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INTRODUCTION

Sleeping disease (SD) is an infectious condition of
farmed rainbow trout caused by sleeping disease virus
(SDV) (Boucher et al. 1994, Castric et al. 1997). SDV is
now recognised to be an atypical alphavirus closely
related to salmon pancreas disease virus (SPDV), the
cause of pancreas disease (PD) in Atlantic salmon
Salmo salar L. (Villoing et al. 2000). Subsequent im-
munological and molecular comparison of isolates
have shown that both SDV and SPDV in fact represent
different strains of the same virus, for which the name
salmonid alphavirus (SAV) has been proposed (Weston
et al. 2002, 2006). Histologically, both SD and PD are
characterized by the sequential development of

pancreatic and cardiomyocytic necrosis and skeletal
myopathy (Murphy et al. 1992, Boucher & Baudin
Laurencin 1996, McLoughlin et al. 1996, Weston et al.
2002). The characteristic ‘sleeping’ behaviour of rain-
bow trout with SD is considered primarily to be a con-
sequence of the skeletal muscle damage, which partic-
ularly affects the red muscle fibres (Castric et al. 1997).
Mortality rates in outbreaks are variable, ranging from
3 to 22% (Graham et al. 2003a).

Although SD has been present in farmed freshwater
trout in Europe for many years, it was first reported
in the UK in 2002, when outbreaks occurred in both
England and Scotland (Branson 2002, Graham et al.
2003a). Although histopathology has been the stan-
dard tool used for diagnosis of SD, additional tools
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including serological tests for virus neutralizing anti-
bodies and the rapid isolation of virus from the serum
of viraemic fish are also now available (Graham et
al. 2003b, Jewhurst et al. 2004). A recent study has
described the comparative performance of such a diag-
nostic panel in fish infected by inoculation with SD at a
single time point under experimental conditions (Ker-
bart Boscher et al. 2003). However, there are no com-
parable published studies from field outbreaks of
either SD or PD, where fish are infected by a natural
route over an extended period of time. The aim of the
current study was therefore to apply this diagnostic
panel to a prospective longitudinal survey of a farmed
rainbow trout population experiencing an outbreak of
SD, in order to gain a better understanding of both the
comparative performance of these tests at different
stages of the outbreak and of the epidemiology of such
outbreaks. 

MATERIALS AND METHODS

Farm details and collection of samples. Samples
were collected from a UK farm, which had experienced
problems with SD in previous production cycles, of fish
held in a 10 cage block in a freshwater loch. Each year,
the farm introduced multiple batches of rainbow trout
fingerlings to these cages for on-growing. Sampling at
the site was targeted at 1 particular cage of fish (desig-
nated C10). On 28 April 2004 (Week 0), cage C10 was
stocked with 76 000, 15 g rainbow trout fingerlings
from an external source. Fish from this cage were sam-
pled on arrival, and then regularly at 7 to 14 d intervals
until mid-August, when this and 2 adjacent cages, C8
and C9, which had been stocked within a few days of
and from the same source as C10, were graded. There-
after, sampling continued to the end of September in
the cage receiving the medium grades. On each sam-
pling occasion, blood was collected into serum gel
tubes (Sarstedt) from each of 20 fish. The tubes were
then centrifuged to separate serum from cells. If not
being shipped on the day of collection, serum was
removed and frozen. In addition, pancreas, heart and
red and white skeletal muscle samples were taken
from 6 fish on each sampling occasion and transferred
into 10% neutral buffered formalin for subsequent
histopathological examination. Water temperature
data and information on feed intake, mortalities and
clinical signs of disease for C10 and 2 other cages (C2
and C4) were retrieved from the farm records. C2 and
C4 were stocked with 102 000 and 88 000 fingerlings
(15 g) the week after C10.

Histopathology. Tissues for histology were pro-
cessed by standard paraffin wax techniques and
stained with haematoxylin and eosin (H&E) for exami-

nation. Tissues from each sample point were examined
and the presence or absence of SD-related lesions
recorded. When present, the severity of tissue lesions
was semi-quantified using an ordinal scale from 1 to 3
(mild to severe) according to a previously described
scoring system, and the mean lesion score for each tis-
sue calculated (McLoughlin et al. 2006).

Virological and serological testing. Virus neutral-
ization testing and screening for viraemia were per-
formed as previously described (Graham et al. 2003b,
Jewhurst et al. 2004). Briefly, sera were initially
screened in duplicate at dilutions of 1/20 and 1/40 for
virus neutralizing (VN) antibodies in a microtitre-
based test, read after 3 d using a SAV-specific mono-
clonal antibody (2D9; Welsh et al. 2000) and an
immunoperoxidase-based staining method. For those
sera in which neutralizing endpoints were not reached
on initial screening, doubling dilution series from 1/20
to 1/1280 were prepared and tested in duplicate. In
parallel with the VN screen, sera were inoculated into
chinook salmon embryo-214 (CHSE) cells and stained
after 3 d to identify growth of SAV. Where viraemic
sera were identified, their 50% tissue culture infec-
tious dose (TCID50) was determined by endpoint titra-
tion in microtitre. All titres were determined according
to the method of Karber (1931).

