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One of the main obstacles in freshwater aquaculture is the parasitic ciliate
Ichthyophthirius multifiliis (Ich), the causative agent of white spot disease. The
use of immunostimulants as feed additives may be a promising approach to con-
trol Ich infection. In the present study, we tested the prophylactic effect of orally
administered B-1,3/1,6-glucan and propolis extract E50 against Ich infection in
common carp. In total, 122 fish were separated into three experimental groups fed
with a control, 3% B-glucan and 1% propolis diet for 40 consecutive days, respec-
tively. On day 40, 16 fish per group were individually exposed to Ich theronts and
the number of trophonts was counted 5 days post exposure. Relative gene expres-
sion of interleukin 1-B (IL-1-B) in common carp liver was examined by qPCR.
Compared to control, the mean infection intensity was lower in the f-glucan- and
propolis-fed groups; however, the difference was not statistically significant. The
relative expression of IL-1-f significantly decreased in the propolis-fed group at
day 10. In the B-glucan-fed group, a significant IL-1-B decrease was detected at
day 15 compared to control. Although the Ich infection intensity was slightly de-
creased in both treated groups, and IL-1-f was moderately down-regulated in the
liver of common carp, our results suggest that the applied feeding regime is insuf-
ficient to prevent Ich outbreaks in common carp.

Key words: Ich, common carp, white spot disease, immunostimulants, -
glucan, propolis extract E50

The parasitic ciliate, Ichthyophthirius multifiliis (Fouquet, 1876), com-
monly known as Ich, is the highly pathogenic fish endoparasite responsible for
white spot disease. As a generalist pathogen, it occurs over a wide geographic
range and infects numerous freshwater fish species due to its low host specifici-
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ty. It causes severe declines among natural fish populations and significant eco-
nomic losses in freshwater aquaculture (Matthews, 2005). Although naive fish
often die following parasite exposure, individuals surviving sublethal infections
become resistant to subsequent challenge (Hines and Spira, 1974; Houghton and
Matthews, 1986).

One promising approach for controlling certain diseases is to strengthen
the immune defence mechanisms of fish by the prophylactic administration of
immunostimulants (Gannam and Schrock, 2001; Ringe et al., 2011). Non-
specific immunostimulants have attracted wide attention, since they are easily
incorporated in the diet and have low impact on the environment (Bricknell and
Dalmo, 2005). The polysaccharide B-glucan is known to activate innate immune
mechanisms of various animals including fish (Reynolds et al., 1980; Selvaraj et
al., 2005; Rychlik et al., 2013). In nature, B-glucans are widespread and have been
characterised in microorganisms, algae, fungi, and plants (Zekovic et al., 2005).
Similarly, it was proven that propolis, a resinous substance produced by honey-
bees, and especially its most active component, flavanone pinocembrin, has an-
timicrobial and immunostimulant activity (Abd-El-Rhman, 2009).

The role of immunostimulants as dietary additives in the susceptibility to
white spot disease has been investigated in cultured fish species. Studies on rain-
bow trout (Oncorhynchus mykiss) indicated a certain short-term and a less char-
acterised long-term effect (Lauridsen and Buchmann, 2010) and dose dependen-
cy (Jaafar et al., 2011) of yeast-derived B-glucan on the susceptibility of rainbow
trout to Ich. To enhance the innate immunity of common carp (Cyprinus carpio
Linnaeus, 1758) against bacterial infections caused by Aeromonas hydrophila,
various dietary immunostimulants such as nucleotides (Sakai et al., 2001), Spir-
ulina algae (Watanuki et al., 2006), whole cell yeast, p-1,3-glucan (Gopala-
kannan and Arul, 2010), Baker’s yeast extract (Biswas et al., 2012) and herbs
(Yin et al., 2009) have been tested hitherto. All of these substances showed an
immunostimulatory effect against A. hydrophila and their application in aquacul-
ture was suggested.

