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Groupers are major high-value species being cultured in China and
Southeast Asia countries. They are particular popular for the live fish
market mainly in Hong Kong, Taiwan, main land of China and SE countries

The cultured grouper survival rate is very low under artificial
conditions (<40%)
Major problems: Nodavirus and iridovirus oubreaks

Iridovirus




() 9 New fish cell lines susceptible to viruses established: 8

from grouper,1 from flounder

i:? Provide cell culture platform for marine
L . . Qin et al. J. Virol Meth, 2006.
fish virus isolation, pathogenesis and Huang et al., Aquacultue, 2009; 2010.

Ouyang et al., J. Fish Biol., 2010.
Gong et al., J. Fish Dis., 2010

vaccine development
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(I1) A novel pathogenic iridovirus isolated from diseased grouper in Singapore,

named as Singapore grouper iridovirus (SGIV)

rus infected grouper and seabass cell TEM of infected cell Purifed virus particles 5
cultures
A
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SDS-PAGE of SGIV Phylogenetic analysis

Qin et al. Dis. Aquat Org., 2003. 53: 1-9.
Qin et al. J. Virol Meth., 2004. 117: 123-128.




SGIV has been listed as a tentative new species of genus
ranavirus, family iridoviridae

Majorcapsid protein

osoNA

Chinchar et al. 2005. In Virus Taxonomy, p161.
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The evolutionary relationships among the 11 fully sequenced
ranaviruses , based on aligned deduced amino acid sequences
of 26 conserved iridovirus genes (Jancovich et al., 2015).
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The evolutionary relationships among the 22 ranaviruses , based on full length
nucleotide (nt) sequences of major capsid protein (MCP) genes (Jancovich et al.,
2015). Ranaviruses could be classified into 4 groups, and group of SGIV & GIV is
distinctively different from other 3 groups.
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() The process of SGIV infection and replication

enveloped

nucleic
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envelope
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progeny
virus

Key events during infection (take enveloped virus as an example)

Gao et al, PNAS, 2005
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Endocytic pathways used by viruses

A. Macropinocytosis C. Clathrin- 5 -
B. Clathrin- mediated - Caveolar £ Gholesterol-
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Marsh et al, Cell, 2006

Virus entry into host cells is critically important for initiating infections and
is usually recognized as an ideal target for the design of antiviral strategies.
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Sun et al, Curr Opin Virol, 2013

How the viruses enter into cells, how the viruses transport in cells and how the
virus release genes? Such dynamic processes are in “black box”, and single
particle tracking is the “key” to visual the fate of viruses.

Specimen
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et al, Nat Rev Mit iol, 2007

Single particle tracking is a real time imaging technique that uses
fluorescence microscopy to monitor individual particles in live cells,
offering us the chance to visualize the virus journey.




1) The course of SGIV entry into host cells

A infection kinctics of SGIV C
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SGIV entry is relatively rapid, and complete by 2h after infection.
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SGIV transports along filopodia-like protrusions and then enters into the cell.

2) Eynamic process of SGIV entry into host cells

Retraction of surface protrusions serves as another means of transferring
SGIV to the cell surface.
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3) The motility of SGIV is dependent on the cytoskeleton
A

actin

Many SGIV particles
colocalize with actin.

3) The motility of SGIV is dependent on the cytoskeleton
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Individual SGIV particles move along microtubules.

3) The motility of SGIV is dependent on the cytoskeleton
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The motility of SGIV is impaired in nocodazole-treated or Cyto D-treated GS cells.




4) The endocytic pathways of SGIV entry
|

dynasore

Dynamin-dependent and clathrin-mediated endocytosis is involved in SGIV entry.
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4) The endocytic pathways of SGIV entry
A
- | :
B

Entry of SGIV is independent of lipid raft/ caveolin-dependent endocytosis.

4) T[he endocytic pathways of SGIV entry

A Mock SGIV 120 min

SGIYV also uses micropinocytosis to enter GS cells.




4) The endocytic pathways of SGIV entry

R

SGIV enter host cells in pH-dependent manner.
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3) the pathways of SGIV entry

SGIV-Rab5 SGIV-Rab7 SGIV- Lysosome

SGIV particles transport along with early endosomes,
late endosomes and lysosomes.

Conclusion

| ‘ SGIV attach to and move along with filopodia

Protrusion
A

SGIV enter host cells via the
clathrin-mediated endocytic
pathway and macropinocytosis,
but no via caveola-dependent

endocytosis.

