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Greater amberjack (Seriola dumerili) is a very promising candidate for the diversi-
fication of the Mediterranean aquaculture due to its high demand, excellent flesh
quality and high market prices. Its production expansion has, however, failed so
far, due to several bottlenecks mainly related to pathology. This review addresses
the major pathogens, which hinder the culture of greater amberjack with special
focus in the Mediterranean region, and highlights possible treatment solutions.
Among the important recorded pathogens of caged greater amberjack in the
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Mediterranean, the gill monogenean Zeuxapta seriolae seems to be the most prob-
lematic, causing significant losses. While formalin immersions are inefficient to
combat this parasite, baths with hydrogen peroxide are extremely effective and
praziquantel administration could be a more practical in-feed treatment solution.
The digenean blood flukes, Paradeontacylix spp., also account for important losses
in greater amberjack farms in the same region. Dietary administration of prazi-
quantel constitutes an effective therapeutic measure against those infections. Vib-
rio harveyi is also a bacterial pathogen severely affecting fish maintained both in
land-based facilities and in cages, whereas Epitheliocystis is a disease reported fre-
quently that can be fatal when it occurs at early stages. Skin flukes such as Bernede-
nia seriolae and Neobenedenia girellae as well as other parasites bacteria and
viruses mentioned herein, which have caused substantial losses in Asian enter-
prises, but have not been identified yet in greater amberjack farmed in the
Mediterranean, should be considered as potential threats.
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Global production leader of greater amberjack is Japan

Introduction . . . . .
(38 770 tons in 2013) where its farming was initiated in the

Greater amberjack (Seriola dumerili) (Risso, 1810) is an
important fish for farming and game fishing with a cos-
mopolitan distribution in the subtropical and tropical seas,
where is highly appreciated due to its high meat quality and
commercial value (Andaloro & Pipitone 1997). Greater
amberjack is a very promising candidate for aquaculture
diversification and development of value-added products
since its tremendous growth in captivity is associated with
efficient feed utilization (Mazzola et al., 2000), high
demand, excellent flesh quality and high market prices
(Nijssen et al., 2019). Remarkably, the big market size of
greater amberjack (3—5 kg) is achieved as early as 2-3 years
(FAO 2018).
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70s, while it was later developed in European countries
such as Spain, Italy, Malta, Croatia (Sicuro & Luzzana,
2016) and Greece. In recent years, greater amberjack has
gained additional interest in the Mediterranean area and is
now considered as one of the most important species for
the diversification of conventional marine farmed finfish
production, which is currently suffering from product limi-
tation and market stagnation. However, recent and clear
production volumes of greater amberjack on a country level
are not available.

Since the greater amberjack farming in Japan has been
based largely on wild and/or imported juveniles from
China, most of the scientific effort regarding reproduction,
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larval rearing and grow-out has been generated from
Mediterranean countries (Sicuro & Luzzana, 2016),
although the same bottlenecks were initially faced in the
region (Kozul et al, 2001). Progress made in hormonally
induced spawning with the use of GnRHa-delivery systems
(Mylonas et al., 2004) has led to advances in juvenile pro-
duction (Mazzola et al., 2000). Controlled reproduction,
along with breeding selection, made it possible to expand
the commercial production of greater amberjack (Jerez
et al., 2018). However, disease outbreaks induced by para-
sites, bacteria and viruses (Table 1) have become a signifi-
cant limiting factor for the further expansion of greater
amberjack farming, both in the Mediterranean region and
elsewhere (Crespo et al, 1990; Grau & Crespo, 1991;
Alcaide et al.,, 2000; Montero et al., 2004; Mansell et al.,
2005; Ohno et al., 2008; Rigos & Katharios, 2010; Miwa
etal, 2011; Lu et al., 2012; Minami et al., 2016).

The aim of this review was therefore (i) to describe the
major pathogens, which limit the production of greater
amberjack in Mediterranean aquaculture and elsewhere
(Table 1) and (ii) to highlight possible treatment solutions,
by reviewing the existing literature and presenting primary
unpublished data generated by our team (Table 2).

Parasites
Copepods

Caligus spp.

Caligus spp. (Copepoda, Caligidae) are universal parasitic
copepods, well known as sea lice, that consist of more than
450 species (Morales-Serna et al., 2016). Parasitic copepods
feed on host mucous, tissues and blood, while their attach-
ment and feeding activities are responsible for the induced
pathology (Johnson et al., 2004). In marine cultured fish,
more than 50% of copepod infestations are due to caligids
and their impacts range from skin damage to some induced
fish mortality (Costello, 2006), while few have been actually
devastating to cultured fish (Johnson et al., 2004). Caligus
copepods identified in farmed Seriola spp. included
C. spinosus (Yamaguti, 1939), recovered from the gills of yel-
lowtail amberjack (S. lalandi) (Valenciennes, 1833) and
C. lalandei (Barnard, 1948), seen in the body surface of
Japanese amberjack (S. quinqueradiata) (Valenciennes,
1833) (Nagasawa et al., 2011). Their parasitic effects on these
hosts were not described. Due to the fact that wild-caught
juveniles are often used as aquaculture seeds in Japan, caligid
species are considered to be introduced into farming sites
with the captured seeds (Ho et al., 2009; Nagasawa et al.,
2011). No records have been found yet which could link the
presence of copepods in farmed greater amberjack in
Mediterranean or elsewhere, but caligids should be consid-
ered as potential pathogens for this fish species.

Nematodes

Anisakis spp.

Anisakis spp. (Chromadoria, Anisakidae) are marine zoo-
notic nematodes with most commercial fish species served
as intermediate hosts. Public health risks are attributed to
the third-stage larvae of these zoonotic parasites. Fishborne
larval nematodes belonging to the family Anisakidae are
widespread in wild fish populations worldwide; however,
the occurrence of anisakids in farmed fish species is virtu-
ally negligible (Fioravanti et al., 2020). Anisakids as fish
pathogens are normally associated with little significance,
although some reports have shown that can cause inflam-
mation of the lower gut of the fish host (Beck et al., 2008).
A preliminary study in greater amberjack revealed that
wild-caught imported juveniles that subsequently used as
farmed seeds in Japan were heavily infected with anisakid
larvae identified as A. pegreffii (Yoshinaga et al., 2006). The
induced pathology on the host was heavy, including a
deformed and shortened stomach accompanied with an
obstruction of the fish gastric cavity. As regularly found in
wild fish, anisakids have been identified from captured Seri-
ola spp. in eastern Atlantic (Cavaleiro et al., 2018). Given
that anisakids have been associated with diseased Seriola
spp. cultured in Asia and diagnosed from wild specimens
near to Mediterranean, they should not be neglected from
the routine parasitic examination of farmed greater amber-
jack.

Cestodes

Fishborne zoonotic tapeworms are an emerging problem
mainly in relation to consumer welfare. In addition to
wild-caught fish, fish produced in aquaculture may present
a food safety risk (Clausen et al., 2015). Parasitic cestodes
have evolved very complex life cycles, involving an aquatic
larval stage followed by one or more larval stages spent in
intermediate hosts (Tamaru et al., 2016). The order Try-
panorhyncha is a highly diversified parasitic group of ces-
todes infecting mainly elasmobranches where fish may
serve as intermediate hosts (Ogawa et al., 2012). Fish are
becoming infected by feeding on copepods or smaller fish,
which harboured the cestode larvae. Trypanorhyncha are
known to infest the musculature of the teleost fish, and
thus, consumer welfare concerns are raised because tape-
worms have zoonotic potential if fish or fish products are
consumed raw or improperly cooked. The first Try-
panorhyncha infection in farmed greater amberjack was
described by Ogawa et al. (2012) in Japan where the invad-
ing larvae were detected in skeletal musculature during fil-
leting with a low prevalence of infection. The possible
cestode larvae effects on the host were though not deter-
mined. Application of dietary administered praziquantel
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Table 1 Pathogens causing disease in farmed greater amberjack

Diseases and therapy of farmed greater amberjack

Pathogen Severity Fish size Environment  Season References
Parasites
Copepods
C. spinosus Cages Spring, Other Seriola spp. Nagasawa et al. (2011)
C. lalandei summer
Nematodes
A. pegreffii High 0" Winter, Yoshinaga et al. (2006)
spring
Cestodes
Trypanorhyncha Ogawa et al., (2012) and Tamaru et al. (2016)
order
Digenea
P. grandispinus/  High 0" Cages Summer,  Ogawa and Egusa (1986), Ogawa and Fukudome (1994) and Shirakashi
P. kampachi fall, and Ogawa (2016)
winter
P. ibericus/ High 0, 1" Cages Summer,  Crespo etal. (1992), Crespo et al. (1994), Montero et al. (1999),
P. balearicus fall Montero et al. (2003a), Repullés-Albelda et al. (2008) and Montero
et al. (2009)
Monogeneans
Z. seriolae Severe 0"-3% Cages Spring, Grau et al. (2003), Montero et al. (2004), Ogawa (2010) and Lu et al.
summer, (2012)
fall
A. mcintoshi 0" Tanks Montero et al. (2003b)
H. heterocerca Cages Ogawa and Yokoyama (1998)
B. seriolae Cages Whittington et al. (2001) and Kinami et al. (2005)
N. girellae Low ot Tanks Fall, Ohno et al. (2008), Hirayama et al. (2009) and Hirazawa et al. (2016a)
(challenge) winter
Flagellates
A. ocellatum High o* Tanks Fall Aiello and D'Alba (1986)
Severe Broodstock
Ciliates
C. irritants Severe Broodstock  Tanks Fall Rigos et al. (2001)
Myxozoans
K. amamiensis Sugiyama et al. (1999)
U. seriolae Ohnishi et al. (2018)
Microsporidia
Spraguea sp. Medium 0" Cages Spring Miwa et al. (2011)
M. seriolae Medium, 1" Cages Summer Yokoyama et al. (2011)
severe
Bacteria
V. harveyi Severe o+, 1" Tanks and Summer,  Minami et al. (2016) and Kato et al. (2019)
cages fall
P. damselae Kawahara et al. (1986)
subsp. piscicida
L. garvieae High ot Cages Kusuda et al. (1991) and Nakajima et al. (2014)
S. dysgalactiae High 1%, 2% Cages Summer Nomoto et al. (2004), Nomoto et al. (2006) and Hagiwara et al. (2011)
Mycobacterium Severe Adults Cages Chronic Kato etal. (2011)
marinum
Nocardia seriolae Severe All ages Cages Chronic Shimahara et al. (2008)
Intracellular Extreme Larvae, 0°  Tanks Winter, Crespo et al. (1990), Grau and Crespo (1991) and Kobayashi et al.
bacteria spring (2004)
Viruses
Red seabream Severe Juveniles Cages Summer Matsuoka et al. (1996)
iridovirus
Yellowtail ascites Medium  Fingerlings  Hatchery Kusuda et al. (1993)

virus
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Table 2 Therapeutic regimens against important pathogens of farmed greater amberjack

Pathogen Compound Administration  Dosing schedule Efficacy References
Parasites
P. grandispinus  Praziquantel Oral Shirakashi and Ogawa
P. kampachi (2016) and Bader et al.
(2019)
Z. seriolae Hydrogen peroxide Bath 75-100 ppm, 1 h Extremely high Hirazawa et al. (2016b)
Praziquantel Oral 50-75 mg kg~ fish, High Williams et al. (2007)
6 days
Bath 2.5 ppm, 24-48 h High Sharp et al. (2004)
Formalin plus freshwater Bath 250-400 ppm, Moderate-high ~ Sharp et al. (2004)
1-h + 5-min
freshwater dip
B. seriolae Hydrogen peroxide Bath 75 ppm, 0.5h High Hirazawa et al. (2016b)
Praziquantel Oral 50-75 mg kg~ fish, High Williams et al. (2007)
6 days
Bath 2.5 ppm, 24-48 h High Sharp et al. (2004)
Formalin plus freshwater Bath 250-400 ppm, Moderate Sharp et al. (2004)
1-h + 5-min
freshwater
N. girellae Hydrogen peroxide Bath 75 ppm, 0.5 h High Hirazawa et al. (2016b)
Praziquantel Oral 40 mg kg~ fish, High Hirazawa et al. (2004)
11 days
Freshwater Bath 2 min Low Seng (1997)
A. ocellatum Copper sulphate Bath 0.75 ppm, 6 days High Aiello and D’Alba (1986)
C. irritants Formalin Bath 100 ppm, 1 h Low Rigos et al. (2001)
Hyposalinity Bath 8-10%,, 3 h High (but not
tolerated by
fish)
M. seriolae Juvenile production using filtered Ogawa and Yokoyama
seawater (1998)
Bacteria
V. harveyi Autovaccine Bath Formalin killed cells High Minami et al. (2016),
Empirical
Doxycycline Oral 100 mg kg~ fish, 5= Medium/high Empirical
7 days
L. garvieae Commercial vaccine Injection High Nakajima et al. (2014)
Antibacterials In vitro Partially high Furushita et al. (2015)
S. dysgalactiae  Antibacterials In vitro High Abdelsalam et al. (2010)

N. seriolae Coadministration of N-acetyl-d- Oral
glucosamine(NAG) with

oxytetracycline

50 mg kg~', 5 days  High
(both)

Akiyama et al. (2018)

(PZQ) has been widely used against fish tapeworms (Bader
et al., 2019). Use of artificial diets (extruded or pelleted)
and eliminating exposure to the intermediate cestode hosts
would easily prevent tapeworm infection in farmed fish.
Temporary fish starving, which could force farmed stock to
feed on aquatic prey, should be also avoided.

Digenea (Blood flukes)

Paradeontacylix spp.
Paradeontacylix spp. (Digenea, Aporocotylidae) are blood
flukes, which have been accused for important pathologies

in cultured fish (Bullard & Overstreet, 2002) and consid-
ered as serious parasites in marine aquaculture (Shirakashi
& Ogawa, 2016). These digeneans have been associated with
mortalities in farmed greater amberjack in the Mediter-
ranean region (Crespo ef al., 1992; Crespo et al, 1994;
Montero et al., 1999; Montero et al, 2009) and Japan
(Ogawa & Egusa, 1986; Ogawa et al., 1993; Ogawa & Fuku-
dome, 1994). Particularly, P. grandispinus and P. kampachi
(Ogawa & Egusa 1986) have been described in farmed
greater amberjack from Japan (Ogawa & Egusa, 1986),
while P. ibericus and P. balearicus (Repullés-Albelda et al.,
2008) in their Mediterranean counterparts (Crespo et al.,
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1992; Crespo et al., 1994; Montero et al., 1999) (Fig. 1).
Blood flukes of greater amberjack induce severe mortalities
in 0" and 17 fish (Crespo et al., 1992; Crespo et al., 1994;
Ogawa & Fukudome, 1994). Concurrent infections of
P. grandispinus and P. kampachi have been reported in
massive mortalities of caged Seriola sp. (Ogawa et al. 1989),
while P. ibericus has been observed also in heavy losses
caused by mixed infections with Epitheliocystis in 0+ fish
(Crespo et al., 1992).

