. Long term feeding of
these substances did not appear to affect
the innate or adaptive immune responses
measured. The immunoenhancing proper-
ties of B-glucans on respiratory burst activ-
ity of head kidney macrophages have been
reported elsewhere in a number of fish
species, however. For instance, Macrogard©
delivered orally has been shown to enhance
macrophage activity in turbot (de Baulny et
al., 1996). Snapper fed on a diet supple-
mented with pS-glucan-based Ecoactiva©
and maintained at a winter temperature,
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had significantly higher macrophage activi-
ty compared to control fish and these levels
remained elevated for 56 days (Cook et al.,
2003). Rainbow trout (Jeney and Anderson,
1993) and Atlantic salmon (Jorgensen and
Robertsen, 1995) are two other species
shown to have enhanced macrophage activ-
ity following incorporation of S-glucans into
their diets.

The respiratory burst activity of the
macrophages appeared to be influenced
both by the duration of feeding and the
level of g-glucans fed. In fact each group of
fish in the first trial showed an increase in
respiratory burst activity, which subse-
quently decreased over the course of the
trial. Macrophages from Groups M and H
fish, appeared to have the highest respira-
tory burst activity at Days 10 and 14
respectively, whereas macrophages from
Group L fish, fed with the lowest dose of
immunostimulants (i.e. 250 ppm) peaked
later at Day 21. Furthermore, at the end of
the first experiment (at Day 25), the respi-
ratory burst activity of macrophages iso-
lated from the group fed with the highest
level of glucans was significantly lower
than the other two glucan-fed groups. We
can thus assume from Experiment I that §3-
glucans administered orally to fish
enhanced the respiratory burst activity of
the macrophages, but this enhancement
was strictly time and dose dependent since
after a specific period of administration at
a particular dose i.e. 1000 ppm for 25 days,
a decrease in activity occurred.

Prolonged application of another S-glucans
based product, Vitastim©, resulted in
decreased macrophage activity in fish fed
with the product compared to fish fed with a
control diet containing no glucans
(Efthimiou, 1996). In another trial, this time
using African catfish fed Macrogard©,
macrophage activity initially peaked, but
then decreased back to initial levels by Day
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45 of the study (Yoshida et al., 1995).
Although the reason for the decrease in
immune response in fish fed immunostimu-
lants long-term is still unclear, negative
feedback systems may by functioning to
lower the stimulated immune response to
pre-stimulation levels (Sakai, 1999). Other
points to consider is that Munoz et al. (1998)
added NaCl to their culture medium to
make it isohosmotic (350 mOsm kg™) for sea
bass which was not done in the present
study. No significant differences were
observed in serum lysozyme activity
between the dietary groups in either of the
two experiments carried out here. Several
authors have failed to obtain a positive
effect on serum lysozyme activity when glu-
cans are administered orally (De Baulny et
al. 1996; Verlhac et al. 1996; Jeney et al.
1997). On the other hand, Engstad et al.
(1992) and Paulsen et al. (2003) observed an
increase in plasma lysozyme in Atlantic
salmon injected with glucan. The variation
in lysozyme activity obtained in the differ-
ent studies suggests that Macrogard has a
greater effect on lysozyme activity after
injection rather than by oral administration.
The difference between the two routes of
administration may be due to the inflamma-
tory reaction induced by i.p injection, which
may, in turn, enhance the fish’s immune
response (de Baulny et al., 1996). The degra-
dation and absorption of the glucan in the
digestive tract of the fish after oral adminis-
tration must also be taken into account, as
this may modify the effect of the molecule on
the immune system. Further work is needed
to establish the time-dose response S-glu-
cans uptake in the gut of sea bass.

