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Abstract

We isolated the infectious viral agent from

infected Asian seabass, Lates calcarifer (Bloch,

1790) using SSN-1 cells. The isolated virus was

cultivated in indigenous marine fish cell lines

developed from ornamental sea anemone fish

Amphiprion sebae and from Asian seabass.

Reverse transcriptase PCR using betanodavirus-

specific primers gave positive results for the RNA

from virus-infected cells (hereinafter referred to

as L. calcarifer nervous necrosis virus Indian

strain – LCNNV-In01). Serum neutralization test

indicated partial homogeneity between Atlantic

halibut nervous necrosis virus (AHNNV 692/9/

98) and LCNNV-In01. Transmission electron

micrographs of the virus-infected cell culture

showed large numbers of 25–30-nm particles in

cellular vacuoles with features similar to betan-

odaviruses. Pathogenicity study in seabass finger-

lings using cell culture grown virus revealed

nervous necrosis in retinal cells following a 21-

day challenge trial. The nodavirus was reisolated

from the infected fish using clownfish and sea-

bass cell lines. Sequence analysis of the coat pro-

tein gene showed that the virus belonged to

RGNNV group (GenBank Acc. No. FR669249).

The isolation of the nodavirus from seabass in

India and its potential to grow in non-homolo-

gous cell lines indicate the serious threat of the

Indian strain of betanodavirus (LCNNV-In01) to

cultured and ornamental marine fish that have

their hatchery production successfully standard-

ized in India.
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Introduction

Piscine neuropathy viruses of the genus betanoda-

virus are the aetiological agents of viral nervous

necrosis (VNN) disease or viral encephalopathy

and retinopathy (VER). Following the first out-

break of the disease at early larval stage in seabass

hatcheries in Martinique, the French Mediterra-

nean (Breuil, Bonami, Pepin & Pichot 1991) and

Queensland (Glazebrook, Heasman & de Beer

1990), it was first identified as a member of the

family Nodaviridae by molecular analysis of the puri-

fied virus from infected hatchery-reared larvae of

striped jack Pseudocaranx dentex (Mori, Nakai, Naga-

hara, Muroga, Ariomoto, Mushiake & Furasawa

1992). Nodavirus presence has now been

reported in over 40 marine fish species (Gagne,

Johnson, Cook-Versloot, MacKinnnon & Olivier

2004), marine ornamental fish (Gomez, Lim,

Baeck, Youn, Shin, Youn, Hwang, Park & Park

2006), live food organisms (Chi, Shieh & Lin

2003) and freshwater fish (Bigarre, Cabon, Baud,

Heimann, Body, Lieffrig & Castric 2009; Jithen-

dran, Shekhar, Kannappan & Azad 2011). These

viruses are small (25–30 nm), non-enveloped,
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capped but not polyadenylated single-stranded

RNA viruses with an icosahedral shape. The bipar-

tite genome is composed of two positive sense

RNA molecules – RNA1 and RNA2. The 3.1-kb

RNA1 encodes 100-kDa RNA-dependent RNA

polymerase (protein A), and 1.4-kb RNA2 encodes

42-kDa coat protein (a) (Mori et al. 1992; Nagai &

Nishizawa 1999). A subgenomic RNA3 synthe-

sized during RNA replication of RNA1 is present

in infected cells, but not in the virus particle

(Sommerset & Nerland 2004). It encodes B2 pro-

tein of unknown function, but it serves an RNA

interference antagonist that facilities intracellular

viral RNA accumulation (Fenner, Thiagarajan,

Chua & Kwang 2006), also it may act as a trans-

activator during the replication of RNA2 (Eckerle

& Ball 2002).

Although the isolation of the betanodaviruses

in established fish cell lines such as RTG-2,

CHSE-214 and FHM, EPC and BF-2 reported

unsuccessful results (Breuil et al.1991; Mori, Na-

kai, Nagahara, Muroga, Mukuchi & Kanno

1991; Munday, Langdan, Hyatt & Humphrey

1992; Nguyen, Mekuchi, Imura, Nakai, Nishiza-

wa & Muroga 1994; Grotmol, Totland, Kvelles-

tad, Fjell & Olsen 1995), Frerichs, Rodger and

Peric (1996) reported the first successful cell cul-

ture isolation of piscine nodaviruses (from brain

tissue of juvenile seabass, Dicentrarchus labrax) in

SSN-1 cell line derived from whole fry tissue of

striped snakehead, Channa striatus. Subsequently,

it was reported in simian cell line (Cos1), fish

cell lines such as SBL, RTG-2, BF-2 (semi-permis-

sive for Dicentrarchus labrax encephalitis virus)

