
INTRODUCTION
Various compounds are being applied as feed addi-

tives for fish based on their suggested role as immuno-
stimulants (de Baulny et al. 1996, Cook et al. 2003, Bagni
et al. 2005, Pieters et al. 2008). The structural carbohy-
drate beta-glucan is one of these products and it is known
to activate innate immune mechanisms of various animals
including fish (Paulsen et al. 2001, 2003, Bricknell and
Dalmo 2005, Misra et al. 2006, Skjermo et al. 2006). It
can be argued that prolonged use of these immunostimu-
lants may exhaust the responsiveness of fish and that
feeding should be restricted to a short period (Bricknell
and Dalmo 2005). In fact, in vitro studies have demon-
strated that macrophages elicit a respiratory burst follow-
ing beta-glucan exposure but also that the response of iso-
lated cells is immediate and fades after prolonged stimu-
lation (Chettri et al. 2010). However, feeding sea bass

with glucan-supplemented feed (0.1%) for extended peri-
ods did not result in decreased responsiveness of fish
(Bagni et al. 2000, 2005). Neither did long term adminis-
tration of low dosages (0.01%–0.05%) to rohu carp (Labeo
rohita) lead to a decrease of the resistance to challenge
infections using Aeromonas hydrophila and Edwarsiella
tarda (see Misra et al. 2006). However, the possible
exhaustion of the host response due to prolonged stimula-
tion is important to address in practical aquaculture where
glucans are widely applied in fish feed. Likewise, effects
of these immuno-stimulants may vary between different
host-pathogen systems. The skin-parasitic ciliate I. multi-
filiis causing white spot disease is one of the major
pathogens in freshwater fish (Hines and Spira 1974,
Matthews 2005). Also rainbow trout farming suffers from
this disease but no information is at present available with
regard to the effect of glucans on the rainbow trout
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Background. Various compounds are being used as immuno-stimulants in various aquaculture feed types but the
importance of their prolonged use is at present unknown. It is also true for those intended to modify trout suscep-
tibility to white spot disease caused by Ichthyophthirius multifiliis. The immuno-modulating effects on rainbow
trout of short- and long-term feeding using dry feed with inclusion of beta-glucan (0.2%) have therefore been
evaluated.
Materials and Methods. The immune reactivity was assessed by measuring susceptibility to I. multifiliis infec-
tions and plasma lysozyme in the host, factors which are considered innate response parameters. Rainbow trout,
Oncorhynchus mykiss (Walbaum, 1792) (Actinopterygii: Salmoniformes: Salmonidae), were fed (control feed or
glucan-containing feed) for 14 or 35 days before challenge (exposure to infective I. multifiliis theronts) and the
resulting infection (number of trophonts in the skin) was recorded on day 11 post-exposure to theronts.
Results. All fish obtained infection following parasite exposure but glucan-fed fish showed a lower infection at
day 46 compared to fish fed control-feed. The lysozyme activity of fish plasma was evaluated throughout the
experimental period and found slightly but significantly increased in association with glucan-feeding at day 14,
17, and 46.
Conclusion. No evidence for an exhaustion of these selected innate response parameters due to prolonged glu-
can-feeding could be detected within the experimental period of 46 days.
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response against this parasite. Our knowledge of the influ-
ence of beta-glucans on innate immune parameters in rain-
bow trout skin following short- and long-term beta-glucan
feeding is similarly limited. Although the response in fish
against skin parasites can involve adaptive factors (Clark
and Dickerson 1997, Dickerson and Clark 1998, Sigh and
Buchmann 2001, Xu et al. 2006) immunity in rainbow
trout is at least partly based on innate factors (Buchmann
et al. 1999, Fast et al. 2002, Pieters et al. 2008). Thus, a
series of studies have indicated that specific antibodies
may confer immunity in channel catfish and rainbow trout
against this skin parasitizing ciliate. However, it has also
been noted that responses against gyrodactylids confer
some cross-protection against white spot disease in rain-
bow trout (Buchmann et al. 1999) which suggests that
innate response mechanisms take part in this protection.
In addition, probiotics may have a similar effect (Pieters
et al 2008). Therefore, this parasite-host system is an
appropriate model for testing these topics. The present
study was undertaken in order to evaluate the effects of
glucan on innate responsiveness in rainbow trout over
time by performing a feeding experiment and exposing
fish to I. multifiliis following 14 and 35 days feeding with
control or glucan-containing feed. In addition the plasma
lysozyme activity (an indicator of innate immune reactiv-
ity) of the fish was measured throughout the period.

