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Abstract

Fish trade and aquaculture activities are considered the major causes of fish and shellfish disease spread and transfer. An
outbreak of infectious nature in captive stock of Java rabbitfish (Siganus javus) in brackish water tanks was investigated.
Microscopic examination revealed different stages of the parasitic dinoflagellate Amyloodinium in the gill filaments of
moribund fish. Histopathological studies confirmed severe infestation with gill erosion and lamellar fusion. The geographi-
cal lineage of the isolate was determined through partial sequencing of the 18S ribosomal RNA gene. BLAST analysis of
the 18SrRNA gene sequence determined the 100% identity to Amyloodinium ocellatum and clustered with other isolates
reported from Italy, Israel, the United States, Portugal, and Japan in the phylogenetic tree. The salinity requirement of the
isolate was assessed by incubating tomont stages at salinities ranging from 0 to 30 %o. Salinities below 5 %o were shown
to inactivate and degrade 90% of the tomonts within 14 days of incubation, whereas salinities above 10 %o supported
the parasite life cycle and its development. Further, the susceptibility of Asian seabass (Lates calcarifer) to A. ocellatum
was elucidated in a challenge study. The current study demonstrated the potential threat of parasitic translocation with
fish movement, the salinity regimes for their development, molecular detection including its impact on other cultivable

fish species.
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Introduction

Fish are farmed in a variety of aquatic habitats. They con-
tract viruses, bacteria, and parasites spread undetected dur-
ing fish transit, trade, and aquaculture activities. Parasitic
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dinoflagellates are a serious threat, particularly, Amyloodin-
ium in the Oodiniaceae family cause heavy economic losses
to fish culture in tropical and temperate environments (Lieke
et al. 2019; Thomas et al. 2020; Ananda raja 2022; Moreira
et al. 2023). The life cycle of parasitic dinoflagellates is
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direct and rapid, infection is apparent during mass mortal-
ity events. With the intensification of marine and brackish
water finfish farming, parasitic dinoflagellates have turned
out to be a serious risk factor and concern for aquaculture
operations in India (Kumar et al. 2015; Kizhakudan et al.
2015; Thomas et al. 2020; Dhayanithi et al. 2022).

Amyloodinium has a wide host range, affecting the skin
and gills of fish species, including larval and adult fish, in
warmer climatic conditions (Kuperman and Matey 1999;
Cruz-Lacierda et al. 2004; Thomas et al. 2020). At present,
fish kills due to 4. ocellatum are reported in captive brood
stocks of marine fish and specific information about its
salinity regimes, infectivity, and their host range is remain-
ing unavailable (Kumar et al. 2015; Kizhakudan et al. 2015;
Thomas et al. 2020; Dhayanithi et al. 2022).

Fish have varied susceptibility to Amyloodinium infec-
tion eliciting inflammatory and local immune responses
with the production of Toll-like receptor (TLR-22), che-
mokines, interleukins (IL-1), and tumor necrosis factor a
(TNF-0) in yellow tail (Seriola lalandi), European seabass
(Dicentrarchus labrax), and silver pomfret (Pampus argen-
teus) and developed specific immunity in the hybrid striped
bass and tomato clownfish (Amphiprion frenatus) that sur-
vived Amyloodiniosis (Smith et al. 1994; Cobb et al. 1998;
Reyes-Becerril et al. 2015; Byadgi et al. 2021; Zhang et al.
2021).

Disease management strategies in aquaculture require
access to vital information regarding the pathogens, the sus-
ceptibility of fishes and methods to limit the spread when
introduced into new environment (Eissa et al. 2016). It is
also important to have an understanding of environmental
patterns and water quality indicators during disease out-
breaks (Alosairi et al. 2021). The development of 4. ocel-
latum 1is primarily affected by temperature and salinity
conditions (18-30 °C). However, significant variations in
salinity tolerance have been reported in different geographi-
cal isolates, indicating the variability in environmental
adaptations (Paperna 1984; Alvarez-Pellitero 2008).