Sanguinicolids represent an unusual group of digeneans
because their life cycles lack a second intermediate host and
an encysted or encapsulated metacercaria (Bullard & Over-
street, 2002). Though very little is known about the life
cycle of fish blood flukes, it has been suggested that their
single intermediate invertebrate host presumably harbours
the floating materials in the cage ensuring a habitat overlap
of the parasitic stages and the final host (Montero et al.,
2009). Considering the migration pattern of Paradeonta-
cylix spp., released eggs are transported by the circulatory
system of infected fish and accumulate in the capillaries of
the gill lamellae (Montero et al, 2003a), where they may
cause death due to abnormal blood circulation, haemor-
rhages and suffocation (Shirakashi & Ogawa, 2016). Inter-
estingly, girdles have been suggested as the main habitat for
Paradeontacylix spp. worms in Mediterranean greater
amberjack (Montero et al., 2003a). Therefore, thoracic and
pelvic girdles should be also included in the examination to
maximize the efficacy of inspection (Montero et al., 2003a),
although gill analysis remains the most practical detection
method.

The investigation of a seasonal pattern of P. kampachi
eggs abundance in greater amberjack gills revealed an
increased number of eggs during winter and a decreased
pattern when summer was approaching (Ogawa et al,
1993), which should be considered in parasitic manage-
ment. Supposedly, control of infections of blood flukes in
culture systems can be easier than treating parasites with
direct life cycles, although their intermediate hosts
Paradeontacylix spp. still remain unknown. Early detection
of blood flukes is essential for elimination of susceptible
intermediate hosts from the caged environment. Indeed,
increased net hygiene with regular removal of biofouling
would perhaps diminish the ideal environment for possible
intermediate hosts of blood flukes (Montero et al., 2009).
As with most animal pathogens, biosecurity is apparently
paramount to prevent outbreaks of blood flukes and quar-
antine protocols should be implemented especially when
imported seeds are used for fattening. Heavy losses due to
Paradeontacylix spp. were evident in imported Chinese fin-
gerlings in Japan (Ogawa & Fukudome, 1994), reflecting
thus the need of health certification and quarantine mea-
sures. Oral administration of PZQ seems to be the sole
therapeutic measure against Paradeontacylix spp. infections
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Diseases and therapy of farmed greater amberjack

Figure 1 (a) Gills of farmed greater amberjack co-infected by Zeux-
apta seriolae (arrow) and Paradeontaxylix sp., the eggs of which have
created occlusions in the gill capillaries visible macroscopically as white
spots. (b) Fresh squash preparation of gill biopsies showing numerous
eggs of Paradeontaxylix sp. (c) Histological section of the affected gills
showing the eggs of the parasite but also a marked inflammatory
response with infiltration of rodlet cells (arrows). It is not clear whether
this immune response is specific for Paradeontacylix sp.

in greater amberjack so far (Shirakashi & Ogawa, 2016), a
treatment which has been also effective against other dige-
nea infecting farmed fish (Bader et al., 2019).
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Monogeneans (Gill flukes)

Zeuxapta seriolae and Z. japonica

Zeuxapta seriolae (Monogenea, Heteraxinidae) (Meserve,
1938) is a gill monogenean parasite that feeds on blood,
causing heavy infestations, which have been associated with
anaemia and severe mortalities in farmed greater amberjack
in the Mediterranean region (Grau et al., 2003; Montero
et al., 2004). Its Asian counterpart Z. japonica (Yamaguti,
1961) has been also lethal in cultured greater amberjack in
Japan (Ogawa & Yokoyama, 1998) and Taiwan (Lu et al.,
2012). The later infects other farmed Seriola spp. such as
yellowtail amberjack (S. lalandi) (Ernst et al., 2002; Sharp
et al., 2003; Kolkovski & Sakakura, 2004; Mansell et al.,
2005), while Z. seriolae has induced outbreaks on both wild
greater amberjack (Lia ef al, 2007) and yellowtail amber-
jack (Sepulveda & Gonzilez, 2015). Hyperplasia of the gill
epithelium with fusion of the gill lamellae and extreme
mucus excretion along with diminished haematological
condition compromise gas exchange and oxygen transport
in infected fish tissues, which inevitably leads to the death
of diseased fish (age classes of 0+ to 3+), reaching mortality
rates of up to 50% in greater amberjack farmed in the
Mediterranean (Grau et al., 2003; Montero et al., 2004)
(Fig. 2). High water temperature and fouled nets in the
cages accelerate the propagation of Z. seriolae, which is able
to release extreme numbers of eggs that can easily hook up
in the nets and eventually allow hatching oncomiracidia to
find a suitable host and invade the gills (Montero, 2001).
Cage hygiene is thus crucial for the overall therapeutic
strategy against Z. seriolae, since regular net replacement
removes the entangled eggs along with fouling from the
cage environment and, at the same time, copper-based
antifouling compounds may display some anthelmintic
activity, but this has to be experimentally proved. Older age
classes (2%, 37) seem to be less affected or even remain
uninfected compared with newly introduced caged greater
amberjack in Mediterranean, perhaps due to a acquired
protection (personal observations) as previously suggested
against Neobenedenia girellae (Ohno et al., 2008). However,
this assumption has to be scientifically proved, considering
that an equal impact of Z. seriolae on various sizes of
greater amberjack has been observed in previous investiga-
tions (Montero et al., 2004).

More importantly, these older fish are usually not geo-
graphically separated from the younger fish in the Mediter-
ranean aquaculture, and taking into account that they are
less affected and are asymptomatic carriers of the parasite,
they serve as a hotspot for the re-infection of the newly
introduced fish. Age-class overlap is the most important
issue in the management of the infestation and should be
considered thoroughly in the frame of integrated pest

management programmes that should be employed for the
sustainable culture of the species.

Effective treatment plans against Zeuxapta spp. infecting
both greater amberjack and yellowtail kingfish include
mainly baths with hydrogen peroxide (H,0O,) (75 ppm for
30 min and 300 ppm for 10 min, respectively) (Mansell
et al., 2005; Hirazawa et al., 2016b) (Table 2). Caution has
to be given when administering a H,O, bath, considering
its possible toxicity to treated fish, especially at high water
temperatures and during prolonged therapy with increased
doses (Hirazawa et al.,, 2016b). Formalin baths have been
generally considered less effective against monogeneans of
yellowtail kingfish (Sharp et al, 2004). On the contrary,
PZQ baths (2.5 ppm for either 24 or 48 h) appeared highly
effective for removing Z. seriolae from the gills of yellowtail
kingfish, but the parasites continued to deposit viable eggs
(Sharp et al., 2004). However, application of PZQ baths is
extremely costly and impractical due to the high cost of the
compound and to its hydrophobic nature, which necessi-
tates the addition of a solvent in the bath. The antiparasitic
efficacy of dietary administered PZQ at dosages of 50—
150 mg kg~ ' for 3-6 days was evaluated in Z. seriolae-in-
fected yellowtail kingfish (Williams et al., 2007). Surpris-
ingly, fish fed lower daily doses of PZQ had fewer
Z. seriolae compared with fish fed higher daily doses for
fewer days, a fact which could be attributed to increased
palatability issues emerging from the surface-coating of
higher PZQ dosages.

Heteraxine heterocerca

Heteraxine heterocerca (Polyopisthocotylea, Heteraxinidae)
(Yamaguti, 1938) is also a gill fluke affecting greater amber-
jack farmed in Japan (Ogawa & Yokoyama, 1998), which is
also commonly found in Japanese amberjack (Kearn et al.,
1992a; Kearn et al., 1992b; Mooney et al., 2008). The devel-
opment of H. heterocerca along with attachment details to
the Japanese amberjack gills has been reported (Ogawa &
Egusa, 1981), while its hatching patterns have been
described in detail (Kearn et al., 1992a). Information on its
related pathology to farmed Seriola spp. is not available in
the pertinent literature.

Allencotyla mcintoshi

Allencotyla mcintoshi (Polyopisthocotylea, Heteraxinidae)
(Price, 1962) is a another gill fluke, which has been identi-
fied during a parasitological analysis of greater amberjacks
seeds, captured off the Spanish Mediterranean coast and
subsequently raised in experimental culture tanks (Montero
et al., 2003b). This monogenean was also part of the para-
sitic fauna of wild greater amberjack in eastern Atlantic
(Cavaleiro et al.,, 2018). The regularity of its presence in
wild specimens of greater amberjack reflects the risk of
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Diseases and therapy of farmed greater amberjack

Figure 2 (a) Anaemic gills of farmed greater amberjack parasitized intensively by Zeuxapta seriolae. The monogeneans have detached (arrow) since
the fish had been kept in ice. (b) Adult Z. seriolae. Eggs are visible inside the body cavity of the parasite. (c) Histological section of greater amberjack
gills infected by Z. seriolae. White arrow points to the body of the parasite and black arrow points to the haptor which is the attachment device of
the parasite bearing numerous clams. Note the fusion of the gill lamellae, a host response to the parasitic infection.

introducing a possible novel pathogen in the facilities by
using captured juveniles for farming, although its patholog-
ical impact on the host has not yet been described.

Monogeneans (Skin flukes)

Benedenia seriolae

Benedenia seriolae (Monogenea, Capsalidae) (Baird, 1853)
is a skin monogenean parasite of farmed Seriola spp.
including greater amberjack, yellowtail amberjack and Japa-
nese amberjack (S. quinqueradiata) (Whittington et al.,
2001). It has been recorded in farmed Seriola spp. from
Japan (Whittington et al., 2001), but not so far from the
Mediterranean area. This capsalid parasite inhabits the skin
and fins and feeds on mucus and epithelial cells (Chambers
& Ernst, 2005). Induced severe lesions might be associated
with considerable irritation and fish rubbing and occasion-
ally lead to secondary microbial infections and high mortal-
ities (Egusa, 1983), although treatment cost, lost growth
and diminished feed conversion are not of less concern
(Ernst et al., 2005). Parasitic propagation is environmen-
tally affected and is strongly influenced by increased water
temperature (Ernst et al., 2005; Lackenby et al., 2007), con-
sidering that temperatures above 28°C appeared to be
beyond the physiological tolerance of eggs (Ernst et al.,
2005). Indeed, sexual maturity of B. seriolae was attained as
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early as 14 days postinfection in yellowtail amberjack at
26°C, while it was threefold delayed at 14°C (Lackenby
et al., 2007), indicating that propagation of the parasite is
feasible in a wide range of water temperatures, including
winter temperatures, but is clearly favoured by high water
temperatures, as those observed in Mediterranean region
during spring and summer.

Given the high economic impact of this skin fluke, regu-
lar management intervention is advised (Ernst et al, 2002).
The principal method of treatment for B. seriolae infections
is bathing with freshwater when applicable or preferably
with H,O, (Ernst et al, 2005). Hydrogen peroxide baths
(75 ppm, 0.5 h) are highly effective (Hirazawa et al,
2016Db) at killing parasitic adults but re-infection is likely in
most occasions due to existence of untreated eggs and free-
swimming parasitic larvae in the vicinity around cages and
in neighbouring fish (Chambers & Ernst, 2005). Bathing
with higher concentrations (300 ppm) for shorter periods
(3 min) is also approved against B. seriolae in Japan.

Notably, dispersal of B. seriolae eggs is possible at very
high distances (>8 km), raising the need for specific strate-
gic cage/unit planning (Chambers & Ernst, 2005), which
should consider the direction of water currents as well as
the distance and orientation of cages within or between
farming units of Seriola spp. Inevitably, to confront the
reappearance of  B. seriolae, spatial and temporal



G. Rigos et al.

therapeutic coordination is aimed to break the parasitic
cycle (Lackenby et al., 2007).

In addition to H,O, baths, which seem to be the prefer-
able anthelmintic measure against monogeneans of greater
amberjack, therapeutic trials with other compounds have
been carried out to battle B. seriolae (Table 2). The efficacy
of bath-administered formalin (250-400 ppm, 1-h plus 5-
min freshwater dip) and PZQ (2.5 ppm, 24-48 h) were
assessed against B. seriolae infecting yellowtail amberjack
(Sharp et al, 2004). The PZQ dosing regimens were the
most effective for removing the parasite, although viable
eggs were seen under the 24-h therapeutic schedule. On the
other hand, the combination of formalin baths with fresh-
water dip was less effective for removing adults, but release
of live eggs by the treated parasites was inhibited. Surpris-
ingly, a dose-dependent anthelmintic effect of formalin was
not apparent in that study.

Considering alternative dietary therapeutic approaches,
the in vitro evaluation of caprylic acid at a concentration of
1 mM revealed parasiticidal and contractile effects in onco-
miracidia and B. seriolae adults, respectively (Hirazawa
et al., 2001a) (Table 3). This medium-chain fatty acid has
also exhibited some antiparasitic effects when was orally
administered alone (Rigos et al., 2013) or in a dietary mix-
ture (Rigos et al., 2016) against the microcotylid monoge-
nean Sparicotyle chrysophrii (Monogenea, Microcotylidae)
(Van Benedenand Hesse, 1863; Mamaev, 1984) in gilthead
sea bream (Sparus aurata) (Linnaeus, 1758) and, moreover,
showed high anthelmintic efficacy in diclidophorid mono-
genean Heterobothrium okamotoi infecting tiger puffer
(Takifugu rubripes) (Abe, 1949) (Hirazawa ef al., 2000; Hir-
azawa et al., 2001b). The possible parasiticidal value of
caprylic acid against B. seriolae in famed Seriola spp.
remains to be elucidated in vivo.