RESULTS

Clinical observations and farm management

SD-related mortalities were first recorded at the site at
Week 6 (15 June 2004) of the study when clinical signs of
SD were observed in cages C2 and C4. The first sign of
onset was the appearance of occasional good-condition
fish on the water surface around the sides of the pen,
where there would normally only be runts, with a coinci-
dent slight fall in appetite. Almost immediately after this,
large numbers of apparently good-condition fish were
found in the sock in the bottom of the cage used for col-
lecting mortalities. Many of these were dead, but some
were still alive yet moribund. Some of the moribund fish
would swim away when disturbed. Associated with this,
weekly mortality rates in C2 rose from 1.3% of input in
Week 5 to 2.9% at Week 6, before peaking at 22.9% at
Week 7 (Fig. 1). Mortality figures for C4 also increased
from 0.9% (Week 6) to 2.6% (Week 7), before peaking at
6.2% (Week 8, Fig. 1). 

Following the appearance of SD, these fish were
moved to another cage block in an effort to prevent
spread of infection. In addition, all fish in the original
cage block were fasted for 2 d and then fed at 25 to
50% of ration for a further week. Despite this, clinical
signs of SD were also noted in C10 at Week 8, with an
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increase in mortalities from 0.3% at Week 7 to a peak
of 1.7% at Week 8. SD was first reported in C8 and C9
at the same time as C10, with a similar mortality profile
(data not shown). The mortality curves in C2, C4 and
C10 showed a biphasic pattern, with a second, lower
extended peak of mortality occurring 3 to 6 wk after
the first (Fig. 1). The cumulative mortalities in these
cages following the appearance of SD were very vari-
able, ranging from a maximum of 47.2% (C2) to 6.3%
(C10), with an intermediate value of
28.0% for C4. Water temperatures over
the sampling period varied between
7.8°C at the start of sampling and 14.5°C
at the end, with a peak of 16°C at Week
16. Temperatures during Weeks 6 to 10,
the period of peak mortality, were in
the range of 12.5°C to 13.5°C.

Histopathology

Illustrative examples of the histologi-
cal changes observed in pancreas,
heart, red muscle (RM) and white mus-
cle (WM) are shown in Fig. 2. Histolog-
ical evidence of SD was first detected in
C10 at Week 7, when acute pancreatic
acinar cell necrosis of moderate sever-
ity was observed in a single fish of the 6
sampled (Table 1). No lesions were
observed in the other tissues from this
fish, or in any of the remaining fish.
At Week 8, the pancreatic acinar cells
in all fish appeared normal, with mild

inflammation only and no significant atrophy. Acute
multifocal myocardial cell degeneration was evident in
2 fish, with both layers of the heart affected. Mild mul-
tifocal myofibrillar degeneration with surrounding
inflammation was present in the RM of 3 of 6 fish.
These were considered representative of sub-acute to
chronic lesions (McLoughlin et al. 2002). At Week 9,
the pancreas of 1 fish was recovering, while the
remainder appeared normal, suggesting very mild
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Fig. 1. Weekly mortality for C2 (f), C4 (j) and C10 (m). Inset: C10 in more detail

Table 1. Oncorhynchus mykiss. Summary of histological, virological and sero-
logical findings, showing no. of fish with lesions in each tissue at each time
point, the % of viraemic and seropositive fish, and the corresponding geometric
mean titres (GMT) of virus (log10) and antibody (reciprocal). Pan: pancreas; 

WM: white muscle; RM: red muscle; ND: not determined

Week Histology Virus Antibody
Pan Heart WM RM % GMT % GMT Max. titre

(TCID50 ml–1)

