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Introduction to an emerging
disease

e Actiological agent of sleeping disease (SD) in rainbow
trout (RBT) 1s a salmonid alphavirus (SAV) (salmon
pancreas disease virus), Genus Togavirus; Family
Togaviridae

e The virus causes pancreas disease (PD) in Atlantic salmon
— first recognised in 1976 (Munro et al., 1984), also
affecting RBT in marine production

e For historic reasons (Boucher & Baudin-Laurencin, 1994)
the disease in RBT 1n fresh water has been called SD and
affects all stages of production
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Introduction - aetiology

e salmonid alphavirus (salmon pancreas disease virus) —
currently six viral subtypes are known

Virus Virus hame Disease Species Location
subtype
SAV 1 Salmon pancreas PD Atlantic salmon Ireland, Scotland

disease virus

SAV 2 Sleeping disease virus  SD Rainbow trout France, England,
Scotland, Spain,
Germany, ltaly

SAV 3 Norwegian salmon PD Atlantic salmon, Norway
alphavirus rainbow trout
SAV 4 Salmon pancreas PD Atlantic salmon Ireland, Scotland

disease virus

SAV 5 Salmon pancreas PD Atlantic salmon Scotland
disease virus

SAV 6 Salmon pancreas PD Atlantic salmon Ireland
disease virus

Adapted from McLoughlin & Graham (2007) Alphavirus infections in salmonids — a review. J. Fish. Dis., 511-531 cefas



Introduction — economic impact

SAV a major problem in salmon and trout culture
In Ireland ~ 60% sites affected in 2002 with mortalities up to 42% (€2m)

In Norway SAV (PD) cases have increased from 10 in 1999 to 108 in 2008
(ICES WGPDMO Report 2009) but have reduced since then. Estimates are
that SAV has in total cost Norway €550 million! (http://www.intrafish.no)

In France SAV (SD) is endemic in some parts (Boucher et al., 1994) with
mortalities up to ~ 20%

Variable impact in other countries where the disease has been reported
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Clinical signs

* Inappetance
e Lethargy — lying at the bottom of the tank (muscle necrosis)
e Exophthalmos

e Swollen abdomens

Images (L to R) from McLoughlin & Graham (2007) Alphavirus infections in salmonids — a review. J. Fish Dis.
30, 511-531 and Kerbart Boscher et al. (2006) Experimental transmission of sleeping disease in one-year-old
rainbow trout, Oncorhynchus mykiss (Walbaum), induced by sleeping disease virus. J. Fish Dis. 29. 263-273. Cefas



Histopathology

Viraemia precedes histological changes and clinical signs

Necrosis of pancreatic acinar tissue without pancreatitis

Extensive necrosis of the skeletal red muscle

Myocardial degeneration (cardiomyopathy)

Images from Kerbart Boscher et al. (2006) Experimental transmission of sleeping disease in one-year-old
rainbow trout, Oncorhynchus mykiss (Walbaum), induced by sleeping disease virus. J. Fish Dis. 29. 263-273. cefas



Histopathology

* Viraemia precedes histological changes and clinical signs
* Necrosis of pancreatic acinar tissue without pancreatitis

e Extensive necrosis of the skeletal red muscle

* Myocardial degeneration (cardiomyopathy)

Images from Kerbart Boscher et al. (2006) Experimental transmission of sleeping disease in one-year-old
rainbow trout, Oncorhynchus mykiss (Walbaum), induced by sleeping disease virus. J. Fish Dis. 29. 263-273. cefas
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Images from: Graham et al. (2007) Serological, virological and histopathological study of an outbreak of cefas

sleeping disease in farmed rainbow trout, Oncorhynchus mykiss . Dis. Aquat. Org. 74: 191-197.



Pathogenesis

Progression of the disease (PD) is temperature dependant (Houghton, 1995)

The above author showed that plasma, leucocytes, splenocytes and kidney
homogenates are all infective.

Murphy et al. (1995) also showed that kidney homogenates from PD
infected fish were infective

Experimental transmission using a SDV 1isolate with 1-year old rainbow
trout — the first comprehensive study of SDV pathogenesis (Kerbart
Boscher et al., 2006)

» 37 dpi — onset of SD signs (with low mortalities 2.5%); exophthalmia,
emaciation & inappetance

» Mortalities reached 18.7% at 44dpi

» 52 dpi — onset of sleeping behaviour with some fish being
‘hyperexcitable’
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Pathogenesis — laboratory study

e Earliest lesions 7 dpi
e Necrosis progressed: pancreatic acinar tissue > heart > skeletal muscle

e Clinical signs 1 month pi
e Mortality reached 18.7% within 44 dp1
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From Kerbart Boscher et al. (2006) Experimental transmission of sleeping disease in one-year-old rainbow
trout, Oncorhynchus mykiss (Walbaum), induced by sleeping disease virus. J. Fish Dis. 29. 263-273. cefas



Pathogenesis — FW field study

 Viraemia detected at Week 6 (for 4 weeks)

e Histopathological changes (pancreas) from Week 7 with variable pathology
(inc. signs of recovery) subsequently

e Clinical signs 2 month pi

e Mortality reached 6.3% from Week 6 (note: other cages — morts up to
4'7.2%)
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Fig. 3. Mean lesion scores (+SE) for pancreas (Pan), heart and red and white skeletal muscle for Weeks 5 to 20

From: Graham et al. (2007) Serological, virological and histopathological study of an outbreak of sleeping
disease in farmed rainbow trout, Oncorhynchus mykiss . Dis. Aquat. Org. 74- 191-197. cefas



Diagnostics — Virus isolation

e (CHSE-214, RTG, TO or BF-2 cells

e 10-15°C

e Kidney, pancreas, heart & serum (viraemia precedes clinical disease)
e CPE - small foci of pyknotic, vacuolated cells

 CPE not always evident until after several passages

* Risk of false negatives, or lengthy tests

e Requires confirmation of viral growth by immuno-staining with specific
mADbs - Todd et al., 2001; Graham et al., 2003
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Figure 15 Indirect immunofluorescent staining of Chinook
salmon embryo-214 cells infected with salmonid alphavirus
subtype 1 using monoclonal antibody 209 (Tadd er 2l 2001).

