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Abstract:

The ability to expand within the aquaculture indysis essentially based on reliable
production of healthy juvenile fish. In 2013 a neguareovirus was found to be associated
with high juvenile mortality at a Norwegian Atlaathalibut production site, but the source of
the virus was not identified. Feed and water inta&eé been tested with negative results. The
aim of this study is to test the halibut brood fesha possible source for the virus. The brood
fish are stripped several times during their lit@e which means that it is necessary to
develop non-lethal sampling methods for screeniity wespect to presence of virus. The
Atlantic halibut reovirus (AHRV) is known to repéite in the liver and pancreas tissues of
the halibut and large amounts of virus have alemlzketected in the kidneys. This means that
shedding of the virus through faeces or urine caolstaminate the eggs during stripping. A
method of anal swabbing was developed for testinipaeces and urine for presence of the
AHR virus. In addition, eggs and milt from eachdbatiberated from the brood fish were
tested for presence of the virus. Halibut larvaedpced during the study period suffered a
disease outbreak associated with both AHR virus lafettious pancreatic necrosis virus
(IPNV). The IPN virus is also known to replicateliver, pancreas and kidney of the halibut,
which mean that the same approach for identifyiogsgble virus positive brood fish could be
used for both viruses. The ovary fluid from a feenhhlibut tested positive for AHRV and
IPNV and the tanks containing larvae hatched fraygsefrom this female suffered high
mortalities. The female brood fish halibut wasddlland tissues taken for analyses which
revealed presence both AHRV and IPNV in the postédidney. Sequencing of segment 10
from AHRV present in both the larvae and the bréisi gave 100% identical sequences
which suggest a common origin of the two viruses.

The screening of the broodstock halibut may bessermial part of securing healthy juvenile
halibuts in the future.
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1. Introduction:

1.1 The Atlantic halibut (Hippoglossus hippoglossus) in aquaculture.

The Atlantic halibut is commercially farmed in Cdaa Scotland and Norway (Iceland until
2011). It is an iteropareous fish and each fenskhie to produce up to 15 batches of eggs
each season (Norberg et al., 1991). Eggs from éawwiale are stripped into a jar and
externally fertilised with sperm from stripped nmldhe fertilised eggs are kept in an
incubator with upwelling seawater at 6 °C for 1@¢/sléMangor- Jensen et al., 1998) and
then moved over to a larger upwelling silo (Harlebdeal., 1994) where they hatch after 14
days post fertilisation or at the equivalent of & degrees (dd). The mucosal surface of
marine fish eggs provides a good substrate andsahéor the colonisation bipacteria,
which makes the eggs vulnerable to infections (ldarend Olafsen, 1989)enacibaculum
ovolyticum is known to be able to penetrate the eggshelhefAtlantic halibut and thereby
induce infection followed by mortality in both egged larvae after hatching (Hansen et al.,
1992).

From eggs to larvae the halibuts are kept in cotapdarkness. About 40 days post hatching
the larvae are transferred over to an indoor seawahk with temperature of 12 °C and a
24:0 light regime. The mortality at the larval goneeniles stage is often one of the biggest
obstacles in marine aquaculture. In this early $ifage the ability of the fish to adjust or
compensate for the potential suboptimal conditisdimited or very costly. With the
immune system under development and with a highulatipn density, pathogenic
organisms like fungi, bacteria, parasites and esusan rapidly spread causing infection and
high mortality.

The larvae are fed on live and enrichdemia nauplii. Addition of nutrients to the artemia
might provide an environment suitable for growthpathogens such a&brio spp. (Verner-
Jeffreys et al., 2003)ibrio anguillarum has been found to cause mortality among the start-
feeding larvae (Bergh, 1995). Post metamorphoses ldnvae are weaned to dry feed.
Malnutrition or suboptimal environmental conditioean result in malpigmentations or
incomplete eye migration post metamorphosis.

Several parasites can be found in halibut farming, they are rarely the primal cause of
mortality. In 2003 and 2004, increased mortalityjwfenile halibut occurred in an Atlantic



halibut farm in western Norway due to a co-infestiowith bacteria and the parasite,
Ichthyobodo (Isaksen et al., 2007)chthyobodo is an ectoparasite that has been reported to
infect farmed Atlantic halibut both in Scotland aNdrway (Bruno, 1992, Rgdseth, 1995,
Bergh et al., 2001, Isaksen et al., 2007). The sgymp are often associated with loss of
appetite, change in behaviour and a greyish skioucqBergh et al., 2001). This parasitic
infection can be treated with formalin followed inyproved water flow and reduced density
of fish.

When it comes to viral infections in farmed halilthere are no available treatments. The
Atlantic halibut nervous necrosis virus (AHNNV) assingle-stranded RNA virus and was
detected for the first time in juvenile halibuippoglossus hippoglossus) in 1995 (Grotmol

et al., 1995, Grotmol et al., 1997). The infectesth ftypically stopped eating and tended to
have a spiral-swimming pattern with looping. Momlou juveniles are often observed
lethargic ending up lying upside down on the bottofrthe tank (Grotmol et al., 1997).
Mortalities from an AHNNV infection can reach up 100 % (Grotmol et al., 1997). The
virus is believed to be spread from infected brémus to their offspring during the stress
caused by spawning (Grotmol, 2000). In brood fisktoped jack, the Striped Jack Nervous
Necrosis Virus (SIJNNV) was found both on the insiohel outside of the newly spawned
eggs, giving strong indications of vertical transsion of the virus (Arimoto 1992). In
Norway the production of Atlantic halibut was liedt by the mortality and problems
connected to AHNNV (Grotmol et al., 1995) (Berghaét 2001). Due to the presence of
AHNNYV the Norwegian Atlantic halibut farming wasrfeeveral years been depended on the
import of juveniles from both Canada and IcelandisTmay have contributed to a viable
production and more diverse genetics, howeverspar of live aquatic animals over long
distances also poses a risk of an introducing resiwvqgens (Mortensen et al., 2006).

The infectious pancreatic necrosis virus (IPNV)aisi-segmented double-stranded RNA
virus from the family ofBirnaviridae (Dobos, 1995)The virus has been annually causing
disease in the European salmon industry and rasttahe production of juveniles and smolts
over several year¢Ariel and Olesen, 2002). The number of outbreakseased until 2009
with a total of 223 aquaculture production sitekeated, while in 2014 only 48 infected
localities were reported (Olsen.et al 2014). Matitd from an IPNV infection in a salmon
farm can be anything from negligible to almost 1%0 (Brun, 2003). There are strong
indications that IPNV can be vertical transmittedni brood fish to offspring (Wolf and
Quimby, 1969, Reno, 1999). In Atlantic salmon farghihygienic plans were conducted to

eradicate “in house strain” of the IPNV in fresherasites. The discovery of genetic markers



identified with the IPNV resistance in Atlantic sadn has made the breeding of the IPNV
resistant smolt possible (Ozaki et al., 2001). tlatic Halibut the IPNV is known to induce
mortality during weaning and in early fry. The aial signs can be distended stomach and
uncoordinated swimming (Biering et al., 1994). 882 an outbreak of IPN was registered in
a halibut farm in Norway (Mortensen et al., 19903 & 1997 an IPN outbreak in a halibut
farm in Scotland caused mortalities up to 90 % @&wdand Frerichs, 1997). During a
challenge experiment using IPNV on Atlantic halileggs, one control group turned up
weakly positive. This indicate possible verticahntsmission of the virus from parent to
offspring (Biering and Bergh, 1996).

