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ABSTRACT 

Piscine iridoviruses infect a wide variety of fish and are 
classified into three genera: Lymphocystivirus, Ranavirus and 
Megalocytivirus.  Lymphocystiviruses cause non-fatal, der- 
mal infections, while ranaviruses and megalocytiviruses pro-
duce devastating, systemic infections with mortality reaching 
up to 100%.  Although both ranaviruses and megalocyti- 
viruses cause fatal systemic infections, they induce different 
pathology.  In Taiwan, both ranaviruses and megalocyti- 
viruses have caused serious epidemics in several mariculture 
fish species, including groupers.  In this study, we infected the 
orange-spotted grouper (Epinephelus coioides) with either a 
megalocytivirus (TGIV, grouper iridovirus of Taiwan) or a 
ranavirus (GIV, grouper iridovirus), and then the two iridovi-
ruses were investigated and compared in respect of their  
target organs, virulence, and effects on the expression of sev-
eral immune-related genes in the spleen and head kidney.   
By measuring cumulative mortality rate, GIV was shown to 
have higher virulence than TGIV.  By PCR, we found that 
TGIV mainly infected the spleen, head kidney, kidney, heart 
and gill, while GIV mainly infected the spleen and intestine.  
The assayed immune genes were hemoglobin subunit-β-2 
(Hb), CC chemokine 19, Toll-like receptor 9 isoform A and B 
(TLR9-A and B) and Mx (myxovirus resistance).  By real-time 
RT-PCR, we found that of the assayed genes, the expression of 
CC chemokine 19 was strongly induced in spleen by both 

viruses, whereas the expression of Mx were strongly induced 
by both viruses in both organs and the expression of Hb gene 
was induced only by TGIV in head kidney. 

I. INTRODUCTION 

In Asia, the orange-spotted grouper Epinephelus coioides  
is a popular seafood fish with high market price, and is an 
economically important mariculture species not only in Tai-
wan but also in other Asian countries, e.g. China, Indonesia 
and Thailand (FAO database; http://www.fao.org/fishery/ 
culturedspecies/Epinephelus_coioides/en).  The artificial propa- 
gation of E. coioides by using hormone-inducing technique 
was first established in Taiwan in 1979 (FAO database), and 
since then, the grouper aquaculture industry has expanded 
rapidly to meet the strong demand for the fish.  However, 
high-density intensive cultivation in cages or tanks has greatly 
encouraged the spread of the grouper diseases resulting from 
viral, bacterial and parasitic infections [23].  Among them, the 
infectious viral diseases are the most serious and have severely 
affected grouper cultures, causing huge economic losses.  The 
causative agents for viral diseases include a DNA virus, iri-
dovirus, and a RNA virus, nervous necrosis virus (NNV); both 
are newly emerging viral pathogens, causing mass mortality of 
grouper especially at larval stage [35]. 

Iridoviruses are large, cytoplasmic, double-stranded DNA 
viruses with icosahedral symmetry; their sizes range from 120 
to 350 nm in diameter.  The Iridoviridae family contains five 
genera, including Iridovirus, Chloriridovirus, Ranavirus, 
Lymphocystivirus and Megalocytivirus [40].  Members of  
the family are distinguished for their wide variety of hosts, 
ranging from cold-blooded vertebrates (Lymphocystivirus, 
Ranavirus, Megalocytivirus), such as bony fish, amphibians, 
and reptiles, to invertebrates (Chloriridovirus, Iridovirus), 
including insects, crustaceans and mollusks [40].  Piscine 
iridoviruses infect a wide range of fish and are classified into 
three genera: Lymphocystivirus, Ranavirus and Megalocyti-
virus [38].  Lymphocystiviruses cause non-fatal, superficial 
dermal infections, while ranaviruses and megalocytiviruses 
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are devastating and cause serious systemic diseases with mor- 
tality reaching up to 100%.  Although both ranaviruses and 
megalocytiviruses cause fatal systemic infections, they induce 
different pathology: ranaviruses cause systemic necrotizing 
lesions, whereas megalocytiviruses induce the formation of 
hypertrophic cells in various organs [38].  In Taiwan, the iri-
dovirus-like infection was firstly reported in 1997 [5].  Sub-
sequently, the causative agent was isolated and characterized 
as a member of Iridoviridae [7].  Since then, iridoviruses have 
caused serious epidemics in several mariculture fish species, 
including groupers [5, 7, 22, 36, 37].  A phylogenetic survey 
based on the viral major capsid protein genes showed that  
the iridoviruses from Taiwanese fish could be classified into 
two groups, the genus Ranavirus and the genus Megalocyti-
virus [12]. 