0 ND ND ND ND 0 – 0 – <20
1 ND ND ND ND 0 – 0 – <20
2 ND ND ND ND 0 – 0 – <20
3 ND ND ND ND 0 – 0 – <20
4 ND ND ND ND 0 – 0 – <20
5 0 0 0 0 0 – 0 – <20
6 0 0 0 0 35 7.1 0 – <20
7 1 0 0 0 57.9 7.5 0 – <20
8 3 2 2 3 20 7.8 0 – <20
9 1 5 6 6 20 6.6 5 20 20
10 1 5 3 3 0 – 20 40 80
11 0 3a 0 3 0 – 65 43.4 120
13 0 1 2 1 0 – 68.4 68.5 160
15 0 0 0 0 ND ND ND ND ND
17 1 2 0 0 0 – 60 89.4 320
19 0 0 0 0 ND ND ND ND ND
20 0 2 0 1 0 – 80 46.3 640
aHeart from 2 fish not available for examination
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pancreatic lesions or rapid recovery. However, 5 of 6
fish had moderate sub-acute to chronic myocarditis,
and all had mild to moderate RM and WM degenera-
tion typical of chronic SD. At Week 10, a similar picture
was evident. All fish had mild to moderate focal
chronic myocarditis, and 3 of 6 had moderate to severe
RM degeneration and inflammation and mild focal
WM degeneration. At Week 11, a very variable pattern
was apparent, consistent with the recovery phase of
SD. The pancreas in all fish appeared normal. 

Low-grade focal inflammation was present in 3 of 4
hearts examined. There was no obvious WM patho-
logy, and the RM was mild to severely damaged in 3 of
6 fish. At Week 13, 4 fish had no significant histological
lesions. One fish had mild chronic lesions in the heart,
RM and WM, consistent with chronic SD, and one had
moderate WM lesions. At Week 15, there was no evi-
dence of SD in any fish. At Week 17 there was a total
absence of pancreatic acinar tissue in 1 fish, indicating
failure of pancreatic recovery. One other fish had mild

focal insignificant inflammation of the ventricle, and
another diffuse epicarditis with associated myocarditis.
No skeletal muscle lesions were detected. At Week 19
there was no evidence of sleeping disease in any sam-
ples. At Week 20, 2 fish had low-grade focal inflamma-
tion in the spongy ventricular tissue and another had
focal RM fibre inflammation. 

Examination of the prevalence data (Table 1) and
mean lesion scores (Fig. 3) reveals a typical pattern
associated with SD and SPDV (McLoughlin et al. 2002),
with sequential development of lesions in the pan-
creas, heart and red and white skeletal muscle fibres.

Virology

Viraemic fish were first detected in C10 at Week 6,
2 wk in advance of clinical signs and 1 wk in advance of
the first histological evidence of infection. At this point,
35% of serum samples were viraemic (Table 1). Viraemic
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Fig. 2. (a) Acute pancreatic acinar cell necrosis (arrows), typical of acute sleeping disease. (b) Acute focal myocardial necrosis
(arrows), typical of early sleeping disease. (c) Acute red muscle (aerobic type 1) fibre degeneration, with vacuolation, phagocyto-
sis and centralization of nuclei. (d) Severe skeletal muscle degeneration and fibrosis of the lateral line red muscle fibres (aerobic
type 1; open arrow) with some surviving red muscle fibres (open arrow). RM: red muscle; WM: white muscle. Scale bar = 100 µm
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sera were also detected in each of the next 3 weeks, with
prevalence figures of 57.9, 20 and 20%. The peak of
viraemia preceded the onset of clinical signs by 1 wk.
No viraemic sera were detected from Week 10 onwards.
The geometric mean titre of the viraemic sera ranged
from 106.6TCID50 ml–1 to 107.8TCID50 ml–1 (Table 1).

Serology

VN antibodies were first detected at Week 9, 3 wk
after first detection of viraemia (Table 1) and 1 wk after
clinical signs were reported, when a single serum (5%)
tested positive for antibody. Thereafter, the seropreva-
lence increased steadily to a peak of 80% at Week 20.
Mean GM titres followed a similar profile, rising from
1/20 at Week 9 to a peak of 1/89.4 at Week 17, before
declining to 1/46.3 at Week 20. Similarly, the maxi-
mum titre recorded rose from 1/20 at Week 9 to 1/640
at Week 20. 

DISCUSSION

This study is the first published description of the se-
quential changes in histopathological, virological and
serological findings associated with a natural outbreak of
sleeping disease in Oncorhynchus mykiss. SD was diag-

nosed in fish in cages C2 and C4 approximately 6 wk
after their introduction and then spread through the cage
block, with clinical signs observed in all remaining
stocked cages within a 7 wk period. The source of the
infection remains unknown. Although the fingerlings
were obtained from several different sources, there were
no reports of SD on their farms of origin; however, the
fish themselves or contaminated equipment associated
with their movement or other management activities
cannot be ruled out as possible vectors. When the finger-
lings were introduced, there were still older fish at the
site that were survivors of an earlier outbreak of SD.
Although an epidemiologically significant carrier state
has yet to be demonstrated for SAV, these fish represent
another possible source of infection. The presence of
wild fish and previously escaped SAV-seropositive fish
in the vicinity of the cages (authors’ unpubl. data) re-
present other possible sources.

