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Multifiliis
Rzgar M. Jaafar, Jakob Skov, Per W. Kania and Kurt Buchmann*
Section of Biomedicine, Department of Veterinary Disease Biology, Faculty of Life Sciences, University of Copenhagen

Abstract
Immunostimulants offered to fish in feed are considered to confer protection against various bacterial diseases
but the effects on the antiparasitic response are largely unknown. Therefore effects of dietary β-1,3-glucan on innate
immune parameters of juvenile rainbow trout Oncorhynchus mykiss and on susceptibility to the skin-parasitic ciliate Ichthyophthirius multifiliis (Ich) have been investigated. A basal diet (dry pelleted feed) was supplemented with
0% (control), 0.2% (low), 2.0% (medium), and 5.0% (high) of the β-1,3-glucan particulate insoluble algae glucan,
paramylon, from Euglena gracilis. Fish (total 440) were divided into four groups each with 110 fish (kept in duplicate
tanks of 55) and each diet was fed to two replicate groups at a daily feeding rate of 1.5% of fish biomass for 56
consecutive days. Liver and plasma sampling was performed at day 0 and after feeding with β-1,3-glucans for 14,
28, 42, and 56 days and subsamples of fish were exposed to Ich at day 14 and 45. Gene expression in trout liver
was investigated by real-time qPCR and genes encoding immune molecules including acute phase proteins (SAA,
hepcidin, and precerebellin), immunoglobulins (IgM and IgT), cytokine (IL-1β), and lysozyme were investigated. In
addition plasma lysozyme activity was recorded. At the start of the experiment the 5.0% glucan supplemented fish
became more infected by parasites compared to control fish (0.0%) but after 45 days feeding they obtained significantly fewer trophonts. Plasma lysozyme activity of fish fed low (0.2%) and medium (2.0%) glucan supplementation
fluctuated, while high (5.0%) glucan was associated with an elevation of lysozyme activity. Plasma lysozyme activity
was positively correlated to expression of the lysozyme gene and to body mass of fish. Groups fed low (0.2%) and
medium (2%) glucan diets showed a trend for down-regulation of immune relevant genes whereas the group fed with
high (5%) glucan showed a trend for up-regulation of genes especially the acute phase reactant SAA.
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Introduction
Immune stimulating abilities of β-glucans have received
considerable attention and have been well studied in vertebrates. A
wide range of studies demonstrated that β-1,3-glucans have a strong
immune stimulating activity in a variety of vertebrates, such as mice
[1], rats [2], chicken [3], pigs [4], sheep [5], cattle [6], horses [7],
monkeys [8], and humans [9] and it has been reported that glucans
raise both the cellular and the humoral immunity [4,10]. Also in
aquaculture enterprises these compounds have been tested and have
been successfully used to enhance resistance of fish and crustaceans
against various bacterial infections [11-15]. Glucans can be isolated
from a variety of sources and comprise schizophyllan from fungi
(Schizophyllum commune) [9,16], zymosan from yeast (Saccharomyces
cerevisiae) [17-19], paramylon from algae (Euglena gracilis) [20],
curdlan from bacteria (Alcaligenes faecalis) [21,22], and pustulan
from lichens (crustaceous) (Umbilicaria pustulata) [23]. They all have
a (1,3)-β-D-glucopyranosyl linked backbone, but their branching
frequency, degree of polymerization, molecular weight and solubility
differ which play a role in glucan-associated biological activity [24].
The skin parasitic ciliate Ichthyophthirius multifiliis (Ich) causes
ichthyophthiriasis in both wild and cultured host populations. The
disease, commonly referred to as “white spot disease”, may be fatal.
The parasite infects gills, skin, eyes, and fins and cause severe epizootics
in aquaria, hatcheries, and rearing ponds [25]. The effect of 0.2% yeast
β-glucan on susceptibility of trout to Ich has previously been [26]
but dose dependence has not been investigated. The present study
was therefore undertaken in order to investigate the effects of β-1,3glucan from the algae E. gracilis in different dosages (0.0%, 0.2%, 2.0%
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and 5.0%) administered in feed on some innate immune parameters
of rainbow trout Oncorhynchus mykiss including susceptibility to the
skin-parasitic ciliate.

