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Abstract

Since 2012, pilchard orthomyxovirus (POMV) has been of major concern to the Tasmanian
salmonid industry. The virus was first discovered in pilchards, and is, so far, only shown to be
highly infectious to Atlantic salmon (Salmo salar). Salmonid orthomyxovirus necrosis (SON)
is caused by POMYV and is associated with multisystemic pathology causing high mortalities
in the marine phase. The aims of this study were to investigate the tissue tropism and to
develop a new diagnostic test to improve early detection of POMV in Atlantic salmon. For
this, tissue samples of sub-clinical smolt from a cohabitation challenge were examined.
POMV was detected, post injection, in all six tissues examined with a peak of infection
between 8- and 12-days in all organs of sub-clinical fish with the exception of the gills which
presented high viral loads past this point. Head kidney and heart were the first sites to show
presence of POMV in sub-clinical fish, two days post injection, and were also among the
tissues with highest viral loads throughout the time course of the experiment. This knowledge
revealed that these tissues are effective samples for POMV detection. RT-gPCR assays
targeting segment 7 and 8 of the genome of POMV were designed and validated in several
steps. However, the improved diagnostic sensitivity of the assays compared to the currently
used RT-gPCR assay targeting segment 5, especially for the segment 8 assay, will be of
particularly importance to contribute to earlier detection of the virus. Development of an
improved diagnostic tool for early detection of POMV is of importance and will allow
management of disease at earlier phases, improve animal welfare, and potentially reduce

prevalence, transmission and losses due to the virus.



Introduction

1.1 Introduction to salmonid farming in Tasmania

Commercial salmonid farming commenced in Australia in the mid-1980s and, is today,
mainly composed of Atlantic salmon (Salmo salar) and rainbow trout (Oncorhynchus mykiss)
(Llewellyn, 2015; Mobsby, 2018). The salmon industry mostly operates in Tasmania in sea
pens (98%) and only a small quantity of salmonids are produced in Victoria and New south
Wales in land-based ponds (2%) (CSIRO 2016; Mobsby, Steven and Curtotti, 2020).
Production of salmonids (mainly Atlantic salmon) has increased from 40,405 tonnes in 2013-
2014 to 61,033 tonnes in 2017-2018 (Fig. 1), and the three major Tasmanian companies are;
Tassal Group Ltd (Tassal), Huon Aquaculture Group and Petuna Pty Ltd (Huon Aquaculture,
2016, 2018; Mobsby, D and Koduah, 2017; Mobsby et al., 2020; Mosby, 2018; Tassal, 2013,
2018). Internationally Australia accounted for about 2% the global salmonid harvest (Everblu
Research, 2018). However, domestically the salmonid industry accounted for 56% of the
Australian aquaculture (tonne of product), followed by oyster (13%), tuna (9%), and prawns
(5%) (etc), representing a value of AUD 756 million in 2016- 2017 (Australian Fisheries and
Aguaculture Statistics 2018, 2020).

Tasmanian salmonid production
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Figure 1. Tasmanian salmonid production by company (Tassal, Houn and Petuna) from 2013-2014 to
2017-2018. Note: Petuna do not report volumes and were calculated as ABARES total production
estimate less reported totals for Tassal and Huon (Huon Aquaculture, 2016, 2018; Mobsby et al, 2017;
Mobsby et al., 2020; Mosby, 2018; Tassal, 2013, 2018).



Salmonids are native to the northern hemisphere and were introduced to Australia in the late
1800s for recreational angling. In Tasmania there is presently a self-recruiting population of
rainbow trout, brown trout (Salmo trutta) and small numbers of brook trout (Salvelinus
fontinalis) in lakes and rivers (Cadwallader, 1996). All stocks of Atlantic salmon and brook
trout descent from Canada (Nova Scotia), and Rainbow trout from the north west coast of
America (Cadwallader, 1996). Import took place several times until the 1960s when imports
were banned, as it presented a risk of introduction of exotic disease to Australia (Llewellyn,
2015). For the very same reason, today, only “consumer-ready” salmon products can be
imported into Australia (with the exception of Tasmania) (CSIRO, 2016).

The marine grow-out phase takes place in open pens, each containing between 60.000 to
200.000 fish, located in mainly two areas in Tasmania. The south-east region in proximity to
the D’Entrecasteaux Channel, Huon River, Port Esperance, Stormy bay, Tasman peninsula
and one farm in Okehampton Bay. In the north-west region in Macquarie harbor, in addition
to one farm in the north of the state, located in the Tamar estuary (Fig. 2) (DPWE, 2016).
Tasmanian salmonid farming is conducted in both the ocean and in estuaries, which have
different water salinities and water exchange conditions, and therefore different problems and
diseases associated (DPWE, 2016).
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Figure 2. The current fin fish production areas in Tasmania marked in red, adapted from (DPWE,
2016).

Most fin fish diseases listed as reportable by OIE are exotic to Australia, and the list includes
none of the diseases of concern for the Tasmanian salmonid industry (Animal Health
Committee 2018). The main endemic diseases are; amoebic gill disease (AGD, Paramoeba
perurans), salmonid orthomyxovirus necrosis (SON, Pilchard orthomyxovirus), yersiniosis
(Yersinia ruckeri serotype O1b), vibriosis (Vibrio anguillarum serotype O1), Tenacibaculum
maritimum, marine Flavobacterium spp., Tasmanian Aquareovirus (TSRV) and Tasmanian

rickettsia-like organism (RLO). In addition, the Tasmanian aquabirnavirus and atypical



furunkulosis (Aeromonas salmonicida) which is unique for Macquarie harbor (Huon
Aquaculture, 2017; Animal Health Committee, 2018) are of concern. Paramoeba perurans
cause infection in the gills and AGD has been the primary health problem from the beginning
of the Tasmanian salmonid industry. The disease is associated with high mortalities (up to
50% if untreated), and is expensive to control and treat (Munday et al., 1990; Taylor et al.,
2009). SON, however, was introduced to the Tasmanian industry in the recent past and is now
an established and serious disease affecting the salmon industry (Samsing et al., in press.;
Godwin et al., 2020; Godwin et al. 2016; Morrison et al., 2013).

1.2 History of POMV

A novel orthomyxo-like virus was detected in wild pilchards (Sardinops sagax) in South
Australia in 1998, as an incidental finding during investigation of mass mortality events
caused by a pilchard herpesvirus (PHV) (Godwin et al., 2016; Hyatt et al., 1997; Whittington
etal., 1997). The virus was named pilchard orthomyxovirus (POMV) (Godwin et al., 2016).
In 2006 another orthomyxo-like virus with similar virus morphology was isolated from
apparently healthy Atlantic salmon during routine health surveillance testing in Tasmania’s
Tamar River. The new virus was named salmon orthomyxovirus (SOMV), and both viruses
were confirmed not to be infectious salmon anaemia virus (ISAV), a serious disease of
Atlantic salmon, exotic to Australia (Department of Agriculture, 2019; Godwin et al., 2016).
In 2012, SOMV was shown to be pathological as the virus was obtained from diseased
Atlantic salmon in an outbreak in south east Tasmania with high mortalities (> 500 000 fish)
(Godwin et al., 2016; Huon Aquaculture, 2017). Recently, POMV and SOMV were
confirmed to be the same virus (>95% nucleotide sequence identity) and has thereafter been
named POMYV (Mohr et al., 2020). The disease caused by POMV was named salmon
orthomyxoviral necrosis (SON) (Godwin et al., 2020). Since 2012 the virus has been detected
in all production areas in Tasmania and SON has shown to cause up to 50% mortality in
individual pens (Godwin et al., 2016; Huon Aquaculture, 2017). SON is a serious disease and
has the potential to severely impact the Tasmanian salmon industry (Huon Aquaculture,
2017).
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1.30rthomyxovirus classification and virion properties

POMV is a member of the Orthomyxoviridae family (Mohr et al.,2020), a family of
enveloped, negative sense, single stranded RNA viruses where the genome consists of six to
eight linear segments. The orthomyxovirus virions are about 80-100 nm, spherical or
pleomorphic and their genome size ranges from 10.0 to 14.6 kb encoding up to 12 proteins
(Cleretal., 1983; Lamb & Krug, 1996; McCauley et al., 2012; McGeoch et al., 1976;
Mijaaland et al., 1997). Orthomyxoviridae consists of seven genera: Alphainfluenzavirus
(Type species: Influenzavirus A), Betainfluenzavirus (Type species: Influenzavirus B),
Gammainfluenzavirus (Type species: Influenzavirus C), Deltainfluenzavirus (Type species:
Influenzavirus D), Thogotovirus (Type species: Thogoto thogotovirus), Isavirus (Type
species: Salmon Isavirus) and Quaranjavirus (Type species: Quaranfil quaranjavirus)
(International Committee on the Taxonomy of Viruses, 2020) The prototype of the family,
Influenza A (IAV), is relevant to the marine environment as its main reservoir is aquatic birds
(Webster et al., 1992). Currently, the only fish virus in the orthomyxovirus family is the
Infectious salmon anaemia virus (ISAV) (Falk et al., 1997; Koren & Nylund, 1997; Krossgy
et al., 1999; Mjaaland et al., 1997).

ISAV is one of the most important viruses in the global salmonid aquaculture industry,
consisting of two major genotypes (North American and European) (Devold et al., 2006; A
Nylund et al., 2007; Plarre et al., 2012; Vike, 2014), causing disease in farmed Atlantic
salmon in Norway (Thorud & Djupvik, 1988), Canada (Lovely et al., 1999; Mullins et al.,
1998; Ritchie et al., 2001a), USA (Bouchard et al., 2001), Faroe Islands (Lyngay, 2003),
Scotland (Rodger et al., 1998; Rowley et al., 1999), Ireland (Nylund et al., 2007) and Chile
(Godoy et al., 2008; Kibenge et al., 2001). However, recently a new orthomyxovirus was
detected in USA, rainbow trout orthomyxovirus (RbtOV), in Rainbow trout (Batts et al.,
2017). Based on phylogenetic studies, RbtOV and POMV are both likely to represent two
new genera within the Orthomyxoviridae family, with their closest relative being ISAV (Batts
etal., 2017; Godwin et al., 2016). Polymerase basic protein 1 (PB1) is the most conserved
protein of the orthomyxoviruses (Leahy et al., 1997; Lin et al., 1991; Nuttall et al., 1995;
Yamashita et al., 1989) and therefore used in these studies to evaluate the evolutionary
relationship between orthomyxoviruses. PB1 share a 40% similarity between POMYV and
ISAV, while the fusion protein (F) shows the lowest similarity, 23% between POMV and
ISAV (Godwin et al., 2016; Mohr et al., 2020).
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IAV, ISAV, RbtOV and POMYV all have a genome around 13500 nucleotides in length and
are composed of 8 segments (Table 1). Proteins of these orthomyxoviruses are orthologues
and share multiple proteins and functional domains, with some variation in the size of the

viral segments encoding for each protein, and the number of proteins encoded.

Table 1. The different segments ranked by size and the protein encoded by them for POMV, ISAV,
RbtOV, IAV. The protein abbreviations are: PB2= polymerase basic protein 2, PB1= polymerase basic
protein 1, NP= nucleocapsid protein, PA= acidic polymerase protein, NA= neuraminidase, F=fusion
protein, HA= hemagglutinin, HE= hemagglutinin esterase protein, SSORF 2/Non-structural protein
1(NS1)= IFN antagonists, NEP= nuclear export protein, M1= matrix protein 1 and M2= matrix protein
2.

Ranked by POMV . ISAV RbtOV 1AV
size
1 PB2 PB2 PB2 PB2
2 PB1 PB1. PB1 PB1
3 NP NP ¢ NP PA
4 F/S4B PA 4 PA HA
5 PA Fe NA NP
6 HE HE ¢ HA NA
7 S7Xa NS1 /NEP 4 NS1/NEP M1/M2
S7Xb

8 80ORF M1/s80ORF2 4 M1/M2 NS1/NEP

References: a= (Mohr et al., 2020), b= (Snow et al., 2003) c= (Krossgy et al., 1999) d= (Aspehaug et
al., 2004; Falk et al., 2004; Goi¢ et al., 2008; Ritchie et al., 2001b) e= (Aspehaug et al., 2004, 2005;
Devold et al., 2006) f=(Falk et al., 2004; Kristiansen et al., 2002; Krossgy et al., 2001a, 2001b; Miiller
et al., 2010) g= (Biering et al., 2002; Falk et al., 2004; Garcia-Rosado et al., 2008; Kibenge et al.,
2007; Li et al., 2016; Mchbeath et al., 2006) h= (Batts et al. 2017) i=(Lamb & Krug, 1996; McGeoch et
al., 1976)

Generally, orthomyxoviruses have one to two surface glycoproteins incorporated in the
envelope: hemagglutinin esterase protein (HE)/F protein for ISAV and POMV (Aspehaug et
al., 2005; Falk et al., 2004; Mohr et al., 2020), and hemagglutinin protein (HA)/neuraminidase
protein (NA) for IAV and RbtOV (Batts et al., 2017; Lamb & Krug, 2001). Three biological

12



activities are related to these surface proteins: hemagglutination (receptor recognition) (Falk
et al., 1997), esterase (receptor destruction) (Falk et al., 1997, 2004; Hellebo et al., 2004) and
(F protein) fusion activity (Aspehaug et al., 2005; Eliassen et al., 2000). In ISAV and POMV,
hemagglutination and esterase activities are located on the same individual protein, HE
protein (Falk et al., 2004), while fusion activity is related to the F protein (Aspehaug et al.,
2005). In 1AV and RbtOV the hemagglutination activity is located on HA protein together
with the fusion activity, while the neuraminidase activity is related to NA protein.
Additionally, IAV and RbtOV have an ion channel located in the envelope, matrix protein 2
(M2) (R. Lamb & Krug, 2001). Under the envelope the matrix 1 proteins form a coat, which
is associated with both the tails of the surface proteins and the 8 ribonucleoproteins (RNPS)
(Aspehaug et al., 2004; Biering et al., 2002; Falk et al., 2004). The fourth major protein of
ISAV, nucleoprotein, form the RNPs with RNA-dependent RNA polymerase complex
(RdRp) composed of the proteins: polymerase basic protein 2 (PB2), PB1 and acidic
polymerase (PA) and negative stranded ssSRNA (Aspehaug et al., 2004; Falk et al., 2004).
Nuclear export protein (NEP) is also associated with the nucleoprotein, and together with the
RdRp proteins make up the minor structural proteins (Kibenge et al., 2007) (Fig. 3). The
interferon antagonists, SSORF2 and NS1, are non-structural proteins which suppress immune
responses in the host (Biering et al., 2002; Mcbeath et al., 2006; Garcia-Rosado et al., 2008;
Li et al., 2016).
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Figure 3. Schematic representation of pilchard orthomyxovirus (POMV) which includes the structural

proteins and the 8 segments of the genome of the virion (adapted from Cottet et al., 2011)
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The ISAV genome encodes 10 proteins (Mjaaland et al., 1997), six of these are homologs
between POMV and ISAV, with some variation in size of the corresponding segment (Table
1). All of these six segments have one open reading frame (ORF) except for segment 4 of
POMV. Segment 4 has a potential additional ORF, although the encoded protein has no
matches with other protein of the orthomyxoviruses. Segment 7 of POMV has two possible
ORF and may encode two proteins similar to segment 7 of ISAV. Segment 8 has been found
to only have one ORF unlike ISAV which has two ORF (Table. 1). The possible encoded
proteins of segment 7 and 8 of POMYV do not align with proteins of ISAV segment 7 or 8, or

those of other orthomyxoviruses (Mohr et al., 2020).

