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SUMMARY
Heart and skeletal muscle inflammation (HSMI) is one of the most widespread economically relevant diseases of farmed Atlantic salmon (Salmo salar), and it poses
serious danger to its aquaculture. The disease was first reported in Norway in 1999. In 2006, the Norwegian researchers demonstrated its viral etiology. Heart and
skeletal muscle inflammation is a novel and understudied highly contagious transboundary disease of Salmonidae characterized by erythrocyte damage, blood
circulation failure, jaundice and aggregated signs of heart and skeletal muscle inflammation. The disease associated economic damage to aquaculture is enormous.
Total cumulative mortality can reach 30% and morbidity can amount to 100%. Loss of quality of the commercial fish products due to melanised foci in the salmons’
muscles further increases the disease-associated economic losses. Aquacultured Atlantic salmon is the most susceptible to HSMI. Rainbow trout, chub salmon and
bull trout are also susceptible species and the list is still being continued. The disease is caused by the virus belonging to genus Orthoreovirus in the family Reoviridae.
Currently Piscine orthoreovirus demonstrates the tendency towards its global spread. The virus-induced disease is reported in Norway, Scotland, Ireland, Iceland,
France, Germany, Italy, Denmark, the Faroe Islands, Chile, Canada, Atlantic coast of the USA and Alaska. The majority of the outbreaks are registered in Central and
Northern parts of Norway, which borders the Murmansk Oblast. The vicinity of the affected areas to Russia, the Gulf Stream passing the Norwegian shore while
moving towards the Murmansk Oblast as well as wild Salmonidae migration to the Barents Sea, White Sea and Pechora Sea through the Norwegian territorial
waters coupled with high stability of the virus compose high threat of Piscine orthoreovirus introduction to the Russian Federation from the adjacent countries.
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РЕЗЮМЕ
Воспаление сердечных и скелетных мышц в настоящее время является одним из самых распространенных, экономически значимых заболеваний
культивируемого атлантического лосося и представляет серьезную угрозу его аквакультуре. Впервые болезнь выявлена в 1999 г. в Норвегии. В 2006 г.
норвежские ученые доказали ее вирусную этиологию. Воспаление сердечных и скелетных мышц является трансграничной, высококонтагиозной, новой,
еще недостаточно изученной вирусной болезнью лососевых рыб, характеризующейся поражением эритроцитов, симптомокомплексом воспаления
сердечных и скелетных мышц, нарушением кровообращения и желтухой. Экономический ущерб, наносимый этим заболеванием аквакультуре, чрезвычайно велик. Общая кумулятивная смертность может достигать 30%, а уровень заболеваемости составлять 100%. Снижение качества товарной
рыбной продукции из-за меланизированных участков в мышцах лососевых еще больше повышает экономические потери от этого заболевания. Наиболее чувствителен к воспалению сердечных и скелетных мышц выращиваемый в аквакультуре атлантический лосось. Восприимчивыми видами также
являются радужная форель, чавыча и кумжа, и этот список продолжает пополняться. Возбудителем заболевания является вирус, относящийся к роду
Orthoreovirus семейства Reoviridae. На сегодняшний день ортореовирус рыб имеет тенденцию к глобальному распространению. Заболевание, вызванное
этим вирусом, регистрируют в Норвегии, Шотландии, Ирландии, Исландии, Франции, Германии, Италии, Дании, на Фарерских островах, в Чили, Канаде,
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на Атлантическом побережье США и на Аляске. Наибольшее количество очагов отмечают в Средней и Северной Норвегии, пограничной с Мурманской
областью. Близость неблагополучных территорий к России, протекающий мимо норвежских берегов в сторону Мурманской области Гольфстрим, а также
миграция диких лососевых через норвежские территориальные воды в Баренцево, Белое и Печорское моря в совокупности с высокой стабильностью
вируса создают высокий уровень угрозы заноса ортореовируса рыб с территории сопредельных стран на территорию Российской Федерации.
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DISEASE BACKGROUND
Heart and skeletal muscle inflammation (HSMI) was first
reported in the Atlantic salmon (Salmo salar) grown on an
aquaculture farm in Norway in 1999 [1]. For a long time the
disease cause remained unknown. The virus etiology was
supposed only in 2004, and later the infectious nature of the
disease was confirmed by the Norwegian researchers [1, 2].
In 2006, the virus was observed during electronic microscopy [3]. In 2010, the virus was identified as reovirus using molecular and biological methods [4], and it was later attributed
to genus Piscine orthoreovirus (PRV) [5]. In 2014, O. W. Finstad et al. demonstrated that PRV replicated in erythrocytes
[6]. In 2016, Japanese scientists proved that erythrocytic
inclusion body syndrome (EIBS) known since 1970-s was
caused by PRV genetic variant in a coho salmon in Japan [7],
and the orthoreoviruses were subdivided into three types.
The latest evidence of the orthoreovirus being the HSMI
agent was demonstrated by O. Wessel et al. in 2017 [8].

