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ABSTRACT -We examined the effectiveness of a formalin-inactivated vaccine against viral hemorrhagic 
septicemia (VHS) in Japanese flounder Paralichthys olivaceus by the pathogen challenge. Japanese 
flounder (average weight， 10 g) kept at 120C， 200C and 280C were vaccinated by intraperitoneal injection 
of a formalin-inactivated VHS virus (VHSV) and maintained at each temperatu問 for21，19 and 17 days 
post vaccination (dpv)， respectively. The fish vaccinated at 200C and 280 C were acclimated to 120C， 
and then all vaccinated fish were challenged with VHSV at 120C at 21 dpv. Fish that received the vac-
cine at 200C showed relative percent survival (RPS) of 48%， compared with 0% for those given the vac・
cine at 120C and 280C. In other experiment， efficient protection against VHSV lasted at least 7 mo in 
Japanese flounder (average weight， 100 g) vaccinated at 200C and maintained at ambient temperature， 
whe悶 highRPS values (71-100%) were obtained after viral challenges at 18， 77， 98 and 213 dpv. We 
obtained promising results that a single immunif_ation with the formalin-inactivated vaccine at the physio-
logically optimal temperature (200C) provided significant protective and long-Iasting immunity to Japa-
nese flounder against VHS. 

Key words: Viral hemorrhagic septicemia virus， VHSV， Paralichthys olivaceus， vaccination， formalin-
inactivated vaccine， water temperature， long-Iasting immunity 

Viral hemorrhagic septicemia (VHS) is a serious 

viral disease of salmonid fish in European aquaculture， 

causing significant economic losses (Wolf， 1988; Smail， 

1999). The causative agent of VHS， viral hemorrhagic 
septicemia virus (VHSV)， is an enveloped negative-
sense ss-RNA virus belonging to the genus Novirhabdovirus 

within the family Rhabdoviridae (Dietzen et alリ 2012).

In recent decades， VHSV has been isolated not only 

from salmonids but also from an increasing number of 

free-living marine fish species (Meyers et a/.， 1992， 

1994， 1999; Meyers and Winton， 1995; Amos et al.， 
1998; Mortensen et al.， 1999; Smail， 2000; Takano et 
al.， 2000， 2001; Watanabe et al.， 2002; Skall et al.， 
2005a). So far， it has been isolated from more than 40 

species of wild and farmed marine fish and from some 

freshwater species throughout the Northern Hemト
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sphere including the USA， Canada， Japan， Korea， and 

Europe (Skall et al.， 2005b)， indicating extensions of the 

host and geographic ranges of VHSV in these waters. 

In Japan， VHSV was first isolated from farmed 

Japanese flounder Paralichthys olivaceus during a natu-

ral outbreak in 1996 (Isshiki et al.， 2001). Since then， 

VHS has caused serious mortalities not only in flounder 

farms but also in farms raising other marine fishes over 

a wide area in Japan (Isshiki et al.， 2010). Therefore， 

VHS has a significant impact on marine aquaculture in 

Japan. VHS outbreaks could be controlled if an e汗ec-

tive vaccine against this disease can be developed. 

Vaccination against VHS has been a世emptedfor at 

least 30 years. The vaccines have included inact卜

vated or attenuated virus and recombinant viral proteins. 

Recently， under experimental conditions， a DNA vac-

cine in which plasmid DNA encoding the viral protein 

gene is introduced into the fish has proved extremely 

successful against the disease in rainbow trout 

Oncorhynchus mykiss (Heppll et a人 1998;Lorenzen et 

al.， 1998; McLauchlan et al.， 2003). Compared with 

other vaccinations with inactivated virus or recombinant 
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viral proteins， DNA vaccine is also highly efficient for 

protecting against VHS in Japanese flounder (Byon et 

al.， 2003へ2005，2006). A commercial DNA vaccine 

against infectious hematopoietic necrosis (IHN) in 

Atlantic salmon Salmo salar is now available in British 

Colombia and Canada (Lorenzen et al.， 2009). In 

many countries， however， inactivated vaccines are con-

sidered preferable to other vacoine types from the view-

point of safety for fish， the environment， and the 

consumer. In fact， all of the vaccines licensed for 

aquaculture in Japan are inactivated vaccines (The 

Ministry of Agriculture， Forestry and Fisheries of Japan， 

2012). However， there is no efficient inactivated vac・

cine against VHS in Japanese flounder. 