(Delsert, Morin & Comps 1997), cell line GF-1

derived from grouper Epinephelus coides (Chi, Hu

& Lo 1999) and persistent infection of betanoda-

virus in BB cell line derived from brain tissue of

barramundi Lates calcarifer (Chi, Wu & Cheng

2005).

In India, the seabass culture is growing rapidly,

but the incidence of infection causing up to 90%

mortality has already been reported from seabass

fish hatcheries (Azad, Shekhar, Thirunavukkarasu,

Poornima, Kailasam, Rajan, Ali, Abraham & Ravi-

chandran 2005). Diseased fish showed vacuolating

encephalopathy and retinopathy with abnormal

swimming, anorexia, lethargy and change in

pigmentation. Apart from seabass, seed production of

several marine ornamental fish including anemone

fish (clown fish, Amphiprion sebae) is being success-

fully completed in India. In this report, we describe

the cell culture isolation of Indian strain of betan-

odavirus from Lates calcarifer in SSN-1 cell line

and its characterization by RT-PCR, sequence

analysis, serum neutralization, TEM analysis and

pathogenicity study.

Materials and methods

Cell culture

Snakehead cell line (SSN-1) derived from striped

snakehead Channa striatus (Frerichs et al. 1991)

was used for isolation, multiplication and infectiv-

ity assays of this virus. Cell lines developed in the

laboratory from seabass caudal peduncle (SBCP2)

and clownfish (Amphiprion sebae Bleeker 1853) fins

(CFFN) (John & George 2006, 2011) were also

used for testing the susceptibility of the viral agent.

Cell lines were grown and maintained in Lebovitz

(L-15) medium (Invitrogen) supplemented with

10% foetal bovine serum (FBS) (Invitrogen) and 1%

antibiotic antimycotic mix (Invitrogen) in 25- or

75-cm2 tissue culture flasks (Greiner) at 28°C.

Isolation of the virus

Infected Asian seabass (Lates calcarifer) juveniles

used for isolating the virus originated from a

brackishwater farm located in Bhimavaram (And-

hra Pradesh, India) showing extensive mortality.

The farm used seeds from wild and used trash fish

as feed. The moribund fish showed clinical signs

like dark pigmentation and erratic swimming

behaviour before succumbing to infection. Some

diseased fish (6 numbers of about 8.7 cm length

and average body weight of 5.56 g) were collected

and transported to the laboratory in ice and used

for virus isolation. Brain tissue from one of the

infected fish was homogenized using Hank’s

balance salt solution at 1/10 dilution and filtered

using 0.22-m syringe filter and stored at �50°C.
The filtered homogenate was added to freshly pre-

pared SSN-1 cells in a 25-cm2 flask and incubated

at 28°C along with control. Following the observa-

tion of cytopathic effect (CPE) in the cell culture

after 7 days, the supernatant was passaged on

fresh SSN-1 cells for the confirmation of viral

agent and CPE was observed in three days. Stock

virus (LCNNV-In01) was prepared by growing

virus in SSN-1 cells in 75-cm2 flask, and once CPE

was complete, tissue culture fluid was harvested,
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clarified by centrifugation at 1000 g for 15 min

and stored at –50 C in aliquots.

Tissue culture infective dose 50 (TCID50)

TCID50 of the stock virus preparation was esti-

mated using SSN-1 cells in 96-well plates. Actively

growing cells were tryspinized and the cell suspen-

sion diluted using L-15 medium supplemented

with 10% FBS, and antibiotics was added in simul-

taneous mode to each well having tenfold serially

diluted virus suspension in triplicate. The plate

was incubated at 28°C, and development of CPE

was observed for a period of 10 days. TCID50 was

calculated using Spearman and Karber formula

(Karber 1931).

