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Emerging viruses in aquaculture
Frederick SB Kibenge

Aquaculture remains the world’s fastest-growing sector
producing food of animal origin. Unlike in terrestrial animal
agriculture, in aquaculture both farmed and wild aquatic
animals in the same water column experience the same virus
challenges. Additionally, the burgeoning international
aquaculture expansion and expanding global trade in live
aquatic animals and their products have been accompanied by
long distance geographical redistribution of aquatic animal
species and their viruses. The outcome is a continuous
emergence of viral diseases in aquaculture, which may be
driven by virus factors, animal host factors, environmental
factors, and/or anthropogenic factors. Examples of emerging
viruses in aquaculture include viral haemorrhagic septicaemia
virus, infectious haematopoietic necrosis virus, infectious
salmon anaemia virus, piscine orthoreovirus, Tilapia lake virus,
Covert mortality nodavirus, Shrimp hemocyte iridescent virus,
and Abalone herpesvirus.
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Introduction

Aquaculture, the intensive water rearing of fish, mollusks,
and crustaceans, remains the world’s fastest-growing sec-
tor producing food of animal origin. As in the case of
terrestrial animal agriculture, bringing together large
numbers of animals than occur naturally involves sub-
stantial animal stress which facilitates virus multiplication
and clinical disease. However, aquaculture presents
unique challenges in contrast to all other intensive animal
production systems, in that the aquatic farmed and wild
animals occur in the same water column, and the aquatic
environmental parameters cannot be very closely con-
trolled as for captive livestock agriculture (for example as
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in the poultry and swine industries). Viruses, carried by
wild aquatic animals where they are often not sufficient to
sustain the natural transmission cycle density, are readily
facilitated by the high density of hosts in aquaculture,
which with the associated chronic stress provide oppor-
tunities for the emergence of viral diseases [1°°]. Addi-
tionally, the burgeoning international aquaculture expan-
sion and expanding global trade in live aquatic animals
and their products have been accompanied by rapid long-
distance geographical redistribution of aquatic animal
species and their viruses with emergence in the same
or different aquatic animal species. The outcome of these
events is a continuous emergence of viral diseases in
aquaculture, which may be driven by virus factors, animal
host factors, environmental factors, and/or anthropogenic
factors [1°°]. For example, the wide use of ‘cleaner fish’ in
marine farmed salmonids as a biological control for sea
lice Lepeophtheirus salmonis in Europe and Canada is now
considered a new route of emergence of viruses (such as
viral haemorrhagic septicaemia virus (VHSV) and Cyclop-
terus lumpus virus) in fish aquaculture [2]. This practice is
not only akin to mixing of species in fish farms, but has
routinely involved use of wild-caught cleaner fish directly
in the salmon farms or as broodstock for hatchery-raised
cleaner fish [2]. Moreover, progressive farming practices
now enable discovery of emerging viruses through sur-
veillance and laboratory diagnosis. Indeed, several new
viruses infecting aquatic organisms have been discovered
through Next-generation sequencing (NGS) methods [3].

Several emerging, and re-emerging viruses in aquaculture
will be highlighted in this overview. Many are listed by
the World Organization for Animal Health (OIE), which
means that countries free of these viruses can refuse
imports of live aquatic animals and their products from
areas that have not been declared virus-free, regardless of
existing free trade agreements [4].