An indication of apossible new virus disease with high mortalitieshaiibut farming was
first reported in Canada, when juvenile Atlanticlitnats showed signs of multifocal
hepatocellular necrosis and as well as acute nearbproximal renal tubules (Cusack et al.,
2001). The accumulated mortality reached 58 %. @ase morphology from transmission
electron microscopy and RT-PCR results, it was ssgggl that the virus could belong to the
family of Reoviridae and genué\quareovirus. The broodstock had been captured in the wild
and had not been screened for any viral pathoygrtical transmission from the broodstock
was considered as one possible source of theinfeadtion (Cusack et al., 2001). In Scotland
in 2003, a farm with post weaned halibuts expeedrtigh mortality with symptoms similar
to the case of Canada (Ferguson et al., 2003). Righ clinical signs showed
histopathological changes in the liver and transiors electron micrograph revealed large
numbers of reovirus-like particles within the hegmatlular cytoplasm. The accumulated
mortality reached as high as 98 %. In 2013 samifptes a population of farmed Atlantic
halibut in Norway showed pathology changes sintathat described from Canada in 2001
and Scotland in 2003. Aaquareovirus was cultured from the fry and the RNA-depended
RNA polymerase gene from the virus showed the ligheino acid sequence identity (80
%) to an isolate belonging to the spedgsareovirus A (Blindheim et al., 2014).

The presence of AHRYV in wild populations of Atlantialibut is unknown and so far it has
only been detected in farmed Atlantic halibuts. Mvitthe family Reoviridae, AHRYV is the
second virus detected in farmed fish in Norway, firee on being piscine reovirus (PRV)
found in farmed Atlantic salmon (Palacios et al1@). AHRV is the second member of the
genus Aquareovirus that is isolated from a striatlgrine fish, the first was from a diseased
turbot in China (Ke et al., 2011). During routimespections the Aquareovirus can be found

on seemingly healthy finfish, mollusc and crustasedut within the aquaculture industry in



China and East Asiaguareovirus have been the cause of high mortality among thenjie
farmed fishes (Ke et al., 2011, Fang et al., 1989).

1.3 Aim of study.

The main purpose of this study is to determine gberce of the AHRV infection at an
Atlantic halibut broodstock-farm in Norway with aam focus on the brood stock itself. An
important part of the study will be the developmeid suitable method for non-lethal testing

the large and valuable brood fish.



2. Materials and methods:

2.1 Sitedescription

The halibut broodstock and hatchery site is locatettie middle of western Norway in close
connection with the Norwegian Sea. The site hasublé water intake at 55 and 150 meters
respectively. The seawater to the broodstock marmigh a sand-filter, while the seawater to
the eggs, larvae and juveniles receive an additioeament in a UV-filter. Temperature and
light are adjusted to accommodate the differenbtistock groups. Five groups of Atlantic
Halibut broodstock are kept in five different tan&ad stimulated to spawn at different
intervals of the year (Figure 2.1). Two tanks comigy 10 male halibut each are kept
separate from the female halibuts. Eggs from omale halibut is fertilised with sperm from
one male, and is then transferred into an incubatimder with upwelling seawater. During
the spawning period eggs are periodically rele&sed the female halibut as a batch of eggs.
10 days post fertilisation the batches are movethfthe incubators to an upwelling silo,

where eggs from several female halibuts are mixed.

Broodstock 5 groups
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Heat pump Sand filter

UV-filter

000000

CO00000
(o]

Artemia
enrichment

OO0 | UUOUOO0]

“5000 | JEEn0r
Start feeding C] O C] [j DG
anu

150 m denth 55m

Figure 2.1: Principle outline of the facility. The illustratios a simplified version of the site. Productioovit

1. Broodstock is stripped of eggs and mi. Fertilised eggs are transferred to the incubatmd, then to the
upwelling silo’s.3. Hatched larvae’s are transferred to the startifigetdnks.4. After weaning the larvae are
moved to the Juvenile feeding station. There armal@ halibuts in each of the male halibut tanks.

The eggs hatch after 14 days past fertilisation 4dddays past hatching the larvae are
transferred to the startfeeding tank (Figure Z2yichedArtemia nauplii are provided to the

halibut larvae as feed. Some mortality is expeatieding startfeeding. Prolonged or



exponential mortality in startfeeding in combinatiith a drop in appetite can be indication
of bacterial orviral infection. The larvae are weaned to dry fedigr metamorphosis. The

juveniles are then transferred to the juvenile ifiegdstation. When the juvenile reaches
approximate 5 grams they are ready for transpahtgher facility.

0.90m

Kjoletank

Figure 2.2: The outline of the startfeeding tanks. Tanks & &ve 3 meters in diameter and tank 7 to 10 is 2.5
meters in diameter.

2.1.1 Outbreak history

Since 2011 there had been a high frequency of uaiegle mortality among the juvenile
halibuts. The problem often starts during startiiegdas larvae suddenly would have a drop
in appetite. Larvae viewed under microscope revkethlat those not eating tended to have a
liver reduced in size. Use of antibiotics or formdlas not had any positive effect on the
overall mortalities. In 2013 moribund halibut laevaere sent to the Fish Disease Research
Group at the University of Bergen where it was shakat the mortality of the larvae was
associated with a new species of Aquareovirus ¢(Bkim et al 2014). Before this study, the
last confirmed AHRYV associated mortality was in eginning of 2014. Other diseases as
IPNV had not been observed at site during the2@stears.

2.2 Sampling

During the outbreak at the site in 2013, the inbater and live feedirtemia naupii were
tested and found to be negative for AHRV (pers.cémNylund). A decision was made to

search for the presence of AHRV among the broo#dtatibuts. Using transmission electron
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microscopy (TEM) the virus has been found in threrlj kidney and the pancreas of infected
halibut larvae (Cusack et al., 2001, Ferguson gt28l03, Blindheim et al., 2014). It is
possible that the virus may pass from the liver padcreas through the intestines and into
the hindgut. From AHRYV present in the kidney, viwen be transmitted out through the
urine. Eggs may be contaminated from faeces inoguirine as they pass the anus. The
screening of the broodstock halibut is based eggsnailt, as well as secrete from hindgut.
Egg and milt was transferred using a disposabletf@pirom a collection jug into a 2 ml
eppendorf tube, then stored at — 20°C. Severakagples were collected from each female
halibut. Samples from the hindgut were collectedhw®-Tips (See section 2.3 Q-Tip
method). Ten offspring from each group was coll@éte future analyses. Biofilm from inlet
and outlet water pipe, and the inside of the taak wollected using a Q-Tip as a swab.

A water sample of 1 litre was collected from thedarction water and analysed for presence
of virus. Start feeding tanks with halibut larvagfering from disease were sampled and
analysed. The occurrence of possible new diseassdality of larvae with white mucus in
the intestines, was also sampled. Two selectedddrsb halibut were euthanized and several
organ tissues were analysed for presence of AHRMRNV.

2.3 Q-Tip method

The Atlantic halibut broodstock fish are used faany years, and are considered to be of
high value. It is therefore important that the shngpof the fish should be conducted
efficient and without stressing or injuring the ibat. During the stripping of eggs, the
Atlantic Halibut female is guided up on a rubbew@ed table just above water level. After
some movement the halibut calms down and it isiplesso press out the newly ovulated
eggs. The fish should not be out of water more #nanuple of minutes, so the time window
for sampling is narrow. As the halibut can startving at any time, any pointy or sharp
objects was ruled out as too risky for samplinge ®olution became a standard Q-Tip
inserted 1.5 cm into the hindgut of the fish, ahdnt cut to fit in an eppendorf Safe-Lock
Tube 2.5 ml. The samples were then frozen in &t €fsius.