Transmission electron microscopy

LCNNV-In01 was grown on SSN-1 cells (24 to 48 h),

fixed in 3% glutaraldehyde, washed in 0.1 M

cacodylate buffer and the cell pellets were held

overnight in 0.1 M cacodylate buffer at 4°C.
Following post-fixing in 1% osmium tetroxide and

washing in buffer, the cell pellets were processed

for electron microscopy (John, George, Richards &

Frerichs 2001). Ultra thin sections (80 nm) of cell

pellets were cut using a Ultracut microtome (Leica

ultracut UCT) and stained with uranyl acetate and

Reynold’s solution. The sections were examined

and photographed using a Philips 201C transmis-

sion electron microscope (the Netherlands) at

80 kV.

Serum neutralization

Antigenic similarity of the nodavirus isolate with

that of the Atlantic halibut nodavirus was tested

by polyclonal rabbit antiserum raised against

Atlantic halibut nervous necrosis (AHNNV 692/9/

98) (Provided by Dr Liv Jorun Reitan, Norwegian

Veterinary Research Institute). Neutralization

potential of the antisera was tested by a protocol

similar to the b procedure against LCNNV-In01

(Rovozzo & Burke 1973). Briefly, the LCNNV-In01

stock suspension was diluted to a concentration of

100 TCID50 mL�1 and mixed with fivefold serially

diluted antisera. The mixtures were incubated in

96-well plates at room temperature for 60 min,

and 100 lL of SSN-1 single cell suspension in
maintenance medium was added. The plates were
then incubated at 28°C and monitored for CPE over

10 days. The antigenic relatedness was calculated by
the differences in the neutralization indices of the
antiserum against LCNNV-In01 to that of the homol-
ogous virus. Neutralization index is defined as the
product of the 50% endpoint neutralizing dose of the
antisera and the quantity of the virus as TCID50 neu-
tralized.

Reverse transcriptase PCR

SSN-1 cell culture in a 25 cm2 was infected with

LCNNV-In01 and incubated at 28°C. Once CPE

was evident, the cells were harvested and total

RNA was extracted from the LCNNV-In01-infected

cell culture pellet and control SSN-1 cells using

TRIzol Reagent (Invitrogen), according to manu-

facturer’s instructions. After reverse transcription

with MuLV (first-strand cDNA synthesis kit, Fer-

mentas Life Sciences) at 42°C for 60 min using

the reverse primers, PCR was performed with 2 ll
of the cDNA with DyNAzymeTM mastermix (Finn-

zymes) using different published primers sequences

and protocols (Nishizawa, Mori, Nakai, Furusawa

& Muroga 1994; Tan, Huang, Chang, Ngoh, Mun-

day, Chen & Kwang 2001; OIE 2003; Gomez,

Sato, Mushiake, Isshiki, Okinaka & Nakai 2004) in

a Master Cycler Gradient (Eppendorf, Germany).

The RT-PCR products were observed in ethidium

bromide-stained 1.5% agarose gel in a gel docu-

mentation system (UVI Tec, UK).

Sequencing of the coat protein gene of LCNNV-

In01

Full-length open reading frame of the RNA2 gene

coding for the coat protein was amplified by the

reported primers (Iwamoto, Mise, Mori, Arimoto,

Nakai & Okuno 2001) and sequenced by outsourc-

ing.

Pathogenicity study

The pathogenicity study of the viral agent was

carried out in seabass (Lates calcarifer) juveniles,

which were procured from a local hatchery and

maintained at 25 ppt salinity in 500-L FRP tanks.

The seabass juveniles (3.5–5.5 g, n = 10) were

subjected to immersion challenge using LCNNV-

In01 harvested from infected SSN-1 cells in dupli-

cate tanks. Infected cell culture supernatant at the

end of full CPE was harvested and clarified at

1000 g for 10 min, and after titration, calculated
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volume of virus stock was added to treatment

water to get a final concentration of 103

TCID50 mL-1. Ten fish each was held in the treat-

ment water for 1 h in two 5-L jars. Following

immersion, the fish were transferred to four 100-L

glass tanks each of which held 40-L seawater.

Water quality parameters were measured and

maintained regularly at 25 ppt salinity and

29 (+ 1)°C. The challenge was done in duplicate

with controls having immersion treatment with

equal volume of uninfected SSN-1 culture superna-

tant. The fish were fed ad libitum, and tanks were

provided with constant aeration. At the end of three

weeks, the fish were sampled (n = 3) and used for

virus isolation study using the procedure described

earlier and histological analysis using H&E stain.