Materials and Methods
Fish
Rainbow trout fry (Oncorhynchus mykiss) with an initial mean body
weight of 167 mg were obtained from the Bornholm salmon hatchery,
Nexø, Bornholm where they had been hatched and reared under
pathogen-free conditions. They were then brought to the experimental
facilities at the University of Copenhagen. The fish were acclimated
in the fish keeping facility in recirculated 200 L tanks equipped with
internal filters (Eheim GmbH & Co KG, Deizisau, Germany) at 11-13
ºC for 12 weeks under a constant 12:12 h light-dark cycle. Fish were
fed with control pelleted trout feed (BioMar A/S, Denmark) (protein
46%, fat 28%, carbohydrate 16%, and ash 7%) at the rate of 1% of their
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biomass per day. Water (municipal water) was replenished daily and
concentrations of nitrite, nitrate, ammonia and pH were measured on
a regular basis (Merck Aquacant, Germany) (NO3-< 10 mg/l, NO2-< 1mg/l, NH3 (not detectable), pH 7.2). No mortality was observed
during the rearing period.

Parasite culture
A laboratory culture Ichthyophthirius multifiliis (Ich) was originally
isolated from wild freshwater fish from the Danish stream Pøle river
(Zealand). The parasite population was maintained through serial
passage to naive rainbow trout in laboratory fish tanks for two years
before experimental start.

Experimental design and sampling protocol
A total of 440 fish were used in the present study. Fish were
randomly divided into 4 different groups, each represented by two
duplicate groups of 55 fish. Groups were I, II, III, and IV (I 0.0% control,
II 0.2% low, III 2.0% medium, and IV 5.0% high). Each experimental
diet was fed to two replicate groups at a rate of 1.5% of body weight per
day for 56 consecutive days. Sampling was conducted at day 0 and at
two weeks interval. No mortality was observed during the experimental
period.

Challenge infection
Subsamples of 10 fish from each group (5 fish from each replicate
tank) were exposed to challenge with Ich after being fed with β-glucan
for 14 days (mean body weight 6 g, mean body length 7 cm) and for 45
days (mean body weight 12 g, mean body length 11 cm).
Fish from the different groups were exposed together to infective
theronts (approximately 1000 theronts/l) in one fish tank (total volume
250 l) in order to secure the same infection pressure and environmental
conditions for all fish groups. Fish were tagged by fin-clipping in order
to differentiate the different groups during parasite enumeration.

Counting of trophonts
Ten days following parasite exposure fish were anaesthetised
by immersion into 50 mg/l MS222 (Sigma-Aldrich, Denmark) and
established trophonts were counted under a dissecting microscope
(Olympus SZ30 at 9-40 × magnification), whereby the total number of
visible trophonts (white spots) (fins and body skin) were enumerated.

Sampling
Fish were euthanized by immersion into an overdose of 100 mg/l
MS222 (Sigma-Aldrich, Denmark). Blood samples for plasma lysozyme
activity were taken from the caudal vessel by using Na- heparinised 25
μl and 50 μl capillary pipettes (Hirschmann® Laborgerate, Germany).
The blood was centrifuged at 3000 × g at 4 ºC for 10 min and the
plasma was stored at -20 ºC until use. Samples of liver were taken for
gene expression analysis and preserved in RNAlater (Sigma-Aldrich,
Denmark). RNAlater samples were incubated for 24 hours at 4 ºC and
then stored at -20 ºC until use.

Experimental fish diet
Control feed was 1.5 mm pelleted dry feed based on fish-meal
(protein 46%, fat 28%, carbohydrate 16%, and ash 7%) (BioMar
A/S, Denmark) and the experimental diet was similarly composed
but enriched with β-1,3-glucan from the algae E. gracilis by topcoating β-glucan to pellets with rapeseed oil (30 ml /kg feed) during
continuous spraying and stirring. Control feed was treated similarly
J Aquac Res Development

without adding β-glucan [27]. Both control and experimental diets
were prepared twice and stored for a maximum of four weeks at 4 ºC
during the experimental period (8 weeks).