Bony fish are poikilotherms and their entire physiol-

ogy， including immune function， is strongly influenced 

by the water temperature (Suzuki， 2008). There have 

been several studies on the effects of temperature on 

the acquired immune system， especi剖Iythe adaptive 

immune response (Bly and Clem， 1992; Vallejo et al.， 

1992a， 1992b). These studies demonstrated that 

helper T cells and cytotoxic T cells are down-regulated 

at low temperatures. Some fish species additionally 

show temperature-adaptation of innate immune sys-

tems， including phagocytes and respiratory burst activity 

(Dexiang and Ainsworth， 1991; Collazos et al.， 1994a， 

1994b; Le Morvan et al.， 1997; Nikoskelainen et alリ

2004). These findings indicate that vaccination at the 

physiologically optimal temperature of the fish will result 

in protective immunity. Potential inactivated vaccine 

against VHS in Japanese flounder needs to control 

VHS occurring in the cold-water season， when water 

temperatures range from 80C to 150C (Isshiki et al.， 

2001). Nevertheless， for Japanese flounder， it has 

recently been found that lower temperatures from 9
0C 

to 150C suppressed the cellular and humoral immune 

response， the proportions of surface immunoglobulin 

positive (slg+) cel凶 inIymphoid organs and the ant卜

body levels in sera， of the fish following the immuniza-

tion with inactivated Iymphocystis disease virus (LCDV) 

at different temperatures (Xu et al.， 2011). These 

observations propose that Japanese flounder should 

receive the immunization against VHS at the optimal 

temperatures above 150C before or during the epidemic 

of VHS for induction of the protective immunity. Xu et 

al. (2011) suggested that an environmental temperature 

of 21 oC is near the physiological optimum for Japanese 

flounder according to the temperature-dependency of 

immune responses of the fish to inactivated LCDV. 

Thus， studying the efficacy of an inactivated vaccine 

* Byon， J. Y.， T. Takano， T. Ohira， 1. Hirono and T. Aoki (2003): 
Development of a DNA vaccine against viral hemorrhagic sep-
ticemia virus in Japanese flounder (Paralichthys oli悶 ceus).

Program and abstracts of the annual meeting of the Japanese 
Society of Fish Pathology， Shimonoseki， Japan， October 
2003， p. 13. (In Japanese) 

against VHS at different temperatures is important to 

optimize application of this vaccine to practical control 

measure against outbreaks of VHS during the cold-

water season. In this study， we evaluated the influ-

ence of different temperatures on protection of 

Japanese flounder induced by vaccination with formalin-

inactivated VHSV against the virus challenge. We also 

examined the duration of the protection induced by 

vaccination at the optimal temperature. 

Materials and Methods 

Virus and cells 

We used the VHSV isolate KRRV9822 (Genotype 

IVa) (Nishizawa et al.， 2002)， which was isolated from 

farmed Japanese flounder in 1998 in Japan. The virus 

was propagated in the fat head minnow (FHM) cell line 

(Gravel and Marlsberger， 1965) at 200 C in Eagle's mini-

mum essential medium (Nissui) supplemented with 10% 

foetal bovine serum. 

Vaccine preparation 

VHSV was inoculated into FHM cells seeded in 175 

cm
2 
flasks (Falcon) at a multiplicity of infection (MOI) of 

0.001 median tissue culture infective dose (TCIDso)/cell 

and incubated at 20
0 C for 6 days until complete cell 

Iysis by cytopathic effect (CPE). Then the culture 

medium was collected and centrifuged at 2，000 xg for 

15 min at 40C. Formalin (formaldehyde 36-38% w/v; 

Wako) was added to the supernatant containing 10
9
.OS 

TC1DsofmL of the virus at final concentration of 0.4% 

(v/v) and the mixture was kept at 40C for 7 days for 

virus inactivation. 

Experimental fish 

We used two size groups of Japanese flounder 

(average body weight， 10 and 100 g) obtained from a 

VHS-negative hatchery， Ehime Prefectural Sea Farming 

Center， Japan. Prior to use， ten fish were randomly 

selected and tested by RT-PCR (Takano et al.， 2000) to 

confirm the absence of VHSV. 