The present study investigated Amyloodiniosis in brood
stock of Java rabbitfish, a prospective species for diversifi-
cation (Rajaprabhu et al. 2021), the optimum salinity for 4.
ocellatum, including its detection by PCR and an infectiv-
ity experiment in Asian seabass was undertaken. The study
signifies the translocation of parasites with their fish host to
new niches and its transmissibility to susceptible hosts in
the new environment.
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Materials and methods

Sample collection and microscopic examination of
Java rabbit fish (Siganus javus)

Java rabbit fish (N=360, wt~ 10-30 g) were collected dur-
ing April to June, 2020 from the brackish water creeks of
Vennangupattu (12°14°30.1"N 79°58°56.4"E), Tamil Nadu,
India and were reared in brackish water tanks for cap-
tive maturation. Sudden mortalities occurred in fish dur-
ing November, 2020 (temp-27+2 °C, salinity-15 %o) and
moribund fish samples were collected for investigations.
Briefly, wet mount of the skin mucus and gill lamellae were
prepared and observed under microscope (Nikon eclipse
Ni, Japan). For ultrastructural studies, gills (1-2 cm) were
preserved in 2.5% glutaraldehyde solution at 4 °C over-
night and dehydrated with graded alcohol and chemically
dried with hexamethyldisilazane and examined under the
scanning electron microscope (JEOL Ltd, Japan) (Kumar
et al. 2022). For histological analysis, gills were fixed in
10% formalin for 48 h, washed under running water, dehy-
drated using graded alcohol (50%, 70%, 90%, and 100%),
cleared in xylene and embedded in liquid paraffin. Tissues
were then sectioned (Leica RM2245, USA) and stained with
haematoxylin and eosin and mounted on DPX according to
standard procedure, and observed under high magnifica-
tions (Nikon eclipse Ni, Japan).

Molecular identification by polymerase chain
reaction

DNA extraction

Genomic DNA was extracted using the lysis buffer-phenol-
chloroform method with minor modifications (Sambrook et
al. 1989). Briefly, the infested gill tissues (~20 mg) were
homogenized using sterile homogenising sticks in 200 pL.
of lysis buffer (50 mM Tris, 1 mM ethylene diamine tetra-
acetic acid (EDTA), 500 mM NacCl, 1% SDS) with 2 pL of
20 mg/ml of proteinase K and the homogenate was incu-
bated at 56 °C for 30 min and followed by 95 °C for 10 min.
To the tissue digest, 200 pL of phenol-chloroform-isoamyl
alcohol was added and centrifuged at 4 °C at 12,000 rpm
for 10 min. The aqueous phase was then collected in sterile
1.5 ml microcentrifuge tubes and centrifuged with a mix-
ture of an equal volume of chloroform and isoamyl alcohol
(24:1). The supernatant was collected, and the DNA was
precipitated in 1.5 volume of 100% alcohol at -20 °C for
20 min. The DNA precipitated was collected by centrifug-
ing and washed in 70% alcohol, and air-dried under sterile
conditions. The DNA pellet was dissolved in sterile nucle-
ase-free water (50 uL) and stored at -20 °C for further use.
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18SrRNA gene polymerase chain reaction

The 18SrRNA gene was amplified using published
primers from Levy et al. (2007a); Marques et al.
(2019) (AmyF1-5° TAGATGTTCTGGGCTGCAC
G-3’, AmyR1-5° CCTACGGAAACCTTTACGAC 3’
AmyF2-5’GACCTTGCCCGAGAGGG3’, AmyR2-
5’CCGCCACAGTTTTCAGAAGC3’) in a 25 pL reaction
volume consisting of 12.5 pL of 2X taqg DNA polymerase
PCR master mix RED (Ampliqon, Denmark), 0.5 uL each
of forward and reverse primers (Eurofins, India) and 2 pL of
50 ng/ pL template genomic DNA. The cycle conditions for
PCR were carried out as per published protocols (Levy et al.
2007a; Marques et al. 2019). Briefly, initial denaturation of
3 min at 94 °C, following 30 cycles of denaturation at 94 °C
for 30 s, annealing at 58 °C for 30 s, and extension at 72 °C
for 30 s, with a final extension of 10 min at 72 °C. First-
step PCR products were diluted (1:10) and subjected to
second-step PCR using AmyF2 and AmyR2 primers under
the same reaction and cycling conditions. PCR products
and 100 bp DNA ladder (Takara, Japan) were resolved on
a 1.2% agarose- tris-acetate EDTA gel stained with 0.5 pg/
mL ethidium bromide at 100 V for 20 min, visualized and
photographed under a gel documentation system (Bio-Rad,
USA). The PCR products were purified and sequenced at
Genomics laboratory (Eurofins, India).