CLASSIFICATION
Heart and skeletal muscle inflammation is caused
by Piscine orthoreovirus. PRV belongs to genus Ortho
reov irus. PRV greatly differs from aquareoviruses.
M. J. T. Kibenge et al. performed the phylogenetic analysis
of S1 gene segment of many available virus isolates that
allowed for grouping the Norwegian PRV strains in one
genotype (PRV-1) including subgenotypes Ia and Ib. The
Canadian PRV strains belonged to genotype Ia, and the
Chilean PRV strains isolated from the Atlantic salmon belonged to subgenotype Ib [5].
Two more PRV genetic variants were described over the
past few years that are adapted not to the Atlantic salmon
but to other salmonids. One of such variants designated as
PRV-2 is an EIBS agent on coho salmon aquaculture farms
in Japan [7].
Another genetic variant designated as PRV-3 (also
called Y virus or PRV-Om) induces HSMI-like disease in
rainbow trout [9]. The same genotype includes PRV strains
isolated from coho salmon in Chile [10]. PRV-3 was demonstrated to be closer related to PRV-1 than to PRV-2 [11].
PRV-3 also replicates in the Atlantic salmon but pathogenicity of this virus genotype for this fish species is lower as
compared to the rainbow trout [12].

VIRUS STABILITY
Orthoreoviruses are stable against disinfecting agents.
The virions are stable at рН 2–9 and up to 55 °С; they are
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also stable against fat-dissolving agents and detergents.
UV irradiation reduces the virus infectivity.

EPIDEMIC DATA
Heart and skeletal muscle inflammation is a severe di
sease characterized by high morbidity and duration. Progressive increase of the severity of the lesions during the
months before the clinical signs’ onset is indicative of the
fact that the subclinical infection can be present on the
farm for a very long time [2]. In Norway, the HSMI morbidity of the aquacultured Atlantic salmon amounts up to
100% with 20% mortality. In Chile, the mortality rate does
not usually exceed 5% during freshwater culture. During
seawater culture two mortality peaks are reported in fish:
the first one – in two months after transfer from the freshwater to the seawater and it amounts to 2–10%; the se
cond peak starts in six months after the first one. During
the second peak the mortality reaches 30% and it is associated with secondary infections. HSMI outbreaks in the
Atlantic salmon are reported both in winter and in summer. This suggests that seasonality and water temperature
have no impact on the disease development. HSMI was
long considered to occur only in fish in seawater, usually
5–9 months after the Atlantic salmon is transferred to seawater cages from the freshwater cages. Over the recent
years (2016–2019) the disease has been also reported on
the freshwater farms [13]. In freshwater pools PRV infects
young fish before smoltification [14]. According to the la
test data PRV-1 is present in nearly every batch of cultiva
ted Atlantic salmon during the seawater phase [8]. Adult
fish is more often infected as compared to young fish;
males are more often diseased than females. The disease
outbreaks associated with high mortality last for several
weeks. The amount of the virus detected using real-time
reverse-transcription polymerase chain reaction (PCR) directly correlates with the disease development [15]. The
virus is isolated from the wild fish, but no clinical signs
are reported. This is due to the fact that in natural environment the diseased fish quickly dies or it is captured by
the predators. PRV is preserved in tissues of convalescent
fish for over one year [16]. A. B. Kristoffersen et al. demonstrated that HSMI risk increases with the increase of the
fish lifespan, growth of the virus concentration in the environment and increase of the fish stocking density [17].
Geographic distribution and susceptible species. In spite
of the vast PRV spread in the cultured Norwegian sal
mon [18] and in wild Atlantic salmon [4], HSMI is reported
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only in cultured fish. In addition to Norway, PRV is widely spread in aquacultured Atlantic salmon and coho sal
mon in Chile [5, 10], Scotland, Ireland, Iceland and on the
Faroe Islands [19], in cultured and wild Atlantic salmon in
Denmark [20], Atlantic salmon, cutthroat trout, steelhead
trout, and chum salmon in Canada [5], cultured chinook
salmon and coho salmon along the US Atlantic coast [21],
aquacultured chinook salmon and wild coho salmon on
Alaska [22]. K. A. Garver et al. experimentally infected coho
salmon, chinook salmon and sockeye salmon with PRV [16],
but they identified no heart lesions or immune response
pathology. Orthoreovirus was also isolated from 3% of andromous sea‐trout tested, but it was not detected in Arctic
char [23]. L. Bigarre et al. described increased PRV-induced
mortality in brown trout population in France [24]. The virus was isolated from a farmed Atlantic salmon escaped
from the cage that was considered as one of the routes
of the disease spread [25]. During PCR-screening of the
samples collected from the marine fish captured along the
Norwegian seacoast, C. R. Wiik-Nielsen et al. detected low
PRV concentrations in Atlantic capelin, European horse
mackerel and great silver smelt . The authors suggested
the interactions to be more complex and involving several
virus carriers and reservoirs as no positive samples were
collected from fish captured near the aquaculture farms,
where HSMI outbreaks were reported [26].
For Norway HSMI is a serious problem due to a great
number of epidemic outbreaks; in 2014 the disease was
reported on 181 farms [27]. Chile reported 44 PRV ca
ses in the Atlantic salmon in the first half of 2015 [28]. In
British Columbia (Canada) 75% of tested Atlantic salmon
were PRV-positive [29]. Retrospective molecular and genetic tests of archived clinical samples collected in 19742013 on Alaska and in British Columbia demonstrated the
virus presence in the samples collected from different salmonid species in 1970-s, i.e. before the establishment of
Atlantic salmon aquaculture.
The anemia-accompanied disease designated as EIBS
was first reported in rainbow trout in 1977 [30] and in
1987 in chinook salmon from the Pacific Northwest of
the USA [31]. In 2016, orthoreovirus was isolated from
EIBS-infected coho salmon in Japan and it was classified
as PRV-2 [7]. Nevertheless, while the cases occurred in
1977 and 1987 precede the evidence of the etiological role
played in EIBS, it is still unknown, what etiological agent
(PRV-1 or PRV-2) is the cause of the above mentioned
erythrocyte lesions. Spread of PRV-2 outside of Japan has
not been evidenced so far.
A new HSMI-like disease of freshwater rainbow trout
was reported in Norway in 2013. Its agent was designated
as PRV-3 [9]. PRV-3 was reported in salmonids with cardiac
signs in Chile [10] and in clinically healthy adult rainbow
trout in Norway [32]. Over the recent years, in several
European countries including Scotland, German, Italy and
Denmark, during the disease outbreaks the virus has been
detected in rainbow trout both with and without clinical
manifestations of the disease [11]. In 2017, H. Hauge et al.
published results of the experiments on contact transmission of PRV-3 and demonstrated that the virus of this geno
type extensively replicates in the blood of the rainbow
trout and it is easily transmitted to a naïve host, while its
replication capacity in the Atlantic salmon is limited [12].
PRV-3 is also supposed to be associated with proliferative
darkening syndrome (PDS) reported in brown trout in the
European pre-alpine countries [33].