Results

LCNNV-In01 grew well in SSN-1 cells at 28°C and

was also capable of growing in SBCP2 and CFFN

cells. The cytopathic effects in SSN-1 cells pro-

gressed with the formation of focal areas of cell

destruction in the monolayer because of aggrega-

tion and rounding up of granular cells forming cell

clumps (Fig. 1a and b). The cells showed vacuola-

tion and CPE progressed to involve the entire

monolayer, and all the cells became detached from

the substrate. The virus was titrated in SSN-1

cells, and the virus stock was found to have a con-

centration of 107 TCID50 mL�1.

Large numbers of non-enveloped, icosahedral

virus particles were observed in the transmission

electron micrographs of the ultrathin sections,

packed in aggregates in the cells and in intercellu-

lar spaces (Fig. 2a and b). The virions in cell cul-

ture had an overall diameter of 25–30 nm.

Characteristic cytoplasmic aggregations of virus

particles in special membranous envelopes were

observed in the cell cytoplasm. The AHNNV (692/

9/98) antiserum having a homologous neutraliza-

tion index (NI) of 6.408, upon titration with

(a) (b)

Figure 1 (a) LCNNV-In01 growing in SSN-1 cells showing the formation of vacuolation of cells in the initial stages

of cell destruction in the monolayer, which later spreads to the whole monolayer damaging the entire cell sheet.

(b) Normal SSN-1 monolayer.

(a) (b)

Figure 2 (a) Transmission electron micrographs of LCNNV-In01 showing non-enveloped, icosahedral virus parti-

cles of 25–30 nm size packed in aggregates and in intercellular spaces in the SSN-1 cells. (b). Cytoplasmic aggrega-

tions of virus particles in special membranous envelopes observed in the cell cytoplasm. Bar – 100 nm.
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Characterization of Indian betanodavirus K R John et al. Aquaculture Research, 2014, 45, 1481–1488



LCNNV-In01, gave a NI of 4.796 making the

difference of the neutralization indexes of the two

viral agents to 1.612.

Reverse transcription PCR targeting the coat

protein gene of the nodavirus showed that the four

published primers used for the detection of betan-

odaviruses could amplify the expected amplicons

in all the four reactions (Fig. 3). The sequence

analysis of the coat protein gene indicated that

there is complete homogeneity with the coat pro-

tein gene of seven-band grouper nervous necrosis

virus strain SGWak97 (Fig. 4), which falls under

the RGNNV genotype of betanodaviruses. The

sequence was deposited under the Accession No

FR669249 in the GenBank, NCBI.

Experimental infection study of the LCNNV-In01

to juvenile seabass did not cause any mortality

during the 3-week observation period. However,

the fish in the treatment tanks showed abnormal

swimming. Virus re-isolation study could recover

the virus from all infected fish sampled (n = 3) at

the end of three weeks, while the control fish did

not yield any virus. Histopathological observation

of the eye from infected fish revealed the presence

of extensive vacuolation in the different layers of

retina (Fig. 5).

Discussion

The nodavirus isolate obtained in the present

investigation was from a characteristically infected

juvenile farmed Asian seabass (Lates calcarifer).

The virus was isolated and grew well in SSN-1 cell

line that was used for originally isolating the

nodavirus responsible for viral nervous necrosis in

Dicentrarchus labrax (Frerichs et al. 1996) and also

reported by several authors as the cell culture used

for the isolation of nodavirus from different fish

species (Dannevig, Nilsen, Modahl, Jankowska,

Taksdal & Press 2000; Iwamoto, Nakai, Mori,

Arimoto & Furusawa 2000; Sakamoto, Okinaka,

Mori, Sugaya, Nishioka, Oka, Yamashita & Nakai

2008; Bigarre et al. 2009). The nature of the cyto-

pathological changes induced by the virus was

akin to the CPE induced by the reported nodavi-

ruses. Vacuolation of the cells, rounding up of

granular refractile cells and final destruction of the

monolayer and detachment were noticed in SSN-1

cells inoculated with LCNNV-In01 (Frerichs et al.

1996; Dannevig et al. 2000; Iwamoto et al.

