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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 

3 

The cultured grouper survival rate is very low under artificial  
conditions (<40%) 

Major problems: Nodavirus and iridovirus oubreaks 

Nervous Necrosis Virus 

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

from grouper,1 from flounder 

Qin et al. J. Virol Meth, 2006. 
Huang et al., Aquacultue, 2009; 2010. 
Ouyang et al., J. Fish Biol., 2010. 
Gong et al., J. Fish Dis., 2010 
 

Provide cell culture platform for marine 

fish virus isolation, pathogenesis  and 

vaccine development 

5 

Diseased fish 

Virus infected grouper and seabass cell 
cultures 

TEM of infected cell 

Virus infected kidney Virus infected spleen 

Purifed virus particles 

(II) A novel pathogenic iridovirus isolated from diseased grouper in Singapore, 

named as Singapore grouper iridovirus (SGIV) 

6 

MCP 

Qin et al. Dis. Aquat Org., 2003. 53: 1-9. 

Qin et al. J. Virol Meth., 2004. 117: 123-128. 

 

SDS-PAGE of SGIV Phylogenetic  analysis 

MCP 

Ranavirus 
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Chinchar et al. 2005. In Virus Taxonomy, p161. 

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

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). 

8 

9 

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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Gao et al, PNAS, 2005  

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

assembly 
entry 

transport 
replication 

release 

(III) The process of SGIV infection and replication 

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. 

 

Endocytic pathways used by viruses 

12 

SGIV infection and replication under TEM 

       Virus 
entry 

       
Disassembly  

  immature 
nucleocapsides 

            Viral protein synthesis and assembly in viral 
matrix 
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Qin et al. J. Virol Meth., 2001. 98: 17-24. 
Qin et al. J. Virol Meth., 2002. 106: 89-96. 
Qin et al. Dis. Aquat Org., 2003. 53: 1-9. 
 
 

 

       The middle and late 
infection 

         The virus release and re-
infection  

virus 

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. 

single particle 
tracking  

Brandenburg et al, Nat Rev Microbiol, 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.	   
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1）The course of SGIV entry into host cells 

SGIV entry is relatively rapid, and complete by 2h after infection.  

infection kinetics of SGIV 

entry kinetics of SGIV 

0  hpi 0 .5  hpi 

1  hpi 2  hpi 

2）Dynamic process of SGIV entry into host cells 

SGIV transports along filopodia-like protrusions and then enters into the cell. 

Retraction of surface protrusions serves as another means of transferring 
SGIV to the cell surface. 

2）Dynamic process of SGIV entry into host cells 
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Many SGIV particles  
colocalize with actin. 

3）The motility of SGIV is dependent on the cytoskeleton 

Individual SGIV particles move along microtubules. 

3）The motility of SGIV is dependent on the cytoskeleton 

Cyto D-treated 

The motility of SGIV is impaired in nocodazole-treated or Cyto D-treated GS cells. 

3）The motility of SGIV is dependent on the cytoskeleton 

nocodazole-treated 

untreated 

Confocal  images representative  trajectories instantaneous speed 
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4）The endocytic pathways of SGIV entry 

Dynamin-dependent and clathrin-mediated endocytosis is involved in SGIV entry. 

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

4）The endocytic pathways of SGIV entry 

SGIV also uses micropinocytosis to enter GS cells.  

4）The endocytic pathways of SGIV entry 
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SGIV enter host cells in pH-dependent manner.  

4）The endocytic pathways of SGIV entry 

SGIV-Rab5 SGIV-Rab7 SGIV- Lysosome 

3）the pathways of SGIV entry 

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

SGIV enter host cells via the  
clathrin-mediated endocytic  

pathway and macropinocytosis, 
but no via caveola-dependent  

endocytosis. 

SGIV entry is pH-dependent.  

The motility of SGIV 
 depend on cytoskeleton. 

Conclusion 

Wang et al, J Virol, 2014, 

88:13047-13063 

SGIV attach to and move along with filopodia 
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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. 

(IV) Genomics of SGIV 

29 

Circular 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 
 

30 

PCR products amplified from all ORFs of SGIV genome for DNA microarray 

 
 

(V) Transcriptome of SGIV 
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DNA Microarrays containing SGIV all 162

 ORFs (The first chip and the last chip) 

32 

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

Mock-infected control 

+ 

SGIV-infected GS cells 
Overlay of infected 
signals with control 

33 

Transcription profiles of SGIV in virus-infected grouper 
spleen cells invitro 

Columns represent separate time points, and each row indicates 
the transcriptional profile of a single ORF during viral infection.  
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Temporal expression kinectics of SGIV transcripts 

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

Teng et al., 2008. Virology, 377: 39-48.  