Transmission. Horizontal virus transmission was confirmed during the laboratory experiment on infected and
contact fish [2]. Based on these experiments the resear
chers concluded that the virus is excreted and transmitted with water. H. Hauge et al. isolated the virus from the
feces of the experimentally infected fish [34]. The maximal
amount of the virus was excreted two-three weeks after
the experimental infection that agrees with the peak levels
of the virus accumulation in blood [6]. Vertical virus transmission is less studied but, though it is unlikely to be the
basic one, it should be still taken into account until proven
otherwise [26]. The route of the virus introduction into the
susceptible organism is not yet known. The possibility of
the PRV transmission with the marine species cannot be
excluded. In 2012, C. R. Wiik-Nielsen et al. detected PRV
genome in greater argentine (Argentina silus), capelin (Mal
lotus villosus), Atlantic horse mackerel (Trachurus trachurus),
and Atlantic herring (Clupea harengus) [26]. Therefore, PRV
poses a potential threat to the survival of the wild Atlantic
salmon.

PATHOGENESIS
PRV target cells include myocytes, erythrocytes and
macrophages. At the early stage of the infection the virus
affects the salmon’s erythrocytes, herewith at the acute
phase of the infection the affection may reach 50% over a
short period of time [6]. Inclusion bodies similar to those
observed at EIBS were detected in the erythrocytes. Unlike
the mammalian erythrocytes the fish ones are nucleated
cells capable of protein production [35], and therefore
they are able to maintain the virus replication. D. Morera
and S. A. MacKenzie demonstrated that fish erythrocytes
are involved in the immune response [36].
PRV infection of the erythrocytes results in their dysfunction, decrease of the hemoglobin levels and anemia.
The fish becomes more sensible to stress factors and hypoxic conditions [37]. Cardiac workload increases and in
combination with the virus replication in the cardiac muscle cells it results in the damage and dysfunction of the
organ. Heart failure leads to circulation deficiency (stagnation). Post-mortem examination of dead salmon most
often reveals the circulation deficiency. The liver fails to
perform its function that results in its lesions. PRV replication in the erythrocytes leads to the infectious hemolytic
anemia and subsequent jaundice [10]
According to the published data, PRV is the cause of
black (melanised) foci in red and white skeletal muscles
of cultivated Atlantic salmon in Norway [38]. Poikilothermal animals including fish have a population of melanin-producing leukocytes being a strong anti-oxidant.
Focal discoloration of muscles is associated with melanin-
producing macrophages (melanomacrophages), which
are normal for the lymphoid organs of fish [39]. Their
function is protection against oxidative damage. Pathogenesis of the melanised foci is the following: cytotoxic
immune cells employ oxidation for the inactivation of
pathogens. The virus replication in myocytes (chronic antigen stimulation) results in chronic inflammatory responses.
Melanomacrophages concentrate in those inflammation
sites where chronic inflammation occurs. Therefore, me
lanised foci in muscle tissue appear to be the result of auto
immune reactions.
PRV is ubiquitous; however HSMI does not always occur.
This suggests that the key triggers of the disease are stress
and environmental factors.
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POST-MORTEM LESIONS

CLINICAL SIGNS
HSMI usually occurs in 5–9 months after the Atlantic
salmon is transferred from the freshwater cages to the
seawater ones. By appearance the diseased fish does
not differ from the healthy ones. Ruffled scales, pale gills
and exophthalmos are reported in case of acute disease.
Behavioral changes are also observed. The diseased
fish are lethargic, reduce feed intake and become poor
swimmers. They usually swim near the cage net facing
the water current that is indicative of the lack of oxygen;
mortality also increases [1].
In natural environment HSMI is complicated with
co-infection with other viral pathogens (salmonid alphavirus – agent of pancreas disease (PD), infectious hematopoietic necrosis virus (IHNV), piscine myocarditis virus
(PMCV) etc.) as well as with bacterial and fungal diseases
(Piscirickettsia salmonis, Flavobacterium psychrophilum,
Saprolegnia sp. etc.) thus making the clinical presentation unclear [40].