In Taiwan, both ranaviruses and megalocytiviruses infect 
the orange-spotted grouper (E. coioides), causing serious 
losses.  In this study, we infected E. coioides with either a 
megalocytivirus (TGIV, grouper iridovirus of Taiwan) [7] or  
a ranavirus (GIV, grouper iridovirus) [22], and then the two 
iridoviruses were investigated and compared in terms of their 
target organs, virulence, and effects on the expression of sev-
eral immune-related genes in the spleen and head kidney. 

II. MATERIALS AND METHODS  

1. Fish 

Specimens of E. coioides weighing about 1.3 g were ob-
tained from a fish farm in Tainan, southern Taiwan, and main- 
tained in 26-28°C aquaria with aeration and fed commercially 
obtained artificial food twice a day.  Before experiment, sev-
eral fish were randomly picked up and checked with PCR to 
monitor their infectious status of GIV and TGIV. 

2. Preparation of Virus Inoculum 

The GIV was propagated in the grouper swim bladder SB 
cell line, which was established from E. coioides and main-
tained in Leibovitz’s L-15 medium (Invitrogen) supplemented 
with 10% fetal bovine serum (FBS, Invitrogen) at 25°C [6].  
To propagate the GIV, the SB cells were inoculated with  
GIV at a multiplicity of infection (MOI) of 0.1~0.01.  The 
virus was then allowed to multiply for two weeks at 25°C.  The 
culture medium, together with the adherent cells removed by 
scraping, was pooled, and then frozen and thawed for three 
times.  After centrifugation, the supernatant was harvested and 
saved at -80°C for later use.  The titer was determined by 
TCID50 assay and calculated by the method of Reed and 
Muench [30].  The TGIV was propagated in vivo.  The tissue 
lysates prepared from TGIV-infected giant sea perch (Lates 
calcarifer) was obtained from Prof. Chao, and was intraperi-
toneally injected into the anaesthetized E. coioides.  After 
injection for 5 days, the spleens and hearts were pooled and 
ground with a chilled mortar and pestle on ice in the presence 
of L-15 medium without FBS in the ratio of 9:1.  After cen-
trifugation at 2000 × g for 10 min, the supernatant was filtered  

Table 1.  Primer list used in this study. 

Primer name Primer sequence (5’-3’) Usage 
TGIV-MCP-F1 ATGTCTGCAATCTCAGGTGCG RT-PCR 
TGIV-MCP-R2 CGACACCTCCTCAACTAGATTGTG RT-PCR 
GIV-MCP-F1 AGGTCGGGCGATTACGTGCT RT-PCR 
GIV-MCP-R2 GGCTATGTCGGTAGCAGAGATAGGA RT-PCR 
TGIV-MCP-F2 GCAACGTGCAAAGCAATTACA Real-time 