3-6 days) in B. seriolae-infected yellowtail amberjack
(Williams et al, 2007). Paradoxically, fish fed lower
daily doses of PZQ for 6 days had fewer parasites than
fish given higher daily doses for 3 days. Perhaps the
high-dosed PZQ diets affected the palatability of the
diet at a greater degree, regardless of the use of fish oil
as a masking agent. Surface pellet coating with PZQ is,
however, not advisable, as it diminishes the acceptability
of the medicated diet. Hirazawa et al. (2004) also
observed a reduced appetite in spotted halibut (Verasper
variegates) (Temminck and Schlegel, 1846) fed pellets
medicated with PZQ at a dose of 150 mg kg '. Dimin-
ished acceptability due to PZQ-medicated feed has been
also seen in gilthead sea bream (Sitja-Bobadilla et al,
2006); however, this effect was not apparent when
greater amberjack was given 75 or 150 mgPZQ kg~ ' for
5 days by mixing the drug in pelleted diets (Kogiannou
et al, 2019). Dietary administration of PZQ could be
thus selectively applied as a therapeutic tool against
B. seriolae parasitizing Seriola spp., provided that palata-
bility problems are fully solved. This could be accom-
plished by mixing the compound with dietary
components and possibly avoiding thermal issues associ-
ated with specific extrusion stages. Moreover, masking
with attractants, such as freshly coated garlic extract,
aided overcome the bitterness of PZQ diets in yellowtail
amberjack (Pilmer, 2016), while included dietary PZQ
microcapsules increased the palatability of the medicated
diet but at the same time reduced the bioavailability of
the drug in the circulation of the same fish species
(Partridge et al, 2014). Intubation with PZQ was
proved effective against B. seriolae (Williams et al,
2007; Forwood et al, 2016), but this administration
route is unfortunately an impractical approach for the

The dietary delivery of surface-coated PZQ has been treatment of a sick stock containing numerous
evaluated at different dosing schedules (50-150 mg kg™ ', animals.
Table 3 Non-chemical compounds used against flukes of farmed greater amberjack
Pathogen =~ Compound Administration  Dosing schedule Efficacy References
B. seriolae  Caprylic acid In vitro 1 mm High Hirazawa et al.
(2001a)
N. girellae  Mannan oligosaccharides Oral 59 kg~ " MOSor2 gkg™' High Fernandez-Montero
cMOS for 90 days etal. (2019)
Bovine lactoferrin Oral 1000 mg kg~ for 2 weeks High Yokoyama et al.
(2019)
Garlic extract Oral 50-150 mL L~ for 10— High (in barramundi) Militz et al. (2013)
30 days
Seaweeds (Asparagopsis Bath 1 mL of extract to 100 mL of  High (in barramundi) Hutson et al. (2012)
taxiformis) seawater
Garlic, ginger, bitter chaparro, In vitro High (ginger, basil and Trasvina-Moreno
onion, papaya (extracts) bitter chaparro) etal. (2019)
Reviews in Aquaculture, 1-23
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Neobenedenia girellae

Neobenedenia girellae (Monogenea, Capsalidae) (Hargis,
1955-Yamaguti, 1963) is a another skin monogenean
parasite which, as opposed to B. seriolae, exhibits low
host specificity invading the fins and skin of several
farmed fish species including greater amberjack, yellow-
tail amberjack, tiger puffer, spotted halibut, red sea
bream (Pagrus major) (Temminck and Schlegel, 1843),
olive flounder (Paralichthys olivaceus) (Temminck and
Schlegel, 1846) and chub mackerel (Scomber japonicus)
(Houttuyn, 1782) (Ogawa & Yokoyama, 1998; Hirazawa
et al, 2004; Yamamoto et al, 2011). Notably, greater
amberjack seems to be one of the most susceptible hosts
(Ohno et al, 2008), among numerous N. girellae-in-
fected Japanese marine farmed species (Ogawa ef al,
1995). Given that N. girellae and B. seriolae are difficult
to distinguish during inspection, Kinami et al. (2005)
suggested a practical method for the classification of the
two skin flukes species, which is based on the different
shape at the anterior end in the midline of the hel-
minths. Neobenedenia melleni has been detected in
greater
(Sanchez-Garcia et al., 2015), while naturally infected
fish with N. girellae have been used in experimental tri-
als in the same area (Fernandez-Montero et al, 2019).
There is great possibility that these N. girellae specimens
might have been misdiagnosed as N. melleni (Brazenor
et al., 2018).

The life cycle of N. girellae is highly dependent on sea-
sonal temperature (Ernst et al, 2005; Hirazawa et al,
2010). Indeed, eggs of N. girellae were observed to hatch
from 18 to 30°C but not below 15°C (Bondad-Reantaso
et al., 1995), as opposed to B. seriolae of which egg hatching
may occur, though at relatively slow rates, at 14°C (Ernst
et al., 2005). However, both parasitic life cycles and, subse-
quently, egg hatching process are favoured by high water
temperatures, as those characterized in Mediterranean
waters during spring and summer.

amberjack raised in the Canaria islands

Neobenedenia girellae feeds primarily on epithelial cells
causing haemorrhages, mucus hyperproduction and even-
tually mortalities (Paperna, 1991; Ogawa & Yokoyama,
1998). During the first period of exposure, N. girellae har-
bour the pelvic and pectoral fins of infected fish and then
migrate to the skin surface during parasitic development
(Hirayama et al., 2009). Feed utilization and subsequently
growth of infected greater amberjack are substantially
affected (Hirayama et al, 2009; Hirazawa et al., 2016a),
perhaps due to physiological impairment of the host from
disruption of the osmotic balance. The resulting ionic dise-
quilibrium provokes liver and kidney dysfunction that ulti-
mately, in severely infected fish, can lead to death
(Hirazawa et al., 2016a). Interestingly, a partial acquired
protection in greater amberjack was observed by Ohno
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et al. (2008) which could be used in future management
against N. girellae, although the possible factors involved in
this skin immunity remain to be elucidated.

Unregulated importation of greater amberjack fry in
Japan has been considered as the source of N. girellae out-
breaks in Japanese fish during the 90s (Ogawa et al., 1995).
In the Mediterranean, a potential infection route could be
through imported seeds of greater amberjack or other fish
species, although N. girellae-induced outbreaks or simple
findings have not been recorded yet.

To prevent N. girellae infestation, a freshwater dip has
been practised to dislodged parasites (Seng, 1997). In con-
trast, freshwater dip for 2 min significantly increased
N. girellae infection on both greater amberjack and Japa-
nese amberjack (Ohno et al., 2009). This outcome should
be considered for controlling N. girellae infections in Seri-
ola spp. management. Moreover, prolonged freshwater
baths could not be tolerated by Mediterranean greater
amberjack and such treatments may eventually damage the
fish (Rigos et al, 2001). A 75-100 ppm H,0O, bath for
0.5 h was safe and exhibited high anthelmintic efficacy in
infected greater amberjack (Hirazawa et al., 2016b). Dietary
administration of PZQ was effective against N. girellae
infestations in spotted halibut, and a long-term, low-dose
treatment, such as 40 mg kg~ ' for 11 days, would be more
useful compared with a short-term, high-dose treatment
due to the bitterness of the high-dosed diets (Hirazawa
et al., 2004). Interestingly, a large amount of research on
non-drug supplements has been devoted to battle
N. girellae infection in farmed Seriola spp. and in other fish
species (Table 3). For example, increased resistance of
greater amberjack against N. girellae was obtained when
fish were fed with a supplemented diet with mannan
oligosaccharides for a prolonged period (Fernandez-Mon-
tero et al., 2019). Oral delivery of bovine lactoferrin was
found to enhance defence factors and antiparasitic effects
against the parasite in greater amberjack (Yokoyama et al.,
2019). Dietary supplementation of garlic (Militz et al.,
2013) and seaweed extracts (Hutson et al., 2012) sealed
effectively farmed barramundi, Lates calcarifer (Bloch,
1790) against N. girellae. Finally, other plant extracts such
as ginger, bitter chaparro and basil were proved effective of
reducing the hatching success of parasitic eggs in vitro
(Trasvina-Moreno et al., 2019).

Environmental control methods of N. girellae included
mainly manipulation of light in the caged environment.
Markedly, Japanese flounder (Paralichthys olivaceus) (Tem-
minck & Schlegel, 1846) exhibited higher vulnerability to
this fluke at brighter conditions, indicating that shading of
the cages would help to reduce infection by this fluke
(Ishida et al., 2007). Novel biocontrol strategies with the
use of cleaner shrimp were recently revealed promising
results (Vaughan ef al, 2018). The ‘cleaning effect’ of
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farmed shrimp (Lysmata vittata) (Stimpson, 1860) on
N. girellae eggs was remarkable in infected cultured juvenile
grouper (Epinephelus lanceolatus) (Bloch, 1790) under sim-
ulated recirculating aquaculture conditions in the above
study. Cleaner shrimp was able to remove the entangled
fluke eggs from the net mesh and significantly reduced
N. girellae recruitment to fish by as high as 87%.

Flagellates

Amyloodinium ocellatum

Amyloodinium  ocellatum (Dinophyceae, Oodiniaceae)
(Brown, 1931) is a generalist dinoflagellate ectoparasite,
which has been implicated in epizootics of a big number of
farmed marine species (Alvarez-Pellitero et al., 1995). It
usually infects the gills and less frequently the skin and the
buccal cavity of fish. Due to its specific propagation pat-
tern, which requires a substrate/bottom to complete the life
cycle and immediately initiate infection (Paperna, 1996), it
is normally found parasitizing fish raised in land-based
facilities, although rare infestations in Mediterranean fish
farmed in shallow cage installations have been also
recorded (Rigos et al, 1998). This flagellate can readily
infect greater amberjack broodstock (Fig. 3).

During the first farming attempts of greater amberjack in
the 80s, land-raised fish in Italy suffered serious mortalities
due to A. ocellatum (Aiello & D’Alba, 1986). The parasite
harboured the gills and skin and, consequently, infected
fish showed anaemic and necrotic gills along with depig-
mented body and eroded fins. This flagellate has been also
associated with severe infestations in California yellowtail
(S. dorsalis) (Gill, 1863) experimentally exposed to the
pathogen (Vivanco-Aranda et al., 2018).

Daily bath treatments with 0.75 ppm of copper sulphate
for 6 days successfully eliminated the pathogen in the study
of Aiello and D’Alba (1986). Environmental friendly
approaches such as hyposalinity manipulations (0-8%,)
commonly applied as antiprotozoan measures in euryhaline
farmed finfish species are unfortunately intolerable by
greater amberjack (Rigos et al., 2001).

Ciliates

Cryptocaryon irritans

Cryptocaryon  irritans ~ (Prostomatea, —Holophryidae)
(Brown, 1951) is a generalist parasitic ciliate with a widely
studied biology, which infects marine farmed fish (Colorni,
1987). Normally, it invades the gills and skin of sensitive
farmed fish species. As in the case of A. ocellatum, it
requires a bottom substrate to complete its life cycle and
consequently the ciliate induces infections almost exclu-
sively in land-based environment although some incidences
on caged fish in Japan are evident (Ogawa & Yokoyama,
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Figure 3 Microphotograph of Amyloodinium ocelatum trophonts as
observed in a fresh squash preparation from the gills of greater amber-
jack broodstock.

1998). Heavy mortalities due to C. irritans have been
recorded in greater amberjack broodstock with fish display-
ing the common characteristics of the disease including
mucus hyperproduction, pale gills and white skin nodules
(Rigos et al, 2001). In this incidence, infected greater
amberjack was unable to tolerate hyposalinity application
of 8-109,, for 3 h and within 5 days heavy mortality was
observed. Moreover, chemical trials consisting of formalin
baths (100 ppm for 1h) and copper sulphate (0.5—
0.7 ppm) immersions failed to confront the pathogen
(Rigos et al., 2001). Perhaps due to the fact that free-swim-
ming C. irritans theronts infect underneath the fish epider-
mis and as trophonts feed on skin and gill epithelia
(Yoshinaga & Dickerson, 1994) are not exposed to environ-
mental water and, thus, bathing of infected fish with any
chemicals would not kill all the parasitic stages. The para-
site has caused recurrent problems in our broodstock kept
in inland facility in Crete island, Greece, and successful
management was based on early diagnosis (infected fish
show reduced swimming behaviour and often remain
motionless with frayed fins), formalin baths and changing
of the tanks every 3—4 days. Maintaining good hygiene and
siphoning thoroughly the bottom of the tanks on a daily
basis are of imperative importance. Interestingly, it has
been demonstrated that greater amberjack, which survived
infections by this parasite, developed immunity to later
infections (de la Gandara et al., 2005).

Myxozoans

Kudoa amamiensis
Kudoa amamiensis (Myxosporea, Kudoidae) (Egusa and
Nakajima, 1980) belongs to a group of myxozoans that
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commonly invade dorsal fish musculature, with infection
characterized by a multifocal intracellular infection with
associated inflammatory reactions. Infections of Kudoa
spp. do not usually produce any visible symptoms in fish,
but they may induce damage to the end fish products by
degrading the muscle causing the myoliquefactive post-
mortem condition known as ‘milky flesh’, with the activa-
tion of their potent enzymes (Alvarez-Pellitero & Sitja-
Bobadilla, 1993). The presence of this parasite is mainly of
quality concern of the slaughtered fish and does not pose a
health risk for consumers, as evidenced in other Kudoa
spp.-infected fish (Kawai et al., 2012). Kudoa amamiensis
has been actually identified in greater amberjack farmed in
Japan (Sugiyama ef al., 1999). The prevalence of infection
was low, and it was stated that greater amberjack was less
susceptible to the myxozoan than infected Japanese amber-
jack in the same case. Infected wild fish from neighbouring
waters may act as reservoir hosts for cage-cultured fish
(Alvarez-Pellitero & Sitja-Bobadilla, 1993). Effective thera-
peutic approaches against fish myxozoans are unfortunately
scarce or virtually non-existed.

Unicapsula seriolae

Unicapsula seriolae (Myxosporea, Trilosporidae) (Lester,
1982) is another myxozoan that belongs to a genera patho-
genic to fish which could, in addition to the negative visual
impact on product quality due to postmortem myolique-
faction, cause potential health risks to consumers. It has
been suggested that U. seriolae is responsible for foodborne
disease associated with the ingestion of raw greater amber-
jack (Ohnishi et al, 2018). Its pathological impact on
greater amberjack has not been found in pertinent bibliog-
raphy.

Microsporidia

Spraguea sp

A microsporidian parasite with a genetic affinity to the
genus Spraguea sp. has been blamed to cause neural pathol-
ogy in farmed greater amberjack (Miwa et al,, 2011). The
disease was named Encephalomyelitis and is characterized
by a peculiar spiral swimming behaviour, which has been
known for more than a decade in cultured greater amber-
jack in China and Japan (Miwa et al, 2011). The
microsporidian induces severe inflammation in parts of the
brain and the spinal cord, which results in considerable
cumulative mortalities in infected greater amberjack at rela-
tive high temperatures. Microsporidian Encephalomyelitis
due to the same aetiological agent has been also described
in Japanese amberjack (Yokoyama et al, 2013). Whether
greater amberjack is a natural host for this microsporidian
or a parasitic transfer from wild fish species is responsible,
remains to be elucidated, although importation of Chinese
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greater amberjack seeds was characterized as the suspected
vectors for the transmission to cultured Japanese amberjack
(Yokoyama et al., 2013).

