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Abstract

The anadromous nature and long production cycle of Atlantic salmon (Salmo salar L) demands
for vaccination regimes to maintain long-term protective immunity in vaccinated fish. While
prime vaccination is largely based on injectable vaccines, that in order to produce sufficient
protection need to be formulated with potent adjuvants, these vaccines also produce undesirable
side-effects in the form of inflammatory processes at the site of injection. In many species,
immune responses can be modulated by beta-glucans, and this practice have gained prominence
also because these subtances prove to be potential adjuvants for oral vaccines. In scientific reports
from mammalian studies, beta-glucans have also been reported to modulate inflammatory
processes. Hence, the main objective of the this study was to investigate the ability of (1,3)(1,6)-
beta-D-glucans (BDG) to enhance non-specific immune mechanisms, and to modulate
inflammatory reactions to vaccination in Atlantic salmon (Salmo salar L). Data generated in this
study shows that mucus and serum from vaccinated fish fed with beta-glucan diet had
antibacterial properties over serum from control fed fish, based on the ability to inhibit the
propagation Micrococcus luteus, Citrobacter freundii and Yersinia ruckeri at different
temperature in vitro. As for bacteria neutralization assays, serum lysozyme showed significant
inhibition of M. luteus during the early post vaccination period that gradually declined to the
same level as the control group as the post vaccination period increased further. On the contrary,
mucus Idid not inhibit M. luteus growth. The kinetic of immune and inflammatory gene
expression showed an inverse relationshion between the beta-glucan fed fish and control group
in that there was a significant upregulation of genes such as TNFa-3, IL-6 and IFNy in the early
timepoints soon after vaccination in the beta-glucan fed group unlike the control group that had
insignificant expression of these genes. Overall, this study shows that the -1,3/1,6 glucan
administered in the current study (Macrogard®) is a potent immunostimulant able to enhance the
innate immune responses in vaccinated fish. As for modulatory effects on inflammation, the
observed differenes yielded promising observations, suggesting that further in vivo studies should
be carried out. Future studies should seek to determine the optimal dose and duration of exposure

able to produce highest protection in vaccinated fish leaving both animal welfare and economical

benefits to the Norwegian aquaculture sector.
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1.0 Introduction

1.1 Global importance of Aquaculture

Production of farmed fish is one of the fastest growing food industries globally and it is rapidly
increasing in both value and production rate [1, 2]. Global statistics predictions by the Food and
Agriculture Organization (FAO) of the United Nations (UN) projected aquaculture production
capacity of 73.8 million tonnes in 2014, with a total value of USD 160.2 billion [3] with the
share for finfish estimated at 49.8 million tonnes at a sale value of US$ 99.2 billion. Annually,
world fish aquaculture production increased by 5.8% from 2005-2014 [3]. Aquaculture accounts
for almost 50% of world seafood consumption. As result of dependence on fish production as an
important protein source, it is expected that aquaculture will continue to rise as the human
population continues to expand [3, 4], which in turn will provide economic benefit at national,
regional and household levels through increased food production and job creation [3, 5-7].
According to FAO [3], 56.6 million people were engaged in fisheries and aquaculture as a source
of income and livelihood by 2014. Thus, fish farming will continue to provide increased social
and economic welfare in the world through increased local employment. The rise of aquaculture
has also benefited trade, aquaculture specializing techniques and diets in the developing world,
with global per capita fish consumption estimated at a record 20 kilograms in 2014 [3].

1.2 Atlantic salmon (Salmo salar L) farming

Atlantic salmon (Salmo salar L) farming is one of the most successful intensive aquaculture
industries in the world. Initial efforts of farming salmonids began in Norway in the 1960s. The
first regulation of Norwegian aquaculture production was introduced in 1973 [8]. After a period
of steady growth in the 1970s and early 1980s, the Norwegian salmonid aquaculture industry
faced challenges towards the end of the 1980s [8]. A need for regulation of the industry, led to
the introduction of feed-quotas in 1996. From 2005, a Maximum Allowed Biomass (MAB)
system replaced the feed quota system. Currently, salmon is farmed in 16 countries worldwide,
with Norway as the largest producer followed by Chile [9]. Most salmon from Norway is
exported, and the EU is the primary export market with France in lead. Norway mostly exports
salmon as fresh/chilled whole, which made up 75% of total export value in 2008[10]. Imports of
salmon from countries outside of the EU (extra-EU trade), with Norway as a major supplier,
grew substantially from 2009 to 2014 both in volumes and values with a parallel 36% rise in
average prices that moved from 3.90 Euro/kg to 5.30 Euro/kg [11] (EUMOFA, 2014, 2015) The
extension of the Russian import ban to December 2017 could have also led to growth of the
Norwegian exports to the EU countries in 2016. However, volumes of the salmon imports to the
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EU, hit by a high price increase, actually declined by 4% in 2016 compared with 2015 but, at the
same time, values of the salmon imports grew remarkably by 25% and were registered at the
highest amount ever. The increase of the average price of salmon imported in the EU in 2016
compared with 2015 is 27% which is from 5.22 Euro/kg to 6.62 Euro/kg (EUMOFA, 2017) [12].
The European Union market is the largest for salmon consumption in the world [13]. The
nutrition value of farmed salmon has become an important factor for the success of the salmon
farming industry. In order to enhance its success, well-designed feeding regimes must be used,
not only giving the basic nutrition for the survival of fish but also the development of functional
feeds by utilising micro-ingredient like for example 1,3/1,6-beta-D-glucans (BDG) to improve
natural resistance or to support vaccination or other measures to control infectious diseases in the

Atlantic salmon industry.

Production of Atlantic salmon by country MT
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Source: http://www.kontali.no/?div_id=1&pag_id=1

Figure 1. Atlantic salmon production country wise

1.2.1 Production cycle

Salmonids are anadromous fish, meaning that in the wild they spawn, hatch and have the first
growth phase in freshwater, before the fish eventually migrates to seawater. The process of
transformation the juveniles experience before migrating is called smoltification. After 1-4 years,
depending on the species, wild salmonids will return to the river where they were born to spawn
[10]. With this basis, the production process of farmed salmon can be divided into four steps:
Broodstock and production of fertilised eggs (embryos), start feeding and rearing of fry,
production of seawater ready smolts and their transfer to marine farming sites, and seawater
ongrowth plus harvest [10]. This production cycle takes place in four-farm type’s/establishments;
broodstock sites and incubation hatcheries, juvenile and smolt production units; marine
ongrowing sites, and slaughter houses/processing plants.

9
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Broodstock and egg production

Their main purpose is to produce eyed eggs of good quality to supply the smolt producers.

The availability of good-quality seed stock is still a constraint to the development of aquaculture
[14, 15]. This type of farm is characterized for being inland and the availability of high quality
water source. The operations include the selection of broodstock, using genotypic and phenotypic
criteria, and tanking pedigree and inbreeding risks into account. After this selection, the fish is
transported to land in wellboats and delivered to freshwater tanks for maturation. The selected
group are under surveillance during few weeks, once their belly turns tender and the eggs are
falling from the fish at soft pressure, and then is the moment for stripping. Stripping/ Egg
collection, procedure takes place after anaesthesia or stunning; the fish is bled, after that the
abdominal area is cleaned from mucus and blood a longitudinal incision will help to extract the
eggs without damage or contamination. The fish weight and length are registered and samples
are collected for further analyse. Selected males who are ready to provide sperm can survide the
procedure, only exposed to the squizing technic, sperm from the male fish should be extracted
early the same day, and incubated in numerated containers the main analyse is density and
motility; the container will be classified and codified. Once the sperm and eggs pass the health
and quality control, the next step is the Fertilization, eggs and sperm mixes together and
immediatelly after the fecundation the eggs are rinsed with fresh water containing 9%o of pure
salt, to after be disinfected for 10 minutes with an iodine solution (Buffodine® ) according to
instructions of the producer (appendix 8) .

The fertilized eggs are sensitive to transportation especially during the third day after
fertilization, as opposed to newly fertilized eyed eggs are more resilient to transport. Aquagen
AS is one of the main Norwegian distributors of eyed eggs, their working routine includes the
grading prior to despatch. When the eggs have been incubated for approximately 320-degree
days, they exposed to a mechanical impact by a process called shocking. This involves the
pouring of the eggs from one vessel to another from a defined height. Unfertilized and weakened
eggs cannot stand this treatment, and their yolk coagulates and turns white. Following shocking
and continued incubation, prior to delivery to customers, the eggs are graded to remove dead
eggs and live eggs which show deviations from normal appearance and development (unfertilized
eggs, micropthalmic eggs, etc) this selection was previously done manually, until now where the
use of cutting edge optical technology can sort the eggs automatically by using a machine that
can assess 130 000 eggs per hour (Appendix 8, AquaGen).

10



Fig 2: Selection of eyed eggs, new technology.

The fertilized eggs represent only 0,8% of the value chain for salmon production in Norway

0.8%

Transport Rogn Smolt
Salg og Markedsforing

4% ’ ™

Matfisk

Fig.3 Elements included in the value chain for salmon production in Norway, and their economic importance.
(Kontali 2006)

There are ways to manipulate the hatching time of Atlantic salmon, one is achieving early sexual
maturation and stripping during the months of September and October by light and temperature
regimen (Fremskynt sommer/hgst). Natural light and temperature will give spawning in
November and December (Naturlig light & temperature), while light and temperature can also
be used to delay maturation until is last week of December until the first week of February
(Delayed Summer/Autun). A second way to tailor hatching and start feeding is by manipulating
the incubation temperature to targeting delivery of the eyed eggs to the hatchery in November
(Early eggs), to middle of December to third week of February (Normal eggs), and march (Late
eggs) or to end of April and May (Kjglet sein rogn).

The most important working operations for the eyed eggs producers are fungus control, removing

dead eggs, quality grading, and maintaining water quality and water velocity control.
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Fig 4: Eggs ready to be delivered to the hatchery.

Source (AquaGen)
The yolk-sack larvae are hatched after an incubation period of approximately two months,

dependent of the temperature during incubation, the literature indicates that incubation
temperatures should generally be in the range 4°-11°C with constant fresh water flow. The parent
population should be screened to ensure that specified bacterial and viral infection are absent. As
for Renibacterium salmoninarum (causing bacterial kidney disease), and infectious pancreatic
necrosis virus (IPNV). After arrival to the hatchery, eggs are disinfected in iodine solution before
being transferred to an incubator supplied with continuous water flow (0.8 L/min per liter of

eggs) with water temperatures normally ranging from 5 to 7°C.

Juvenile/Smolt production

There are around 190 hatcheries and juvenile salmonid farms in Norway. The main strategy for
a successful hatchery is to keep a high degree of hygiene, each procedure must be controlled
avoiding contamination, the detailed labour of picking out dead eggs must be performed daily
because dead eggs are nutrition for fungus growth like Saprolegnia sp., the dead eggs are getting
covered by fungi reducing dramatically the oxygen supply for the rest of the eggs.

Fig. 5: Hatching substrate (Source: http://www.aquaculture-com.net/breeding.htm)
12



Water flow and oxygen level during incubation should be approximately 0,81/min per liter of

eggs, with a temperature of not over 8 degrees, the pH should be stable around 6 -7.

After the yolk-sack larvaes have hatched, they are referred to as fry. The fry feed on the contents
of the yolk-sack for the first 2 months, before they start to take and digest feed. Asche & Bjgrndal
(2011) [13] describe this period as highly important; a faulted transformation process into using
feeds have historically led to high mortality. The tanks at start feeding are small 1-4 m?, the fry
does not require a huge volume, the area used is restricted while they are lying on the bottom of
the tank and the water level is normally reduced to 15 — 30 cm. A low water velocity 3-4 cm/sec
is recommended, fry is not suited for faster swimming. There is an opportunity of temperature
and light different regimes under start feeding, for example 24h light / temperature 8-12 °C. The
typical start feeding behaviour is burst swimming which show us that the fish is ready for the

next phase. Current survival rate at hatcheries is over 70% [16].

Fig. 6: Fry in the left after 240-300 Day/degrees, and the fry of the right after 350-400Day/degrees after start feeding.

(Courtesy of Bjgrn Frode Eriksen Aquaculture sessions)

Before the yolk-sac completely disappears, the tiny fish must become capable of feeding
themselves. When they have developed to the point where they are capable of feeding
themselves, the fish are called fry. When, in addition, they have developed scales and
working fins, the transition to a juvenile fish is complete and it is called a fingerling. Fingerlings
are typically about the size of fingers. The fingerling stage, also known as juvenile fish “Parr”
they are camouflaged with a spotty pattern and vertical bars.

When the fingerlings or parr have grown to a desirable size (60-80g), the smoltification process
takes place. Smoltification is a physiological process where the fish are gradually adapted to
seawater. Smoltification and seawater adaptation of Atlantic salmon are associated with profound

alterations in the endocrine status, osmoregulation and behaviour. Morphological changes are
13
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that the parr marks disappear, fish is getting silver/blank on the belly and sides and black at the
back, condition factor is reduced (from1,2 -1,3 to 0,9-1,0). These changes go along with

hormonal changes. [17].

There are different models for smolt production and each have different requirements

Y5 year smolt, often called “S+” Characterized for rapid growth achieved by recirculated warm
water, smoltification induced by light manipulation. Sea transfer from August to October.

1 year, “S1” predominantly natural water temperatures, sea transfer from March-May.

2 year, “S2” No heating, slow growth (not common production today).