SGIV entry is pH-dependent.

Early
endosome  Late

[

endosome &7

The motility of SGIV

depend on cytoskeleton.

: Lysosome

~|

microtubule

Nucleus

‘Wang et al, J Virol, 2014,

88:13047-13063




(IV) Genomics of SGIV

Organization of the SGIV genome.

The SGIV genome shown in a linear format with a full length in size of 140,131 bp. A total of 162
ORFs are indicated by their locations, orientations, and putative size. Blue arrows: ORFs with
known function, red arrows: ORFs detected by RT-PCR. “M” : ORF product identified by MALDI
-TOF MS/MS. Yellow lines: repetitive sequence regions. The scale is in 5 kbp.
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Cirlcular representation of SGIV genome

23 of the ORFs share high levels of
identity to iridovirus proteins
with known functions.

41 ORFs are homologous to other
iridovirus genes, with unknown
functions.

3 ORFs show weak homologies to
other virus genes.

42 conserved domains, motifs, or
signatures are Identified from the
NCBI CD-Search database and
the PROSITE database
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(V) Transcriptome of SGIV
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PCR products amplified from all ORFs of SGIV genome for DNA microarray
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DNA Microarrays containing SGIV all 162
OREFs (The first chip and the last chip)

31
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Gene transcription and expression of SGIV in virus-infected
cells (post infection of 48 h)

Overlay of infected

Mock-infected control SGIV-infected GS cells signals with control

32
Transcription profiles of SGIV in virus-infected grouper
spleen cells invitro
inviro
Columns represent separate time points, and each row indicates
the transcriptional profile of a single ORF during viral infection.
33
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Temporal expression kinectics of SGIV transcripts

SGIV transcript analysis into
kinetic expression classes

E transcripts
(89)54.9% I

—
I\//‘ L transcripts
\ ///

(53) 32.7%

Nol-detecteldE' /. .
ranscripts
(5)3.09% 1570 26%

15 immediate early (IE), 89 early (E) and 53 late (L) genes were classfied.

Teng et al., 2008. Virology, 377: 39-48.
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(VI) SGIV pathogenesis:
interactions between virus and host

1. SGIV infection induced a new programmed cell
death-parapoptosis in grouper host cells

Non-apoptotic bodies, caspse 3, 8,9 not activated, cytoplamic
vaculoes, distended endoplasmic reticulum (ER), large cluster of
swollen mitochondria. No DNA ladder, TUNEL negative.

(Huang et al., 2011a Apoptosis)
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SGIV infection activated MAPK pathways, ERK and JNK signaling
molecules involved in virus replication and virus induced cell death. Inhibition
of ERK and JNK activities could delay the CPE
and reduce the virus production.

ERK SRR 1C42 3 22 3P 80) 305 S 8 A5 l
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JNKA=pISMAPK=R®R feier R 2
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(Huang et al., 2011b Apoptosis) 37
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2. SGIV encoded two IE gene (ICP18, ICP46)could
regulate host cell cycle , promopt cell growth,
contribue virus replication.

EZ
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SGIV TOPI8=te 227
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SGIV P46 KA 41

SERASCTY 1O e

SCIV ICP46msmm e Ty

Xia et al., Arch Virol,2009; =
Xia et al., Virus Res, 2010 =

SGIV IOP464R Akt 97

3. SGIV could encode the genes homologous to host,
and manipulate host immune response
(Immune evasion)
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1) SGIV LITAF homologues co-localized with host
LITAF, regulated expression of host LITAF, enhanced
virus induced apoptosis
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A B

e JONALITAE

(Huang et al., 2008, BBRC)

SGIV encoded miRNA of miR-homoHSV targeted SGIV LITAF
homologue, inhibited SGIV induced apoptosis and enhanced
virus replication

OmiR-con

miR-homoHsV.

Percentage of dead cells (%)

2ahpi. ashp.

Virus titers(gTCIDS0/ml)

LHar (B Ar Gs/pllcon GS/pll-homoHsV

(Guo etal., 2013 Plos ONE)

2) SGIV ORF96 encodes TNFR homologue,
could prompt cell growth, inhibit apoptosis,
enhanced virus replication

[
= HE

(Huang et al., 2013 Virus Res)
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3) SGIV ORF062R encodes IGF homologue. SGIV IGF is an E gene,
localized in cytoplasm
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SGIV IGF could prompt cell cycle, improve host cell growth, enhance
virus replication and virus induced apoptosis.