Post-mortem examination of the Atlantic salmon
demonstrates signs of anemia (pale gills and heart, jaundice), hemodynamic abnormalities and cardiac failure (ascite, enlarged and deformed heart, hemorrhages in the
pericardium, swim bladder and visceral fat), liver lesions
(hepatomegaly, discoloration and hemorrhages), swollen spleen and kidneys (Fig. 1). One of the most frequent
post-mortem lesions is hemopericardium (hemorrhages
in pericardial cavity) that induces cardiac tamponade and
can result in internal bleeding and death [1, 3, 10, 19]. Pancreas is not damaged in case of HSMI. HSMI post-mortem
lesions are indicative of circulatory deficiency (stagnation)
due to cardiac failure.
Main post-mortem HSMI-like lesions in Chilean farmed
Atlantic coho salmon include pale gills, hemopericardium,
pale heart and yellow liver [10].
Muscle lesions are often reported at later stages of
the disease. Spread of melanised foci in the rainbow

Photo: ©R. T. Kongtorp
(https://www.int-res.com/articles/dao2004/59/d059p217.pdf)

Fig. 1. Salmo salar. Macroscopic lesions in heart and skeletal muscle inflammation
A – haemopericardium (a), swollen spleen (b);
B – pale heart (c), fibrinous layer on the liver (d).
Рис. 1. Макроскопические изменения при воспалении сердечных и скелетных мышц (HSMI) у атлантического
лосося
A – гемоперикард (a), увеличение селезенки (b);
B – бледное сердце (с), фибриновая пленка на печени (d).
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Photo: ©Havard Bjorgen
(https://veterinaryresearch.biomedcentral.com/track/pdf/10.1186/s13567-015-0244-6)

Fig. 2. Muscle lesions in case of aggregated signs of heart and skeletal muscle inflammation (HSMI)
Рис. 2. Изменения в мышцах при симптомокомплексе воспаления сердечных и скелетных мышц (HSMI)

trout muscles is insignificant in spite of aquaculture
environment similar to the one of the Atlantic salmon
(Fig. 2). There are no reports of similar lesions in wild salmonids [38].
One more HSMI sign is jaundice syndrome in chinook
salmon and coho salmon. The jaundice syndrome is associated with the infectious hemolytic anemia due to PRV
replication in erythrocytes [10].

HISTOPATHOLOGY
Histopathological HSMI lesions are reported in the
heart and red skeletal muscle (myocarditis and red ske
letal muscle necrosis), Fig. 3. During the degeneration
and necrosis of cardiac muscle cells both compact and
spongy myocardiums are involved in the extensive inflammation. Infiltrates are composed of monocytes. Extensive epicarditis is reported that is generally closely
related to myocarditis. Myodegeneration and necrosis
are observed at later stages of the disease. Red muscle
inflammation occurs similarly to the one in the heart:

A

degeneration signs, loss of cross striation, eosinophilia,
vacuolization and karyorrhexis appear in the affected
myocytes. Focal hepatic necrosis, circulatory deficiency,
edema and erythrocyte accumulation are observed in
some organs [1, 2, 3, 6, 27]. Histopathological lesions in
coho salmon with PRV-3-associated disease were diffe
rent from those reported in orthoreovirus-infected Atlantic salmon and rainbow trout in Norway. In the Chilean
coho salmon the heart inflammation was diffuse and as a
rule involved the spongy myocardium; red muscle lesions
were absent or insignificant [10].
The key histological signs of jaundice include hemorrhages in all organs and severe hemosiderosis in combination with erythrophagocytosis in kidneys and spleen [10].

IMMUNITY
PRV infection activates both cellular and antibody immune responses [41]. As it was mentioned above, cardiac
tissues are the site of the virus replication. The immune
response to the virus replication involves emergence of

B

Fig. 3. HSMI histopathological lesions
A – heart inflammation;
B – red muscle degeneration and inflammation (top);
C – liver inflammation.

C

Photo: ©David W. Bruno
(https://link.springer.com/content/pdf/10.1007%2F978-94-007-2010-7.pdf)

Рис. 3. Гистопатологические поражения при ВССМ
A – воспаление в сердце;
B – дегенерация и воспаление красных мышц (вверху);
C – воспаление в печени.
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cytotoxic T-lymphocytes (CD8+) in the heart that is indicative of this immune response to be directed to the
virus-infected cells. O. W. Finstad et al. noted that cytotoxic
cellular responses to the infected cells play an important
role in HSMI immunity. However, such responses are directly accountable for the development of lesions in the
heart and skeletal muscles. Atlantic salmon erythrocytes
are the target cells for PRV replication [6], and they can
play an immediate role in the immune response [36]. The
erythrocytes react to the infection by means of the interferon-mediated immune response [42], which is capable of
further protection against IHNV, salmonid alphavirus and,
probably, other infectious agents [40, 43].

DIAGNOSTIC TOOLS
HSMI diagnosis is based on the presence of histolo
gically recovered signs of myocardium inflammation extending to epicardium and endocardium, myocardium
necrosis and red skeletal muscle myositis and necrosis
[1] in combination with reverse transcription quantitative PCR (RT-qPCR) results. The target tissue for diagnosis
usually involves the heart as the virus presence is to be
related to the cardiac muscle pathology. HSMI should be
differentiated from pancreas disease and cardiomyopathy
syndrome (CMS) [45].