Carrier status in global movement of live aquatic animals
and their products

The potential for dissemination of aquatic viruses
because of aquaculture and movements of live cultured
aquatic animals or their eggs is extremely high where
persistent viral infections occur in the absence of clinical
disease (i.e. ‘healthy carrier’ aquatic animals/subclinical
infections in aquatic animals). Although life-long infec-
tions are known to occur among herpesvirus infections
and retrovirus infections, there are several other virus
groups where infection is not cleared by the host and the
virus persists in a carrier state including species suscepti-
ble to infection without displaying clinical signs, age-
related resistance to virus infection (e.g. adult fish), and
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infection with virus strains of low pathogenicity. There
could also be situations of persistent infections where the
virus level falls below detectable levels but not
completely cleared from the host. All such infected
animals are considered ‘healthy’ and may pass regulatory
inspections for movement and/or export. This would be
expected not only for new emerging viruses like piscine
orthoreovirus (PRV) and tilapia lake virus (TilLV), which
have been in existence but unknown until they were
discovered [1°°], and diagnostic tools developed not only
for their detection, but also for re-emerging viruses such
as VHSV, infectious haematopoetic necrosis virus
(IHNV), infectious pancreatic necrosis virus (IPNV),
and infectious salmon anaemia virus (ISAV) that cause
persistent viral infections associated with lower virus
levels in affected fish that may be difficult to detect
through routine surveillance programs [5]. Most recently,
8000 juvenile Atlantic salmon at a commercial hatchery in
Washington State-USA had to be destroyed because they
tested positive for a strain of PRV found in Iceland. The
virus is considered to have originated from fish eggs
imported from Iceland. The source company for the eggs
reported that they have an optional service of screening
against PRV customers may choose as an extra risk
measure to avoid vertical transmission (Owen E, 2018.
https://salmonbusiness.com/egg-supplier-responds-to-
washington-prv-salmon-cull/). In both examples above of
new emerging viruses and re-emerging viruses where
broodstock would have been persistently infected, the
viruses would be disseminated via broodstock, fry or
smolt movements, or egg transport into disease free farms,
zones or countries. Where apparently ‘healthy’ aquatic
animals are delivered to processing plants, the viruses
would be disseminated via global trade in aquaculture
products. In areas where these viruses are enzootic,
clinical disease may manifest with the introduction of
virus in imported aquatic material as for example with
IPNV in Ireland where all reported clinical outbreaks
were associated with imported IPNV isolates. In case of
IHNV, in European countries where the main mode of
virus transfer is by trade in infected fish, IHNV may
remain undetected once introduced on a farm site [5].

The situation is even more concerning where interna-
tional regulatory methods of control (e.g. for OIE listed
diseases) dictate depopulation of affected farms upon
virus detection in a few animals with few or none with
clinical disease. In such situations, the affected animals
may be allowed for human consumption and through
international trade serve to introduce virus to new geo-
graphical areas. For example, White spot syndrome virus
(WSSV), a highly infectious virus with a very wide crus-
tacean host range has spread to all prawn-producing
countries in the world with global movement of live
shrimp. Until 2016, the Australian prawn industry was
considered free of WSSV. Australia’s biosecurity arrange-
ments were breached by WSSV from Asia resulting in an

outbreak in commercial Penaeus monodon prawn farms in
Queensland in November—December 2016. The most
likely route of infection appears to be via imported
infected retail prawns used for human consumption
and as bait by fishers (Loynes K. 2017.https://www.aph.
gov.au/About_Parliament/Parliamentary_Departments/
Parliamentary_Library/pubs/rp/rp1718/Chronology/
WhiteSpotDiseaseAustralia). It is generally accepted that
freezing seafood results in reduced infectivity of associ-
ated aquatic viruses.

Selected emerging viruses in fish aquaculture
Viral haemorrhagic septicaemia (VHS) virus (VHSV)
VHSV belongs to the species Oncorhynchus 2 novirhabdo-
virus, genus Novirhabdovirus within the family RAabdo-
viridae [6]. Genotyping in accordance with VHSV G-gene
and N-gene reveals four major genotypes (I-1V) that
correspond with the broad geographical origins and host
specificity of isolates. VHS is a notifiable disease to the
OIE [7]. VHSV has been isolated from more than
82 marine and freshwater fish species, with at least
44 of these species shown to be susceptible [7] although
its economic importance is primarily to the rainbow trout
and turbot aquaculture in Europe and Japanese flounder
(Paralichthys olivaceus) in Japan and olive flounder (Para-
lichthys olivaceus) in Korea.

VHSV is assumed to be endemic among a wide range of
marine and anadromous fish species in the northern
hemisphere [7], occasionally emerging in aquaculture
as shown by transmission events reported for rainbow
trout reared in marine and brackish waters in Finland,
Norway, and Sweden, and the recent detections of VHSV
IIT in wrasse species (Labridae) used as cleaner fish in
Atlantic salmon farms in Scotland and VHSV 1Vd in wild
lumpfish (Cyclopterus lumpus) brought to a land-based farm
in Iceland, to serve as broodfish [8°°].