Because the trial had to take place within the con-
straints of normal management, the sample population
was graded during the trial period. The fact that these
fish were graded and mixed with others from adjacent
cages that had been stocked within a few days of, and
from the same source as, the sampled population, and
that had first shown clinical signs on the same day and
had suffered similar relatively low levels of mortality, is
considered to have minimized any bias in sampling
post-grading.
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The development of the histopathological lesions
seen in C10 reflect the pattern seen in experimental
infections with both SDV and SPDV (Boucher &
Baudin Laurencin 1996, McLoughlin et al. 1996, Ker-
bart Boscher et al. 2003). Thus, at Week 7, the only ob-
servation was of acute pancreatic acinar cell necrosis
in a single fish (Table 1, Fig. 2a). Thereafter, cardiac
and skeletal muscle lesions predominated, with lesions
particularly prevalent and severe from Weeks 8 to 11.
Thereafter, cardiac and skeletal muscle lesions were
seen intermittently until Week 20, indicating that
lesions in some fish can take several months to fully
resolve. The peak prevalence and severity of cardiac
and skeletal muscle lesions at Week 9, 1 wk after the
appearance of clinical signs, demonstrates the useful-
ness of histology as a diagnostic tool in such cases.
Nevertheless, it is noteworthy that viraemia was
detectable at Week 6, 2 wk in advance of the onset of
clinical signs, and 1 wk before the first histopathologi-
cal changes were detected (Table 1). This delay
between initial detection of viraemia and development
of clinical signs indicates a 2 wk lag period between
infection and development of lesions of sufficient
severity to produce visible effects. These results
demonstrate the usefulness of screening for viraemia
in order to detect the presence of infection as an early
warning of disease, allowing management to take
appropriate measures. These include the avoidance of
stressors such as grading and moving, which may help
to reduce mortalities and onward spread of infection. 

Although variable, the extent of mortalities recorded
in this outbreak highlight the potential economic im-
pact of the disease. The reasons for the variable mor-
tality among cages is unknown. However, stress is a
recognised risk factor for disease (McLoughlin et al.
2003), and the movement of fish in C2 and C4 during
the outbreak is likely to have contributed to the losses
in these cages. While the mechanism is unknown,
there is evidence from this study that restricting food
intake in the face of an outbreak might reduce mortal-
ities, because the fasting of all cages and a gradual
return to full feed coincided with the onset of viraemia
in C10. This may have contributed to the significantly
lower mortalities in cages C8, C9 and C10 when com-
pared with cages C2 and C4, which were only sub-
jected to the same dietary regime once clinical symp-
toms were seen. It is recognised that the additional
factors in C2 and C4 described above complicate the
interpretation of these events, and further studies will
be required to confirm or refute this observation.

In this study, infection spread quickly through the
study population, with a peak of 65% of viraemic fish
present at Week 7 followed by a clearance of viraemia
by Week 10. This implies an efficient mechanism of
transfer of virus within the population. The relatively

high titres of virus present in these fish during this pe-
riod, if reflected in the levels of virus shed into the wa-
ter within the cage, would provide such a mechanism. 

VN antibodies were first detected at Week 9 (5%),
3 wk after viraemia was first detected and overlapping
with the last week of viraemia. This interval between
infection and seroconversion is consistent with what
has been described previously under experimental
conditions (McLoughlin et al. 1996, Desvignes et al.
2002, Kerbart Boscher et al. 2003). Thereafter, the
seroprevalence increased rapidly, reaching a plateau
of 60 to 80%, which was maintained over several
months to the end of the study period (Week 20); how-
ever, by this time, the geometric mean titre (GMT) of
VN antibodies had peaked and started to decline. This
serological response is considered to reflect a long-
term protection against a future recurrence of clinical
disease (Houghton 1994, Boucher & Baudin Laurencin
1996). This pattern is similar to that previously
reported for natural outbreaks of pancreas disease in
Atlantic salmon (Graham et al. 2005). The current use
of serology for diagnostic and epidemiological investi-
gations of fish diseases is limited and contrasts
markedly with the situation in avian and mammalian
medicine. Although there are valid reasons for this
(Denzin & Staak 2000), the results presented here
show that the methodology can still be applied effec-
tively to demonstrate that a population has undergone
infection, even after viraemia has been cleared and
histological lesions resolved.

In conclusion, the results presented in this study
show for the first time the comparative chronological
development of histological lesions, viraemia and neu-
tralizing antibody responses associated with a natural
outbreak of sleeping disease in rainbow trout. The
data indicate that viraemia precedes both the onset of
histological changes and clinical signs, and that VN
antibodies persist and may be used to retrospectively
detect infection for some time afterwards. These find-
ings provide useful information with regard to the epi-
demiology of natural infection, sampling strategies and
interpretation of results.
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