Yan et al., J Gen Virol. 2013 12:2759-70.
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4) SGIV ORF155R des a horin h 1 SGIV

P 4

semaphorin is an E gene, localized in cytoplasm.
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i

SGIV semaphorin could alter host cell skeleton, inhibit immune gene
expression, and prompt virus replication.

i
§

Yan et al., 2014. J Gen Virol
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(V) Functional proteomics of SGIV
envelope proteins

47

The complete SGIV virus particles with envelope were purified using
sucrose gradient centrifugation, the viral envelope proteins were
isolated by 0.1% SDS treatment and separated by 1-DE and LC
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Proteomic Analysis of SGIV envelope
proteins by MALDI TOF/TOF MS

1-DE—m8¥ — Shotgun

1-DE Protein extraction
Sequentially excise 2 mm gels Reduction ﬂ‘d alkylation
Reduction and alkylation In-solution tryptic digestion
In-gel tryptic digestion LC separation

MS/MSMS

Database search

Protein ID

49
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24 SGIV envelope proteins identified by both 1-DE-
MALDI and LC-MALDI

15 proteins

5 proteins 4 proteins

005L 011L

034L 016L 015L 018R
039L 019R 049L 050L
043R 088L 054R 093L
055R 090L 101R 102L
083R 114L 124R
125R 127R

155R

Zhou et al., 2011, Proteomics 50

SGIV ORF088L

pr——

1 MGAAQSVNGY KIVTNAYAEL MTDLAVDQDI TADGTQVFSI DNVSGDVYVE
51 GTVHTEKLVI NLASLMKAVT NQSSQDELID NIAQUAQAAV SGLNFAQFAF
101 VINNIDRLIT ACVKLSVDMR VSCTAKVEHT QSFSVSSVMG DVRVKDVRHE
151 EFSDVISTCA LNAAITNAQL SDIVSQIKQR GDATATGLNP MAILAAVVLA
201 1IGLPLGAGF LAGRRVVGPL MMVTGMVGGG ALAMGYVEEP IKLTGFAPEP
251 DLTAVVPVAV ENGLTLKAAT SKLTGDPQYG AVYWQNYKVT GTTAVKLNQT
301 VSYYAPPNFD PVTWTASEPA QKQPSFRVFP TLFQGQGLPK ISYRLAYGTV
851 ALTQGPERGD VYLDSTTGNY YVLKDGHKLN GTIPGAIKDR PEAWGIVDPN
401 ETTALTGSER YTWVDPYTRV QGTLWYKPKD SHEWVKERQD PVPINVPLTE
451 TPSDFNVWVY KDATAKKIVG WVSAGAGAAG AGLTASAYFM PSTAVDAKAE

501 VGEAAK

51
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VP88 transcribed from 12 h p.i and drug
. treatment indicate VP088 is a late gene

* M Oh 2h 4h 6h Sh 12h 1Sh 24h 48h 72h

VP0SS

MCP

SGIV SGIV
CHX AraC

M 1 2 3 4 5 6

B-actin
52
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VP88 was cloned, expressed in E. coli and purified

|

BSESSE s

53

Western blot and immune-gold electron microscopy indicated
that VP88 was in envelope

M VN El E2
kDa ,w-
- S
66- o et
+~— | VP088
45- -4
- §
35 .’ . -
20- & -
- M: Marker
V: whole virus
4. P
R — N: nucleocapsid
E1: envelope
E2: Western blot

54

18



VP88 attached to the host cell membrane and

reacted with a protein of 94 kDa

94.0kDa— |

55
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(VII) Grouper, Epinephelus coioides
!‘_ immune responses to SGIV infection

1. Transcriptome analysis of grouper spleen in
response to SGIV infection

i [Mock-infected fish | [ SGIV-infected fish |
l_‘_l

Spleen tissue sampling
Total RNA extraction and
mRNA purification

|

‘ cDNA library construction ‘
454-pyrosequencing

Real time PCR ‘

8
o]

Bioinformatics
analysis

validation
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Expression of ESTs in mock- and SGIV-
infected grouper spleens

Mock-infected SGIV-infected

(A) 24745 ESTs expressed only in control library; (B) 29369 ESTs only
expressed only in infected library; (C)3741ESTs expressed higher than those
in control library; (D) ESTs expressed similar both; (E) infected ESTs

expressed lower than control. .
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Characteristics of homology search of ESTs
against the NCBI database
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About 25% ESTs were matched to

the genes from Tetraodon

nigroviridis, and only 5% ESTs were

similar to the reported grouper genes.