Vaccination 

We carried out two vaccination experiments. In 

the first experiment (exp. 1)， we used 10・9sized fish to 

evaluate the effectiveness of a formalin-inactivated vac-

cine at different water temperatures (12
0 C， 200 C and 

280 C). Fish were kept in 2，000 L aquaria filled with 

seawater controlled at each of the three temperatures 

for 14 days before vaccination. After the temperature 

acclimation， half of the fish in each temperature group 

were intraperitoneally injected with 100μL formalin-inac-

tivated vaccine. As controls， the other half of the fish 

in each temperature group was injected with phosphate 

buffered saline (PBS) in the same manner. The vaccト

nated and control fish in the 120 C， 200 C and 280 C 
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groups were separately maintained in 2，000 L aquaria 

at the corresponding temperatures for 21， 19 and 17 

days post vaccination (dpv)， respectively. During the 

experiment， fish were fed with commercial formula feed 

twice a day. 

For the second experiment (exp. 2)， we used 100・g

sized fish to determine the duration of protection by vac・

cination at an optimal temperature of 20oC. After acclト

mation at 200 C for 14 days， fish were equally divided 

into vaccinated and control fish groups， and then 

injected with the vaccine or PBS as described above. 

Then， the fish were reared at a controlled water tem-

perature of 200C until 16 dpv and then at ambient water 

temperatures ranging from 100C to 220C until 211 dpv. 

During the experiment， the fish were fed as described 

above. 

Challenge experiments 

Because mortality occurs in Japanese flounder 

infected with VHSV at the temperatures below 150C， but 

not at 200 C and over， the vaccinated and control fish in 

the 120C， 200 C and 280 C groups were challenged at the 

same temperature of 120C. In exp. 1， challenges for 

each temperature group were performed 21 dpv. At 2 

and 4 days before the challenges for the 200 C and 

280C groups， respectively， the rearing water tempera-

tures were decreased by 40C/day to reach a final tem-

perature of 120C at the time of virus challenge. The肉，

30 vaccinated and 30 control fish for each temperature 

group were challenged with VHSV by intramuscular 

injection at a dose of 10
6
.
3 
TCIDsc!fish and separately 

maintained in 30 L aquaria at 120 C. The fish were 

monitored daily and cumulative mortalities were 

recorded over a period of 3 wk. The experiments were 

conducted in duplicate (groups A and B). In the 120C 

and 200 C temperature groups， we collected the dead 

fish and survivors at the end of experiments and proc-

essed them for virus isolation as described below. 

In exp. 2， challenges were performed at four differ-

ent time points; 18， 77 ， 98 and 213 dpv. Two days 

before each challenge， 20 vaccinated fish and 20 con-

trol fish were randomly selected and separately trans-

ferred into 100 L aquaria. The water temperatures of 

the aquaria were then slowly decreased by 40 C/day to a 

final temperature of 120 C at the time of virus challenge 

Fish were challenged with VHSV by intramuscular injec-

tion at a dose of 107.3 TCIDsc!fish. The challenged fish 

were maintained at 120 C and cumulative mortalities 

were monitored daily over a period of 3 or 4 wk. The 

experiments were conducted in duplicate (groups A and 

B). The dead fish and survivors at the termination of 

experiments were collected and were processed for 

virus isolation， with some exceptions， as described 

below. 

For the virus isolation， the brain and organ pools 

(the heart and spleen; exp. 1) or organ pools alone 

123 

(exp. 2) were taken from individual dead fish and individ-

ual survivors. Organ samples were homogenized in 

nine volumes of Hanks' balanced salt solution (HBSS; 

Nissuりusinga pestle in a micro tube and centrifuged at 

2，000 xg for 15 min at 40C. The supernatant was 

diluted with four volumes of HBSS and filtered through 

a 0.45-μm pore filter (Millipore). A 100-μL aliquot of 

the filtrate was inoculated onto a monolayer of FHM 

cells cultured in a 24・wellculture plate (Falcon). The 

cells were incubated at 200C for 14 days and examined 

for VHSV-specific CPE. If no CPE was found after the 

primary inoculation， tissue culture supernatants were 

passaged to fresh cells. After 14 days， samples were 

classed as negative if no CPE was detected. For the 

virological identification of the CPE-positive samples in 

each experimental group， tissue culture supernatants 

from each representative well showing CPE were exam-

ined by a RT-PCR specific for VHSV according to the 

method of Takano et al. (2000). 