Salmon exposed to swimming speeds 1-2 body length per second compared to static water
reached better growth, better FCR, more uniform growth rate for the total fish group, fewer
aggressive interactions, reduced fin and body damages, reduced rate of oxygen consumption,
more effective swimming pattern, increased aerobic capacity, recover more quickly after

stress/exhaustion [18].

Seawater production of harvestable fish

After the fish has completed the smoltification process, the smolts are transferred to the grow-
out sites by wellboats. The grow-out phase in seawater takes place in marine net pens.
Improvements of pens, increased pen sizes and automated feeding systems have enabled the scale
of each site to increase. A standard site has seen its output increase from 100 to over 5000 tonnes
of fish per year from the late 1980s to today. The fish typically spend between 14-24 months in
the seawater grow-out stage (Marine Harvest, 2017). When the production cycle of a given site
has been completed, the site is fallowed. The length of the production process in seawater cannot
be extended deliberately, as the fish will start to mature. The viral diseases mentioned below

predominately affect salmon during seawater grow-out stage of the production cycle.

1.2.2 Breeding and genetic selection of Atlantic salmon in Norway

The main objective of research in selective breeding and genetics is to produce knowledge that
can be used to make aquaculture more cost-effective. Since the mid-1970s this has contributed
significantly to reduced production costs, giving Norwegian farmers the advantage over other
international producers. Everyone oft he broodstock must pass the first filter or family selection
this is checking contantly the information oft he desirable and previously measured traits. The
second steep will include as first trait the growth feature for its commercial implicance and
potencial to make more cost- efficient the aquaculture management. The QTL’s are base on

14



DANN samples, this genetic markers are directly related to important, thousands of genetic
markers are used to reach optimal performance of the individual (Appendix 8). The main focus
of Salmon breeding companies in Norway is to improve resistance to ISA (infectious salmon
anaemia) furunculosis, and IPN (infectious pancreatic necrosis), The tool is working with family-
based challenge test data, markers for important quantitive traits, also the use of genomic

selection methods.

1.2.3 Feed ingredients and feed composition

The digestive enzymes of salmon are active at low temperatures with a digestive physiology that
is different from the herbivorous species like in carps and tilapia. Salmon are unable to digest
most of the starch materials and use lipid and proteins as the main source of energy. The typical
nutritional requirements for farmed salmon of different life stages are listed in Table 01. During
development of commercial farming, the compositon of feeds for seawater grower salmon have

changed considerably towards lipid rich, high-energy feeds, through time (Figure 07)
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Table 01. Summary of dietary nutrient requirement and utilaisation of Atlantic salmon[19, 20]

Nutrients Life stage/ size class
Fry Fingerling | Juvenile | Grower | Marine grower | Broodstock
Crude protein, % min S0 45-50 45 42-45 4045 45
\Amino acids, % min of dietary protein
\Arginine 2 2 2 1.6 1.6 1.6
Histidine 0.7 0.7 0.7 0.8 0.7 0.7
Isoleucine 0.8 0.8 0.8 0.8 0.8 0.8
Leucine 1.4 1.4 14 14 14 14
Lysine 2 1.5 1.8 1.8 1.8 1.8
Methioning 1.1 1 i i i 1
Phenylalanine 1.2 1.2 1.2 1.2 1.2 1.2
Threonine 0.8 0.8 0.8 0.8 0.8 0.8
Tryptophan 0.2 0.2 0.2 0.2 0.2 0.2
Waline 1.3 1.3 13 13 13 1.3
Crude lipid, % min 1618 20 20 20-24 24-30 24
Essential fatty acids, % min
18:2n-6
20:4n-6
18:3n-3
20:5n-3 0.5 0.5 0.5 0.5 0.5 0.5
22:6n-3 0.5-1.0 0.5-1.0 0.5-1.0 0.5-1.0 0.5-1.0 0.5-1.0
Carbohydrate, 9% max 10 10 12 12 12 12
Crude fibre, 3% max 2 3 3 3 3 3
Digestible energy, min kJfg 19 19 19 20 20 19
Protein to energy ratio, mg/kJ 2324 22-23 21-22 20-21 17-18 13
Minerals
Macroslements (%)
Phosphorus, min 0.7 0.7 0.6 0.6 0.6 0.6
Magnesium, min 0.05 0.05 0.05 0.05 0.05
Sodium, min 0.0& 0.05 0.06 0.06 0.06
Potassium 0.7 0.7 0.7 0.7 0.7 0.7
Microelements, min mg/kg dry diet
Iron &0 &0 L] L] L] 60
Copper = = 3 3 3 3
Manganese 15 15 15 15 15 20
Zinc S0 S0 =] =] =] 50
Cobalt
Selenium 0.3 0.3 0.3 0.3 0.3 0.3
Lodine 1 1 1 b 2
Vitamins, min IU/kg
\Vitamin A 2 500 2 500 2 500 2 500 2 500 2 500
\itamin D 2 400 2400 2400 2 000 2 000 2 000
(Witamins, min mg'kg
\Witamin E 50-100 50-100 50-100 50-100 100 100
Vitamin K 1 1 i i i i
Thiamine 10 10 10 10 10 10
Riboflavin 5 5 5 5 5 5
Pyridoxing B B 3 ] ] 8
Pantothenic acid 20 20 20 20 20 20
Miacin 10 10 10 10 10 10
Folic acid 2 2 2 2 2 3
\Witamin B12 0.02 0.02 0.02 0.02 0.02 0.02
Choline 800 800 1000 1000 1000 1000
Inositol 300 300 300 300 300 300
Bictin 0.15 0.15 0.15 0.15 0.15 0.15
\Ascorbic acid S0 S0 50 50 50 50

Disease resistance in fish encompasses a variety of mechanisms including maintenance of
epithelial barriers and the mucus coat; nonspecific cellular factors such as phagocytosis by
macrophages and neutrophils; nonspecific humoral factors such as lysozyme, complement, and
transferrin; and specific humoral and cellular immunity. Micronutrients for disease resistance

include vitamins C, Bg, E, and A and the minerals iron and fluoride.
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Fig. 7 Nutrient sources in Norwegian salmon farming from 1990 to 2013. Each ingredient type
IS shown as its percentage of the total diet [21]

Atlantic salmon feeds formulated for various stages of development and production cycle in
freshwater and seawater are broadly classified as freshwater (starter, grower, smolt transfer),
seawater grower and broodstock feeds. Freshwater feeds contain 45-54 percent protein and 16—
24 percent lipid [21]. The protein content is decreased after salmon fry reach fingerling size. Feed
manufacturers use seawater transfer feeds for salmon going through parr-smolt transformation.
These diets contain salt, betaine, amino acids, nucleotides and other supplements to improve the
osmotic adaptation of smolts to seawater and for better survival. Smolts are fed marine grower
feeds after the seawater acclimation is complete. The protein content is reduced from 45-48
percent to 3642 percent and lipid content increased from 24 to 30-40 percent during their
seawater grow-out phase to market-size salmon (~ 4 kg) [22]. Most feeds used are highly
digestible and the fines are negligible, which allows minimum impact of aquaculture feeds on
the environment (FAO).

1.3 Disease challenges in salmon farming

1.3.1 Main diseases in salmon aquaculture in Norway

Intensive fish farming, enclosures made of modern cages increase the chances of many diseases
to gain entry in the net pens or cages used for salmon culture. To overcome with this problem of
high stocking density circumvent the increasing disease burden brought about by increased
stocking densities aimed increasing the out of farmed salmon per cubic meter of cage space,
which in turns exacerbates the transmission index of infectious diseases between fish.
Chemotherapy, immunization and intensive treatment regimes have been designed as solution to

fight these outbreaks. Although vaccination has been instrumental at reducing disease outbreak
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occurrence, the continuous emergence of new diseases some of which have been difficult to find
effective protective vaccines, it has become imperative that new approaches in boosting the host
immune system against these diseases are devised. It is in this perspective that the use of beta-
glucans may be used as an additional support to stimulate the fish innate immune system against
infection. Disease prevention and control authority in Norway is held by the Norwegian Food Safety

Authority (NSFA), and a number of infectious diseases (but by far not all) are listed in the legislation.

Overview of listed fish diseases in Norway

List 1 - Exotic diseases List 2 - Non-exotic diseases List 3 - National diseases

Epizootic haematopoietic necrosis Viral haemorrhagic septicaemua (VHS)  Bactenial kidney disease (BKD)
Infectious hematopoietic necrosts (IHN)  Infection with nodavirus
Infectious Salmon Anemia (ISA) Furunculosis ssp
Pancreas disease (PD)
Systemtic infection with flavobacterium

Salmon sea lice

Source: Norwegian Food Safety Authority (u.d).; Aukner & Haatuft, (2015)

Table 02. Diseases subject to Norwegian fish health legislation.

1.3.2 Prevalent viral diseases of Norwegian farmed salmon

In current Norwegian fish farming, the viral diseases are -besides sea lice- , the biological
challenge that currently have the greatest effect on fish health [23].

Unlike the situation with the bacterial infections, vaccines developed against the viral infections
of salmonids have not been able to provide effective disease control. However, zoo-sanitary
strategies (mandatory rapid harvest) has been able to keep the incidence infectious salmon
anaemia (ISA) very low, and recent breakthroughs in marker-assisted selection (so-called QTL
based selection) has dramatically reduced the incidence of infectious pancreatic necrosis IPN
(Table 03). Nevertheless, challenges remain big in the control of viral infections like Pancreas
Disease (PD), heart and skeletal muscle inflammation (HSMI) and cardiomyopathy syndrome
(CMS), all of which have a pathogenesis characterised by inflammatory damages involving heart

and/or skeletal musculature.
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Table 03: Frequency of different viral diseases in farmed salmonids 2001-2016. Adapted from
Source (NVI, Oslo)
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

PD
- 43 45 53 98 108 75 88 89 137 99 142 137 138

HSMI 54 83 94 162 144 139 131 162 142 134|181 135 101

PN 174 178 172 - 165 158 - 154 119 56 48 -

CMS 88 71 80 68 66 62 49 74 89 100 107 105 90

1.3.3 Viral diseases associated with inflammation

Cardiomyopathy syndrome (CMS)

CMS mainly affect the large size of salmon in Aquaculture. It was reported in mid 1980 in
Norway [24], while It aslo been found in Canadian and Scottish farmed salmon [24]. This disease
affected the farmed salmon in Norway in 2003. [25]. The disease appears withouth any sign in
2-5 kg farmed fish from 12 to 15 month after transfer to seawater, cause huge economic losses
[26]. The characteristics of this disease using histopathology showes severe inflammation of the
heart musculature due to mononuclear cell infiltration in the atrium and ventricle [27], that may

eventually leading to tissue rupture and sudden death.

Heart and skeletal muscle inflammation (HSMI)

It also cause disease in farmed salmon in where cardiac inflammatory lesions are the main sign.
HSMI is one of the actual most important fish diseases in Norwegian aquaculture in the last
decade. This disease mainly affects smaller fish size ranges from 0.3 to 1 kg, at 5 to 9 months
after transfer to sea water [24]. The mortality generally stays below 20%, but the morbidity
estimated by histopathology are high in affected cages. HSMI shows moderate to severe
myocarditis with inflammation in the ventricle. Other lessions produced are moderate to severe
epi- and endocarditis. Sadly the fish affected with CMS are not able to recover, at the other side,

fish with HSMI seem to have opportunity for recovering with time[24].
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Pancreas disease (PD)

It is a notifiable viral disease occurring in salmon farmed at sea, caused by Salmonid alphavirus
(SAV) [23]. Six subtypes of SAV virus have been described worldwide, although only two
subtypes affect Norwegian salmon farming operations. Until 2010, SAV3 had endemic along the
Southwestern coast of Norway, when marine SAV2 was diagnosed in Central Norway [23].
There are believed to exist differences in the mortality between outbreaks of SAV2 and SAV3
[23]. There are usually no external symptoms of a disease outbreak, but diseased fish will
experience rapidly reduced appetite and growth. The disease first degrades and destroys the
pancreas, which can lead to lower nutritional content in the harvested fish [28]. Some fish that
survive outbreaks can become “loser fish”, meaning that their pancreas does not recover and they
are not able to utilize or absorb nutrition [9]. There are currently around 130-140 outbreaks of
PD in Norway per year[29], two thirds of which are SAV3 outbreaks. Licensed vaccines against
PD have on the market for many years, but the effect of the vaccination has been questioned [29].
One study has reported that vaccination against PD has a positive effect in reducing the number
of outbreaks, and to decrease the mortality and fish downgrading at slaughter [30]. PD vaccines

are now integrated in multi-component vaccines.

1.3.4 Fish mortality traduced as biological and economical losses

The health related losses in Norwegian salmon industry are indicator of the salmon farms disease
situation and health management. Norwegian farmed Atlantic salmon is the targeted population
for numerous diseases previously mentioned (Table 2). The way to quantify the health related
losses by their biological effects, identify risk factors and asses the economic impact, became
useful methods for further application in aquaculture health management [31]. A major part of
the observed loss is caused by various diseases, representing a substantial portion of the cost of
diseases in the salmon industry [32]. For population diagnostic work, the regulations require
Norwegian salmon farmers to perform routine health inspections and investigate causes of death
if daily mortality at the pen level exceeds 0.5% or an infectious disease is suspected [33]. The
introduction of highly efficient , multivalent vaccines in the early 1990s was a major contributor
to dramatically reducing the impacts from these (bacterial) disease, and led to an immediate and
almost complete reduction in the use of antibiotics in the salmon industry [34, 35]. Actual salmon
industry is challenged with emergent viral diseases which arising unexpectedly, and calling for
immediate reaction. Infectious salmon anemia (ISA) initially detected in 1984 caused severe
outbreaks in Norway in the late 1980s and early 1990s [36] but was eventually controlled by

depopulation strategies. Infectious pancreatic necrosis (IPN) caused significant economical
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losses in Norwegian salmon aquaculture, with it peak in 2009 having 223 cases detected, there
has been a drastic reduction with only 138 cases [23] in 2016. The success in IPN control was
due to the implementation of genetically resistant salmon and zoosanitary measures like
removing the reservoir in fresh water facilities [23] .