PREVENTION AND CONTROL
Heart and skeletal muscle inflammation (HSMI) is not
subject to notification to the World Organization for Animal Health (OIE). This PRV-associated disease was officially
reported only in Norway [4, 46] and Chile [10]. HSMI was
excluded from National List-3 and in Norway it is currently
registered as a non-notifiable disease [27].
In spite of specific antibodies produced after the PRV
infection [41], the virus is ubiquitous in the populations
of the virus-susceptible fish. This is indicative of the immune system’s failure to eliminate the virus completely, and this poses the challenge of the effective vaccine
development. Some production companies and research
institutions have officially targeted on the development of
HSMI vaccines using various strategies (whole-virion vaccines, recombinant subunit vaccines and DNA-vaccines).
No vaccines have been developed so far.
The diseased fish is extremely sensitive to stress factors
and hypoxic conditions. PRV diagnostic testing of the fish
on aquaculture farms is needed. In case of PRV-positive
fish detection and in order to reduce HSMI-associated
losses one should abandon from immunosuppressive and
stressful treatments, limit the fish transportation and take
maximal care of the fish. All these will decrease the cardiac
workload and result in the reduction of mortality.
Use of disinfectants reducing the amount of the viru
ses and opportunistic bacteria in the environment is appropriate for the disease prevention. Anti-inflammatory
agents also demonstrated benefits during HSMI control.
There are reports on functional feeds having antioxidant
and anti-inflammatory actions that aid to the reduction of
HSMI-associated losses and share of the fish discarded due
to melanised spots in the muscle [47].
One more effective HSMI control tool involves breeding
and culture of the disease-resistant fish.

CONCLUSION
Heart and skeletal muscle inflammation is an infectious fish disease with high morbidity and long disease
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course. During fish farming intensification of the culture
process is inevitable and it involves increased stocking
thus aiding to the spread of the pathogen, increase of
stress and reduction of the disease resistance. Currently, there is a tendency towards the wide spread of the
disease (European countries, North and South Americas); new virus variants are detected and the range of
the disease susceptible fish species is expanded. The
PRV-induced disease is the third significant disease of
cultured Atlantic salmon in Norway. Heart and skeletal
muscle inflammation is ubiquitous in cultured and wild
Atlantic salmon in Norway. Since 2010, from 100 to 200
HSMI affected sites have been annually reported in Norway [13]. The highest number of the disease outbreaks
is reported in the middle and northern parts of Norway
that are bordering on the Murmansk Oblast. Up to 20%
of the Atlantic salmon fillet produced at the Norwegian
fish processing plants demonstrate melanised foci [48]
thus impairing the product quality and increasing the
economic losses born by the aquaculture sector due to
the disease. All that is indicative of the fact that PRV-
infection consequences can be graver as it was previously supposed.
In spite of the above mentioned HSMI data, in 2014
the Norwegian Food Safety Authority delisted the disease
from National List-3 of notifiable diseases. Therefore, the
decrease of the disease-affected sites being reported since
2015 is unlikely to fit the reality. Furthermore, there is no
any national HSMI control program is Norway, and no posi
tive impact on the situation can be envisaged.
Piscine orthoreovirus is reported in migratory wild
Atlantic salmon [38] that is indicative of natural long-distance spread of the virus. This fact is supported by high
genetic similarity of the PRV variants isolated on different
continents [10].
The above mentioned data reflect a major threat of PRV
introduction to the Russian Federation from the neighbo
ring countries.

REFERENCES
1. Kongtorp R. T., Kjerstad A., Taksdal T., Guttvik A., Falk K. Heart and
skeletal muscle inflammation in Atlantic salmon, Salmo salar L: a new
infectious disease. J. Fish Dis. 2004; 27 (6): 351–358. DOI: 10.1111/j.13652761.2004.00549.x.
2. Kongtorp R. T., Taksdal T. Studies with experimental transmission of
heart and skeletal muscle inflammation in Atlantic salmon, Salmo salar L.
J. Fish Dis. 2009; 32 (3): 253–262. DOI: 10.1111/j.1365-2761.2008.00983.x.
3. Watanabe K., Karlsen M., Devold M., Isdal E., Litlabo A., Nylund A.
Virus-like particles associated with heart and skeletal muscle inflammation
(HSMI). Dis. Aquat. Organ. 2006; 70 (3): 183–192. DOI: 10.3354/dao070183.
4. Palacios G., Lovoll M., Tengs T., Hornig M., Hutchison S., Hui J., Kongtorp R.-T., Savji N., Bussetti A. V., Solovyov A., Kristoffersen A. B., Celone C.,
Street C., Trifonov V., Hirschberg D. L., Rabadan R., Egholm M., Rimstad E.,
Lipkin W. I. Heart and skeletal muscle inflammation of farmed salmon is
associated with infection with a novel reovirus. PLoS One. 2010; 5(7):e11487.
DOI: 10.1371/journal.pone.0011487.
5. Kibenge M. J. T., Iwamoto T., Wang Y., Morton A., Godoy M. G.,
Kibenge F. S. Whole-genome analysis of piscine reovirus (PRV) shows PRV
represents a new genus in family Reoviridae and its genome segment S1
sequences group it into two separate sub-genotypes. Virol. J. 2013; 10:230.
DOI: 10.1186/1743-422X-10-230.
6. Finstad O. W., Dahle M. K., Lindholm T. H., Nyman I. B., Lovoll M., Wallace C., Olsen C. M., Storset A. K., Rimstad E. Piscine orthoreovirus (PRV) infects Atlantic salmon erythrocytes. Vet. Res. 2014; 45:35. DOI: 10.1186/12979716-45-35.
7. Takano T., Nawata A., Sakai T., Matsuyama T., Ito T., Kurita J., Terashima S., Yasuike M., Nakamura Y., Fujiwara A., Kumagai A., Nakayasu C. Full-genome sequencing and confirmation of the causative agent of erythrocytic
inclusion body syndrome in coho salmon identifies a new type of Piscine
orthoreovirus. PLoS One. 2016; 11(10):e0165424. DOI: 10.1371/journal.
pone.0165424.