1.4 Replication

The first step in the viral replication for orthomyxoviruses is virus attachment by binding of
hemagglutinin (HE or HA) to sialic acid on the cell’s surface, and the virion enters the cell by
receptor-mediated endocytosis (Hellebo et al., 2004; Kristiansen et al., 2002; Krossgy et al.,
2001a; Rimstad et al., 2011; Workenhe et al., 2007) (Fig. 4a/b). A decrease in pH, involving
M2 for IAV (R. Lamb & Krug, 2001), induces release of vVRNP from M proteins and
uncoating by fusion (F or HA) of the envelope with the endosome (Aspehaug et al., 2005;
Eliassen et al., 2000) (Fig. 4c). This allows VRNPs into the cytoplasm which are then actively
transported by importins (produced by the cell) into the cell nucleus (Wu et al., 2007) (Fig
4d). Unique for orthomyxoviruses are that they replicate inside the nucleus and are able to
access capped cellular mRNA and exploit the host splicing machinery, unlike most other

RNA viruses which remain in the cytoplasm (Falk et al., 1997; Palese, 2007).

The negative stranded RNA genome is not a part of the central dogma and cannot be used as a
template of the cell’s transcriptional machinery. The genome is transcribed by the virus” own
RdRp-complex: PB2 bind to the host pre-mRNA, PA cleaves it (referred to as “cap
snatching™) and the “cap" is used as a primer for the PB1 to initiate elongation (Dias et al.,
2009; Sandvik et al., 2000). Early proteins, PB1, PB2, PA, NP and IFN antagonist, are
transcribed first as these are essential for further synesis, followed by late proteins: HE/HA,
FINA, M1, M2 and NEP (Palese, 2007) (Fig 4e). The RdPd-complex (PB1, PB2 and PA)
enables further translation and replication, NP stabilize RNA and is essential for the RdPd to
bind to RNA and they are therefore transported into the nucleus (Aspehaug et al., 2004; Goi¢
et al., 2008; Portela & Digard, 2002). Segments with two ORFs generates mRNA by

14



transcription of two alternative ORFs or through splicing resulting in an alternative ORF
(Biering et al., 2002; Garcia-Rosado et al., 2008; Kibenge et al., 2007; Mcbeath et al., 2006;
Palese, 2007).

The mRNAs are transported to the cytoplasm for translation: the surface proteins on
ribosomes associated with endoplasmic reticulum (ER) and the others on free ribosomes (Fig
4 f,g,h). In ER the proteins are modified, before entering the golgi apparatus (Falk et al.,
2004; Palese, 2007). The surface proteins are transported to the cell surface by golgi, and the
fusion related protein (F/HA) are activated by proteolytic cleave (Aspehaug et al., 2005; Falk
et al., 2004;Lamb & Krug, 1996; Miiller et al., 2010). Replication of vVRNA also occurs in the
nucleus to complimentary RNA (cRNA) followed by transcription of new viral RNA
(VRNA). NP, M1 and NEP are imported into by importins to the nucleus to form an “export
complex” which is essential for export of RNA form the nucleus to the cytoplasm. RNPs are
actively transported out of the nucleus through exportins by recognition of NEP (Nayak et al.,
2009) (Fig. 4i). These proteins are then incorporated with the surface protein on the cells’
membrane by a budding process (Maria Aamelfot et al., 2012; Koren & Nylund, 1997). The
virion is released from the cell by esterase (HE and HA) cuts sialic acid (Falk et al., 1997,
2004; Hellebo et al., 2004; Palese, 2007)(Fig. 4 j,k).
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Figure 4. The replication cycle of orthomyxoviruses illustrated (adapted from Aspehaug, 2005).

1.5 Pathology, histopathology and cell/tissue tropism

Outbreaks of salmon orthomyxoviral necrosis (SON) has only been detected in Atlantic
salmon in sea water (Godwin et al., 2016). Pathology associated with POMV in Atlantic
salmon include lethargic fish seen swimming near the surface with dark coloration of the skin
and petechial haemorrhages on ventral part of the body. Internally, clinical signs of disease
include clear/opaque mucus in the stomach and gastrointestinal tract, splenomegaly, petechiae
of visceral fat and peritoneal surfaces (Samsing et al., in press.; Godwin et al., 2020; Godwin
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et al. 2016; Morrison et al., 2013). The presence of necrotic cells in multiple organs is the
most constant observed change associated with POMV infection, given rise to the name of the
disease; salmon orthomyxoviral necrosis (Godwin et al., 2020). Histologically, necrosis is
observed in liver, kidney, spleen, heart and eye. These include mild multifocal hepatocellular
necrosis, necrosis of renal haematopoietic tissue, inflammation and necrosis of spleen,
necrosing mycarditis and uveitis (Samsing et al., in press; Godwin et al., 2020; Godwin et al.
2016). Usually individual fish display only a few of the clinical pathology associated with
SON. Individually these changes are not exclusive for SON and is also associated with other
pathogens of Atlantic salmon in Tasmania (Godwin et al., 2020). SON and ISA share
pathology signs related to circulatory failure (Evensen et al., 1991; Thorud & Djupvik, 1988).
However, anaemia, a characteristic feature of ISA, is not associated with POMV infection
(Evensen, Thorud, and Olsen 1991; Godwin et al. 2020; Morrison, Carson, and Knowles
2013; Thorud and Djupvik 1988).

The cellular tropism of POMV is unknown and several cells are suggested to be target,
however a particular tropism towards endothelial cells has been described (Samsing et al., in
press; Godwin et al. 2020; Morrison et al. 2013). Similarly, other orthomyxoviruses are
known to target endothelial cells, including ISAV and highly pathogenic IAV (Hovland et al
1994; Nylund et al 1995b; Koren & Nylund 1997; Nylund et al 1996, 1997; Aamelfot et al.
2012; Subbarao et al. 1998). Infection in endothelial cells can degenerate blood vessels and
lead to haemorrhages in multiple organs and reduced fluid balance (Koren & Nylund 1997,
Aamelfot et al. 2012). It is therefore likely that infection of endothelial cells by POMV is
related to the vascular disturbances and haemorrhages associated with SON and might explain
the multi tissue pathology (Godwin et al., 2020). Hepatocytes has also been suggested to be
targeted (Godwin et al., 2020; Morrison et al. 2013), which correlates with the pathology
observed in the liver with necrosis of individual hepatocytes (Godwin et al., 2020; Godwin et
al. 2016; Morrison et al. 2013). In contrast to the characteristic pattern of necrosis seen for
ISAV; hepatocyte necrosis in some distance from sinusoidal vessels while the tissue in close
proximity of the central veins is intact (Evensen et al., 1991; Thorud & Djupvik, 1988).
Among the target cells proposed, spleenocytes and haemopoetic cells in kidney also recur as
potential targets (Samsing et al., in press; Morrison et al. 2013) which might explain the
pathology seen in these organs.
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POMV is shown to agglutinate erythrocytes and exhibit a receptor destroying activity, typical
characteristics of orthomyxoviruses (Nylund et al 1995b; Koren & Nylund 1997; Hellebg et al
2004; Aamelfot 2013; Godwin et al., 2020; Godwin et al. 2016). Unlike the other target cells
for ISAV (epithelial cells, endothelial cells, endocardial cells and leucocytes) (Dannevig et
al., 1995; Hovland et al., 1994; Nylund et al., 1995b, 1996) there is no replication in the
erythrocytes and the virus only binds to the surface of the cells (Aamelfot et al., 2012). This
trait is known to cause agglutination of erythrocytes leading to reduced circulation flow. It has
also been suggested that erythrocytes attachment simulates hemophagocytes as the immune
system recognize them as forging, leading to blood cell depletion and anaemia for ISAV
(Aamelfot et al., 2012). However, anaemia is not associated with SON, and the implications
of viral attachment is not clear (Godwin et al., 2020). The vascular disturbances in addition to
reduction of red blood cells have also been proposed to cause hypoxia which plausibly,
indirectly cause necrotic lesions seen for ISAV (eg. seen for liver) (Aamelfot et al., 2012).
Hypoxia is not a described for SON, and the cause of the necrotic pathology must be
investigated further.

1.6 Host range

POMV was first discovered in apparently healthy pilchards (Sardinops sagax) and a few
years later the virus was detected in diseased Atlantic salmon. These are the only species the
virus has been isolated from, possibly demonstrating an interspecies transmission, well
documented for other pilchard orthomyxoviruses (Mohr et al, 2020, McCauley et al., 2012).
Despite being able to replicate in cell lines from both pilchard and salmon origin (Mohr et al,
2020), no evidence of disease has been observed in infected pilchards (Godwin et al., 2020;
Godwin et al. 2016). Sequence analysis indicate that pilchards can act as a biological vector
as the virus is shown to be present in both species at the same time (Godwin et al., 2016).
Screening of other wild fish has not been conducted, and it is not known if other species then
pilchards that are susceptible to POMV infection (Godwin et al., 2020.; Godwin et al. 2016).

POMYV has only been shown to cause disease in Atlantic salmon in the field (Godwin et al.,
2020). Experimentally, the virus has been shown to be pathogenic in both fresh water and
seawater, and to all major life stages of Atlantic salmon (Godwin et al., 2020). Similarly,
ISAV has only caused outbreaks in Atlantic salmon, almost exclusively detected in the

seawater phase, and known to be susceptible to ISAV for all major life stages (Rimstad et al.
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2002). Experimental studies has shown that other salmonids (Oncorhynchus mykiss, O. keta,
O. tshawytscha, O. kisutch, S. trutta and Salvelinus alpinus) are susceptible for ISAV; they
develop few signs of ISA, however the virus seems to be capable of propagating and they
might act as asymptotic carriers (biological vectors) (Nylund et al 1994, 1995a, 1997; Nylund
& Jakobsen 1995; Rolland & Nylund 1998; Devold et al 2000; Snow et al 2001a,b; Rolland &
Winton 2003;Vike 2014) POMV has never been isolated from rainbow trout or been observed
with clinical signs of SON, however RNA has been detected by real time RT-gPCR in a
single farmed rainbow trout (Godwin et al., 2020). The susceptibility of rainbow trout and

other salmonids remains to be tested.

Unlike POMV, there is no known marine reservoir for ISAV, and the natural hosts are most
likely S. salar and S. trutta (Raynard et al 2001, Plarre et al 2005; Plarre 2012; Vike 2014).
ISAV is known to change from low-virulent (HPRO) to high virulent variants (HPRA)
(Nylund et al 2003, 2007, Plarre et al 2012, Christiansen et al 2017; Nylund et al 2019). The
population density of S. salar and S. trutta is highest in the river, however it is too small to
sustain high virulent ISA viruses (Nylund et al 2003, 2007). Therefore, the virus must consist
of low virulent strains in natural populations (Nylund et al 2003, 2007; Plarre et al 2012, Vike
2014, Nylund et al 2019). Pilchards, which is thought to be the natural reservoir for POMV,
have large populations in Indo-Pacific and East Pacific oceans and can sustain pathogenic
strains, as seen for pilchard herpesvirus (Whittington et al., 2008). However, POMYV has not
been reported causing disease in this species and its susceptibility is yet to be experimentally
tested (Godwin et al., 2016).

1.7 Epidemiology and transmission

Field based observation indicate horizontal transmission of POMV between individual
Atlantic salmon and between pens (Godwin et al., 2016). Experimentally POMYV is shown to
be transmitted by direct skin to skin contact, but also to be highly infectious by indirect
transmission through the water (Samsing et al., in press). Little is known about shedding
routes or entry ports of POMV. Horizontal transmission of ISAV occurs via virus shedding
from various routes, including skin, mucus, faeces, urine and blood and dead fish (Totland et
al., 1996). ISAV is known to shed before observations of clinical signs and the gills to be the
most probably port of entry (Aamelfot et al., 2012; Austbg et al., 2014; Mikalsen et al., 2001;
Totland et al., 1996; Weli et al., 2013). However, ISAV do not remain infective for long as it
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is only shown to survive for three hours in natural seawater, and up to 24 hours in sterile
seawater (Vike et al., 2014). POMYV seems to have a higher infectivity, even though POMV
persistence in the field is not known, cultured POMV in sterile water is shown to remain
infectivity for up to 14 days in a wide range of temperatures (15 - 22°C) and pH values (4. 6 —
8.7) (Morrison et al., 2013). This indicate that POMV might be transmitted longer distances
than ISAV, as seen eg. salmonid alphavirus (Skjold, 2014). Despite ISAV low infectivity,
dispersal of ISAV can occur over long distances as farm gear, well boats and copepods can
act as mechanical vectors (Jarp & Karlsen, 1997; Murray et al., 2002; Vagsholm et al., 1994).
Pilchards and marine fish are likely to act as biological vectors for POMV, as well as other
vectors not yet investigated for POMV (Godwin et al., 2016).