MATERIALS AND METHODS
Fish. Rainbow trout (Oncorhynchus mykiss) were

obtained from The Danish Centre for Wild Salmon in
Randers where they had been hatched and reared under
pathogen-free conditions at 12°C in municipal tap water.
They were then brought to the experimental facilities at
the University of Copenhagen. Prior to the experimental
feeding fish were acclimated in two recirculated 200 L
tanks at 13°C for 4 weeks under a constant 12 : 12 h
light–dark cycle. The fish were, before the experimental
start, fed with control pelleted trout feed (Biomar,
Denmark) at the rate of 1% of the biomass per day. Water
was replenished daily and concentrations of nitrite,
nitrate, ammonia, and pH-levels were measured on a reg-
ular basis (Merck Aquacant, Germany).

Experimental fish feed. Control feed was 3 mm pel-
leted dry feed based on fish-meal and fish oil (protein
46%, fat 28%, carbohydrate 16%, and ash 7%) and the
experimental feed was similarly composed but enriched
with 0.2% β-glucan from yeast, Saccharomyces cerevisi-
ae (Biomar A/S Brande, Denmark).

Parasite culture. A laboratory culture of I. multifiliis
obtained from a Danish fish farm (Refsgaard Fish farm)
was established. The parasite population was maintained
in laboratory aquaria through serial passage to naive rain-
bow trout at 13°C for six months before experimental start.

Isolation of infective theronts (for challenge infec-
tion). Highly infected fish were killed using an overdose
(200 mg · L–1) of MS-222 (Sigma-Aldrich, Denmark) and
placed in a small water-filled container (water volume
1000 mL). Within 30 min trophonts escaped the fish epi-

dermis and transformed into tomocysts. After 24 h at
room temperature (20–22°C), infective theronts appeared
in the water. The number of viable theronts was deter-
mined with a 1 mL Sedgewick–Rafter counting chamber
and subsequently used for challenge. Viability of theronts
was assessed by their movements.

Parasite challenge. Five fish from each of the two
groups were exposed to a total of 5000 theronts in a 125
L fish tank (1000 theronts per fish) on day 14 and 35 after
start of the experimental feeding.

Counting trophonts in fish skin following parasite
exposure. Following challenge the five fish in the sample
were anaesthetised (on day 11 post-exposure) in 60 mg · L–1

MS222 (Sigma-Aldrich, Denmark) and examined under a
dissection microscope (7–50× magnification) whereby
the total number of visible trophonts were enumerated
(fins and body skin). Five control fish were examined
similarly.

Experimental design. The experimental design
included a total of 90 fish with a body weight of 18–20 g.
The fish were kept in two fish tanks (water volume 200 L,
recirculated with bio-filters (Eheim, Germany) each with
45 fish. The groups were fed daily (1% of biomass per
day) with experimental feed containing beta-glucan or
control feed without any additive. This feeding rate was
used also after parasite exposure.

Fish (5 per sample) were taken from the tanks on day
14 and 35 and then exposed, in separate fish tanks, to a
total of approximately 1000 infective theronts per fish.
Thus, a total of 10 fish were exposed at these two time-
points. The infection was then followed for 11 days post-
exposure. Blood samples for lysozyme analysis were taken
from five fish from each group (experimental and control)
on day 14, 17, 21, 25, 38, 42, and 46. Thus, a total of ten
fish were blood-sampled at each time point whereafter
they were euthanized and taken out of the experiment.

Blood sampling. Blood for plasma lysozyme measure-
ment was taken from anaesthetized fish (60 mg · L–1 MS-222)
by caudal vein puncture using heparinised syringes (1 mL)
(five fish per sample). The blood was centrifuged (5000 × g)
and the plasma was isolated and frozen at –20°C until use
performing the lysozyme assay. Fish were removed from
the experiment following sampling.

