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Abstract
The dynamics of virus titer and quantity of viral DNA of red sea bream iridovirus (RSIV) under 

isolate) culture supernatant (105.7 TCID50ml-1) was added to environmental sea water and autoclaved 

titer and quantity of viral DNA of RSIV were measured on 0, 1, 4, 7 days after inoculation (dai). The 
virus titer of all samples ranged 103.7-104.0TCID50ml-1 on 0 dai. Titer of RSIV in the environmental 
sea water at 25°C and 20°C decreased to under the detection limit on 1 dai and 4 dai, respectively. 
Titer of RSIV in the environmental sea water at 15°C was 102.0 TCID50ml-1 on 4 dai, and RSIV infected 
cells were observed from one out of four wells at 10 times dilution on 7 dai although the value was 
under the detection limit. This result revealed that the period of infectiousness of RSIV in the winter 

seawater was markedly slower than environmental sea water and the titer at 15°C was constant 
from initial to 7 dai. Moreover since changes in the quantity of RSIV genome by the real-time PCR 
showed a similar trend to the virus titer, it was suggested that we could estimate the virus titer by 
measuring the quantity of viral genome.

Introduction

disease (RSIVD) of the genus Megalocytivirus 
was recorded in cultured red sea bream, Pagrus 
major, in Japan in 1990 (Inouye et al., 1992). 
Megalocytivirus which by phylogenetic analyses 
of the major capsid protein (MCP) gene has been 

shown to include three main genotypes consist-
ing of infectious spleen and kidney necrosis 
virus (ISKNV), red sea bream iridovirus (RSIV) 
and turbot reddish body iridovirus (TRBIV) 
(Kurita and Nakajima, 2012) occurring mainly 
in East and Southeast Asia infecting marine 
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and Nakajima, 2002; Jeong et al., 2003, 2008; 
Paperna et al., 2001; Sudthongkong et al., 2002).

There are no reports about the dynamics of 
Megalocytivirus in natural environmental water 
such as changes in titer or quantity of viral DNA 

there are many virological studies including: 
experimental infection trials (Kim et al., 2012; 
Ito et al., in press; Jeong et al., 2008; Jun et al., 
2009; Nakajima and Maeno,1998; Xu et al., 2008), 
genetic analysis (Do et al., 2004; Jeong et al., 
2003; Imajoh et al., 2007; Kurita et al., 2002; 
Kwon et al., 2011), in vivo immune response 
(Xu et al., 2010) and antigenic properties of 
the viral infection (Dong et al., 2011; Xiong 

pathogens in environmental waters can assist 
with outbreak predictions since the association 
between the outbreak of disease and quantity 

However, since the titer of RSIV has not been 
measured with a high precision, there are no 
reports about monitoring the dynamics of RSIV 
in environmental waters. In our previous study 
(Ito et al., in press), we reported a method to 
evaluate the titer of RSIV and also a real-time 
PCR was developed to quantitate the viral DNA. 
In the present report, the dynamics of the viral 
titer and the quantity of RSIV DNA under dif-
ferent water temperatures in natural environ-
mental sea water were investigated using the 
aforementioned methods.

Materials and methods
Cell line 

-
chased from ATCC®. Cell lines were maintained 

in basal medium Eagle (BME; MP Biomedicals, 
USA) supplemented with 10% FBS (Equitech-
Bio) and antibiotics (100 U penicillin ml-1 and 
100 mg streptomycin ml-1). The stock cultures 
and virus infected cells were cultivated at 25°C. 

Virus 

used in this study. After 8 passages of isolate 

was aliquoted and stored at -85°C until use 
in this experiment. A frozen vial was thawed 

evaluated as 105.7 TCID50 ml-1 using the titration 
method detailed below.

Treatment of virus and collecting of samples 
Environmental sea water collected from the 
surface of the Gokasho Bay in Minami-ise, 

-
ter (SEALIFE, Marine Tech. Co. Ltd., Japan) 

(105.7TCID50 ml-1) were inoculated into 30 ml 
of each water sample. Each water sample was 
maintained at 15°C, 20°C and 25°C, respectively. 
Seven ml of each were collected as initial (im-
mediately after inoculation, 0 day), 1 day, 4 days 
and 7 days after inoculation (dai). The collected 

tubes (Nunc®

tube was used for measurement of virus titra-

of the viral DNA by real-time PCR.