Sequencing and phylogenetic analysis

The forward and reverse FASTA sequences of 18SrRNA
gene retrieved from the chromatogram were edited and
aligned using the BioEdit 7.2 tool (Hall 1999). The aligned
FASTA sequences were used for homology search using
Basic Local Alignment Search Tool (BLAST) in the
NCBI database (http://www.ncbi.nih.gov/BLAST). The
closest genetic identity of the current isolates was found.
Further, the 18SrRNA gene sequences of eight Amylood-
inium isolates of India (OP889363.1-present study); the
North Adriatic Sea (KY474336.1-Italy); Gulf of Mexico
(JX905204.1); common clownfish (AF080096.1-USA);
seabass (MG768977.1-Portugal); Red Sea (DQ490257.1-
Israel); Tiger pufferfish (LC475458.1-Japan); Mediterra-
nean sea (DQ490256.1), two isolates of Piscinoodinium
(EF016921.1 and EF016917.1-USA and six other represen-
tative dinoflagellates of O. Gonyaulacales (KX097020.1-
Alexandrium  fragae and  EU130569.1-Dinophysis
acuminata); O.Gymnodinales (EF492504.1-Karenia bre-
vis); O. Noctilucales (KR527303.1-Noctiluca scintillans);,
O.Syndiniales (KX097020.1-Amoebophrya); F. Symbio-
diniaceae (AB016581.1-Symbiodinium) along with Ichthy-
ophthirius multifiliis (KJ690572.1) of Phylum Ciliophora
as an outgroup were used for phylogenetic analysis using

the Molecular Evolutionary Genetics Analysis (MEGA-X)
(10.1.8). The best fit model was evaluated after multiple
sequence alignment and a phylogenetic tree was gener-
ated with 1000 bootstrap replicates and using Maximum
likelihood method by employing Kimura 2-parameter with
gamma distribution rates (K2 + G) model (Felsenstein
1985; Saitou and Nei 1987; Tamura et al. 2004; Kumar et
al. 2018).

Salinity test for A. ocellatum
Collection of tomonts

Tomont stages were collected as described in a previous
study (Masson et al. 2013). Infested gills were excised and
placed in sterile seawater in a petriplate. Tomonts adhered
on the gill lamellae were gently flushed with sterile phos-
phate buffered saline (PBS) using a pipette, free tomonts in
seawater were collected, and rinsed twice and suspended in
PBS for further use.

Salinity test

Tomonts (N=100) were dispersed into 15 ml of 0, 5, 10,
15, 20, and 30 %o of saline water in triplicates and incu-
bated at 30 °C under natural conditions. Aliquotes were
collected from each treatment every 2 days intervals and
were observed under higher magnification until 14 days.
The number of tomonts were counted at the end of 14th day
and analysed statistically using One-way ANOVA in SPSS
statistics 29.0.0.0.

Experimental challenge on Asian seabass (L.
Calcarifer) using A. ocellatum

An experimental challenge was carried out to check the
infectivity A. ocellatum on Asian seabass. Briefly, Asian
seabass (N=60; wt-100 g) were distributed at the rate of 10
fish/tank into 6 tanks of 500 L capacity (salinity-30 %o, tem-
perature-28 °C) with continuous aeration and were fed com-
mercial seabass feed twice daily at 2% of their body weight.
Tomonts (500 no~256x 500 dinospores) were added to
three fish tanks (Roberts-Thomson et al. 2006). The remain-
ing fish (N=30) in three tanks served as the control group.
Fish exposed to parasites were routinely checked for the
presence of the parasite, and the mortalities. The number of
mortalities was recorded per day and the cumulative mor-
talities were calculated. Wet mounts of gills from dead fish
were examined for parasites.
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Fig. 1 Java rabbitfish (S. javus)
collected from disease affected
tanks (a). Wet mount prepara-
tions of heavily infected gill with
Amyloodinium stages (4X) (b)

(c) (d)

Fig.2 Wet mount preparation of the gills of Java rabbit fish (S. javus) a. Trophonts- feeding stage of 4. ocellatum, scale bar-100 um; b. Develop-
ing tomonts, scale bar-50 pm; ¢. Division of tomonts, scale bar-20 pm; d Dinospores with flagella marked with black arrows, scale bar-10 pm.