Plasma lysozyme activity. Lysozyme activity was
measured using the agarose diffusion assay because this
technique has proven relevant in previous studies by
Alishahi and Buchmann (2006). Therefore, turbidometric
assays (based on absorbance) were not used. Therefore,
lysozyme activity was measured according to Lie et al.
(1986). Briefly, 20 mL 1% agarose solution prepared with
0.1 M phosphate buffer (pH 6.6) containing Micrococcus
lysodeikticus (50 µg · L–1) (Sigma-Aldrich, Denmark) was
poured onto a 10 × 10 cm glass plate and allowed to solid-
ify. Wells (diameter 4 mm) were punched into the agarose
layer and diluted (1 : 10 in phosphate buffered saline
PBS) plasma-samples (10 µL) from rainbow trout were
subsequently placed in the wells. For reference a dilution
series of chicken lysozyme (Sigma-Aldrich, Denmark)
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was prepared and different concentrations of lysozyme
were applied likewise. Samples on the agarose-covered
glass plates were incubated for 20 h at 20°C, pressed
under filter paper and air-dried. Following the drying
process, plates were Gram-stained with methyl-violet for
1 min, post-fixed in Lugol’s solution for 15 s, and final-
ly de-stained with ethanol (96%) until clear zones were
detectable. Diameters were measured (mm) and used for
estimation of lysozyme activity in plasma samples based
on a standard curve constructed from the association
between chicken lysozyme activity and diameters of
lysed zones.

Statistical analysis. The mean of parasite numbers on
fish in different control and experimental groups were
compared using the Mann–Whitney U-test. Lysozyme
activity in plasma from different fish groups were
analysed using the Student’s t-test. A 5% probability level
was applied in all tests.

The experiments were performed under the approval
of the committee for animal experimentation, The Danish
Ministry of Justice, Copenhagen, Denmark.

RESULTS
Trophonts. Fish fed the β-glucan feed became infect-

ed with slightly fewer detectable trophonts than those fed
the standard feed. This was seen both after 14 and 35 days
feeding but the difference was only statistically signifi-
cant after 35 days as judged from counting at day 46
(11 days post-exposure) (Table 1).

Lysozyme assay. A general trend for a slightly higher
activity of lysozyme was found in plasma from fish in the
glucan-fed group compared to the control group (signifi-
cant differences on days 14, 17, and 46). Further, a slight
increase of this parameter was seen in the glucan-fed fish
throughout the experimental period whereas no consistent
trend was found in the control fish (Table 2).

DISCUSSION
The susceptibility of fish to infection with I. multifiliis

is dependent on a number of factors comprising both
innate and adaptive elements (Buchmann et al. 2001,
Matthews 2005). It is therefore appropriate to use this skin
ciliate infection model to evaluate activation of innate anti-
parasitic responses in trout evoked by beta-glucan feeding.

A slight but significant protection (expressed as a
decrease in the number of skin trophonts) against infec-
tion following glucan-feeding was indicated following 46
days. A weak and non-statistically significant effect was
seen at day 25. This recorded skin response, which was

marginal, may not be satisfactory for practical fish-culture
purposes. However, it is noteworthy that glucans could
stimulate the skin and the results supports the notion that
glucans in fish have general immunomodulating effects as
previously indicated by several authors (de Baulny et al.
1996, Strand and Dalmo 1997, Bagni et al. 2005,
Bricknell and Dalmo 2005, Misra et al. 2006, Selvaraj et
al. 2006, Ai et al. 2007).

The intestinal epithelium in larvae of Atlantic halibut
(Hippoglossus hippoglossus) has been shown to be
involved in the glucan-uptake (Strand and Dalmo 1997)
and a similar mechanism may exist in rainbow trout. Once
in the bloodstream or lymph, different receptors on a
range of leucocytes are able to bind the glucan molecules
(Czop 1986, Chettri et al. 2010). Dectin-1 is a transmem-
brane lectin-like receptor that has been identified on the
surface of macrophages, dendritic cells, neutrophils, and
certain T-cells in various mammals (Ariizumi et al. 2000,
Taylor et al. 2002, Brown 2006) but not in fish. Briefly,
the receptor, known as a pattern-recognition receptor
(PRR), is able to recognize and bind a distinct part of the
β-glucan molecule. The part of the glucan molecule
bound to the receptor is known as a pathogen-associated-
molecular-pattern (PAMP). Once the β-glucan molecule
has been bound, the receptor will initiate an intracellular
signalling cascade, which ultimately may lead to the
release of cytokines and chemokines such as TNF-α, IL-
1β, IL-6, IL-8, IL-10 and IL-12. (Brown et al. 2003,
Gantner et al. 2003, Brown 2006). Furthermore, the bind-
ing may also induce phagocytosis and a subsequent respi-
ratory burst (Czop 1986, Herre et al. 2004). A dectin-1
homologue has not yet been found in fish but a comple-
ment receptor in carp is known to bind β-glucans (Nakao
et al. 2003) which could explain glucan effects in fish.