Measurement of lysozyme activity
Plasma lysozyme activity was analysed by the turbidimetric
assay described by Ellis [28], with a few modifications. A substrate
suspension of Micrococcus lysodeikticus (Sigma-Aldrich, M3770,
Denmark) (0.2 mg/ml) in sodium phosphate buffer (0.06 M, pH 6.2)
was prepared. Plasma was three-fold diluted in phosphate-buffered
saline (PBS, 0.15 M, pH 7.4) (KU-Life Pharmacy, University of
Copenhagen, Frederiksberg, Denmark). Flat bottomed MaxiSorp™ 96
wells microtiter plates (WVR, Denmark) were used in which 190 μl
of the substrate suspension was mixed with 10 μl of diluted plasma
samples in individual wells. Samples were analysed in duplicate wells. A
reference sample was included in all plates within the same experiment
to keep track of plate-to-plate variations. The absorbance at 450 nm
was measured after 1 and 5 min incubation at room temperature using
a microplate reader (Opsys MR, Dynex technologies). One unit was
defined as 1% decrease of absorbance during an incubation time of 4
min: (OD 1 min – OD 5 min) / OD 1 min)* 100.

Isolation of RNA and cDNA synthesis
Liver tissue samples were homogenised by sonication on ice with
ARTEK Sonic Dismembrator model 300 (Bie & Berntsen A/S, Herlev,
Denmark), and total RNA was isolated using GenElute™ kit (cat.
no. RTN 350) from (Sigma-Aldrich, Denmark). DNase treatment
using DNase I (Fermentas, Denmark) was performed immediately
after purifying total RNA in order to eliminate genomic DNA. RNA
concentration and purity was measured reading optical density at
260/280 nm using spectrophotometer NanoDrop 2000 (Thermo
Scientific, Delaware, USA). The quality of the purified RNA was
assessed visually by 1.5% agarose gel electrophoresis. Further, the kit
TaqMan® Reverse Transcription (Applied Biosystems, USA) was used
in the synthesis of cDNA from RNA. A master mix for cDNA synthesis
was established by 10 x RT-buffer, MgCl2 250 mM, dNTP mix 50 μM,
Primer 50 μM, RNase Inhibitor, Reverse Transcriptase, and RNase free
water (Sigma-Aldrich, Denmark). In order to ensure complete removal
of genomic DNA, five of the RNA samples were treated with same
master mix except of substituting the reverse transcriptase with water,
thus serving as no reverse transcriptase (RT minus) controls in the
qPCR. Subsequently, all the samples of cDNA synthesized were diluted
1:10 in RNase free water and stored at -20 ºC until further use.

Quantitative real time PCR (qPCR)
Quantitative PCR assays were performed using a Stratagene
MX3000PTM real-time PCR system (AH diagnostics AS, Aarhus,
Denmark). The cycling conditions were one cycle of predenaturation
at 95 °C for 10 min. This was followed by 45 cycles of denaturation
at 95 °C for 30 second and combined annealing and elongation at
60 °C for 30 second with endpoint measurement. Reaction volumes
were 12.5 μl, consisting of 6.25 μl Brilliant® II QPCR Master Mix (AH
diagnostics A/S, Aarhus, Denmark), 0.4 μM forward primer, 0.4 μM
reverse primer, 0.2 μM probe, 2.5 μl template and DNase free water
(Invitrogen, Denmark) up to 12.5 μl. Primers and probes [29,30]
are shown in Table 1. RT minus and negative controls were used for
every plate setup. Elongation factor (ELF) 1-α was used as endogenous
control (reference gene) [31]. A high Ct value indicates that the gene is
expressed at a low level. Ct values was considered not recorded when
the curves did not reach threshold value after 45 cycles. The levels of
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Gene

GenBank
Acc. No.

Forward
primer

Reverse
primer

Probe

ELF1-α

AF498320

accctcctcttggtcgtttc

tgatgacaccaacagcaaca

gctgtgcgtgacatgaggca

SAA

X99385

gggagatgattcagggttcca

ttacgtccccagtggttagc

tcgaggacacgaggactcagca

Hepcidin

AF281354

gaggaggttggaagcattga

tgacgcttgaacctgaaatg

agtccagttggggaacatcaacag

Precerebellin

AF192969

tggtgttgctttgctgttgt

gccacttttggtttgctctc

atggttgagactcagacggagagtg

IgM

S63348

cttggcttgttgacgatgag

ggctagtggtgttgaattgg

tggagagaacgagcagttcagca

IgT

AY870265

agcaccagggtgaaacca

gcggtgggttcagagtca

agcaagacgacctccaaaacagaac

acattgccaacctcatcatcg

ttgagcaggtccttgtccttg

catggagaggttaaagggtggc

gaaacagcctgcccaact

gtccaacaccacacgctt

atacccaggccaccaaccgcaacac

IL-1β
Lysozyme

AJ223954
X59491

Size
bp
63
79
95
116
95
73
91
188

Table 1: Primers and probes including their GenBank accession numbers, product size and sequences. The efficiencies of all qPCR assays are within 100% ± 5%.