Species distribution

Histogram of clusters of orthologous groups (COG)
| classification in mock and SGIV infected libraries

200 Amino acid transport and metabolism
Carbohydate transport and metabolism
150 | 0 Mockeacred Cell division and chromosome partitioning
160 Cell motility and secretion
Chromatin structue and dynamics
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60 most abundant genes in the mock-infected library

16/2/12

60 most abundant genes in the SGIV-infected library

IEMHC

755 genes were significantly up-regulated in
... response.to.SGIV.infection
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695 genes were significantly down-regulated in
response to SGIV Igfg\c"tlon
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KEGG analysis of ESTs involved in signaling
pathways

BUAPK signaling pathway

W Chenokine signaling pathway
DOlbiquitin mediated proteolysis

OT cell receptor signaling pathway

W Proteasone

BToll-like receptor signaling pathvay
WB cell receptor signaling pathway

O Jak-STAT signaling pathway

W Calciun signaling pathway

B Apoptosis

Op53 signaling pathvay

BRIG-I-like receptor signaling pathway
WTGF-beta signaling pathvay

WT0R signaling pathway

Huang YH et al. BMC Genomics, 2011. -

2.

Molecular cloning, expression and functional analysis

* of ISG15 from the grouper transcriptome

Huang XH et al. Fish & Shellfish Immunology, 2013.
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Cytoplasm Nucleus
Taylor DR et al., Microbes and Infection, 2000

IFN-a signaling. The binding of IFN to its receptor (IFNR) activates the Janus
kinase (JAK) and induces phosphorylation of STAT1 and STAT2. The
phosphorylated STATs translocate from the cytopl to the nucleus and
complex with p48 to form ISGF3,

which activates transcription of the IFN-sti

d genes (ISGs).
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Cloning and Bio-informatic analysis of EcISG15

EcISG15 encoded a polypeptide of 155 amino acids and shared the highest amino acid
similarity to ISG15 of Sebastes schlegelii, and showed different identity to other known
fish ISG15 homologs.EcISG15 shared the typical characteristics of known ISG15s with
two UBL domains and a c-terminal LRGG motif.

Tissue distribution and induction of EcISG 15

W% m

|

[

EcISG15 was dr: ically ind d by GNNYV infection, poly I:C or poly
dA-dT treatment. and no significant change of EcISG15 expression was detected in
SGIV-infected cells. SGIV could prevent the expression of EcISG15, IFN and Mx
induced by poly I:C, suggesting that SGIV was able to destroy the cellular interferon-
mediated antiviral activity in vitro.
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Subcellular localization and formation of EcISG15 conjugates

o N

... _ R |

-
[ —

B

EcISGI15 expression and ISGylation were evoked by GNNV infection or poly
I:C stimulation, but not SGIV. The possibility of the absence of conjugation in SGIV
infected-cells might be due to the disruption of IFN regulated response by SGIV
infection in vitro.
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The effects of EcISG 15 overexpression on SGIV and GNNV
gene transcription

A Voot Eisos

2

Overexpression of EcISG15 in vitro inhibited GNNYV replication but not SGIV,
suggesting that EcISG15 played the antiviral role via protein ISGylation in response to
RNA virus infection.

. Identification and functional characterization
of grouper IRF3

Fish & Shellfish
Immunology

Huang et al., 2015, Fish Shellfish Immunol
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Molecular cloning of Epinephlus coioide IRF3 gene

EcIRF3 ¢DNA is of 2513 bp

5' UTR: 230 bp

Open reading frame (ORF): 1377 bp-—458 aa
3'UTR: 906 bp

* The polyadenylation signal (AATAAA) and two mRNA
instability motifs (ATTTTA, ATTTA) were followed by a
poly(A) tail in the 30-UTR of ECIRF3 cDNA.

N-terminal DNA-binding domain (DBD),
C-terminal IRF asgociation domains (TAD)
and serine-rich domain (SRD) were conserved
from fish to mammals.
: - EcIRF3 and other members of IRF3 subfamily
Ei i was consigtent with the congerved domains

i

|

ot | | S5

from lower vertebrates and mammals.

