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Abstract
Sleeping disease virus (SDV) is a salmonid alphavirus (SAV) recognized as a serious pathogen of 

-
thology were performed for SDV detection in trout tissues examined during three sampling points: 
March, May and June, 2011. Virus was isolated in CHSE-214 cells from the March sample point, 
while ten tissue samples collected in May and subjected to RRT-PCR tested positive. The Croatian 
viral sequence clustered together with fresh water isolates within SAV subtype 2. VN antibodies 
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Introduction
Salmon pancreas disease virus (SPDV) is the 
species name for the causative agent of pan-
creas disease (PD) in farmed Atlantic salmon 
(AS), Salmo salar L., and sleeping disease virus 
(SDV) in farmed rainbow trout (RT), Onco-

 (Walbaum), as proposed by 
Weston at al. (2002). SPDV & SDV were the 

AS and RT respectively (Nelson et al., 1995; 

by sleeping disease (SD) are inappetence and 

showing characteristic “sleeping” behaviour. 
Characteristic histopathological changes are 

seen in the pancreas, heart and skeletal muscle 
(Kerbart Boscher et al., 2006; McLoughlin and 
Graham, 2007).

In 2008, Fringuelli et al. carried out nucleo-
tide sequencing data on the two most variable 
regions of the genome (E2 and nsp3 genes) of 
SPDV and SDV strains and assigned them to 

(SAV). Subtypes 1, 4, 5 and 6 have been isolated 
from AS with PD in Ireland and Scotland. SAV 
subtype 2, associated with SD in rainbow trout 
has been isolated in the UK, France, Germany, 
Italy and Spain (Castric et al., 1997; Branson, 
2002; Bergmann et al., 2005; Graham et al., 
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-

Scotland (Fringuelli et al., 2008) and Norway 
(Hjortaas et al., 2013). SAV 3 has only been 

PD in Norway. 

species. During recent years, two salmonid 
viruses, infectious haematopoietic necrosis virus 
(IHNV) and infectious pancreatic necrosis virus 
(IPNV) from farmed RT were isolated in Croatia 

a SD outbreak was suspected at one commercial 

clinical symptoms: lethargy, inappetence and 
“sleeping” behaviour of RT fry. However, on 
that occasion the presence of SDV was not con-

presence of SD virus or SAV 2 in Croatia from 
farmed RT.

Materials and methods
In January 2011 at the farm where a SD outbreak 
was suspected in 2006, the owner noticed that 
RT fry from two raceways have been showing 

1% and 15% was recorded from raceways 1 and 
2 respectively. The farm owner recorded a 15% 

density in raceway 2 at the time of disease out-
break. The farm used spring water with a con-
stant temperature of 9.5°C ± 0.5°C. During and 
after the outbreak, the feeding rate remained 

-
ways were mixed and moved to another farm 
site according to standard farming procedures 
and the mortality rate was reduced to 0.15%. In 

order to check the health status of RT with the 
suspect SD from the mentioned farm, samples 
were collected at three timepoints: in March, 
May and June 2011 (Table 1). 

The following samples were collected: pools 

for subsequent virus isolation (Graham et al., 
-

creas, heart, kidney, gill tisues, collected in 
RNA later® (Ambio), were tested by real-time 
RT-PCR (RRT-PCR) for the presence of SAV 
RNA as described by Fringuelli et al. (2008); 
sera samples were also screened for the pres-
ence of virus neutralizing (VN) antibodies and 
for viraemia as previously described (Graham 

pancreas, heart and muscle were collected in 

examination (Graham et al., 2007a).

-
tion signal by RRT-PCR, as judged by the Ct 
value, was subjected to a conventional RT-PCR 
to amplify and sequence a fragment of 378bp 
within the nsP3 gene (Fringuelli et al., 2008). The 
nucleotide sequence generated was included 
in the large database generated in AFBI which 
includes SAV sequences obtained by testing 
SAV isolates from Ireland, Northern Ireland, 
Scotland, England, France, Spain, Italy and 
Norway belonging to the 6 SAV subtypes. A 
phylogenetic analysis involving the nsP3 se-
quence generated from this study together with 
those available in the database was performed 
(Fringuelli et al., 2008).