Results in the gill chamber. Wet mount preparation of gills of the fish
revealed round or ovoid developmental stages of the marine
Gross signs and microscopic examination dinoflagellate Amyloodinium. The gills were heavily infested

with the round to oval trophont stages (Fig. 1a&b). Micro-
Dead fish appeared asphyxiated with opened mouth and  scopic examination revealed round to ovoid trophonts (20—50
excess mucus covering over the body. Opercular examina-  puM) adhered to gill lamellae (Fig. 2a&b), tomonts (20—-100
tion revealed the presence of coarse sand and stone particles ~ uM) were appeared in single or in clusters at different stages

@ Springer



Journal of Parasitic Diseases

Fig. 3 Ultrastructural observation of tomont stage of 4. ocellatum
under scanning electron microscope. Scale bar : 10 pm

Fig. 4 Histopathological examination of primary lamella of Java
rabbitfish, S. javus infested with 4. ocellatum. Note ovoid dividing
tomonts (arrow head) located at the interfilamental sulcus. Secondary
gill lamellae are curled (black arrows) and fused with adjacent fila-
ment. Severe congestion, generalized mild to moderate hypertrophy
and hypercellularity of lamellar epithelial cells are observed with syn-
echiae formation by fusion along the lengths of some lamellae and/or
at the lamellar tips (white arrows). Note the formation of pseudocystic
spaces by synechiae. H&E. Scale bar: 50 pm

of their development (Fig. 2c, SF1), and biflagellated dino-
spores (<10 uM) (Fig. 2d). Tomonts appeared round with
granular cell contents under the ultrastructural examina-
tion of the gills with scanning electron microscopy (~20
uM- Fig. 3).

Histopathological examination of the A. ocellatum
infested gill lamellae showed ovoid dividing tomonts
located at the interfilamental sulcus. Secondary gill lamel-
laec were curled and fused with adjacent filament. Severe
congestion, generalized mild to moderate hypertrophy and
hypercellularity of lamellar epithelial cells were observed
with synechiae formation by fusion along the lengths of
some lamellae and/or at the lamellar tips (Fig. 4).

A. ocellatum has a direct life cycle with a single host
(Fig. 5). The illustration depicts the triphasic transmission

cycle of A. ocellatum in Java rabbitfish where the free-liv-
ing dinospore (infective stage) finds the fish host and trans-
forms into a feeding stage called trophont. Trophonts are
the obligatory parasites of fish where they feed on the epi-
thelial layers of skin and gills develop into tomont stages.
Tomonts are the dividing phase of the parasite where it
undergoes multiple divisions and produces dinospores.
Duration of the life cycle varies with different isolates and
geographical locations under the influence of salinity and
temperature.

Molecular detection using 18SrRNA gene based PCR

PCR amplification of the DNA extracted from 4. ocel-
latum infested gill tissue using 18SrRNA gene primers
yielded a 336 base pairs (bp) amplicon in the first-step
and a 225 bp amplicon in the second step (Fig. 6). The
PCR product was sequenced and sequence generated
were submitted to the NCBI Genbank® (accession num-
ber OP889363).

BLAST analysis and phylogenetic tree

The BLASTN analysis revealed that the 18SrRNA gene
sequences from the present study were 100% identi-
cal to an Italian isolate of 4. ocellatum from the North
Adriatic Sea (KY474336.1). The phylogenetic tree built
using 18SrRNA sequences of eight 4. ocellatum and two
Piscinoodinium, and other 8 representative dinoflagellates
revealed that the Indian isolate clustered with Amylood-
inium isolates in a separate clade along with other 4. ocel-
latum isolates from Italy, USA, Mediterranean Sea, Israel,
Portugal, and Japan, whereas Ichthyophthirius multifiliis
of Phylum Ciliophora formed an outgroup in the phyloge-
netic tree (Fig. 7).