Pancreas disease (PD) causes lesions in the exocrine pancreas tissue that can persist over several
months and that reduce the ability to digest the feed [37] resulting in reduced feed intake, slow
growth rates and increased feed convertion ratio (FCR).The mortality levels in association with
PD vary from insignificant up to 60% [29]. In Norwegian salmon farms specific mortality due to
PD has been estimated as 17,6% (minimum 6.5 and maximum 41,3%) [38]. Functional feeds can
be used after a salmon population is infected, during the outbreak, and /or during the recovery
from an outbreak. Various functional feed have been available since 2006 [30]. Functional feeds
are not targeting the virus itself but are composed of ingredients that are digestible for fish with
pancreatic injuries, and often include ingredients intended to enhance the immune system.The
direct cost of a PD outbreak at a marine salmon farm stocked with 500 000 smolts was estimated
at 14,4 million NOK [38]. This would typically occur approximately nine months after sea
transfer. Simulation results [39] suggests that conducting prescheduled harvest of the salmon
farm after it has been detected with PD virus and verging into an outbreak, on average provides
economical benefits once the average salmon weight at the farm has reached 3,2 Kg or more.
After discussed the direct costs associated with PD outbreaks in Norway, it was estimated that
with 0.5 million smolts at a given site, and with the salmon prices at the time, costs of 15.6
NOKm could be identified at a farm level. Pettersen et. al. (2015)[39] completed a similar
exercise, though with a farm size of 1 million smolts and updated salmon prices, and found costs
equal to 55.4 NOKm on a site level. Pettersen et. al. (2015) [39] also included the preventive cost

associated with functional PD-feed, which accounts for some of the increase.

Heart and skeletal muscle inflammation (HSMI)

This disease was first decribed in 1999 [40] spread a long the coast with 162 registered outbreaks
in 2007 and stills causes severe economic losses to salmonid aquaculture, with 134 fish farms
registered with outbreaks in 2013 and the last report shows 101 registered outbreaks in 2016
(Source NVI, Oslo) [23]. Diseases in animal productions cause direct effects (costs) as biological
losses, extraordinary costs, costs of treatment, and costs of prevention as well as indirect effects
(hidden costs), impaired human health, reduced animal welfare, environmental effects, effects
on the market and other society effects[41]. Studies have documented the relationship between

the PRV virus and the development of melanin focal changes in Atlantic salmon. In Norway,
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these focal changes have increased from affecting 13% of harvested fish in 2011 to 19% in 2015,
meaning that currently one in five Norwegian Atlantic salmon have one or more dark patches at
harvest [23]. Walde and Alarcon (2016) reported that in 2010, the problem had been estimated
to cost approximately 500 NOKm [23]. HSMI is associated with PRV, and is therefore believed
to be a key reason for the development of melanin patches in the white skeletal muscle [42].

Cardiomyopathy syndrome (CMS)

CMS was first diagnosed in Norway in 1985 [23]. In the year 2011, a novel virus of the
Totiviridae family was successfully identified from fish with CMS. This virus was named piscine
myocarditis virus (PMCV) and is the most likely causative agent. It is estimated that CMS cost
the Norwegian salmon farming industry between 33.5 NOKm to 66.3 NOKm per year, based on
production, cost and price data from 1999 and 2000. CMS is a disease that typically develops
into a clinical disease during the second year of seawater production. This is a chronic, non-
treatable disease affecting weight gain and survival rates throughout the whole seawater
phase[26]. This means that with higher salmon prices, the losses become significantly more

prominent.

1.4 Beta -glucan

Historically, reports of immunomodulation using polysaccharide date far back. Beta-glucans,
found in mushroom species, have been used in traditional oriental medicines for centuries
especially those from mushrooms such as shiitake (lentinan), maitake and reishi [56]. In the
1940s, immunomodulatory polysaccharide began to gain consideration especially in the USA
and Europe where crude mixes of polysaccharides such as Zymosan from the cell walls of
Saccharomyces cerevisiae (baker’s yeast) were found to be potent stimulators of interlukin-8 (IL-
8) from neutrophils and were able to induce hyperplasia and increase functional properties of
alveolar macrophages [43]. Subsequently, by 1969-1970 the active component in the both
oriental medicinal mushrooms and crude polysaccharide mixes was identified as beta-glucan
excerting immunostimulatory effects [44, 45]. In recent years, beta-glucan have have been shown
to reduce the susceptibility of livestock to various infections and have thus contributed to
reduction of the consequences of infectious diseases in aquaculture. Their inherent strength is
that they enhance the ability of animals to cope with stressors such as handling, environmental
changes, diet, and translocation ultimately contributing to increased survival, growth and the
quality of animal production [45-48].
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1.4.1 Sources and chemical structure of beta-glucans

Glucans are natural components of the cell wall matrices of various fungi, algae, bacteria and
plants whose major role is to maintain the structural shape of the cell wall and rigidity. Glucans
can also be found in the growth or fermentation medium of cells, making extraction and
characterization a little easier [49]. They are heterogeneous, highly conserved glucose polymers
that can be grouped into o and beta-glucans based on their relative stereochemistry identified by
the position (axial or equatorial) of the hydroxyl (OH) group joined to carbon number 1 ( C1) in
the basic pyranose structure (Figure 8). Upon condensation, glycosidic bonds between a- glucose
molecules result in the formation of a-glucan chains or simply a-glucans. Consequently, glucose
molecules with equatorial orientation of the C1 hydroxyl (OH) groups form beta-glucans upon

condensation [50].

H OH
Q
HO " ~ OH
H H
c-D-glucopyranose B-D-glucopyranose

Fig.8. Glucose monomer stereoisomers

This figure shows two monomer of glucose with the same chemical formula and constitution,
but with different 3-dimentional orientation of only one side chain. The difference lies in the
orientation of the hydroxyl group (blue colored OH) on the first carbon atom in the ring being
named a and B-D-glucopyranose, repsectively. A chain of D-glucopyranosyl units forms the
main backbone og all glucan macromolecules. In beta-glucans the main chain is coiled into a
triple helix and stabilised by side chains[50].

Beta-glucans comprise of a wide variety of structurally diverse molecules that are either short or
long, linear or branched, soluble or insoluble in nature. The common denominator among all
these molecules is that they are polymers made of repeating units of glucose, linked by B-
glycosidic bonds (figure 08) [51, 52]. Although all beta-glucans are immunostimulants, they have
clear differences in functional activities based on their diverse structure [44, 52]. For example, it
has been shown that large molecular weight beta-glucans have stimulatory effects on leukocytes
that include the induction of phagocytic, cytotoxic and antimicrobial activities [52]. The most-
studied and widely used beta-glucans are large molecular weight S. cerevisiae and Candida
albicans yeast-derived -1,3/1,6-glucans. There is no consensus as to which glucan is the ‘best’
although generally, higher ordered (triple helix), high molecular weight (100-200kDa) beta-
glucans with 1,6 linked side chains are considered among the strongest immunomodulators. [45,
53-55].
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Fig. 9. Representation of the basic B glucan structure [56]

1.4.2 Beta-glucans as immunostimulants in fish

Guselle, et al., (2010) tested the efficacy of the intraperitoneal and oral administration of another
B-(1,3)/(1,6)-D-glucan Product ProVale® concluding that there is an inhibition in the xenoma
formation by the Microsporidian Loma salmonae on Rainbow Trout Gills. The most protective
IP dose of commercial ProVale was 10 mg/kg when compared with the laboratory-grade IP dose
of Sigma beta-glucan (4 mg/kg) [57]. Cases like the L.P. injection of the B-(1,3)/(1,6) glucan
dissolved in PBS or encapsulated in nanoparticles in Salmo salar has proven that two days post-
injection, was registered significant up-regulation in TNFo, IL-13 and IL-10 expression and
encapsulated beta-glucan invoked a stronger increase in IL-1p expression [58]. Paredes, et
al.,2013 experimented on Atlantic salmon macrophage function, analyzing the
Immunomodulatory effect of prolactin by injecting 1.P. B-1,3/1,6-glucan, he found that
Macrophages show significantly increased oxidative burst, lysozyme and phagocytic activity at

10 and 20 days post injection [59].

In the case of orally administered B-glucans, the immunostimulatory effects are believed not only
dependent on the branched molecular structure but may on their non-digestible nature [60]. The
efficacy of B-1,3/1,6-glucan has been also tested by Kiselevaal., (2014) in Oncorhynchus
keta (Walbaum), not only in adult fish but in a treatment of the eggs and gametes, resulting in
increased embryo and juvenile survival and increased resistance against Saprolegnia spp.
Infection. The popular model fish Danio rerio object of another study of B-1,3/1,6-glucan
looking for disease resistance, by L.P. injection. The experiment proved increased
myelomonocytic cell counts, pro-inflammatory cytokine and chemokine expression, and

increased resistance against Aeromonas hydrophila challenge [61].
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Table 04. Effects of beta-glucan on in vitro immune parameters in different fish species after oral

delivery
Fish Stimulant Results RF
Oncorhynchus B-1,3/1,6-glucan (lentinan) Decreased expression of pro-inflammatory genes in [62]
mykiss response to LPS
Oncorhynchus -1,3/1,6-glucan Increased gene expression of cathelicidins 2 and IL-1 | [63]
mykiss in gut epithelial cells
Oncorhynchus B-1,3/1,6-glucan Increased humber of mucus secreting cells in the [63]
mykiss intestine
Oreochromis -1,3/1,6-glucanor or Increased oxidative burst and neutrophil adhesion cells | [64]
niloticus laminaran in IMC fish fed beta-glucanor laminaran
Epinephelus Mixture of B-1,4; -1,3 and Increased lysozyme activity, alternative complement [65]
coioides f-1,6-glucans activation, phagocytic activity and oxidative burst
Sparus aurata -1,3/1,6-glucan (99% Increased IL-1pB and IFNy expression [66]
purity) Increased phagocytosis and phagocytic index
Pagrus major Heat killed lactobacillus beta-glucanssignificant increase the effect of HKLP, [67]
plantarum (HKLP) in with respect to the lysozyme activity, the bactericidal
combination with effect,
commercial B-1,3/1,6 glucan
Cyprinus carpio -1,3/1,6-glucan Increase oxidative burst, lysozyme activity and also [68]
incresde protection against Aeromonas hydrophila
Cyprinus B-1,3/1,6-glucan Chitosan or | Increased white blood cell count (WBC) [69]
carpio koi Raffinose Increased oxidative burst, lysozyme activity,
phagocytosis, bactericidal effect
Cyprinus carpio -1,3/1,6-glucan Down-regulation of pro-inflammatory genes in gut and | [70]
head kidney
Cyprinus carpio -1,3/1,6-glucan No apoptosis in head kidney cells [71]
Up-regulation of several anti- and pro-apoptotic genes
Cyprinus carpio B-1,3/1,6-glucan Increased expression of B-defensin 1 and 2 and [72]
mucin5b in skin and B-defensin-2 in gills
Cyprinus carpio -1,3/1,6-glucan Increased basal CRP levels and alternative [73]
complement activation
Cyprinus carpio -1,3/1,6-glucan Reduced expression of immune-regulatory genes in the | [74]
midgut (IL-1B, IL-10 and TNFa)
Cyprinus carpio B-1,3/1,6-glucan Increased serum complement activity [75]

and alternative complement activation

J.H.Laurisen et al., (2010) [76] conducted an study where the glucan fed trout show increased

resistance to challenge with Ichthyophthirius multifiliis (white spot disease). Refstie et al., (2010)

[77] found that there are significant lower salmon lice (Lepeophteirus salmonis) infestation when

he proved the effects of dietary yeast cell wall beta-glucans and MOS on performance, gut health,

and salmon lice resistance in Atlantic salmon (Salmo salar) fed sunflower and soybean meal.

Also Covello, et al., [78] discover through histology that there are no adverse effects of glucan

enriched feed on intestines in sea lice (Lepeophtheirus salmonis) burdens on Atlantic salmon

(Salmo salar).
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Among the earliest studies to be carried out in fish was the intraperitoneal injection of a -1,3/1,6
glucan from S. cerevisiae (Macrogard®) in Atlantic salmon in which it enhanced resistance
against different bacterial pathogens. Beta-glucans are an example of immunostimulants that
have been used to enhance fish vaccine efficacy and activate shrimp hemocytes in vitro [79]
Robertsen et al.(1990) showed that Macrogard enhances the resistance of Atlantic salmon
presmolts to three different bacterial pathogens. Macrogard® has been also used as an adjuvant
in injectable furunculosis vaccines [80]. They used intraperitoneal injections of a suspension in
physiological saline at 0,2 ml per 20 g fish and obtained different dose rates by varying the
concentration using 2mg per fish it was found that maximum protection developed at 3" week
[47]. When Macrogard® was used with an injectable furunculosis bacterin, glucan was found to
enhance both humoral antibody formation and protection specifically. A comparative study has
indicated that glucan-adjuvanted furunculosis vaccines posses a protection and side-effect profile
similar to or slightly higher than aluminium-salt adjuvants [81]. The potential of beta-
glucanparticles (GP) as an oral antigen delivery system and their adjuvant characteristics. GP are
efficiently internalized by human intestinal epithelial cell lines (Caco-2 and HT-29 cells), without
exerting negative effects on cell viability [82]. There are comparable few publications showing
that oral administration of beta-glucansin salmonids can increase resistance against clinical
disease. For example, beta-glucan was believed to increase the resistance of Atlantic salmon to
Lepeophtheirus salmonis unlike in Caligus elongates sea lice in which treatment led to higher
infestation [83, 84]. Surprisingly, there is no independent confirmation of this rather remarkable
finding, given the current crisis in control of salmon lice. However, in a published Chilean study
there was no positive effect of beta-glucan supplemented feed against Caligus elongateu sea lice
infestation in [83, 84].