35 

SGIV 

Hos
t c

ell
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ath
 

Host gene regulation 

 to virus replication 

Host immune response 

to virus infection 

Vira
l g
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st 
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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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37 (Huang et al., 2011b Apoptosis) 

     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. 

 

38 

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

   2. SGIV encoded two IE gene (ICP18, ICP46)could  
regulate host cell cycle , promopt cell growth,  

contribue virus replication. 

3. SGIV could encode the genes homologous to host, 
and manipulate host immune response   

(Immune evasion) 
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  (Huang et al., 2008, BBRC) 

1) SGIV LITAF homologues co-localized with host 
LITAF , regulated expression of host LITAF, enhanced 

virus induced apoptosis 

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

virus replication 

(Guo　et al., 2013 Plos ONE) 

（Huang et al., 2013 Virus Res） 

2) SGIV ORF96 encodes TNFR homologue, 
could prompt cell growth, inhibit apoptosis, 
enhanced virus replication 
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3) SGIV ORF062R encodes IGF homologue. SGIV IGF is an E gene, 
localized in cytoplasm 

16 

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.  
17 

4) SGIV ORF155R encodes a semaphorin homologue. SGIV 
semaphorin is an E gene, localized in cytoplasm. 

19 



16/2/12 

16 

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

20 
Yan et al., 2014. J Gen Virol   

47 

(VII) Functional proteomics of SGIV 
envelope proteins 

48 

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 

V  E 
V: Whole 
virus 
E:  
Envelope 

MCP 
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Proteomic Analysis of SGIV envelope 
proteins by MALDI TOF/TOF MS  

1-DE Shotgun 
1-DE 

Sequentially excise 2 mm gels 

In-gel tryptic digestion 

Reduction and alkylation 

MS/MSMS 

Database search 

Protein ID 

Protein extraction 

In-solution tryptic digestion 

LC separation 

Reduction and alkylation 

50 

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

016L 
019R 
088L 
090L 

034L 
039L 
043R 
055R 
083R 

005L 011L 
015L 018R 
049L 050L 
054R 093L  
101R 102L 
114L 124R 
125R 127R 
155R  

5 proteins 4 proteins 
15 proteins 

 
Zhou  et al., 2011, Proteomics 

51 

SGIV ORF088L 
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VP88 transcribed from 12 h p.i and drug 
treatment indicate VP088 is a late gene 

VP088

MCP

B-actin

M       1         2       3       4        5        6

CHX AraC
SGIV SGIV

VP088

MCP

B-actin

M       1         2       3       4        5        6

CHX AraC
SGIV SGIV

53 

 VP88 was cloned, expressed in E. coli and purified 

VP88 

54 

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

VP088 

M:   Marker 
V:   whole virus 
N:   nucleocapsid 
E1: envelope 
E2: Western blot 
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VP88 attached to the host cell membrane and 

reacted with a protein of 94 kDa 

94.0kDa 

M            +               -                           

56 

(VIII) Grouper, Epinephelus coioides 
immune responses to SGIV infection 

1.	  Transcriptome	  analysis	  of	  grouper	  spleen	  in	  
response	  to	  SGIV	  infec9on	  	  

Mock-infected fish SGIV–infected fish 

Spleen tissue sampling 

Total RNA extraction and  
mRNA purification 

cDNA library construction 

454-pyrosequencing 

Bioinformatics 
analysis 

Real time PCR 
validation 
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Mock-infected SGIV-infected 

A 
24745 

B 
29369 

C 
3741 

E 
4037 

D 
3482 

(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。 

Expression of ESTs in mock- and SGIV-
infected grouper spleens 
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Characteristics of  homology search of  ESTs 
against the NCBI database 

E-value distribution 

About 25% ESTs were matched to 
the genes from Tetraodon 
nigroviridis, and only 5% ESTs were 
similar to the reported grouper genes. 

Similarity  distribution 

Species distribution 

Histogram of  clusters of  orthologous groups (COG) 
classification in mock and SGIV infected libraries 
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Galectin-9 