PCR  
TGIV-MCP-R2 GCAGATTCACCTTGTTGTTGACA Real-time 

PCR 
GIV-MCP-F2 TCCCGTTGCCGTTCTTT Real-time 

PCR 
GIV-MCP-R2 TGAAGCGACCTCAGTTTAATGT Real-time 

PCR 
EF1-α-F GGATCTTTTCCTTTCCCATTGTT Real-time 

PCR 
EF1-α-R GCAGCTTTGGCCGTGAA Real-time 

PCR 
Hemoglobin 
subunit β-F 

GTCTTCCCAGGGCGTTCA Real-time 
PCR 

Hemoglobin 
subunit β-R 

TCCAGGCAGCTTTCCAGAA Real-time 
PCR 

CC chemokine 
19-F 

AAGCAGCAGTCCATTGGTATCTC Real-time 
PCR 

CC chemokine 
19-R 

ATCCTTTTCATCACCTGCTGCTA Real-time 
PCR 

TLR9-A-F TCTCATCCAAAAGAACCAGCATAG Real-time 
PCR 

TLR9-A-R TGGTGCAGCAGCGACTTC Real-time 
PCR 

TLR9-B-F ATGTGCCAGGAGGTTGTCAGA Real-time 
PCR 

TLR9-B-R CAACGGGAATTTTCCAACCTT Real-time 
PCR 

Mx-F CATCGACCTCATCCACCGTAT Real-time 
PCR 

Mx-R GACGGTAGGCAGCACAAAGTACT Real-time 
PCR 

 
 

through a 0.45 µm membrane filter and saved at -80°C for 
later use. 

3. Determination of TGIV and GIV Copy Number in the 
Inoculum by Absolute Quantitative Real-Time PCR 

The viral genomic DNAs were isolated from the inoculum 
(prepared as described above) using FavorPrepTM Viral Nu-
cleic Acid Extraction Kit I (Favorgen Biotech Corp.) accord-
ing to the provided protocol.  The GIV and TGIV major capsid 
protein (MCP) genes were chosen as the target genes for 
real-time PCR; the used primers are listed in Table 1.  Plas-
mids containing TGIV or GIV MCP genes were used to pre-
pare the standard curve.  To generate standard curve, plasmid 
DNAs were quantified by spectrophotometry, and the gene 
copy number was determined according to the molar mass 
derived from the plasmid and MCP gene sizes.  The plasmid 
DNAs were serially diluted 10-fold to generate standard 
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curves in quantities ranging from 103 to 109 copies.  Real-time 
PCR was conducted using the Power SYBR® Green Master 
Mix (Applied Biosystems) and performed using the ABI 7500 
Real-Time PCR System (Applied Biosystems).  Real-time 
PCR was carried out as follows: 0.4 µl of each primer (10 µM) 
and 1 µl of viral genomic DNAs or diluted plasmid DNAs 
were mixed with 10 µl of Power SYBR® Green Master Mix  
in a final volume of 20 µl.  The thermal cycling conditions 
were 50°C for 2 min, 95°C for 10 min, followed by 40 cycles 
of 95°C for 15 sec and 60°C for 1 min.  A dissociation curve 
analysis (95°C for 15 sec, 60°C for 1 min, 95°C for 15 sec, 
60°C for 15 sec) was included for each sample after PCR to 
examine the specificity of the PCR products.  Three technical 
replicates were performed for each assay sample and standard 
dilution.  After PCR, the Ct values for the assay samples and 
each standard dilution were determined.  Based on the Ct 
values, SDS software accompanying with the Real-Time  
PCR system calculated the standard curve for each standard 
dilution and then determined the copy number of the two MCP 
genes for the assay sample by extrapolating values from the 
standard value. 

4. Cumulative Mortality of E. coioides after Infection with 
GIV or TGIV 

The fish (1.4 g average weight) were anaesthetized and  
intraperitoneally injected with 100 µl of 10-fold serially di-
luted TGIV (1.7 × 108, 1.7 × 107, 1.7 × 106 copies) or GIV 
inoculum (1.8 × 107, 1.8 × 106, 1.8 × 105 copies); fifteen fish 
were injected for each dilution.  Fish injected with 100 µl  
of L-15 medium were served as negative control for the in-
fection.  The animals were observed twice a day for mortality; 
the number of deaths recorded and cumulative percentage 
mortality was calculated.  The experiment was conducted in 
duplicate. 