Common carp is a commercially important fish species and its culturing
suffers from a wide variety of diseases including white spot disease (Eiras et al.,
2008; Sellyei et al., 2017). At present no information is available on the efficacy
of B-glucans or propolis in common carp against Ich infection. The aim of the
present study was to test the effect of orally administered propolis extract E50
and yeast-derived B-1,3/1,6-glucan on the susceptibility of common carp finger-
lings to white spot disease.
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Materials and methods

Source of fish and parasites

Specific pathogen-free (SPF) common carp were laboratory-reared from
fertilised eggs obtained from a fish farm in Hortobagy, Hungary. Fish were kept
in aerated glass tanks at 20 °C, and fed on commercial ornamental fish food ad
libitum on a daily basis.

Ich trophonts were collected from naturally infected roach (Rutilus ruti-
lus), bleak (Alburnus alburnus) and rudd (Scardinius erythrophthalmus) specimens
caught in fish ponds by line fishing. Live fish were transported to the laboratory
in aerated barrels, and kept at 20 °C for a few days to enable the parasite
trophonts to develop. Fish were killed with an overdose of MS222 (Sigma-
Aldrich, Hungary) solution. Trophonts were collected from skin scrapings, placed
in 6-well plates and incubated at room temperature overnight. The trophonts set-
tled and developed hundreds of tomites per trophont/tomont. The free-swimming
theronts were harvested the following day. The number of theronts was counted
in three replicates in a Biirker chamber with phase contrast microscopy.

Experimental fish diet

Control fish were fed with 3 mm Aller Aqua Allermaster grower feed (Aller
Aqua, Hungary) that contained 35% crude protein, 9% crude fat, 37% NFE, 4.6%
fibre, 9% P and 6.9% ash. The pellet was homogenised and re-formatted to 2 mm
diameter under the addition of 1.65% bacteriological agar powder (VWR, USA)
and 0.5% TiO, (Sigma-Aldrich, Hungary). The re-formatted pellets were consid-
ered to be homogeneous after subsequent TiO, content determination following
the method by Brandt and Allam (1987). To the pellets of the control group, no
extra active component was added. Experimental fish diet were composed simi-
larly, but they were enriched with dietary immunostimulants, 3% yeast-derived
APG 3-6 B-glucan (Biothera, USA) and 1% propolis extract E50 (Propolis Drops
containing 70 mg/g Propolis extractum E50; Naturland, Hungary), respectively.

Experimental design

In total, 122 common carp were used in the feeding experiment. Common
carp individuals aged > 1 year were randomly separated into three experimental
groups of 40—42 individuals each. Groups were fed with control diet, pellets con-
taining 3% B-glucan, and pellets with 1% propolis extract ES0, respectively. Fish
were fed with the experimental diets at a rate of 1% of body weight kg per day
until the end of the experiment.

Sampling was conducted on days 5, 10, 15 and 40. At the first three sam-
pling points (on days 5, 10 and 15) 9 fish were sampled per group, whereas at the
fourth sampling point (day 40) 5 fish were sampled per group. Fish were eu-
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thanised with 100 mg/l MS222, killed by cranial severance, and dissected under
a stereomicroscope. Liver samples were fixed in RNAlafer (Sigma-Aldrich, Hunga-
ry) and stored at —20 °C until RNA extraction.

Challenge infection and counting trophonts

Forty days after feeding with experimental diets, 16 fish per group were
individually exposed to 2000 Ich theronts/fish in 500-ml beakers for 2 h. Subse-
quently, they were transferred into 50-1 aerated aquaria (separated by experi-
mental groups) and fed with experimental diet. Five days post exposure (p.e.),
fish were anesthetised in 200 mg/l MS222 solution; then killed by cranial sever-
ance. The number of trophonts was counted on the lateral body (including the
head) and the fins (caudal, back and pectoral fins) of all exposed fish specimens
using compound microscopy.