11



2.4 Optimisation of Q-Tip RNA extraction
The use of Q-Tip for sampling presented some chgédle towards the RNA extraction.
I How much fluid is retained by a Q-tip?
Ii: How to extract the sampled material from the Q-amm remove the Q-Tip

with minimum loss of the fluid from the cotton %ip

i Eppendorf tubes (size 1.5 ml) was filled with difnt amounts off water: 50, 100,
150 and 20Ql. The Q-Tip was immersed in the fluid for 10 sedem@mnd the Eppendorf tubes
were inspected for residues of water. The largestumt retained by the Q-Tip was then
noted as potential maximum amount of sampled naidti also represents the potential
amount of solution that could be lost during tisggss with Isol as the Q-Tip needs to be

removed before adding chloroform.

i Four different RNA extraction methods were tegidD). All the tested Q-Tips were
first added 10Qul supernatant of cell culture media containing AHRBAch tested method
was run in four replicas, where the fourth sampés wdded the supernatant the day before

and kept at -20° C over night.

A. A 1.5 ml Eppendorf tube with the primed Q-Tip vemkled 100@l of Isol and vortex
twice for 15 seconds. Then the Q-Tip was moved ovan new Eppendorf tube with a 1000
ul pipette that was cut to fit inside (Figure 2.7.Then the Eppendorf tube was centrifuged to
force the remaining fluid off the Q-Tip. The Q-Tand pipette was removed and the retrieved
fluid was then transferred to the first Eppendalfe. 2ul IPNV-spike was added and the rest
of the RNA extraction followed standard procediBedtion 2.6).

B. The primed Q-Tip was added 10Dof cell culture medium and directly put in a 1000
ul pipette cut to fit inside a 1.5 ml Eppendorf tuffegure 2.7.D). The tube was then
centrifuged for 10 seconds in order to extractdfland material from the Q-Tip. The pipette
and Q-Tip was then removed. Then 1Q00f Isol and 2ul IPNV-spike was added. The rest

of the RNA extraction followed standard procedure.

C. The primed Q-Tip was added 1{Dof Isol and put directly in a 100d pipette cut to
fit inside a 1.5 ml Eppendorf tube (Figure 2.7.Dhe tube was then centrifuged for 10



seconds irorder to extract fluid and material from the Q-TIhe pipette and Q-Tip was then
removed. Then 90@l of Isol and 2ul IPNV-spike was added and the rest of the RNA
extraction followed standard procedure.

D. The primed Q-Tip was placed in a 10d(ipette and 100Ql of Isol was pumped up
and down the pipette 10 times (Figure 2.1.E). Thigl fiwas then pumped ouof the pipette.
The pipette and Q-Tip was then removedil 2aPNV-spike was added and the rest of the
RNA extraction followed standard procedure.

E. Control group. 10l of supernatant AHRYV cell culture medium andl2PNV-spike
was added to 100d Isol and followed standard RNA extraction procedu

D

Figure 2.7: A: A standard 1.5 ml Eppendorf tuli. In order to spin off absorbed material from the p;The
pipette was cut according to the red line to ftidle the Eppendorf tube, creating a fun@l.The Q-Tip was
cut according to the red line to fit inside the Epgorf tubeD: The Q-Tip inside the pipette funnel assembled
inside the Eppendorf tubE: The Q-Tip inside of a 100 pipette.
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2.5 Water filtration

The filtration of water sample was conducted usingacuum pump (VP 100C
VWR®,USA). Before filtration, 2QL of VHS virus supernatant was added as exogenous
control for the real-time RT-PCR. The filtratioropedure was a modified VIRADEL
method (Andersen et al., 2010). The water sampgefiltared through an electro positive
Zeta Plud" 1MDS filter that captures the virus particleslie water. The filter was then
transferred to a mini Petri dish and added 14I0Qysin buffer and 28.L p-mercaptoethanol
before incubating for 10 minutes with mildly shaiii he lysis buffer was then transferred to
2 eppendorf tubes, 7Q0 in each.

Before RNA extraction 7l SAV spike was added to act as an extraction cbagyainst the
filtration control. RNA extraction was conductedwE.Z.N.A-Kit according to the
producer’s recommendations. The sample was thdgsaubusing real-time RT-PCR with
assays for AHRV, IPNV, VHSV and SAV.

2.6 RNA extractions

The RNA extractions was done according to (Devoldl.e 2000), with some modifications.
Instead of Trizol, 100QuL Isol-RNA Lysis Reagent (5 PRIME) was added ane tissue
sample was homogenized in a TissueLyser LT (Qiafger min (50 oscillation). The RNA
pellet waswashed twice with 75 % and 96 % ethanol. The pelbet then added RNase free
water heated to 70 °C. The samples were stored0atC. The purity and concentration of

RNA was tested with NanoDrop ND-1000 spectrophomete

2.7 RT-PCR and Sequencing

In order to identify the AHR virus from selectedsgitve samples, PCR and sequencing was
performed. First cDNA was synthesised by runnimgwverse transcriptase reaction with
GeneAmp TM PCR (Applied Biosystem). The first stegs run in a 10.Ql reaction with 1.0
ul AHRV-S10-F1 primer (1QM), 1.0ul pd(N)6 (1QuM), 4.0ul RNA and 4.0ul RNase-free
water, in 5 minutes at 70° C. Then this was addexl16.0ul reverse transcription-mix
containing 5.Qul (5X) Buffer, 4.0ul dNTP, 8.0ul RNase-free water and Oub10mM

MMLYV and incubated at 37° C for 60 minutes. Frons tAOul cDNA was used in
combination with different primers in a solutiomtaining 2.5ul dNTP, 1.0ul forward
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primer ( 1@M), 1.0 ul reverse primer ( 1M), 16.0ul RNase-free water and Oub Taq

DNA polymerase. The PCR program was set to st&4 4C for 2 minutes and then run 35
cycles with 94 °C in 30 seconds, 56° C in 50 sesamt 72 °C in 2 minutes. The program
ends with 72 °C in 5 minutes and then continudsletat 4° C.

The different primer combinations were then rua igel-electrophoresis. 1 % agerose gel
with 2.0l GelRedM (1uL GelRed per 25ml agarose) was immersed inAkK Buffer
(Appendix). A 2.5ul smart ladder was added in one well as a moleeudaght marker. Jul

of PCR product from each sample was then mixed Wjthloading buffer (6X) and added to
designated wells. The gel was connected to 90 \dpproximate 30 minutes. The result was
visualised using GelLogic 212 pro (Carestream)@acestream Molecular Imaging
Software, Standard Edition, Version 5.0.2.30

To purify the PCR-products an ExoSAP-It (USB®) waed according to protocol. The
reaction mix contained 244 PCR product and jil Single-step ExoSAP-It (USB®), and
then run for 37 °C for 15 minutes and 80 °C fomiibutes.