5. Organ Tropism Analyses of TGIV and GIV by PCR 

The fish were anaesthetized and infected with 100 µl of 
TGIV (1.7 × 108 copies) or GIV inoculum (1.8 × 106 copies) 
by intraperitoneal injection.  Five days after injection, the 
spleen, head kidney, kidney, heart, liver, intestine, gills and 
muscle were collected.  The DNAs were extracted using Fa-
vorPrepTM Viral Nucleic Acid Extraction Kit I (Favorgen 
Biotech Corp.) according to the supplied protocol.  The ex-
tracted DNAs were subjected to agarose gel electrophoresis 
for quality check and then quantified using NanoDrop® 
ND-1000 (Thermo Scientific).  For PCR, the concentration of 
extracted DNAs from each organ was adjusted to 100 ng/µl.  
PCR was carried out as follows: 0.4 µl of each primer (10 µM) 
and 1 µl of genomic DNAs were mixed with 10 µl of Taq  
DNA Polymerase 2 × Master Mix Red (Ampliqon) in a final 
volume of 20 µl.  The thermal cycling conditions were 94°C 
for 2 min, followed by 40 cycles of 94°C for 30 sec, 58°C  
for 30 sec and 72°C for 1 min.  The PCR products were ana-
lyzed by agarose gel electrophoresis.  The primers used in this 
experiment are listed in Table 1. 

6. Expression Analysis of Five Selected Immune-Related 
Genes in E. coioides Infected with TGIV or GIC by 
Real-Time RT-PCR 

The fish were anaesthetized and intraperitoneally injected 
with 100 µl of TGIV (1.7 × 108 copies) or GIV inoculum (1.8 × 
106 copies).  Control fish were injected with 100 µl of L-15 
medium.  At 1, 3 and 5 days post injection, the spleens and 
head kidneys were collected and pooled from three fish; there 
were three pooled samples for each time point.  TRIzol® re-
agent was used for RNA extraction according the supplier’s 
protocol.  The purified total RNAs were quantified by Nano-
Drop® ND-1000 (Thermo Scientific).  One µg total RNA was 
used for cDNA synthesis.  After treating with DNase I (Invi-
trogen) to remove contaminated DNA, the total RNAs were 
primed with oligo-dT and reverse-transcribed with HiScript I 
Reverse Transcriptase (Bionovas) at 42°C for 1 hr.  After 
reverse transcription, the cDNAs were 10-fold diluted, and 
then an aliquot of diluted cDNAs were subjected to quantita-
tive real-time PCR analysis.  The primers for the five im-
mune-related genes are listed in Table 1.  In this experiment,  
E. coioides EF-1α gene was used as a reference gene for in-
ternal standardization and the corresponding primers are 
shown in Table 1. The quantitative real-time PCR was carried 
out as describe above.  The Ct values for the immune-related 
genes and the Ct value for the internal control EF-1α gene 
were determined for each sample.  The expression levels of 
immune-related genes in infected fish relative to control fish 
were then determined using the 2-∆∆CT method [21]. 

III. RESULTS 

1. Cumulative Mortality of E. coioides after Infection with 
TGIV or GIV 

As shown in Fig. 1, for TGIV, the cumulative mortality rate 
for the fish groups injected with 1.7 × 108, 1.7 × 107 and 1.7 × 
106 copies of virus were 93.3%, 73.3% and 36.7%, respec-
tively; for 1.7 × 108 and 1.7 × 107 groups, mortalities were first 
appeared at 5 and 7 days post injection (dpi).  For GIV, the 
cumulative mortality rate for the 1.8 × 107, 1.8 × 106 and 1.8 × 
105 groups were 100%, 100% and 73.3%, respectively.  For 
1.8 × 107 and 1.8 × 106 groups, mortalities were first appeared 
at 4 and 5 dpi, and reached 100% mortality at 9 and 10 dpi, 
respectively.  Clearly, GIV had much higher virulence than 
TGIV.  No morbidity or mortality was observed in control fish 
injected with L-15 medium.  For the following comparative 
studies between the two viruses, the injection dosages of 1.7 × 
108 copies of TGIV and 1.8 × 106 copies of GIV per fish were 
used, because at these dosages, mortalities were first appeared 
at 5 dpi. 