A S & . 5 F§ ¥ Ec-IRF3 uRNA was detected in all
¥ [Sle §\' & $ d tissues examined, and it was
/(idney, head kidney, gill and heart.
B
[ sewv 19 1 RGNNV
1 - Ec-IRF3 transcript was increased
significantly during RGNNV infection
= ® compared with mock-infected cells.
o ®
Lol
1 o Ec-IRF3 transcript was significantly
ek @ mmoamoaww Mwa @ » 3= s up-regulated upon the inductionwith
c extracellular or intracellular poly
Extracellular Poly I:C [ Iatracellular Poly 1:C / 1:C.
»
0 These data indicated that viral
® ssRNA and dsRNA could induce
® significant increase of Ec—-IRF3
. expression in grouper cells,
et 02 B 1m om Grd 2 m m m aw suggesting that Ec—IRF3 might be
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| Expression of rEc-IRF3 and antibody preparation ‘
A

M1 2 M polyl.C M Oh 4h Sh 12h 24 48h

e §:i T 3‘2:-* o
35

45_ I“W 4) « Tubulin

Western blotting assay showed that anti—Ec—IRF3 specially recognized not
only the recombinant fused protein His—Ec-IRF3, but also the newly
synthesized Ec—IRF3 proteins in poly I:C treated or RGNNV infected cells

16/2/12

>

s
g

‘Subcellular localization of Ec-IRF3 in grouper cells

B

In pEGFP-Ec-TIRF3 transfected cellg,
the green fluorescence was mostly
observed in the cytoplasm.
Tmmunefluorescence assay indicated
that the fluorescence signal of Ec—
IRF3 was increased significantly
after infection with RGNNV or
treatment with poly I:C, but
moderately at the late stage of SGIV

|’ Induction of IFN promoter activity by Ec-IRF3

O peDNA3.1
B EcIRF3
EcIRF7

Fold induction
(Relative Luc activity)

w

DrIFN1-pro-Luc DrIFN3-pro-Luc

Reporter gene assay showed that EcIRF3 activated zebrafish type I IFN and
type III IFN promoter im vitro. our results suggested that EcIRF3 might be
involved in the regulation of IFN expression.
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Overexpression of Ec-IRF3 inhibited RGNNV replication,
but not SGIV

cDNAS.1 DNA-ECIRFS

201

SRS B Bc-IRF3 did not affect the gene
transcription and virus
/ production of SGIV.

OpdNALL
B pONAIRES|

24n a8h ! SGIV MCP SGIV VPL9
E F
27 [ omdNAL 1500 1 pepnas
E | apovins B Swerrs
e . s
N 7 ) The viral gene transcription and
5 g virus production of RGNNV were
s E o . significantly decreased in Ec—
B = l (e IRF3 overexpressing cells.
4 0 "

2 s Gwver owvg
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Overexpression of Ec-IRF3 increased the expression
of IFN inducible genes

OpDNASL . 160 [ OpeDNALI I
BpRDNAECIRFS

700 B RDNA-ECIRF3 H

Relative expression

Mock 240 ash Mock 2h ash

OpeDNA3. 1600 [ OpDNAS.L

15G56 hd
BpDNA-ECIRE3 1400 | BpxDNA-ECIRF3

ISG15

Mock 24 ash Mock 240 a8h

the mRNA expression levels of type T IFN and IFN-inducible genes (MxI,
1S615 and ISG56) were increased in RGNNV infected Ec-IRF3 overexpressing
cells compared to empty vector transfected cells.

. Identification and functional characterization
of grouper IRF7

Cui et al., 2011, Dev Comp Immunol
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Molecular cloning of Epinephlus coioide
IRF7 gene

EcIRF7 ¢cDNA is of 2089 bp
5 UTR: 46 bp
Open reading frame (ORF): 1302 bp-—433 aa

3'UTR: 741 bp

Four well-spaced tryptophan residues

Three mRNA instability motifs (ATTTA)

ke s owg

EcIRF7 genomic DNA is about 5.7 kb

[ -] :‘:::nﬂaml region 9 exons/8 introns & GT/AG rule

16/2/12

Alignment and phylogenetic analysis of EC-IRF7

Conserved dom-ains across sp.ecies: Vertebrate IRF7 subgroup, IRF3 subfamily.
DBD; IAD; Serine-rich domain; Tryptophan Closer phylogenetic distance to other fish
residues IRF7s