Microsporidium seriolae

Microsporidium seriolae (Balbiani, 1884) is an obligate fish
microsporidian parasite, which produces visible white cysts
in fish trunk muscle (Egusa, 1982). Heavy infection with
M. seriolae may cause emaciation and eventually death of
Seriola spp. juveniles (Egusa, 1982). Microsporidiasis due
to M. seriolae could be linked to consumer rejection of the
fish product. Failure of artificial direct transmission has led
to the suggestion that an intermediate host is probably
required for the life cycle of this microsporidian
(Yokoyama et al., 2011). Microsporidium seriolae has been
detected in greater amberjack at high infestation levels dur-
ing the summer period (Yokoyama et al., 2011). The dis-
ease seemed to decline at lower water temperatures, and no
reoccurrence was evident in the following year suggesting
an established resistance in survivors. Microsporidiasis is
very difficult to control since specific chemotherapeutics
are not readily available and the microsporidian life cycle is
unknown, although a previous control strategy included
the combination of early diagnosis and juvenile production
using filtered seawater (Ogawa & Yokoyama, 1998).

Bacteria

Vibrio harveyi

Vibrio harveyi is one of the most important bacterial patho-
gens of fish with worldwide distribution (Austin & Zhang,
2006). It belongs to the family of Vibrionaceae, and it is
ubiquitous in the marine environment. Many different and
closely related species form the so-called Harveyi clade that
includes, in addition to V. harveyi, important pathogens of
aquatic animals such as V. alginolyticus, V. campbellii and
V. owensii (Darshanee Ruwandeepika et al., 2012). Vibrio
harveyi can be often misdiagnosed as V. vulnificus in cases
where diagnosis involves only biochemical methods (Del
Gigia-Aguirre et al., 2017). However, even with the use of
molecular tools, identification of V. harveyi can be chal-
lenging due to the genetic relatedness with other congeneric
species (esp. those of the Harveyi clade). Vibrio harveyi
causes vibriosis in fish, and although septicaemia can be
observed at the later stages of the disease, it mostly mani-
fests with cutaneous and ocular lesions in adults, while in
young juveniles and larval fish it is mostly related to gas-
trointestinal infections.

Vibrio harveyi is a component of the greater amberjack
microbiota as demonstrated by Alcaide (2003) who studied
the bacteria present in cultured greater amberjack in Spain
but also in the surrounding waters. There are few reports of
V. harveyi infections of Seriola spp. in the literature.
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Minami et al. (2016) described an outbreak of V. harveyi in
farmed greater amberjack, which had been vaccinated
against V. anguillarum. Affected fish displayed the com-
mon lesions of the disease, including dermal lesions in the
area of the head and the caudal fins, ascites and ophthalmi-
tis.

In recent epizootics monitored by our laboratory at
inland pre-ongrowing tanks and cages in Aegean Sea,
V. harveyi has caused significant problems in experimen-
tally raised conditions but also in commercial farms. The
observed lesions were typical of the disease, with most evi-
dent the superficial dermal erosions and the haemorrhages
mostly in the abdominal area (Fig. 4). The mortalities were
high, persistent and cumulatively could reach 60% of the
affected population. The onset of the disease coincides with
changes in water temperature, which suggests that it is
stress-related. Vibrio harveyi is resistant in most antibacteri-
als, although, according to our experience from unpub-
lished experimental trials, dietary administration of
doxycycline (100 mg kg™ fish for 5-7 days) is highly
effective against the pathogen. The use of autogenous vacci-
nes has moreover shown, again in unpublished work of our
group, promise in preventing the disease. To this direction,
but also to the comprehension of the virulence of this
pathogen, genomic data are extremely important. To date,
genomes of the strains VH2, VH5 (Greek isolates) and
GAN1807, GAN1709 (Japanese isolates), all isolated from
diseased greater amberjack are available in the literature
(Castillo et al., 2015; Monno et al., 2018; Kato et al., 2019).

Photobacterium damselae subsp. piscicida

Photobacterium damselae subsp. piscicida is an important
Gram-negative fish pathogen causing Pseudotuberculosis
or Photobacteriosis, a severe bacterial septicaemia (Roma-
lde, 2002). The disease has great economic impact both in
Japan, where it affects several farmed Seriola spp., and in
the Mediterranean area, due to the losses in cultured gilt-
head seabream (Sparus aurata) (Linnaeus, 1758) and Euro-
pean seabass (Dicentrarchus labrax) (Linnaeus, 1758) farms
(Romalde, 2002). Indeed, P. damselae subsp. piscicida has
been mentioned in the past as a significant pathogen of
greater amberjack in Japan (Kubota et al., 1970; Kawahara
et al., 1986), although it has not been yet isolated from its
Mediterranean counterpart. Notably, the pathogen has
been experimentally transferred, producing the common
characteristics of the disease in challenged greater amber-
jack farmed in the Mediterranean region (Alcaide et al.,
2000). Caution should be given therefore for the possible
transmission of the pathogen among different Mediter-
ranean farmed species. Commercially available vaccines
against Photobacteriosis have been available for quite some
time for farmed gilthead seabream and European seabass
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Figure 4 Juvenile greater amberjack affected by Vibrio harveyi show-
ing dermal erosion and ulceration, and redness of the area of the head,
typical clinical picture of the disease.

(Bakopoulos et al., 2015) and effective chemotherapy exists
to confront the bacterium (Rigos & Troisi, 2005).

Lactococcus garvieae

Lactococcus garvieae is a Gram-positive bacterial pathogen
that causes septicaemia and meningoencephalitis in several
species of marine and freshwater farmed fish (Eldar et al.,
1996; Vendrell et al., 2006; Meyburgh et al, 2017). Lacto-
coccicosis in particular causes serious economic damage to
farmed Seriola spp. in Japan (Kusuda ef al., 1991; Kusuda
& Salati, 1993); however, a widespread use of an effective
injection vaccine has considerably reduced disease out-
breaks in this area (Nakajima et al., 2014). Moreover, a sus-
ceptibility trial of several antibacterials against numerous
L. garvieae isolates from Seriola spp. cultured in Japan
revealed that effective chemotherapy is an additional tool
to battle the bacterium (Furushita et al., 2015). It should be
noted, however, that L. garvieae has not yet been isolated
from farmed greater amberjack or other marine finfish spe-
cies in the Mediterranean area. However, it has been
described in the Red Sea in wild wrasse (Coris aygula)
(Lacepede, 1801) (Colorni et al., 2003), and therefore, it
can be possibly transferred by lessepsian migrators to the
Mediterranean area and finally invade farmed fish includ-
ing greater amberjack.

Streptococcus dysgalactiae

Streptococcus dysgalactiae belonging to Lancefield group C
is a Gram-positive bacterium that is considered to be an
emerging fish pathogen with increased clinical significance
in Japanese aquaculture as well as in mammalian health
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(Abdelsalam et al., 2013). Indeed, many Seriola spp. farms
including greater amberjack farmed in Japan have suffered
huge losses due to S. dysgalactiae infection mainly at high
water temperatures (Nomoto et al., 2004; Nomoto et al.,
2006; Hagiwara et al., 2011). Streptococcosis due to S. dys-
galactiae has been also noticed, in addition to Japan, in
China and Taiwan, with responsible isolates exhibiting high
phenotypic homogeneity irrespectively of the sampled
countries (Abdelsalam et al, 2010). Therefore, S. dysgalac-
tiae outbreaks caused by alien strains could be of great con-
cern for Japanese farmed greater amberjack. The disease is
characterized by high mortality and severe muscle necrosis
in the caudal peduncle (Abdelsalam et al, 2010), accompa-
nied with severe haemorrhages, inflammatory cell infiltra-
tion and necrotizing vasculitis with lesions being extended
into the overlying dermis and epidermis of infected greater
amberjack (Hagiwara et al., 2011). Pathological lesions have
been also observed in the pectoral and dorsal fins as well as
in the heart, comprised of severe arterial thrombosis and
granulomatous epicarditis (Hagiwara et al, 2011). The
same study also described moderate-to-severe non-puru-
lent encephalomyelitis in infected fish. The complete gen-
ome sequence and characterization of virulence genes of
S. dysgalactiae isolated from farmed greater amberjack were
recently described (Nishiki et al., 2019). A possible misde-
tection problem could occur with L. garvieae, which exhi-
bits clinical similarities (Nomoto et al, 2004).
Domesticated animals have been suspected as potential vec-
tors of S. dysgalactiae infection in fish farms (Nomoto
et al, 2004), although DNA relatedness between mam-
malian and fish isolates was unable to fully confirm this
hypothesis (Nishiki et al., 2010). An in vitro evaluation by
disc diffusion method against numerous S. dysgalactiae
strains isolated from fish collected in Japan and other Asian
countries showed that all strains tested were susceptible to
erythromycin, florfenicol, lincomycin and ampicillin and
resistant to oxytetracycline (Abdelsalam et al, 2010). It
should be kept in mind that S. dysgalactiae has not yet been
detected in greater amberjack or other marine finfish spe-
cies farmed in the Mediterranean area.

Mycobacterium marinum

Mycobacteriosis is a serious chronic disease of wild and
cultured fish species, caused by several species of the
Mycobacterium genus. The most important species seems
M. marinum, a Gram-positive, acid-fast bacterium, which
is also a human pathogen (Hashish et al., 2018). Following
infection, mycobacteria may use this survival ability within
the host’s macrophage to disseminate in various tissues of
the host and establish infection (Clay et al., 2007). Granulo-
mas, which are the chronic host immune response against
the infection, provide a niche for the persistence of bacteria
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(Colorni et al., 1998). These responses are the hallmark of
M. marinum infection in many animals including fish, and
their presence is one of the most important diagnostic
signs. More importantly, mycobacteria stain vividly red
using acid-fast stains like Ziehl-Neelsen, which makes them
easily differentiated from other pathogens.

Greater amberjack has been reported susceptible to
M. marinum (Kato et al., 2011). Most of the published
reports about mycobacteriosis are related to Japanese yel-
lowtail where M. marinum has been responsible for high
mortalities in farmed fish (Weerakhun et al, 2007). The
clinical signs included lethargy, anorexia and emaciation.
In the most progressed stages of the disease, fish exhibited
dermal lesions, ulceration and haemorrhages. Internally,
the disease is characterized by the presence of ascitic fluid
in the peritoneal cavity and white nodules, which could be
found in almost all internal organs of the affected fish
(Weerakhun et al., 2007; Weerakhun et al., 2010).

Until today, there are no published cases of mycobacte-
riosis in farmed greater amberjack in the Mediterranean.
However, the disease is common in this geographical area
in other fish species like European seabass (Colorni et al.,
1998) and meagre (Argyrosomus regius) (Asso, 1801) (Avs-
ever et al, 2014). Therefore, it could present a potential
threat to Mediterranean greater amberjack given to its sus-
ceptibility to the pathogen, as demonstrated in experimen-
tal infections but also in reports from Japan (Weerakhun
et al, 2010). Treatment of the disease is extremely difficult
and depends on prolonged administration of antibiotics
(Hashish et al., 2018), which makes it unpractical for aqua-
culture. There are no commercially available vaccines,
although experimental trials suggest that vaccination could
provide partial protection (Kato et al., 2011).

Nocardia seriolae

Nocardia seriolae is a Gram-positive, non-motile, branching
bacterium that belongs to the Nocardiaceae family. It is the
causative agent of nocardiosis in farmed Seriola spp. such
as Japanese yellowtail and greater amberjack, and one of
the most important bacterial diseases for the Japanese
aquaculture (Yasuike er al, 2017). Nocardiosis was
observed for the first time in 1967, and ever since, it is
responsible for severe economic losses (Kusuda & Naka-
gawa, 1978). The disease is characterized by abscesses in the
skin and tubercles in the gills, while internally there are
granulomatous lesions in the kidney and the spleen (Kudo
et al., 1988). Heavily polluted waters especially when they
are enriched by the nutrients of the uneaten food have been
directly connected to the persistence of the bacterium in
the affected fish farms (Kusuda & Nakagawa, 1978). Diag-
nosis is initially based on the clinical signs of the fish and
on imprints from lesions where the typical branching
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filamentous bacteria are evident. Nocardia seriolae is acid-
fast but this can be demonstrated mostly with Fite—Faraco
stain rather than Ziehl-Neelsen. The bacterium can be iso-
lated in routine and selective media, while definitive identi-
fication can be achieved with PCR (Labrie et al., 2005).

Nocardia seriolae has been isolated from farmed greater
amberjack in Japan (Shimahara et al, 2008) and is cur-
rently controlled with antibiotic administration. In Japan,
sulphonamides are the drugs of choice prescribed for treat-
ing N. seriolae (Akiyama et al., 2018). Oxytetracycline is
effective in vitro; however, its low bioavailability makes it
inadequate for controlling the disease in Seriola spp,
although coadministration with N-acetyl-d-glucosamine
(NAG) improved its absorption and efficacy (Akiyama
et al., 2018). Today, there are no commercially available
vaccines for N. seriolae but there are several attempts to
develop one using various technologies ranging from inac-
tivated bacterin, live-attenuated (Itano et al., 2006), recom-
binant subunits (Ho et al., 2018) and DNA vaccines (Kato
et al., 2014).

Intracellular bacteria

Epitheliocystis sp

Epitheliocystis is one of the oldest infectious diseases
described in fish. It is characterized by the presence of
intracellular inclusions of bacteria in the epithelial cells of
the gills and skin of affected fish. For many years, the dis-
ease was considered to be caused by chlamydia; however,
recent studies have shown that a great variety of intracellu-
lar bacteria belonging to - and -y proteobacteria may also
cause the disease (Mendoza et al., 2013; Stride et al., 2014;
Katharios et al, 2015; Qi et al, 2016; Seth-Smith et al.,
2016). All Seriola spp. have been reported to be susceptible
to Epitheliocystis (Venizelos & Benetti, 1996; Kobayashi
et al., 2004; Nowak & LaPatra, 2006), and the list of affected
fish includes more than 90 different species both in marine
and freshwater environment (Blandford et al, 2018). As in
other fish species (Katharios et al, 2008), the disease in
greater amberjack is more severe in the early developmental
stages and can result in mass mortalities (Crespo et al.,
1990; Grau & Crespo, 1991). It is also observed during the
first 2-3 months after the transfer of the fish from the
hatchery to the open sea. Later, as the fish grow, the disease
is benign, and few cysts may occasionally be found in the
gills without causing significant pathology. The disease can
be diagnosed easily using microscopy; however, at incidents
involving fish larvae, it may go undetected due to the rapid
deterioration of the delicate specimens. To date, no Epithe-
liocystis causative agent has been brought to culture, thus
making histology the most appropriate method for disease
diagnosis. Histologically, densely packed bacterial inclu-
sions are usually found in epithelial cells of the gills but also
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in the mitochondria-rich cells (chloride cells). In many
cases, there is a notable proliferative reaction and cysts are
surrounded by concentric layers of tissue giving a granulo-
matous appearance to the lesion. This is evident in the
infections described in greater amberjack from Spain (Cre-
spo et al., 1990) but also in Greece (Fig. 5, unpublished
data). Molecular tools have been developed for the detec-
tion of Epitheliocystis. However, it should be underlined
that co-existing infections by divergent Epitheliocystis-re-
lated agents have been reported and this may complicate
the identification of the true pathogen (Seth-Smith et al.,
2017). Unpublished data from our group suggest that the
major Epitheliocystis-causing agent in greater amberjack
farmed in Greece belongs to a novel species of the Ca.
Ichthyocystis genus.