VETERINARY SCIENCE TODAY, MARCH №1 (32) 2020 | ВЕТЕРИНАРИЯ СЕГОДНЯ, МАРТ №1 (32) 2020

REVIEWS | FISH DISEASES ОБЗОРЫ | БОЛЕЗНИ РЫБ
8. Wessel O., Braaen S., Alarcon M., Haatveit H., Roos N., Markussen T.,
Tengs T., Dahle M. K., Rimstad E. Infection with purified Piscine orthoreovirus
demonstrates a causal relationship with heart and skeletal muscle inflammation in Atlantic salmon. PLoS One. 2017; 12(8):e0183781. DOI: 10.1371/
journal.pone.0183781.
9. Olsen A. B., Hjortaas M., Tengs T., Hellberg H., Johansen R. First
description of a new disease in rainbow trout (Oncorhynchus mykiss (Walbaum)) similar to heart and skeletal muscle inflammation (HSMI) and detection of a gene sequence related to piscine orthoreovirus (PRV). PLoS One.
2015; 10(7):e0131638. DOI: 10.1371/journal.pone.0131638.
10. Godoy M. G., Kibenge M. J. T., Wang Y., Suarez R., Leiva C., Vallejos F.,
Kibenge F. S. B. First description of clinical presentation of piscine orthoreovirus (PRV) infections in salmonid aquaculture in Chile and identification of
a second genotype (Genotype II) of PRV. Virol. J. 2016; 13:98. DOI: 10.1186/
s12985-016-0554-y.
11. Dhamotharan K., Vendramin N., Markussen T., Wessel O., Cuenca A.,
Nyman I. B., Olsen A. B., Tengs T., Krudtaa D. M., Rimstad E. Molecular and
antigenic characterization of Piscine orthoreovirus (PRV) from rainbow trout
(Oncorhynchus mykiss). Viruses. 2018; 10 (4):170. DOI: 10.3390/v10040170.
12. Hauge H., Vendramin N., Taksdal T., Olsen A. B., Wessel O., Mikkelsen S. S., Alencar A. L. F., Olesen N. J., Dahle M. K. Infection experiments
with novel Piscine orthoreovirus from rainbow trout (Oncorhynchus my
kiss) in salmonids. PLoS One. 2017; 12 (7):e0180293. DOI: 10.1371/journal.
pone.0180293.
13. Hjeltnes B., Borno G., Jansen M. D., Haukaas A., Walde C. (eds.).
The health situation in Norwegian aquaculture 2016 (Rapport 4b, 2017).
Norwegian Veterinary Institute. 2017. Available at: https://www.vetinst.no/
rapporter-og-publikasjoner/rapporter/2017/fish-health-report-2016 (date
of access: 10.11.2019).
14. Wiik‐Nielsen C. R., Ski P.‐M. R., Aunsmo A., Lovoll M. Prevalence of
viral RNA from piscine reovirus and piscine myocarditis virus in Atlantic sal
mon, Salmo salar L., broodfish and progeny. J. Fish Dis. 2012; 35 (2): 169–171.
DOI: 10.1111/j.1365-2761.2011.01328.x.
15. Garseth A. H., Biering E., Aunsmo A. Associations between piscine
reovirus infection and life history traits in wild-caught Atlantic salmon Sal
mo salar L. in Norway. Prev. Vet. Med. 2013; 112 (1–2): 138-146. DOI: 10.1016/j.
prevetmed.2013.06.007.
16. Garver K. A., Johnson S. C., Polinski M. P., Bradshaw J. C., Marty G. D.,
Snyman H. N., Morrison D. B., Richard J. Piscine orthoreovirus from Wes
tern North America is transmissible to Atlantic Salmon and Sockeye Sal
mon but fails to cause heart and skeletal muscle inflammation. PLoS One.
2016; 11 (1):e0146229. DOI: 10.1371/journal.pone.0146229.
17. Kristoffersen A. B., Bang J. B., Jansen P. A. Risk mapping of heart
and skeletal muscle inflammation in salmon farming. Prev. Vet. Med. 2013;
109 (1–2): 136–143. DOI: 10.1016/j.prevetmed.2012.08.012.
18. Lovoll M., Alarcón M., Jensen B. B., Taksdal T., Kristoffersen A. B.,
Tengs T. Quantification of piscine reovirus (PRV) at different stages of Atlantic salmon Salmo salar production. Dis. Aquat. Organ. 2012; 99 (1): 7–12.
DOI: 10.3354/dao02451.
19. Ferguson H. W., Kongtorp R. T., Taksdal T., Graham D., Falk K. An
outbreak of disease resembling heart and skeletal muscle inflammation
in Scottish farmed salmon, Salmo salar L., with observations on myocardial regeneration. J. Fish Dis. 2005; 28 (2): 119–123. DOI: 10.1111/j.13652761.2004.00602.x.
20. Mikkelsen S. S., Arno J., Bruun M. S. PMCV and PRV occurrence in
wild and farmed fish in Denmark. European Union Reference Laboratory for
Fish Diseases Report: 18th Annual Workshop of the National Reference Labora
tories for Fish Diseases, 3–4 June 2014. Frederiksberg, 2014: 38–39. Available
at: URL: https://backend.orbit.dtu.dk/ws/portalfiles/portal/103751339/
Pages_from_Report_18th_AW_2014_1_.pdf (date of access: 10.11.2019).
21. WFRC (Western Fisheries Research Center) Information Sheet, May
2014. Piscine reovirus. – Available at: http://wfrc.usgs.gov/fieldstations/hq/
viruspdf/piscinereovirus05272014.pdf (date of access: 10.11.2019).
22. Marty G. D., Morrison D. B., Bidulka J., Joseph T., Siah A. Piscine reovirus in wild and farmed salmonids in British Columbia, Canada: 1974–2013.
J. Fish Dis. 2015; 38 (8): 713–728. DOI: 10.1111/jfd.12285.
23. Garseth Å. H., Fritsvold C., Opheim M., Skjerve E., Biering E. Piscine
reovirus (PRV) in wild Atlantic salmon, Salmo salar L., and sea-trout, Salmo
trutta L., in Norway. J. Fish Dis. 2013; 36 (5): 483–493. DOI: 10.1111/j.13652761.2012.01450.x.
24. Bigarre L., Boitard P.-M., Labrut S., Jamin M. Short item. Emergence
of HSMI syndrome on salmonids in France. Bull. Epidemiol. Sante animale –
alimentation. July 2018. Available at: URL: https://www.researchgate.net/
publication/334561736 (date of access: 10.11.2019).
25. Madhun A. S., Karlsbakk E., Isachsen C. H., Omdal L. M., Eide Sorvik A. G., Skaala O., Barlaup B. T., Glover K. A. Potential disease interaction
reinforced: double-virus-infected escaped farmed Atlantic salmon, Sal
mo salar L., recaptured in a nearby river. J. Fish Dis. 2015; 38 (2): 209–219.
DOI: 10.1111/jfd.12228.

