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ABSTRACT 16 

Red sea bream iridovirus (RSIV) causes substantial economic damage to aquaculture. In 17 

the present study, RSIV in wild fish in an aquaculture environment was surveyed to 18 

evaluate the risk of wild fish being an infection source for RSIV outbreaks in cultured fish. 19 

In total, 1102 wild fish, consisting of 44 species, were captured from two aquaculture areas 20 

in western Japan using fishing, gill nets, and fishing baskets between 2019 and 2022. 21 

Eleven fish from seven species were confirmed to harbor the RSIV genome using a probe-22 

based real-time PCR assay. The mean viral load of the RSIV-positive wild fish was 101.1 ± 0.4 23 

copies/mg DNA, which was significantly lower than that of seemingly healthy red sea 24 

bream (Pagrus major) in a net pen during an RSIV outbreak (103.3 ± 1.5 copies/mg DNA) 25 

that occurred in 2021. Sequencing analysis of a partial region of the major capsid protein 26 

gene demonstrated that the RSIV genome detected in the wild fish was identical to that of 27 

the diseased fish in a fish farm located in the same area where the wild fish was captured. 28 

Based on the diagnostic records of RSIV in the sampled area, the RSIV-infected wild fish 29 

appeared during RSIV outbreak or after the ceasing of the disease in cultured fish, 30 

suggesting that RSIV detected in wild fish was derived from the RSIV outbreak in cultured 31 

fish. Therefore, wild fish populations around aquaculture environments may not be a 32 
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significant risk factor for RSIV outbreaks in cultured fish. 33 

 34 

Keywords: red sea bream iridovirus, RSIV, Megalocytivirus, wild fish, Pagrus major  35 

 36 

 37 

  38 
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1. INTRODUCTION 39 

Red sea bream iridovirus (RSIV), a lethal pathogen in various fish species, belongs to the 40 

genus Megalocytivirus in the family Iridoviridae (Jancovich et al. 2012). The virus has a 41 

double-stranded DNA genome approximately 110 kbp in length. The viral particles are 160–42 

180 nm in diameter and include an envelope-like structure around the icosahedral virion 43 

capsid (Kurita & Nakajima 2012; Kawato et al. 2020). Megalocytiviruses have been divided 44 

into two species by the International Committee on Taxonomy of Viruses (ICTV): infectious 45 

spleen and kidney necrosis virus (ISKNV), to which RSIV belongs, and scale drop disease 46 

virus (SDDV), which has recently been registered as a new species in the genus (Chinchar et 47 

al. 2017). Based on phylogenetic analysis of the major capsid protein (MCP) and ATPase 48 

genes, ISKNV species can be mainly classified into three genogroups, each with two clades: 49 

the RSIV genogroup originating from marine fish, the ISKNV genogroup originating from 50 

both marine and freshwater fish, and the turbot reddish body iridovirus (TRBIV) genogroup, 51 

which is mainly reported in marine flatfish (Kurita & Nakajima 2012, Go et al. 2016, Koda 52 

et al. 2018). 53 

RSIV was first reported in Japan in 1990 in cultured red sea bream (Pagrus major), from 54 

which the viral name was derived (Inouye et al. 1992). The affected fish show signs of 55 
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lethargy, have pale gills and an enlarged spleen, and numerous enlarged cells are observed in 56 

the visceral organs, such as the spleen, heart, and kidney (Inouye et al. 1992). The viral 57 

infection has caused significant economic damage to more than 30 mariculture fish species 58 

every summer season in Japan for more than 30 years (Matsuoka et al. 1996; Kawakami & 59 

Nakajima, 2002). After the emergence of RSIV in Japan, similar viral infections caused by 60 

megalocytiviruses have been reported in Asian countries (He et al. 2000; He et al. 2001; Jung 61 

& Oh, 2000; Do et al. 2004; Shi et al. 2004; Shi et al. 2010). Furthermore, the geographical 62 

distribution of megalocytiviruses has spread to Europe, the Americas, and Africa since the 63 

2010s in both aquaculture fish for human consumption (Subramaniam et al. 2016; Lopez-64 