Infectious haematopoietic necrosis virus (IHNV)

ITHNV belongs to the species Oncorhynchus 1 novirkabdo-
virus, genus Novirhabdovirus within the family Rihabdo-
viridae [6]. In contrast to VHSV in the same genus, [HNV
has a relatively narrow host range restricted to salmonids,
fish families Oncorhynchus and Salmo. Genotyping accord-
ing to the glycoprotein gene reveals five major gen-
ogroups. Three of the genotypes, on the basis of a 303-
nucleotide variable region (‘mid-G’), are designated as U
(upper), M (middle), and L (lower), respectively, to
correlate with the geographic areas in the Pacific North-
west of North America; the fourth and fifth genogroups
based on the full-length glycoprotein gene, are ‘E’ and
‘JRt or ‘J’, consisting of European and Japanese rainbow
trout isolates, respectively. IHNV is endemic to western
North America where it was first described in Sockeye
salmon (Oncorhynchus nerka) fry hatcheries in the early
1950s, and is considered to have spread to Europe and
Japan via shipments of IHNV-contaminated rainbow
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trout eggs or fry. IHNV appears to travel through Europe
without significant restrictions, termed viral ‘tourism’ as a
consequence of frequent fish trade between private farms
[9°°]. IHN is a notifiable disease to the OIE [10]. Phylo-
genetic analysis of recent IHNV isolates in China indicate
existence of a recently introduced virus via transfer of
eggs or fish from North America where endemic virus
continues to circulate undetected [11].

Infectious salmon anaemia virus (ISAV)

ISAV belongs to the species Sa/mon isavirus, genus Isa-
virus within the family Orthomyxoviridae. Genotyping
based on the haemagglutinin-esterase (HE) gene reveals
two basic genotypes, North American and European.
ISAV strain designation is mostly based on sequence
deletions/insertions in a 35-amino acid highly polymor-
phic region (HPR) of the HE protein [12]. Viruses with-
out any deletion/insertion in HPR are designated ISAV-
HPRO to indicate ‘full-length HPR’ and are resistant to
growth in cell culture, nonpathogenic, replicate only in
epithelial cells of Atlantic salmon gills, and cause tran-
sient infection [12]. All ISAV isolated in fish cell lines to
date from clinical disease have deletions in HPR relative
to HPRO and are referred to as ISAV-HPR-deleted
(ISAV-HPRA). Virulent ISAV-HPRA targets endothelial
cells resulting in systemic haemorrhagic disease. ISA is
one of the most important salmonid viruses and is notifi-
able to the OIE [13]. Since 2012, ISAV outbreaks have
been reported mostly in Norway, Canada and Chile.
ISAV-HPRA was detected by RT-PCR but could not
be isolated in cell culture, at a Chinese entry-exit port in
1 of 79 batches of eviscerated fresh salmon imported from
Norway in 2015; the shipment was disposed of without
entering Chinese aquaculture [14]. China currently has
one of the world’s biggest fully submerged net cage
farming Atlantic salmon in the Yellow Sea (Owen E,
2018. hteps://salmonbusiness.com/chinas-gets-ready-to-
harvest-first-batch-of-farmed-salmon-from-huge-deep-
sea-fully-submersible-fish-cage/). The level of risk of
introducing ISAV into a disease free country via importa-
tion of frozen whole salmon or fillets may be lower than
with non-frozen salmon products as ISAV is sensitive to
freezing and thawing [15].

Another fish orthomyxovirus, rainbow trout orthomyxovi-
rus (RbtOV) isolated from juvenile rainbow and spawning
steelhead trout (both Oncorlynchus mykiss) has been sug-
gested to belong to a new genus, proposed name Mykiss-
virus, in the family Orthomyxoviridae [16]. RbtOV appears
to have a relatively low prevalence in trout populations,
grows in cell culture but is nonpathogenic in fish [16].