Isolation of RNA and cDNA synthesis

Approximately 30-50 mg of liver tissue was used for RNA extraction.
Tissue samples were homogenised with a Tissue Lyser II (Qiagen Inc., USA),
and total RNA was isolated using the RNeasy Mini Kit (Qiagen Inc., USA) fol-
lowing the manufacturer’s protocol. DNase treatment using a RNase-Free DNase
Set (Qiagen Inc., CA) was performed on-column during RNA isolation in order to
eliminate genomic DNA. RNA concentration and purity were measured using a
spectrophotometer (NanoDrop 2000, Thermo Scientific, USA). Copy DNA (cDNA)
was synthesised with the ExXiLERATE LNA ¢cDNA Synthesis kit (Exiqon, Den-
mark) following the manufacturer’s instructions. Subsequently, the synthesised
cDNA of all samples was diluted to 100 ng/ul concentrations with RNase-free
water and stored at —80 °C until further use.

Quantitative real-time PCR (qPCR) and gene expression analysis

The relative expression of the immune molecule encoding cytokine inter-
leukin 1-B (IL-1-B) gene was measured. Elongation factor 1-a (ELF1-a) was
used as endogenous control (i.e. reference gene). Reactions were run and ana-
lysed on a Rotor-Gene 6000 real-time rotary analyser (Corbett Life Science,
Australia). Standard curves were obtained using synthesised DNA of the genes
of interest (i.e. gBlocks Gene Fragments, synthesised by IDT, USA). The cycling
conditions were one cycle of initial denaturation at 95 °C for 15 min followed by
40 cycles of denaturation at 95 °C for 15 sec and combined annealing and elon-
gation at 60 °C for 1 min with endpoint measurement. A QuantiTect Probe RT-
PCR Kit (Qiagen Inc., USA) was used for multiplex qPCR. Reaction volumes
were 15 pl, consisting of 1x QuantiTect Probe Master Mix (including HotStar-
Taq DNA Polymerase, QuantiTect Probe RT-PCR Buffer, ANTP mix, ROX pas-
sive reference dye, 4 mM MgCl,), 0.53 uM forward primer (IL-1-B-F), 0.53 uM
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reverse primer (IL-1-B-R), 0.4 uM probe (IL-1-f-P), 0.4 uM forward primer
(ELF1-0-F), 0.4 uM reverse primer (ELF1-a-R), 0.06 pM probe (ELF1-a-P),
200 ng cDNA and 2 pl DNase-free water. The primers and Tagman probes de-
veloped, optimised and used for qPCR assays in the present study are listed in
Table 1. The baselines and thresholds were manually set following visual exami-
nation of every run. Raw Ct (threshold cycle) values were calculated with the
software Rotor-Gene Q version 2.3.1 (Qiagen Inc., USA). Ct values were not
recorded when the curves did not reach the threshold value after 40 cycles. Gene
expression data were normalised to the reference gene, and inter-run calibration
was performed with qBasePlus (Hellemans et al., 2007) to avoid the effect of
amplification efficiency differences among different qPCR runs. Raw Ct data
from Rotor-Gene Q version 2.3.1 were imported into qBasePlus to calculate the
calibrated normalised relative quantities (CNRQ values) of the target genes. The
CNRQ value represented the relative gene expression level of the target gene
compared to the expression level of the gene used for normalisation (in this case,
ELF1-a). Besides, run- and gene-specific calibration factors were also used to
obtain the final CNRQ values. Every replicate that exceeded the maximum repli-
cate variability (threshold value = 1) was excluded from further analysis (n = 17).