Non-digestible beta-glucans have been postulated to induce changes in the composition of the
gut microbiota that indirectly influence the immune system [85] Studies in salmonids on the
uptake of laminaran, which is a linear -1,3-glucan absorbed via the posterior intestine resulted
in systemic accumulation leading to deposition of beta-glucanin the heart and spleen [86],
whereas anal intubation of FITC-labelled yeast particles showed uptake by mononuclear cells in
the intestinal lumen [87]. Thus, it appears that the teleost intestine certainly is capable of

absorbing beta-glucans.
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1.4.3 Use of beta-glucans in fish feeds

In vivo fish studies have shown that Mcrogard®, glucan derived from S. cerevisiae enhance
resistance against Yersinia ruckeri, Vibrio anguillarum and Aeromonas salmonicida in Atlantic
salmon [47] Similarly, Chen and Ainsworth [88] showed that -1,3 glucan from the cell wall of
bakers' yeast reduced the level of mortality in channel catfish (Ictalurus punctatus)
experimentally infected with Edwardsiella ictaluri. Early Japanese works reported that glucans
derived from either Schizophyllum commune, Sclerotium glucanicum or Lentinus edodes would
enhance resistance against Edwardsiella tarda infections in common carp (Cyprinus carpio) [89]
and Duncan and Klesius [90], showed that feeding blue-green algae (Spirulina platensis) to
channel catfish enhanced their innate immune responses although this did not improve their
resistance to Edwardsiella ictaluri infection. Whittington et al. [91] showed that B-1,3 glucan
from the cell wall of bakers' yeast enhanced the innate immune response of Nile tilapia
(Oreochromis niloticus) and improved protection in fish vaccinated against S. iniae infection.

1.5 Inflammatory processes and the immune system

The immune system refers to biological processes, molecules, cell, genes, structures and pathways
within an organism responsible for protecting it against invading pathogens such as viruses,
bacteria, fungi and parasites. It also plays an important role in repairing and clearing of dead cells
[92]. The fish immune system is in many aspects similar to other vertebrates in differentiating
between self and nonself, and protecting against the latter. In general, it can be subdivided into two
distinct protective mechanisms, namely the nonspecific ‘innate immunity’ and the specific

‘adaptive immunity’ [93, 94].

In fish, the innate immune response plays an important role in combating infectious diseases.
Chronic and acute inflammatory responses are mediated by cellular reactions, orchestrated by
chemical factors among which are cytokines (that mobilize and attract immune cells)
prostaglandins (that induces inflammatory tissue changes), nitric oxide (NO) and other reactive
oxygen species (ROS), that kill invading microorganisms [95]. In vertebrates, including fish,
inflammatory response to various infectious agents involves stimulation and migration of antigen
presenting cells such as macrophages, monocytes, neutrophils and dendritic cells to the site of
infection agent localization [96]. Chronic infections such as (HSMI) and cardiomyopathy
syndrome (CMS) of salmonid are characterized by chronic inflammations. For example, HSMI
characterized by epicarditis and myocarditis with mononuclear cell infiltrations [40]. The severity

of the lesions in heart tissue have been shown to correlate with the intensity of the innate immune
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response associated with tissue fatty acid composition [97]. There is a need for vaccines against
HSMI and CMS able to prevent inflammatory reactions caused by these diseases [98].

1.5.1 A brief overview of the innate immune system

The innate immune system provides the first defence mechanisms that protect the host from
pathogen infection in non-specific ways. The innate immune system recognizes pathogens through
so-called pathogen associated molecular patterns (PAMPS) such as exogenous double stranded (ds)
RNA, lipo-polysacharrides (LPS), peptidoglycans and B-glucans. The complement system consists
of serum proteins that are central to many defense mechanisms by playing an important role in the
link between the innate and adaptive immune responses in fish [99, 100]. The complement supports
(complements) the activity of macrophages, monocytes and neutrophils are involved in phagocytic
killing of invading pathogens that are opsonized (“marked”) by antibodies. [101].
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Fig. 10. The innate and adaptive response [102]

1.5.2 The adaptive immune system in brief

The acquired immune system is composed of highly specialized cells able to neutralize pathogens
in systemic circulation or eliminate pathogens infected cells. It is classified into humoral and
cellular immune system[103]. Humoral immunity is specialized in neutralizing pathogens in body
fluids and hence the name ‘humor’ while the cellular mediated immune system is specialized in
‘killing” and eliminating infected cells from the host [104, 105]. The PAMPs on invading
pathogens are recognized by antigen presenting cells (APCs) such as macrophages, monocytes and
dendritic cells. Recognition of pathogens by APCs leads to phagocytosis. Once phagocytozed, the
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pathogens are processed by APCs into peptides that are presented to cells of the adaptive immune
systems. This lead to activation of cells of the adaptive immune systems to produce antibodies able

to neutralize or opsonise the intruder, or to directly eliminate the pathogens from the host.

1.5.3 Mucus as an immunological factor in fish

Epithelial cells form the surface lining of body tissues and their major function is to protect the
inner tissues by forming a mechanical barrier on the outer surface. Their functional roles also
include secretion of mucus, that is mainly composed of glycoproteins and is essential for several
functions that include (i) osmotic and ionic regulation, (ii) excretion of various peptides and
protection against toxins, (iii) excretion of hydrolytic enzymes, (iv) excretion of antimicrobial
peptides as well as removal of microorganisms and infectious agent from epithelial surfaces.
Mucus is continually produced by goblet cells in epithelial surface layers [106, 107]. In mammals,
>75% of the body’s immune cells are found in the epithelium especially in the gut being the largest
immunological organ in the body [92]. While the outer surface epithelium of land-living mammals
and birds consists of keratinized, dead cells, the surface epithelium of fish constitutes a mucosal
membrane, much alike those lining the alimentary, respiratory and reproductive tracts of terrestrial
vertebrates. Defense system components found in mucus include amongst others lysozyme [108],
immunoglobulins [109] and complement [110] as well as proteolytic enzymes [111]. Mucosal
epithelial surfaces covered by mucus in fish include the skin, gut and gills. Variable antibacterial

activities in mucus have been demonstrated in different fish species [112, 113].
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Table 5. Effects of beta-glucanon different bacteria infections

oligosaccharide or f3-
Glucan

expression

Fish species Bacteria Immunostimulant Effect Rf
Cyprinus carpio | Aeromonas I,6-branchcd-p-1,3- Protection [114]
hydrophila glucans
Cyprinus carpio | Edwardsiella tarda | 1,6-branchcd-f-1,3- Increasedsurvival [114]
glucans
Cyprinus carpio | Aeromonas hydrophila | MacroGard® Protection of neutrophil [115]
extracellular traps
Cyprinus carpio | Aeromonas hydrophila | Betaglucan Increase in total blood [116]
(Saccharomyces leucocyte counts,
cervisiae) neutrophils and
monocytes
Cyprinus carpio | Aeromonas beta- Increase in expression of | [70]
salmonicida glucan(MacroGard®) | tnfa, il1p, il6 and i110
Salvelinus Aeromonas B-glucan macrophages showed [117]
fontinalis salmonicida increased phagocytic and
bactericidal activities
Salmo salar Vibrio anguillarum M-Glucan Resistance [47]
Salmo salar Yersinia ruckeri M-Glucan Resistance [47]
Salmo salar Vibrio salmonicida M-Glucan Resistance [47]
Oncorhynchus | Piscirickettsia MacroGard® Increase survival [118]
mykiss salmonis
Salmo salar Aeromonas B-1,3-M-Glucan as Increase in antibody level | [119]
salmonicida adjuvant
Oncorhynchus | Flexibacter B-glucan Increase survival [120]
mykiss columnaris
Paralichthys Edwardsiella tarda | pB-glucan Increase protection [121]
olivaceus
Gadus morhua Vibrio anguillarum yeast derived mannan | Increase in 1l-13 [122]

1.7 Effect of beta-glucan in viral and parasitic disease

In aquaculture, control of viral diseases remains a major challenge given that there are still several

serious diseases for which protective vaccines have not been developed. To enhance vaccine

efficacy, there are deliberate efforts to include immunostimulants in vaccine formulation of

which beta-glucans seem to be one of the the most effective adjuvants. For example, a recent

study showed that glucan-enhanced protection against viral hemorrhagic septicemia [123].

Studies on carp infected with ectoparasites showed that feed containing 0.3% of glucan increased

the red blood cells, neutrohils and monocyte and decreased the lymphocytes counts that

corresponded with increase in the survival rate from 77-91% [124]. Studies on the Southern

bluefin tuna Thunnus maccoyii showed reduced parasite prevalence after feeding with glucan

[125]. In rainbow trout the glucan supplementation of feed showed reduced skin-parasitic ciliate
Ichthyophthirius multifiliis [126].
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2.0 Objective
The objective of this study is to evaluate the modulatory effect of beta-glucan (p-1,3/1,6 glucan;

Macrogard®) on selected immune- and inflammatory responses in Atlantic salmon (Salmo salar L.)

2.1 Subgoals

(@) Design and carry out a feeding trial with Macrogard® and control feed involving vaccination

for induction of inflammatory and immune response in Atlantic salmon.

(b) Evaluate the in vitro antimicrobial properties of mucus and serum obtained from vaccinated
Atlantic salmon fed beta-glucandiet (B-1,3/1,6 glucan; Macrogard®) vs. from control fed

salmon, including a standardized lysozyme activity assay.

(c) Investigate the expression of selected immune-and inflammatory response genes in fish fed
with beta-glucan supplemented diet (B-1,3/1,6 glucan; Macrogard®) compared to the control

group receiving feed without B-glucan.
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3.0 Material & methods

3.1 Experimental fish and rearing conditions

Unvaccinated (102) Atlantic salmon with an average weight of 120g (see Appendix 01 & 02)
were obtained from the Norwegian University of Life Sciences (NMBU) freshwater aquarium at
As campus, Norway. The fish were evenly split between two tanks and were left for
acclimatization for a month being fed 2.2% of the biomass per day using the hatchery’s standard
growth diet Nutra Olympic from Skretting. Based on rearing history, health record and visual
observation showing no abnormal appearances or swimming behavior, the health status was
deemed excellent. In addition, six fish from the recruitment population were euthanized for
pathological examination. For the entire experimental period, the water in the recirculation
aquatic system (RAS) was between 15°C and 12°C and was monitored by daily checking for
temperature, pH, alkalinity, TAN, and nitric oxide concentrations in the flow systems (Table 6).
Figure 13 shows the layout of the tanks system used in the RAS used for experimental feeding
of fish.

Individual fish weights were obtained using a precision scale (model OHAUS NV3100M,;
max.load:3.1kg; 0+40°C).

Fig. 11. Display of the tanks used in the A) before start of Macrogard feeding. & B) After start of Macrogard
feeding,

3.2 Preparation of experimental and control feed, and feeding regime

Test feed with supplementation with beta- glucan and control feed was provided by Aquamedic
AS, Oslo, Norway. MacroGard® (a beta 1,3/1,6 glucans produced from a strain of the yeast
Saccharomyces cerevisiae) was used at beta-glucansource ingredient. The base diet formulation
(without top coating) was Nutra Olympic 2 mm, produced by Skretting Norway
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(https://www.skretting.com/). The experimental feed was top coated with Macrogard® at an

inclusion rate of 0,1% (1 part per thousand), using cod liver oil (Mgllers tran) as a sealant.

Top coating procedure was conducted in Forskningsparken Oslo installations following the
coating protocol (Appendix 10) established by Aquamedic AS.

Control or experimental diets were fed was delivery by the automatic feeders at 1.8% of the
predicted biomass per tank per day. Approximately 18 hours prior to, and on the days of random

allocation or vaccination, administration of feed was temporarily suspended.

Fig. 12. Feed dispensers used during the priming period (A) and following vaccination (B).

3.3 Allocation to experimental tanks, and vaccination

After acclimation, the fish from the recruitment tanks were individually weighed under
anaesthesia and sequentially allocated one-by-one to each of the four experimental tanks.
(Appendix 01-03) The final fishes to be allocated were selected by size to minimize biomass
differences between the four tanks. After one month of priming with either experimental or
control diet, a commercially available, multivalent salmon vaccine (Aquavac® PD7 vet) was
administered by intraperitoneal injection according to manufacturer’s instructions (MSD, Animal
Health, AN, Boxmeer, Nederland. Appendix 06). Each fish was injected with 0.1 mL of the
vaccine. This and similar vaccines are known to induce mild to moderat inflammatory responses
in the abdominal cavity (Midtlyng et al. 1996). Figure 13 shows the layout of the study plan and
sampling time.
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Sampling
time Points:

60 7 19 38 52

Days pre vaccination Days post vaccination

Fig. 13. The layout of the study plan and sampling time point. Control feed and beta-glucan (BGD)
groups located, 92 fish sub-divided into two replicates

3.4 Sample collection and conservation

Samples were collected at five different time point namely at 77 days after onset of test or control
feeding (unvaccinated fish) followed by 7, 19, 38 and 52 days post vaccination (dpv). At each
sampling occasion, four fish from the each of the tanks were drawn. In order not to avoid too
large biomass per tank, five fish were withdrawn per tank during the first sampling after
vaccination.