The sequencing was done using Bigi¥g.3.1 terminator cycle sequencing reaction kit
(Applied Biosystems) with the purified PCR prodasttemplate. The reaction mix contained
1 ul BigDye®, 1l BigDye® 5X buffer, 1ul of each primer (10M) (forward and reverse
primers in separate tubersjlitemplate and @l RNase free water. The reaction was run in
35 cycles: 96 °C for 10 seconds and 50 °C for e and 60 °C for 4 minutes. After the
program was finished 1l RNase free water was added each sample and i@ The
Sequencing laboratory at the University of Bergamnpkossessing the gene sequences. The
VectorNTI software (Invitrogen) was used for assBnaind analyse of data. List of primers

used in table 2.1.
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Name Sequence 5 3

AHRV-S10-F1 | CGATCATCA TGG ACA CCA AGC

AHRV-S10-R1 | CAC CTA CAT CACCGG CTCG

AHRV-S10-F2 | ATG GA CAC CAAGCCTCTTC

AHRV-S10-R2 | GAT TGT CGT CTT CTG ACCC

AHRV-S10-F3 | GCA AAA CTT GGC GAA ACC

AHRV-S10-R3 | CGC ATACCT CTGTTG GAT G

IPNV F1 CGT TAG TGG TAA CCC ACG
IPNV R1 TTG TTA GGG ACATCA GGC
IPNV F2 ATC CAAAGC TCC ACACTACC
IPNV R2 AGC TTG ACCCTG GTG ATC
IPNV F3 TCT CAG CCA AGATGA CCC AG
IPNV F4 CTG GAG AGA CAT AGT CAG AGG
IPNV R4 CAG AGG GAC CCATGATTG
IPNV F5 ACG GGA ACA TAG TAG TCG AG
IPNV R5 GTG CTG ATG AGC TTTC CG
IPNV F6 CAT GGA CCA GAA AGA ACG
IPNV R6 TTC ATC TGT CTT GCG AGC

Table 2.1: List of primers used for sequencing of segmenfrat AHR virus and segment A from the IPN

virus.

2.8 Real-time RT-PCR

Real-time RT-PCR was used for detection and queatibn of AHRV genome in the
samples. The AgPath-MOne step RT-PCR kit was utilised in this study adiw to table
2.2. The real-time RT-PCR analyses were run byApglied Biosystems 7500 Fast Real-
Time PCR System. The list of primers and probes ase in table 2.3

Volume Standard reaction
2X RT-PCR 6.25ul

10uM forward primer 1.Qu

10uM reverse primer 1.0l

10uM probe 0.22d

25X RT-PCR enzyme mix 0.28
RNase-free bD 1.75ul

Template 2.qd

Total 12.5u

Table 2.2: The Real-time RT-PCR standard reaction volume.
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Name Sequence 5> 3 Refrence

EF1A1 F CCATGGTTGTGGAGTCCTTCTC (Dvergard et al.
EF1A1 R GATGACACCGACAGCCACTGT 2010)

EF1A1 P 6FAM — CTCCCCTCGGTCGTTTCGCTGTG — BHQ

AHRV-7F CCC GTATTAGCAGTT ATCCTGTATC (Blindhei et al.,
AHRV-7R CCC CAT CCT GCA CAT TCA AG 2014)

AHRV-7P GAT CCC ATG ATC GGT GAG G

IPNV-F ACCCCAGGGTCTCCAGTC (Nylund et al
IPNV-R GGATGGGAGGTCGATCTCGTA 2011)

IPNV-P TCT TGG CCC CGT TCATT-

AHRV-10F GCTTTATGCGACGCTCTCACT Present study
AHRV-10R GCCCCATTGTGATCCAGTTT

AHRV-10P ATT TGT ATATGC CCG G

VHSV-FO8 TGT CCG TKC TTC TCT CCT ATGTAC T (Duesurdal.,
VHSV-RO8 GCC CTG RCT GMC TGT GTC A 2010)
VHSV-PO8 CTC ACA GAC ATG GG

NSP1-F (sav) CCGGCCCTGAACCAGTT (Hodneland an
NSP1-R (sav) GTA GCC ACC TGG GAG AAA GCT Endresen, 2006)
NSP1-P (sav) TCG AAG TGG TGG CCA G

VNN -F TTCCAGCGATACGCTGTTGA Korsnes et al
VNN- R CACCGCCCGTGTTTGC

VNN-P AAA TTC AGC CAATGT GCC

Table 2.3: List of primers and probassed for real-time RT-PCR. EF1ALl is the elongafamior for halibut.

2.9 Efficacy test and normalisation of data

The assay AHRV1O0 is targeting segment 10 that emdbd putative outer capsid protein
(VP7). To do an efficacy test on assay AHRV10,ghmers (forward and reverse) were first
optimised using probe, enzyme and buffer conceatratfrom a Standard AgPath-IDTM
One-Step RT-PCR Kit (Life Technologies) in combiaas with 10 different forward/reverse
primer concentration: 300/300, 300/600, 300/9000/400, 600/300, 600/600, 600/900,
900/600 and 900/900 in nM. Then the assay wasdasteng different concentrations of
probe in NM (25, 50, 75, 100, 125, 150, 175, 200 aaM 225 nM). The test of the primers
and probe were conducted in triplicates.

To determine the assays ability to detect the taggee, an efficacy test was performed. The

target RNA was then diluted in a tenfold series(20108) and run together with the
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optimised probe and primers in a real-time RT-PJRe dilutions series was run in
triplicates.

The Ct-values were plotted into an Assay EfficieRaference standard curve, and the slope
and regression values were then calculated. Theey asficacy (E) were calculated using
following formula (Pfaffl, 2004):

E = (10'Vsore) (Pfaffl, 2004)

The Ct-values were normalised against the elongdéiotor EF1A1 (@vergard et al., 2010).
The normalised expression (NE) was calculated erb#sis of the efficacy (E) and Ct-values
of the different assays using the formula by (Sin&003).

NE = (Ereferenoe)Ct reference /(Etarget)Ct target (Simon, 2003)

Fold increase is normalised expression of a tdeyeplate divided by the lowest target value.

NEfoid = NE / NELowest value

The Efficiencies used in this thesis is listedahlé 2.4

ASSAY EFFICIENCY REFERENTS

EF1A1 1.96 (Dvergard et al., 2010)
VHSVO08 1,98394 (Duesund et al., 2010)
nsP1(SAV) 1.8743 (Andersen et al., 2010)
IPNV 1.944541 Present study

AHRV 10 2.008469 Present study

Table 2.4: The assays and efficiencies values. The IPNV adB¥A 10 were calculated in this study.
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3. Results:;

3.1 Optimisation and efficacy test

The AHRV 10 assay was optimised, and the appliéaegaare as shown in table 3.1.

Volume Optimised reaction
2X RT-PCR 6.25d

10uM forward primer 1.13

10uM reverse primer 1.18

10uM probe 0.28d

25X RT-PCR enzyme mix 0.28
RNase-free bD 1.46ul

Template 2.qd

Total 12.5ul

Table 3.1: The Real-time RT-PCR optimised reaction volumeAblRYV 10.

The standard curve for the efficacy test of AHRVid48hown in figure 3.1.

The regression line has a slope of -3.3018 an&tth@ency (E) was calculated to be
AHRV 10 = 2.00846

10,0

15,0

20,0

25,0

30,0

Ct-value

35,0

40,0

45,0

AHRV 10

1070

10~-1 1072 107-3 1074
RNA dilutions

y=3,3018x + 13,294
R*=0,9985

e==mAHRV 10
—— Linear (AHRV 10)

Figure 3.1: The standard curve based on AHRV 10 assay infald@ilution with triplicates.
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The Standard curve for the efficacy test of IPNdwh in figure 3.2.
The regression line has a slope of -3.4624 an&thaency (E) was calculated to be
IPNV = 1.944541

10,0
15,0 y =3,4624x + 14,736
R?=0,9999
& 20,0
=
@ 25,0
a
5 30,0 @m=[PNV
35,0 — Linear (IPNV)
40,0 T T T T 1

1072 10~-3  107-4 10~-5 107-6 107-7
RNA dilutions

Figure 3.2: The standard curve based on IPNV assay in a Hdibition with triplicates.