7

E¢-IRF7 expression profiles in healthy and pathogens-stimulated fish

B 1107 passimesm
: 5 120 [ OSupiyioceoe
. i
! i3
g £3
i
0 2 % “® 2
Houws post jection
Ec-IRF7 showed strong expression in Ec-IRF7 was greatly up-regulated in spleen
immune-related tissues (spleen, kidney, after stimulation with Vibrio vulnificus and

intestine ct al.); Singapore grouper iridovirus (SGIV)
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Expression of rEc-IRF7 and antibody preparation
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Ec-IRF7 activates fish type | IFN promoter

35 IFN luciferase
30
25
20
15
10
05
00
Enpty vector IRF7100ng  IRF7400ng  IRF7600ng
PN luciferase
OpeDNAST —
o
BPDONAEARET
4 =
L
Mock sav

Ec-IRF7 was able to activate zebrafish IFN promoter in a dose-dependent manner;

SGIV stimulation could enhance the activation activity of Ec-IRF7 on IFN promoter

Subcellular localization of Ec-IRF7
Merge

FITC DAPI

Negative
serum
- -

SGIV

In non-stimulated cells, Ec-IRF7 resides in the cytoplasm;
After SGIV infection, Ec-IRF7 transl d into the nucl

11 (indicating Ec-IRF7 might be phosphorylated and activated during SGIV infection)
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‘ Over-expressed Ec-IRF7 inhibit SGIV replication in vitro

16/2/12

GS/pcDNA

GS/pcDNA-ECIRF7

ASS —a—GpeDNA
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g 10 N Control
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7 s
P PR

]
Hours pos-nfcion

B e 24hpi.

48hp.i. 8

Houes post-ncion

Inhibit the viral replication kinetics;

Delay the transcription Kkinetics of viral genes; Delay the appearance of SGIV-induced CPE

5. Grouper hepcidin (Ec-Hep)

{em |1 Cin [t 1 [ [
F & Hepcidin Hep-EC1f1Hep-EC2 s o
EiiHepEC2 ) sl AN #5 F JUETE Hepcidin

Lan Lt —

s PR e

Hep1 and Hep2 highly expressed in grouper liver, pathogen or iron stimulation could
up-regulate hep expression, and hep1 was much more regulated. Grouper hepcidii
could inhibit bacterial and SGIV replication.

Zhou JG et al., 2010, Fish and Shellfish Inmunology

5. Grouper defesin (Ec-defesin)

w2 34
< B spleen 116.0k0a,
g Sl 66.2k0a.
§v 45000 E
N

» 350608 =
H 25.0kDa -
io g
R WU R . B

184402

ours Postnecion wih SO1V A - £ Ec-defesi
issue ion of Ec-defesin
ged with SGIV "IN E. coli

aromyees corevsize

 Eccantansin 8001 gl
L Ecsatonsn 16005 g

micobes

Guo et al., 2012, Fish and Shellfish Imnmunology
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6. Grouper C-type lysozyme (Ec-lysC)

Tissue distribution E PR "
with SGIV P in E. coli

Sequence analysis

ibited SGIV Ec-lysC could kill bacterial

ion i Ec-lysC
Expression in yeast c-lysC in| ited

repli

‘Wei et al., 2012, Fish and Shellfish Inmunology
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VIl Diagnostics and vaccine development

se fler
Glass cover
(500 um thick)

Silicon plate
(400 pn thick)

Fine fllr

1. Using mAb against SGIV, the platform of Lab-on-chip was
developed, the Lab-on-chip could rapidly detect not only SGIV-
infected cells,but also free virions in water envionment.

Liu, et al., 2005. Lab on a chip.

2
2. A LAMP specifically detect SGIV
The target gene ORF-014L specific for . .
SCIV and GIV Primers design
Color key for alignment scores
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LAMP assay

Reaction time

Detect SGIV-infected Detect SGIV-infected Kit
Stalning methods cells tlssues.

Mao XL, et al., 2008. J App Microbial.
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94
3. Inactivated vaccine against SGIV
Inactivated whole virus: BPL treated virus for 24h at 4° C
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The vaccine showed good potential to
protect grouper from SGIV infection
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