Table 1

gPCR oligonucleotides and probes designed and optimised in the present study. Primers and probes
were designed based on common carp sequences of interleukin 1-f (IL-1-B) as a target and elonga-
tion factor 1-a (ELF1-a) as a reference gene was implemented from GenBank. Probes were la-
belled with 5' reporter fluorochrome (HEX or 6-FAM), an internal quencher (ZEN), and a 3' dark
quencher (Iowa Black FQ, IABKFQ)

Amplicon
Gene Primer sequence Probe GenBank size
reference
(bp)
F: -TGGAGAGCTTCTCTACCTACC-3’ ; ngX'CGCTTTGCT/
ELFl-a ,  AF485331 81
R: 5*-TGATGACACCAACAGCTACG-3’ ggggTGACATGAG—3 -

o , 5°-6-FAM-
F: 5’-AAGGAGGCCAGTGGCTCTGT-3 ACCATTAAA/ZEN/

IL-1-B8 AB010701 69

R: 5*-CCTGAAGAAGAGGAGGCTGTCA-3’ &%Ck(gg/TGACCCGAA‘3 :

Statistical analysis

Ich infection data were corrected for the body length of the fish individual,
i.e. the number of white spots was divided by the length of the body. To obtain
normal distribution, data were square-root transformed. One-way ANOVA was
used to measure the effect of treatment on the number of trophonts on body
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parts, and Dunnett’s post-hoc test was applied to compare treated groups to the
control. To examine the effect of treatment and location of Ich trophonts in the
same model, multivariate linear regression was used.

For the statistical analyses of the expression of IL-1-f, gene expression, data
were logl0 transformed. Differences among experimental groups or sampling
points (days 5, 10, 15 and 40) were analysed with one-way ANOVA. If a signifi-
cant difference was detected, Dunnett’s (for experimental groups) or Tukey’s
(for sampling points) post-hoc test was used. The effect of treatment was tested
for the whole dataset and also for subsets divided by sampling points. All statis-
tical analyses were performed with the R software, version 3.3.3 (R Core Team,
2017), and the ‘multcomp’ package was used for post-hoc tests (Hothorn et al.,

2008).
Table 2

Spatial distribution of Ichthyophthirius multifiliis (Ich) trophonts on the exposed common carp in-
dividuals (n = number of fish individuals exposed)

Experimental Body part Min. Median Mean Max. SD N Prevalence

group (%)

Control Lateral body 3 17 15.75 30 8.87 16 100
Caudal fin 9 24 25.81 55 13.22 16 100
Back fin 1 5.5 6.69 20 4.57 16 100
Pectoral fin 0 1 1.19 6 1.47 16 69
> 14 45 49.44 102 24.22 16 100

B-glucan Lateral body 8 17.5 18.81 36 9.80 16 100
Caudal fin 4 17.5 19.19 47 13.11 16 100
Back fin 1 5.5 6.25 19 4.82 16 100
Pectoral fin 0 1 1.81 6 1.72 16 81
> 19 41.5 46.06 93 21.85 16 100

Propolis Lateral body 0 15 15.56 32 8.64 16 94
Caudal fin 2 18 16.38 38 10.14 16 100
Back fin 0 4.5 4.56 12 348 16 94
Pectoral fin 0 0 1 6 1.63 16 44
> 4 37.5 37.5 78 19.19 16 100

Results

Ich infection and the effect of additives

All exposed fish obtained infection following parasite exposure. The mean
intensity of Ich infection was the highest in the control group, and the lowest in
the treated group fed with propolis additive (Table 2). Significant differences were
not detectable (P > 0.05) in regard of body parts between experimental groups
and control group with one-way ANOVA (Fig. 1). However, in the propolis-fed
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group, the number of trophonts in the caudal fin (P = 0.07) of common carp
showed a distinct trend towards significance (Fig. 2).