Statistical analysis 

The average cumulative mortality from the dupli-
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Fig. 1. Cumulative mortaliti巴sin duplicate vaccinated (closed 
symbols) and control (the corresponding open sym・
bols) lish groups against VHSV challenge at 120C at 
21 days post vaccination with a lormalin-inactivated 
VHSV at three different water temperatures; 120C (a)， 
200C (b)， and 280C (c)目
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Table 1. Protection of Japanese flounder against VHSV challenge by vaccination with a formalin-inactivated VHSV at different water 

temperatures 

Water No of fish Average % 
Virus isolation rate in challenged fish 

temperature 
Fish group 

dead/tested mortalitya 
RPS Heart & Spleenb Brain 

Dead fish Survivor
c 

Dead fish Survivor 

120C Vaccinated A 30/30 100 。 30/30
d 

30/30 

B 30/30 30/30 30/30 

Control A 30/30 100 30/30 30/30 

B 30/30 30/30 30/30 

200 C Vaccinated A 20/30 50* 48 20/20 7/10 20/20 5/10 

B 10/30 10/10 10/20 10/10 9/20 

Control A 29/30 97 29/29 1/1 29/29 1/1 

B 29/30 29/29 1/1 29/29 1/1 

280 C Vaccinated A 30/30 100 。 NT" NT 

B 30/30 NT NT 

Control A 30/30 100 NT NT 

B 30/30 NT NT 

Fish (average body weight， 10 g) kept at 120 C， 200 C and 280 C were intraperitoneally injected with a formalin-inactivated VHSV 

(vaccinated) or PBS (control)， and then challenged by intramuscular injection with VHSV at 120C at 21 days post vaccination. 

a Average cumulative mortality from the duplicate groups A and B at 21 days post challenge. Asterisk indicates significant difference 

(p < 0.01) compared with control group. 

b Pooled material of the heart and spleen. 

C Sampled at the end of experimental period. 

d No. of positive samples/examined 

e Not tested. 
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Fig. 2. Cumulative mortalities in duplicate vaccinated (closed symbols) and control (corresponding open symbols) fish groups 

against VHSV challenge at 120 C at 18 days (a)， 77 days (b)， 98 days (c) and 213 days (d) post vaccination with a formalin-

inactivated VHSV at 20oC. 
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cate groups A and B was calculated for each of the vac・

cinated and control groups. Statistical analysis was 

carried out using the chi-square test for the average fish 

mortalities. Relative percent survival (RPS) values 

were calculated using the following formula: RPS = (1 -

average % mortality of vaccinated fish/ average % mor-

tality of control fish) x 100 (Amend， 1981) 

Results 

Protection against VHS by vaccination at different tem-

peratures 

Cumulative mortalities during exp. 1 are shown in 

Fig. 1， and the results of statistical analyses of cumula-

tive mortalities at the end of the experiments and virus 

isolation from challenged fish are summarized in Table 

1. In the 120 C and 280C groups， there was high mo同al-

ity in both vaccinated and control fish groups and all the 

fish died within 14 days post challenge (dpc). In con-

trast， in the 200 C group， the mortalities in the vacci-

nated fish groups were significantly lower than those in 

control fish groups (P < 0.01). The RPS of fish vacci-

nated at 200C was 48% (Table 1). When dead fish in 

12
0

C and 20
0

C groups were examined for VHSV， VHSV 

were isolated from all of them. We detected VHSV in 

the brain and/or organ pools of some survivors (9/20-

7/10) in 20 0C vaccinated groups. 

Duration of protection against VHS by vaccination at 

20 0C 

Cumulative mortalities during exp. 2 are shown in 

Fig. 2， and the results of statistical analyses of cumula開

tive mortalities at the end of the experiments and virus 

isolation in challenged fish are summarized in Table 2. 

In all four challenges at 18 ， 77， 98 and 213 dpv， vacci-

nated fish groups showed significantly lower mortalities 

than control fish groups (P < 0.01) and high RPS values 

ranging from 71 to 100%. VHSV-associated mortalト

ties after the challenges were confirmed by isolating 

VHSV from all the dead fish in vaccinated and control 

fish groups， though some dead fish groups were not 

tested for VHSV. The virus was also isolated from 

some survivors in vaccinated fish group A ch創陥ngedat 

18 dpv (5/18) and some survivors in control groups A 

and B challenged at 77 dpv (1/4 and 3/5)， but not from 

survivors in the other groups. 