Porras et al., 2018; Ramírez-Paredes 2020; Figueiredo et al. 2022) and ornamental fish (Jung-65 

Schroers et al. 2016; Bermúdez et al. 2018). Because of its significant impact on the 66 

aquaculture industry, RSIV infection caused by the ISKNV species has been designated as a 67 

notifiable disease by the World Organization for Animal Health (WOAH, 2023). 68 

Seasonal infection cycles and viral carriers during off-season RSIV outbreaks in aquaculture 69 

environments remain unclear. Since the viral infection in Japan routinely occurs every 70 

summer season and ceases in winter, there could be potential virus carriers or vectors in 71 

aquaculture environments, such as surviving fish (Ito et al. 2013, Ito et al. 2014), latently 72 
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infected fish in which viral replication is suppressed at lower temperatures (Jun et al. 2009, 73 

Oh et al. 2014), wild fish (Wang et al. 2007), and bivalves near fish farms (Jin et al. 2014). 74 

Recently, we suggested that asymptomatically infected broodstock could be an infection 75 

source for an outbreak event on a fish farm (Kawato et al. 2021).  76 

Assessing the risk of environmental water (seawater) and wild fish for RSIV outbreak are 77 

required to implement appropriate biosecurity measures in fish farms as seawater and wild 78 

fish can move freely among net pens in the mariculture system. Our latest research has shown 79 

that the seawater contributes less than expected to the transmission of RSIV among fish farms 80 

because the transmission via seawater was highly associated with the distance between the 81 

net pens (Kawato et al. 2023). Therefore, in this study, we assessed the wild fish around 82 

aquaculture environment as a potential risk of RSIV outbreaks in fish farms. We surveyed 83 

wild fish in two fish farming areas where RSIV outbreaks have routinely occurred between 84 

2019 and 2022. The risk of wild fish for RSIV outbreak is discussed based on the results of 85 

surveillance accompanied by the status of the RSIV epidemic in the area where the wild fish 86 

were captured. 87 

 88 

2. MATERIALS AND METHODS 89 
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2.1 Fish samples 90 

Wild fish were collected from two bay areas (A and B) located in western Japan, where 91 

more than one million cultured fish, such as red sea bream and Japanese amberjack (Seriola 92 

quinqueradiata), were reared (Fig. 1). A total of 1,102 fish were captured using fishing, gill 93 

nets, and fishing baskets between 2019 and 2021 in area A, and between 2020 and 2022 in 94 

area B. Wild fish samples consisted of 8 orders, 29 families, and 44 species (Table 1). For 95 

comparison with cultured fish, 8 dead and 30 seemingly healthy fish were collected from a 96 

red sea bream fish farm located in area B during the RSIV outbreak in 2021. Fish samples 97 

were kept on ice in a vessel, and spleens were collected on the same day. The spleen 98 

samples were stored at −80°C until DNA extraction.  99 

 100 

2.2 Epidemiological information on RSIV disease 101 

Information on RSIV epidemics in each area was obtained from diagnostic records 102 

inspected by two diagnostic laboratories for fish diseases managed by local authorities. 103 

RSIV infection of each case was confirmed by observation of enlarged cells which is a 104 

typical sign of RSIV-infected fish using stamp smear of spleen or kidney by Giemsa stain 105 

(Inouye et al. 1992). In areas A and B, the diagnostic records were summarized by the 106 
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number of fish farms and individual net pens, respectively, owing to differences in the 107 

recording systems of the diagnostic laboratories. There were huge outbreaks of RSIV in 108 

2021 in areas A and B because most fish farms introduced RSIV-infected juveniles. 109 

 110 

2.3 DNA extraction and real-time PCR 111 

Total DNA was extracted from spleen samples using the QIAamp DNA Mini Kit (QIAGEN 112 