3.2 Optimisation of Q-tip method

The results of different methods for RNA-extractioom a Q-Tip are presented in table 3.2.

Based on the result, method A was chosen as theaptisal procedure for RNA-extraction
from a Q-Tip.

M ethod Sample 1 Sample 2 Sample 3 Sample 4 (-20C) Mean
A 31.9 31.3 313 31.7 31.6
B 33.3 33.8 325 335 33.2
C 35.4 33.0 32.1 32.6 33.3
D 32.4 32.4 33.6 35.1 33.4

Control 31.9 32.0 32.1 32.0

Table 3.2: Ct-values for AHRV from each method. The procedafethe different methods up until adding of
chloroform:

A: (The primed Q-Tip added directly into 1000Isol and votex. Q-Tip then transferred to cutqtip tip inside
an Eppendorf tube and spun down, retrieved fluitiésn transferred back to the first tube).

B: (The primed Q-Tip was added 100cell culture media first, and then transferredtout pipette tip inside
an Eppendorf tube and spun down. Retrieved fluid than added 1004 Isol).

C: (The primed Q-Tip was added 1(DIsol first and then transferred to a cut pip¢ippenside an Eppendorf
tube and spun down. Retrieved fluid was then a@®€qu Isol).

D: (The primed Q-Tip was placed inside a 1p0@ipette tip. Then 1000l Isol was pumped up and down 10
times with a pipette, and then pumped out into ppefdorf tube).

Control: (100ul of AHRV supernatant was rinsed according to staddRNA extraction).
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3.3 Screening of eggs, milt, larvae and feces.

Broodstock groups C2, C3, C4, and C5 from June 284ré analysed. By the end of April
2015 more than 300 samples of Atlantic halibut eggary fluid, milt, feces and larvae were
analysed (Table 3.3). There were no confirmed pesitamong the analysed samples. In the

same period there was no disease connected to AdiR\é site.

Broodstock group Sample Numbers Ct-value AHRV

C2 Eggs/ovary fluid and milt - NT
24 females Q-Tip from hindgut - NT

Larvae 52 Negative

C3 Eggs/ovary fluid and milt 72 Negative

33 females Q-Tip from hindgut 61 Negative
Larvae - NT
C4 Eggs/ovary fluid and milt - NT

31 females Q-Tip from hindgut 48 Negative

Larvae 10 Negative

C5 Eggs/ovary fluid and milt 37 Negative

24 females Q-Tip from hindgut 37 Negative
Larvae - NT

Table 3.3: An overview of samples analysed. As no test waiiconed positive, and no extraordinary mortality
occurred in the facility, no further analyse wasaduacted within each group. (NT = not tested.)

3.4 Mortality in offspring of broodstock group C1 during startfeeding.

In May 2015 samples from all 10 startfeeding tanks sent for analyses due to drop in
appetite and high mortality in several of the tartk®m previous experience, reduced
appetite in combination with higher mortality ipiyal symptoms of an outbreak of AHRV.
What was different in this outbreak was the whitiek mucus building up inside of some of
the larvae’s intestines. The larvae were testedtRV, IPNV and AHNNV. All tests for
AHNNYV were negative. AHRV and IPNV turned up postin several of the 10 startfeeding
tanks (Table 3.5). The larvae had been transféntedhe startfeeding tanks from the"is
the 27" of May (Table 3.4).

Datein: |14.04.15| 15.04.15‘ 16.04.1F 17.04.1r5 21.04’15 zssof 27.04.15|

Startfeeding tank: ‘ 1 ‘ 2and4‘ 3 ‘ 8 ‘ 5 ‘ 9 and 11) 7 ‘

Table 3.4: The larvae were move into the startfeeding tankd&@# post fertilisation. The size of the tanks and
distance between them is drawn to scale in FigiteAfter 4 days in the startfeeding tank the larage feed
with enrichedartemia.
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Tank In Sampled: N=  Elong.fact. AHRV Prevalence PNV Prevalence

startfeeding: Halibut mean Ct mean Ct
1 23 days 06.05.15 10 15.3 Negative 0/10 Negative /100
2 22 days 06.05.15 10 16.4 29.2 10/10 Negative 0/10
3 21 days 06.05.15 10 155 23.2 10/10 30.1 10/10
4 21 days 05.05.15 10 15.0 19.9 10/10 22.0 10/10
5 15 days 06.05.15 10 155 23.9 10/10 27.1 10/10
6 12 days 06.05.15 10 15.6 37.2 2/10 35.3 2/10
7 9 days 06.05.15 10 154 36.9 3/10 35.9 7/10
8 19 days 06.05.15 10 14.8 20.3 10/10 27.0 10/10
9 13 days 06.05.15 10 14.3 37.0 5/10 35.7 7/10
10 13 days 06.05.15 10 15.3 Negative 0/10 36.2 2/10

Table 3.5: Larvae from tank 4 were tested first due to mastaind drop in appetite. The rest of the tanksewer
sampled the following days. The double infectiothvdoth with AHRV and IPNV was unexpected since VPN
had not been present at the facility for more th@iyears.

Tank nr. 1 was not sampled again as no extraongimartality was detected. Strict hygiene
measures were implemented and the water flow waeased in order to dilute the density of
pathogens emitted from moribund larvae. Tanks Wigih mortality and confirmed positive
for AHRV or IPNV were terminated. New sampling wamducted on the ¥2of May 6

days after the first sampling. The developmenhefdutbreak is shown in Table 3.5.

Tank In Sampled: Ct- AHRV Prevalence IPNV mean Prevalence
startfeeding: Elong.fact. mean Ct Ct
Halibut

1 29 days NT - NT NT NT NT

2 - Terminated - - - - -

3 27 days 12.05.15 134 19.0 20/20 18.5 20/20

4 - Terminated - - - - -

5 - Terminated - - - - -

6 18 days 12.05.15 12.7 Negative 0/20 Negative 0/20
7 16 days 12.05.15 13.7 Negative 0/20 Negative 0/20
8 - Terminated - - - - -

9 19 days 12.05.15 13.8 Negative 0/20 Negative 0/20
10 19 days 12.05.15 15.1 37.8 1/20 Negative 0/20

Table 3.5: From the groups not terminated, 20 larvae werertaut from each tank. In tank 3 the Ct-values
revealed an increased presence of AHRV and IPNV.
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3.5 Water sample.

Water sample from tank 3 was taken short beforéathie was terminated (12.05.2015). At
the time of sampling the mean Ct-value for AHRV #ANV in the larvae were 19.0 and
18.5 respectively. The water sample Ct-value foRAMHaNnd IPNV were 25.7 and 26.9,
respectively. The high levels of AHRV and IPNV hetproduction water indicate that
moribund larvae are shedding viruses and thatfeetion pressure on the larvae is high.
The control Ct-values for VHSV and SAV were 28.4 &3.5.