Vertical transmission has not been shown for POMV, however low virulent HPRO variants of
ISAV is known to be vertically transmitted (Vike et al 2008; Marshall et al 2014; Nylund et al
2019). Molecular epizoology show that HPRO is present in smolt production and in brood fish
in Norway (Nylund et al 2007; Lyngstad et al 2012). In addition, ISAV from different areas
are shown to be closely related and this relationship seems to reflect the origin of the eggs
(Nylund et al 2007; Plarre et al. 2012, Vike et al 2008, Nylund et al 2019). This indicates that
ISAV circulates in farmed salmonids via brood stock populations, and that there is little or no
transmission from wild to farmed salmonids (Nylund et al 2019). Vertical transmission is
therefore thought to be an important mechanism for long distance spreading of ISAV, giving
rise to high prevalence and reservoir of HPRO in farmed salmon. ISAV can further be spread
locally through horizontal transmission of both HPRO and HPRA variants (Nylund et al.,
2019). The epidemiology and transmission routs are not necessarily similar for POMV and

ISAV as they differ significantly in their reservoir and host range.

1.8 Prevention and control

Infectious pathogens, such as POMV, present a threat not only to fish health and welfare but
also the environment and economies of framers. Animals in an open aquatic environment are
constantly exposed to pathogens and due to high densities of fish in aquaculture can be
rapidly spread (Sommerset et al., 2005). To reduce impact of diseases it is important to focus
on preventing the occurrence of disease rather than treating diseased fish (Assefa & Abunna,
2018). Some key factors in the prophylaxis of disease is good fish management and hygiene

in addition to limited stress (Sommerset et al., 2005). The Tasmanian industry can draw
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experience from ISA as implementation of precaution to reduce horizontal spread and
infection pressure has significantly reduced the number of outbreaks internationally (Hastein,
1997). This includes Norway, were the number of ISA cases increased the following years
after the first official outbreak of ISA was registered (1984) (Thorud & Djupvik, 1988),
reaching a peak in 1990 with over 80 outbreaks (Hastein et al., 1999). As a result, regulatory
actions were introduced and the number of outbreaks decreased, and ever since 1993 the
number of cases has been low, raging form 1-20 outbreaks each year (Veterinarinstituttet,
2020).

Implementing separation of generations played an important role in preventing horizontal
transmission of virulent variants of ISAV. In addition to restrictions related transportation and
movement of fish, mandatory health control, slaughterhouse and transport regulations, ban on
sea water use during smolt production, compulsory disinfection of wastewater following
slaughter, specific measures including restrictions on affected, suspected and neighbouring
farms and enforced sanitary slaughtering (Hastein, 1997; Hastein et al., 1999). Simply put,
ISA is regulated by strict measures and is also highly monitored, as it is an OIE listed disease
and notifiable (list 2) in Norway and within the EU (European Commission, 2006). However,
new research and knowledge of epizoology and transmission of ISA is still generated, and
regulations should be constantly updated and be based on scientifically proven ways (Assefa
& Abunna, 2018). Per example, as new evidence supports the importance of vertical
transmission of ISAV, Nylund (2019) recommendations to include regulations to remove the
low virulent ISAV from the brood fish, in addition to removal of the virulent variants (as the
regulation are based on to this day). Similarly, a greater understanding of transmission routes,

host range, reservoirs and important risk factor of SON is critical to prevent disease.

Vaccination is one of the most effective ways to prevent disease (Assefa & Abunna, 2018),
however the viral vaccines are generally shown to not be as effective compered to bacterial
vaccines (Crane & Hyatt, 2011; Kibenge et al., 2012; Sommerset et al., 2005). The vaccines
available for ISA does not seem to give complete protection (Falk, 2014). A vaccine for
POMV has been developed and was tested for the first time in 2019. However the
effectiveness of the vaccine is not known as it is still being investigated as a part of a three-
year POMV project (Norwood, n.d.). Diagnostic tests are also of great importance in

prevention and control of disease. An accurate, rapid diagnostic test is essential to avoid
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misclassification, for early detection and management of disease and to carry biosecurity

programs and surveillance (Assefa & Abunna, 2018).

1.9 Diagnostic methods

Confirmation of disease due to POMYV and the associated diagnostic tools are based on the
same principles as ISA. Primary diagnostic methods are based on observation at the site,
clinical symptoms, gross pathology and histopathology. The requirements for the diagnosis of
confirmed ISA includes presence of pathological signs compatible with the disease in addition
to specific detection of the causative agent ISAV (OIE, 2019). According to the World
Organization for Animal Health (2019), the virion can be detected by one of the following
methods, which are all based on detecting either the nucleic acids or proteins of ISAV. Virus
isolation by cell culture followed by virus identification by indirect fluorescent antibody test
(IFAT) or RT-PCR (conventional or quantitative). ISAV detection in histological sections by
immunoassay (immunohistochemistry, IHC). Detection of ISAV in tissue preparations by
PCR or IFAT. IHC and IFAT are both based on visualizing specific viral protein targeted by
labelled antibodies. PCR detects POMV by amplifying nucleic acids of the virus to confirm
its presence (OIE, 2019).

Diagnostic tools developed for detection of POMV include antibody-based detection by IHC
and immunocytochemistry (ICC) (targeting NP, HE ans S8A proteins), situ hybridization
(ISH) (targeting segment 2), and conventional RT-PCR and quantitative RT-PCR (targeting
segment 5) of preferably kidney, liver and spleen (Godwin et al., 2016, 2020; Mohr et al.,
2020) POMV can replicate in ASK (Atlantic salmon head kidney leukocyte) and CHSE
(Chinook salmon embryo), RTG (Rainbow trout gonad) cell lines. CPE for POMYV includes
‘rounding’ of infected cells and partial detachment from the monolayer (Godwin et al., 2016;
Mohr et al., 2020)

1.10 What makes an accurate diagnostic tool?

Diagnostic test accuracy refers to the ability of the test to distinguish diseased individuals
from healthy individuals (healthy individual can be infected by a virus, ex ISAV HPRO), or a
diagnostic test can distinguish between positive specimens (infected by a specific agent) and

negative specimens (not infected) (Lalkhen & McCluskey, 2008; Maclachlan & Dubovi,
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2010). The accuracy of a test depends on the specificity of the approach used (assay), i.e. the
test should only give positive result for one specific agent (pathogen). A 100% specific test
will never give false positives (unless contamination occur). The sensitive of a test is the
ability to detect all positive individuals, i.e. a 100 % sensitive test will never give false
negatives. However, there are no test that have a sensitivity of 100 % which mean that there is
always a risk of false negatives (Aslam et al., 2016; Parikh et al. 2008). Generally, virus
isolation in cell culture is considered as the “gold standard” tests for viruses, since the method
shows the presence of infectious virions that can be identified. However, use of cell cultures
has a high cost (time consuming) and lack of available cell cultures for fish viruses limits the
use of this approach. The most used alternative for detection of virus infections is RT-qPCR
which a rapid, sensitive and highly specific method for identification of viral genes
(Maclachlan & Dubovi, 2010). This method cannot be used for quantification of virions
(within an infected host the are several different RNAs that will be detected by the assays, ie.
not only genomic RNA from virions), but can, in most cases, give a good indication of
production of virions within the hosts. A correct diagnosis will have to include observation of
pathology (behavioural changes, gross pathology and histopathology) combined with
detection of specific virions (or viral RNA or viral proteins) known to cause the pathology
(OIE, 2019).

1.11 Origin of the project

This master project initiated from a larger POMV project investigating virus transmission and
infection dynamics. This project raised from recent gene expression data conducted by next
generation sequencing in ASK-cells, kidney and liver showing higher expression of other
segments than segment 5 of POMV at an early infection state (Samsing et al. in press). This
finding indicated that other segments of the viral genome could be better candidates for early
detection of the disease than the currently used RT-qPCR assay targeting segment 5. For early
detection, understanding of the virus distribution in the tissue is also desirable, such as
knowledge of initial site of infection for efficient sampling. Sub-clinical fish were of interest
to test as the fish is infected but without clinical signs and can be easily overlooked. It would
be desirable to be able detect this infection phase and thereby eliminate infected animals and

implement control strategies at an early stage.
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1.12 Thesis Aims

Pilchard orthomyxovirus (POMV) is a virus of major concern to the salmon farming industry
in Tasmania. The virus was first isolated from Atlantic salmon in Tasmania in 2006, and since
2012 it has been increasingly associated with stock losses and severe disease outbreaks. Early
detection of POMYV could significantly improve management of the disease, reduce losses and
ultimately improve animal welfare. The main aim of this thesis is to develop diagnostic tools

to improve subclinical detection of POMV. The specific aims of this thesis are:

1. To investigate viral tissue tropism during a time course infection in experimentally
infected Atlantic salmon, Salmo salar.
- Conducting real time RT-gPCR using the current segment 5 assay,
immunohistochemistry and virus titration on tissues collected at defined time

points following the challenge (potential subclinical animals).

2. To develop and evaluate new targets for the detection of POMV using molecular tools

- Design, validation of reaction (efficiency and analytical sensitivity) and
optimization of the two new Tagman real time RT-gPCR assays.

- Analytical specificity with respect to other Tasmanian viruses, including
Tasmanian Aquabirnavirus (TABV), and Tasmanian salmon Aquareovirus
(TSRV), in addition to the exotic virus ISAV.

- Conduct diagnostic sensitivity and specificity testing of the two newly developed
Tagman real time RT-gPCR assays and compare them to the current segment 5

assay on subclinical, moribund and naive fish.

2. Material and methods

2. 2.1 Experimental set up

The cohabitation infection challenge was conducted in 2018 in Tasmania, Australia. Planning
or executing of the experiment is for that reason not part of this master thesis. The experiment
is described to provide information of the samples that were analysed in the master’s project.
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2.1.1 Fish

Female diploid Atlantic salmon (Salmo salar) smolts of mean weight 116 g were obtained
from a commercial tank cohort at the Florentine hatchery (Salmon Enterprises of Tasmania)
on September 2018. The fish had previously been treated against yersiniosis (Yersinia ruckeri
serotype O1b biotypes 1 and 2) by dip-vaccination with Yersinivac-B® (Tréidlia Biovet,
Sydney) as fry at 2.5g and 8g in spring 2017. Subsequently, by intraperitoneally (1P
vaccination with Yersinivac-B-injectable at parr stage in July 2018. The cohort were exposed
to L10:D14 (light:dark) photoperiod followed by seven weeks of L24:D0 to trigger
smoltification. Prior to transfer, the fish was independently tested for disease by bacterial
culture of kidney on blood agar and histopathology of major organs by the Animal Health
Laboratory of the Department of Primary Industries Water & Enviroment (DPIPWE).

The smolt were transported to DPIPWE Biosecure Fish Facility (Prospect, Tasmania) ina 1
m? fish transport tank with automated oxygenation (95 — 105% oxygen saturation) in hatchery
water (7.5°C). Over two weeks, the fish were maintained in a recirculatory system (RAS)
composed of 12 individual 1000 L tanks of freshwater (11 °C % 1). In the second week, the
salinity and temperature were gradually increased, resulting in full marine conditions with a
salinity of 32 ppt and temperature of 15 °C + 1. Sea water was obtained from the Tamar
estuary in the north of Tasmania and was chlorinated (>5 ppm for 12-24 h) and dechlorinated

prior to use.

According to the Australian Code of Practice for the Care and Use of Animals for Scientific
Purposes (8th edition, 2013), all animal procedures were approved by the DPIPWE
Animal Ethics Committee (AEC) (AEC no. 3/2018-19).

2.1.2 Preparation of inoculum

Chinook salmon embryo cell line (CHSE-214) were grown at 20 °C in 175 cm? flasks with
Eagles minimal essential medium (EMEM) containing L-glutamine (Sigma-Aldrich) and
supplemented with 10% (v/v) Australian foetal bovine serum (Invitrogen, Life Technologies).
The POMV isolate TCFV 0067-0004 (virus passage number four) was used as inoculum and
propagated in 90-100% confluent cell monolayers. The cultures were observed daily by
inverted light microscopy for development of cytopathic effects (CPE). When 100% of the

monolayer had CPE present, the supernatants were transferred into a single flask. The
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supernatants were clarified by centrifugation at 4,500 x g for 15 min at 4°C and passed
through a 0.2 um filter to exclude cell debris. Subsequently aliquoted and stored at -80°C.
Virus titres were calculated according to the 50% end-point method of Reed and Muench

(1938) and expressed as tissue culture infective dose 50% per ml (TCIDso/mL).

2.1.3 Cohabitation Infection Challenge

The cohabitation infection challenge was designed to test direct and indirect transmission of
POMV between Atlantic salmon in sea water. The experiment involved a paired tank set up,
consisting of one cohabitation tank with fish injected with POMV (trojans) and naive fish
(co-habitants), and one indirect cohabitation tank with naive fish (indirects). The two tanks (2
x 1000 L) were connected by an unfiltered pipe circulating seawater between them (26 1min
1y exposing the indirects to POMYV through the water (Fig. 6). The paired tanks were run in
four replicates where three of the tanks were sampled throughout the experiment. The fourth
replicate was used to quantify virus-associated morbidity/mortality. The water temperature
was kept at 15 °C + 1.