Effect of salinity on tomonts

Tomonts incubated at different salinities (0, 5, 10, 15, 20, 25,
30 %o) were counted at the end of 14th day and expressed
as percentage of the initial number graphically in Fig. 8.
The initial number of tomonts (100 no) were significantly
reduced to <10%, (p value<0.001) at 0 and 5 %o salinity
and the microscopic examination revealed that the content
of the tomonts were shrunken and with no divisional activi-
ties (Fig. 9-a &b, SF2, SF3). No tomonts were observed at
10 %0 and 15 %o salinities (SF4, SF5) and the number of
tomonts incubated at higher salinities of 20 %o and 30 %o
were reduced to less than 30% and the tomonts appeared
intact and were found to be at different stages of multiplica-
tion (SF5, Fig. 9-c&d).
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Fig. 5 Illustration of life cycle of
A. ocellatum in Java rabbitfish

(S. javus). The life cycle depicted
a direct transmission cycle of 4.
ocellatum with a single fish host,
where the free-living dinopore
finds the suitable fish host and
develops into a trophont feed-
ing on the epithelial layers of
skin and gills of host. Trophont
develops into tomonts which
undergoes multiple divisions and
transforms into dinospores which
are available for new infections

Mature tmEbonts
Drop off fish

Experimental infection on Asian seabass (L.
Calcarifer)

The first mortality in Asian seabass exposed to A. ocellatum
was occurred on the fourteenth day, cumulative mortality
reached 25% (16th day post challenge), 50% (18th day post
challenge), and 100% (28th day of post challenge) within
4th, 6th, and 10th day post initial mortality (Fig. 10-a)
Infested fish appeared dark coloured, with a thin white layer
of substrate covering the dorsal body surface, and excess
mucus on gills and skin (Fig. 10- b). Microscopic examina-
tion confirmed the presence of several stages of the para-
sites varying from 20 to 80 nos per square millimeter of gill
lamellae (Fig. 10-c).

Discussion
Heavy infestations of parasites pose a significant threat to
marine and brackishwater aquaculture, resulting in mas-

sive fish mortality and economic losses. Warm-water fishes
are particularly vulnerable to parasitic dinoflagellates and
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ciliates notably including Amyloodinium, Piscinoodinium,
Ichthyodinium, Ichthyophthirius, and Cryptocaryon. These
organisms present a substantial risk to aquaculture systems
due to their rapid generation time, low host specificity and
often leading to high mortality rates ranging from 80 to
100% during outbreaks (Noga and Levy 2006; Lieke et al.
2019; Ananda raja 2022; Sudhagar et al. 2022; Moreira et al.
2023). Among parasitic dinoflagellates, Amyloodinium and
Piscinoodinium excerts considerable impact in aquaculture
systems. Though A.ocellatum is closely similar to Pisci-
noodinium they are genetically quite distinct, belonging to
monospecific genus (Levy et al. 2007a). Moreover, their
remarkable tolerance to varying salinity levels and their
expected expansion to higher altitudes under global warm-
ing effects is a predicted threat to non-parasitized fishes
(Moreira et al. 2023).

Amyloodinium has a broad host range affecting vari-
ous cultured warm-water fish species such as silver moony
(Monodactylus argenteus), milkfish (Chanos chanos), man-
grove red snapper (Lutjanus argentimaculatus), European
seabass (Dicentrarchus labrax), silver pompano (Trachino-
tus blochii), Indian halibut (Psettodes erumei), striped grey
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500 bp —
336 bp

— 225bp

A B C

Fig. 6 Gel electrophoresis image of the amplicons from A. ocella-
tum infected gill tissues of Java rabbitfish (S. javus) by PCR. Lane A,
100 bp DNA ladder; lane B, First step PCR amplification product of
336 base pairs (bp); lane C. Second step PCR amplification product
of 225 bp