Results and discussion

from March 2011, there was no food in the gut 
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and no morphological changes of the external 

from May and June 2011 were clinically healthy 
with no changes in internal organs. 

The results of virus isolation, RRT-PCR, sera 
testing and histopathology are summarized 
in Table 2. 

VN antibodies were detected in eight of 12 sera 
tested. None of these samples were viraemic 
and, when tested by RRT-PCR all of them were 
negative. 

Ten of the samples collected in May and sub-
jected to RRT-PCR tested positive (Table 2) with 
a mean Ct value of 34.7. Partial nsP3 genetic 
sequences were generated from RNA extracted 

from the tissue (heart) with the lowest Ct value 
(29.99). When this sequence was entered into 
the BLAST programme (

) to search for similarity with 
other nucleotide sequences in the database, 
high similarity with SAV strains was observed. 
Phylogenetic analysis showed that the Croatian 
viral sequence clustered together with fresh 
water isolates within SAV 2 subtype. However, 
pairwise comparison of the nsP3 nucleotide 
sequences showed it to be distinct from all the 
other fresh water SAV2 strains with divergence 
ranging from 0.3% to 3.7%. These nucleotide 

at amino acid level. Comparison of amino acid 
sequences showed that the Croatian isolate was 
very similar to the French (99.2%) and Italian 
(98.2%) isolates with which the divergence was 

Table 1.

Date Fish Number Virus isolation RRT-PCR
SAV 
Antibody

Histology

March 
2011

RT 
Fingerlings 
18g± 5.5g

10 Spleen, heart, 
kidney, brain
(N.2 pools)

_* _* _*

May 
2011

RT
45.4g±22.7g

10
pancreas, heart, 
kidney gills (N. 
10 pools)

pancreas, heart, kidney, 
gills
(N. 40 separated 
samples of every 
tissue)
Sera
(N. 2)

sera
(N. 2) pancreas, 

heart, kidney, 
gills, muscle, 
spleen, brain, 
liver
(N. 10)

June 
2011

RT
51.3g ±22.7g

10
pancreas, heart, 
kidney
(N. 10 pools)

sera
(N. 10)

sera
(N. 10) pancreas, 

heart, muscle 
(N. 6)

*collection of tissue was not performed
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due to 1 and 2 amino acid mismatches respec-
tively. The highest divergence was observed 

isolates, where a 4 amino acid deletion and 2 
amino acid mismatches were observed. The new 
partial nsP3 nucleotide sequence produced in 
this study is available from GenBank with the 
accession number KC878326.

Only one of the tissue pools collected in March 
and subjected to virus isolation in CHSE-214 
cells was positive by RRT-PCR, performed on 
RNA extracted from these cell cultures (Table 
2). No SAV was isolated from the other pools 
collected in May and June when they were 
subjected to a second passage the same cell 
culture system. 

Histological examination of the tissues collected 
in May and June 2011 did not reveal lesions 
consistent with acute or chronic SAV infection, 

-
mation of SDV infection and clinical signs in 
farmed rainbow trout fry in Croatia. As signs 
of sleeping disease were suspected in January 
2011, SDV was isolated only from tissues col-
lected in March 2011, and not from the samples 
collected in May and June 2011. Previous data 
on SD indicated that viraemia precedes both 
the histological changes and clinical signs, but 
VN antibodies persist and may be used to ret-
rospectively detect infection for some time af-
terwards (McLoughlin and Graham, 2007). This 

sera samples collected in June, six months after 

Table 2.

No. of positive samples/No. of samples tested
Date Virus 

isolation
RT-PCR SAV 

antibody
Histology

March 2011 _* _* _* _*

May 2011 serum

gill
lesionsheart

kidney

pancreas

June 2011 serum

gill
lesionsheart

kidney

pancreas

* collection of tissue was not performed
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clinical signs of SD outbreak, were not virae-
mic or RRT-PCR positive, but demonstrated 

Although SAV was isolated from only 1 of the 
tissues pools, RRT-PCR was sensitive enough 
to detect SDV RNA in individual organs of 
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