K.K., Tokyo, Japan) according to the manufacturer’s instructions. The extracted DNA was 113 

examined using a real-time PCR targeting the MCP gene of RSIV (Kawato et al. 2021) 114 

using the RSIV-MCP186F (5′-CGG CCA GGA GTT TAG TGT GAC T-3′) and RSIV-115 

MCP288R primers (5′-GCT GTT CTC CTT GCT GGA CG-3′) and the RSIV-MCP239P 116 

probe (5′-FAM-TGT GGC TGC GTG TTA AGA TCC CCT CCA-BHQ1-3′). 117 

Briefly, 20 μL of the reaction mixture, consisting of 2 μL of the DNA template, 10 μL of 118 

THUNDERBIRD Probe qPCR Mix (TOYOBO Co., Ltd., Osaka, Japan), and a final 119 

concentration of 200 nM for each primer and probe, was added to each well. For copy 120 

number calculation, a serial 10-fold dilution of a plasmid (pGEM-Easy vector; Promega 121 

Corporation, Madison, WI, USA) containing the target region of real-time PCR was used to 122 

draw a standard curve. Real-time PCR was performed using a LightCycler 96 Instrument 123 
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(Roche Diagnostics K.K., Tokyo, Japan) or CFX96 Touch Real-Time PCR Detection 124 

System (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The amplification thermal 125 

profile consisted of preincubation at 95°C for 1 min followed by 45 cycles of denaturation 126 

and annealing, which were conducted at 95°C for 10 s and 60°C for 30 s, respectively. The 127 

samples were tested in duplicate. 128 

 129 

2.4 Sequencing analysis 130 

A partial region of the MCP gene of RSIV from wild and cultured fish (dead and seemingly 131 

healthy) from the net pen during the RSIV outbreak was sequenced. PCR primers, RSIV 132 

MCP-216F (5′-GGG TGG CGA CTA CCT CAT TA -3′) and RSIV MCP-793R (5′-CAA 133 

TGA GCA TGC TAC GGC TA-3′) were used for the 1st PCR to amplify the partial region 134 

of the MCP gene (578 bp). PCR amplification was performed using KOD One PCR Master 135 

Mix -Blue- (TOYOBO Co., Ltd., Osaka, Japan). The amplification thermal profile 136 

consisted of 45 cycles of denaturation at 94°C for 10 s, annealing at 55°C for 30 s, and 137 

extension at 68°C for 30 s. Then, a nested PCR was performed using the amplicon of the 1st 138 

PCR, which was diluted 100 times with distilled water. PCR primers for the nested PCR 139 

were RSIV MCP-251F (5′-TTA AGA TCC CCT CCA TCA CG-3′) and RSIV MCP-764R 140 
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(5′-ACA ACC TCA CGC TCC TCA CT -3′). The amplification thermal profile consisted of 141 

one denaturation cycle of 35 cycles of denaturation at 98°C for 10 s, annealing at 55°C for 142 

5 s, and extension at 68°C for 1 s. The 514 bp amplicon was purified using Illustra 143 

ExoProStar (Global Life Sciences Technologies Japan K.K., Tokyo, Japan) and directly 144 

sequenced using a DNA sequencing service (Fasmac Co., Ltd., Kanagawa, Japan). The 145 

nucleotide sequences, except for the primer region of the partial MCP gene (474 bp), were 146 

submitted to the DNA Data Bank of Japan (DDBJ) under accession number LC779498-147 

LC779503. Phylogenetic tree analysis was performed with the partial MCP nucleotide 148 

sequences obtained from wild and cultured fish (dead and seemingly healthy) during the 149 

outbreak, and 17 megalocytiviruses collected from the NCBI GenBank database. The MCP 150 

sequence of scale drop disease virus (SDDV) was selected as an outgroup. The 151 

phylogenetic tree was constructed using Molecular Evolutionary Genetics Analysis 152 