quantified mRNA product were detected by using specific TaqMan
probes 6-FAM™fluorophores (TAG Copenhagen, Denmark). In order
to ensure specificity, all qPCR assays have been tested with SYBR
Green® and subsequent melting curve analysis.

Data analysis
The data from parasite enumeration and lysozyme activity were
analysed by using SigmaStat version 11 (USA). In order to detect
differences of mean parasite intensities and differences in lysozyme
activities the Mann-Whitney Rank Sum Test and Student’s t-test
and were used, respectively. Survival of fish in various groups was
compared using Kaplan-Meier survival plots and log rank test.
Normality Test (Shapiro-Wilk) was used for evaluation of the normal
distribution of data within each group. Correlation between plasma
lysozyme and expression of the lysozyme gene in the liver of individual
fish were analysed using the Spearman Rank Order correlation test. A
probability level of 0.05 was applied in all tests. Gene expression data
was interpreted according to the 2-ΔΔCt method [32]. In order to calculate
ΔCt value, the threshold cycle (Ct) of gene of interest was subtracted
from the Ct of the reference gene of each sample at each sample point.
ΔCt values of the β-glucan treated groups were subtracted from the
average ΔCt of 10 fish of the control group (0.0% β-glucan) in order to
calculate the ΔΔCt value at each sample point. Further, values are fold
increase or decrease in the target genes relative compared to control
fish at each sample point. Positive values indicate up-regulation and
negative values indicate down-regulation. Student’s t-test was used
to assess the differences between treated and non-treated groups.
Data were considered significantly different when p<0.05 and the fold
change was at least 3.

fish showed a significantly increased level of lysozyme activity. Fish
treated with a low (0.2%) concentration of β-glucan for 14 days showed
significant increases (p<0.01) relative to control fish. Activity in fish
fed a medium glucan concentration (2.0%) for 42 days was significantly
increased (p<0.01). Group IV fish fed with a high concentration (5.0 %)
showed significant increases at day 14 (p<0.01) and 56 (p<0.05) (Figure
2).

Expression of investigated immune genes in the liver
Genes encoding several immune molecules were investigated.
These included acute phase proteins (SAA, hepcidin, and precerebellin),
immunoglobulins (IgM and IgT), cytokine (IL-1β) and lysozyme.
Only gene expressions of more than a 3-fold increase or decrease were
considered as significant regulations (Table 2). Group II (low, 0.2%)
and III (medium, 2.0%) showed initially a non-significant downregulation of immune relevant genes and later a significant downregulation was seen with regard to the gene hepcidin of group III
(p<0.05) at the last sample point (56 days of feeding with β-glucan)
(Figure 3). Group IV (high, 5.0%) showed a trend for up-regulation
of immune relevant genes with a significant up-regulation (p<0.001)
of the gene encoding SAA at day 28 of feeding with β-glucan (Figure
3). Following a moderate cytokine (IL-1β) expression at the start of the

Results
Trophonts: All exposed fish obtained infection following exposure.
Fish fed for 14 days with a high concentration (5.0%) of β-glucan
(group IV) obtained significantly more parasites (trophonts) (p<0.05)
compared to control fish (0.0%, group I) whereas challenge infection
after 45 days feeding with this high (5.0%) glucan supplementation
resulted in significantly fewer trophonts (p<0.05) compared to control
fish (Figure 1).