Table 2. Duration of protection of Japanese flounder against VHSV challenge at four different time points by vaccination with a 
formalin-inactivated VHSV at the water temperature of 20 0C 

Days post 
Fish group 

No. of fish Average % 
RPS 

Virus isolation rate in challenged fishb 

vaccination dead/tested mortalitya Dead fish Survivorc 

18 Vaccinated A 2/20 8 以 92 2/2 d 5/18 

B 1/20 1/1 0/19 

Control A 18/20 95 18/18 0/2 

B 20/20 20/20 

77 Vaccinated A 1/20 3* 96 NTe 0/19 

B 0/20 0/20 

Control A 16/20 78 NT 1/4 

B 15/20 NT 3/5 

98 Vaccinated A 0/20 。* 100 0/20 

B 0/20 0/20 

Control A 16/20 75 16/16 0/4 

B 14/20 14/14 0/6 

213 Vaccinated A 5/20 23* 71 5/5 0/15 

B 4/20 4/4 0/16 

Control A 16/20 78 16/16 0/6 

B 15/20 15/15 0/5 

Fish (average body weight， 100 9ω) kep附ta創t20 0C wer陪ein川1甘tr悶ape町凶r付itoneallyin吋j伊ect胞edwith a forma剖li加n作作川lトトH開寸叩.寸l

or PBS (cont廿rolり)， and then challenged by intramuscular injection with VHSV at 12 0 C at 18 ， 7ス98 and 213 days post 
vaccination 
a Average cumulative mortalities from the duplicate groups A and B at 21 days post challenge for 18 and 77 days experiments， 
and at 28 days post challenge for 98 and 213 days experiments. Asterisks indicate significant difference (p < 0 目01) compared 
with control group. 

b Isolated from a pooled material of the heart and spleen. 
C Sampled at the end of each experimental period. 
d No. of positive samples/examined. 
e Not tested 
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Discussion 

In the present vaccination experiments， Japanese 

flounder (average body weight， 10 g) kept at three di汗eト

ent temperatures (120C， 200C and 280C) were injected 

intraperitoneally with formalin-inactivated VHSV and 

then challenged with virulent VHSV at 21 dpv. The 

results showed that the vaccine had protective efficacy 

in fish vaccinated at 20oC， but not in those vaccinated 

at 120C and 280C. 8yon et al. (2003)* reported a simi-

lar result， in that Japanese flounder had poor protection 

against VHS after vaccination using formalin-inactivated 

VHSVat 130C. These results suggest that the protec-

tive immunity of Japanese flounder against VHS， which 

is induced by a formalin-inactivated vaccine， depends 

on the temperature at the time of vaccination and/or dur-

ing the subsequent rearing period， and that the good 

protection is achieved at 20oC. Similar temperature-

dependency was shown in a previous research (Xu et 

al.， 2011) on effect of temperature on the cellular and 

humoral immune responses of Japanese flounder after 

immunization with inactivated LCDV at different 

temperatures. This research found that the propor-

tions of slg+ cells in Iymphoid organs and the specific 

antibody levels in sera increased most prominently and 

reached the peaks earliest after the immunization at 

210C， but they were suppressed at lower (90C and 

150C) and higher (260C) temperatures. These cellular 

and humoral immune responses stimulated by the vaccト

nation may have been associated with protection 

induced in the vaccinated fish in the present study. 

Especially in kinetics of LCDV specific antibody， Xu et 

al. (2011) demonstrated that fish kept at 210C revealed 

the most powerful increase in antトvirusantibody 

response from 2nd wk and reached the peak at 5th wk. 

The present study still showed an establishment of pro-

tection against VHSV in the fish at 3rd wk after immuni-

zation at 20oC. These suggest that VHSV specific antト

body response might play a role of protective immunity 

in the vaccinated fish， although no analysis of the spe-

cific antibody levels in the vaccinated fish was made in 

the present study. In the biological properties of Japa-

nese flounder， it is known that the fish spawns from 

spring to summer and its optimal temperature for growth 

and feeding ranges from 180C to 240C (Murata， 2005). 

Therefore， water temperature is likely the single most 

impoはantfactor a仔ectingce吋ainimmune functions asso-

ciated with defence against VHS. 