On day zero of the experiment, the trojans were anesthetized with 20 ppm AQUI-S™ and IP-
injected with 200 pL of cell culture supernatant containing POMV at titre of 1x1088
TCIDso/mL CHSE-214 using 1 mL graduated syringes and 6 mm x 22 G needles (Unimed,
Lausanne, Switzerland). To distinguish the trojans from the non-injected fish, the adipose fin
of the trojans was clipped. The experiment was conducted with the cohabitation tanks stocked
with 22 trojans and 32 co-habitants, and the indirect cohabitation tank had 32 indirects for

each individual tank.

The tanks were monitored three times a day during the trial, which was finalized 20 days post
injection. Moribund fish, fish showing clear signs of POMV, were removed immediately,
euthanized with mg L of AQUI-S™ and necropsied. Clinical sign of POMYV is described in
Godwin (2020) and includes swimming near the surface of the tank, lack of response to
stimuli and dark coloration of the skin. The trial was terminated when morbidity in the cohab
and indirect groups reached a consistent plateau for at least three days.
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Figure 6 Schematic representation of the two challenge models (cohabitation and indirect
cohabitation) used in this experiment to examine the transmission of Pilchard orthomyxovirus
(POMV) in seawater. Paired tanks (2 x 1000 L tanks) were coupled together so that seawater
circulated through both via a piping system, but fish in each tank were prevented from coming into
direct contact. Dark grey fish in the cohabitation tank represent fish that received an intraperitoneal
(IP) injection with POMV (trojans) at a titre of 1 x 1088 TCIDsom.. Lighter grey fish were exposed to
the virus via direct cohabitation (cohabitation tank) or via seawater (indirect cohabitation) coming
from the cohabitation tank. Cohabitation tanks were stocked with 22 trojans and 32 cohabitants, and
indirect cohabiration tanks with 32 indirects. Adapted from Samsing et al. (in press).

2.1.4 Sample Collection

On day zero of the experiment, nine naive fish were sampled from a holding tank before
allocation of fish into the four paired tanks. Observed moribund fish were removed and
sampled throughout the experiment. During the cohabitation infection challenge, three fish
were sampled from each tank and treatment (cohabitation and indirect exposure tanks) on
days 1, 2, 4, 8, 12- and 19-days post-injection of trojan fish. The fish sampled were cohabs
and indirects which had absence of clinical signs of POMV. These fish were assumed to be
subclinical infected individuals, however, it is also plausible that these fish are in the early

stages of SON and thereby pre-clinical and would eventually develop clinical signs. To
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confirm the actually state of the animal, a non-lethal sampling method is required to

individually monitor the same fish over time, which was out of the scope for this study.

Samples for quantitative Polymerase Chain Reaction (RT-qPCR) were collected in
RNAIlater® and stored at 4°C overnight and placed in -80°C until further use. The samples
collected and analyzed were gill arch, spleen, liver, head-kidney and heart. The same tissues,
in addition to mid-gut, were collected in 10% buffered formalin for analysis by
immunohistochemistry. For virus isolation, samples of spleen, liver and head-kidney were
collected in bead homogeniser tubes (Lysing Matrix E 2 mL tubes, MP Biomedicals™ Tubes)
and stored at -80°C.

In attempt to answer the aims of this thesis sub-clinical fish samples were used and analyzed
for examination of tissue tropism and for testing of the POMV RT-gPCR assay. We did not
differentiate between cohabs and indirects but treated all of the samples “equal” by simply
grouping them as sub-clinical fish. Only a few samples of naive and moribund fish were
supplied to this study. Moribund fish were used as positive controls for RT-gPCR and virus
titration, and a few samples of moribund and naive fish were also supplied for testing of the

new RT-gqPCR assays.

2.1.5 RNA-extraction

To isolate RNA and remove genomic DNA contamination, RNeasy® Plus Mini kit
(QIAGEN, Venlo, Netherlands) was used according to the manufacturer’s protocol:
“Purification of Total RNA from Animal Tissues”. All centrifugation steps were performed at
14000 rpm with Eppendorf centrifuge 5417 R and all work involving 3-Mercapoethanol was
performed in a fume hood.

Tissue samples stored in RNAlater® were dissected to specimens of ~ 20 mg, minced with a
scalpel, and placed into a Lysing Matrix E 2ml columns (MP Biomedicals, USA). RLT buffer
/ B-Mercapoethanol (600 pL) was added and the tissue was further disturbed by the
TissueLyser Il (QIAGEN, Venlo, Netherlands) to a uniform homogenous solution by 3 mins
at 20 hz. The lysate was centrifuged for 3 min and the supernatant was removed by pipetting
(~ 600 pL). This was transferred to a gDNA eliminator spin column (provided by the kit)
placed in a 2ml collection tube, and centrifuged for 30 s. One volume (~ 600 pL) of 70%
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ethanol (50% ethanol for liver samples) was added to the flow-through and mixed by
pipetting. A portion of the lysate-alcohol mix (~ 600 pL) was immediately transferred to a
Rneasy spin column placed in a 2 ml collection tube and centrifuged for 15 s and the flow-

though was discarded. This was repeated with the remaining lysate-alcohol mix (~600 pL).

The Rneasy spin column was then washed thought several steps. Following the final wash, the
Rneasy was transferred into a new 2 ml collection tube and centrifuged for 1 minute to
remove residual ethanol and wash buffer. Then after RNA was eluted, the Rneasy spin
column was placed into a 1.5 ml Eppendorf tube, and 40 pL of Rnase free water was added
directly to the spin column membrane. After a 1 min incubation at room temperature samples
were centrifuged for 1 min. An aliquot of the eluted RNA was taken for analysis and the

remaining sample was stored at -80 until further use.

A NanoDrop 8000 Spectrophotometer (Thermo Scientific, Waltham, Massachusetts USA)
was used to measure total RNA concentrations and the A260/A280 and A260/A230 ratios for
purity. RNA was quantified in order to normalize the input value for RT-qPCR reaction to a
concentration of 10 ng/uL then stored at -20°C. Values above 2.0 for A260/280 and 2.2 for
A260/230 is recognized as “pure” (Desjardins & Conklin, 2010) and were further analyzed.

2.1.6 Real time RT-gPCR

All RT-qPCR analyses were run in a QuantStudio™ 5 Real-Time PCR System
(ThermoFisher™) according to standard AgPath-1D one-step RT-PCR kit (ThermoFisher™)
setup, which is 45°C for 10 minutes, 95-°C for 10 minutes and then 40 cycles with 95°C for
15 seconds and 60°C for 45 seconds. The RT-gPCR reactions were run as (1) standard or (2)
reduced reaction volume.
(1) A standard 25 pL reaction included (per reaction); 2 pL template (10 ng/ul) RNA,
12.5 ul 2x RT-PCR buffer, 1 uL 25x RT-PCR enzyme mix, primers/probe.

(2) A reduced 10 pl reaction included (per reaction); 1 pL template (10 ng/pl) RNA, 5 pl
2X RT-PCR buffer, 0.4 pl 25x RT-PCR enzyme mix, primers/probe.
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The primer and probe concentrations varied depending on the assay used (Table 2).

Table 2. Real-time PCR primers and Tagman probes to detect POMV segment 5, segment 7, segment 8 and ELFl1a

Gene Primer Sequence (5°-3") Reaction conc. (nM)  Annealing temp (°C) Amplicon length (bp) Reference
POMV F ATCAGAAGGGACGGTGGAAG 900

::J“r:;]t : POMV R CGGTCTCGCAACTCTTGATTG 900 60 112 Mohr et al., 2020
Tagman probe FAM-TCAAGCCCAAGGAACCGCAAAAGC-TAMRA 250
POMV F CACGAGATTGCCGACGACTT 200

:;x;t . POMV R CTCAGCAAGGATCGCCACAA 900 60 132 This study
Tagman probe FAM.AGCCGCTCAGATTGACGGACCTG-TAMRA 250
POMV F GAACATCATCTCCACGACTCA 200

SP;:]I;:“ 8 POMV R CACCACTCTTAACTCCCTTGG 900 60 80 This study
Tagman probe FAM-TGCGGCAGATCGAAACCATCCT-TAMRA 120
ELFla F CCCCTCCAGGACGTTTACAAA 900

ELFla ELFlaR CACACGGCCCACAGGTACA 900 60 57 Snow et al. 2006
Tagman probe FAM-ATCGGTGGTATTGGAAC-TAMRA 200

30



A small experiment was conducted to compare full and reduced Agpath reactions and resulted
in that the two yielded comparable Ct-values (Appendix 1). The reasoning for reducing the
reaction was to be able to test more samples and was only used for samples tested to

investigate “Diagnostic sensitivity of different POMV assays”.

The endogenous control translation elongation factor 1 alpha (ELF1a) (Snow et al., 2006)
was run against each sample as a reference gene due to its stable expression in Atlantic
salmon (Ingerslev et al., 2006). The reference gene was included to normalize the Ct-values
variation between samples as a result of varying quantity and quality of tissue and RNA
extraction. Values obtained from the gRT-PCR analysis by the segment 5, 7 and 8 assays
were set up against values obtained for the ELFlalpha endogenous control in each case.
These calculations were performed according to the delta-delta Ct method, also known as the
222t method (Livak & Schmittgen, 2001) in Excel.

Samples were run in duplicates for the reference gene (ELF1a) and triplicates for the various
POMYV segments and had a standard deviation <0.5 (Agilent technologies, 2012). Samples
were determined as POMV positive detections if a Ct value was detected above the threshold
in at least two of the three technical replicates, and then reported as an average Ct-value. For
each of the given assay (i.e. same primer and probe set) the same threshold value settings
were used for every run to improve the precision and make the data more comparable from
plate to plate and instrument to instrument, and the baseline was set to auto (Applied
Biosystems, 2002). Non-template controls (NTC) and a positive control were included in
every run to ensure there was no contamination and right mastermix setup was followed,
respectively. The positive control was a head kidney from a moribund fish tested very
positive (Ct <25) for POMV by the segment 5 assay by RT-qPCR.

3. 2.2 Viral tissue tropism

Three methods were conducted to investigate the viral tropism of POMV in subclinical
Atlantic salmon over a time course infection on tissues collected 1, 2, 4, 8, 12- and 19-days
post infection from initiation of the cohabitation. The methods include qRT-PCR, viral
titration and immunohistochemistry and are thus all based on fundamentally different

strategies for detecting viral components.
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2.2.1 Real time RT-PCR (PT-RT-gPCR) of Segment 5

To investigate viral tropism the currant assay for POMYV detection, the segment 5 RT-qPCR
assay (Mohr et al., 2020), was performed on gill arch, liver, head-kidney, heart and spleen for
six individuals per time point during the cohabitation challenge. Both assays, POMV segment
5 and ELFlea, were performed in a 25 pl with primer and probe concentrations specific for

each assay (Table 2.).

2.2.1 Virus titration

Virus titration was conducted to investigate the viral tropism of (viable) POMV in Atlantic
salmon over a time course infection, and was performed on liver, kidney and spleen for three

individual per time point during the cohabitation challenge.

Chinook salmon embryo (CHSE-214) was grown in Eagle’s Minimum Essential Medium
containing L-glutamine (EMEM Sigma-Aldrich, Castle Hills, NSW) and supplemented with
10% foetal bovine serum (FBS, Victoria) in a roller bottle. The bottle was rinsed with 40 ml
TrypLE Select (Gibco, Thermo Scientific, Waltham, Massachusetts US), decanted and fresh
40 ml TrypLE was added and rolled on a roller platform at 18 rpm for 30 min. The detached
cells and supernatant were collected into a 50 ml Falcon tube. 30 ml of Media (10% EMEM)
was added to the roller bottle, rinsed and supernatant collected. The cells were centrifugated
at 1000 rpm for 5 min and the supernatant decanted. Pooled cells were resuspend in a total of
10 ml of 10% EMEM and mixed by > 20 pipette motions. Cells were counted with countess
(Thermo Scientific, Waltham, Massachusetts USA), diluted to 3.5x108 cells and seeded in a
96 well plate by adding 150 pL of cell per well (1 plate per tissue sample) and incubated at 20
°C overnight with 2% CO2.

Salmon tissues stored at -80°C were collected, dissected and weight of tissue recorded minus
an average weight of bead homogenizer tubes. Tissues thawed on ice were homogenized in
homogenizer tubes with 500 ul of viral transport medium (VTM) (HBSS+ 2% Foetal bovine
serum (Serana, Australia) + 2% Pen/Strep (Gibco, Australia) using a Precellys Evolution
homogenizer (Bertin Instruments, Thermo Fisher Scientific, Melbourne) under cold
conditions between 2-10 °C at 8000 rpm for 4 x 15 seconds pulses with a 30 second pause

between each puls.
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Thereafter each tube was centrifuged to pellet tissue fragments and the supernatant collected.
The dilution of tissue arising due to homogenization was calculated based on the recorded
weight of the tissue for each sample. The supernatant was then diluted in VTM according to
the weight of the original sample to adjust the final dilution to Xg tissue/ Yml VTM. These
samples were designated 10°. The samples were further diluted by 10-fold serial dilution in
2% FBS in EMEM. Once diluted, 50 pL of the samples were transferred to a 96-well plate
containing 150 pL of 3.4x10° CHSE-214 cells in 10% FBS EMEM in each well, which were
prepare the day before use. The plates were then incubated for 21 days and the wells were
visually inspected for signs of characteristic POMV-like CPE (Mohr et al., 2020). The TCIDsg
was calculated according to the Reed and Muench TCIDsg calculation method (Reed &
Muench, 1938)

2.2.3 Immunohistochemistry (IHC)

Immunohistochemistry was conducted on six individual fish per time point for gill arch, liver,
head-kidney, heart, mid-gut and spleen samples. IHC was processed using a polyclonal anti-
POMV antibody (Morrison et al., in press) as described in Samsing et al. (in press). In brief,
antigen staining in each tissue sample was assessed using a light microscope and scored at
%200 as either undetectable (NEG), minimal (+, between one and five positive foci per field
of view), moderate (++, between six and ten positive foci per field of view) or abundant (+++,
more than ten positive foci per field of view). Immunohistochemistry and subsequent analyses
were performed at the Australian Animal Health Laboratory (AAHL) in Geelong, Australia,
by Chloe English (PhD candidate).