mullet (Mugil cephalus), and seabream (Sparus aurata)
(Baticados and Quinition 1984; Cruz-Lacierda et al. 2004;
Kumar et al. 2015; Kizhakudan et al. 2015; Moreira et al.
2017; Bessat and Fadel 2018; Thomas et al. 2020). Amy-
loodinium has been detected in captive fish populations
including silver pompano, Indian halibut, silver moony, and
percula clown fish, causing concerns in fish hatcheries and
brood stock development facilities across India (Kumar et
al. 2015; Kizhakudan et al. 2015; Thomas et al. 2020; Dhay-
anithi et al. 2022). Aquaculture operations have been found
to transmit pathogens with their fish hosts potentially harm-
ing native fauna (Fishar 2006). Meanwhile, wild-caught fish
frequently contain parasites unique to their region, adapt to
the new territory and can infiltrate the adjoining fish facili-
ties (Menconi et al. 2019). Some parasitic stages are micro-
scopic and highly resilient to disinfection, evade detection
and release with fishes into new environment (Menconi et
al. 2019). The present isolate of A. ocellatum was detected
in a captive stock of Java rabbit fish and the first documented
case of Amyloodiniosis in Java rabbit fish demonstrating
severe pathogenicity in affected fish (Cruz-Lacierda et al.
2004). The detection of Amyloodinium at molecular level
may aid in developing diagnostics to detect early infec-
tions in fish and environmental samples for faster disease
prediction and treatment (Levy et al. 2007a). Furthermore,

in contrast to other parasitic dinoflagellates like Icthybodo
and Piscinoodinium, the phylogenetic analysis based on the
SSU gene revealed the presence of a single species of A.
ocellatum across various geographical locations with more
than 99% sequence similarity (Levy et al. 2007a; Francis-
Floyd and Floyd 2011). Despite similar mode of attachment
to host, molecular data suggest that the convergent evolu-
tion towards ectoparasitism occurred independently in Amy-
loodinium and Piscinoodinium, placing the later along with
free living and endosymbiotic dinoflagellate of O. Sussiales
(Levy et al., 2007b).

The temperature and salinity adaptations of 4. ocellatum
are varied across different geographical isolates, the opti-
mum temperature ranges from 18 to 30 °C and the salin-
ity tolerance across 50 %o to 12 %o (Paperna 1984; Noga
and Levy 1995). Noga and Levy (1995) have suggested that
reducing salinities may help to alleviate the burden of 4.
ocellatum in marine aquarium fish during disease outbreaks,
although A. ocellatum outbreaks have been reported in estu-
arine waters with salinities as low as 2 to 3%o. Therefore,
understanding the salinity regimes of the current isolate is
highly essential for developing effective preventive strate-
gies against the parasite in tropical aquaculture systems. Our
findings revealed that 4. ocellatum isolated from Java rab-
bitfish can be controlled by lowering salinities <5 %o, and a
14-day exposure of tomont stages to freshwater inhibits the
division and aids their destruction. Lower salinities may be
a potential option for recently translocated and infected fish
stocks in order to control the infection and prevent parasite
spread to local fauna. Our findings on the present parasitic
isolate have shown that salinities ranging from 10 to 20 %o
are conducive for parasite propagation and a potential threat
to fishes in tropical brackishwater systems.

Ampyloodinium infestation has been the cause of fish mor-
talities in marine fish hatcheries, cages and farms (Thomas
et al. 2020; Bessat and Fadel 2018; Kumar et al. 2015;
Kizhakudan et al. 2015; Moreira et al. 2017, 2023) due to
their high rate of proliferation and quick spread via free-
living dinospores (Noga and Levy 1995). The current study
demonstrated the development and transmission of 4. ocel-
latum via tomont stages to native fish fauna. Though devas-
tating, bio-securing the hatcheries with proper quarantine,
disinfection, and adequate treatment, parasite infections in
marine brood stocks can be effectively prevented (Kumar et
al. 2015; Paperna 1984). However, due to the restricted use
of medications and pesticides in water bodies, these parasite
diseases continue to be a problem in cages, pens, and similar
open aquaculture systems. Successful preventive approaches
to sensitive marine and brackish water larviculture systems
have yet to be investigated. Zooplankton predator, Artemia
have been successfully used to reduce the parasite burden
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MG768977.1 Amyloodinium ocellatum (Seabass Portugal)

+ DQ490256.1 Amyloodinium ocellatum (Mediterranean Sea)
LC475458.1 Amyloodinium ocellatum (Tiger puffer Japan)

100 | AF080096.1 Amyloodinium ocellatum (Common clown fish USA)

KY474336.1 Amyloodinium ocellatum (North Adriatic sea Italy)
OP889363.1 Amyloodinium ocellatum (Java rabbitfish Chennai India)
JX905204.1 Amyloodininm ocellatum (Gulf of Mexico USA)

DQO490257.1 Amyloodinium ocellatum (Red Sea Israel)
oo | EF016921.1 Piscinoodinium sp. (USA)