For sampling, the fishes were netted one by one, stunned by a sharp blow to the head, and blood
and mucus and samples were collected before opening the abdominal cavity for sampling internal
organs. Blood was collected into heparinized vacutainer tubes from the caudal vein. Mucus was
carefully scraped from the body surfaces using a sterile glass slide and collected into sterile 1.5
ml Eppendorf tubes. The tube having mucus were stored instantly on dry ice at the time of sample
collection to avoid contamination. No mucus was collected from areas around the anal opening
or the incision point for blood sampling. Tissue samples collected included the spleen, head
kidney and distal intestine. Every tissue was carefully extracted, sectioned, and a portion of
0.5cm? held in RNA Later in Eppendorf tubes until cover the complete tissue, every tube was
labeled and immediately preserved in the cooler for after being freeze down to -80°C until being

processed for analysis. Another 0.5cm? portion was also kept in formalin for further studies.
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Sample processing on the site

The NMBU Fish laboratory at As offered the best condition for the sampling extraction and
preserving process, once that the blood was extracted the tubes were centrifuged and the plasma
collected, rapidly placed in a cooler box filled with dry ice, these plasma tubes transported to
Oslo NMBU campus Adamstuen where frozen at -80°C. The remaining samples where kept also

in the same freezer waiting for processing.

3.5 In vitro antimicrobial effect of plasma and mucus

To test the inhibitory capacity of plasma and mucus collected from vaccinated and unvaccinated
fish in the control and beta-glucan groups, the antimicrobial susceptibility assay was carried out
against six bacterial strains namely;

Micrococcus luteus (standardized lysozyme assay)
Escherichia coli,

Klebsiella pneumoniae,

Yersinia ruckeri,

Salmonella enterica subsp. diarizonae,

and Citrobacter freundii

3.5.1 Lysozyme assay

Overnight grown Micrococcus luteus was put in fresh Mullar Hinton broth at a ratio of 1:10. 100
pL diluted bacterial inoculum was transferred to each well. 50 pL mucus or plasma from beta-
glucan and control feed groups was added to assess lysis and inhibition of the bacterial growth.
Lysozyme (Sigma, Aldrich) was used as a positive control and only Mullar Hinton broth without
any bacteria was used as a negative control. The 96 well plate containing media and mucus was
incubated at 37°C. Reading of results was done after 24 hours using an ELISA reader (TECAN,
USA) at wavelength (optical density -OD) of 620 nm.

3.5.2 Agar plate bacterial neutralisation assays

Concentration of over night grown bacteria in Mullar Hinton broth were adjusted to 108 CFU/ml
for in vitro antibacterial susceptibility test using fish mucus. 100 pl of 10° CFU/mI of all the
above mentioned bacteria were spread on Mullar hinton agar plate. Four wells were made in all
the plates at equal distance and 50 pl of mucus and serum sampled from the control and beta-
glucan fed groups as well as controls of lysozyme and antibacterial substance, respectively. All
plates subjected to different treatments were incubated at three different temperature 37°C, 30°C
and 25°C, respectively using an ELISA plate reader (TECAN, USA).
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3.5 Gene expression analysis using real time polymerase chain reaction (RT-PCR)

Every tissue collected were extracted from RNA later tubes over to individual disposable plates
with aseptic suraface, to be sectioned with the scalpel, in order to prepare the sample for RNA
extraction. The gene expression analyses was carried out following the method described
previously by Mundang’andu et al. 2013 [127], and with kind guidance and support from Saurabh
Dubey. Extraction of total RNA from head kidney, spleen and gut tissues was carried out using
a modification of the Trizol® (Thermo) and RNAeasy Mini kit (Qiagen) protocols (Appendix
04). The resultant cDNA was stored at -80°C until use. The synthesis of cDNA was carried out
in 20 pL reaction volumes using transcriptor cDNA synthesis kit (Roche). Primers for immune
gene analyses as well as housekeeping genes [3-actin were designed based on published sequences
(appendix 09). Transcription levels for the target genes were quantified relative to internal

housekeeping genes using the delta-delta method described by Rao et al [128] .

3.7 Statistical analysis

Most of the results were nominal and ordinal scaled and only a few were metrical scaled. The
evaluation of the data was therefore done with descriptive statistics and only some parts with an
analytical procedure where standard deviation and standard error was calculated. The evaluation

was carried out in Excel 2016.
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4.0 Results

4.1 Rearing conditions, growth and survival

Data from the trial site technical system showed that after peaking in September, the water

temperature went slightly down and remained between 12° and 13°C from mid-November

(prior to vaccination) through the final sampling. The pH varied between 7.4-7.7 and alkalinity,
TAN and nitric oxide varied between 1.2-1.4 mmol/L, <0.12 and <0.04, respectively (Table 6).

Table 6. Temperature and water quality parameters at different time points

Water quality RAS 1
Alk TAN NO2
Trial date Date |Temp| pH |(mmol/l) mg/l) (mg/l)
NFR until 22.09.17 07.09.17| 15,7 7,4 1,3 <0,05 <0,02
NV 12.10.17| 14,3 7,5 1,2 0,08 0,03
NV 24.11.17| 12,8 7,6 1,2 0,12 0,04
NV 01.12.17/PV1 08.12.17 18.12.17| 12,5 7,5 13 0,07 0,03
PV2 27.12.17 /PV3 15.01.18/ P4 29.01.18 23.01.18| 12,0 7,7 1,4 <0,05 <0,02
21.02.18| 12,1 7,6 1,4 <0,05 <0,02
20.03.18 | 12,8 7,5 1,3 <0,05 0,03

There were no observable signs of ill health, and no mortality during the course of the trial.

The fish showed a normal growth pattern with an increase in average weight from slightly below
120 gram after priming with test or control feed to a mean of 307.94 grams (SD + 246.58 grams)
when they were random allocation and vaccinated. The weight measurements in sampled fish
reached 485.19 grams (SD+ 210.15 grams) in week 8 post immunisation and 471.56 grams (SDz+

93.90 grams) at the final sampling, 9 post immunization (Figure 14).
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Fig. 14. Mean body weight for fish used in the experiment and of fishes selected for sampling after vaccination
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4.2 In vitro inhibition of bacterial growth

The ability of plasma (P) or mucus (M) from fish fed beta-glucan to inhibit the growth of six
different bacteria species cultured on Muller- Hinton agar plates was assessed at three different
temperatures (25°C, 30°C and 37°C) using a presumptive antibacterial proprietary substance
(AB) and lysozyme (L) as positive controls. The growth of M. luteus was inhibited by both fish
mucus and plasma when incubated at 25°C, but not at higher temperatures. C. freundii was
inhibited by fish plasma at all three temperatures tested, and growth the fish pathogen Y. ruckeri
was inhibited when being incubated with fish mucus at 30° and 37°C (Figure 15 a-c; Table 7).
Figures 15A-15F show the presence or absence of inhibition caused by plasma and mucus from
vaccinated fish fed to beta-glucanas well as the presumptive antibacterial substance (AB) and

lysozyme (L) controls.

Table 7. Inhibition (+) or absence (-) of inhibition of bacteria cultures on agar plates after 24

hours of incubation from mucus or plasma from beta-glucan fed fish.

Mucus (M) Plasma (S) Lysozyme (L)
Bacterial species (AB)

Antibacteria

25°C | 30°C | 37°C | 25°C | 30°C | 37°C | 25°C | 30°C | 37°C | 25°C [30°C| 37°C

Micrococcus luteus + - - + - - + + + + |+ +
Citrobacter freundii - - - + + + - - + - - -
Yersinia ruckeri - + + - - - - - - - - -

Klebsiella pneumonia

Escherichia coli

Salmonella enterica
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Fig. 15A. Micrococcus luteus bacteria cultured on Mullar Hinton agar plates 37°C, 30°C and 25°C exposed to BA
(antibacterial substance), L (lysozyme), M (mucus) and S (Plasma). Note that BA and L show inhibition of M.
luteus on all three plates at all the temperatures whereas mucus and serum also show the inhibition at 25°C.

Fig. 15B. Citrobacter freundii grown in three Mullar Hinton agar Plate and incubated at three different
temparature 37°C, 30°C and 25°Cexposed to BA (antibacterial substance), L (lysozyme), M (mucus) and S
(Plasma). Serum shows the inhibition on all plates at all three temperatures whereas Lysozyme only shows
the inhibition at 25°C.
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Fig. 15C. Yersenia ruckeri grown in three Mullar Hinton agar Plate and incubated at 37°C, 30°C and 25°C
exposed to BA (antibacterial substance), L (lysozyme), M (mucus) and S (Plasma). Mucus shows inhibition
of Y. ruckeri at 37°C and 30°C temperature plates while there was no inhibition on the plate incubated at
25°C.

Fig. 15D. Klebsiella pneumonia cultured on three Mullar Hinton agar plates and incubated at 37°C, 30°C and
25°C exposed to BA (antibacterial substance), L (lysozyme), M (mucus) and S (Plasma). There was no inhibition
of K. pneumonia observed on all three plates at 37°C, 30°C and 25°C.
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Fig. 15E. Escherichia coli cultured on three Mullar Hintn agar plates and incubated at three different
temparatures 37°C, 30°C and 25°C exposed to BA (antibacterial substance), L (lysozyme), M (mucus) and S
(Plasma). No inhibition of E. coli observed on all three plate at different temperatures.
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Fig. 15F. Salmonella enterica subsp. Diarizonae bacteria cultured on three Mullar Hinton agar Plate and incubated
at 37°C, 30°C and 25°C exposed to BA (antibacterial substance), L (lysozyme), M (mucus) and S (Plasma). No
inhibition of S. enterica subsp. Diarizonae on all three plates at all three temperatures

4.3 Lysozyme assay
The results from the standardized lysozyme assay carried out using samples from (i) fish fed
beta-glucan diet and, (ii) fish fed the control diet using (iii) lysozyme as positive control.

Bacterial suspension alone (iv) and growth medium alone (v) were negative controls.

Only the positive (lysozyme) control showed lysis of the M. luteus bacterial suspension when
testing plasma drawn from unvaccinated fish (0 dpv). However, 7 days after vaccination plasma
from the group fed the beta-glucan diet induced a strong lysis of M. luteus, now clearly stronger
than the effect of the lysozyme used as positive reference (Figure 16). At 19 dpv, the lytic activity
of the plasma from the beta-glucan group was similar to that of the positive standard solution,

but thereafter showed no lytic activity, like in the plasma from the the control group.
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Plasma neutralization of bacterial growth
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Fig. 16. Plasma neutralization of M. luteus. Note that there was high inhibition in the group fed beta-

glucan at 7 dpv gradually reducing to the same level as the lysozyme positive control at 19 dpv. Inhibition
levels in the lysozyme control group remained constant throughout the study period. No inhibition was

observed in the negative control group. All bacteria cultures were read 24 hours after incubation.

Neither the beta-glucanfed nor the control groups showed any lysis of M. luteus growth in mucus

samples collected from unvaccinated fish at 0 dpv nor in post vaccination samples collected at 7,

showed a constant level of

19, 38 and 52 dpv (Figure 17). The positive lysozyme control

inhibition in all assays.
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Fig. 17. Standardized lysozyme assays performed with mucus from fish fed beta-glucan diet or control diet
No lytic effects could be observed, while the level of lysozyme activity was at the same in all assay setups
and turbidity read in bacteria or media only wells were consistent in all setups.

4.5 Gene expression

4.5.1 Expression in head kidney

Prior to vaccination, the relative expression of all selected genes of interest was generally low.
However, the samples from the control fish showed somewhat higher expression of TNFa-3
and IFN-g than samples from the group having received beta-glucan supplemented feed (Fig
18 A, B). Seven days after vaccination, however, TNFa-3, IL-1b, IL-6 and IFN-g were
upregulated in the beta-glucan group as compared to the control group. At the final sampling
52 days post vaccination, the expression pattern seen prior to vaccination was re-established,
with downregulation of TNFa-3 and IFN-g in the beta-glucan group compared to the controls.
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4.5.2 Expression in spleen

In the spleen, samples, the relative expression of all selected genes of interest was also generally
low. However, the samples from the beta-glucan fish showed higher expression of TNFa-3 and
IL-1b than the samples from the control group prior to vaccination (Fig 19 C, D). At the final
sampling 52 days post vaccination, the expression pattern showed down regulation of TNFa-3,

IL-6 and IFN-g in the beta-glucan group compared to the controls.
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Fig. 19 C, D. Expression of selected immune and inflammatory genes in spleen samples (n=84) analysed from
the beta-glucan fed and control groups, relative to expression of a housekeeping gene (beta- actin) in the same
sample.