(MEGA) version 10.2.6 (Kumar et al. 2018) using the neighbor-joining method with default 153 

parameters and 1000 bootstrap replicates. 154 

 155 

2.5 Statistical analysis 156 
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For the copy number of RSIV genome among dead fish, asymptomatic infected fish, and 157 

wild fish, assumptions of the normality and variances were tested first using Shapiro-Wilk 158 

test and Bartlett test, respectively. Because the normality was confirmed but the variances 159 

were not homogeneous, the data sets were analyzed by nonparametric test using Welch’s 160 

one-way ANOVA followed by pairwise Welch’s T-test with the Bonferroni correction as the 161 

post hoc test. The detection rate of the RSIV genome between sampling areas or among 162 

cultured and wild fish was analyzed using Fisher’s exact test, and the p-value was adjusted 163 

using the Bonferroni method. The mean days from the date of wild fish sampling to that of 164 

first RSIV outbreak in each year was compared between area A and B using Welch’s T-test. 165 

Statistical significance was set at P < 0.05. The analyses were performed using R version 166 

4.2.1 using packages “multcomp” and “RVAideMemoire.” 167 

 168 

3. RESULTS 169 

3.1 Detection of RSIV genome from wild fish around aquaculture environment 170 

RSIV genome was detected in 11 wild fish from 7 species among 1102 wild fish consisting 171 

of 8 orders, 29 families, and 44 species captured around two aquaculture environment 172 

(Tables 1 and 2). The RSIV-detected species were limited in Perciformes fish although 173 
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there were 248 samples (22.5%) derived from non-Perciformes fish. The RSIV detection 174 

frequencies in areas A (1.2%) and B (0.9%) were not significantly different (Table 1). Most 175 

of RSIV-detected wild fish were confirmed in 2021 when huge outbreaks of RSIV were 176 

reported due to introducing RSIV-infected juveniles as seedlings in many fish farms (Table 177 

2, Fig 2). No RSIV-positive wild fish was confirmed in area A in 2020 when no RSIV 178 

epidemic was recorded (Fig. 2A). On the other hand, RSIV was not detected from the wild 179 

fish captured in area B in 2020 although RSIV outbreaks were confirmed (Fig. 2B). All the 180 

RSIV-detected wild fish were confirmed after RSIV outbreak in cultured fish in both areas 181 

where the wild fish were captured (Table 2, Fig. 2). The mean days between the date of 182 

sampling and that of first RSIV outbreak in each year was 85.4 ± 44.3 days and it was 183 

not significantly different between area A (94.8 ± 32.1 days) and B (74.0 ±57.6 days).  184 

 185 

3.2 Comparison between cultured fish and wild fish 186 

The viral genome was detected in all dead fish and in 19 of 30 seemingly healthy fish 187 

collected from cultured red sea bream during the RSIV outbreak. The detection frequencies 188 

of RSIV among dead, seemingly healthy, and wild fish were 100%, 63.3%, and 1.0%, 189 

respectively, and that of wild fish was significantly low. Although both RSIV-detected wild 190 
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fish and cultured fish had no clinical signs, the mean viral load in the wild fish (101.1±0.4 191 

copies/mg DNA) was significantly lower than that of the seemingly healthy fish (103.5±1.6, 192 

copies/mg DNA) (Fig. 3). 193 

The partial nucleotide sequences of the MCP gene, except for the primer region (474 bp) 194 

detected from eight positive samples in the wild fish, were completely identical. Although 195 

no PCR product was obtained using nested PCR in the three positive samples from 196 

Japanese jack mackerel (Trachurus japonicus), a partial RSIV sequence was confirmed by 197 

sequencing the real-time PCR amplicons. The nucleotide sequences detected in wild fish 198 

were identical between dead and seemingly healthy fish during the RSIV outbreak (Fig. 4). 199 

Phylogenetic tree analysis indicated that all nucleotide sequences detected in the wild fish 200 

belonged to the RSIV genogroup Clade 2 (Fig. 4). 201 

 202 

4. DISCUSSION 203 

The present study demonstrated the frequency and intensity of RSIV infection in wild fish 204 

captured in an aquaculture environment using real-time PCR assay. Many wild fish have 205 

been considered potential carriers of RSIV epidemics in fish farms because RSIV has a 206 

broad host range for more than 30 species of marine fish (Matsuoka et al. 1996; Kawakami 207 
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& Nakajima 2002). Indeed, ISKNV, another genogroup of RSIV in the megalocytiviruses, 208 

was detected in 9.1% (n = 1118) of wild fish using nested PCRs (Wang et al. 2007). In 209 

contrast, the 1.0% (n = 1102) detection rate in wild fish observed in this study was 210 

significantly lower than that in the previous study despite a similar sample size. RSIV-211 

positive wild fish were limited to seven species within Perciformes fish in this study, 212 

whereas the ISKNV-positive wild fish are confirmed in 36 species across six orders by 213 