In the majority of the cases, fish infected with Epithelio-
cystis recover after two to three weeks without treatment.
From our experience with farmed greater amberjack in
Greece, Epitheliocystis may cause mortality during grow-
out if there is a concurrent infection by parasites (usually
by the monogenean Z. seriolae). Oxytetracycline has been
recommended in the past as an effective therapeutic
(Goodwin et al, 2005) and UV sterilization at the hatchery
as a prevention measure against Epitheliocystis. Azithromy-
cin, an erythromycin derivative, has been recently proposed
for the control of some animal chlamydial infections (Bom-
mana & Polkinghorne, 2019), while erythromycin has
shown efficacy against Epitheliocystis infections in Japanese
farmed fish.

Viruses

Red seabream iridovirus

Red seabream iridovirus (RSIV) belongs to the Megalocy-
tivirus genus of the Iridoviridae family (DNA-templated
transcription). It is a highly contagious virus reported from
more than 30 different fish species (Kurita & Nakajima,
2012), which has been firstly described in farmed red seab-
ream in Japan, where it was associated with significant eco-
nomic losses (Matsuoka et al, 1996). The disease was
recently listed in the notifiable fish diseases of the World
Organization for Animal Health (https://www.oie.int/ani
mal-health-in-the-world/oie-listed-diseases-2020). Affected
fish are lethargic and anaemic, while internally the spleen is
enlarged. The typical sign of the disease is the presence of
hypertrophic cells in various organs when examined with
histology.

Both Japanese yellowtail and greater amberjack have
been reported to be susceptible to RSIV in Japan (Mat-
suoka et al., 1996; Kawakami & Nakajima, 2002). Various
methods have been developed for the diagnosis of the dis-
ease including histopathology, cytology, immunofluores-
cent antibody tests and PCR (OIE & Red Sea Bream
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Figure 5 (a) Pale gills with increased mucous in Epitheliocystis-affected greater amberjack farmed in Greece. (b) Epitheliocystis can be visible in fresh
squash preparations of gill biopsies when examined under a light microscope. (c) Typical inclusion containing granular material consistent with the
description of Epitheliocystis. (d) Two large inclusions containing the bacterial agents and numerous granulomas that are remnants of the host
response against the infection. (e, f) Secondary lamellae are fused and massively inflamed following Epitheliocystis infection. (Histological pictures

from Dr. Maja Ruetten, Pathovet AG.)

Iridoviral Disease OIE 2019). Prevention can be achieved
by a formalin-inactivated vaccine, which is commercially
available in Japan. The virus has not been detected in Eur-
ope so far.

Yellowtail ascites virus disease

Yellowtail ascites virus (YAV) is a species of Aquabirnavirus
and belongs to the family of Birnaviridae (Hirayama et al,
2007). It is an RNA virus that was first isolated from Japa-
nese yellowtail in Japan in the 80s (Sorimachi & Hara,
1985). The disease caused by the virus is associated with
mortality in juvenile fish and the characteristic presence of
ascitic fluid. In histopathology, affected fish display necro-
sis of the acinar cells of the pancreas, hepatic parenchymal
cell necrosis and hepatic haemorrhages, while some fish
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may exhibit also lesions in the kidney, stomach and intes-
tine (Egusa & Sorimachi, 1986). The only published report
regarding this disease in greater amberjack is from Ehime
prefecture in Japan in 1988 when a marine birnavirus
showing serological similarity with YAV was isolated from
fish with ascites (Kusuda et al., 1993). The disease has not
yet been reported in Europe.

Conclusions and recommendations

Disease outbreaks are perhaps the most important obstacles
for the further expansion of greater amberjack production
in new farming areas like the Mediterranean region. Some
of the causative agents like V. harveyi and P. damselae
subsp. piscicida are already affecting other cultured species
in the area such as European sea bass. Other pathogens are
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mostly host-specific like some of the monogenean parasites.
Finally, completely new or exotic pathogens may emerge as
greater amberjack farming intensifies. Fish farmers’ previ-
ous experience in established farmed fish species can be
beneficial, but at the same time it can also create significant
problems since greater amberjack farming differs signifi-
cantly and practices typically employed in the other farmed
species may increase the threat of disease outbreaks with
catastrophic impact. These concerns include the high fish
density in the cages, the age-class overlap at the same sites
and the overreliance of the farmers on treatment rather
than on prevention. Integrated pest management (IPM)
programmes should be the key to success. This type of pro-
grammes is being employed for many years in salmon
aquaculture in Northern European countries (Jackson
et al, 2018) and Canada (BCMAL, 2008; Brooks, 2009),
especially for the control of sea lice.

Such programmes include a series of pest assessments/
evaluations, controls and decisions. Significant pathogens
threatening the viability of the farming of this species
should be basically targeted. For greater amberjack raised
in the Mediterranean region, the list of potential pathogens
is narrower compared with its counterpart farmed in Japan
and other Asian countries, and based on the information
collected should include the gill fluke Z. seriolae, the blood
flukes Paradeontacylix spp., the bacterium V. harveyi and
the intercellular Epitheliocystis sp. Caution should be also
paid to the protozoan outbreaks in broodstock. Inspections
must seriously consider other pathogens as well, which
have not been yet discovered or have been detected near to
the Mediterranean area (e.g. Neobenedenia sp.).

One of the primary concerns in IPM for greater amber-
jack should be to ensure the quality and the health of the
initially used population prior to its introduction in the
facilities and especially to the cage environment, where
disease management is more complicate. Transfer of
greater amberjack seeds is not uncommon among
Mediterranean countries or within a country, and conse-
quently, health certificates from the suppliers coupled
with sufficient quarantine measures in the recipient enter-
prises should be paramount to prevent transfer of alien
diseases. It should not be neglected that unregulated
importation has been blamed as the main aetiology for
the emergence/transfer of certain diseases in Japanese
farmed greater amberjack. If seeds are produced locally in
the farm, maintenance of the broodstock health and
hygiene of the land-based facilities should be undoubtedly
of primary importance.

Disinfection measures with special reference to ultravio-
lent application should be enhanced in hatcheries and
land-based on-growing facilities to confront outbreaks due
to Epitheliocystis and to other microbial pathogens.
Advanced mechanical filters, which could prevent the
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entrance of infectious protozoan stages in land-based facili-
ties, must be mandatory especially for the health of blood-
stock, which is highly susceptible. Additionally, tank
quality and hygiene must be maintained at the highest
levels to aid preventing bacterial and protozoan outbreaks.

Greater amberjack seeds should be vaccinated against
V. harveyi at the earliest possible (first-stage immunity
bath), aiming prolong immunity, which could last at least
during the first growing year (second-stage immunity injec-
tion) in the cages where fish seem more susceptible. Per-
haps, commercial P. damselae subsp. piscicida vaccines,
that are available for other Mediterranean farmed fish suf-
fering from the disease, should be applied, regardless of the
fact that the pathogen has not been diagnosed so far in
Mediterranean greater amberjack. Possibly, this prevention
strategy is already practised in some greater amberjack
farmers in the region.

Farming of greater amberjack should be planned with
specific strategic cage/unit orientation, considering seawa-
ter and tide currents and ensuring a notable distance to
avoid the possible contact of potentially common patho-
gens, as has been stressed for fluke transmission in farmed
Seriola spp. (Chambers & Ernst, 2005). Greater amberjack
cages should be separated from those of meagre, which
might harbour Gram-positive bacterial pathogens, as a
strategy to eliminate the potential of transferring these
novel bacteria. Provided that farming site availability exist,
fallowing could be a powerful management measure for the
control of flukes in caged Seriola spp. (Sitja-Bobadilla &
Oidtmann, 2017). Shading of the conventional cages, which
is also a common practice in Mediterranean farming of
other fish species, is advised to reduce specific fluke multi-
plication enhanced by brightness. Net replacement should
be applied twice per month, especially during the summer
period, to minimize fouling and, thus, reduce the potential
egg load of flukes.

Pathogen surveillance and general health monitoring
should be continuous, especially during the periods with
high water temperatures (spring, summer and fall), where
fluke and bacterial outbreaks are favoured. Ideally, fish
sampling during these periods for inspection should be car-
ried out at least twice per month. Monthly H,O, (75 ppm
for 1 h) baths as a combined preventive/therapeutic
approach have been effective for reducing the overall fluke
infestations in some Mediterranean greater amberjack
farms.

Dietary delivery of effective alternative compounds is
strongly recommended to seal the immune defences of fish
and/or additionally battle potential pathogens. Practices
employed temporary fish starving or feed reduction during
the winter period should be always avoided since it could
force the fish to feed on aquatic prey and, thus, might
acquire pathogenic nematodes or cestodes.
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Transfer of pathogens from wild fish aggregated in the
vicinity of greater amberjack cages should be also consid-
ered, and prophylactic measures are advised with the estab-
lishment of perhaps specific net installations in the
perimeter of the main cages. This measure could also help
the prevention of seasonal attacks from predators as those
induced by tunas, dolphins and seals, which can externally
damage and stress caged greater amberjack with the poten-
tial of the emergence of secondary microbial outbreaks.

Finally, selective breeding programmes have been used
with success as prevention tools for a long period of time
against important diseases in other domesticated farmed
fish species (Henryon et al., 2005). Such strategies, where
progeny obtain a genetic architecture sealed with resistant
traits against particular disease challenges, are strongly
encouraged for greater amberjack.

Acknowledgements

This work was co-funded by the (i) Greece and the
European Union under the Fisheries and Maritime Oper-
ational Program 2014-2020 (75% EMFF contribution,
25% National Contribution) and (ii) ROBUST, through
the Operational Programme ‘Competitiveness,
Entrepreneurship and Innovation’ (NSRF 2014-2020),
and co-financed by Greece and the European Union
(European Regional Development Fund) and (iii) The
European Union’s Seventh Framework Programme for
research, technological development and demonstration
(KBBE-2013-07 single stage, GA 603121, DIVERSIFY).
Maria Chiara Cascarano was supported by the Hellenic
Foundation for Research and Innovation (HFRI) under
the HFRI PhD Fellowship grant (Fellowship Number:
253). The authors acknowledge Maria Papadaki for
proofreading the manuscript.

References

Abdelsalam M, Chen S-C, Yoshida T (2010) Phenotypic and
genetic characterizations of Streptococcus dysgalactiae strains
isolated from fish collected in Japan and other Asian coun-
tries. FEMS Microbiology Letters 302: 32—38.

Abdelsalam M, Asheg A, Eissa AE (2013) Streptococcus dysgalac-
tiae: an emerging pathogen of fishes and mammals. Interna-
tional Journal of Veterinary Science and Medicine 1: 1-6.

Aiello P, D’Alba A (1986) Amyloodinium ocellatum infestation
in yellowtail, Seriola dumerili, intensively reared in Sicily,
Italy. Bulletin of the European Association of Fish Pathologists
6: 110-111.

Akiyama K, Morita A, Hirazawa N, Kawahara H (2018) The
combination effect of N-acetyl-d-glucosamine on oral oxyte-
tracycline treatment against Nocardia seriolae infection in the
yellowtail Seriola quinqueradiata. Aquaculture 483: 149—153.

Reviews in Aquaculture, 1-23
© 2020 John Wiley & Sons Australia, Ltd

Diseases and therapy of farmed greater amberjack

Alcaide E (2003) Numerical taxonomy of Vibrionaceae isolated
from cultured Amberjack (Seriola dumerili) and surrounding
water. Current Microbiology 46: 184—189.

Alcaide E, Sanjuan E, de la Gdndara F, Garcia-Gémez A (2000)
Susceptibility of Amberjack (Seriola dumerili) to bacterial fish
pathogens. European Association of Fish Pathologists 20: 153—
156.

Alvarez-Pellitero P, Sitza-Bobadilla A, Franco-Sierra A, Palen-
zuela O (1995) Protozoan parasites of gilthead sea bream,
Sparus aurata L., from different culture systems in Spain.
Journal of Fish Diseases 18: 105-115.

Alvarez-Pellitero P, Sitjs-Bobadilla A (1993) Pathology of Myx-
osporea in marine fish culture. Diseases of Aquatic Organisms
17: 229-238.

Andaloro F, Pipitone CCBM (1997) Food and feeding habits of
the amberjack, Seriola dumerili, in the Central Mediterranean
Sea during the spawning season. Cahiers de Biologie Marine
38: 91-96.

Austin B, Zhang X-H (2006) Vibrio harveyi: a significant patho-
gen of marine vertebrates and invertebrates. Letters in Applied
Microbiology 43: 119-124.

Avsever M, Cavusoglu C, Gunen M, Yazicioglu O, Eskiizmirliler
S, Didinen BI et al.(2014) The first report of Mycobacterium
marinum isolated from cultured meagre, Argyrosomus regius.
Bulletin- European Association of Fish Pathologists 34: 124—
129.

Bader C, Starling DE, Jones DE, Brewer MT (2019) Use of prazi-
quantel to control platyhelminth parasites of fish. Journal of
Veterinary Pharmacology and Therapeutics 42: 139—153.

Bakopoulos V, Nikolaou I, Kalovyrna N, Amirali E, Kokkoris G,
Spinos E (2015) Prevention of fish photobacteriosis. Compar-
ison of the efficacy of intraperitoneally administered commer-
cial and experimental vaccines. Mediterranean Marine Science
16: 8.

BCMAL (2008) Sea Lice Management Strategy 2007/2008. British
Columbia Ministry of Agriculture and Lands.

Beck M, Evans R, Feist SW, Stebbing P, Longshaw M, Harris E
(2008) Anisakis simplex sensu lato associated with red vent
syndrome in wild adult Atlantic salmon Salmo salar in Eng-
land and Wales. Diseases of Aquatic Organisms 82: 61-65.