Plasma lysozyme activity
Some variation was seen in all fish groups fed dietary β-glucan.
However, in some groups and at some sample points glucan-treated
J Aquac Res Development

Figure 1: Intensity of Ichthyophthirius multifiliis trophonts in skin of rainbow trout.
Parasites (white spots) were counted on the surface of whole fish 10 days
after exposure to infective theronts in groups of fish fed for 14 and 45
days with different concentrations of β-glucan. *: Significant differences
compared to control fish (p < 0.05).
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Days

SAA

Hepcidin

Precerebellin

IgM

IgT

Lysozyme

IL-1β

Group II, 0.2% β-glucan
Day 0

-1.88
[0.49;0.61]

-2.22
[0.40; 0,77]

-1.09
[0.68; 2.13]

-1.02
[0.78; 1.56]

1.05
[0.84; 1.30]

1.79
[1.28; 2.50]

-9.25
[0.11; 0.11]

Day14

2.54
[1.77;3.64]

1.74
[0.82; 3.71]

1.30
[1.08; 1.56]

1.02
[0.86; 1.22]

1.18
[0.94; 1.47]

-1.01
[0.85; 1.25]

-32.85
[0,03; -0.03]

Day 28

-1.30
[0.65;-1.07]

4.50
[2.28; 8.89]

1.22
[1.06; 1.40]

1.26
[1.07; 1.48]

1.36
[1.06; 1.75]

-1.56
[0.60; 0.70]

-6.22
[0.16; 0.16]

Day 42

-1.75
[0.51;0.69]

-1.37
[0.57; 1.67]

-1.52
[0.61; 0.74]

1.01
[0.88; 1.16]

1.19
[1.05; 1.35]

-1.65
[0.55; 0.71]

1.53
[0.86; 2.72]

Day 56

-1.47
[0.57;1.00]

-1.88
[0.47; 0.75]

-1.10
[0.78; 1.15]

1.70
[1.52; 1.90]

3.00
[2.46; 3.66]

2.11
[1.84; 2.42]

-19.08
[0.05; 0.05]

Group III, 2% β-glucan
Day 0

-1.15
[0.66;2.03]

5.52
[1.86; 16.37]

1.36
[1.00; 1.85]

1.54
[1.22; 1.94]

1.02
[0.81; 1.29]

1.59
[1.10; 2.30]

-1.02
[0.54; -0.21]

Day14

-2.58
[0.37;0.41]

1.04
[0.66; 1.63]

1.00
[0.90; 1.12]

-1.07
[0.83; 1.11]

-1.27
[0.67; 1.05]

-1.68
[0.54; 0.70]

-19.27
[0.05; -0.08]

Day 28

1.37
[0.87;2.17]

3.14
[1.64; 6.03]

1.07
[0.90; 1.28]

-1.01
[0.83; 1.32]

1.18
[0.99; 1.41]

-2.41
[0.39; 0.45]

-10.86
[0.09; 0.10]

Day 42

2.55
[1.24;5.24]

1.03
[0.57; 1.86]

-1.13
[0.78; 1.05]

-1.20
[0.78; 0.92]

-1.33
[0.69; 0.83]

1.21
[1.03; 1.42]

2.11
[1.59; 2.80]

Day 56

-1.78
[0.52;0.63]

-5.79 *
[0.17; 0.18]

-1.86
[0.52; 0.56]

-1.19
[1.05; 1.35]

1.64
[1.24; 2.17]

1.43
[1.15; 1.78]

-120.50
[0.01; 0.08]

Group IV, 5% β-glucan
Day 0

-2.41
[0.40;0.43]

-1.47
[0.54; 1.54]

-1.26
[0.68; 1.02]

1.31
[1.08; 1.60]

-1.04
[0.81; 1.28]

-1.08
[0.74; 1.43]

3.34
[0.38; 28.95]

Day14

2.05
[2.05;2.05]

2.00
[6.59; 0.38]

1.25
[1.11; 1.41]

1.61
[1.03; 1.31]

1.34
[1.11; 1.61]

1.48
[1.27; 1.73]

-10.09
[0.10; 0.10]

Day 28

12.69 ***
[8.75;18.41]

1.69
[1.95; 0.90]

1.93
[1.62; 2.29]

-1.01
[0.88; 1.14]

1.21
[0.98; 1.49]

1.75
[1.38; 2.22]

-7.99
[0.12; 0.13]

Day 42

2.05
[;187.7]

-1.60
[0.39; 0.24]

-1.06
[0.76; -1.39]

-1.09
[0.78; 1.18]

-1.68
[0.56; 0.64]

-1.33
[0.61; 1.30]

1.53
[1.15; 2.03]

Day 56

6.12
[3.09;12.12]