Wang et al. (2007). Although the potential differences in the sensitivity and specificity of 214 

the assays used in both studies should be considered, the detection frequency in wild fish 215 

could vary according to geographical location and aquaculture conditions. 216 

Many wild fish especially Perciformes fish could be potential susceptible species for RSIV. 217 

Among RSIV-detected wild fish, 4 species (Trachurus japonicus, P. major, Girella 218 

punctata, and Epinephelus awoara) are reported to be susceptible to RSIV (Matsuoka et al. 219 

1996; Kawakami & Nakajima, 2002). On the other hand, to the best of our knowledge, the 220 

other RSIV-detected wild fish (Evynnis tumifrons, Prionurus scalprum, and Sebastiscus 221 

marmoratus) classified into Perciformes is the first confirmed case for RSIV infection. 222 

Considering the extremely broad host range of RSIV (Kawato et al. 2017), it could be a 223 

potential risk of RSIV outbreak to start aquaculture of new fish species especially 224 
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Perciformes fish. 225 

The RSIV load in wild fish was extremely low, suggesting that RSIV transmission from 226 

wild fish to cultured fish is rare. In the asymptomatically RSIV-infected fish during the 227 

RSIV outbreak in the fish farm, a range of viral loads between 101.1 and 105.9 copies/mg 228 

DNA was observed. A similar situation was observed in a challenge test when RSIV was 229 

exposed to red sea bream at 106 copies/L continuously for 3 days, which mimics a field 230 

outbreak (Kawato et al. 2023). In the challenge test, RSIV shedding into the rearing water 231 

from infected fish was confirmed, which could be a source for expanding the disease in fish 232 

farms. Therefore, the variation in viral load during the asymptomatic stage indicates the 233 

progression of the RSIV outbreak in the population. In contrast, the viral load of the wild 234 

fish did not exceed 102.0 copies/mg DNA, suggesting that the RSIV infection did not 235 

progress in the infected wild fish for individuals and populations, at least when the fish 236 

were captured. Furthermore, the low viral load in wild fish indicates that few viruses could 237 

be shed into environmental water from RSIV-infected wild fish. In addition, wild fish do 238 

not have the opportunity to come into direct contact with cultured fish because they are 239 

separated by a net pen. It is unlikely that RSIV-infected wild fish remain close to the net 240 

pen of cultured fish and release a large number of viral particles to transmit the virus 241 
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because the wild fish can freely move among net pens in aquaculture environment. Indeed, 242 

our previous study monitoring the RSIV load in seawater in aquaculture environments 243 

demonstrated that there were only 7 samples exceeding 104.0 copies/L of the RSIV load in 244 

seawater among 308 seawater samples between 2019 and 2022. All the high viral load 245 

samples in seawater were associated with RSIV outbreak in fish farms (Kawato et al. 246 

2023). In addition, our infection model indicates that RSIV-contained seawater with less 247 

than 103.0 copies/L can be ignored as an infection source for RSIV outbreak. Thus, the 248 

RSIV-infected wild fish which were low viral load and prevalence, and physically separated 249 

by the cultured fish, was not considered to be the infection source for RSIV outbreak. 250 

There could be infection sources for RSIV outbreak in fish farms other than RSIV-infected 251 

wild fish. For example, the diseases are confirmed in 2020 in area B although no RSIV was 252 

detected from the wild fish (Fig. 2). Our previous study suggests that asymptomatically 253 