2000). Ability of the virus to grow in clownfish

Figure 3 Amplification of RNA2 with different sets of

primers observed in 1% ethidium bromide-stained aga-

rose gel. Lane M1 – 100-bp marker, lane 1 – 420 bp

(Nishizawa et al., 1994), lane 2 – 570 bp (Gomez et al.

2004), lane 3 – 1034bp (Tan et al. 2001), lane

4 – 1434 bp (Iwamoto et al., 2004), lane 5 – 1470 bp

(Iwamoto et al., 2004), lane 6 – cell line control, lane

7 – negative control, M2 – 1-kb marker.

Figure 4 Molecular phylogenetic tree deduced from

the analysis of the nucleotide sequences of RNA2 gene

of nine betanodaviruses.

Figure 5 H & E stained section of the retina of experi-

mentally infected seabass juveniles showing extensive

vacuolation of the outer plexifrom layer (wide arrow)

and inner nuclear layer (arrow).
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cell line CFFN indicated the susceptibility of the

economically important ornamental fish Amphipri-

on sebae to the nervous necrosis virus, the hatch-

ery technology of which has been successfully

standardized in India.

Transmission electron micrographs revealed

aggregates of virus particles of 25–30 nm diame-

ter in cellular vacuoles as wells in intercellular

spaces and arranged in a paracrystalline array

within the cytoplasm. LCNNV-In01 thus falls in

the size range of Betanodaviruses, which are

reported to have a virion diameter of about 25 nm

with an extreme range of 20–34 nm and are

observed in membrane-bound cellular aggregates

or free in the cytoplasm (Munday, Kwang &

Moody 2002).

Experimental infection study did not cause any

mortality in the seabass for the three weeks of

observation period although the swimming abnor-

mality was noticed. In Asian seabass, the nodavi-

rus infection is reported to cause severe mortality

in fry as early as 9 day post-hatch (Munday et al.

2002; Azad et al. 2005). Nodavirus infections dis-

playing no clinical signs of disease for several

months but having large numbers of virus parti-

cles in aggregates in brain and retina have also

been reported in Atlantic halibut (Johansen,

Ranheim, Hansen, Taksdal & Totland 2002). The

pathological changes noticed in such persistent

infection in Atlantic halibut differed from those

described for the outbreaks of VER. Acute and sub-

acute forms of nodavirus infection in European

seabass were also reported (Peducasse, Castric,

Thiery, Jeffroy, Le Ven & Laurencin 1999) where

the fish survived up to 42 days of observation

period. In the present study, we could recover the

virus from brain and vacuolation was visible in

the retina of the fish. The infection did not lead to

mortality, probably because of the short duration

of the experimental study. The virus was, how-

ever, recovered from the brain of the surviving

fish, which were also tested positive to RT-PCR.

Serum neutralization study indicated the anti-

genic relatedness of LCNNV-In01 to Atlantic hali-

but nervous necrosis virus. As the difference in the

neutralization indexes was more than 1.3, it is

assumed that the viruses are not identical, but

share considerable antigenic similarities. Antigenic

epitopes in betanodaviruses are found to be consti-

tuted by regions of 1–32, 91–162 and 181–220

amino acids of the capsid protein, and amino acid

residues 181–212 have the greatest antigenic pro-

pensity as defined by the antigenic prediction

method (Costa, Adams, Bron, Thompson, Starkey

& Richards 2007). This spans residues 193–212

and comprises the amino acid sequence

DVVNVSVLCRWSVRLSVPSL that has been found

to be conserved in the Indian isolate of the nodavi-

rus LCNNV-In01. Although not available for the

AHNNV strain used for neutralization study,

sequences of other Norwegian nodavirus isolates

from Atlantic halibut AAG01/03 (Acc. No.

AY962682), AH95NorA (Acc. No. AJ245641)

and AHNV (Acc. No. AF160473) had this region

conserved. The sequence analysis of LCNNV-In01

revealed complete homogeneity of the capsid pro-

tein gene to that of seven-band grouper nervous

necrosis virus, SGWak97 (Acc. No. AY324870).

The present study has thus established the

successful characterization of the nodavirus strain

isolated from Asian seabass (Lates calcarifer) in

terms of cytopathology, size range, antigenic relat-

edness and genomic homogeneity of the capsid

gene to the reported nodaviruses belonging to

RGNNV genotype. This is the first report of the

complete characterization of a nodavirus strain

isolated in India.
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