45



4.5.3 Expression in distal intestine

Prior to vaccination, the relative expression of all selected genes of interest was generally low,
except for TGF-b and to a lesser degree TNFa-3 that were upregulated in the samples from the
group having received beta-glucan supplemented feed (Fig 20 E, F). Seven days after
vaccination, however, TNFa-3, IL-6 and IFN-g were upregulated in the control fish intestine as
compared to the samples from the beta-glucan fed fish. In the finalsamplings, the expression
pattern showed downregulation of TNFa-3, IL-6 and IFN-g in the beta-glucan group compared

to the controls
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Figure 20 E, F. Expression of selected immune and inflammatory genes in spleen samples (n= 84) analysed
from the B-glucan fed and control groups, relative to expression of a housekeeping gene (beta- actin) in the

same sample.
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5.0 Discussion

5.1 Inhibition of in vitro bacterial growth by plasma

The bacterial growth inhibition assay using Muller-Hinton agar showed that plasma from fish
that had received beta-glucan was able to inhibit the growth of Micrococcus luteus cultured over
night at 25°C, while no inhibition was seen when the same bacterium was cultured at 30°C or
37°C. The standardized lysozyme assay was therefore carried out at a temperature of 25° C. In
the agar assay, plasma from the glucan-supplemented feed group was also able to inhibit the
growth of Yersinia ruckeri cultured at 30°C or 37°C, but not when cultured at 25°C. Citrobacter
freundii, an ubiquitous enterobacterium was inhibited at all temperatures tested. These results
suggest that further investigation are warranted to asses if oral beta-glucansupplementation, alone

are together with immunization, may play a roll in control of yersiniosis in farmed salmonids.

5.2 Lysozyme activity

In the current study, plasma taken from salmon that had received beta-glucan supplemented feed
7 and 19 days post vaccination was able to lyse the M. luteus strain used in the assay. In contrast,
plasma from vaccinated fish having received control feed showed no such effect.

The function of serum lysozyme as a mediator of antibacterial activity was shown by Kokoshis
et al. 1978 [129]. They reported that serum lysozyme activity was seven times higher than the
control group in which mice treated with lysozyme enhanced their survival when exposed to
systemic infection against Staphylococcus aureus infection. These findings showed that glucan
was able to enhance the host defense against bacterial infections. In carp (Cyprinus carpio L),
Siwicki and Studnicka [130] showed that there was a significant increase in total leucocyte count
that corresponded with increase in serum lysozyme activity. By 21 days post beta-
glucantreatment total leucocyte counts had decreased which corresponded with decrease in
lysozyme activity to levels below the control group. Grinde [131] investigated two lysozyme
variants purified from rainbow trout kidney and tested them against seven different bacterial
species of which five were gram positive while another two were gram negatives. One of the
variants was found to be potent against all bacterial species tested demonstrating that lysozyme
could be potent against a wide range of bacteria species. The ability of serum and mucus
lysozyme to reduce bacteria growth against Aeromonas salmonicida, A. punctate and Serratia
marcescens has been demonstrated in vitro with high inhibition capacity at 21 days post
vaccination [132].
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In earlier Atlantic salmon studies reported by Engstad et al [133], glucan treatment resulted in
increase the serum lysozyme activity within 1-3 weeks after exposure. Similarly, this study
showed increase lysozyme activities with three weeks after vaccination in which activity against
M. luteus was highest at 7 dpv gradually decreasing at 19 dpv vaccination reducing to similar
levels as the control group at 38 and 52 dpv being similar to observations made by Engstad et al
[133]. Several other studies have reported of glucan induced enhancenment of serum lysozyme
activity in different fish species such as Cyprinus carpio [134], Dicentrarchus labrax [56] and
Labeo rohita [135]. Misra et al [135] showed increased serum lysozyme activity by 42 days after
feeding with beta-glucan containing 250 mg beta-glucan kg diet in Labeo rohita carp. This dose
resulted in highest protection against bacterial challenge and enhanced immunity, growth and

survival in L. rohita fingerlings.

5.3 Gene expression

The results obtained in the current study suggest that the expression of TNFa-3 and IFN-g in
head kidney prior to vaccination was lower in the fish receiving beta-glucan supplemented feed
vs. in the group receiving control feed. However, 7 days after vaccination the expression of
TNFa-3, IL-1b, IL-6 and IFN-g was upregulated in the beta-glucan group as compared to the
control fish. At the final sampling 52 days after immunisation, the pre-vaccination pattern was
re-established with indications of a lower expression profile of TNFa-3, IL-6 and IFN-y in the
fish that had received beta-glucan supplemented feed compared to the control group. A similar
response pattern between the dietary groups could be seen also in spleen tissue and in distal
intestine samples both 7 days after vaccination and at the final sampling 52 days post

immunisation.

The immunomodulatory effect of beta-glucanhas been attributed to induction of immune
responses such as bacterial killing and cytokine production, eventually contributing to enhance
resistance to infection and survival [116, 136, 137]. Rodriguez et al [61] showed increase
expression of TNFa in zebrafish pre-treated with B-glucan, which is similar with observation
made in this study in headkidney samples drawn 7 days post immunisation. Also Guzman-
Villanueva et al [138] showed upregulation of IFN-y and IL- 1 transcripts in headkidney samples
of seabream exposed to beta-glucan[138]. It is well established that IFNy is a strong activator of
macrophages [139]. Hence, its high expression levels during the early stages in the headkidney
tissue in this study could imply that it could have played a major role in enhancing innate immune

response. However, to fully understand its, future studies should include in vivo challenge of

49


https://www.sciencedirect.com/science/article/pii/S1050464814001405#!
https://www.sciencedirect.com/science/article/pii/S1050464814001405#!

beta-glucan fed fish in order to demonstrate its role in enhancing vaccine immunity and

improving clinical protection.

The low baseline expression of the pro-inflammatory cytokines TNFa-3 and IFN- y in fish that
had received beta-glucan feed supplement prior to vaccination, and the return to lower expression
level of these genes than in the control fish after 52 days are interesting, albeit not straightforward
to interpret. A possible explanation is that oral administration of beta-glucan is able to lower the
systemic inflammatory baseline. The gene expression results in day 7 samples suggest, however,
that the responsiveness towards an inflammatory noxe (in our case the vaccination) is thereby
retained or even enhanced. Given that viral diseases whose pathogenesis are associated with
inflammation of the heart muscle and other tissues are widespread in salmon culture (see
Introductory chapter above), further studies involving experimental infection with the relevant

viral agents would be of high relevance to Norwegian aquaculture.

5.4. Effect of beta-glucan on bacterial diseases

Although little is known about the mechanism of their action in fish, some immunostimulants
appear to enhance the non-specific killing of microorganisms [117]. They induce and enhance
resistance against bacterial infections by stimulating the production of host defensins [48, 52,
140]. Several types of immunostimulants have been used for protection against a wide range of
pathogens as feed addtives of which beta-glucans have been the most widely explored in
aquaculture [141, 142]. And as such, several studies have been carried out earlier to test the
potency of beta-glucans as immunostimulants in various fresh and seawater fish species [116,
143, 144]. Hence, it is not surprising that feeds containing glucan are commercially available of
which the most common brands are MacroGard, Vetregard and EcoActiva [145]. Major fish
species studied using B-glucan include rainbow trout (Oncorhynchus mykiss) [62, 144, 146]
African catfish (Clarius garipinus) [147], Channel catfish (Ictlurius punctatus)[143], Atlantic
salmon [148], Indian carp (Labeo rohita) [149], turbot (Scophthalmus maximus L.) [150], pink
snapper (Pagrus auratus) [151], sea bass (Dicentrarchus labrax)[152], atlantic cod (Gahus
morhua L.) [153], gilthead seabream (Sparus aurata) [154], large yellow croaker (Pseudosciaena

crocea) [155], Nile tilapia (Oreochromis niloticus) [156], and zebrafish (Danio rerio) [61].

Administration of glucan in carp enhanced their survival, irrespective of the mode of delivery
whether by intraperitoneal injection, bath or oral delivery [116]. Upregulation of complement
and C reactive proteins was reported in carp [73, 157] while glucan-activated macrophages in

trout showed increased ability to kill Aeromonas salmonicida [146]. Radioactively labeled
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glucan was shown to translocate into the intestinal mucosa through epithelial cells although it
was later cleared from blood [158]. Recent observations point to possible involvement of

neutrophil extracellular traps in antimicrobial activity of beta-glucans [115].

In addition to direct stimulation of both specific and non-specific immune responses, glucan also
influence the expression of immune-related genes. Macrophages from Atlantic salmon rainbow
trout and Nile tilapia showed elevated levels of cytokines [159, 160].Five week-long glucan
immersion of Atlantic cod exposed upregulated IL-1B expression in the anterior intestine and
rectum, whereas 1L-10 was downregulated. Mannan-based oligosaccharide MOS) upregulated
the expression of IL-8 and IFN-y [122]. Interestingly, an earlier study on inflammatory cytokines
expressed in response to A. salmonicida infection showed that feeding with glucan resulted in
reduction of proinflammation cytokines such as IL-1p, IL-6, IL-10, and TNF-a [70].

5.5 The role of oral beta-glucan in aquaculture

Lysozyme activity has been shown to vary with water temperature, toxicants, salinity, pH and
other stressors [161]. In this study, the temperature was between 12,8°C and 15.7°C, which is the
normal temperature range for Atlantic salmon reared in recirculation aquaculture systems, and
corresponds to the natural seawater temperatures observed along the Norwegian west coast in the
summer season through the month of October. Thus, the results obtained with beta-glucan

supplementation feed in this thesis are believed relevant to Norwegian salmon culture conditions.

It is important to note that responses to beta-glucan are highly influenced by the route
administration, dose, duration of exposure and several factors [162]. Vetvicka and Vetvickova
[163] showed that injectable beta-glucan showed high response than orally administered and
longer duration of exposure showed higher reponse than shorter duration of exposure. Jafaar et
al. [164] showed a dose dependent effect on protection against the skin parasitic ciliate
Ichthyophthirius multifiliis linked to expression of lysozyme and several immune genes,
including a dose dependent increase in upregulation of immune genes in fish fed high beta-glucan
diet [164]. To which degree the effects of orally administeres beta-glucan observed in the current

study can be further increased by higher inclusion rates remain, however, to be investigated.
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6.0 Conclusions and future perspectives

In vitro studies carried out herein have shown that both mucus and serum lysozyme from Atlantic
salmon fed a beta-glucan diet have antibacterial properties against Micrococcus luteus at 25°C.
In addition, mucus showed antibacterial properties against Yersinia ruckeri at 30°C and 37°C
while serum showed antibacterial properties against Citrobacter freundii. Plasma from the beta-
glucan fed fish showed a significant inhibition of M. luteus in the early time points after
vaccination gradually decreasing in subsequent time points. As for gene expression studies, the
general trend shows that there was significantly upregulation of genes such as TFNa-3, IL-6 and
IFNy in the beta-glucan fed group soon after vaccination unlike in the control group that had
insignificant expression of these genes. In this study there was no challenge done to determine
whether beta-glucan would enhance protection in fish exposed to the most prevalent viral
infections of Norwegian salmon, that have a pathogenesis associated with inflammation of heart
and/or skeletal musculature. The effect of oral beta-glucan supplementation on protection
induced by vaccination against Pancreas Disease (PD) would be of major relevance. Hence,
future studies should include the challenge of fish to determine the degree of clinical protection
that can be achieved by beta-glucan supplementation of fish feeds. Future studies should also
include dose dependence and duration of exposure investigations of feeding beta-glucan diets.
Nevertheless, this study has shown that -1,3/1,6-glucan is an immunostimulant that is able to
enhance the activity of plasma lysozyme, its ability to inhibit bacterial growth, and to modulate

the expression of selected immune- and inflammatory genes in Atlantic salmon.
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8.0 Appendix list

Appendix 01: First weight registration of the experimental fish

22 September As
Tank
# Fish Nr.  Anaesthesia 19/grams Fish Nr.  Anaesthesia Tank 20
1 1 \4 116 26 \4 112
2 2 \4 148 27 \4 94
3 3 \4 122 28 \4 164
4 4 \4 121 29 \4 140
5 5 \4 117 30 \4 145
6 6 \4 112 31 \4 112
7 7 \4 149 32 \4 104
8 8 \4 116 33 \4 151
9 9 \4 134 34 \4 122
10 10 \4 108 35 \4 98
11 11 \4 123 36 \4 94
12 12 \4 111 37 \4 115
13 13 \4 91 38 \4 130
14 14 \4 164 39 \4 126
15 15 \4 90 40 \4 99
16 16 \4 141 41 \4 101
17 17 \4 103 42 \4 106
18 18 \4 137 43 \4 149
19 19 \4 152 44 \4 133
20 20 \4 132 45 \4 151
21 21 \4 98 46 \4 100
22 22 \4 86 47 \4 126
23 23 \4 102 48 \4 119
24 24 \4 101 49 \4 86
25 25 \4 141 50 \4 122
Weight 3015 2999
Average 120,6 119,96
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Appendix 02: First weight registration of the experimental fish (continuation)

Fish Nr. Anaesthesia Tank 21 Fish Nr. Anaesthesia Tank 22
51 v 118 77 v 104
52 \' 120 78 v 95
53 v 104 79 v 122
54 v 117 80 v 140
55 v 129 81 v 115
56 v 81 82 v 75
57 v 86 83 v 88
58 v 102 84 v 104
59 v 116 85 v 116
60 v 134 86 v 128
61 v 93 87 v 143
62 v 128 88 v 107
63 v 109 89 v 105
64 v 149 90 v 99
65 v 127 91 v 121
66 v 126 92 v 156
67 v 110 93 v 143
68 v 159 94 v 118
69 v 121 95 v 140
70 v 93 96 v 142
71 \' 128 97 v 94
72 v 96 98 v 97
73 v 126 99 v 127
74 \' 117 100 v 111
75 v 98 101 v 106
76 \' 127 102 v 132

Weight 3014 3028

Average 115,9231 116,4615 | 118,2362
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Appendix 03: Experimental fish weight from each sampling date