Tank 6 tested positive for AHRV and IPNV in thestiround of sampling. On the next
sampling 6 days later there was an indication nfs/clearance. Then 10 days later some of
the larvae’s in the tank was not eating. There &ks@ an increasing numbers of larvae with
white thick mucus in the intestines. 15 larvae withite mucus were collected on the'®af
May. 10 larvae that seemed normal were collectether28' of May. On the first of June 40

larvae were taken out, half of them with white maiguthe intestines (Table 3.6)

Tank In Sampled: Elong.fact. AHRV Prevalence IPNV mean Prevalence
startfeeding: Halibut mean Ct Ct
6 12 days 06.05.15 15.6 37.2 2/10 35.3 2/10
6 18 days 12.05.15 12.7 Negative 0/20 Negative 0/20
6 28 days 22.05.15 19.1 Negative 0/15 26.2 11/15
6 36 days 28.05.15 21.5 Negative 0/10 35.7 7/10
6 40 days 01.06.15 20.7 Negative 0/20 18.6 10/10
6 40 days 01.06.15 17.4 Negative 0/20 30.5 8/10

Table 3.6: The mortality and appetite in tank indicated tihat larvae were affected. In addition the preseriice
white mucus in the intestines of some larvae lefitiiner analysing of the tank. A total of five takes of
samples were carried out from this tank. The elbagdactor values marked blue are all from ongstant
where the ice had melted and samples were no Idragm. Larvae with presence of white mucus in the
intestine are marked green in the table.
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3.7 Female halibuts contributions with eggs to the different startfeeding tanks.
The overview over which female halibut that hadtdbaoted to the different tanks is listed in
table 3.8.

Halibut: 1 8 10 14 16 21 25 49 54 55 56 |58 60 61 62 65 66 70

Tank 1 o |0 0o |0 d a ad 79
Tank 2 0 o |0 (0 (0 0 [0 1] 0 99
Tank 3 O o |0 |0 (0 (0 (0 |O o (o |0 0 1] 139
Tank 4 O 0|0 0 o (o (o0 |0 8%
Tank5 |0 0 0 [0 49
Tank6 | O O 0 [0 49
Tank7 | 0O O 0 0 0 50Q
Tank8 |0 0 0 O (0 |0 (0[O 0|0 |0 |@O 129
Tank9 | O 0 0 0 | 49
Tank10 0 o |0 o |0 0|0 79

Table 3.8: The contributions of females to the different Séading tanks. The top line is the halibut
identification number, in general halibut 1, 8,et6. The number at the end of the table revealsrhany
female halibuts that have contributed to the irdiial tank. Tanks in red colour turned up positweAHRYV or
IPNV and were terminated. Note that female halifwwnber 58 (marked purple) has contributed onlhéo t
terminated tanks.
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3.8 Broodstock C1, screening of ovary fluid.

The last batch of eggs from each female halibutrdmrting with offspring was tested for

presence of AHRV and IPNV. The results of the suregare listed in table 3.9.

Female Elongation fact. AHRV 10 Ct-value IPNV Ct-value
Halibut 1 22,7 Negative Negative
Halibut 2 22,1 Negative Negative
Halibut 8 22,2 Negative Negative
Halibut 10 20,2 Negative Negative
Halibut 16 19,3 Negative Negative
Halibut 20 22,5 Negative Negative
Halibut 21 211 Negative Negative
Halibut 25 20,3 Negative Negative
Halibut 33 22,5 Negative Negative
Halibut 40 23,4 Negative Negative
Halibut 41 22,6 Negative Negative
Halibut 42 21,0 Negative Negative
Halibut 49 19,5 Negative Negative
Halibut 54 19,2 Negative 35.3
Halibut 55 19,5 Negative Negative
Halibut 56 19,2 Negative Negative
Halibut 57 20,0 Negative Negative
Halibut 58 21,2 32.6 35.6
Halibut 60 18,3 Negative Negative
Halibut 61 21,5 Negative Negative
Halibut 62 20,4 Negative Negative
Halibut 65 22,6 Negative Negative
Halibut 66 21,2 Negative Negative
Halibut 70 20,9 Negative Negative

Table 3.9: Ovarian fluid from the last batch of each femaleswested. Two halibuts tested positive; halibut 54
for IPNV and halibut 58 for AHRV and IPNV.

The materials collected from the broodstock sitduided sub samples from several of the
released batches of eggs. In total 10 samplesfieamale halibut number 58 was sampled in
the period 1% of January to 12of February. In order to determine whether theeeanany
variations of virus in the ovary fluid during tHime, all of the 10 samples were analysed
(table 3.10). The other egg samples of halibut Bdewegative for AHRV and IPNV. All of
the male halibuts tested negative for AHRV or IPNV.

Batch of eggs Ct-value Elongation Ct-value AHRV Ct-value IPNV
factor halibut

1. 24,9 Negative Negative
2. 24,7 Negative Negative
3. 24,4 38.4 36.4

4, 247 37.3 Negative
5. 24,2 345 35.6

6. 25,2 324 32.6

7. 24,3 331 324

8. 25,8 334 33.9

9. 25,5 31.1 31.9

10 25,8 30.7 29.2

Table 3.10: Ct-values from halibut number 58 and the differeyg-batches. The first batch of eggs was
sampled on the 15of January and the last batch of eggs was santipéetid” of February. The two first egg
batches were negative. From thélatch of eggs, and onwards, there are detectablgovoducts. The values
show an increase in viral products towards thersg:¢alf of the spawning period.
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To further visualise the change of viral load ie #yg batches of the halibut 58, the Ct-
values were normalised in a Log2 NE-Fold graphgare 3.4.

Detected viral product in ovary fluid
10

0 7,

6 /
s AHRV
/ / @] PNV
2

Log2 NE-fold
N

Batches of eggs from halibut nr 58

Figure 3.4: The two first batches of eggs were negative for MHd IPNV. There is a clear increase of both

AHRYV and IPNV from the third and fourth batch ofasming toward the last batch. The time period fthm
first to last sample is one month.
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3.9 Tissue screening of halibut 54 and 58.

From the broodstock group C1, two female halibaten{ber 54 and 58) were taken out of
production and euthanized. Halibut number 54 hatetepositive for IPNV in ovarian fluid,
while halibut 58 had tested positive for AHRV afNV. Different organs were tested and
analysed in order to verify presence of AHRV andVRtable 3.11).

Halibut 58 Halibut 54
Organ /tissue | EF1A1| AI:-L|§V| IPNV EF1A1| AI-:lLISV | IPNV ‘
Gills 17.0 Neg Neg 21.3 Neg Neg
Head kidney 20.2 Neg Neg 229 363 Neg
Anterior kidney 21.4 36.1 Neg 22.4 36.2 Neg
Posterior kidney 21.4 341 374 23.6 35.7 Neg
Liver 1 20.4 34.9 Neg 23.2 34.6 Neg
Liver 2 NT - - 22.2 Neg Neg
Liver 3 NT - - 23.0 Neg Neg
Spleen 23.8 Neg Neg 25.1 Neg Neg
Gonad 16.6 37.0 Neg 22.4 38.0 Neg
Heart Atrium NT - - 16.5 Neg Neg
Heart Ventricle 157 311  Neg 27.7 Neg Neg
Bulbus Arteriosus NT - - 18.4 Neg Neg
Pharynx NT - - 20.0 Neg Neg
Foregut 20.8 37.3 Neg 20.5 Neg Neg
Hindgut 17.3 Neg Neg 16.9 Neg Neg
Anus 17.3 Neg Neg 17.5 Neg Neg
Brain 16.6 Neg Neg 16.6 Neg Neg
Gallbladder 18.9 Neg Neg 19.2 Neg Neg
Stomach 18.0 Neg Neg 18.0 Neg Neg
Muscle 17.3 Neg Neg NT - -
Pseudo Brach 21.7 Neg Neg 20.2 Neg Neg
Skin 19.0 Neg Neg 21.2 Neg Neg
Langerhans cells 174 Neg Neg NT - -
Faeces NT - - 27.7 Neg Neg
Blood cells Neg Neg Neg Neg Neg Neg
Plasma Neg Neg Neg Neg Neg Neg
Mucus NT - 18.3 Neg Neg

Table 3.11: The two Atlantic broodstock halibuts were dissddtee 26 of August, 6 month past spawning.
Each tissue was collected with tweezers and sctipehad been dipped in 70 % alcohol and burndid iwian
open propane flame. Halibut 58 had tested positivédHRY and IPNV in the ovary fluid 6 months earli
Halibut 54 had tested positive for IPNV in the laatch of egg she had released, but did not tesstiyefor
IPNV from any of her organ sampled 6 month latdre Halibut 54 had detectible amounts of AHRV in the
kidney, liver and gonad, but not in the ovary flsmimpled 6 month earlier.