In Experiment II, f-glucans were used
simultaneously with an oral wvaccine
against Vibriosis in order to evaluate the
effects of the glucans on the innate and
adaptive immune responses of the sea bass.
There are no reports concerning oral immu-
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nisation against Vibriosis in sea bass. The
vaccine used was protected in alginate
before inclusion into the feed, and particles
had an average diameter of around 20 um.
The antibody response of fish treated with
the oral vaccine increased by Week 2 in all
groups compared with values at Day 0 in
pre-vaccinated fish. The results of our study
suggest that oral administration of the vac-
cine was able to induce a systemic antibody
immune response in the fish. However, the
aim of this study was not to evaluate the
vaccine but to examine the effects of the
glucans on vaccination, and a non-vaccinat-
ed control group of fish was not included in
the experimental layout. Therefore it was
not possible to evaluate the protection
elicited by the vaccine, and further studies
are necessary to evaluate this route of vac-
cine administration in sea bass by testing
the efficacy of the vaccination with experi-
mental challenges.

Respiratory burst activity in Group H at
the end of the first period showed a higher
value in comparison with the control (P =
0.0567), partially reflecting the trend that
occurred in Experiment I. However, after
vaccination, i.e. at the end of second and
third periods, respiratory burst activity
appeared substantially decreased in all
groups. Also lysozyme activity values were
low if compared with those obtained in
Experiment 1.

Anderson et al. (1989) reported increased
innate and adaptive responses in rainbow
trout when the immunostimulant levamisole
was administered during or after immunisa-
tion with the Yersinia ruckeri O-antigen, but
no increase was observed in the innate
response when levamisole was given prior to
immunisation.

The apparent inability of S-glucans to
improve the innate immune response of sea
bass after vaccination could partially be
explained by the concomitant vaccination,
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which may have played a role in exhausting
macrophages of their respiratory burst activ-
ity giving a different result to those obtained
in Experiment I for the same dose and time
of administration. For this reason, it might
be that the optimal dose and timing of g-glu-
cans administration is different if the
immunostimulant is administered alone or
together with a vaccine.

As with the study of Bagni et al., (2005), 8-
glucans did not appear to exert any sub-
stantial effect on the adaptive immune
response of fish in our trial. According to
Verlhac et al. (1996), the binding of glucan
particles to specific membrane receptors on
the macrophage can modify the structure of
the membrane in such a way that the
macrophages becomes more efficient at pro-
cessing and presenting antigen. However,
the effect of f-glucans on the adaptive
immune response of fish appears somewhat
contradictory in the literature. Verlhac et al.
(1998) found that trout vaccinated against
Enteric Red Mouth (ERM) disease by i.p.
injection and fed glucans developed a high-
er antibody response than fish not fed with
the immunostimulant. Several other stud-
ies have demonstrated that glucans have
adjuvant properties when injected simulta-
neously with a vaccine resulting in
increased antibody responses (Rgrstad et
al., 1993; Aarke et al., 1994). Raa et al.
(1992) reported that oral administration of
yeast glucan to Atlantic salmon increased
protection against V. anguillarum and V.
salmonicida. On the other hand, de Baulny
et al. (1996) did not observe any reduction
in mortality in fish fed B-glucans for a pro-
longed period after challenging the fish
with a virulent strain of V. anguillarum. In
channel catfish fed g-glucan, an enhanced
innate immune response was measured,
but no increased resistance to Edwardsiella
ictaluri was observed (Duncan and Klesius,
1996). Thompson et al. (1995) also reported
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that rainbow trout injected with yeast glu-
can did not show any enhanced protection
against V. anguillarum infection.

In conclusion, it is possible to include
European sea bass amongst the fish
species, which can be immunomodulated
with oral administration of g-glucan.
Innate immune responses appeared partic-
ularly influenced by both the duration and
the dosage of the treatment, although fur-
ther studies are needed to establish ideal
feeding regimes for the administration of
glucans in combination with vaccination
for sea bass. The antibody response of fish
did not appear to be enhanced through this
method of dietary immunostimulation.
Vaccination possibly resulted in activating
the immune system as a whole, thus mask-
ing any difference in respiratory burst
activity between the different groups of
fish as a result of immunostimulation by
the glucans.

Conclusions

The results of this study suggest that
dietary p-glucan may be beneficial in
European sea bass when administered at a
certain dose, still to be verified, and fed for
no more than three weeks. Further investi-
gation of the use of p-glucans on the
enhancement of the immune response of sea
bass is necessary, including a challenge with
V. anguillarum to determine the potential of
B-glucans in resistance to Vibriosis.
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