Control diet Experim. die Control diet Experim. diet

Fish number Euthanizec Tank 18 Tank 1% Tank 20 Tank 21 Total weight
1 prest -210 -363 -218 382 NV
2 prest -212 -3B89 -268 -397
3 prest -307 -379 -316 -253
4 prest -258 -396 -274 -305
1 prest 399 -292 473 371 PVl
2 prest -262 -440 411 -461
3 prest -303 -512 -381 -444
4 prest -318 -383 -262 224
5 prest -326 -451 -208 -196
1 prest -342 -431 -280 514 PV2
2 prest -579 -485 -381 -559
3 prest -602 -524 -317 519
4 prest -438 =277 -461 -515
1 prest -341 -507 -543 515  PV3
2 prest -515 -463 -609 -587
3 prest -572 -437 -463 -215
4 prest -534 -373 -459 -430
1 prest -564 -479 -533 518 Pv4
2 prest -491 -435 -522 -405
3 prest -479 =403 -508 -440
4 prest -445 -460 -387 -406
Average w.
01des. NV " 987 | -1527 @ -1076 | -1337 -307,9375
08.des. PV1 1608 = -2078 | 1735 | -1696 -355,85
27.des  PV2 2061 | 1717 " 1a38 7 2107 -457,75
15jan  PV3 " 2062 7 -are0 7 2178 7 1747 -485,1875
29jan  PV4 1979 " 1767 " -19a0 7 -18s59 -471,5625
avlivet og tatt prever av
Days Group Average w. Wiight gain in the sampled fish groups
0 NV 308
600
7 PV1 358
26 PV2 458 soo
45 PV3 485 ano
&0 P4 471 300

200

100
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Appendix 04: Protocol for RNA extraction
(Conventional with Qiagen RNA kit method)

1: Cut 30 mg tissue and keep in tube with cap (also have 3 steel weed to crush the tissue)

2: Add 1 ml TRIzol and homogenize using homogenizer until tissue are crush for 5 minutes not
more than 10 minutes

3: Remove the weed using magnet rod

4: Centrifuge the tube with the tissue and TRIzol mix at for 10 minutes at 12000 x g at 4°C

5: keep supernatant in fresh Eppendorf tube and add 200 ul chloroform, mix well (Vortex for
15s) and incubate at room temperature for 5 minutes

6: Centrifuge Eppendorf tube for 15 min. at 12000 x g at 4°C

7: Carefully, transfer agueous phase to a fresh tube and add 600 pl 70% ethanol and mix well

8: Now use Column from Qiagen RNA kit and solution from line number 7 (600 pl at once)
twice and centrifuge for 30 s at 8000 x g at 4°C.

9: Add 700 pl RW1 buffer to column and centrifuge for 30 s at 8000 x g at 4°C

10: Add buffer 500 pl buffer RPE and centrifuge for 30 s at 8000 x g at 4°C

11: Add buffer 500 pl buffer RPE and centrifuge for 2 minutes at 8000 x g at 4°C

12: Add the column in new fresh Eppendorf tube and add 30-40 pl RNAs free water and
centrifuge for Iminute at 8000 x g at 4°C.

13: Remove the column and keep RNA at -20°C for further use.
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Appendix 05: RNA concentration used for the study

Name 260/280 | 260/230 ng/pL
PV2-1 2,172 2,103 |1966,291
PV2-2 2,15 2,091 |2094,581
PV2-3 1,441 1,445 | 2998,482
PV2-4 1,936 2,001 | 2856,407
PV2-5 2,184 2,212 | 1765,921
PV2-6 1,882 2,011 | 2923,377
PV2-7 2,003 2,047 | 2860,749
PV2-8 2,161 2,302 |[1763,128
PV2-9 1,794 1,86 3022,07
PV2-10 2,236 2,094 |1113,099
PV2-11 2,164 2,363 |2337,412
PV2-12 2,141 2,305 |2534,781
PV2-13 2,206 2,411 | 2057,609
PV2-14 2,22 2,423 |1719,436
PV2-15 2,221 2,301 | 1061,649
PV2-16 2,2 2,391 1585,87
PV2-17 2,181 2,266 | 2063,471
PV2-18 2,194 2,336 |1882,882
PV2-19 2,196 2,299 |[1035,011
PV2-20 2,199 2,385 |1997,965
PV2-21 1,512 1,555 3037,237
PV2-22 2,207 2,367 |1892,149
PV2-23 2,239 2,222 976,608
PV2-24 2,232 1,482 |1188,855
PV2-25 2,167 1,737 | 2509,471
PV2-26 2,239 2,124 | 1962,681
PV2-27 2,202 2,098 |2130,482
PV2-28 2,046 2,137 | 2845,482
PV2-29 2,2 2,241 | 2226,304
PV2-30 2,058 2,125 |2813,839
PVv2-31 2,097 2,181 |2782,343
PV2-32 2,22 2,351 2165,87
PV2-33 2,101 2,115 |[2532,711
PV2-34 1,873 1,899 |2822,667
PV2-35 2,166 2,18 2324,642
PV2-36 2,121 1,877 | 2310,087
PVv2-37 2,167 2,216 | 2432,675
PV2-38 1,902 1,998 | 2924,956
PV2-39 2,141 1,951 |2492,819
PV2-40 2,184 2,119 |2491,233
PV2-41 2,21 2,075 189,471
PV2-42 2,193 2,308 |[2392,571
PV2-43 2,232 2,263 |1349,254
PV2-44 2,211 2,14 1655,57
PV2-45 2,14 2,161 | 2644,043
PV2-46 2,261 2,099 |1422,777
PV2-47 2,223 2,403 | 1685,076
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Sample
0,51
0,48
0,33
0,35
0,57
0,34
0,35
0,57
0,33
0,90
0,43
0,39
0,49
0,58
0,94
0,63
0,48
0,53
0,97
0,50
0,33
0,53
1,02
0,84
0,40
0,51
0,47
0,35
0,45
0,36
0,36
0,46
0,39
0,35
0,43
0,43
0,41
0,34
0,40
0,40
5,28
0,42
0,74
0,60
0,38
0,70
0,59

dH20

9,49
9,52
9,67
9,65
9,43
9,66
9,65
9,43
9,67
9,10
9,57
9,61
9,51
9,42
9,06
9,37
9,52
9,47
9,03
9,50
9,67
9,47
8,98
9,16
9,60
9,49
9,53
9,65
9,55
9,64
9,64
9,54
9,61
9,65
9,57
9,57
9,59
9,66
9,60
9,60
4,72
9,58
9,26
9,40
9,62
9,30
9,41

Sample x4 dH20 x4

2,0
1,9
1,3
1,4
2,3
1,4
1,4
2,3
1,3
3,6
1,7
1,6
1,9
2,3
3,8
2,5
1,9
2,1
3,9
2,0
1,3
2,1
4,1
3,4
1,6
2,0
1,9
14
1,8
14
1,4
1,8
1,6
1,4
1,7
1,7
1,6
1,4
1,6
1,6
21,1
1,7
3,0
2,4
15
2,8
2,4

38,0
38,1
38,7
38,6
37,7
38,6
38,6
37,7
38,7
36,4
38,3
38,4
38,1
37,7
36,2
37,5
38,1
37,9
36,1
38,0
38,7
37,9
35,9
36,6
38,4
38,0
38,1
38,6
38,2
38,6
38,6
38,2
38,4
38,6
38,3
38,3
38,4
38,6
38,4
38,4
18,9
38,3
37,0
37,6
38,5
37,2
37,6



Appendix 06: Vaccine producer’s description

Aquavac PD7 vet.

MSD Animal Health
Vaksine til fisk.
ATCvet-nr.: QI10A L0O5

Egenskaper | Indikasjoner | Bivirkninger | Forsiktighetsregler | Interaksjoner | Drektighet /
Laktasjon | Dosering | Overdosering / Forgiftning | Tilbakeholdelsestider | Oppbevaring og
holdbarhet | Pakninger

INJEKSJONSVASKE, emulsjon til atlantisk laks: 1 dose (0,1 ml) inneh.:Inaktivert SPDV
(Salmon pancreas disease virus) stamme F93-125 >75% RPP, inaktivert, infeksias
pankreasnekrosevirus (IPNV) serotype Sp >1,5 ELISA-enheter, inaktivert Aeromonas
salmonicida subsp. salmonicida >10,7 log2ELISA-enheter, inaktivert Vibrio salmonicida >90
RPS, inaktivert Vibrio anguillarum serotype O1 >75 RPS, inaktivert Vibrio anguillarum serotype
02a >75 RPS, inaktivert Moritella viscosa >5,8 log> ELISA-enheter. Adjuvans: Parafin, lett
flytende.

Egenskaper

Klassifisering: Inaktivert virus- og bakterievaksine.

Virkningsmekanisme: Stimulerer til aktiv immunitet mot pankreassykdom, infeksigs
pankreasnekrose, furunkulose, kaldtvannsvibriose, vibriose og vintersdr. Begynnende
immunitet: 500 dggngrader etter vaksinering for de bakterielle antigenene og SPDV, og 608
dggngrader etter vaksinering med IPNV. Varighet av immunitet: Minst 18 maneder for de
bakterielle antigenene. Minst 16 maneder for SPDV. Ikke dokumentert for IPNV.

Indikasjoner

Aktiv immunisering av atlantisk laks for a redusere kliniske symptomer, virusutskillelse og
dadelighet forarsaket av infeksjoner med SPDV (pankreassykdom), og for a redusere kliniske
symptomer og dadelighet forarsaket av infeksjoner med IPNV (infeksigs pankreasnekrose),
Aeromonas  salmonicida subsp. salmonicida  (furunkulose), Vibrio  salmonicida
(kaldtvannsvibriose), Vibrio anguillarum serotype O1 og O2a (vibriose) og Moritella viscosa
(vintersar).

67


https://www.felleskatalogen.no/medisin-vet/firmaer/msd-animal-health-560165-msd-animal-health-norge-as-560166
https://www.felleskatalogen.no/medisin-vet/atc-register/QI10A
https://www.felleskatalogen.no/medisin-vet/aquavac-pd7-vet-msd-animal-health-592279#egenskap
https://www.felleskatalogen.no/medisin-vet/aquavac-pd7-vet-msd-animal-health-592279#indikasjoner
https://www.felleskatalogen.no/medisin-vet/aquavac-pd7-vet-msd-animal-health-592279#bivirkning
https://www.felleskatalogen.no/medisin-vet/aquavac-pd7-vet-msd-animal-health-592279#forsiktighet
https://www.felleskatalogen.no/medisin-vet/aquavac-pd7-vet-msd-animal-health-592279#interaksjon
https://www.felleskatalogen.no/medisin-vet/aquavac-pd7-vet-msd-animal-health-592279#drektighet-laktasjon
https://www.felleskatalogen.no/medisin-vet/aquavac-pd7-vet-msd-animal-health-592279#drektighet-laktasjon
https://www.felleskatalogen.no/medisin-vet/aquavac-pd7-vet-msd-animal-health-592279#dosering
https://www.felleskatalogen.no/medisin-vet/aquavac-pd7-vet-msd-animal-health-592279#overdosering
https://www.felleskatalogen.no/medisin-vet/aquavac-pd7-vet-msd-animal-health-592279#tilbakeholdelsestider
https://www.felleskatalogen.no/medisin-vet/aquavac-pd7-vet-msd-animal-health-592279#oppbevaring-holdbarhet
https://www.felleskatalogen.no/medisin-vet/aquavac-pd7-vet-msd-animal-health-592279#oppbevaring-holdbarhet
https://www.felleskatalogen.no/medisin-vet/aquavac-pd7-vet-msd-animal-health-592279#pakninger

Bivirkninger

Oljeadjuvanser gker risikoen for bivirkninger etter vaksinering i form av sammenvoksinger og
pigmenteringer i bukhulen. Vanligvis sees moderate forandringer som kan fjernes manuelt, og
som normalt ikke medfgrer nedklassing ved slakt. Forandringene har typisk et gjennomsnitt pa
Speilberg score <2, med en spredning i enkeltfisk fra 1-3. Mer omfattende forandringer
(Speilberg score 4) kan forekomme, normalt hos <3% av vaksinert populasjon. Vaksinasjon kan
gi redusert appetitt den farste tiden etter vaksinering.

Rapportering av bivirkninger

Forsiktighetsregler

Skal ikke brukes til syk eller svekket fisk, fisk som far medisinsk behandling eller pa fisk som er
under smoltifisering. Vaksinering skal ikke skje ved temperaturer <2,5°C eller >17°C.
Vaksinering ved heye vanntemperaturer (>17°C) eller av fisk under anbefalt vekt kan gi flere
lokale reaksjoner. Feil vaksinering, stress eller darlig hygiene kan gi flere bivirkninger. Personlig
beskyttelsesutstyr som kanylebgyle bgr brukes ved handtering av preparatet. Ved utilsiktet
egeninjeksjon, sgk straks legehjelp og vis legen pakningsvedlegget eller etiketten.

Interaksjoner

Sikkerhet og effekt er ikke undersgkt hos fisk som far fortilskudd som hevdes & stimulere
immunsystemet. Det er i enkelte tilfeller sett defekter i og rundt ryggraden i vaksinert fisk som
har fatt slikt fortilskudd, uten at en klar sammenheng er vist.

Drektighet/Laktasjon

Fertilitet: Skal ikke brukes til stamfisk da mulig innvirkning pa gyteevnen ikke er undersgkt.