Chemokine 
receptor 

Pleurocidin-
like 

Chemokine 

60 most abundant genes in the mock-infected library 

趋化因子4 

趋化因子受体4 

半乳糖凝集素 

抗菌肽 

HSP 90 

Lysozyme g 

Ubiquitin 

Chemokine 18 

MHC II 

II型MHC 

热休克蛋白90 

G型溶菌酶 

泛素 

趋化因子18 

MHC I 
I型MHC 

60 most abundant genes in the SGIV-infected library 

755 genes were significantly up-regulated in 
response to SGIV infection 

半胱氨酸蛋白
酶 抑制剂 

CC 趋化因子
18 

G型溶菌酶 

白细胞介素8 

泛素连接酶
E2 
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II型MHC 

热休克蛋
白70 

干扰素诱导
GTP酶 

干扰素诱导
蛋白44 

R 干扰素诱导
的溶酶体巯基
还原酶 

干扰素调
节因子1 

695 genes were significantly down-regulated in 
response to SGIV infection 

65 

65

62

57

393928
28

26

25

24
22

21 17 13

MAPK signaling pathway

Chemokine signaling pathway

Ubiquitin mediated proteolysis

T cell receptor signaling pathway

Proteasome

Toll-like receptor signaling pathway

B cell receptor signaling pathway

Jak-STAT signaling pathway

Calcium signaling pathway

Apoptosis

p53 signaling pathway

RIG-I-like receptor signaling pathway

TGF-beta signaling pathway

mTOR signaling pathway

65

62

57

393928
28

26

25

24
22

21 17 13

MAPK signaling pathway

Chemokine signaling pathway

Ubiquitin mediated proteolysis

T cell receptor signaling pathway

Proteasome

Toll-like receptor signaling pathway

B cell receptor signaling pathway

Jak-STAT signaling pathway

Calcium signaling pathway

Apoptosis

p53 signaling pathway

RIG-I-like receptor signaling pathway

TGF-beta signaling pathway

mTOR signaling pathway

71

73

69
353726

30
25

36

26
25

20 1323

MAPK signaling pathway

Chemokine signaling pathway

Ubiquitin mediated proteolysis

T cell receptor signaling pathway

Proteasome

Toll-like receptor signaling pathway

B cell receptor signaling pathway

Jak-STAT signaling pathway

Calcium signaling pathway

Apoptosis

p53 signaling pathway

RIG-I-like receptor signaling pathway

TGF-beta signaling pathway

mTOR signaling pathway

KEGG analysis of  ESTs involved in signaling 
pathways 

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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IFN-α 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  cytoplasm to the nucleus and 
complex with p48 to form ISGF3, 
 which activates transcription of the IFN-stimulated genes (ISGs). 

Taylor DR et al., Microbes and Infection, 2000 

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. 

     EcISG15 was dramatically induced by GNNV 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. 

Tissue distribution and induction of EcISG 15 
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Subcellular localization and formation of EcISG15 conjugates 

     EcISG15 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. 

The effects of EcISG 15 overexpression on SGIV and GNNV 
gene transcription 

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

Huang et al., 2015, Fish Shellfish Immunol 

3. Identification and functional characterization
 of grouper IRF3 
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EcIRF3 cDNA 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. 

Molecular cloning of Epinephlus coioide IRF3 gene 

Alignment and phylogenetic analysis of EC-IRF3 

N-terminal DNA-binding domain (DBD), 
C-terminal IRF association domains (IAD) 
and serine-rich domain (SRD) were conserved  
from fish to mammals. 
EcIRF3 and other members of IRF3 subfamily 
was consistent with the conserved domains 
from lower vertebrates and mammals. 

Tissue distribution and transcription pattern of Ec-
IRF3 

Ec-IRF3 mRNA was detected in all 
tissues examined, and it was 
expressed strongly in spleen, 
kidney, head kidney, gill and heart. 

Ec-IRF3 transcript was increased   
significantly during RGNNV infection 
compared with mock-infected cells. 
 
 
Ec-IRF3 transcript was significantly 
up-regulated upon the inductionwith 
extracellular or intracellular poly 
I:C. 
 
These data indicated that viral 
ssRNA and dsRNA could induce 
significant increase of Ec-IRF3 
expression in grouper cells, 
suggesting that Ec-IRF3 might be 
involved in RNA virus infection. 
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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 

Expression of rEc-IRF3 and antibody preparation 

Subcellular localization of Ec-IRF3 in grouper cells 

In pEGFP-Ec-IRF3 transfected cells, 
the green fluorescence was mostly 
observed in the cytoplasm. 
 Immunefluorescence 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 
infection.  

Induction of IFN promoter activity by Ec-IRF3 

Reporter gene assay showed that EcIRF3 activated zebrafish type I IFN and 
type III IFN promoter in 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 

Ec-IRF3 did not affect the gene 
transcription and virus 
production of SGIV.  
 
 
 
 
The viral gene transcription and 
virus production of RGNNV were 
significantly decreased in Ec-
IRF3 overexpressing cells.  

the mRNA expression levels of type I IFN and IFN-inducible genes (MxI, 
ISG15 and ISG56) were increased in RGNNV infected Ec-IRF3 overexpressing 
cells compared to empty vector transfected cells. 