2. Organ Tropisms of TGIV and GIV 

Fig. 2 shows the results of organ tropisms of the two viruses.  
For TGIV, high viral loads were observed in spleen, heart and 
gills; head kidney and kidney had lower viral loads; intestine  
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Fig. 1. Cumulative mortality of E. coioides infected with TGIV (A) or 

GIV (B).  The fish were intraperitoneally injected with 10-fold 
serially diluted TGIV (1.7 × 108, 1.7 × 107, 1.7 × 106 copies) or GIV 
inoculum (1.8 × 107, 1.8 × 106, 1.8 × 105 copies); fish injected with 
L-15 medium were served as negative control.  Fifteen fish were 
injected for each dilution.  The experiment was conducted in du-
plicate.  The cumulative mortality rate for each viral dilution is 
indicated on the right. 

 
 

 
Fig. 2. Organ tropism of TGIV (A) and GIV (B) in E. coioides.  After 

infecting the E. coioides with intraperitoneal injection for 5 days, 
the indicated organs were collected and their DNAs were ex-
tracted and subjected to PCR analysis. 

had lowest viral loads; TGIV loads were undetected in liver 
and muscle (Fig. 2A).  For GIV, high viral loads were detected 
in both spleen and intestine, while lower viral loads were 
identified in head kidney and gill.  The lowest viral loads were 
detected in kidney, heart, liver and muscle (Fig. 2B). 

3. The Expression Levels of Five Immune-Related Genes 
in E. coioides Infected with TGIV or GIV 

The effects of the two idiroviruses on the expression of 
several immune-related genes in both spleens and head kid-
neys were investigated.  These two organs were chosen be-
cause they are the main immune organs in fish.  The five 
immune-related genes selected for qRT-PCR analysis were 
hemoglobin subunit-β-2 (Hb), CC chemokine 19, Toll-like 
receptor 9 isoform A and B (TLR9-A and B) and Mx.  As 
shown in Fig. 3, the expression of Hb gene was induced in 
head kidney at 3 days after TGIV injection.  The expression 
levels of CC chemokine 19 were strongly induced by both 
viruses in spleen at 1 dpi, and then gradually decreased 
thereafter; similar expression pattern was observed in head 
kidney, although the expression levels were much lower.  For 
TLR9-A, the expression level in spleen was suppressed by 
both viruses at 3 and 5 dpi; in head kidney, although not sta-
tistically significant, the expression levels were slightly in-
duced.  For TLR9-B, the expression was slightly induced at 3 
dpi by GIV in head kidney.  Lastly, for Mx gene, as shown in 
Fig. 3, both TGIV and GIV infections induced strong induc-
tion of Mx gene at 1 dpi (the mean fold change was greater 
than 10), but the expression levels were highly variable, 
leading to statistical insignificance compared to control fish. 

IV. DISCUSSION 

For the past two decades, megalocytiviruses and ranavi-
ruses have emerged to become important pathogens for cul-
tured and wild fish species, causing severe systemic infections 
associated with high mortality (100%).  These viruses are 
known for their world-wide distribution and infect a variety of 
finfish hosts living in marine and freshwater environment [38].  
Both viruses, however, induce distinguished pathological 
characteristics.  All members of ranaviruses, except Santee- 
Cooper ranavirus that infects largemouth bass, induce sys-
temic necrotizing disease, i.e., necrosis in multiple organs, 
especially in the hematopoieitic tissues.  For example, epizo-
otic haematopoietic necrosis virus (EHNV) induces fatal sys-
temic diseases in rainbow trout and redfin perch, causing 
multifocal necrosis of the liver, spleen and renal haematopoi-
etic tissue [14, 15, 29, 39].  The prominent feature for mega-
locytivirus infection is the induction of hypertrophied cells, 
which contain large granular basophilic inclusion bodies in  
the cytoplasm.  In most cases, large amounts of hypertrophied 
cells are found throughout various organs, especially the 
spleen, kidney, gastrointestinal tract and gills [4, 9, 25, 32, 37].  
These hypertrophied cells are virally infected monocytes [4, 
18]. 
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Fig. 3. Expression analysis of the five immune-related genes in E. coioides 