Blandford MI, Taylor-Brown A, Schlacher TA, Nowak B, Polk-
inghorne A (2018) Epitheliocystis in fish: An emerging aqua-
culture disease with a global impact. Transboundary and
Emerging Diseases 65: 1436—1446.

Bommana S, Polkinghorne A (2019) Mini review: Antimicrobial
control of chlamydial infections in animals: current practices
and issues. Frontiers in Microbiology 10: 113.

Bondad-Reantaso MG, Ogawa K, Fukudome M, Wakabayashi H
(1995) Reproduction and growth of Neobenedenia girellae
(Monogenea: Capsalidae), a skin parasite of cultured marine
fishes of Japan. Fish Pathology 30: 227-231.

Brazenor AK, Bertozzi T, Miller TL, Whittington ID, Hutson KS
(2018) DNA profiling reveals Neobenedenia girellae as the
primary parasitic monogenean in global fisheries and aqua-
culture. Molecular Phylogenetics and Evolution 129: 130-137.

17



G. Rigos et al.

Brooks KM (2009) Considerations in developing an integrated
pest management programme for control of sea lice on
farmed salmon in Pacific Canada. Journal of Fish Diseases 32:
59-73.

Bullard S, Stephen A, Overstreet R (2002) Proceedings of the 53rd
Gulf and Caribbean Fisheries Institute, Fort Pierce, Florida, p.
10-25. Gulf and Caribbean Fisheries Institute. http://aquaticc
ommons.org/id/eprint/13459

Castillo D, D’Alvise P, Middelboe M, Gram L, Liu S, Kalatzis PG
et al. (2015) Draft genome sequences of the fish pathogen Vib-
rio harveyi strains VH2 and VHS5. Genome Announcements 3:
€01062-01015.

Cavaleiro B, Hermida M, Saraiva A (2018) Parasites of amber-
jacks from the archipelago of Madeira, Eastern Atlantic. Dis-
eases of Aquatic Organisms 131: 133—142.

Chambers CB, Ernst I (2005) Dispersal of the skin fluke Benede-
nia seriolae (Monogenea: Capsalidae) by tidal currents and
implications for sea-cage farming of Seriola spp. Aquaculture
250: 60-69.

Clausen JH, Madsen H, Van PT, Dalsgaard A, Murrell KD
(2015) Integrated parasite management: path to sustainable
control of fishborne trematodes in aquaculture. Trends in Par-
asitology 31: 8-15.

Clay H, Davis ], Beery D, Huttenlocher A, Lyons S, Ramakrish-
nan L (2007) Dichotomous role of the macrophage in early
Mycobacterium marinum infection of the zebrafish. Cell Host
& Microbe 2: 29-39.

Colorni A (1987) Biology of Cryptocaryon irritans and strategies
for its control. Aquaculture 67: 236-237.

Colorni A, Avtalion R, Knibb W, Berger E, Colorni B, Timan B
(1998) Histopathology of sea bass (Dicentrarchus labrax)
experimentally infected with Mycobacterium marinum and
treated with streptomycin and garlic (Allium sativum) extract.
Aquaculture 160: 1-17.

Colorni A, Ravelo C, Romalde JL, Toranzo AE, Diamant A
(2003) Lactococcus garvieae in wild Red Sea wrasse Coris
aygula (Labridae). Disease of Aquatic Organisms 56: 275-278.

Costello MJ (2006) Ecology of sea lice parasitic on farmed and
wild fish. Trends in Parasitology 22: 475—483.

Crespo S, Grau A, Padrés F (1990) Epitheliocystis disease in the
cultured amberjack, Seriola dumerili Risso (Carangidae).
Aquaculture 90: 197-207.

Crespo S, Grau A, Padrés F (1992) Sanguinicoliasis in the cul-
tured amberjack Seriola dumerili Risso, from the Spanish
Mediterranean area. Bulletin of the European Association of
Fish Pathologists 12: 157—159.

Crespo S, Grau A, Padrés F (1994) The intensive culture of 0-group
amberjack in the western Mediterranean is compromised by dis-
ease problems. Aquaculture International 2: 262-265.

Darshanee Ruwandeepika HA, Sanjeewa Prasad Jayaweera T,
Paban Bhowmick P, Karunasagar I, Bossier P, Defoirdt T
(2012) Pathogenesis, virulence factors and virulence regula-
tion of vibrios belonging to the Harveyi clade. Reviews in
Aquaculture 4: 59-74.

18

Del Gigia-Aguirre L, Sdnchez-Yebra-Romera W, Garcia-Munoz
S, Rodriguez-Maresca M (2017) First description of wound
infection with Vibrio harveyi in Spain. New Microbes and New
Infections 19: 15-16.

Egusa S (1982) A microsporidian species from yellowtail juve-
niles, Seriola quinqueradiata, with beko disease. Fish Pathology
16: 187-192 (In Japanese with English abstract).

Egusa E (1983) Disease problems in Japanese yellowtail, Seriola
quinqueradiata, culture: a review. Diseases of Commercially
Important Marine Fish and Shellfish 182: 10—18.

Egusa S, Sorimachi M (1986) A histopathological study of yel-
lowtail ascites virus (YAV) infection of fingerling yellowtail,
Seriola quinqueradiata. Fish Pathology 21: 113-121 (In Japa-
nese with English abstract).

Fldar A, Ghittino C, Asanta L, Bozzetta E, Goria M, Prearo M
et al. (1996) Enterococcus seriolicida is a junior synonym of
Lactococcus garvieae, a causative agent of septicemia and
meningoencephalitis in fish. Current Microbiology 32: 85-88.

Ernst I, Whittington I, Corneillie S, Talbot C (2002) Monoge-
nean parasites in sea-cage aquaculture. Austasia Aquaculture
2002: 46—48.

Ernst I, Whittington ID, Corneillie S, Talbot C (2005) Effects of
temperature, salinity, desiccation and chemical treatments on
egg embryonation and hatching success of Benedenia seriolae
(Monogenea: Capsalidae), a parasite of farmed Seriola spp.
Journal of Fish Diseases 28: 157—164.

FAO (2018) Cultured aquatic species information programme,
report Seriola dumerili (Risso, 1810). Available from URL:
http://www.fao.org/ fi shery/culturedspecies/Seriola_dumerili/
enAo

Ferndndez-Montero A, Torrecillas S, Izquierdo M, Caballero MJ,
Milne DJ, Secombes CJ et al. (2019) Increased parasite resis-
tance of greater amberjack (Seriola dumerili Risso 1810) juve-
niles fed a ¢cMOS supplemented diet is associated with
upregulation of a discrete set of immune genes in mucosal tis-
sues. Fish & Shellfish Immunology 86: 35—45.

Fioravanti ML, Gustinelli A, Rigos G, Buchmann K, Caffara M,
Pascual S et al. (2020) Negligible risk of zoonotic parasites
anisakid nematodes in farmed fish from European maricul-
ture. Eurosurveillance, Accepted.

Forwood ], Bubner E, Landos M, Deveney M, Antignana T
(2016) Praziquantel delivery via moist pellets to treat mono-
genean parasites of yellowtail kingfish Seriola lalandi: efficacy
and feed acceptance. Diseases of Aquatic Organisms 121: 201—
209.

Furushita M, Fukuda T, Fukuda Y, Yamashita A, Yanagi S,
Imaoka Y et al. (2015) Antimicrobial susceptibility of the
strains of Lactococcus garvieae isolated from cultured fish of
the genus Seriola (yellowtail, amberjack and kingfish) in Japan
from 2004 to 2009. Aquaculture Science 63: 59—64.

de la Gandara F, Alonso I, Montero FE, Raga J (2005) Does sur-
viving Cryptocaryon irritans Brown, 1951 produce immunity
in Seriola dumerili Risso, 18102 Boletin - Instituto Espanol de
Oceanografia 21: 115120 (In Spanish with English abstract).

Reviews in Aquaculture, 1-23
© 2020 John Wiley & Sons Australia, Ltd


http://aquaticcommons.org/id/eprint/13459
http://aquaticcommons.org/id/eprint/13459
http://www.fao.org/
http://fi
http://shery/culturedspecies/Seriola_dumerili/enAo
http://shery/culturedspecies/Seriola_dumerili/enAo

Goodwin AE, Park E, Nowak BF (2005) Successful treatment
of largemouth bass, salmoides (L.), with
epitheliocystis hyperinfection. Journal of Fish Diseases 28:
623-625.

Grau A, Crespo S (1991) Epitheliocystis in the wild and cultured
amberjack, Seriola dumerili Risso: Ultrastructural observa-
tions. Aquaculture 95: 1-6.

Grau A, Crespo S, Pastor E, Gonzalez PEB, Carbonell E (2003)
High infection by Zeuxapta seriolae (Monogenea: Heterax-
inidae) associated with mass mortalities of amberjack Seriola
dumerili Risso reared in sea cages in the Balearic Islands (Wes-
tern Mediterranean). Bulletin of the European Association of
Fish Pathologists 23: 139-142.

Hagiwara H, Takano R, Noguchi M, Taniuchi Y, Kawano K,
Narita M et al. (2011) A study of lesions induced in Seriola
dumerili infected naturally with Streptococcus dysgalactiae.
Journal of Comparative Pathology 145: 122—125.

Hashish E, Merwad A, Elgaml S, Amer A, Kamal H, Elsadek A
et al. (2018) Mpycobacterium marinum infection in fish and

Micropterus

man: epidemiology, pathophysiology and management; a
review. Veterinary Quarterly 38: 35—46.

Henryon M, Berg P, Olesen NJ, Kjaer TE, Slierendrecht WJ,
Jokumsen A et al. (2005) Selective breeding provides an
approach to increase resistance of rainbow trout (Onchor-
hynchus mykiss) to the diseases, enteric redmouth disease,
rainbow trout fry syndrome, and viral haemorrhagic septi-
caemia. Aquaculture 250: 621-636.

Hirayama T, Nagano I, Shinmoto H, Yagyu K, Oshima S (2007)
Isolation and characterization of virulent yellowtail ascites
virus. Microbiology and Immunology 51: 397—406.

Hirayama T, Kawano F, Hirazawa N (2009) Effect of Neobenede-
nia girellae (Monogenea) infection on host amberjack Seriola
dumerili (Carangidae). Aquaculture 288: 159—-165.

Hirazawa N, Ohtaka T, Hata K (2000) Challenge trials on the
anthelmintic effect of drugs and natural agents against the
monogenean Heterobothrium okamotoi in the tiger puffer Tak-
ifugu rubripes. Aquaculture 188: 1-13.

Hirazawa N, Oshima S-i, Hata K (2001a) In vitro assessment of
the antiparasitic effect of caprylic acid against several fish par-
asites. Aquaculture 200: 251-258.

Hirazawa N, Oshima S-i, Mitsuboshi T, Hata K (2001b) The
anthelmintic effect of medium-chain fatty acids against the
monogenean Heterobothrium okamotoi in the tiger puffer Tak-
ifugu rubripes: evaluation of doses of caprylic acid at different
water temperatures. Aquaculture 195: 211-223.

Hirazawa N, Mitsuboshi T, Hirata T, Shirasu K (2004) Suscepti-
bility of spotted halibut Verasper variegatus (Pleuronectidae)
to infection by the monogenean Neobenedenia girellae (Cap-
salidae) and oral therapy trials using praziquantel. Aquacul-
ture 238: 83-95.

Hirazawa N, Takano R, Hagiwara H, Noguchi M, Narita M
(2010) The influence of different water temperatures on
Neobenedenia girellae (Monogenea) infection, parasite
growth, egg production and emerging second generation on

Seriola  dumerili

amberjack (Carangidae) and the

Reviews in Aquaculture, 1-23
© 2020 John Wiley & Sons Australia, Ltd

Diseases and therapy of farmed greater amberjack

histopathological effect of this parasite on fish skin. Aquacul-
ture 299: 2-7.

Hirazawa N, Ishizuka R, Hagiwara H (2016a) The effects of
Neobenedenia girellae (Monogenea) infection on host amber-

(Carangidae):
histopathological analyses. Aquaculture 461: 32—39.

Hirazawa N, Tsubone S, Takano R (2016b) Anthelmintic effects
of 75 ppm hydrogen peroxide treatment on the monogeneans

jack Seriola dumerili Hematological and

Benedenia seriolae, Neobenedenia girellae, and Zeuxapta japo-
nica infecting the skin and gills of greater amberjack Seriola
dumerili. Aquaculture 450: 244-249.

Ho J-s, Nagasawa K, Kim I-H, Ogawa K (2009) Occurrence of
Caligus lalandei Barnard, 1948 (Copepoda, Siphonostoma-
toida) on Amberjacks (Seriola spp.) in the Western North
Pacific. Zoological Science 18: 423—431.

Ho P-Y, Chen Y-C, Mackawa S, Hu H-H, Tsai A-W, Chang Y-F
et al. (2018) Efficacy of recombinant protein vaccines for pro-
tection against Nocardia seriolae infection in the largemouth
bass Micropterus salmoides. Fish & Shellfish Immunology 78:
35-41.

Hutson KS, Mata L, Paul NA, de Nys R (2012) Seaweed extracts
as a natural control against the monogenean ectoparasite,
Neobenedenia sp., infecting farmed barramundi (Lates
calcarifer). International Journal for Parasitology 42: 1135—
1141.

Ishida M, Kawano F, Umeda N, Hirazawa N (2007) Response of
Neobenedenia girellae (Monogenea) oncomiracidia to bright-
ness and black-and-white contrast. Parasitology 134: 1823—
1830.

Itano T, Kawakami H, Kono T, Sakai M (2006) Live vaccine tri-
als against nocardiosis in yellowtail Seriola quinqueradiata.
Aquaculture 261: 1175-1180.

Jackson D, Moberg O, Stenevik Djupevag EM, Kane F, Hareide
H (2018) The drivers of sea lice management policies and
how best to integrate them into a risk management strategy:
an ecosystem approach to sea lice management. Journal of
Fish Diseases 41: 927-933.

Jerez S, Fakriadis I, Papadaki M, Martin MV, Cejas JR, Mylonas
CC (2018) Spawning induction of first-generation (FI)
greater amberjack Seriola dumerili in the Canary Islands,
Spain using GnRHa delivery systems. Fishes 3: 35.

Johnson S, Treasurer J, Bravo S, Nagasawa K, Kabata Z (2004) A
review of the impact of parasitic copepods on marine aqua-
culture. Zoological Studies 43: 8—19.