Overexpression of Ec-IRF3 increased the expression 
of IFN inducible genes 

4. Identification and functional characterization
 of grouper IRF7 

1 

Cui et al., 2011, Dev Comp Immunol  
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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)  

EcIRF7 genomic DNA is about 5.7 kb 

9 exons/8 introns & GT/AG rule  

6 

          Molecular cloning of Epinephlus coioide 
IRF7 gene 

Conserved domains across species: 
DBD; IAD; Serine-rich domain; Tryptophan 
residues  

Vertebrate IRF7 subgroup, IRF3 subfamily. 
Closer phylogenetic distance to other fish 
IRF7s 

7 

Alignment and phylogenetic analysis of EC-IRF7 

Ec-IRF7 expression profiles in healthy and pathogens-stimulated fish 

Ec-IRF7 showed strong expression in 
immune-related tissues (spleen, kidney, 
intestine et al.); 

Ec-IRF7 was greatly up-regulated in spleen 
after stimulation with Vibrio vulnificus and 
Singapore grouper iridovirus (SGIV)  

9 
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Expression of rEc-IRF7 and antibody preparation 

8 

Ec-IRF7 activates fish type I IFN promoter  

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 

10 

  In non-stimulated cells, Ec-IRF7 resides in the cytoplasm; 
 After SGIV infection, Ec-IRF7 translocated into the nucleus; 

(indicating Ec-IRF7 might be phosphorylated and activated during SGIV infection) 11 

    Subcellular localization of Ec-IRF7 
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Over-expressed Ec-IRF7 inhibit SGIV replication in vitro  

Inhibit the viral replication kinetics;                                                   

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

12 

5. Grouper hepcidin (Ec-Hep) 

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

两种类型Hepcidin 
（Hep-EC1和Hep-EC2 ）的序列  

Hep-EC1和Hep-EC2 
组织分布表达 铁离⼦子刺激后两种Hepcidin 

组织分布表达 

Hep1 and Hep2 highly expressed in grouper liver, pathogen or iron stimulation could 
up-regulate hep expression, and hep1 was much more regulated. Grouper hepcidins 
could inhibit bacterial and SGIV replication. 
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病原刺激后两种Hepcidin 
组织分布表达 

两种Hepcidin的多肽对⼏几种
菌⽣生⻓长的影响 两种Hepcidin的多肽 

对SGIV⽣生⻓长的影响 

5. Grouper defesin（Ec-defesin) 

Guo et al., 2012,  Fish and Shellfish Immunology 

Sequence analysis Tissue distribution 
cheallenged with SGIV 

Expression of Ec-defesin 
in E. coli 

Ec-defesin inhibited SGIV 
replication 

Expression of Ec-defesin 
In yeast Ec-defesin inhibited micobes 
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6. Grouper C-type lysozyme （Ec-lysC) 

Wei et al., 2012,  Fish and Shellfish Immunology 

Sequence analysis Tissue distribution chellenged 
with SGIV Expression in E. coli 

Ec-lysC inhibited SGIV 
replication Expression in yeast Ec-lysC could kill bacterial 

92 

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. 

VIIII Diagnostics and vaccine development 

93 

2. A LAMP specifically detect SGIV 
 

The target gene ORF-014L specific for 
SGIV and GIV 

F3 GCACGAGTATACGGCCTCTG 

B3 CGGCTACCAGCATCCAAT 

FIP GACTACGGGTTCGATGGCTGC-
TTTT-AGACGATTGCGCATGAAACA 

BIP ACGGGAGGAAACTTGTGCTGAT-
TTTT-ATGGCCCGTAGAAGTCAGT 

LF TCGCGGTTCGGGTCATCAT 

LB TGCTGGAACGTGCAAAACCG 

Primers design 
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LAMP assay 

Specificity Detectible assay 

Mao XL, et al., 2008. J App Microbial. 

Reaction temp  

Detect SGIV-infected 
cells Staining methods 

Reaction time  

Detect SGIV-infected 
tissues 

Kit 
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Inactivated whole virus：BPL treated virus for 24h at 4。C 

3. Inactivated vaccine against SGIV 

（+ positive CPE，-negative CPE） 

96 
每尾石斑鱼腹腔注射0.1mL (106 TCID50)灭活疫苗，每组免疫30尾，对照组注射同

样剂量的PBS，各分2个缸。15天后功毒，腹腔注射接种 SGIV，统计15天 

A1 group A2 group 

The vaccine showed good potential to 
protect grouper from SGIV infection 

Treat Survival Relative prot 

A1-PBS 13.33% - 

A1-BPL 93.33% 92.31 

Treat Survival Relative prot 

A2-PBS 13.33% - 
A2-BPL 100% 100 
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Virus infection 
BPL treatment 
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Perspective Work 
 

v  Interaction & regulations between virus and host     

v Development of vaccines and antiviral strategies 

v Novel diagnostics 
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Ranaviruses 
Lethal Pathogens of Ectothermic 
Vertebrates 
Editors: 
Matthew J. Gray 
V. Gregory Chinchar 
 ISBN: 978-3-319-13754-4 
(Print) 978-3-319-13755-1 (Online) 

 
Open Access! 
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