infected with TGIV or GIV.  The fish were intraperitoneally in-
jected with TGIV (Megalocytivirus, M), GIV (Ranavirus, R) or 
L-15 medium (Control, C).  At 1, 3 and 5 dpi, the spleens and head 
kidneys were collected and subjected to quantitative real-time 
RT-PCR.  E. coioides EF-1α gene was used as internal control.  At 
each time point, three pooled samples were analyzed, each pooed 
sample containing three spleens or head kidneys.  The expression 
levels of immune-related genes in infected fish relative to control 
fish were determined using the 2–∆∆CT method.  Asterisks indicate 
statistically significant (p < 0.05) between the groups by Student’s 
t-test. 

 
 
In Taiwan, the first iridoviral infection was reported in 

grouper in 1997, and the causative agent was named TGIV 

(grouper iridovirus in Taiwan) [5].  Based on histological, 
microscopic and genetic evidence, TGIV was recognized as a 
member of the genus Megalocytivirus [4].  Then, a grouper 
iridovirus (GIV) was isolated from yellow grouper (Epi-
nephelus awoara) in 2000 [13], and subsequent genetic data 
showed that GIV belongs to the genus Ranavirus [22, 34].  In 
this study, we compared TGIV (megalocytivirus) and GIV 
(ranavirus), in terms of their virulence, organ tropisms and 
their effects on the expressions of several immune-related 
genes.  To our knowledge, this is the first report to make a 
comparative study between the two economically important 
iridoviruses in E. coioides. 

For virulence comparison, as shown in Fig. 1, the cumula-
tive mortality rates for the fish injected with either 1.7 × 107 
copies of TGIV or 1.8 × 105 copies of GIV were 73.3%.  This 
clearly showed that GIV had much higher virulence than 
TGIV (approximately 100-fold).  However, we noted that the 
cumulative mortality curve for 1.8 × 105 copies of GIV 
reached plateau at 12 dpi, whereas the curve for 1.7 × 107 
copies of TGIV was still rising at 15 dpi.  This suggests that  
if the experiment period is extended beyond 15 days, TGIV 
might exhibit higher mortality rate. 

We used PCR to investigate the organ tropisms for TGIV 
and GIV.  TGIV DNAs could be easily detected in spleen, head 
kidney, kidney, heart and gill, except in liver, intestine and 
muscle (Fig. 2A).  Using in situ hybridization, Chao et al., [4] 
found that spleen, head kidney, trunk kidney and gills con-
tained higher number of TGIV-probe labeled cells, whereas 
heart, muscle, liver and intestine had lower number of labeled 
cells.  Therefore, not considering the heart, our data are largely 
consistent with the results of Chao et al.  For GIV, high viral 
loads were detected in both spleen and intestine; lower viral 
loads were identified in head kidney and gill; lowest viral 
loads were detected in kidney, heart, liver and muscle (Fig. 
2B).  Although no detailed histological and in situ hybridiza-
tion studies have been reported on GIV-infected grouper, a 
transmission electron microscopic study identified the GIV 
virions in the cytoplasm of grouper spleen cells [22].  Singa-
pore grouper iridovirus (SGIV) is a ranavirus isolated from 
Epinephelus tauvina [28].  In situ hybridization analysis of 
SGIV showed that in naturally-infected Epinephelus mala-
baricus, strong SGIV-labeled signals were observed in kidney 
and spleen, intermediate signals were detected in intestine and 
liver, and the weakest signals were obtained in the stomach 
and gills [11]. 