One of the innate functional molecules produced by
rainbow trout upon immunization against I. multifiliis is
plasma lysozyme (Alishahi and Buchmann 2006). This
factor, which also has strong antibacterial effects, was
analysed in the present feeding experiment. It was seen
that the lysozyme activity increased slightly (with an
exception at day 25) throughout the experimental period in
glucan-fed fish in which the activity was significantly ele-
vated at day 14, 17, and 46. In contrast, control fish plas-
ma showed in most cases a lower activity with irregular vari-
ations during the same period. A lysozyme up- regulation
following β-glucan treatment has previously been seen in
vivo in Atlantic salmon (Paulsen et al. 2001, 2003), sea bass
(Bagni et al. 2005), and in rohu carp (Misra et al. 2006). The
slightly higher lysozyme level in glucan-fed fish found in
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Time fed before exposure [days] Control feed Glucan feed
14 26.2 ± 9.5 22.4 ± 5.9
35 32.8 ± 5.9 26.8 ± 6.8*

Table 1
Mean number (±SD) of parasites per fish at day 11 post-exposure in fish fed beta-glucan

for 14 and 35 days before exposure

*significantly different from control; P < 0.05 (Mann–Whitney U-test).



our study was associated with a lower infection level at
day 46. No causative relations between a low lysozyme
activity and higher susceptibility to the parasite have been
proved in this or other studies but both factors reflect a
level of innate reactivity in the host. It is therefore note-
worthy that prolonged (46 days) feeding did not cause an
exhaustion of the response when compared to a short
(14 days) feeding period.

It is generally accepted that glucan-preparations can
differ (Manners et al. 1974) and the effect of β-glucans is
related to dosage (Ai et al. 2007), physico-chemical prop-
erties such as backbone/branch configuration (Seviour et
al. 1992), solubility (Xiao et al. 2004), and molecular
weight (Falch et al. 2000). Further, the optimal type and
dosage of β-glucan varies between different diseases
(Chen and Seviour 2007), which makes it very difficult to
generalize about administrative strategies. However, the
present study showed that a basic trout feed type with a
0.2% inclusion of beta-glucan from yeast (S. cerevisiae)
was associated with a slight lysozyme increase in plasma
(at day 14, 17, and 46) and with an elevated resistance to
I. multifiliis infections at day 46. Yeast derived β-glucans
consist of a backbone of glucose residues linked by β-
(1→3) glycosidic bonds. These polysaccharides are
important structural elements in the cell wall of many
yeast and myceloid fungi where they constitute up to sixty
percent of the cell mass (Seviour et al. 1992). Most β-glu-
cans used for experiments on immuno-stimulation are β-
(1→3)(1→6)-glucans extracted from the cell walls of var-
ious fungi, although positive effects of β-(1→4)(1→6)-
glucans from grasses such as barley and wheat also have
been described (Sealey et al. 2007). Other described
sources of β-glucans are lichens, bacteria, diatoms and
algae (Skjermo et al. 2006). The glucans can be either sol-
uble or particulate depending on their degree of polymer-
ization (Zeković et al. 2005) and both soluble and insolu-
ble (particulate) β-glucans show immunomodulatory
effects although insoluble glucans tend to have higher
effect (Cleary et al. 1999, Selvaraj et al. 2005).

It is generally believed that a prolonged stimulation of
the immune system can exhaust the responsiveness. This
was also indicated for rainbow trout macrophages stimu-

lated in vitro by beta-glucans (Chettri et al. 2010) and is
being considered in various types of aquaculture
(Bricknell and Dalmo 2005). However, the suggested
exhaustion of the host response following prolonged stim-
ulation with a low dose (0.2%) in feed does not seem to
apply in the present in vivo feeding study of rainbow trout
but it does not exclude that exhaustion can occur under
other conditions. Therefore, experiments should be con-
ducted in order to investigate the importance of other glu-
can-types (origin and particulation), other glucan-concen-
trations and even longer feeding periods.
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