4. 2.3 Development of new diagnostic PCR tests

As discussed ISAV is the closest relative to POMV. The recognised method for detecting
ISAV is with RT-gPCR assays for segments 7 and 8 (M Snow et al., 2006) and are commonly
used during disease outbreak and in apparently healthy fish (OIE, 2019).

Recent gene expression data indicate that other segments of the viral genome of POMV could
be better candidates for early detection of the disease. To improve sub-clinical detection of
POMV other potential targets of the POMYV genome were explored. The target choice was
based on evidence of high expression of the two segments early in the infection (6- and 24-

hours post infection) by next generation sequencing data in ASK-cells, kidney and liver
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(Samsing et al, in press). Subsequently, two new Tagman RT-gPCR assays targeting segment
7 (ORF 1) and 8 of POMV were designed with the hope of developing a more sensitive and

specific screening assay.

2.3.1 Selection of suitable primers and probe
In order to design the primers and probe for each assay, alignments were conducted in
Molecular Evolutionary Genetics Analysis (MEGA, version 7). To ensure detection of all
documented variants of POMV, conserved gene regions were identified by alignments of the
entire ORF of all 11 available POMV isolates of the respective segment (Mohr et al., 2020).
To ensure specificity, identical regions of POMV were further tested to be different to ISAV
by aligning them with the representative ORF of European (Glesvaer /2/90) and North
American (CCBB). The ISAV sequences were imported from the National Center for
Biotechnology (NCBI) website. Regions that fulfilled these criteria were inserted into
software with different algorithms for primers and probes design. Segment 7 and 8 were
designed using genscript (Genscript, n.d.) and Primer 3 (Untergasser et al., 2012) respectively
following the guidelines for primer and probe design summarized in Table 3 and 4. The
primer- and probe binding sites were identical among all of the POMV isolates and contained
at least 10 mismatches with aligned ISAV sequences as per design of segment 5 (Mohr et al,
2020) (Appendix 2).

The theoretical specificity of primers and probes was assessed using NCBI nucleotide Basic

Local Alignment Search Tool to identify potential non-target amplification. The primer pairs
were ordered from Integrated DNA Technologies (IDT) (Table 2).
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Table 3. Summarized guidelines for primer (forward and reverse) design for developing segment 7
and 8 Tagman assays. Adapted from English (2019) and Life Technologies Corporation (2014)

Rule Segment 8 Segment 7
Used region of ‘clean/complete’ sequence v v
Optimal length for 20 bases

Tm 57 -60°C

NCBI check

%GC 30-80%

3’ end last 5 nucleotides have no more than4 G + C
No overlap between probe and primer

Avoid repeating oligonucleotides (< 4 Gs)

Avoid secondary structures (hairpins)

Tm difference between primers 2°C

Tm difference between primer/probe ~10°C
Amplicon length 50 - 150 (shorter is best)

Check primers 100% match consensus sequence

N NS SN O O RN
N N N O O O NN

Table 4. Summarized guidelines for probe design for developing segment 7 and 8 Tagman assays.
Adapted from English (2019) and Life Technologies Corporation (2014)

Rule Segment 8 Segment 7

Used region of ‘clean/complete’ sequence v v
Must have at least 3 different base pairs
Length 13-25 bases

NCBI checks

Tm is 65— 67°C

%GC 30-80%

5’ end cannot be a G residue

Avoid repeating oligonucleotides (< 4 Gs)
Avoid 6 consecutive A residues

Avoid CC in middle of the probe

Avoid 5’ - ...GGG-MGB-3’ or 5’ - ...GGAG-
MGB-3’

Check probe seq. 100% match consensus sequence

N N YR SN O RN
NN Y SENEOEENEY




2.3.2 Identification of amplicons

Before ordering the probes, the amplicon derived from traditional end-point PCR using each
of the newly developed primer sets for segment 7 and 8 of POMV was sequenced to confirm
the correct target was being amplified. RNA extracted from a strong positive POMV tissue,
analyzed by the use of the segment 5 RT-PCR assay, was transcribed into cDNA by
Superscript® 1V Reverse Transcriptase with Oligo d(T) primers according to the protocol
(Thermo Fisher Scientific, Waltham, USA). The cDNA (1 pl) was used as template in each
standard 50 pl reaction mixture of the Platinum Tag DNA polymerase High Fidelity,
containing (per reaction) 5 pl 10X High Fidelity PCR Buffer, 2 pul MgSO4 (50 mM), 1 pl
dNTP Mix (10 mM), 1 ul forward primer (10 uM), 1 ul reverse primer (10 uM), 0.2
Platinum® Taq DNA Ploymerase High Fidelity (5U/ul), and 38.8 pl nuclease-free water
(Thermo Fisher Scientific, Waltham, USA). The PCR was performed at 94 °C for 2 min, 35
cycles of denaturation at 94 °C for 15 seconds, annealing at 55 °C for 30 seconds, elongation
at 68 °C for 30 seconds in an Eppendorf Mastercycler EP Gradient S (Hamburg, Germany).
PCR-products of desired size were confirmed by performing a 3% agarose gel electrophoresis
using the 50 bp DNA Ladder (New England Biolabs, Massachusetts, USA) as a reference
ladder. All PCR products were documented with the SYBR™ Safe DNA Gel Stain (Thermo
Fisher Scientific, Waltham, USA) (Fig. 17, Appendix 3).

The PCR-products were purified by QIAquick® PCR purification Kit (QIAGEN, Venlo,
Netherlands) following the manufacturer’s instructions. The purified DNA was ligated into a
pPGEM-T easy vector (Promega, Madison, USA) (Fig 18., Appendix 3) then transformed
using One Shot® TOP10 chemically competent E. coli. (Thermo Fisher Scientific, Waltham,
USA) according to the manufacturer’s protocol The transformed cells were plated onto LB
agar plates containing ampicillin (L00mg/L) and incubated over night at 37 °C. Successful
ligation and transformation was confirmed by PCR of multiple (2-4) colonies using M13
vector specific primers, F: 5°d[CCCAGTCACGACGTTGTAAAACG]3", R:

5 d[AGCGGATAACAATTTCACACAGG]3". The colonies were added into separate PCR-
tubes containing 5.35 pl water, thereafter 6.75 pul GoTag® Green Master Mix, 2X, 0.2
forward primer (10 uM), 0.2 reverse primer (10 uM) was added (GoTag® Green Master Mix,
Promega, Madison, USA). Finale volume for the mastermix was 12.5 ul. The PCR protocol
was 95 °C for 10 min followed by 35 cycles of denaturation at 95 °C for 30 seconds,

annealing at 55 °C for 30 seconds , elongation at 72 °C for 1 min, followed by 72 °C for 3
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min in an Eppendorf Mastercycler EP Gradient S (Hamburg, Germany). All PCR products of
desired size was confirmed performing a 2% agarose gel electrophoresis using Tridye 2-Log
DNA Ladder (New England Biolabs, Massachusetts, USA) as a reference ladder. All PCR
products were documented with the SYBR™ Safe DNA Gel Stain (Thermo Fisher Scientific,
Waltham, USA) (Fig. 19, Appendix 3).

Colonies with inserts were grown in LB broth overnight at 37 °C. Corresponding glycerol
(20%) stocks were prepared for archiving and plasmid was purified using PureYield™
Plasmid Miniprep System (Promega Madison, USA) following the “Alternative Protocol for
Larger Culture Volumes™ and the concentration was measured by Qubit dsDNA BR assay kit
(Thermo Fisher Scientific,Waltham, USA). The purified plasmids together with M13 forward
primer were sent to Ramaciotti Centre for Genomics (UNSW Sydney) for Sanger sequencing
in one direction. To confirm the right sequence was being amplified, the sequencing results
were aligned with the corresponding desired amplicon for each segment in MEGA (Fig. 21,
Appendix 3).

Prior to sequencing, the insert direction in the vector was tested by the use of two different
mastermixes for each segment: 1) M13 reverse primer and segment specific forward primer
and 2) M13 reverse primer and segment specific forward primer. The PCR-reaction followed
GoTag® Green Master Mix (Promega, Madison, USA) and the PCR-products were visualized
by gel electrophoresis as described in the above section. The orientation of the insert was
determined by the presence of a band for either mastermix 1 or 2 by gel electrophoresis for

each colony (Fig. 20, Appendix 3).

2.3.3 Optimization of primer and probe concentrations

To obtain a high analytical sensitivity for the newly developed assays the optimum probe and
primer concentrations for a single-plex assay was determined by a series of experiments.
The concentrations tested were;
1) High; primers: 900 nM, probe: 250 nM - concentrations used by the segment 5
assay (Mohr et al, 2020)
2) Mid; primers: 400 nM, probe: 120 nM - recommended Agpath concentrations
(AgPath-1D One-Step RT-PCR Reagents, n.d.)
3) Low; primer: 200 nM and probe: 60 nM
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All reactions were performed in a 25 pl reaction with RNA template from a strong positive

POMV tissue, analyzed by the segment 5 RT-gPCR assay.

The primer concentrations (forward and reverse) were first evaluated. A matrix of reactions
was created where a range of concentrations for each primer were tested against different
concentrations of the partner primer (Table 5). The probe concentration was held consistent at
250 nM for all of the initial reactions. The primer concentration combination with the lowest
average Ct yield was further tested against a range of probe concentrations (Table 6). The
optimal assay was identified as the combination of TagMan® probe and forward- and reverse-

primers yielding the lowest average Ct (Appendix 4).

Table 5. Optimization of forward and reverse primer concentration against AgPath-ID™ One-step kit
for segment 7 and 8.

Forward/reverse F primer (200nM) F primer (400nM) F primer (900nM)
R primer (200nM) 200/200 400/200 900/200
R primer (400nM) 200/400 400/400 900/400
R primer (900nM) 200/900 400/900 900/900

Table 6. Optimization of probe concentrations against AgPath-ID ™ One-step Kit.

Probe concentrations (nM)
60 120 180 250

As per the segment 5 RT-qPCR assay, the threshold was set to 0.1 for both Segment 7 and 8
assays. This was a region where exponential amplification was seen across all amplification
plots and depicted in the log view of the amplification plots as linear (Applied Biosystems,
2002). Subsequent assays were run with the optimized concentrations and set threshold

settings.

2.3.4 Reaction efficiency and LOD of the segment 7 and 8 assays

To determine analytical sensitivity, an efficiency test was performed to determine segment 7
and 8 assays’ ability to detect their respective target template. This was done by using
amplicon specific plasmid DNA for each of the segments. The copy humber corresponding to
each sample of plasmid DNA was determined by submitting the concentration (measured by a
Qubit TM dsDNA HS Assay Kit, Thermo Fisher Scientific,Waltham, USA), together with the
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length of the plasmid (amplicon insert length added to the vector length) to the online
DNA/RNA copy number calculator Endmemo (no date). The plasmid DNAs were then
diluted 10-fold and a standard curve was conducted from 107 to 10 copy/uL water for each
segment in a 25 pL Agpath reaction mixture with the optimized primer and probe
concentrations. Each dilution point of the standard curve was run in triplicates, and the mean
Ct-value was plotted against the dilution series in Microsoft Excel where slope and regression
for the graphs were calculated. The efficiency was then calculated using the formula E= 10¢

Lslope)*1 00 and the linearity was demonstrated with the coefficient of determination (R?).

Following English et al. (2019), the 10-fold dilution series was then used to determine the
limit of detection (LOD) for each assay. For this purpose, the lowest dilution that provided a
Ct value in all 3 replicates underwent a 2-fold dilution and was tested in quadruplicate. The
mean of the lowest dilution of the 2-fold dilution that provided a Ct value in all replicates was
determined as the LOD.

2.4 Diagnostic sensitivity of different POMV assays

To assess the diagnostic sensitivity of the newly developed assays, RNA extracted from sub-
clinical and moribund fish were tested using the three assays targeting different segments of
the viral genome: segment 5, 7 and 8. The sub-clinical samples tested were head kidneys
found positive to either virus titration, immunohistochemistry or/and the segment 5 RT-gPCR
assay for the time course experiment. Samples with a Ct value only detected in one of the
three technical replicates by the segment 5 RT-qPCR assay through the time course
experiment were considered a suspect of virus presence and was therefore also tested. The
head kidneys were analyzed as its one of the tissues used in current diagnostic testing of
POMV (RT-gPCR targeting segment 5), its one of the suitable tissues for virological
examination according to OIE (2019) (both sub-clinical and clinical affected fish) and it
showed the earliest detection of POMV according to the time course experiment data. Each
assay was performed in 10 uL Agpath reactions (AgPath-1D one-step RT-PCR Kit, Life
technologies) with primer and probe concentrations specific for each assay as previously

described (Table 2). The data generated was further normalized against ELF1a.

None of the existing reference methods for detection of POMV is considered diagnostically

perfect (i.e. gold standard). The diagnostic sensitivity for each assay was therefore estimated
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against a ‘diseased’ class, which included animals that were positive to either of the existing

reference methods, namely RT-gPCR segment 5, virus titration, or IHC.

2.5 Diagnostic specificity

Diagnostic specificity (DSp) was investigated for the three assays targeting segment 5, 7 and

8 of POMV by testing samples of naive fish (pre-challenge negative controls, n=5).