3.10 Sequencing.

From one moribund larva sampled from tank numbehed 8" of May, both IPNV and
AHRV were detected by real-time RT-PCR. Broodstdedibut number 58 was also
confirmed positive for IPNV and AHRYV, and was alste of the females contributing with
eggs to tank number 3. In order to establish whdtiexe is a relationship between AHRYV in
the larva and the halibut number 58, sequencingasaducted othe samples. The AHRV

segment 10, transcribing the outer surface prot& was chosen as the target (Figure 3.5).
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MHO050515-| :
*MH260815-5 :

CCAAGCCTCTTCACCCAACCGTAGCCAACGCTTTATGCGACGCTCTGEGIOATATACAAATAGCAAAAACTGGATCACAATGGGGCACTEBAGUIGTGATATCATA
CCAAGCCTCTTCACCCAACCGTAGCCAACGCTTTATGCGACGCTCTGEGIIATATACAAATAGCAAAAACTGGATCACAATGGGGCACTEBAGUIGTGATATCATA

*MH050515-] : AACCGGACAGTATCAAATATGCGCTTGCTGCTTTAAGCAGGTAT@GCTKEITACCAAATCCCACTTCTTACGTGCACGAGTGCCACGCCAGTTTABGTGCCAACGG(
*MH260815-5 : AACCGGACAGTATCAAATATGCGCTTGCTGCTTTAAGCAGGTATETRETITCACCAAATCCCACTTCTTACGTGCACGAGTGCCACGCCAGTTTAGTGCCAACGG

MH050515-! : AAGTTAGCTGAGAATCTGATGACCATGAGCCATTCAATGCGCTCRARIRABGCTATCAATGTCATGAGCGTTAAGCCGGACACCCCAGTGGCABGTGCAATTCGTC
(WIS PIIAEES R A AG T TAGCTGAGAATCTGATGACCATGAGCCATTCAATGCGCTCRRIMATGCTATCAATGTCATGAGCGTTAAGCCGGACACCCCAGTGGCAGTGCAATTCGTC,
MH050515-! : CTATGTCCTCAAATGAATATTGTCTTGCAAAACTTGGCGAAACCABESTIACTACCAAGGGTCAGAAGACGACAATCGTCTCCCTCGACTAASACTCATTAATGCG
WP ESS R C TATG TCCTCAAATGAATATTGTCTTGCAAAACTTGGCGAAACCABESTIACTACCAAGGGTCAGAAGACGACAATCGTCTCCCTCGACTEASAGTCATTAATGCA
MHO050515-| : AAGGGCATTAACTTTCTACGGCAAGGATCTCAGTCAGCATCCATR&ITICGCCCTTACATCCGAACTTGAAGAAATGACCGGTGGCGAGAMTGCCGGCACC
W VAS 0N RS R A AGGGCATTAACTTTCTACGGCAAGGATCTCAGTCAGCATCCATRGITIICGCCCTTACATCCGAACTTGAAGAAATGACCGGTGGCBRAGAMIGCCGGCACC
MH050515- : ACCGTTGTTGTCCAGATCAGTGGTATGGCGGTCCCGGTTGTGTTEGCARRAGGTTCAATCTTTCCAGTACTATCTGGATCTAATCGCGCTAIITATGCCATGATGA(
ISPl ACCGTTGTTGTCCAGATCAGTGGTATGGCGGTCCCGGTTGTGTTEGARSAGGTTCAATCTTTCCAGTACTATCTGGATCTAATCGCGCTATUTATCCCATGATGAC
MH050515- : AGAGCTGTGCACAGGTCACTACAGGAATTCAGGCTCGTATGTATGBBGTTCGAATTTATCGCGACTTGCTGTCCACACTGAGAATGAACHR:YAT

W PSSR A GAGC TG TGCACAGGTCACTACAGGAATTCAGGCTCGTATGTATGBBGTTCGAATTTATCGCGACTTGCTGTCCACACTGAGAATGAATHRYAY

Figure 3.5: The figureshows the alignment of AHRV segment 10 sequenaed froth the larva and the brood fish. The larvanftank 3 tagged: MH050515-1. Halibut
Brood fish number 58 tagged: MH260815-5.

The alignment shows a 100% identity between thasviirom the larva and from the brood fish.



Sequencing of the IPNV found the moribund larvaeenmnducted in order to determent the
type of isolate. The viral region of the VP2 onreegt A was chosen for comparison. A
search througthe GenBank at “The National Center for Biotechggltnformation”

revealed identity towards two other isolates (FegBi6)

MH1Z20515-1 38
AYEZ3632 38
AY354520 38
MH1Z0515-1 76
AYBEZ3632 76
AY354520 76
MH1Z0515-1 114
AYBEZ3632 114
AY354520 114
MH1Z20515-1 : S & : 152
AYEZ3632 : LNGTL N NE! 152
AY354520 : LNGTLNAA SEVES : 152
MH1Z20515-1 150
AYEZ3632 190
AY354520 120
MH1Z20515-1 228
AYBZ3632 228
AY354520 228
MH1Z20515-1 266
AYBZ3632 266
AY354520 266
* 280 * 300
MH1Z0515-1 / i 304
AYBZ3632 304
AY354520 304

NDVPVVTVVSSVLATNDNYRGVSAKMTQSIPTENITKP

Figure 3.6: The halibut larva from the outbreak marked MH12831 AY823632 and AY254520 are isolates
from Atlantic salmon Norway (Santi et al., 2005heTisolate found in the moribund halibut larvaaesarly
identical to the isolate AY823632 from Atlantic swin origin. The two blue arrows points at the posi217
and 221. According to (Song et al., 2005) the eingk of the virus is determent by the presence of
T(Threonine) in position 217 and an A(Alanine) lie fposition 221



4 Discussion:

Atlantic halibut reovirus was detected both in &vsuffering from disease and in a brood
fish, i.e. the egg-donor to the same group of oiffgp The AHR virus from both the larva
and the brood fish halibut had 100% matching vgesome of the segment 10 (829 bp), and,
hence, the hypothesis of vertical transmissionois aontradicted. A co-infection of IPNV
was also detected and this virus may have congtbiat the mortalities observed.

4.1 The discussion of the methods

The chance of detecting pathogens during samplegerds on presence and amounts of
pathogens in the tissues sampled. The screeninpeofbrood fish was limited to non-
destructive methods. By not having the possibttitysample the internal organs of the brood
fish, the prevalence of potential carrier fish diRV or IPNV remains unknown. However
the potential risk of vertical transmission shobgcorrelated to the amount of virus detected
in eggs, ovary fluid, milt, faeces and urine. latthespect the relevance of these samples are
linked more to the active shedders of virus and stomuch towards potential subclinical
carriers that may not be shedding virus. The faseesples collected with a Q-Tip did not
detect confirmable amounts of positive AHRV or IPN\ring the study period. From the
development of the method it was shown that mdteallected on the Q-Tip was retrieved
in values close to the control of the test. Inagect the limited amount of sampled material
absorbed in the Q-Tip may have been filled witls lealuable material such as production
water or mucus before entering the hindgut. Mudulkatdibuts also contain a novel 51-mer
AMP named hipposin that has strong antibacteriapgity (Birkemo et al., 2003), this could
potentially interfere with the material collected the Q-Tip. For the future the Q-Tip should
maybe equipped with a plastic tube that can beegublack after the Q-Tip has entered the
hindgut.