26. Wiik-Nielsen C. R., Lovoll M., Sandlund N., Faller R., Wiik-Nielsen J.,
Bang Jensen B. First detection of piscine reovirus (PRV) in marine fish species. Dis. Aquat. Organ. 2012; 97 (3): 255–258. DOI: 10.3354/dao02425.
27. Bornø G., Lie Linaker M. (eds) Fiskehelserapporten–2014.
Harstad: Veterinærinstituttet. 2015: 38. Available at: https://www.vetinst.
no/attachment/download/fish_health_report_2014.pdf (date of access:
11.11.2019).
28. Informe sanitario de la Salmonicultura en Centros Marinos 2014.
Departamento de Salud Animal Subdirección Nacional de Acuicultura
Servicio Nacional de Pesca y Acuicultura, febrero 2015. Available at: URL:
http://www.sernapesca.cl/sites/default/files/informe_sanitario_2014.pdf
(date of access: 11.11.2019).
29. Feinberg J. Science divided on fish virus found in Cultus Lake trout.
The Chilliwack Progress. July 23, 2012. Available at: https://www.theprogress.
com/news/science-divided-on-fish-virus-found-in-cultus-lake-trout (date
of access: 11.11.2019).
30. Landolt M. L., MacMillan J. R., Patterson M. Detection of an intra-erythrocytic virus in rainbow trout (Salmo gairdneri). Fish Health News.
1977; 6: 4–6.
31. Leek S. L. Viral erythrocytic inclusion body syndrome (ElBS) occurring in juvenile spring chinook salmon (Oncorhynchus tshawytscha) reared
in freshwater. Can. J. Fish. Aquat. Sci. 1987; 44: 685–688.
32. Gjevre A. G., Modahl I., Spilsberg B., Lyngstadrt T. M. The surveillance programme for virus associated with disease in rainbow trout (PRVOm) in 2016 (Annual report). The Norwegian Veterinary Institute; 2017: 8.
Available at: https://www.vetinst.no/overvaking/Piscine-orthoreovirus-Oncorhynchus-mykiss-PRVom-fisk/_/attachment/download/d6ff874
1-307e-4c30-8456-50b85002b678:1c5088843c6f2c7dd4bc6e8c0c1d8fdcaad7c921/2017_OK_PRVom_2016.pdf (date of access: 11.11.2019).
33. Kuehn R., Stoeckle B. C., Young M., Popp L., Taeubert J.-E.,
Pfaffl M. W., Geist J. Identification of a piscine reovirus-related pathogen in
proliferative darkening syndrome (PDS) infected brown trout (Salmo trut
ta fario) using a next-generation technology detection pipeline. PLoS One.
2018; 13(10):e0206164. DOI: 10.1371/journal.pone.0206164.
34. Hauge H., Dahle M., Moldal T., Thoen E., Gjevre A.-G., Weli S.,
Alarcón M., Grove S. Piscine orthoreovirus can infect and shed through the
intestine in experimentally challenged Atlantic salmon (Salmo salar L.). Vet.
Res. 2016; 47 (1): 57-69. DOI: 10.1186/s13567-016-0343-z.
35. Lund S. G., Phillips M. C., Moyes C. D., Tufts B. L. The effects of cell
ageing on protein synthesis in rainbow trout (Oncorhynchus mykiss) red
blood cells. J. Exp. Biol. 2000; 203 (14): 2219–2228. PMID: 10862734.
36. Morera D., MacKenzie S. A. Is there a direct role for erythrocytes
in the immune response? Vet. Res. 2011; 42:89. DOI: 10.1186/1297-971642-89.
37. Lund M., Krudtaa Dahle M., Timmerhaus G., Alarcon M., Powell M.,
Aspehaug V., Rimstad E., Jorgensen S. M. Hypoxia tolerance and responses
to hypoxic stress during heart and skeletal muscle inflammation in Atlantic
salmon (Salmo salar). PLoS One. 2017; 12 (7):e0181109; DOI: 10.1371/journal.
pone.0181109.
38. Bjorgen H., Wessel O., Fjelldal P. G., Hansen T., Sveier H., Sæbo H. R.,
Enger K. B., Monsen E., Kvellestad A., Rimstad E., Koppang E. O. Piscine orthoreovirus (PRV) in red and melanised foci in white muscle of Atlantic
salmon (Salmo salar). Vet. Res. 2015; 46:89. DOI: 10.1186/s13567-015-0244-6.
39. Agius C., Roberts R. J. Melano-macrophage centres and their role
in fish pathology. J. Fish. Dis. 2003; 26 (9): 499–509. DOI: 10.1046/j.13652761.2003.00485.x.
40. Rosæg M. V., Lund M., Nyman I. B., Markussen T., Aspehaug V., Sindre H., Dahle M. K., Rimstad E. Immunological interactions between Piscine
orthoreovirus and Salmonid alphavirus infections in Atlantic salmon. Fish
Shellfish Immunol. 2017; 64: 308–319. DOI: 10.1016/j.fsi.2017.03.036.
41. Teige L. H., Lund M., Haatveit H. M., Rosæg M. V., Wessel O.,
Dahle M. K., Storset A. K. A bead based multiplex immunoassay detects
Piscine orthoreovirus specific antibodies in Atlantic salmon (Salmo salar).
Fish Shellfish Immunol. 2017; 63: 491–499. DOI: 10.1016/j.fsi.2017.02.043.
42. Dahle M. K., Wessel O., Timmerhaus G., Nyman I. B., Jorgensen S. M.,
Rimstad E., Krasnov A. Transcriptome analyses of Atlantic salmon (Salmo
salar L.) erythrocytes infected with piscine orthoreovirus (PRV). Fish Shellfish
Immunol. 2015; 45 (2): 780–790. DOI: 10.1016/j.fsi.2015.05.049.
43. Vendramin N., Alencar A. L. F., Iburg T. M., Dahle M. K., Wessel O.,
Olsen A. B., Rimstad E., Olesen N. J. Piscine orthoreovirus infection in Atlantic
salmon (Salmo salar) protects against subsequent challenge with infectious
hematopoietic necrosis virus (IHNV). Vet. res. 2018; 49 (1):30. DOI: 10.1186/
s13567-018-0524-z.
44. McLoughlin M. F., Graham D. A. Alphavirus infections in salmonids – a review. J. Fish Dis. 2007; 30 (9): 511–531. DOI: 10.1111/j.13652761.2007.00848.x.
45. Ferguson H. W., Poppe T., Speare D. J. Cardiomyopathy in farmed
Norwegian salmon. Dis. Aquat. Org. 1990; 8: 225–231. Available at: https://
www.int-res.com/articles/dao/8/d008p225.pdf (date of access 12.11.2019).