We tested the effectiveness of the vaccination at 

200C using larger fish (average size， 100 g) to deter-

mine the duration of the protection against VHS. The 

protective efficiency of vaccination for these fish 

resulted in high RPS value of 92% in challenges at 18 

dpv， compared with 48% for the 10-g fish in challenges 

at 21 dpv， suggesting the effect of fish size on the pro-

tective efficiency of vaccination. This may be because 

the immune system is not fully developed in small司 sized

fish. In a previous study on susceptibility of juvenile 

fish to VHSV， some of the acquired immune system in 

Japanese flounder changed markedly in fish with body 

lengths of approximately 30ー100mm (Matsuyama et 

al.， 2012). The level of development of the acquired 

immune system may have varied among individuals of 

the present small-sized experimental fish (average total 

length土 SD，80 :t 14 mm)， which may have related to 

fluctuation of the mortality among the vaccinated fish 

groups following the virus challenge. 

The high protective efficiency against VHSV chaト

lenge was observed not only at 18 dpv but also at 77， 

98 and 213 dpv (RPS values of 71-100%)， indicating 

that efficient protection of Japanese flounder against 

VHS by vaccination at 200C lasted for at least 7 mo. 

Although efficacy studies with fish vaccines are gener-

ally assessed by pathogen challenges at 4 to 6 wk post 

vaccination， several other researchers have reported 

long-term duration of protection provided by various fish 

vaccines. Kurath et al. (2006) showed that the DNA 

vaccine against IHN in rainbow trout induced long-Iast-

ing immunity for as long as 2 years. DNA vaccines 

against VHS in rainbow trout are still protective at 6 or 9 

mo post vaccination (Lorenzen et a人2000;McLauchlan 

et a/.， 2003). Currently， fish vaccines including inacti-

vated virus vaccine rely on adjuvants to accord long-

term protection against infectious diseases (Singh and 

O'Hagan， 2003; Secombes， 2009). We did not use an 

adjuvant with the formalin-inactivated vaccine in the pre-

sent study， but the vaccine was able to elicit nearly the 

same duration of protection against pathogen challenge 

as that of the DNA vaccine reported by Lorenzen 

et al. (2000). Thus， the formalin-inactivated vaccine 

described here appears to provide significant protective 

and long-Iasting immunity to Japanese flounder against 

VHS by a single immunization at 20oC. 

Regarding field trials of the vaccine， the duration of 

the protection induced by vaccination at 200C would 

allow the vaccine to control VHS in Japanese flounder 

at the farm level， including land-tank and net-pen 

cultures. 8reakouts of VHS in Japanese flounder 

occur in the cold-water season， when water tempera-

tures range from 80C to 150C (Isshiki et al.， 2001). 

Therefore， in Japan， vaccination in the autumn when the 

ambient water temperature is 200C would be a good 

practical control measure against potential outbreaks of 

VHS in the following 6 mo， during the winter and spring. 

We are conducting further analyses of the expres-

sion of immune-related genes in response to the 

formalin-inactivated vaccine and of the antibody activity 

in the vaccinated fish. The results will be useful for dis-

secting the immune response mechanisms induced by 

the vaccine against VHS in Japanese flounder at the 

molecular level. 
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ヒラメのウイルス性出血性敗血症に対するホルマリン不  

活化ワクチンの感染防御効果  

一色 正・森本嵩也・岩崎正裕・安部昌明  

長野泰三・隋間 隆・」．－YSong、・北村真一   

ウイルス性出血性敗血症ウイルス（VHSV）のホルマリ  

ン不括化ワクチンを用いて120C，200Cおよび280Cの各  

水温で免疫されたヒラメ（平均体重10g）のVHSVに対  

する感染防御能を免疫21日後に120Cで攻撃して評価し  

た。その結果，VHSVに対する感染防御能は200Cの免疫  

群のみに認められた（ワクチンの有効率RPS＝48％）。  

さらに，本ワクチンを用いて一度200Cで免疫されたヒラ  

メ（平均体重100g）は，免疫してから18，77，98およ  

び213日後に行ったいずれの攻撃試験においても，VHSV  

に対する高い感染防御能を示した（RPS＝71－100％）。  

したがって，本ワクチンを用いて200Cで一回だけ免疫さ  

れたヒラメには，少なくとも7ケ月間持続する感染防御  

能が誘導されることが明らかとなった。  

魚病研究，47（4），121－128（2012）   
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