RSIV-infected broodstock could be the infection source for RSIV outbreak in aquaculture 254 

environment as high viral load was detected from seawater at the net pen of seemingly 255 

healthy broodstock of red sea bream followed by confirmation of RSIV outbreak in the 256 

juveniles nearby the broodstock net pen in 10 days (Kawato et al. 2021). Similar situations 257 

could be occurred in area B in 2020 because the cases were mainly confirmed in fish farms 258 
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where different fish ages were reared in a limited area. In contrast, RSIV outbreaks in 2021 259 

in areas A and B have been confirmed to be due to introduction of RSIV-infected juveniles 260 

possibly transmitted from the asymptomatically RSIV-infected broodstock (Kawato et al. 261 

2023). Therefore, there is no evidence that the RSIV-infected wild fish was the source of 262 

RSIV outbreak so far.  263 

The RSIV detected in wild fish was presumed to have been derived from fish farms where 264 

the RSIV outbreak occurred. The target region for sequencing analysis contained single-265 

nucleotide polymorphisms (SNPs) that could distinguish among several RSIV isolates 266 

(unpublished data). For example, the SNPs suggested that the RSIV genome of the wild 267 

fish in this study was different from that of RSIV RS-17 (accession no. LC605053) isolated 268 

from red sea bream during an outbreak in a different prefecture in 2017 (Kawato et al. 269 

2021) but was identical to that in the cultured red sea bream in area A in 2021. Furthermore, 270 

the comparison with the diagnostic records of RSIV indicated that RSIV-infected wild fish 271 

appeared during or after the outbreak. The mean days between the date of wild fish 272 

sampling and that of first RSIV outbreak in cultured fish was not different between area A 273 

and B suggesting that similar situation was occurred in both areas. It should also be noted 274 

that wild fish did not harbor RSIV when no RSIV epidemics were confirmed in area A in 275 
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2020. These results suggest that RSIV was transmitted from the cultured fish to the wild 276 

fish rather than the RSIV-infected wild fish was the source of the disease outbreak in fish 277 

farms. Furthermore, the RSIV infection was hardly considered to be circulating among wild 278 

fish as there were cohorts of wild fish that RSIV was not detected in 2020. 279 

The limited risk of RSIV-infected wild fish transmitting RSIV to cultured fish suggests that 280 

the transmission of RSIV between fish farms could be partly due to the movement of 281 

equipment and humans associated with fish farms. Our previous study suggested that the 282 

transmission of RSIV via environmental water is highly associated with the distance 283 

between net pens; hence, environmental water is not always an infection source for the 284 

transmission of RSIV between fish farms (Kawato et al. 2023). Another factor for 285 

transmission between fish farms that cannot be controlled in semi-open aquaculture 286 

systems is wild fish. However, our surveillance of wild fish suggests that RSIV-infected 287 

wild fish contribute little to the transmission of RSIV to cultured fish. Therefore, 288 

biosecurity management, such as the disinfection of equipment associated with fish farms, 289 

could be effective, even in semi-open aquaculture systems, where wild fish and 290 

environmental water can freely move. Further studies are needed to identify the 291 

transmission routes of RSIV to fish farms. 292 
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Table 1. Surveillance of red sea bream iridovirus (RSIV) in wild fish around aquaculture environment 408 