Figure 14 Chinook salmon embryo (CHSE)-214 cells infecred
with salmonid alphavirus subtype | and showing typicl viral
cytopathic effect (inset: non-infeced CHSE-214 cells).

Images from McLoughlin & Graham (2007) Alphavirus infections in salmonids — a review. J. Fish
Dis. 30, 511-531 and Castric et al. (1997) Isolation of the virus responsible for sleeping disease cefas
in experimetally infected rainbow trout Bull. Eur. Assoc. Fish Pathol., 17,27-30



Diagnostics — Serology

Neutralising antibodies observed as early

as 10 days post infection in some fish and
by day 21 for all infected fish

Virus neutralisation tests in 24 well format
based on reading CPE after 7 days

(McLoughlin et al., 1996)- risk of false
negatives

Virus neutralisation tests in 96 well format
based on reading mAb immuno-
peroxidase staining after 3 days (Graham

et al., 2003)

Plaque neutralisation assay (Kerbart
Boscher et al., 2006)

Extensive cross reaction of mAbs between
subtypes indicates single serotype

Some sera cytotoxic
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Figure 1 Specific immmunostaining of
SPDV growing in CHSE-214 cells

From Graham et al 2003, A rapid
immunoperoxidase-based virus
neutralisation assay for salmonid
alphavirus used for serological survey in
Northern Ireland.
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Diagnostics — Molecular

Nonstructural proteins
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Structural proteins

Figure 3: Transmission electron micrograph : an enveloped
viral particle in infectious CHSE-214 cell culturz medium.

Conventional RT-PCR

Single stranded positive sense RNA genome

Capsid
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Numerous assays available targeting different genes for alphaviruses.

(Villoing et al., 2000 — 284bp E2; Hodneland et al., 2005 - 899bp E2-

6K-E1; Weston et al., 2005 - 526,484 and 515bp for nSP3, nsP4 and E1.

Kidney and pancreatic tissue more reliable than heart and brain

Most detect all subtypes

Improved sensitivity - viral RNA detected in

trout fry up to 70 days post ifection

(compared with virus isolation up to 4 1dpi1 —

Villoing er al.. 2000)
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Diagnostics — Molecular

e Real time (QPCR) RT-PCR

e SYBR Green (Graham et al., 2006)-
one step assay targeting E1 gene of SAV1 and SAV2
e Limit of detection 1.5 TCID,y/reaction

* Greater sensitivity than 3 day virus 1solation test

e TagMan
 Hodneland and Andresen 2006 — targeting nsP1 and E2 genes
* 3 assays, one detects all subtypes, one detecting SAV 1 and one
detecting SAV3 only.
e Limits of detection 0.01-0.08 TCID,,; 10-100 fold more sensitive
than standard RT-PCR

e Christie et al., 2007 - targeting E1gene SAV1 and SAV3, viral RNA
detected in heart of some fish up to 140 dp1
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Differential diagnosis

IPN — aetiology known, different clinical signs

HSMI - aetiology now established (piscine reovirus),
pancreatic lesions absent

CMS - aetiology now established (Totiviridae), pancreatic
lesions absent with characteristic liver pathology associated
with cardiac failure

Nutritional myopathies — rare but potential co-factor as new
diets are developed.
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Serology and immunity

e Antibodies detected at Week 9 with seroprevalence increasing
to 80% by Week 20. Mean antibody titres peaking at 1/89.4 at
Week 17 (Graham et al. (2007))

e Neutralizing antibodies to SDV detected 14 to 70 dp1 (Kerbart
Boscher et al. (2006)). Too late for protection against acute
pancreatitis but correlated with a decreased viraemia

e Suggestion of protective role of neutralizing antibodies against
SD 1n survivors
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Prophylaxis and control

e Most information relates to SPDV

e Strong protection to reinfection in salmon parr (Houghton,
1994)

e No reported occurrence of SD or PD 1n previously infected
populations

e First vaccine trial (McLoughlin, 1999) — 100% protection

* Commercial PD vaccine available since 1994 but not
capricious 1n use.

* SAV 2 (SD) vaccine (Moriette et al. (2006)) gave good
protection and hope for the future.....
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A forward look

e Need to clarify the true economic impact of SD to the
European trout industry

e Improved understanding of the behaviour and persistence
of SAV 2 in the environment. Vectors and reservoirs

e Epidemiological assessment of routes of transmission and
anthropogenic interventions to prevent spread

e Molecular epidemiology of 1solates and pathogen evolution

eComparative testing of various molecular assays and
optimum tissues to sample

e Improved vaccines

e Maintain vigilance Cefas



Thank you for your attention

Gratefully acknowledge the invitation to present and for Defra for
support under FB002
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