2.6 Statistics

The statistical analysis and plots were conducted and rendered in RStudio (Version 1.1.419 —
RStudio, Inc. http://www.rstudio.com/), using R (Version 3.5.1 — R Core Team,
http://www.Rproject.org/). The tissue tropism data, RT-qPCR (segment 5 assay as relative

quantification against ELF1a), virus titration (TCIDsp) and antigen staining scores from
immunohistochemistry, was analyzed by Linear mixed-effects models (LMMs). Fixed effects
in the LMMs included all terms (time-points, tissue and exposure method) and appropriate
interactions, using fish unique 1Ds nested within tanks as a random factor. To examine the
effect of tissue within each day individual 2-way ANOVA was used for each, with day (dpi)
and exposure method as factors in the model. Tukey post-hoc test was used to examine pair
ways differences in tissues. To investigate the sensitivity of the POMV assays, targeting
segment 5, 7 and 8, mcnemar test was used to generate 2 x 2 contingency tables. Significant
differences between the assays’ ability to determine fish as diseased or non-disease were
examined by paired ways comparisons. Ct-values as relative quantification against

ELF1la (log 2724¢') were fit to LMMs with Fish IDs nested within state as a random factor,
and assay as a fixed effect. Significant differences were compared using post-hoc Tukey’s
test. Assumptions of normality and homogeneity of variance were evaluated with plots of

model residuals. For all statistical analyses, the significant p-value was set at 0.05 or less.

3. Results

The cohabitation infection challenge was conducted in 2018, and for that reason | did not
contribute in planning or executing the experiment but has analyzed samples obtained from

the experiment.
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3.1 POMYV pathology and morbidity

The cohabitation challenge of Atlantic salmon post-smolts composed of a paired tank set up of
a cohabitation tank with fish injected with POMV (trojans) together with naive fish (cohabs)
and indirect cohabitation tank with naive fish (indirects) exposed to the virus through a
waterpipe from a cohabitation tank (Fig. 1). The experiment resulted in morbidities and
mortalities throughout the experimental period. Mortalities of trojans were observed four days
post injection (dpi) and increased until 12 dpi when it reached 57.1% morbidity. Cohab
morbidity started 6 dpi and peaked at 18 dpi with 51.5% morbidity. Moribund fish were first
observed 7 dpi in the indirect cohabitation group, and the number slowly increased to a total of
15.6% morbidity at 19 dpi (Fig. 7).

Clinical signs in moribund fish were compatible with the disease caused by POMV (Godwin et
al., 2020). Initial signs of disease included a reduction in feed intake, yellow/white casts and
loose scales in the water column. Fish were swimming near the surface of the tank, lethargic
and showed reduced responsiveness. Fish had dark pigmentation of the skin, red coloration and
haemorrhages around the vent and ventral areas of the body, and exophthalmia was present in
some individuals. Other observed signs found at the necropsy included splenomegaly, presence
of mucus in the stomach and intestines, and vascular changes (petechial haemorrhaging of

visceral fat and internal organs) (Fig. 8).
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Figure 7. Cumulative morbidity of fish challenged with Pilchard orthomyxovirus (POMV) using three
different exposure models: intraperitoneal (IP)-injection (trojans), cohabitation (cohabs) and indirect-

cohabitation (indirects). Adapted from Samsing (in press).
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Figure 8. Moribund fish in laboratory-based Atlantic salmon infected with pilchard orthomyxovirus

(POMV). Congestion and haemorrhages of pyloric caecae in cohab collected 12 dpi (A),
haemorrhages around the vent in indirect collected at 12 dpi (B), splenogamy and mucus filled distal
intestines in cohab collected at 15 dpi (C) and haemorrhages on ventral areas of the body in indirect
collected at 11 dpi (Samsing, 2018).

The fish analysed in this study included sub-clinical fish defined as fish without any clinical
signs of SON. We did not differentiate between cohabs and indirects but treated all of the
samples “equal” by simply grouping them as sub-clinical fish. Moribund fish were only
included in the study as positive controls for RT-gPCR and virus titration, and a few samples,

together with naive fish, were added for testing of the new RT-gPCR assays.

3.2 Viral tropism

The viral tropism was examined by detecting the viral load of POMYV among different tissues
and time points assessed using RT-qPCR (segment 5 assay) as relative quantification against

ELF1a (log 2724<Y), virus titration (TCIDso) and immunohistochemistry on samples from
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subclinical Atlantic salmon from the cohabitation challenge. Positive samples of POMV by
virus titration showed characteristic POMV-like CPE with rounding and detachment of
CHSE-cells (Mohr et al., 2020) (Fig. 9). Positive IHC samples, showed antigen staining in the

tissue analyzed, ranging from one to several positive foci per field of view (Fig. 10).

Figure 9. Clear sign of cytopathic effect due to POMV in CHSE-cells from moribund indirect fish
(Atlantic salmon) sampled 15 days post injection.
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Figure 10. Immunohistochemistry (IHC) of POMYV infected Atlantic salmon (Salmo salar) with anti-
POMYV antiserum. The upper figure show head kidney of a sub-clinical indirect fish sampled 2 post
injection (dpi) with weak virus staining (score +). The lower figure show head kidney of moribund
indirect fish sampled 15 dpi with a strong positive staining (score +++).

Analysis of RT-qPCR data revealed a strong interaction between tissue and time-point
(F25,128= 5.8, p <0.001) on POMV loads (Fig. 11 A). Viral loads detected from virus titration
increased during the experiment, with a significant effect of time (Fs6=5.1, p=0.04), yet, not
between tissues (F2,32 = 1.0, p = 0.37). For virus titration only head kidney, liver and spleen

were tested (Fig. 11 B). However, similarly, analysis of viral loads by antigen staining from
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IHC revealed a significant interaction between time-point (dpi) (Fs20= 4.0, p = 0.01) but not
between tissues (F14=1.4, P=0.31) (Fig. 11C). The interaction effect for fish type was also

included in the Linear-mixed effects model, to summarize there was a significant difference
between cohabs and indirects by virus titration, and evidence suggesting there was a similar,
but, based on RT-gPCR and IHC, delayed infection in indirectly exposed fish. These results

are further described in Samsing (in press).

Earliest detection of POMYV was at 2 dpi with the highest viral levels in head kidney (IHC and
RT-gPCR) followed by heart (RT-gPCR) (Fig. 11 A, B, C). By virus titration, the earliest
detection was at 4 dpi in head kidney. The peak of infection, detected with all diagnostic
methods, was between 8 and 12-dpi. At these points there was little difference in viral load
between the different tissues (Fig. 11 A, B, C), supported by no significant difference between
tissues for analysis of RT-qPCR data at 12 dpi (Fs26= 0.2, p = 0.9). During late infection (19
dpi), highest viral load was found in the gill (IHC and RT-gPCR), head kidney (IHC), spleen
(virus titration) and to a lesser extent in the heart (RT-gPCR) (post-hoc comparisons using
Turkey’s test P < 0.05).
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Figure 11 A. Pilchard orthomyxovirus (POMV) loads in six tissues at six time points from subclinical
Atlantic salmon. Mean POMV load (xSE) per time point measured using the segment 5 POMV assay
by RT-qPCR normalized against ELF1a (log 2-4<"). Within each time point (dpi), pairwise

differences between means were assessed using Tukey’s post-hoc comparisons. Different letters
indicate significant differences (p < 0.05).
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Figure 11 B. Pilchard orthomyxovirus (POMV) loads in three tissues at six time points from
subclinical Atlantic salmon. Mean POMV load (+SE) per time point measured using virus titration.
Within each time point (dpi), pairwise differences between means were assessed using Tukey’s post-

hoc comparisons. Different letters indicate significant differences (p < 0.05).
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Figure 11 C. Pilchard orthomyxovirus (POMV) loads in six tissues at six time points from subclinical
Atlantic salmon. Mean POMYV load (xSE) per time point measured using antigen scores from
immunohistochemistry. Within each time point (dpi), pairwise differences between means were
assessed using Tukey’s post-hoc comparisons. Different letters indicate significant differences (p <
0.05).

3.3 Reaction efficiency and Analytical sensitivity

Analytical sensitivity was assessed by determining the limit of detection (LOD) for the newly
developed RT-gPCR assays. This was conducted using plasmid DNA with the respective
amplicons for segment 7 and 8 inserted into a One Shot® TOP10 chemically competent E. coli.
The results of these experiments are summarized in Table 7, and raw data is attached in
Appendix 5. Both assays generated a linear standard curve, indicated by the correlation
coefficient (R?) value of 0.99 for both segment 7 and 8 assays. In addition, the standard curves
generated an amplification efficiency of 100.62% for the segment 7 assay and 99.42% for the
segment 8 assay. The highest dilution which provided Ct values for all four technical replicates

determined the limit of detection (LOD) or the analytical sensitivity of the assay. The LOD was
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deemed the Ct mean of 36.01+ 0.88 for the segment 7 assay and 35.41+ 1.09 for the segment 8
assay, equivalent to 6.80 and 5.48 plasmid copies/pl, respectively.

Table 7. Summary results from validation metrics for the segment 7 and 8 of POMV Tagman RT-

gPCR assays.
Segment 7 Segment 8
Standard curve R? 0.99 0.99
Amplification efficiency (%) 100.62 99.42
Limit of detection (Ct mean + SD) 35.41+0.88 36.01 +1.09
Limit of detection (plasmid copies/pL) 6.80 5.48

3.4 Diagnostic sensitivity of the three different POMYV assays

Diagnostic sensitivity (DSe) of the newly developed POMYV assays were conducted using
samples from the POMV challenge experiment. These included head-kidney samples from
subclinical (n=26) and clinical/moribund fish (n=7). All three tests produced a positive result
in 6 of 7 moribund (85.7%) fish, but this went down to only 7 of 26 (26.9%) in subclinical
individuals. Meanwhile, 7 of 26 subclinical (26.9%) fish were positive to segment 8 only, and
4 of 26 (15.4%) to both segments 7 and 8 (Fig. 12).
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Figure 12. Percent of the samples that tested negative for all assays tested (S5-S7-S8-), positive for
only the segment 8 assay (S5-S7-S8+), positive for only the segment 7 assay (S5-S7+S8-), positive for
only the segment 7 and segment 8 assay (S5-S7+S8+), and positive for all assays tested (S5+S7+S8+).
The samples tested were head kidney of moribund (n=7) and sub-clinical (n=26) fish from a

cohabitation challenge. Figure A) include all samples (n=32) and B) sub-clinical samples only (n=26).

None of the existing reference methods for detection of POMV is considered diagnostically
perfect (i.e. gold standard). Therefore, diagnostic sensitivity for each assay was estimated
against a ‘diseased’ class, which included animals that were positive to either of the existing
reference methods, namely RT-qPCR segment 5, virus titration, or IHC. If negative to all of
these methods the individual was considered non-diseased. Two-by-two contingency tables
(Table 8) with the counts of animals classified as diseased/non-diseased and positive/negative
for segments 5, 7 and 8 were used to estimate diagnostic sensitivity for each assay. This
estimation gave a DSe of 60% for the segment 5 assay 73 % for the segment 7 assay and 86.0
% for the segment 8 assay when both subclinical and clinical fish, and 100 % for all tests for

clinically affected individuals. Pairwise comparisons showed a significant difference between
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the sensitivity of the RT-gPCR against segment 5 and 8 (McNemar’s test, p = 0.01), but no
differences between segments 5 and 7 (p = 0.08) and between segments 7 and 8 (p = 0.08)

Tables 8 Two-by-two contingency tables with the counts of animals classified as diseased/non-
diseased and positive/negative for segment 5, 7 and 8 assays for detection of POMV. The diseased
class included animals that were positive to either RT-qPCR segment 5, virus titration or IHC

(existing reference methods).

Segment 5
Diseased Non-diseased Total
Test pos. 13 0 13
Test neg. 9 11 20
Total 22 11 33
Segment 7
Diseased Non-diseased Total
Test pos. 16 2 18
Test neg. 6 9 15
Total 22 11 33
Segment 8
Diseased Non-diseased Total
Test pos. 19 5 24
Test neg. 3 6 9
Total 22 11 33

Comparing Ct-values as relative quantification against ELF1a (log 2724<Y) using post-hoc
Tukey’s test showed a significant difference between segments 5 and 8 (p < 0.001), and
segments 7 and 8 (p < 0.001), but no differences between segments 5 and 7 (p = 0.18). By
looking at the samples in the light of the time they were collected there is larger differences

between the assays at early (4 dpi) and late (19 dpi) infection stage (Fig 13). The linear mixed

effect model also showed a significant difference between the state of the animal (sub-
clinical/clinical fish, p=0.02), where a larger variation between the assays was observed for

subclinical fish compared to clinical fish (Fig. 14).
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Figure 13. Head-kidneys collected from potential sub-clinical (n=26) and clinical/moribund (n=7) fish
were tested to examine the sensitivity of the POMYV assays, targeting segment 5, 7 and 8. The
transcript levels are normalized against EIflo mRNA (log 2744¢).
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Figure 14. Head-kidneys collected from potential sub-clinical (n=26) and clinical/moribund (n=7)
presented as an average of the individual transcript levels for each fish with mean + SEM. The

transcript levels are normalized against EIfla mRNA.
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3.5 Diagnostic specificity of different POMYV assays

Samples of naive fish (pre-challenge negative controls, n=5) were used to investigate
diagnostic specificity (DSp) of the three assays. All samples tested negative for POMV, and

therefore the estimate of diagnostic specificity was 100% for all assays.