3.27
[2.50; 1.42]

1.77
[1.28; 2.45]

1.65
[1.40; 1.94]

2.27
[1.95; 2.64]

2.04
[1.16; 3.60]

-52.74
[0.02; 0.02]

Table 2: Expression of immune genes in the liver of rainbow trout. Data is presented as a fold increase or decrease of genes in groups fed with β-glucan compared to
the control group (fed β-glucan-free feed). Positive values indicate up-regulation and negative values indicate down-regulation. Confidence intervals are presented below
in parentheses. Significant differences are in bold. *: p<0.05, ***: p<0.001. The significant changes of hepcidin and SAA are presented graphically in Figure. 3. Trends
(although significant) are highlighted in grey.

experiment this signal molecule was down-regulated during the later
phases in all groups (Table 2).

Correlation between plasma lysozyme activity and expression
of lysozyme gene expression in liver

dosage, duration of administration, mode of application and target
species. It is known that glucans in fish can modulate non-specific
immune responses and enhance resistance of various fish towards

The ∆OD values of plasma lysozyme (over 4 min) were correlated
to Ct values of lysozyme gene transcripts of each individual fish in
each group at each sample point. Positive correlations between plasma
lysozyme activity and expression of the lysozyme gene (liver) were
found in all groups investigated (Table 3). It should be noted that a
high gene expression is reflected in a low Ct value. Therefore a positive
correlation between plasma activity and gene expression level will be
reflected in a negative r-value between plasma lysozyme and Ct values
as presented in Table 3.

Discussion
The chemical composition of β-glucans vary considerably and
the effects on fish may vary from one type of β-glucan to another
[24] which may explain discrepancies with regard to β-glucan effects
on fish occurring in the literature. The present study addresses
the effects of a high-purity compound (paramylon) isolated from
algae. In addition, different studies indicate that biological activity
effect of the β-glucans can be influenced by various factors such as
J Aquac Res Development

Figure 2: Lysozyme activity in plasma. The lysozyme activity in fish plasma
was expressed as percentage change over 4 minutes in fish fed with different concentration of β-glucan. The X-axis represents days of feeding. 1
unit = (OD 1 min – OD 5 min) / OD 1 min) x 100. β-glucan fed groups were compared to control groups fed β-glucan-free feed. *: (p<0.05), **: (p<0.01.)
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Figure 3: Real time quantitative PCR. A and B show the expression of the hepcidin and SAA in the liver, respectively. The X-axis represent days of feeding. Negative
values indicate down-regulation and positive values indicate up-regulation. β-glucan fed groups were compared to control groups fed β-glucan-free feed. *: (p<0.05),
***: (p<0.0001).

Day
of

Group I
0% β-glucan

Group II
0.2% β-glucan

Group III
2% β-glucan

Group IV
5% β-glucan

feeding

r

p

r

p

r

p

r

p

14

-0.756

0.010

-0.828

0.008

-0.784

0.007

-0.610

ns

28

-0.884

0.001

-0.031

ns

-0.701

0.020

-0.554

ns

42

-0.267

ns

-0.867

0.001

-0.731

0.030

-0.782

0.040

56

-0.291

ns

-0.760

0.010

-0.550

ns

-0.857

0.010

Table 3: Correlation (Spearman rank correlation) between plasma lysozyme activity and the expression of the lysozyme gene (ΔCt). Negative Spearman r-values
reflect a positive correlation between the lysozyme activity and expression of the lysozyme gene. r indicates the Spearman coefficient, p indicates the p-value and ns
indicates no significance (p<0.05).