Titration method of RSIV 
The titration of RSIV collected samples was de-
termined according to the methods described by 
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was then overlaid with mAb M10 (Nakajima 
and Sorimachi, 1995; Nakajima et al., 1995) 

and was incubated in a humid chamber for 30 
min at 37°C and then rinsed with PBS-Tween. 
FITC-conjugated goat anti-mouse IgG serum 
(MP Biomedicals Inc., CA, USA) was applied 
and the samples were incubated for 30 min 

positive cells were observed with an inverted 

Real-time PCR for quantitation of viral DNA
The quantitation of viral DNA in collected 
samples was determined according to the 
methods described in Ito et al. (in press) with 
the exception of the total DNA extraction 

each sample was extracted using MagExtrac-
torTM -Genome- kit (Toyobo, Japan) following 
the recommended protocols. The total DNA 

distilled water (Life technologies) and stored at 
–85°C until further processing. The RSIV DNA 
was quantitated using the THUNDERBIRD® 
Probe® qPCR Mix (Toyobo, Japan) according 
to the manufacturer’s instructions. To quantify 
the RSIV DNA present in the sample, real-time 
PCR was performed using an Mx3005P QPCR 
System (Agilent Technologies) according to the 
manufacturer’s instructions. Primer sequences 
for quantitation of viral DNA were designed 
according to the RSIV MCP gene (GenBank 

CGGCCAGGAGTTTAGTGTGACT -3’) and 

primer FAM-labelled (Life Technologies) reverse 
primer, ivMCP288R-FAM (5’- FAM-CGTC-
CGCTGTTCTCCTTGCTGGACG -3’), which 

were as follows: 95°C for 1 min followed by 40 
cycles at 94°C for 15 s, 55°C for 30 s, and 72°C 
for 30 s. The results were shown as RSIV genome 

Results 
Results of titration of RSIV
Results of the titration of RSIV in the samples 

Table 1. The initial titer values were between 
103.7-104.0TCID50ml-1 in all temperatures of both 
the environmental sea water and the autoclaved 

-
proximately represent a 100 times dilution of the 

5.7 TCID50ml-1) 
used in this study. The titer of RSIV at 25°C and 
20°C in the environmental sea water rapidly 
decreased to values under the detection limit 
on 1 dai and 4 dai, respectively. However the 
viral titer in the environmental sea water at 
15°C was 102.0TCID50ml-1 on 4 dai. Moreover, 

showed a positive result although the titer is 
under the detection limit.

On the other hand the decrease of viral titer in 

slower than the environmental sea water. The 
viral titers remained at 102.7-103.5TCID50ml-1 on 
7 dai at all temperatures and the titer at 15°C 
remained almost constant from the initial value 
to 7 dai.

Results of quantitation of RSIV genome
Results of the number of copies of the RSIV 
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MCP genome are shown in Table 2. The detec-
-1. The initial value of 

the number of copies of the viral genome was 
1.5-2.8 x 103 -1 in all temperatures of 
both sea water samples. The number of copies 
of the viral genome at 25°C and 20°C in the 
environmental sea water decreased to under the 
detection limit on 4 dai and 7 dai, respectively. 
However the viral titer in the environmental 
sea water at 15°C was 3.3 copies on 7 dai. The 
dynamics of the number of copies of the RSIV 
MCP genome in the environmental sea water 
was very similar to the viral titer.

The quantity of the viral genome in the auto-
-

mately constant from initial (0 dai) to 7 dai in 
all temperatures although a minor decrease 
was observed at 25°C and 20°C. The dynamics 
of the number of copies of the viral genome in 

to the viral titer.