4. Discussion

The present study describes the tissue tropism of a novel orthomyxovirus, Pilchard
orthomyxovirus (POMV), and the development of a new diagnostic assay for its early
detection. POMV was detected in all tissues in various quantities at different time points,
improving the understanding of the tissue distribution of the virus. This knowledge, together
with the newly developed sensitive and specific Tagman RT-gPCR assays targeting segment
7 and 8 of the viral RNA can contribute to earlier detection of infection due to POMV. The
currently available RT-qPCR assay targeting segment 5 of the genome has previously shown
to successfully diagnose Atlantic salmon showing clinical signs of disease (Mobhr et al., 2020).
However, the assays developed in this study show an improved sensitivity for POMV when
tested on sub-clinical fish, and can possibly improve management and reduce losses due to

SON in Tasmania.

4.1 POMV presence in different tissues

POMV was consistently detected at early time-points (2-4 dpi) in head-kidney and heart by all
the methods conducted (Fig. 11, A, B, C). This finding suggest that these tissues may be
initial site of infection and therefore effective samples for early detection of POMV. These
were also among the tissues with highest viral loads throughout the time course (Fig. 11 A, B,
C), supporting that these are important sites for POMV infection. Similarly, ISAV is detected
in these tissues at early time points and presents high viral loads during infection, however,
gills are the first tissue ISAV is detected (Dannevig et al., 1994; Totland et al., 1996; Rimstad
et al., 1999; Mikalsen et al., 2001; Austbg et al., 2014). This is not surprising, as the gills are
in constant contact with the water and the detection could be due to presence of ISAV in the
water binding to the gills. However, replication has been detected by the use of primers and

probe targeting the transcript junction of segment 7 of the viral genome which is only present
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when the virus is replicating (Austbg et al., 2014). In addition, several studies have shown
early replication in endothelial cells in the gills, and it appears to be the main port of entry for
ISAV (Aamelfot et al., 2012; Austbg et al., 2014; Mikalsen et al., 2001; Totland et al., 1996;
Weli et al., 2013). This does not exclude other routs of infection, as ISAV is detected and
shown to replicate in other mucosal surfaces such as pectoral fins, skin and gastrointestinal
track (Aamelfot et al., 2015) which could be potential portals for POMV infection as well.
Our results indicate that gill tissue may not be the main route of infection for POMV, as low
levels of virus is detected during early infection. An alternatively explanation is that there is a
transient epithelial infection in the gills, not detectable with the current RT-qgPCR assay or

IHC which is followed by viremia and higher replication in other tissues.

Our results imply that the target cells for POMV are present in all or most tissues (Fig. 11 A,
B, C) which match with the multisystemic pathology associated with SON (Samsing et al., in
press; Godwin et al., 2020; Morrison et al., 2013; Godwin et al., 2016). This finding also
correlates with the suggested target cell of POMV (Samsing et al., in press; Godwin et al.,
2020; Morrison et al. 2013) and also commonly regarded target cell for other
orthomyxoviruses (Hovland et al 1994; Nylund et al 1995b; Koren & Nylund 1997; Nylund et
al 1996, 1997; Aamelfot et al. 2012; Subbarao et al. 1998), endothelial cells, as they line
blood vessels in all organs. During the time course, a general trend was observed where viral
loads increased over time with a peak between 8 and 12 dpi followed by a reduction in viral
loads (Fig. 11 A, B, C). For head kidney, viral RNA detected by RT-qPCR reached a peak at
12 dpi and followed by a decrease at 19 dpi (Fig. 11 A). A similar pattern was observed for
virus titration, however there was more infectious viruses at 8 than 12 dpi, suggesting early

replication in this tissue.

Viral RNA in the gills did not follow a similar trend as seen for the other tissues, in contrast
viral loads continued to increase towards the end of the trial. This detection could be a result
of accumulation of viruses in the water and virus binding to the gills. It could also suggest that
POMV persist in the gill for a longer time than in other organs and could be shedding from
this tissue, as proposed for ISA (Aamelfot et al., 2015). Viral shedding could also be
occurring from other tissues as shown for ISA, including skin, mucus, faeces and urine
(Nylund et al., 1994; Totland et al., 1996). The gastrointestinal tract has been suggested to be
an important tissue for viral shedding of POMV (Godwin et al, 2020) as accumulation of

mucus in this tissue is a common pathology trait for SON (Godwin et al., 2020, Samsing et al,
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in press) and was also a prevalent finding in this experiment. In support of this POMV has

also been isolated form the mucus from the gastrointestinal tract (Godwin et al, 2020).

POMV follow similar patterns as seen for challenges with ISAV (Godwin et al., 2020), where
fish that are directly exposed to the virus (by immersion or IP injection) develop disease
sooner than fish exposed by cohabitation, e.g (Wolf et al., 2013). In support of this,
mortalities from our cohabitation challenge were detected at 4 dpi for trojans and at 6 and 7
dpi for cohabs and indirects, respectively (Fig. 7). Samsing (in press) show

evidence suggesting a similar, but delayed infection in indirectly exposed fish compared to
cohab fish by IHC and RT-qPCR. POMYV develop disease more rapidly than ISAV (Godwin
et al.,2020) which is also supported by the results of our experiment (Fig. 7). In IP-
experiments mortalities for ISA is detected 10-20 days post-exposure by IP-injection with
cohabs mortalities 10 days later (Caruffo et al., 2016; Jones & Groman, 2001; Raynard et al.,
2001; Wolf et al., 2013). In contrast, POMV mortalities was first detected in cohabs 7 days
post-exposure by IP-injection of trojans (Godwin et al., 2020).

Our results suggest that POMYV can be detected at earlier time points than ISAV. By RT-
gPCR and IHC several samples tested positive at 2 dpi, however POMV was not detected
replicating until 4 dpi (Fig. 11 A, B, C). In immersion experiments, replicating ISAV has been
detected as early as day 2 after addition of virus in the water (Austbg et al., 2014). However,
in cohabitation experiments ISAV has been detected at 5-13 dpi (Mikalsen et al., 2001; E
Rimstad et al., 1999). By cohabitation, it has also been shown that ISAV have a delayed peak
in viral load compared to POMV, as ISAV has been detected with highest viral loads at
approximately 15 dpi (Mikalsen et al., 2001; Rimstad et al., 1999). Described by Mikalsen
(2001), this peak was followed by a decrease in viral load, however, after 25 dpi a second rise
was detected which continued to the terminal stage of the experiment (70 dpi). A similar
delayed peak was not shown for POMV, and our results might indicate that ISAV has a
slower and more long-lasting infection compared to POMV. However, the cohabitation
challenge was terminated at 19 dpi so further development of infection at later time points

cannot be excluded.
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4. 2 Assay development and test accuracy

Recent gene expression data indicate that other segments of the viral genome of POMV could
be better candidates for early detection of POMV, than the currently used assay targeting
segment 5 (Samsing et al, in press). To improve sub-clinical detection of POMV other
potential targets of its genome were explored. The segment 7 and segment 8 were chosen
based on evidence of high expression of the two segments early in the infection (6- and 24-
hours post infection) by next generation sequencing data in ASK-cells, kidney and liver
(Samsing et al, in press). In addition, these segments are targeted by the recognised method
for detecting ISAV by RT-PCR (Snow et al., 2006, OIE 2019) commonly used during disease
outbreak and in apparently healthy fish (OIE, 2019).

The segment 7 and segment 8 assays were shown to be robust as concentration changes of
primers and probes gave minimal variation in Ct-values and low SDs were generated
(Appendix 4). The assays tested positive for a range of different concentrations from 107 to 10
plasmid copies containing the target sequence with amplification efficiencies close to 100%.
Similar analytic sensitivities were shown for segment 5, 7 and 8 assays with LODs <10
plasmid copies/ul (Mohr et al, 2020). This indicates that the PCR amplification in the assays
are near optimal and good candidates for quantification of RNA in samples. However, no RT-
PCR assays can be used to quantify actual viral particles in the tissue as the RNA present

includes MRNA, genomic RNA and antigenomic RNA (complementary RNA) (Fig. 4).

The three assays tested accurately for all samples with known animal state, negative to all
negative controls, thereby shown to have 100% diagnostic specificity, and positive for all
clinical fish. The assay targeting segment 8 had the highest diagnostic sensitivity of all three
assays, followed by segment 7 and 5, respectively. This finding was supported by the
consistent detection of the higher Ct-levels by the segment 8 assay followed by the segment 7
assay and then segment 5 assay in experimental infected fish, with only a few exceptions.
Since the segment 7 and 8 assays display similar theoretical efficiencies and also similar
LODs to segment 5, such finding is most likely related to the differential expression of the
segment throughout the infection cycle. An increased abundance of segment 7 and 8 mMRNA

generated during the viral cycle, especially during early and late infection (Fig. 13), might
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explain the apparent improved sensitivity. This is supported by larger variation between the

assays for the sub-clinical fish compared to clinical fish (Fig. 14).

POMV segment 5 encodes for the acidic polymerase protein (PA) (Mohr et al., 2020), an
important component of the RNA polymerase complex and therefore essential for further
transcription of viral proteins (Aspehaug et al., 2004; Falk et al., 2004; Goi¢ et al., 2008;
Ritchie et al., 2001b). The proteins encoded by segment 7 and 8 are not known, as they do not
align with proteins of ISAV or other orthomyxoviruses (Mohr et al., 2020). POMV has two
possible ORFs for segment 7 and one for segment 8 (Mohr et al., 2020), in contrast to ISAV
which has two ORFs for each of the segments which encode; IFN antagonist (NS1), nuclear
export protein, matrix protein 1 and another IFN antagonist (NS2), respectively (Biering et
al., 2002; Falk et al., 2004; Garcia-Rosado et al., 2008; Kibenge et al., 2007; Li et al., 2016;
Mcbeath et al., 2006). Both POMYV and ISAV are shown to induce significant innate antiviral
responses such as early up-regulation of host pathogen recognition receptors, RIG-I and
TLR3 producing type | IFNs which play a crucial role in the first line of defence against
viruses in vertebrates (Samsing et al., 2019; Svingerud et al., 2013). It is therefore plausible
that, similar to ISAV, POMV segment 7 and/or 8 may encode for interferon antagonists as
also seen for other orthomyxoviruses, and this may explain the early detection of these
segments (Biering et al., 2002; Garcia-Rosado et al., 2008; Li et al., 2016; Mcbeath et al.,
2006).

The POMV segment 7 and 8 assays also showed a positive result for samples that were
negative for all available reference tests (RT-gPCR for POMV segment 5, virus titration and
IHC) (Table 8). The samples that only tested positive for either the segment 7 and/or 8 assays
presented higher Ct-values, suggesting lower viral loads in these tissues. This could explain
why this samples were negative to viral titration and IHC. These samples were also from early
and late infection stages were the segment 7 and 8 assays were shown to generate the largest
differences in Ct compared to segment 5. This indicates that these assays might be more
useful for testing sub-clinical infection and that the samples may reflect either a carrier status
of SON, pre-viraemia, or post-viraemia where the host is in the process of clearing the virus
(Hodneland et al., 2006).
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4.3 Application of a more sensitive diagnostic test

A sensitive diagnostic tool will be able to detect presence of POMYV infections at early time
points which is important regarding control and eradication of the virus. SON is thought to
have a more rapid disease development than ISA (Mobhr et al, 2020), yet little is known about
SON’s disease characteristics. ISA is shown to be a slow developing disease, and can be
present with few clinical signs and with low mortalities which can be easily overlooked
(Rimstad et al., 2011). By identifying infected individuals at this phase, hosts can be
eliminated from the population and further transmission can be prevented. This could be of
great importance to control transmission of POMV as the virus seems to transmit and be
highly infectious thought the water column (Samsing et al, in press). For almost all infectious
diseases dose, virus strain, environmental factors and genetic make-up of the host will
influence disease development (Rimstad et al., 2011). These variables also apply to ISA, and
the disease can also occur in episodes of acute high mortalities with more severe pathology
(Thorud & Djupvik, 1988), especially if no measures are taken (Rimstad et al., 2011). An
increased mortality seems to be related to stress situations for both ISAV and POMV
(Rimstad et al., 2011; Galea et al., 2018). Outbreaks of SON seems to be related to stress such
as low oxygen, high water temperatures and possibly other factors which is not understood
(Galea et al., 2018). Early detection of the virus can therefore be important for in-farm
management as such stress factors may be avoided and thereby possibly decrease losses and

improve the animal welfare.

4.4 Further steps

As described in this thesis, the segment 7 and 8 assay have been designed, optimized and
validated in several steps. OIE describes these steps and a set of other principles and methods
to be fulfilled in order to achieve a validated assay (Fig. 15). Our experiment has successfully
completed the assay development pathway in addition to the analytical and diagnostic
characteristics (step 1 and 2) of the assay validation pathway (Fig. 15). However, analytic
specificity was only tested in silico. Currently, CSIRO are working on testing actual
analytical specificity (inclusivity and exclusivity) of the new POMYV assays. For testing
exclusivity, which is the capacity of an assay to detect an analyte or genomic sequence that is
unique to a target organism, the assay will be tested against exotic (ISAV, RbtOV) and
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endemic (TRSV 1 and 2, TAB) viral pathogens of Atlantic salmon. It is of importance that the
two Tasmanian viruses, Tasmanian Aquabirnavirus (TABV) and Tasmanian salmon
Aquareovirus (TSRV), are tested as they represent the relevant viruses affecting salmonids in
Tasmania (Huon Aquaculture, 2017). Meanwhile, ISAV and Rbtov are exotic to Australia
(Department of Agriculture, 2019), but they are the only viruses affecting salmonids that
belong to the same family as POMV, orthomyxoviridae, (International Committee on the
Taxonomy of Viruses, 2020) and could therefore contain similar nucleotide sequences. If
these viruses were spread to Australia, it would be of importance that they were not detected
by the assay as POMV. For inclusivity testing, which is the capacity of an assay to detect
different strains or isolates, the newly developed POMYV assays will be tested against all 11
isolates of POMV present in Australia (Mohr et al. 2020).