Katharios P, Papadaki M, Papandroulakis N, Divanach P (2008)
Severe mortality in mesocosm-reared sharpsnout sea bream
Diplodus puntazzo larvae due to epitheliocystis infection. Dis-
eases of Aquatic Organisms 82: 55-60.

Katharios P, Seth-Smith HMB, Fehr A, Mateos JM, Qi W, Rich-
ter D et al. (2015) Environmental marine pathogen isolation
using mesocosm culture of sharpsnout seabream: striking
genomic and morphological features of novel Endozoicomonas
sp. Scientific Reports 5: 17609.

Kato G, Kato K, Saito K, Pe Y, Kondo H, Aoki T et al. (2011)
Vaccine efficacy of Mycobacterium bovis BCG against

19



G. Rigos et al.

Mycobacterium sp. infection in amberjack Seriola dumerili.
Fish & Shellfish Immunology 30: 467—472.

Kato G, Kato K, Jirapongpairoj W, Kondo H, Hirono I (2014)
Development of DNA Vaccines against Nocardia seriolae
Infection in Fish. Fish Pathology 49: 165-172.

Kato Y, Wada T, Yamashita H, Ikeda T, Nishiyama K, Imajoh M
(2019) Draft genome sequence of Vibrio harveyi strain
GAN1807, isolated from diseased greater amberjack (Seriola
dumerili) farmed in Nomi Bay, Japan, in 2018. Microbiology
Resource Announcements 8: €00629-00619.

Kawahara E, Nelson JS, Kusuda R (1986) Fluorescent antibody
technique compared to standard media culture for detection
of pathogenic bacteria for yellowtail and amberjack. Fish
Pathology 21: 39-45.

Kawai T, Sekizuka T, Yahata Y, Kuroda M, Kumeda Y, Ilijima Y
et al. (2012) Identification of Kudoa septempunctata as the
causative agent of novel food poisoning outbreaks in Japan by
consumption of Paralichthys olivaceus in raw fish. Clinical
Infectious Diseases 54: 1046-1052.

Kawakami H, Nakajima K (2002) Cultured fish species affected
by red sea bream iridoviral disease from 1996 to 2000. Fish
Pathology 37: 45-47 (In Japanese with English abstract).

Kearn GC, Ogawa K, Maeno Y (1992a) Hatching Patterns of the
Monogenean Parasites Benedenia seriolae and Heteraxine
heterocerca from the Skin and Gills, Respectively, of the Same
Host Fish, Seriola quinqueradiata. Zoological Science 9: 451—
455.

Kearn GC, Ogawa K, Maeno Y (1992b) The oncomiracidium of
Heteraxine heterocerca, a monogenean gill parasite of the yel-
lowtail seriola quinqueradiata. Publications of the Seto Marine
Biological Laboratory 35: 347-350.

Kinami R, Miyamoto J, Yoshinaga T, Ogawa K, Nagakura Y
(2005) A practical method to distinguish between Neobenede-
nia girellae and Benedenia seriolae. Fish Pathology 40: 63—66.

Kobayashi T, Ishitaka Y, Imai M, Kawaguchi Y (2004) Epithelio-
cystis disease in cultured amberjack Seriola dumerili in Japan.
Suisanzoshoku 52: 105-106.

Kogiannou D, Nikoloudaki C, Vasilaki A, Pyrenis G, Nengas I,
Rigos G (2019) Pharmacokinetic comparison of different dos-
ing strategies of infeed administered praziquantel in greater
amberjack Seriola dumerili. In European Aquaculture Society
Conference, Aquaculture Europe, Our Future Growing from
Water, pp 711-713: Berlin, Germany Oct 7-10, 2019.

Kolkovski S, Sakakura Y (2004) Yellowtail kingfish, from larvae
to mature fish — problems and opportunities. In: Cruz Sudrez
LE, Ricque Marie D, Nieto Lépez M, Villarreal D, Scholz U,
Gonzalez M (eds) Avances en Nutricion Acuicola VII. Memo-
rias del VII Simposium Internacional de Nutricion Acuicola.
16-19 Noviembre, 2004. Hermosillo, Sonora, México, pp.
109-125.

Kozul V, Skaramuca B, Glamuzina B, Glavi¢ N, Tutman P
(2001) Comparative gonadogenesis and hormonal induction
of spawning of cultured and wild mediterranean amberjack
(Seriola dumerili, Risso 1810). Scientia Marina 65: 215-220.

20

Kubota S, Kimura M, Egusa S (1970) Studies on “bacterial
tuberculoidosis” in cultured yellowtail- 1. Symptomatology
and histopathogy. Fish Pathology 4: 111-118.

Kudo T, Hatai K, Seino A (1988) Nocardia seriolae sp. nov. caus-
ing nocardiosis of cultured fish. International Journal of Sys-
tematic and Evolutionary Microbiology 38: 173-178.

Kurita J, Nakajima K (2012) Megalocytiviruses. Viruses 4: 521—
538.

Kusuda R, Nakagawa A (1978) Nocardial infection of cultured
yellowtail. Fish Pathology 13: 25-31.

Kusuda R, Salati F (1993) Major bacterial diseases affecting mar-
iculture in Japan. Annual Review of Fish Diseases 3: 69—85.

Kusuda R, Kawai K, Salati F, Banner CR, Fryer JL (1991) Entero-
coccus seriolicida sp. nov., a Fish Pathogen. International Jour-
nal of Systematic and Evolutionary Microbiology 41: 406—409.

Kusuda R, Nishi Y, Hosono N, Suzuki S (1993) Serological com-
parison of birnaviruses isolated from several species of marine
fish in South West Japan. Fish Pathology 28: 91-92.

Labrie L, Ng J, Tan Z, Komar C, Ho E, Grisez L et al. (2005)
Nocardial infections in fish: an emerging problem in both
freshwater and marine aquaculture systems in Asia. In: Bon-
dad-Reantaso MG, Mohan CV, Crumlish M, Subasinghe RP
(eds) Diseases in Asian Aquaculture VI Fish Health Section, pp.
297-312. Asian Fisheries Society, Manila.

Lackenby JA, Chambers CB, Ernst I, Whittington ID (2007)
Effect of water temperature on reproductive development of
Benedenia seriolae (Monogenea: Capsalidae) from Seriola
lalandi in Australia. Diseases of Aquatic Organisms 74: 235—
242.

Lia R, Zizzo N, Tinelli A, Lionetti A, Cantacessi C, Otranto D
(2007) Mass mortality in wild greater amberjack (Seriola
dumerili) infected by Zeuxapta seriolae (Monogenea: Heterax-
inidae) in the Ionian Sea. Bulletin of the European Association
of Fish Pathologists 27: 108—111.

Lu CH, Ku CC, Wen C-M, Chen S-N (2012) Effect of the gill
parasite Zeuxapta seriolae (Heteraxinidae) on the sea cage-cul-
tured amberjack Seriola dumerili (Rosso, 1810) at Penghu
Island (Pescadores), Taiwan. Journal of the Fisheries Society of
Taiwan 39: 107-114.

Mansell B, Powell MD, Ernst I, Nowak BF (2005) Effects of the
gill monogenean Zeuxapta seriolae (Meserve, 1938) and treat-
ment with hydrogen peroxide on pathophysiology of kingfish,
Seriola lalandi Valenciennes, 1833. Journal of Fish Diseases 28:
253-262.

Matsuoka S, Inouye K, Nakajima K (1996) Cultured fish species
affected by red sea bream iridoviral disease from 1991 to
1995. Fish Pathology 31: 233-234 (In Japanese with English
abstract).

Mazzola A, Favaloro E, Sara G (2000) Cultivation of the
Mediterranean amberjack, Seriola dumerili (Risso, 1810), in
submerged cages in the Western Mediterranean Sea. Aquacul-
ture 181: 257-268.

Mendoza M, Giiiza L, Martinez X, Caraballo X, Rojas ], Aran-
guren Lf et al.(2013) A novel agent (Endozoicomonas elysicola)

Reviews in Aquaculture, 1-23
© 2020 John Wiley & Sons Australia, Ltd



responsible for epitheliocystis in cobia Rachycentrum cana-
dum larvae. Diseases of Aquatic Organisms 106: 31-37.

Meyburgh CM, Bragg RR, Boucher CE (2017) Lactococcus gar-
vieae: an emerging bacterial pathogen of fish. Diseases of
Aquatic Organisms 123: 67-79.

Militz TA, Southgate PC, Carton AG, Hutson KS (2013) Dietary
supplementation of garlic (Allium sativum) to prevent mono-
genean infection in aquaculture. Aquaculture 408—409: 95-99.

Minami T, Iwata K, Shimahara Y, Yuasa K (2016) Vibrio harveyi
infection in farmed greater amberjack Seriola dumerili. Fish
Pathology 51: 1-7 (In Japanese with English abstract).

Miwa S, Kamaishi T, Hirae T, Murase T, Nishioka T (2011)
Encephalomyelitis associated with microsporidian infection
in farmed greater amberjack, Seriola dumerili (Risso). Journal
of Fish Diseases 34: 901-910.

Monno S, Sugiura H, Yamashita H, Kato Y, Morimitu K, Imajoh
M (2018) Draft genome sequence of Vibrio harveyi strain
GAN1709, isolated from diseased greater amberjack (Seriola
dumerili) farmed in Japan. Genome Announcements 6: e€00611-
00618.

Montero F (2001) Estudio parasitolo” gico en cultivos de Seriola
dumerili (Risso, 1810) en el Mediterraneo, p. 178Valencia:
University of Valencia.

Montero FE, Garcia A, Raga J (1999) First record of Paradeonta-
cylix Mcintosh, 1934 species (Digenea :
Mediterranean amberjack, Seriola dumerili (Risso, 1810), cul-
ture. Bulletin of the European Association of Fish Pathologists
19: 107-109.

Montero F, Aznar F, Ferndndez M, Raga J (2003a) Girdles as the
main infection site for Paradeontacylix kampachi (Sanguini-
colidae) in the greater amberjack Seriola dumerili. Diseases of

Sanguinicolidae) in

aquatic organisms 53: 271-272.

Montero F, Aznar F, Fernandez M, Raga J (2003b) Redescription
of Allencotyla mcintoshi Price, 1962 (Monogenea), with an
emended diagnosis of Allencotyla Price, 1962. The Journal of
Parasitology 89: 133—136.

Montero FE, Crespo S, Padrés F, De la Gandara F, Garcia A,
Raga JA (2004) Effects of the gill parasite Zeuxapta seriolae
(Monogenea: Heteraxinidae) on the amberjack Seriola dumer-
ili Risso (Teleostei: Carangidae). Aquaculture 232: 153-163.

Montero FE, Kostadinova A, Raga JA (2009) Development and
habitat selection of a new sanguinicolid parasite of cultured
greater amberjack, Seriola dumerili, in the Mediterranean.
Aquaculture 288: 132—139.

Mooney AJ, Ernst I, Whittington ID (2008) Egg-laying patterns
and in vivo egg production in the monogenean parasites
Heteraxine heterocerca and Benedenia seriolae from Japanese
yellowtail Seriola quinqueradiata. Parasitology 135: 1295—
1302.

Morales-Serna FN, Medina-Guerrero RM, Fajer-Avila EJ (2016)
Sea lice (Copepoda: Caligidae) parasitic on fishes reported
from the Neotropical region. Neotropical Biodiversity 2: 141—
150.

Mylonas C, Papandroulakis N, Smboukis A, Papadaki M, Diva-
nach P (2004) Induction of spawning of cultured greater

Reviews in Aquaculture, 1-23
© 2020 John Wiley & Sons Australia, Ltd

Diseases and therapy of farmed greater amberjack

amberjack (Seriola dumerii) using GnRHa implants. Aquacul-
ture 237: 141-154.

Nagasawa K, Fukuda YA-k, Sci B (2011) Two Species of Caligus
(Copepoda: Caligidae) from amberjacks (Seriola spp.) cul-
tured in Oita Prefecture, Kyushu, Western Japan. Biosphere
Science 50: 49-53.

Nakajima N, Kawanishi M, Imamura S, Hirano F, Uchiyama M,
Yamamoto K et al. (2014) Development of a serology-based
assay for efficacy evaluation of a lactococcicosis vaccine in
Seriola fish. Fish & Shellfish Immunology 38: 135-139.

Nijssen E, Reinders M, Krystallis A, Tacken G (2019) Developing
an internationalization strategy using diffusion modeling: The
case of greater Amberjack. Fishes 4: 12.

Nishiki I, Noda M, Itami T, Yoshida T (2010) Homogeneity of
Streptococcus  dysgalactiae from farmed amberjack Seriola
dumerili in Japan. Fisheries Science 76: 661-668.

Nishiki I, Yoshida T, Fujiwara A (2019) Complete genome
sequence and characterization of virulence genes in Lancefield
group C Streptococcus dysgalactiae isolated from farmed
amberjack (Seriola dumerili). Microbiology and Immunology
63: 243-250.

Nomoto R, Munasinghe LI, Jin D-H, Shimahara Y, Yasuda H,
Nakamura A et al. (2004) Lancefield group C Streptococcus
dysgalactiae infection responsible for fish mortalities in Japan.
Journal of Fish Diseases 27: 679-686.

Nomoto R, Unose N, Shimahara Y, Nakamura A, Hirae T, Mae-
buchi K et al. (2006) Characterization of Lancefield group C
Streptococcus dysgalactiae isolated from farmed fish. Journal of
Fish Diseases 29: 673—682.

Nowak BF, LaPatra SE (2006) Epitheliocystis in fish. Journal of
Fish Diseases 29: 573-588.

Ogawa K (2010) Parasitic diseases of fish and shellfish of Japan.
Nippon Suisan Gakkaishi 76: 586598 (In Japanese).

Ogawa K, Egusa S (1981) Redescription of the development of
Heteraxine heterocerca (Monogenea: Heteraxinidae) with a
note on the relationship between the asymmetry and the site
of attachment to the gill. Bulletin of the Japanese Society of Sci-
entific Fisheries 47: 1-7.

Ogawa K, Egusa E (1986) Two new species of Paradeontacylix
McIntosh, 1934 (Trematoda: Sanguinicolidae) from the vas-
cular system of a cultured marine fish Seriola purpurascens.
Fish Pathology 21: 15-19.

Ogawa K, Fukudome M (1994) Mass mortality caused byblood
fluke (Paradeontacylix) among amberjack (Seriola dumerili)
imported to Japan. Fish Pathology 29: 265-269.

Ogawa K, Yokoyama H (1998) Parasitic diseases of cultured
marine fish in Japan. Fish Pathology 33: 303—-309.

Ogawa K, Andoh H, Yamaguchi M (1993) Some biological
aspects of Paradeontacylix (Trematoda: Sanguinicolidae)
infection in cultured marine fish Seriola dumerili. Fish Pathol-
ogy 28: 177-180 (In Japanese with English abstract).