pathogenic bacteria [11,13-15,33-35]. The present work showed that
dietary glucan supplementation of feed for long-term administration
(45 days) at a high dosage (5.0%) in rainbow trout can confer some
protection (expressed as a decrease in the number of skin trophonts)
against ichthyophthiriasis. The protective mechanisms of fish against
I. multifiliis infections have not been fully elucidated, but both innate
and adaptive factors are involved [36,37]. It has been demonstrated
that responses against gyrodactylids confer some cross-protection
against Ich in rainbow trout [38], which suggests that innate response
mechanisms are involved in this protection. Several studies have shown
that antibodies play a role in the defence against Ich [39-41] but genes
encoding acute phase reactants in the liver, such as serum amyloid A
(SAA), have been found up-regulated in rainbow trout immunized
intra-peritoneally with live Ich theronts [42] and it has been suggested
that SAA may have a direct influence on the parasite [43]. However,
it cannot be excluded that a number of other factors could confer
immunity against Ich infection. Alishahi and Buchmann [44] showed
that lysozyme levels in plasma were elevated following immunisation
of rainbow trout by intra-peritoneal injection of live theronts. Thus,
the link between Ich susceptibility and lysozyme activity may be worth
analyzing. In the present study we found a significant increase in
lysozyme activity in plasma and a trend for an elevated expression of
most tested immune genes in fish exposed to a high (5.0%) concentration
of glucan in feed. Several authors have reported enhancement of
lysozyme activity following administration of β-glucan [15,26,35,4549] but the lysozyme activity variation found in this study indicates
that the regulation of this parameter is not straight forward. First of
all the increase in body weight during the experiment was associated
J Aquac Res Development

with an enhanced lysozyme production – also in control fish. This
observation is in accordance with previous studies of salmonids [50].
Further, the activity in treated fish was elevated 2 weeks after initiation
of feeding compared to control fish but showed subsequently a decline
after 4 weeks whereafter lysozyme levels rose again and persisted at an
elevated level after 6 to 8 weeks. The only exception was group III fed
the medium glucan concentration (2.0%) which reached a significant
peak at week 6 whereafter it declined in week 8. It seems that β-glucan,
irrespective of dosage, stimulates the response, and subsequently leads
to a temporary exhaustion until another increase may be seen. After
a certain time the immune system seems to adapt to the continuous
exposure to dietary β-glucan and sustain an increased production. Fish
fed with a high (5.0%) glucan concentration showed the same variation
but still after 56 days showed significantly elevated lysozyme levels.
There is still little information on how long the defence mechanism
can be stimulated and the question may arise concerning how long
time lysozyme elevation in plasma can persist after dietary β-glucan
administration. Previous studies by Yoshida et al. [51] indicated that
continuous long term oral administration of β-glucan (0.1% for 45
days) resulted in higher lysozyme activity after 50 days. Paulsen et al.
[47] showed that plasma lysozyme activity in Atlantic salmon decreased
at day 21 after i.p. injection with 60 mg / kg of body weight of β-glucan
(MacroGard® ). In our study lysozyme gene transcription in liver differed
among the groups receiving β-glucan. No significant differences in any
group at any sample point were found, but a trend for a raised level in
fish fed with high (5.0%) glucan was seen. Strong positive correlations
between the plasma lysozyme activity and lysozyme gene transcription
(in liver) in the different groups were found which suggests that the
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lysozyme response is fast-acting. However, lysozyme production may
occur in extra-hepatical organs and tissues as well and further studies
should elaborate on the connection between lysozyme gene expression
and effector molecules in fish.
The co-variation between the susceptibility to infection and
lysozyme activity was not found clear-cut in our study. Thus,
challenge infection after 14 days feeding with a high (5.0%) glucan
supplementation resulted in both significantly more parasites
(trophonts) and lysozyme activity. In addition, fish fed with a low
concentration (0.2%) of glucan for 14 days showed significant increases
in lysozyme activity in plasma whereas the parasite load was left unchanged. Therefore, the link between lysozyme levels in plasma and
susceptibility to the skin-parasitic ciliate (I. multifiliis) infections may
be influenced by additional factors. Fish fed a high (5.0%) concentration
of glucan for 45 days had significantly fewer trophonts compared to
control fish. Therefore, both glucan concentration and administration
time may interact with susceptibility after uptake in the fish.
Based on the present results of immune gene expression of trout
liver, one can suggest that β-glucan molecules after intestinal uptake
are distributed to other organs in fish. Hong et al. [52] reported that,
in a murine model, orally administrated particulate β-1,3-glucans were
taken up by intestinal macrophages and transported to spleen, lymph
nodes, and bone marrow. Subsequently, within the macrophages large
molecules of β-glucan were degraded and released as smaller soluble
β-1,3-glucan fragments which were taken up in the bone marrow by
granulocytes via the CR3 receptor. Also Rice et al. [53] found that
water-soluble glucans (glucan phosphate, laminarin, and scleroglucan)
translocate from the gastrointestinal tract into the systemic circulation
in rats. This process may occur in fish as well [31,54-57].
The expression of immune relevant genes may be both dosedependent and influenced by the exposure time supporting Zhang et al.
[57] who investigated the effect of laminaran β-glucan on trout at two
different dosages. Fish treated with the high dose displayed significantly
higher expression of IL-1β compared to fish treated with the low dose.
Also Chettri et al. [31] found a glucan dose-dependent IL-1β, IL-6 and
TNF-α gene expression in head kidney leukocytes from rainbow trout
in vitro. In the present study we found mostly down-regulation of
the pro-inflammatory cytokine IL-1 during the later phases of glucan
feeding in all groups. This may be explained by a necessary regulation
of the inflammatory processes following extended exposure.
In the present work particulate, insoluble β-1,3-glucan from algae
(Euglena gracilis), without any branching, with purity ≥ 98% and
molecular weight ~500,000 Da (Sigma-Aldrich, Denmark) has been
tested. β-1,3-glucan from E. gracilis has previously been shown to have
positive effects in various tests such as hepatosplenomegaly assays,
tumor challenge assays and toxicity tests in mice [58]. Furthermore,
mice injected intravenously with this particular compound showed
increased survival when challenged with Listeria monocytogenes [58].
Based on the results in the present work one can suggests that β-1,3glucan at high (5%) concentration may promise a positive effect as
immunostimulant. However, the possible adverse effect of overdosing
with β-glucans should be considered. Thus, Robertsen et al. [12]
showed that fish injected with a high concentration 1800 μg/fish of
yeast glucan (Saccharomyces cerevisiae) and challenged one week later
with Vibrio anguillarum sometimes expressed a higher mortality. It
could be suggested that the high concentration leads to an overloading
of the phagocytic cells with glucan particles temporarily decreased their
phagocytosis ability.
J Aquac Res Development