15 1

10 |

Number of trophonts’

Control B-glucan Propolis
Experimental group

Fig. 1. Comparison of the number of Ichthyophthirius multifiliis (Ich) trophonts between the treat-
ed groups and the control group. Boxes represent the interquartile range between first and third
quartiles. Bold line in the box is the median. *Values are normalised to the body length of fish

Number of trophonts’
|
|

T 0 .85 D
= *‘%E**

R —

Bb B‘G BIG Bb CI: é é (IZ Pi? PIR P‘R P‘R
back caudal lateral pectoral back caudal lateral pectoral back caudal lateral pectoral

Treatment and location

Fig. 2. Infection intensity of experimentally exposed common carp groups represented by the
number of Ichthyophthirius multifiliis (Ich) trophonts per body part. A trend toward significance
was detected between the caudal fin of common carp in the PR and the control group (horizontal
line on the top; P = 0.07). Boxes represent the interquartile range between first and third quartiles
and the bold line in the box is the median. BG = B-glucan, C = control, PR = propolis extract E50;

back = back fin, caudal = caudal fin, lateral = lateral body parts including head,
pectoral = pectoral fin. “Values are normalised to the body length of fish
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Relative gene expression of IL-1-f

The relative expression of the cytokine IL-1- gene in the liver of common
carp was analysed in 104 individuals. One sample out of 122 did not reach the
threshold value after 40 cycles in qPCR; furthermore, 17 samples exceeded the
maximum replicate variability; therefore, they were excluded from further analy-
sis. Notable down-regulation was detected in the relative expression of IL-1-f3 of
the B-glucan (P = 0.084) and propolis (P = 0.079) groups compared to control (Ta-
ble 3, Fig. 3); however, the difference was not statistically significant. The relative
expression of IL-1-f was significantly lower in the propolis-fed group (P = 0.037)
at day 10 compared to the control (Fig. 4). Similarly, significant down-regulation
(P =0.013) was detected in the B-glucan-fed group at day 15 in comparison to the
control (Fig. 4). Using Tukey’s post-hoc test, the pairwise comparison of IL-1-
expression levels within experimental groups and between sampling points showed
significant differences in several relations (Table 4). Significant decrease was de-
tected in the IL-1-B expression of the control group between day 10 and day 15 (P
=0.033), whereas a significant increase was observed between days 15 and 40 (P <
0.001) (Table 4). In the B-glucan-fed group, we found a significant decrease be-
tween days 5 and 15 (P < 0.001) and days 10 and 15 (P = 0.032). A significant in-
crease was detected between days 15 and 40 just as for the control group (P <
0.001). The expression profile in the propolis-fed group was similar to the other
groups with slight differences in significance (Table 4, Fig. 4).

Table 3

Calibrated normalised relative quantities (CNRQ values) of interleukin 1-f (IL-1-$) gene in ex-
perimental groups at different sampling points calculated with the software qBasePlus. Elongation
factor 1-a (ELF1-a) was used as reference gene (n = number of fish individuals examined)

Experimental Sampling

. Min. Median Mean Max. SD N
group point
Control 5 0.41 0.76 0.68 0.91 0.19 9
10 0.07 0.71 0.74 1.29 0.35 9
15 0.02 0.21 0.26 0.81 0.24 12
40 0 1.22 1.05 1.82 0.61 10
> 0 0.69 0.66 1.82 0.47 40
B-glucan 5 0.19 0.72 0.69 1.14 0.33 9
10 -0.2 0.28 0.41 1.6 0.56 9
15 —-1.04 -0.21 -0.24 0.53 0.49 13
40 0.74 0.87 1.1 1.91 0.47 10
> -1.04 0.44 0.42 1.91 0.67 41
Propolis 5 0.2 0.74 0.67 1.19 0.38 9
10 -0.09 0.23 0.25 0.48 0.17 9
15 -0.32 0.16 0.12 0.66 0.34 12
40 0.56 0.66 0.71 1.06 0.17 10
> -0.32 0.42 0.42 1.19 0.38 40
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Fig. 3. Relative expression of the interleukin 1-f (IL-1-f) gene in the liver samples of common
carp visualised as log10 transformed, calibrated normalised relative quantities (logl0 CNRQ
values). The relative expression of the IL-1-f gene was statistically compared between the treated
groups (BG and PR) and the control group (horizontal lines on the top; P = 0.084 and 0.079,
respectively). Boxes represent the interquartile range between first and third quartiles.