Tilapia lake virus (TiLV)

TiLLV is a new orthomyxovirus of fish. It has a genome of
10 segments of linear negative sense single stranded
RNA. It belongs to the species Tilapia tilapinevirus, genus
Tilapinevirus within the family Orthomyxoviridae. Since its
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discovery as the etiological cause of massive losses of
tilapia in Israel and Ecuador in 2009 [17°°], TiLLV has
emerged as a significant cause of fish disecase with mor-
tality rates of 10-90% in farmed tilapia and the wild
population in 12 countries across 3 continents (Asia,
Africa, South America) [18]. TiLLV represents an impor-
tant risk for the fast-growing worldwide tilapia production
sector. Tilapia is the world’s second-most-farmed fish
after carp [19]. It is possible that international trade
may have been circulating TiLLV worldwide through
movement of live fish for aquaculture in the absence of
knowledge of the existence of an associated risk [19,20].
It was recently shown that TilLV is inactivated in tilapia
fillets stored at —20°C for 90-120 days [21] demonstrating
that frozen seafood (e.g. whole fish or fillets) imports may
be associated with lower risk of virus dissemination than
non-frozen products. TilLV has not yet been detected in
North America tilapia stocks [22].

Salmonid alphavirus (SAV)

SAV belongs to the genus A/phavirus within the family
Togaviridae. SAV is the cause of pancreas disease (PD)
and sleeping disease (SD), viral diseases of serious con-
cern for salmon aquaculture in Northern Europe [23,24].
Genomic, antigenic, and histopathological studies have
shown that SPDV and SDV isolates are closely related
strains of the same virus now referred to as SAV. Six
different subtypes of SAV (SAV1-6) have been identified
using phylogenetic analysis with partial glycoprotein E2
and nonstructural protein-3 (nsP3)-gene sequence data,
providing evidence that some subtypes are dominant in
certain geographical regions [25], and each subtype likely
represents a single and separate introduction to aquacul-
ture from a wild reservoir in or around the North Sea. SAV
has been isolated from wild common dab Limanda
limanda and plaice Pleuronectes platessa in Scotland and
Ireland. The disease, which was first recorded in 1976 in
Scotland, has continued as a significant threat to sustain-
able salmon production in Scotland, Ireland, Norway,
France, Spain, Germany, Switzerland, and most recently
Poland. SAV infections are on the OIE list of notifiable
aquatic animal diseases [25]. To date there has been no
confirmed reports of SAV in North America [26].

Piscine orthoreovirus (PRV)

PRV belongs to the family Reoviridae, subfamily
Spinareovirinae. The PRV genome comprises of 10 seg-
ments of double-stranded RNA and all of them have been
sequenced [27,28]. PRV is considered to be ubiquitous in
farmed Atlantic salmon. It is an emerging virus of salmon
aquaculture that is associated with an ever-increasing list
of clinical syndromes including heart and skeletal muscle
inflammation (HSMI) in farmed Atantic salmon in
Norway, Chile and BC-Canada [27,29-31]. The PRV
genomic segment S1 sequence differentiates PRV iso-
lates into two genotypes, I and II [28,29], and cach of
them into two major subgenotypes designated Ia and Ib,
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and IIa and IIb (Kibenge e7 a/., unpublished). Figure 1
shows the PRV genotypes and subtypes, and their geo-
graphical locations and associated clinical conditions.

Selected emerging viruses in crustacean
aquaculture

Shrimp hemocyte iridescent virus (SHIV)

A new virus of the family Iridoviridae isolated in China,
results in a high mortality rate in white leg shrimp
(Litopenaeus vannamer) [32]. The virus is proposed to be
a member of the new genus Xiairidovirus [33] in family

Figure 1

Iridoviridae. SHIV was detected in L. vannamei, Fenner-
openaeus chinensis, and Macrobrachium rosenbergii in sam-
ples collected during 2014-2016 from 5 provinces in
China [32].