The effect of this particular β-glucan may be weaker in comparison
to other reports. Here it should be noted that some β-glucan
preparations available are not chemically pure, whereby other chemical
components in these preparations may be responsible, at least partly,
for the reported effect. The cell wall of yeast (S. cerevisiae and Candida
albicans) contains 4 classes of macromolecules such as mannoproteins,
β-1,6-glucan, β-1,3-glucan, and chitin [59]. Thus, it has been shown
[60,61] that chitin possesses immunomodulatory effects in sea bream
(Sparus aurata). Further, administration routes (oral, immersion,
injection) may affect results. Oral administration of yeast glucan in
channel catfish did not show any protection to Edwardsiella ictaluri
[62], whereas injection of yeast glucan in channel catfish revealed
increased protection [63]. In addition, the importance of the target
pathogen (viral, bacterial, parasitic) should be framed. Our study
showed only a protective effect against a skin-parasitic ciliate after highsupplementation feeding whereas other studies have shown a certain
protection of rainbow trout against the microsporean parasite Loma
salmonae independently of the dosage used [64]. Finally, the timing
of glucan stimulation should be taken into consideration. Treatment
before exposure induces a better protection of rainbow trout against L.
salmonae compared to treatments after infection [65].

Conclusions
The results from the present investigation suggested that glucan
effects on rainbow trout immune parameters are both time- and dosedependent. Thus, low and medium concentrations of β-1,3-glucan
from algae (Euglena gracilis) in feed merely negligibly influenced the
measured innate immune parameters and the antiparasitic response.
However, a high concentration (5.0%) offered over 45 days was found
to be associated with a significantly reduced Ich-infection, a higher
lysozyme production and a non-significant trend for an elevated
expression of various immune genes. The gene encoding the acute
phase reactant SAA was also found significantly upregulated in this fish
group fed high supplementation for several weeks. Lysozyme activity in
plasma was positively correlated with body mass of rainbow trout – also
in control groups. It varied in all groups and was found significantly
increased in some groups and at some sample point following feeding
with β-1,3-glucan. This suggests that the concentration and exposure
time of the immunostimulant may influence immune functions.
However, due to the high market price of glucans the use 5 % glucan
supplementation (with best effects on all parameters) of aquaculture
feed for extended periods may have a questionable profitability.
Further, any adverse effects of such a high glucan concentration must
be elucidated before steps are being taken for use of high glucansupplementation in commercial aquaculture feed products.
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