EF016917.1 Piscinoodinium sp. (USA)

23

15

el

0.10

Fig. 7 Phylogenetic tree of 18SrRNA gene of A. ocellatum isolates
based on neighbor joining method. 18SrRNA gene of eight Amylood-
inium isolates of India (OP889363.1-present study); the North Adri-
atic Sea (KY474336.1-Italy); Gulf of Mexico (JX905204.1); common
clownfish (AF080096.1-USA); seabass (MG768977.1-Portugal);
Red Sea (DQ490257.1-Israel); Tiger pufferfish (LC475458.1-Japan);
Mediterranean sea (DQ490256.1), two isolates of Piscinoodinium
(EF016921.1 and EF016917.1-USA and six other representative dino-

in red drums (Oestmann et al. 1995) and similar kind of
environmentally safe natural predators such as rotifers and
copepods can be a useful aid to reduce the parasitic stages in
sensitive marine larviculture systems. Vaccination against
parasitic flagellates has yet to be explored; however, given
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AB016581.1 Symbiodinium sp. (Japan)

EF492504.1 Karenia brevis (USA)

EU130569.1 Dinophysis acuminata (USA)
KX097020.1 Alexandrium fiagae (Brazil)
KX602128.1 Amoebophrya (Argentina)
KR527303.1 Nocfiluca scintillans (China)

KJ690572.1 Ichthyophthirius multifiliis (USA)

flagellates of O. Gonyaulacales (KX097020.1-Alexandrium fragae and
EU130569.1-Dinophysis acuminata); O.Gymnodinales (EF492504.1-
Karenia brevis); O. Noctilucales (KR527303.1-Noctiluca scintillans);
O.Syndiniales (KX097020.1-4Amoebophrya); F. Symbiodiniaceae
(ABO016581.1-Symbiodinium) along with Ichthyophthirius multifiliis
(KJ690572.1) of Phylum Ciliophora as an outgroup were used for phy-
logenetic analysis using the Molecular Evolutionary Genetics Analysis
(MEGA-X) (10.1.8)

reports of antibody-mediated immune responses to recur-
ring infections (Smith et al. 1994; Cobb et al. 1998), the
potential for vaccine development could be investigated
further.
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Fig. 8 Graphical representation of number of tomonts

present at different salinities on 14th day of salinity test.
Tomonts (100 nos) were incubated at 0, 5, 10, 15,20 &
30 %o and were counted and expressed as percentage at
the end of 14th day. Tomonts were reduced to below 10%
at 0 and 5 %o salinity and less than 30% at 20 and 30 %o
salinity. Tomonts were completely absent at 10 and 15 %o

salinity

Fig. 9 Microscopic examination of tomonts of 4.
ocellatum on 14th day of incubation in salinity
test viz., (a) and (b)-Degrading tomonts with
shrunken contents at 0 %o; (¢) and (d) -Intact
tomonts at 30 %o; (b) and (d) were digitally
magnified and scale bar does not represent
actual size
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Fig. 10 Experimental challenge on
Asian seabass (L. calcarifer) using A. 120

ocellatum. (a) Cumulative mortality 9
curve of Asian seabass post-challenge ‘é 100
with 4. ocellatu.; (b) Infected Asian =
seabass post-challenge; (¢) Heavy £ 30
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on the gills of dead Asian seabass : 60
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Conclusions

The current investigation reveals the presence of Amylood-
inium ocellatum, an obligatory fish parasite in the rabbit fish
stocks for captive maturation and breeding programme. A
PCR based detection and identification of the parasite was
undertaken in the current study which aids in faster imple-
mentation of preventive and therapeutic strategies to con-
tain the disease spread. Additionally, the invasive nature
of A. ocellatum in Asian seabass and its salinity tolerance
were investigated. The early infection by Amyloodinium can
be treated using freshwater dip treatments in closed aqua-
culture systems, however such treatment is impractical in
extensive fish culture facilities and scope of vaccination of
fishes against such ectoparasites should be explored. Con-
clusively, a biosecurity plan based on continuous monitor-
ing for newly recruited fish stocks for aquaculture programs
must be effectively applied using adequate quarantine and
disinfection strategies to stop the introduction and spread of
disease agents to native fish species.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s12639-
024-01710-1.
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