Discussion

of RSIV in environmental sea water samples 
using virus titer and viral genome quantitation 

techniques. Until now, there have been several 
reports on the survival rate under varying water 
conditions of piscine pathogenic viruses; infec-
tious pancreatic necrosis virus (IPNV), infec-
tious hematopoietic necrosis virus (IHNV) and 
Oncorhynchus masou virus (OMV) (Yoshimizu 

Cyprinid herpesvirus 3 (CyHV-3) 

anaemia virus (ISAV) (Tapia et al., 2013). Sur-
vival of all the aforementioned viruses occurs in 
low water temperatures although the survival 
rate varies according to each virus. This study 
for RSIV found similar results showing close 
agreement with previous reports (Shimizu et al., 

The decrease of titer and MCP genome of RSIV 
in the environmental sea water was temperature 

however, the decrease was slower, and in par-
ticular the quantity of RSIV genome was almost 

between environmental sea water samples and 
sterilized sea water have been also reported 
with other viruses; IHNV, OMV (Yoshimizu et 

number of reports have revealed that various 
bacteria in environmental sea water show 

Table 1.
temperatures.

Water sample °C) 50ml-1) Days after inoculation

0 1 4 7

Environmental 
seawater

15 3.7 4.0 2.0 < 2.0*1 *2

20 4.0 3.5 < 2.0 < 2.0

25 3.7 < 2.0 < 2.0 < 2.0

Autoclaved 
15 3.7 3.7 3.5 3.5

20 4.0 3.5 2.7 2.7

25 3.7 3.3 3.0 2.7

*1; Detection limit, *2
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anti-viral activities (Kamei et al., 1987; 1988 a, 
b; Kimura et al., 1990; Yoshimizu and Ezura, 
1999). Moreover a number of polysaccharides 
have been shown to inhibit the replication of a 
wide variety of enveloped viruses, including 

poxviruses, togaviruses, arenaviruses, para-
myxoviruses and rhabdoviruses (Baba et al., 
1988; Mastromarino et al., 1997). Therefore, 
the results of this study strongly suggest that 
RSIV in the environmental sea water might 

as polysaccharides (i.e. carrageenans, alginic 
acid) produced from seaweed and bacteria in 
the environmental water.

In this study, the dynamics of RSIV MCP 
genome was in agreement with the viral titer. 
This result indeed suggests that the RSIV infec-
tious titer can be estimated by measuring the 
quantity of the viral genome in the environmen-
tal water. If a concentration method for RSIV 

become possible. Since there are some reports 
that other viruses; the enterovirus and Norwalk 
virus (Katayama et al., 2002), noroviruses (Hara-

moto et al., 2004), poliovirus (Haramoto et al., 
2009), CyHV-3 (Haramoto et al., 2009), IHNV 
(Grant et al., 2011) and Phage (John et al., 2011) 
in environmental water could be concentrated 

various methods, the concentration of RSIV is 
likely to succeed although further studies are 
needed. Furthermore it will provide information 
for prevention of epidemics of RSIVD.

This study demonstrated that the RSIV titer 
in the environmental sea water at 15°C was 
maintained over 7 days. It was previously re-
ported that the viral DNA could be detected 

amberjack, Seriola quinqueradiata, which had 
recovered from RSIV infection in our previ-
ous study (Ito et al., in press). Jun et al. (2009) 
reported that rock bream, Oplegnathus fasciatus, 
which were kept at 13°C for 30 days after in-
tramuscular injection with splenic homogenate 

-
ity after a shift of water temperature from 13°C 
to 25°C during 17 days. Furthermore, they also 
reported that a relatively low quantity of the 
RSIV DNA was detected from the spleen of 

Table 2. Dynamics of the number of copies of MCP gene of RSIV in the environmental seawater and the 

Sample

-1)*1 

Days after inoculation

0 1 4 7

Environmental 
seawater

15 2.5 x 103 1.7 x 103 7.4 3.3

20 2.4 x 103 3.7 x 103 1.3 < 1.0*2

25 1.5 x 103 3.4 < 1.0 < 1.0

Autoclaved 
15 2.8 x 103 1.7 x 103 1.8 x 103 2.4 x 103

20 2.7 x 103 3.0 x 103 1.7 x 103 1.1 x 103

25 2.2 x 103 2.5 x 103 2.1 x 103 3

*1; All values reported as average number of copies from duplicate samples tested by real-time PCR.
*2; Detection limit
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45 days. Judging from their results and the 
sustained survival characteristics of RSIV in 
the low water temperature of this study, the 
infection of RSIVD might spread not only in 
summer when this disease is prevalent but also 

potential to continue holding and releasing the 
virus during the winter season. A further study 
is needed to demonstrate this hypothesis.
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