Dosering

0,1 ml pr. fisk >30 g. Fisken skal sultes i minst 2 dggn og bedaves for
vaksinering. Administrering: Rist flasken godt fer bruk. Kanylelengde og -diameter skal
tilpasses fiskens starrelse. Injiseres intraperitonealt langs midtlinjen, ca. 1 bukfinnelengde foran
bukfinnens basis. Pase at dosen er deponert i bukhulen fgr kanylen trekkes ut. Se
pakningsvedlegg.

Overdosering/Forgiftning

Overdose kan gi flere lokale reaksjoner

68


https://www.felleskatalogen.no/medisin-vet/rapportering-bivirkninger

Appendix 07: Protocol

PROTOCOL FOR A FRESHWATER SALMON FINGERLING TRIAL

Modulation of inflammatory and immune responses by a beta-glucan (Macrogard®)

Authors:
Ana Carolina Sulen Tavara (DWVM), NMBLU School of Veterinary Medicine, Institute of Production
Animal Sciences

Dr. Paul 1. Midtlyng, NMBLU School of Veterinary Medicine, Institute of food Safety and Infection
Biclogy

CONFIDENTIAL
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BACKGROUND

The specificity of the protection induced by vaccines and the possibility of the induction of resistance, to
chematherapy, has recently led immunologists to investigate immunostimulation as an alternative strategy in
disease prevention and contral.

It has bean suggzested that the immunostimulant activity of B-glucans, at least in part is mediated by the
mizdulation of the pro-inflammatory cytokines and chemokines gene expression profile. For example, seharaj
et al, reported that B-glucan injection induced the gene expression of interdeukin (ILJ1B in carp head kidney
macrophages. Also, in rainbow trout [ ncorhynchus mykiss), il19 and il6 transcript levels inareased in liver, head
kidney and spleen after B-glucan injection (Lovoldl et al. 2007]. In vitro studies showed that treatment with B-
glucan of head kidney leukocytes from trout up-regulated i1, ils, ill0 and tumor necrosis factor a (TMNFa) and
decreased transforming growth factor B [TGFR) transcript levels (Chettri et al 2012). Similar results were
obtained for il1E and il6 expression levels when treating trout head kidney macrophages.

In previous, B-glucan supplementead diet administerad to common carp decreased the transcript levels of several
pro-inflammatory cytokines in gut and head kidney tissues. The infection with A. solmonicida did not modify this
tendency in gut, but levels of tnfal, tnfaz, i1 and il&fam became significantly higher in fish fed B-glucan
supplemented diet at 6 h post-infection. Such differential effects may reflect the complex interactions between
the bacterium and the immunostimulant's effect on the inflammatory response of the host. Analysis of the
antibody response however revealed at one month after injection antibady levels against A. solmonicido wera
4-times lower in this group. Further research on the molecular aspects of the different B-glucan forms, dose,
duration, administration and experimental models [fish-pathogen) are needed to better understand the
immunological activities of this immunostimulant [Falco et al. 2012).

STUDY OBJECTIVE(S)

The objective of this experiment is to evaluate if, and to which degree a well-established functional feed
ingredient (B-1,3/1,6 glucan; Macrogard® | is able to modulate selected inflammatory mechanisms in
freshwater reared atlantic [Salmo salar L.).

EXPERIMENTAL FISH AND STUDY SITE

The in wivo phase of the study (the feeding trial) will be initiated using Atlantic salmon parr at a starting weight
of approx. 120 gram. The trial will be carried out at the “Fiskelaboratoriet” at the NMBU Campus As.

GROUPS, MARKING, DISTRIBUTION IN TANKS OR MET PEMNS

The recruitment population has been hatched and raised in the As exparimental facility. The study fish will be
recruited, individually weighed and carefully allocated to 4 tanks each containing a biomass of approximately
3000 grams. Start weights and allocation to tanks will be documentad. water supply will be fresh water at a
temperature of 12°C £ 2°C. water flow, feeding and husbandry will be conducted according to the fadlity
procedures, that are in conformity with Norwegian regulations on fish welfare.

TREATMEMNT TO BE STUDIED

& standard salmon parr feed, selected not to contain beta-glu@n or yeast-derived ingredients, will be used as
the base feed for the study. Two tanks will be given the base formulation (without Macrogard®), while the same
feed top coated with Macrogard®at the rate recommended by the manufacturer (1g / kg feed). Fish oil will be
used as a sealant for top coating. Preparation of test and control feeds will be carried out and documented
following standardised Aquamedic procedures. Administration of the test or control diet will commence at 1%
of the tank biomass daily, increasing to 1,8% of the tank biomass in accordance with appetite. Feeding of the
study diets will be continued for at least & weeks before the final sampling, and will be documented according
to facility procedures.

RANDOM ALLOCATION OF TEST OR CONTROL FEED:
allocation of test or control feed to duplicate tanks containing study fish will be performed randomly using a
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flip-coin procedure, and will be docurmented through a note in the study file. Each tank will be kept on the
same feed until termination of the study and final samplings.

VACCINATION

after at least 3 weeks of feeding the study diets, a fraction of each study group will be sampled, while the
remaining fish will be vaccinated using a commercially available, multivalent vaccine for salmon. Vaccination
will be carried out under anaesthesia, according to commaon industry practices, and documented in the study
master file. Eight fish per dietary group will, however undergo mock vaccination to serve as controls during
the final sampling.

OBSERVATIONS, MEASUREMENTS AND SAMPLING

The fish will be observed daily and removal of dead or moribund fish, feeding, and husbandry routines will ba
carried out and recorded as per the facility's standard procedures. any signs of illness or abnormal behaviour
will be immediately reported to the investigator. Husbandry recording sheets will be documented in the study
master file.

At immunisation, four fish from each (tank will be sampled to obtain pre-immunisation blood and tissue
samples. Individual fish weights will be recorded during each sampling after feeding of the test diets has
commenced, as will intraabdominal vaccine reactions using the Speilberg scoring sheet [Midthmg et al. 1985).

Tissues to be sampled:

Tissue to be sampled For which assay? Storage/oonservation
skin mucus Lysozyme assay -70°C

Head Kidney qRT-PCR for RMNA Later

spleen gRT-PCR for RMA Later

Distal intestine gRT-PCR for RNA Later

The study will be terminated upon completion with final terminal sampling of blood and tissues for in witro
immune and cytokine assays, and measurements of weight.

SAMPLE ANALYSES AND STATISTICAL EVALUATION

The samples collected during the study will be analysed for the following outcomes, following standardized

procedures to supplied by the collaborating partners:

1. Lysozyme activity in blood will be compared between study groups using Microcoocus luteus assay
|collaboration with Dr. Henning Sgrum, NMBLU School of Veterinary Medidna).

2. Expression of selected inflammatory cytokine genes in tissue from the injection-site will be quantified by
real-time RT-PCR and compared betwean immunisad fish from both feeding grouwps. |Collabaration with
section for Aquameadicine, NMEBU School of Veterinary Medicine; Dr.Hatron Muna'gandu).

TRIAL TIMELIMNE
Week # ACtivity
41 Commencemnent of trial feeding: zero sampling
A8 Collecting of fish for pre-vaccination bleod and tissue samples {1 sampling
49 4-7 days after vaccination (2™ sampling)
53 28-30 days after vaccination (3™ sampling)
04 45 days after vaccination (47 sampling]
67 60 days after vaccinaton (Sth sampling), final sampling of blood and tissues including
from the unvaccinated fish
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CALCULATION OF ANIMAL NUMBERS:

P-glucan control feed | total Date/day
feed

Pre-feeding sample 4 4 8 0

Pre- vaccination sample 8 8 16 28-30

4-7 days post vaccination 10 10 20 32-37
28-30 days post vaccination B 8 16 56-60
45-50 days post vaccination B B 16 73-80

260 days post vaccination 16 16 32 88-90
Total 54 54 108
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J.R. Arthus, Eds.). Manila, Philippines: Fish Health Section, Asian Fisheries Society (1992).

Selvaraj V, et al. Administration of yeast glucan enhances survival and some non-specific and specific immune

parameters in carp (Cyprinus carpio) infected with Aeromonas hydrophila. Fish Shellfish Immunaol. 2005
Oct;19(4):293-306. Epub 2005 Apr 18.
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Appendix 08: Links

Buffodine: https://www.pharmaqg.no/sfiles/45/5/file/pis buffodine.pdf
AquaGen: https://aguagen.no/en/

Fishguard:_https://fishquard.no/about-fishquard/services/

Chemical:
https://pdfs.semanticscholar.org/3207/fb26ed160ea3cd2424340d179619da3f9e15.pdf

Feed formulae (ingredient composition):

http://www.fao.org/fileadmin/user upload/affris/docs/Atlantic Salmon/table 3.htm

NOFIMA: https://nofima.no/nyhet/2015/08/kostnadsdrivere-i-oppdrett/

NOFIMA:http://www.kontali.no/public files/docs/Rapport nr 41-2015 -
Kostnadsdrivere i lakseoppdrett.pdf

DN (Dagens Neringsliv)https://www.dn.no/nyheter/2017/08/17/1249/Havbruk/parasitten-
ingen-kan-knekke

EUMOFA: http://www.eumofa.eu/
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Appendix 09: List of primer used for real time PCR

Gene Primer Length(bp) |Tm°C |GC %
TNFo3 FWD-AGA TAT TTA GGC GAA CAT TCAGTT 24 55.9 33.3
REV-TGA CTC AGA GGA GTG GTACG 20 59.4 55
TGF B FWD -AGT TGC CTT GTG ATT GTG GGA 21 57.9 47.6
REV-CTC TTC AGT AGT GGT TTG TCG 21 57.9 47.6
IL-1p FWD -CGT CAC ATT GCC AAC CTC AT 20 57.3 50
REV-ACT GTG ATG TAC TGC TGA AC 20 55.2 45
Bt FWD -CCA GTC CTG CTC ACT GAG GC 20 63.4 65
actin REV-GGT CTC AAA CAT GAT CTG GGT CA 23 60.6 47.8
FOXP3 FWD -AGC TGG CAC AGC AGG AGT AT 20 59.4 55
REV-CGG GAC AAG ATC TGG GAG TA 20 59.4 55
IL-6 FWD -GGA GGA GTT TCA GAA GCC CG 20 61.4 60
REV-TGG TGG TGG AGC AAA GAG TCT 21 59.8 52.4
TFNy FWD- CTA AAG AAG GAC AAC CGC AG 20 57.3 50
REV-CAC CGT TAG AGG GAG AAATG 20 57.3 50
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Appendix 10: Coating procedure

Mixer containing the base feed, ready to be coated with Macrogard
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Study:

BGD

Sponsor: Aquamedic AS
Date: aug.17
Base Feed

Name: Nutra Olympic 2,0

Manufacturer: Skretting AS

Pellet size: 2mm

Expiry date: 16.08.18

Feed batches to be made: 02

Batch weight: 4Kg

Coating ingredient

Name: Macrogard

Manufacturer: Biorigin

Inclusion rate (%)

Ingredient required (g)

Ingredient/Base feed(g/Kg)

0,10 % 4 1g/1Kg
Coating oil & Sprayer
Amount of oil required(ml): 40 ml Duration of spraying(s):
1% of base feed weight 08 seconds

Spray nozzle opening:

Spray rate (ml/min)

full

300 ml min~" 40 ml in 08 seconds

Drum mixer

Duration of mixing after adding coating ingredient:

Duration of mixing after spraying oil:

60 seconds

60 seconds

Inclussion form, filled during coating procedure.
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Coating protocol:

MACROGARD

Standard Operating Praocedure

SOP no;

Date issued:

Date last revision:

Pages:

Mame; Feed Fellet Coating protocol
1. - Objective

The Coating of feed formulations with different additives is going 1o be described in detail,
through this practical and easy description is expected to avoid variation in the procedure
that may affect the quality of the final product

2. - Materials & Equipment

Core materials: Fish feed pellets Nutra Olympic 2mm

Coaling ingredient Macrogards

Sealant: Fish oil

Scale for Kg and for grams

Tablespoon

Plastic containers and labels for the weighed producis

Oil aspersion device

Sieve to evenly distribute the coating ingredient

Drum mixer electric, 50 Ko capacity

Plastic foil and elastic rope to cover the mixer opening while operating

Buckets with soap and water to clean the mi<er after used.
3. - Procedure

Get an open location with access to electric contact, enowgh light and ventilation, the
room temperature must be over 15 degrees.

Coaling process

Adrwas sprayed from the aspersion device to be sure is delivering the amount needed to
cover the core materials,
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MACROGARD

Check the drum mixer, eventually remove some dust that could be contained and make
sure the drum is perfecily clean before purring down the weighed core material, turn on
the drum micer and start the aspersion evenly while the drum is rotating, after the oil was
delivered stop the drum mixer and close it with the plastic foil and the elastic rope, keep
mixing for another 3 minutes, stop the machine remove the plastic foil and spray the rest
of the sealant, close the drum and mix for the [ast 3 minutes until the control feed is ready,
remove the content and place it on the labeled bucket. Once the drum is empty. clean the
surface and make it ready for the next round, pur the weighed core material and spray it
with the fish oil furn on the drum mixer during 3 minutes, after that straw the coating
ingredient, cover the drum opening with the plastic foil and the elastic rope and turn it on
for 3 minutes, after the even distribution of the product the second fish oil spraying is
performed and manually rotate the drum until all the pellets are exposes d to the sealant,

Close the drum opening and turn it on during 3 minutes until the process is finished.

This condition gave more uniform pellets with smaller variation in the finished product,
collect the treatment feed into the labeled buckel

At the end of the procedure maka sure averything is properly cleaned specially the drum,
using warm water and soap to remove any pariicle of feed or fish oil, place back in its
ariginal location.
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