Order Family Species Positive fish/Examined fish 

Area A Area B Total 

Anguilliformes Muraenesocidae Muraenesox cinereus 0/10 -*1 0/10 

Aulopiformes Synodontidae Saurida sp. 0/69 - 0/69 

Clupeiformes Dussumieriidae Etrumeus micropus 0/21 - 0/21 

Engraulidae Engraulis japonicus 0/1 - 0/1 

Lophiiformes Lophiidae Lophiomus setigerus  0/1 - 0/1 

Mugiliformes Mugilidae Mugil cephalus 0/1 - 0/1 

Perciformes Acanthuridae Prionurus scalprum - 1/5 1/5 

Apogonidae Ostorhinchus semilineatus 0/1 0/12 0/13 

Pristicon trimaculatus 0/1 - 0/1 

Carangidae Carangoides equula 0/3 0/25 0/28 

Decapterus maruadsi 0/25 0/44 0/69 

Seriola quinqueradiata 0/26 0/65 0/91 

Trachurus japonicus 3/106 0/24 3/130 

Chaetodontidae Roa modesta 0/1 - 0/1 

Haemulidae Parapristipoma trilineatum - 0/3 0/3 

Plectorhinchus cinctus - 0/3 0/3 

Diagramma pictum - 0/1 0/1 

Kyphosidae Oplegnathus punctatus - 0/4 0/4 

Oplegnathus fasciatus - 0/9 0/9 

Girella punctata - 2/138 2/138 

Labridae Choerodon azurio 0/4 0/2 0/6 

Pseudolabrus sieboldi 0/2 - 0/2 

Latridae Goniistius zonatus - 0/1 0/1 

Lethrinidae Lethrinus haematopterus - 0/3 0/3 

Lutjanidae Lutjanus kasmira 0/1 0/1 0/2 

Mullidae Parupeneus chrysopleuron - 0/2 0/2 

Upeneus japonicus - 0/25 0/25 

Nemipteridae Parascolopsis eriomma 0/8 - 0/8 

Pomacanthidae Chaetodontoplus septentrionalis 0/2 - 0/2 

Pomacentridae Chromis notata 0/1 0/2 0/3 

Pteroinae Pterois lunulata 0/5 - 0/5 

Scombridae Scomber japonicus 0/2 - 0/2 

Scorpaenidae Sebastiscus marmoratus 0/10 1/40 1/50 

Sebastidae Sebastes sp. 0/1 - 0/1 
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Serranidae Epinephelus awoara - 1/2 1/2 

Epinephelus areolatus - 0/8 0/8 

Sparidae Evynnis tumifrons 2/109 0/8 2/117 

Pagrus major 1/75 0/12 1/87 

Rhabdosargus sarba - 0/31 0/31 

Triglidae Lepidotrigla microptera 0/1 - 0/1 

Tetraodontiformes Monacanthidae Aluterus monoceros - 0/4 0/4 

Stephanolepis cirrhifer 0/30 0/98 0/128 

Thamnaconus modestus 0/1 0/11 0/12 

Zeiformes Zeidae Zeus faber 0/1 - 0/1 

Total positive fish/Total examined fish (%) 6/519 (1.2) 5/583 (0.9) 11/1102 (1.0) 

*1 -: no sample 409 

 410 

 411 
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Table 2. Information of wild fish from which RSIV was detected. 

Sample  

No. 
Area 

Sampling 

date 

Days after 

outbreak*1 

Captured 

method 
Species 

BW 

(g) 

RSIV copies 

/mg DNA 
 

Accession 

number*2 

74 A 16-Oct-19 107 Fishing Trachurus japonicus 111 2.8E+01 - 

76 A 16-Oct-19 107 Fishing Trachurus japonicus 140 4.6E+00 - 

77 A 16-Oct-19 107 Fishing Trachurus japonicus 130 2.1E+01 - 

880 A 30-Aug-21 56 Gill net Evynnis tumifrons 380 3.2E+00 LC779498.1 

881 A 30-Aug-21 56 Gill net Evynnis tumifrons 280 4.0E+00 - 

923 A 18-Nov-21 136 Gill net Pagrus major 100 1.1E+01 LC779500.1 

902 B 31-Aug-21 74 Fishing Girella punctata 840 1.7E+01 LC779499.1 

908 B 31-Aug-21 74 Fishing Girella punctata 440 6.3E+00 - 

951 B 3-Dec-21 168 Fishing Prionurus scalprum 500 1.2E+01 LC779501.1 

1053 B 23-Jun-22 27 Fishing Sebastiscus marmoratus 285 6.3E+01 LC779502.1 

1078 B 23-Jun-22 27 Fishing Epinephelus awoara 650 3.2E+01 LC779503.1 

*1 Days between the date of sampling and that of first RSIV outbreak in cultured fish in the area where the wild fish was captured in each year. 

*2 Partial sequence of the major capsid protein gene of RSIV determined by amplicon sequence of the nested PCR. 

 