According to OIE (2010), the next step in the assay validation pathway is reproducibility.
Interlaboratory reproducibility will be conducted in parallel at the CSIRO, Department of
Primary Industries in Tasmania (DPIPWE) and the Australian Animal Health Laboratory
(AAHL) in Victoria, Australia. This step is important to ensure consistent results among
different laboratories and will be performed on 30 field samples, using approximately 20

positive samples (with a wide range of Ct values) and 10 known negative samples.
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Figure 15. The assay development and validation pathways with assay validation criteria highlighted
in bold typescript within the boxes, adapted from OIE (2010).

In a field perspective, it will be of importance to differentiate between vaccinated and
diseased fish as Tasmanian Atlantic salmon are currently being vaccinated against SON
(Norwood, n.d.). There are two standard vaccine technologies used in aquaculture, inactivated
and recombinant vaccines. These contain either inactivated microorganisms, or subunits on an
organisms, and can induce an immune response in the host without the ability to replicate in
the host’s cells (Berg et al., 2006). At present, neither the newly designed assays nor the
POMYV segment 5 assay have the ability to differentiate vaccinated and diseased fish as they

detect presence of viral RNA. By targeting a spliced variant of the genome only infectious
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replicating viruses could be detected, as the assay will be limited to target MRNA only. Such
a diagnostic test would therefore be desirable to accurately diagnose a vaccinated population.
Such a tool could also provide further information about tissue tropism such as initial sites of

replication, ports of entry, and shedding routes of the virus.

4.5 Conclusion

Tissue tropism of POMV was examined by RT-gPCR segment 5 assay, virus titration and
IHC through a time course cohabitation challenge with IP-injected Atlantic salmon. POMV
was detected in all six tissues examined in sub-clinical fish, head kidney and heart being the
first sites to show presence of POMYV two days after infection. A peak of infection was
detected between 8- and 12-days post injection in all organs, with the exception of the gills
which presented high viral loads past this point. The designed qRT-PCR assays targeting
segment 7 and 8 of POMV were validated and shown specific and sensitive through several
steps. The improved diagnostic sensitivity of the assays, especially for the segment 8 assay,
will be particularly important as it can contribute to earlier detection of the virus and improve
surveillance testing of POMV in the field and implementations of preventive strategies to

control the disease.
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Appendices

Appendix 1 — Agpath reduced reaction experiment

Table 9. Testing reduced Agpath reactions. Comparable Ct-values were generated for different

reaction volumes, template volumes and plates when tested on a POMV positive head kidney sample.

Rxn is reactions and SD standard diviation.

Plate rxn pL Template pL Sample Assay Ct Ctmean CtSD
25.42

1 25 2 Kidney 67 POMVseg5  25.17 25.32 0.13
25.37
. 25.41

2 125 1 Kidney 67 POMV seg 5 25 32 25.36 0.06
. 25.38

2 10 0.7 Kidney 67 POMV seg 5 25 37 25.37 0.01
. 25.10

3 10 1 Kidney 67 POMV seg 5 25 06 25.08 0.03
. 24.08

3 10 2 Kidney 67 POMV seg 5 53.92 24.00 0.11

Similar Ct-values were generated for full and reduced reactions of Agpath with low standard

deviations. A template volume of 1 pL in a 10 pL reaction was tested, as it is an easier

volume to pipette, and showed comparable Ct-values to the Ct-values generated when added

0.7 pL in a 10 pL reaction. By adding 2 pL template to the 10 pL reaction a Ct-value with a

digit less than the Ct-value for 1 puL in a 10 pL was generated, supporting that a reduced

reaction of 10 pL seems to generate accurate values. Similar Cts were also shown across

different plates (Table 1.)
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Appendix 2 — Alignments of POMV and ISAYV isolates

06-04216_SOMV_Seg7Xa
07-01002_POMV_Seg7Xa
12-01390_SOMV_Seg7Xa
12-02055_SOMV_Seg7Xa
12-02935_SOMV_Seg7Xa
13-01407_SOMV_Seg7Xa
13-03566_SOMV_Seg7Xa
13-03672_POMV_Seg7Xa
14-01514_SOMV_Seg7Xa
98-01382_POMV_Seg7Xa
13-02097_S0OMV_Seg7Xa

ISAV _CANADA segment 7 NS1
ISAV_NORWAY_ segment 7 NS1

06-04216_SOMV_Seg8ORF
07-01002 POMV_Seg8ORF
12-01390_SOMV_Seg8ORF
12-02055 SOMV_Seg8ORF
12-02935_SOMV_Seg8ORF
13-01407_SOMV_Seg8ORF
13-02097 SOMV_Seg8ORF
13-03566_SOMV_Seg8ORF
13-03672_POMV_Seg8ORF
14-01514 SOMV_Seg8ORF
98-01382_POMV_Seg8ORF

132 bp

( |

678 680 699 705
([ \ |
GGTERCCRCAIEEEEAGEAGHT C 2 TCAGAGCCGCTCAGATTGACGGACCTGATGGACAGACAATTTTCCACATTGAATCTGGACGGGGACCCCTTAACTACCGGATTACTCACT ETGTGECCATCCTTGCTCAGGGGGGA

C.ATT.T.CGACAGA.C.C.AAA..AG.CT.GAT.CAG.G...TATCCATG.T..A.AT.GACGGAGA.GG.T.ATCG.TCATCTAC.AGAAG.C..G.GT.TACCA. .G.G.TGGGTGCA.TGGTTCA. .A.C.A..TTC
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GCTGTCCGGGCTATCAACAA CARCATCATCTCCACCACHOAAC TGCGGCAGATCGAAACCATCCTGTGGGAAGAGC TGTCCAAGGGAGTTAAGAGTGGTGT TCTGGCCATGGACCCAGACTCGCTGTGCGCCGCCTACGGG

NC 006497.1 Infectious salmon an ....ATGA.AGACCAC.TC..G.AC.GGCTGAAGGAGGAATCAG.AT..CAGGACGCGGATGGTG.A.A.G.A.AA..GG...T..T..ATG.TA..A.T.CACCCGACAT.G.AG..GAGAAGACGAT. .T.AAGGA.CT
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Figure 16. Alignments in Mega 7 involving the entire ORF (only a part of it shown in this figure) of all the 11 available POMYV isolates of the respective
segment, and the corresponding sequences of European and North American ISAV isolates. The symbol . indicates base pairs identical to the segment 7 and 8
sequence. Nucleotides marked in red indicates forward primer, yellow indicates probe and blue indicates reverse primer. Amplicons length is here shown to be

132 and 80 base pairs (bp) for segment 7 and 8 respectively.
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Appendix 3 — Figures Identification of amplicons

bp M 8 NIC 7 NIC M

1350 —

600 —

350 —
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Figure 17. cDNA from a positive POMYV fish amplified by endpoint PCR using the newly designed
primers for segment 7 and 8, visualized by 3% agarose gel. The positioning of the bands matched the
theoretically assessed length of 132 and 80 base pairs (bp) for segment 7 and 8 respectively. The M is
DNA-ladder (50 bp), NTC is non-template control, 7 is segment 7 and 8 is segment 8.
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132 bp

[ |

A- OO . T A GAGCC GCTCAGATTGACGEACCTGATGGACAGACARTT TTCCACATIGAATC TGGACGGGGACCCCTTAACTACCGGATTACTCACTRIGIGECCATECTICETGAE  -A

363 bp

T T
Segment 7
80 bp
TOP10 High Efficiency Competent cells Vector length with input:
Vector length: 3016 bp 3379 bp
2.
80 bp
A
i X
SRR . C TGCGGCAGATCGAAACCATCCTGT GGGAAGAGC TG TEL u‘ A
311 bp
T T
Segment 8
80 bp
TOP10 High Efficiency Competent cells Vector length with input:
Vector length: 3016 bp 3096 bp
1. 2

Figure 18. lllustration of the pGEM-T easy vector ligation of cDNA of amplicon diverted from segment 7 (upper figure)
and 8 (lower figure) assays. pPGEM-T vector ligation is based on TA-cloning, illustrated here in three steps: a vector
(plasmid) with T-ends (thyamine) (1) can bind and insert DNA fragments with A-ends (adenine) (2). A-ends has been
added to the cDNA during amplification of the respective segment and can be inserted into the plasmid (3). If successful,
the vector length will be 3379 and 3096 base pairs (bp) for segment 7 and 8 respectably. Specific primers called M13
forward (F) and reverse primer (R) for the vector can further be used to confirm successful insertion. As illustrated, the

amplicon is then expected to be 363 and 311 bp in length for segment 7 and 8 respectively.

81



eSEEEL
. .,
e,

bp. M Segment 8

Segment 7

100()()—_ Cl C2 C3 C4 Cl
[es——

4000 —

800 —

400 — — — — —

200 —

100 —

Figure 19. Four colonies of TOP 10 High Efficiency Competent Cells with vectors with segment 7 and 8 inserts were

amplified by M13 forward and reverse primers and visualized. The position of the band matches the theoretically assessed

amplicon length of 363 and 311 for segment 7 and 8 respectively. M indicates DNA-Ilatter, bp is base pair and C1-C4

indicates colony 1 to 4 of each segment.
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Insert orientation (10):

bp. M Segment 8 Segment 7 MI3 F Seg.x F
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10000~ e o . (R T - = Insert
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800 Seg.x R MI3 R
500~ w - —

400~ *

300~

MI3 F Seg. xR

200- - L — - - ) mmemm )
100~ Insert
. Seg. xF M13 R
Reverse M13 primer Reverse M 13 primer
+ forward segment 8 + forward segment 7
primer (10 1.) primer (IO 1.)

Figure 20. Segment 7 and 8 insert direction in the vector was tested by the use of two different mastermixes for each segment: 1) M13 reverse primer and
segment specific forward primer and 2) M13 reverse primer and segment specific forward primer. The PCR-products were visualized by gel electrophoresis.
The orientation of the insert was determined by the presence of a band for either mastermix 1 or 2 by gel electrophoresis for each colony. Colony C1 for both

segment 7 and 8 had insert orientation 1 (10 1.).
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S7-sanger sequencing GATTCACGAGATTGCCGACGACTTCATCAGAGCCGCTCAGATTGACGGACCTGATGGACAGACAATTTTCCACATTGAATCTGGACGGGGACCCCTTAACTACCGGATTACTCACTTTGTGGCGATCCTTGCTGAGAATC
S7 Amplicon T e e e e e e e e e e e e ee e e e e e e e e e e e e e e e e e e e e e

S8-sanger sequencing CGATTGAACATCATCTCCACGACTCAACTGCGGCAGATCGAAACCATCCTGTGGGAAGAGCTGTCCAAGGGAGTTAAGAGTGGTGAATCA
SR 11} o o o N

Figure 21. Colony C1 for TOP 10 High Efficiency Competent Cells with vectors with segment 7 and 8 inserts was sequenced by Sanger sequencing and

aligned with theoretical amplicon assessed from MEGA 7. Both sequences aligned perfectly, confirming that the two assays amplifies the desired sequence.
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Appendix 4 — Optimization of primer and probe concentrations

Table 10. Optimisation of primer concentrations for RT-gPCR assays designed to detect segment 8
and 7 of pilchard orthomyxovirus (POMV) on plasmids. Results presented as mean Ct value and

standard deviation. Values with a ¢ symbol indicate the chosen concentration.

Concentration (nM) of Fwd and Rv Segment 8 Segment 7

primers Ct mean CtSD Ct mean Ct SD
200F _200R 22.712 0.133 24.367 0.032
200F_400R 22.547 0.028 24.059 0.056
200F_900R 22.374¢ 0.040 23.768¢ 0.051
400F_200R 22.792 0.218 24.473 0.127
400F_400R 22.777 0.086 24.214 0.049
400F_900R 22.526 0.051 23.817 0.052
900F_200R 23.129 0.093 24.566 0.090
900F_400R 22.916 0.031 24.363 0.108
900F 900R 22.907 0.099 24.130 0.057

Table 11. Optimisation of probe concentrations for RT-qPCR assays designed to detect segment 8 and
7 of pilchard orthomyxovirus (POMYV) on plasmids. Results presented as mean Ct value and standard

deviation. Values with a ¢ symbol indicate the chosen concentration.

) Segment 8 Segment 7
Concentration (nM) of probe Ct mean Ct SD Ct mean CtSD
250 22.424 0.145 22.525¢ 0.059
180 22.111 0.029 22.620 0.062
120 21.974¢ 0.067 22.991 0.123
60 22.578 0.288 23.852 0.147
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Appendix 5 — Standard curves of segment 7 and 8 assay
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Figure 22. Standard curve involving amplification of 7-fold dilution of plasmid DNA specific to (A)

segment 8 and (B) segment 7. E is amplification efficiency.
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Appendix 6 - Limit of detection of segment 7 and 8 assay

Table 12. Limit of detection (LOD) of the RT-gPCR assays on plasmids specific to segment 8 and
segment 7. The Ct LOD is in bold, which was then converted to its equivalent number of plasmid

copies.
Segment 8
Dilution Ctl Ct2 Ct3 Ct4 Mean SD
27N0* 35,506 35,944 36,021 - 35,824 0,278
27-1 36,886 35,130 37,016 35,005 36,009 1,090
2N-2 35,972 36,020 Undetermined  Undetermined 35,996 0,034

2"-3  Undetermined  Undetermined Undetermined  Undetermined
* from last dilution (dilution 10) in standard curve (~10.95 plasmids copies/ul)

LOD= 5.48 plasmid copies/pl

Segment 7
Dilution Ctl Ct2 Ct3 Ct4 Mean SD
2"0* 35,223 34,899 34,859 - 34,99367 0,199613
2"-1 34,209 35,319 36,144 35,977 35,412 0,878
2N-2 35,969 36,096 Undetermined 35,188 35,751 0,492
2"-3 35,98 36,135 35,969 Undetermined 36,028 0,093

* from last dilution (dilution 10) in standard curve (~13.60 plasmids copies/ul)

LOD= 6.80 plasmid copies/ul
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