Covert mortality nodavirus (CMNV)

CMNYV is a new virus of the family Nodaviridae, genus
Alphanodavirus. It is the cause of viral covert mortality
disease of shrimp [34] which has caused serious loss in
China since its emergence in 2002-2003. Shrimp infected
with CMNYV are commonly found in deep water on the
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Piscine orthoreovirus (PRV) genotypes, subtypes, geographical location and associated fish diseases. Phylogenetic analysis of genome segment
S1 groups PRV into two genotypes (I and Il) and four subgenotypes (la, Ib, lla and lIb) [28,29, Kibenge et al., unpublished]. Following order of
discovery, Genotype | is also referred as PRV-1, subgenotype Ilb as PRV-2 [29], and subgenotype lla as PRV-3 [Kibenge et al., unpublished]. All
the PRV-3 isolates can be further subdivided into PRV-3a from rainbow trout from Norway [41,42], and PRV-3b from the rest of Europe [42-44]

and Chile [45,46].

HSMI =Heart and skeletal muscle inflammation in farmed Atlantic salmon [29-31]. In other fish species (coho salmon, rainbow trout, brown trout),

the disease is referred to as ‘HSMI-like’ disease [29,41,42,44].

Jaundice and anemia (Jaundice syndrome) in farmed Chinook salmon in BC-Canada [47,48].
ISRT = Idiopathic syndrome of rainbow trout in fared rainbow trout in Chile [45].
EIBS = Erythrocyte inclusion body syndrome in farmed juvenile coho salmon in Japan [29].
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bottom of the shrimp pond rather than swimming on the
surface or in shallow water like shrimp infected with
White spot syndrome virus (WSSV) [35]. The discase
causes economic losses in hatcheries and farms due to
high mortality rates of up to 80% commonly found within
60-80 days post-stocking. CMNV should not be confused
with other nodavirus infections such as infectious myo-
necrosis virus (IMNV), Macrobrachium rosenbergii noda-
virus (MrNV) and Penaeus vannamei nodavirus (PvINV)
[35]. These viruses do not cause hepatopancreatic atro-
phy and necrosis, unlike CMNV.

CMNV has a wide host range among cultured shrimp
species, with a high prevalence and wide distribution in
Southeast Asia, and Latin American countries [34].
CMNV was found in eleven species of invertebrates
collected from shrimp ponds of cultured shrimp species
affected with VCMD, which may be vectors and reser-
voirs of CMNV [36]. CMNYV has also naturally crossed the
species barrier (i.e. jumped species) and infected several
species of fish such as Mugilogobius abei, a common marine
fish in shrimp farming ponds and coastal water in China,
another marine fish Chaeturichthys hexanema found in the
Yellow sea [37], and farmed Japanese flounder (Para-
lichthys olivaceus) [38°°].

Selected emerging viruses in molluscan
aquaculture

Abalone herpesvirus (AbHV)

ADbHYV is the cause of abalone viral ganglioneuritis (AVG)
in farmed and wild abalone primarily in Australia and
Chinese Taipei [39] and is listed by the OIE [40]. The
virus is a member of the family Malacokerpesviridae [39]
which includes Ostreid Herpesvirus-1 and is tentatively
placed in a new genus Haliotivirus. The disease first
occurred in Australia in 2005 [40].

Future perspectives

Aquaculture is important now and will continue in the
future as a principal source of animal protein for human
consumption, as will the global trade in live aquatic
animals and their products. Aquatic animal viral diseases
are inherent in aquaculture, and they continue to nega-
tively impact aquaculture significantly. Considering that
seafood is the most traded commodity globally, it, there-
fore, virtually impossible to have ‘aquatic virus-leakproof’
international borders. The implementation of strict bio-
security measures on aquaculture farms on land, in lakes
and the sea, and in processing plants or other natural
source for aquaculture helps to limit but does not elimi-
nate the risk of dissemination of aquatic viruses. Biose-
curity management will remain an on-going effort for the
foreseeable future. The best options for keeping abreast
of the continuous emergence of viral diseases in aquacul-
ture are ideally at the farm level where better knowledge
about the viral diseases and their improved diagnosis,
inspection and surveillance programs translate into higher
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profits for the farmer and, therefore, motivation for a
sustainable industry.
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