Among the assayed immune-related genes, Mx and CC 
chemokine 19 genes were highly induced after TGIV or GIV 
infections (Fig. 3).  Chemokines are a large family of chemo-
tactic cytokines that control leukocyte migration and other 
cellular processes [42].  According to their functional differ-
ence, chemokines could be divided into homeostatic chemo-
kines and inflammatory chemokines; the formers mediate 
leukocyte migration during hematopoiesis and in immune 
surveillance, and the latters are involved in leukocyte re-
cruitment during infection and inflammation [43].  Chemoki-
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nes are defined by the presence of four conserved cysteine 
residues, and based on the arrangement of the first two cys-
teine residuese, they are divided into four subfamilies: CXC 
(α), CC (β), C and CX3C [2].  CC chemokines are the largest 
subfamily of chemokines with 28 CC chemokines identified 
from mammalian species [2] and at least 30 from fish [1].  A 
recent phylogenetic study has classified the teleost CC 
chemokine into seven groups, i.e., the CCL19/21/25 group, 
the CCL20 group, the CCL27/28 group, the fish-specific 
group, the CCL17/22 group, the MIP group, and the MCP 
group [27].  In this study, we found that the E. coioides CC 
chemokine 19 were highly induced after TGIV or GIV infec-
tions.  The up-regulation of CC chemokine 19 in other fish  
has also been reported.  The CC chemokine 19 (CsCCK1) in 
Cynoglossus semilaevis was highly induced in spleen, kidney, 
and liver after Vibrio anguillarum infection [19] and the  
expression of CC chemokine 19 in Atlantic salmon (Salmo 
salar) head kidney was up-regulated after infectious salmon 
anemia virus (ISAV) [17].  The functions of CsCCK1 have 
been shown: the recombinant CsCCK1 protein could induce 
chemotaxis in peripheral blood leukocytes (PBL) of two  
fish species and enhance resistance of PBL against bacterial 
infection [19].  Whether E. coioides CC chemokine 19 has 
chemotactic activity or antiviral activity remains to be identi-
fied. 

Piscine Mx proteins were firstly identified in rainbow trout 
[33] and since then many piscine Mx proteins have been found 
and the antiviral activity of some of them has been confirmed 
[3, 16, 20, 41].  Vertebrate Mx (or myxovirus resistance) pro-
teins are important components of antiviral responses trig-
gered by type I interferon in response to viral infections [31].  
They belong to the class of dynamin-like large guanosine 
triphosphatases (GTPases), which are involved in a wide 
range of intracellular transport processes [10].  In many cases, 
Mx proteins exert their antiviral activity by acting on viral 
nucleocapsids [10].  Although Mx proteins are known for their 
ability to inhibit the replication of a wide range of RNA vi-
ruses, recent studies have shown that Mx proteins inhibit DNA 
viruses as well [8, 24].  In this study, we found that TGIV and 
GIV induced Mx protein expression in E. coioides, yet this 
does not necessarily means that the induced Mx protein could 
inhibit TGIV or GIV.  A previous study showed that although 
TGIV, together with a fish nodavirus and a fish birnavirus, 
could all induce expression of the barramundi Mx protein in a 
barramundi brain cell line, the Mx protein only inhibited the 
two RNA viruses but not TGIV [41].  Therefore, further study 
is needed to identify whether the induced E. coioides Mx 
protein inhibits TGIV or GIV. 

To summarize, in this study, we compared the differences 
between TGIV (a megalovirus) and GIV (a ranavirus) in E. 
coioides.  The results showed that although GIV had higher 
virulence than TGIV, TGIV exhibited wider organ tropism 
than GIV.  Further, both viruses strongly upregulated the ex-
pressions of Mx and CC chemokine 19 genes, and Hb gene 
was only induced by TGIV. 
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