VETERINARY SCIENCE TODAY, MARCH №1 (32) 2020 | ВЕТЕРИНАРИЯ СЕГОДНЯ, МАРТ №1 (32) 2020

9

REVIEWS | FISH DISEASES ОБЗОРЫ | БОЛЕЗНИ РЫБ
46. Mikalsen A. B., Haugland O., Rode M., Solbakk I. T., Evensen O. Atlantic salmon reovirus infection causes a CD8 T Cell myocarditis in Atlantic
salmon (Salmo salar L.). PLoS One. 2012; 7 (6):e37269. DOI: 10.1371/journal.
pone.0037269.
47. Martinez-Rubio L., Morais S., Evensen O., Wadsworth S., Ruohonen K., Vecino J. L. G., Bell G., Tocher D. R. Functional feeds reduce heart
inflammation and pathology in Atlantic salmon (Salmo salar L.) following

experimental challenge with Atlantic salmon reovirus (ASRV). PLoS One.
2012; 7(11):e40266. DOI: 10.1371/journal.pone.0040266.
48. Morkore T., Heia K. Black spots in salmon fillet – extent and me
thods of measurement. Norsk Fiskeoppdrett. 2012; 3: 50–53.
Submitted on 27.11.2019
Approved for publication on 05.02.2020

INFORMATION ABOUT THE AUTHORS / ИНФОРМАЦИЯ ОБ АВТОРАХ

10

Vladimir P. Melnikov, Candidate of Science (Veterinary
Medicine), Head of Reference Laboratory for Aquaculture Diseases
FGBI “ARRIAH”, Vladimir, Russia.

Мельников Владимир Петрович, кандидат ветеринарных
наук, заведующий референтной лабораторией по болезням
аквакультуры ФГБУ «ВНИИЗЖ», г. Владимир, Россия.

Valery V. Pronin, Doctor of Science (Biology), Professor,
Head of the Centre for Preclinical Tests FGBI “ARRIAH”, Vladimir,
Russia.

Пронин Валерий Васильевич, доктор биологических
наук, профессор, руководитель центра доклинических
исследований ФГБУ «ВНИИЗЖ», г. Владимир, Россия.

VETERINARY SCIENCE TODAY, MARCH №1 (32) 2020 | ВЕТЕРИНАРИЯ СЕГОДНЯ, МАРТ №1 (32) 2020