Bold line in the box is the median. BG = B-glucan, PR = propolis extract E50

Table 4

P values obtained with the pairwise comparison of the expression level of interleukin 1-f (IL-1-B)
gene within experimental groups and between sampling points using Tukey’s post-hoc test. Sam-
pling was conducted on days 5, 10, 15 and 40. Significant differences are indicated in bold. Levels

ook

of significance: "=P<0.05 "=P<0.01," =P<0.001

Control B-glucan Propolis
Compared Compared Compared
sampling P value sampling P value sampling P value
points points points
10-5 0.987 10-5 0.609 10-5 0.02"
15-5 0.073 15-5 <0.001"" 15-5 0.001"
40-5 0.179 40-5 0.369 40-5 0.993
15-10 0.033" 15-10 0.032° 15-10 0.76
40-10 0.313 40-10 0.05 40-10 0.012"
40-15 <0.001"" 40-15 <0.001"" 40-15 <0.001""
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Experimental groups with sampling points
Fig. 4. Relative expression of the interleukin 1-f (IL-1-B) gene in the liver of common carp.
The relative gene expression was significantly decreased in the propolis-fed group at the second
sampling point (PR10, P = 0.037) and in the B-glucan fed group at the third sampling point (BG15,
P =0.013) compared to the control. Calibrated normalised relative quantities (CNRQ values) were
log10 transformed. Boxes represent the interquartile range between first and third quartiles. Bold
line in the box is the median. The X-axis represents the days of feeding (e.g. sampling points on
days 5, 10, 15 and 40). BG = B-glucan, C = control, PR = propolis extract E50. Levels of
significance: =P < 0.05, " =P < 0.01 (shown by the horizontal lines on the top)

Discussion

The immunostimulant effect of B-glucans is largely dependent on their
chemical composition (Bohn and BeMiller, 1995), dosage (Jaafar et al., 2011)
and mode of administration (Selvaraj et al., 2005). Most of these parameters
greatly vary between target fish species. A previous study emphasised that intra-
peritoneal injection of yeast-derived B-glucan in common carp improved re-
sistance to infection against Aeromonas hydrophila; however, oral administra-
tion of the same substance did not induce any effect (Selvaraj et al., 2005). In the
present experiment, we used orally administered B-1,3/1,6-glucan and propolis
extract E50 food additives to test for infection intensity differences between the
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immunostimulated groups and control carp exposed to Ich theronts. Jaafar et al.
(2011) examined the dose dependency of the water-insoluble, [B-1,3-glucan
(paramylon) from the alga Euglena gracilis, and found that the 5% concentration
administered over a long period (45 days) was significantly more effective in re-
ducing the number of Ich trophonts in rainbow trout than lower concentrations
(0%, 0.2% and 2%, respectively). Based on these findings, we used 3% concen-
tration of water-soluble, yeast-derived p-1,3/1,6-glucan for a 40-day-long admin-
istration. The application of B-glucans in higher concentrations, i.e. 1800 ug/
fish in Atlantic salmon, Salmo salar as a food additive may cause unfavourable
effects such as an overdose expressed as increased phagocytic disability of cells
(caused by overloading of glucan particles), and is considered not to be effective
against the bacterium Vibrio anguillarum (Robertsen et al., 1990). Besides, the
administration of higher concentrations (< 5%) of high-purity B-glucans for ex-
tended periods of time is commercially not profitable for regular fish farms. Our
findings obtained with a medium-level (i.e. 3%) B-glucan concentration showed
decreased number of Ich trophonts compared to the control group, but the treated
fish got infected with as high prevalence as the control. Thus, the protective ef-
fect of B-glucan against Ich in common carp could not be confirmed in our ex-
periment.