Ogawa K, Bondad-Reantaso M, Fukudome M, Wakabayashi H
(1995) Neobenedenia girellae (Hargis, 1955) Yamaguti, 1963
(Monogenea: Capsalidae) from cultured marine fishes of
Japan. The Journal of Parasitology 81: 223-227.

21



G. Rigos et al.

Ogawa K, Hattori K, Hatai K, Kubota SS (1989) Histopathology
of cultured marine fish, Seriola purpurascens (Carangidae)
infected with Paradeontacylix spp. (Trematoda: Sanguinicoli-
dae) in its vascular system. Fish Pathology 24: 75-81.

Ogawa K, Iwaki T, Itoh N, Nagano T (2012) Larval cestodes
found in the skeletal muscle of cultured greater amberjack
Seriola dumerili in Japan. Fish Pathology 47: 33-36.

Ohnishi T, Obara T, Arai S, Yoshinari T, Sugita-Konishi Y
(2018) Quantitative analysis of Unicapsula seriolae in greater
amberjack associated with unidentified food-borne disease.
Food Hygiene and Safety Science (Shokuhin Eiseigaku Zasshi)
59: 24-29 (In Japanese with English abstract).

Ohno Y, Kawano F, Hirazawa N (2008) Susceptibility by amber-
jack (Seriola dumerili), yellowtail (S. quinqueradiata) and
Japanese flounder (Paralichthys olivaceus) to Neobenedenia
girellae (Monogenea) infection and their acquired protection.
Aquaculture 274: 30-35.

Ohno Y, Kawano F, Hirazawa N (2009) The effect of oral antibi-
otic treatment and freshwater bath treatment on susceptibility
to Neobenedenia girellae (Monogenea) infection of amberjack
(Seriola dumerili) and yellowtail (S. quinqueradiata) hosts.
Aquaculture 292: 248-251.

OIE (2019) World Organisation for Animal Health. In: Red Sea
Bream Iridoviral Disease OIE (ed.) Manual of Diagnostic Tests
for Aquatic Animals, Chapter 2.3.8 (2019) (Online) www.oie.
int. Paris, France.

Paperna I (1991) Diseases caused by parasites in the aquaculture
of warm water fish. Annual Review of Fish Diseases 1: 155—
194.

Paperna I (1996) Parasite, infections and disease of fishes in
Africa, pp. 1-220. Rome, FAO. An Update. (ed 31 CTP).

Partridge G, Michael R, Thuillier L (2014) Praziquantel form,
dietary application method and dietary inclusion level affect
palatability and efficacy against monogenean parasites in yel-
lowtail kingfish. Diseases of Aquatic Organisms 109: 155-163.

Pilmer L (2016) Novel methods of improving the palatability of
feeds containing praziquantel for commercially cultured yel-
lowtail kingfish. Honours thesis, School of Veterinary and Life
Sciences, Murdoch University, Australia. http://researchreposi
tory.murdoch.edu.au/id/eprint/35141

Qi W, Vaughan L, Katharios P, Schlapbach R, Seth-Smith HMB
(2016) Host-associated genomic features of the novel uncul-
tured intracellular pathogen Ca. Ichthyocystis revealed by
direct sequencing of epitheliocysts. Genome Biology and Evolu-
tion 8: 1672—1689.

Repullés-Albelda A, Montero FE, Holzer AS, Ogawa K, Hutson
KS, Raga JA (2008) Speciation of the Paradeontacylix spp.
(Sanguinicolidae) of Seriola dumerili. Two new species of the
genus Paradeontacylix from the Mediterranean. Parasitology
International 57: 405—414.

Rigos G, Katharios P (2010) Pathological obstacles of newly-in-
troduced fish species in Mediterranean mariculture: a review.
Reviews in Fish Biology and Fisheries 20: 47-70.

Rigos G, Troisi GM (2005) Antibacterial agents in Mediter-
ranean finfish farming: a synopsis of drug pharmacokinetics

22

in important euryhaline fish species and possible environmen-
tal implications. Reviews in Fish Biology and Fisheries 15: 53—
73.

Rigos G, Christophilogiannis P, Giahnishi M, Andriopoulou A,
Koutsodimoy M, Nengas I et al. (1998) Amyloodinium occela-
tum infestation on sharpsnout sea bream, Puntazzo puntazzo
cetti. Bulletin of the European Association of Fish Pathologists
18: 198-200.

Rigos G, Pavlidis M, Divanach P (2001) Host susceptibility
to Cryptocaryon sp. infection of Mediterranean marine
broodfish held under intensive culture conditions: a case
report. Bulletin of the European Association of Fish Patholo-
gists 21: 33-36.

Rigos G, Fountoulaki E, Cotou E, Dotsika E, Dourala N, Kara-
costas I (2013) Tissue distribution and field evaluation of
caprylic acid against natural infections of Sparicotyle chryso-
phrii in cage-reared gilthead sea bream Sparus aurata. Aqua-
culture 408—409: 15-19.

Rigos G, Mladineo I, Nikoloudaki C, Vrbatovic A, Kogiannou D
(2016) Application of compound mixture of caprylic acid,
iron and mannan oligosaccharide against Sparicotyle chryso-
phrii (Monogenea: Polyopisthocotylea) in gilthead sea bream,
Sparus aurata. Folia Parasitologica 63:027. https://doi.org/10.
14411/p.2016.027

Romalde JL (2002) Photobacterium damselae subsp. piscicida: an
integrated view of a bacterial fish pathogen. International
Microbiology 5: 3-9.

Sanchez-Garcia N, Repulles-Albelda A, Costa J, Raga J, Montero
F (2015) Seriola dumerili Parasitised by the Skin Monogenean
Neobenedenia melleni on Spanish Atlantic Cultures. 17th Inter-
national Conference on Diseases of Fish and Shellfish, Las Pal-
mas de Gran Canaria, Spain, Sep 7-11 2015, p 276.

Seng LT (1997) Control of parasites in cultured marine finfishes
in Southeast Asia—an overview. International Journal for Par-
asitology 27: 1177-1184.

Sepulveda FA, Gonzdlez MT (2015) Patterns of genetic variation
and life history traits of Zeuxapta seriolae infesting Seriola
lalandi across the coastal and oceanic areas in the southeast-
ern Pacific Ocean: potential implications for aquaculture. Par-
asites & Vectors 8: 282.

Seth-Smith HMB, Dourala N, Fehr A, Qi W, Katharios P, Ruet-
ten M et al. (2016) Emerging pathogens of gilthead seabream:
characterisation and genomic analysis of novel intracellular -
proteobacteria. The ISME Journal 10: 1791-1803.

Seth-Smith HMB, Katharios P, Dourala N, Mateos JM, Fehr
AG]J, Nufer L et al. (2017) Ca. Similichlamydia in epithelio-
cystis co-infection of gilthead seabream gills: unique morpho-
logical features of a deep branching chlamydial family.
Frontiers in Microbiology 8: 508.

Sharp N, Poortenaar CW, Diggles DBK, Willis T (2003) Meta-
zoan parasites of yellowtail kingfish, Seriola lalandi, in New
Zealand: prevalence, intensity and site preference. New Zeal-
and Journal of Marine and Freshwater Research 37: 273-282.

Sharp NJ, Diggles BK, Poortenaar CW, Willis TJ (2004) Efficacy
of Aqui-S, formalin

and praziquantel against the

Reviews in Aquaculture, 1-23
© 2020 John Wiley & Sons Australia, Ltd


http://www.oie.int
http://www.oie.int
http://researchrepository.murdoch.edu.au/id/eprint/35141
http://researchrepository.murdoch.edu.au/id/eprint/35141
https://doi.org/10.14411/fp.2016.027
https://doi.org/10.14411/fp.2016.027

monogeneans, Benedenia seriolae and Zeuxapta seriolae,
infecting yellowtail kingfish Seriola lalandi lalandi in New
Zealand. Aquaculture 236: 67—83.

Shimahara Y, Nakamura A, Nomoto R, Itami T, Chen SC,
Yoshida T (2008) Genetic and phenotypic comparison of
Nocardia seriolae isolated from fish in Japan. Journal of Fish
Diseases 31: 481—488.

Shirakashi S, Ogawa K (2016) Blood fluke infections in marine
cultured fish. Fish Pathology 51: 92-98 (In Japanese with Eng-
lish abstract).

Sicuro B, Luzzana U (2016) The state of Seriola spp. other than
yellowtail (S. quinqueradiata) farming in the world. Reviews in
Fisheries Science & Aquaculture 24: 314-325.

Sitja-Bobadilla A, Oidtmann B (2017) Integrated Pathogen Man-
agement Strategies in Fish Farming -Chapter 5 . Fish Diseases
Prevention and Control Strategies, pp. 119-144. Academic
Press. https://doi.org/10.1016/B978-0-12-804564-0.00005-3

Sitja-Bobadilla A, de Felipe MC, Alvarez-Pellitero P (2006) In
vivo and in vitro treatments against Sparicotyle chrysophrii
(Monogenea: Microcotylidae) parasitizing the gills of gilthead
sea bream (Sparus aurata L.). Aquaculture 261: 856-864.

Sorimachi M, Hara T (1985) Characteristics and pathogenicity of
avirus isolated from yellowtail fingerlings showing ascites. Fish
Pathology 19: 231-238 (In Japanese with English abstract).

Stride MC, Polkinghorne A, Nowak BF (2014) Chlamydial infec-
tions of fish: diverse pathogens and emerging causes of disease
in aquaculture species. Veterinary Microbiology 170: 19-27.

Sugiyama A, Yokoyama H, Ogawa K (1999) Epizootiological
investigation on kudoosis amami caused by Kudoa amamien-
sis (Multivalvulida : Myxozoa) in Okinawa Prefecture, Japan.
Fish Pathology 34: 39—43 (In Japanese with English abstract).

Tamaru CS, Klinger-Bowen RC, Ogawa K, Iwaki T, Kurashima
A, Ttoh N (2016) Prevalence and species identity of try-
panorhyncha in cultured and wild amberjack, Seriola spp. in
Hawaii — implications for aquaculture. Journal of the World
Aquaculture Society 47: 42-50.

Trasvina-Moreno AG, Ascencio F, Angulo C, Hutson KS, Avilés-
Quevedo A, Inohuye-Rivera RB et al. (2019) Plant extracts as
a natural treatment against the fish ectoparasite Neobenedenia
sp. (Monogenea: Capsalidae). Journal of Helminthology 93:
57-65.

Vaughan D, Grutter A, Hutson K (2018) Cleaner shrimp remove
parasite eggs on fish cages. Aquaculture Environment Interac-
tions 10: 429-436.

Vendrell D, Balcazar JL, Ruiz-Zarzuela I, de Blas I, Gironés O,
Muzquiz JL (2006) Lactococcus garvieae in fish: A review.
Comparative Immunology, Microbiology and Infectious Diseases
29:177-198.

Venizelos A, Benetti DD (1996) Epitheliocystis disease in cul-
tured yellowtail Seriola mazatlana in Ecuador. Journal of the
World Aquaculture Society 27: 223-227.

Reviews in Aquaculture, 1-23
© 2020 John Wiley & Sons Australia, Ltd

Diseases and therapy of farmed greater amberjack

Vivanco-Aranda M, Del Rio-Zaragoza OB, Lechuga-Sandoval
CE, Viana MT, Rombenso AN (2018) Health response in yel-
lowtail Seriola dorsalis exposed to an Amyloodinium ocellatum
outbreak. Ciencias Marinas 44: 267-277.

Weerakhun S, Aoki N, Kurata O, Hatai K, Nibe H, Hirae T
(2007) Mycobacterium marinum infection in cultured yel-
lowtail Seriola quinqueradiata in Japan. Fish Pathology 42:
79-84.

Weerakhun S, Wada S, Hatai K, Sano A, Nibe H, Hirae T (2010)
Pathogenicity of Mycobacterium marinum to Amberjack Seri-
ola dumerili, Red Sea Bream Pagrus major and Mouse. Fish
Pathology 45: 88-91.

Whittington ID, Corneillie S, Talbot C, Morgan JAT, Adlard RD
(2001) Infections of Seriola quinqueradiata Temminck & Sch-
legel and S. dumerili (Risso) in Japan by Benedenia seriolae
(Monogenea) confirmed by morphology and 28S ribosomal
DNA analysis. Journal of Fish Diseases 24: 421-425.

Williams R, Ernst I, Chambers C, Whittington I (2007) Effi-
cacy of orally administered praziquantel against Zeuxapta
seriolae and Benedenia seriolae (Monogenea) in yellowtail
kingfish Seriola lalandi. Diseases of Aquatic Organisms 77:
199-205.

Yamamoto S, Shirakashi S, Morimoto S, Ishimaru K, Murata O
(2011) Efficacy of oral praziquantel treatment against the skin
fluke infection of cultured chub mackerel, Scomber japonicus.
Aquaculture 319: 53-57.

Yasuike M, Nishiki I, Iwasaki Y, Nakamura Y, Fujiwara A,
Shimahara Y et al. (2017) Analysis of the complete genome
sequence of Nocardia seriolae UTF1, the causative agent of fish
nocardiosis: The first reference genome sequence of the fish
pathogenic Nocardia species. PLoS One 12: e0173198.

Yokoyama H, Ayado D, Miyahara J, Matsukura K, Takami I,
Yokoyama F et al. (2011) Infection dynamics of Microsporid-
ium seriolae (Microspora) causing the beko disease of Seriola
spp. Fish Pathology 46: 51-58.

Yokoyama H, Miyazaki Y, Yoshinaga T (2013) Microsporidian
encephalomyelitis in cultured yellowtail Seriola quinqueradi-
ata. Fish Pathology 48: 119-125.

Yokoyama S, Ishikawa M, Koshio S (2019) Dietary bovine lacto-
ferrin enhances defense factors on body surface and anti-para-
sitic effects against Neobenedenia girellae infection, and
mitigates low-salinity stress in amberjack (Seriola dumerili)
juveniles. Aquaculture 504: 52-58.

Yoshinaga T, Dickerson HW (1994) Laboratory propagation
of cryptocaryon irritans on a saltwater-adapted poecilia
hybrid, the black molly. Journal of Aquatic Animal Health
6: 197-201.

Yoshinaga T, Kinami R, Hall KA, Ogawa K (2006) A preliminary
study on the infection of anisakid larvae in juvenile greater
amberjack Seriola dumerili imported from China to Japan as
mariculture seedlings. Fish Pathology 41: 123—126.

23


https://doi.org/10.1016/B978-0-12-804564-0.00005-3