The tissue samples collected from the brood fidibliahad relative high Ct-values of the
elongation factor. High temperature during samphmay have contributed to a degradation
of the material. This may have contributed to higGévalues or false negative samples in

the collected material.
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4.2 Discussion

4.2.1 Larvae

The larvae analysed from autumn 2014 to spring 20&ge all negative for AHRV. This
correlated also with the health situation at the as no extraordinary mortalities among the
juveniles occurred. However the larvae from gemana€l had a drop in appetite followed
by an increased mortality in the beginning of M&12. A co-infection of AHRV and IPNV
were confirmed to be associated with the mortalitye mortality seemed to have originated
in two start feeding tanks, number 4 and numbela8ea on opposite side of the aisle
separating tanks 1 - 6 from 7 — 10 (cf Figure 238veral of the tanks were terminated as a
consequence of the high mortality in combinationhwionfirmed presence of AHRV and
IPNV.

Analyses of 1 litre production water from tank 3jllected shortly before termination,
revealed that the moribund larvae where sheddings@s of both AHRV and IPNV into the
water. The Ct-values for AHRV and IPNV were 25.4 &6.9 respectively. Hence, spreading
of these viruses between the different tanks vi@smés may have contributed to disease
outbreaks in neighbouring tanks.

The facility had from the start of the outbreakliotéd strict hygienic measurements, as
separate dip nets, changing of gloves and usesaiadintives, but spreading of the viruses
and development of the disease was not under d¢oAfrthe end of the start feeding stage,
tank number 2, 3, 4, 5, 6 and 8 had to be termihate

4.2.2 Ovary fluid

After the outbreak in the start feeding tanksoéllhe female halibuts contributing with eggs
to the C1 generation were screened using ovarg fleim the last egg batch submitted. The
presence of viruses in the ovary fluid might inseaver time due to the stress of repeated
handling and spawning. Two halibuts were found ¢opbsitive; female halibut number 58
for AHRV and IPNV, and halibut number 54 for IPNXX test of every egg batch from
female number 58 revealed an increase in viruotf BHRV and IPNV from batch 3 to the
last batch (number 10).
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The halibut female number 58 had contributed eggsartks number 2, 3, 4, 5, 6 and 8, i.e.
the same tanks that were terminated. Transmisdionrases from brood fish 54 and 58
could explain the introduction of these virusesthe offspring and explain the disease
outbreaks in the start feeding tanks. In farmings@h bassO(centrarchus labrax) vertical
transmission from brood fish via eggs to the offgpris demonstrated using intramuscular
injections of live Sb-Atl nodavirus on the broodrfi(Breuil et al., 2002). In farming of barfin
flounder {Verasper mosari) the screening of the brood fish using PCR anibady detection
reduced the number of barfin flounder nervous resreirus (BFNNV) outbreak in the

juvenile offspring (Watanabe et al., 2000).

4.2.3 Brood fish

The presences of AHRV and IPNV in the ovary fluldad to total tissues screening of the

female halibut number 58 and number 54.

Both IPNV and AHRV were detected by real-time RTRP{ halibut 58. The presence of
IPNV was found in the posterior kidney. The kidrin&g been shown to be a target organ in a
challenge experiment with IPNV on halibut fry (Breg et al., 1994). AHRV was detected in
the anterior and posterior kidney, liver, foreguidahearth of halibut 58. From previous
outbreak in Canada 2001, Scotland 2003 and NorwWwag 2he liver of the moribund halibut
larvae’s were affected by severe necrosis and mresef virus (Cusack et al.,, 2001,
Ferguson et al., 2003, Blindheim et al., 2014)nfrtbe outbreak in Canada, necrotic kidney
tissue was also found in the moribund larvae (Cusdcal., 2001), however this was not
detected in Norway 2013, but presence of AHRV ia kidney was detected by real-time
RT-PCR (Blindheim et al., 2014). The presence oRAHN the gut and hearth has previous
not been reported, however, during the outbrealSaotland 2003 syncytial giant cell
formation and changes in the mucosal epitheliumtvad halibuts the were observed
(Ferguson et al., 2003).

Halibut 54 had detectible amounts of IPNV in theuyfluid during spawning 6 month prior
to the tissue analyses. Nevertheless detectibleiarmof IPNV were not found in the tissues
of halibut 54. This might imply that the amount IBNV in the halibut is greater during
spawning then in the rest of the season. As thealties of the halibut elongation factor from

the tissue analysed were high (mean Ct-value 20id possible that a low amount of IPNV
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has passed through the analyses undetected. AHRVdetzcted in the kidney, liver and
gonads of the halibut 54, but was not detected @timearlier in any of the ovary fluid

samples.

4.2.4 Sequencing

AHRV
The sequencing AHRYV from brood fish and larvae Wwased on segment 10, encoding for

the outer surface protein VP7. AHRV positive samiptem the heart of brood fish halibut
number 58 was compered with AHRV positive halibatvbe from the outbreak. The
sequenced virus genome revealed 100 % identicakesegs in the brood fish and the larva.
This means that the virus found in both brood &sk offspring are most likely of the same
origin, establishing a connection between the fllas support the theory of the virus being
vertical transmitted from brood fish to offsprirtgowever, both the larvae and the brood fish

could have received the virus from a common unifledtsource.

IPNV
The sequencing of IPNV was conducted to determemtgenotype of IPNV found in the

moribund halibut larvae. The sequencing revealed the virus was nearly identical to
previous isolates retrieved from Atlantic salmosolate: AY823632) (Santi et al., 2005).
According to (Song et al., 2005) the virulence g wirus is determent by the presence of
T(Threonine) in position 217 and an A(Alanine) Ire tposition 221. The sequence from the
halibut larva had a P in position 217 and a T isifian 221, hence, it should be of low
virulence. The IPN outbreak observed indicated tiatvirus was highly virulent, despite the
absent of an A in position 221. This could be duéhe fact that halibut and salmon are two
different species, but probably more importanhis fiact that the mortalities occurred among

larvae lacking a completely developed immune systeatel et al., 2009).
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4.3 Conclusion and future perspectives

The results from this study, points in the directad the brood fish halibuts as the most likely
source of the outbreak of both the Atlantic halitedvirus and the Infectious pancreatic
necrosis virus at this site.

Asymptomatic brood fish halibuts can be carriera RV and IPNV and during the stress

of spawning they have the potential of sheddingsgs that might enter the ovary fluid and
hence infect the eggs and offspring.

The future of halibut farming is best secured kplglsshing a pathogen free broodstock.

By testing the eggs, ovary fluid, milt, urine aretds, active shedders could be found and
eliminated from the breeding line.

In order to develop a method for testing the exgstand the future broodstock, the target
organ for AHRV and IPNV needs to be confirmed. Aldnge experiment might determine
the target organs, tissue tropism of the virusesthereby suitable organs for screening.
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Appendix

1 % agar ose gel

SeaKem® LA Agarose 49
1X TAE buffer 400 mL
Description: Weigh agarose in an Erlend-Meyer, thed 1X TAE buffer and warm in the

microwave until the agarose has melted (avoid hgjliStore at 60 °C.