Among other properties, the antiviral, antifungal and antibacterial effect of
propolis is well studied in different organisms including fish (Bankova et al.,
2000). In rainbow trout, a prolonged administration of propolis as a food additive
did not have any side effects for development and serum biochemical parameters
(Kashkooli et al., 2011), but their short term effect showed significant changes in
some of the haematological variables (Talas and Gulhan, 2009). Using propolis
as food additive, a previous study found that the ethanolic extract of propolis in
1% concentration enhanced the growth, immunity and resistance of Nile tilapia,
Oreochromis niloticus against A. hydrophila (Abd-El-Rhman, 2009). In our
study, 1% propolis ethanolic extract (E5S0) administered orally reduced the over-
all number of Ich trophonts on fish, and the difference in infection intensity
compared to the control group was slightly below significance (P = 0.07) only in
a certain body part (the caudal fin) of infected common carp.

Besides the susceptibility of fish to white spot disease measured with the
Ich infection intensity, we examined the immune response of common carp by
measuring the relative expression level of the cytokine interleukin 1-f (IL-1-f)
gene in liver samples. IL-1-f is a pleiotropic paracrine and endocrine signalling
molecule, which is produced by a variety of cell types. As an important regulat-
ing factor, it guides the immune response after external or internal challenges.
Moreover, it activates the proliferation of lymphocytes as T and B cells, as well
as the cytotoxic activity of natural killer cells and macrophages (Dower and
Sims, 1994). Our results show that the relative expression level of IL-1-f de-
creased in the first two weeks of feeding, and it considerably increased prior to
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Ich exposure on day 40. Nevertheless, the expression profile did not show signif-
icant differences between experimental groups and the control group. On the
other hand, when we analysed the subset of the obtained relative expression data,
and examined the difference between experimental groups and sampling points,
we found a significant down-regulation compared to the control in the B-glucan-
fed group after 15 days. Jaafar et al. (2011) experienced a moderate IL-1-f ex-
pression in rainbow trout against Ich infection at the start of their feeding exper-
iment, and the expression of that signal molecule was down-regulated until the
end of their experiment. Our results displayed a very similar gene expression pat-
tern both in the B-glucan- and the propolis-treated groups.

Propolis and its isolated compounds may be useful in different pathologi-
cal conditions such as infections, allergy, tumors and ulcers, but the effect on ec-
toparasites, such as Ich, has not been investigated yet. Dotta et al. (2015) studied
the effect of diet supplementation with the admixture of propolis and aloe, Aloe
barbadensis on haematological parameters (i.e. haematocrit, red blood cell, white
blood cell and thrombocyte counts) and monogenean parasite infection in Oreo-
chromis niloticus. The highest efficiency against the parasites was observed after
15 days of feeding with 0.5% and 1% propolis—aloe mixture. After 21 days of
feeding with the experimental diet with 0.5% propolis—aloe extract, significant
increases were found in all haematological parameters except the number of red
blood cells. Besides, the experimental diet with 1% substance displayed a signif-
icant increase in white blood cells, lymphocytes and neutrophils after 21 days of
administration. Our findings showed a moderate but not significant (P = 0.079)
overall down-regulation of IL-1-B in the propolis-fed group, compared to the
control fish.

This is the first time that yeast-derived B-glucan and propolis extract E50
were studied for their potential ability to mitigate Ich infection in common carp
as food additives. Although our results show that infection intensity was slightly
lower in groups fed with the examined substances, and cytokine IL-1-B was
moderately down-regulated compared to the control, the applied feeding regime
was insufficient for a successful practical use against white spot disease in fish
farms. Nevertheless, used in different application regimes or in combination with
other preventive measures (i.e. temperature and water flow regulation or use of
disinfectants), such food additives might become relevant prophylactic means in
aquaculture disease control practice.
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