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Short Paper 

Protective efficacy of a 
formalin-inactivated vaccine against 

viral hemorrhagic septicemia (VHS) in 
oblong rockfish Sebastes oblongus 

Tadashi IssmKI1·* and Taizou NAGANo2 

Abstract: We evaluated the protection against viral 
challenge afforded to oblong rockfish Sebastes oblongus 
by vaccination with formalin-inactivated VHS virus. 
The cumulative mortalities in the fish that received 
the vaccine at 12°C and 20°C were significantly lower 
than those in the control fish given PBS at the same 
temperatures (P< 0.01). The relative percentage 
survival of all the vaccinated fish was 100%. Therefore, 
immunization with the formalin-inactivated vaccine at 
both 20°C and 12°C provided significant protection to 

oblong rockfish against VHS. This is the first report of 
an efficient vaccine against VHS in the oblong rockfish. 

Key words: Sebastes oblongus; Viral hemorrhagic 
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Viral hemorrhagic septicemia (VHS) is a serious 
viral disease of salmonid fishes and marine fishes 
throughout the Northern Hemisphere, including the 
USA, Canada, Japan, Korea, and Europe, and causes 
significant economic losses (Wolf 1988; Skall et al. 
2005; Smail and Snow 2011). The causative agent of 
VHS, viral hemorrhagic septicemia virus (VHSV), 
is an enveloped negative-sense single-stranded RNA 
virus, belonging to the genus Novirhabdovirus within 
the family Rhabdoviridae (Dietzen et al. 2012). The 
vaccines developed against VHS include inactivated 
or attenuated viruses, recombinant viral proteins, 
and plasmid DNA encoding viral proteins (Smail 
and Snow 2011). Compared with vaccines containing 
the inactivated virus or recombinant viral proteins, 
DNA vaccines, in which plasmid DNA encodes a viral 
protein, are highly efficient in protecting fish against 
VHS when introduced into the fish under experimental 
conditions (Lorenzen et al. 1998; Byon et al. 2005, 
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2006a). However, in many countries, inactivated 
vaccines are considered preferable to other types of 
vaccines in terms of fish safety, environmental health, 
and the consumer (Nakanishi 1998; Nakanishi and 
Ototake 2009). To develop an efficient inactivated 
vaccine against VHS, we focused on the fact that bony 
fish are poikilotherms and their entire physiology, 
including their immune function, is strongly influenced 
by the water temperature (Xu et al. 2011; Suzuki 
and Suetake 2017). This led us to study the efficacy 
of an inactivated vaccine at different temperatures. 
We obtained promising results insofar as a single 
immunization with a formalin-inactivated vaccine at the 
physiologically optimal temperature (20°C) provided 
significant protective long-lasting immunity to the 
Japanese flounder Paralichthys olivaceus against VHS 
(Isshiki et al. 2012). 

The oblong rockfish Sebastes oblongus is commonly 
distributed from southern Hokkaido to Kyushu, 
Japan, and in southern Korean waters (Amaoka 
1984)_. This species is considered to have aquacultural 
potential because of its scarcity in coastal waters and 
marketability in western Japan, so its seed production 
has been conducted in Japan. We have demonstrated 
experimentally that the oblong rockfish is highly 
susceptible to VHSV. VHS has also occurred in juvenile 
and adult oblong rockfish produced and reared in a 
hatchery in Japan, causing mass mortalities (Isshiki 
et al. 2010). Therefore, control measures must be 
developed against this viral disease. We have shown 
that the oblong rockfish that survived a natural VHS 
outbreak had greater protection than VHS-naive 
fish, suggesting that primary viral infection induced 
protective immunity in the surviving fish (Isshiki et 
al. 2010). This observation raises the possibility that 
protective immunity can be conferred on this species 
by vaccination. 

In this study, to develop a control measure 
against VHS in the oblong rockfish, we evaluated 
the protection against viral challenge afforded to 
the oblong rockfish by vaccination with formalin
inactivated VHSV, using the vaccination technique 
previously used against VHS in the Japanese flounder 
(Isshiki et al. 2012). This is the first report of an 
efficient vaccine against VHS in oblong rockfish. 
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We used the VHSV isolate KRRV9822 (Nishizawa et 
al. 2002; Byon et al. 2006b), which was isolated from a 
farmed Japanese flounder in 1998 in Japan. The virus 
was propagated in the fathead minnow (FHM) cell 
line (Gravell and Malsberger 1965) at 20°C in Eagle's 
minimum essential medium (Nissui, Tokyo, Japan) 
supplemented with 10% fetal bovine serum. 

A formalin-inactivated vaccine was prepared 
essentially according to the method described 
previously (Isshiki et al. 2012). Briefly, FHM cells 
seeded in 175 cm2 flasks (Falcon, Franklin Lakes, NJ, 
USA) were inoculated with VHSV at a multiplicity 
of infection (MOI) of 0.001 median tissue culture 
infective doses (TCID50)/cell and incubated at 20°C 
for 6 days until complete cell lysis by cytopathic effect 
(CPE). The culture medium was then collected and 
centrifuged at 2,000 x g for 15 min at 4°C. Formalin 
(formaldehyde 36%-38% w/v; Wako, Osaka, Japan), 
at a final concentration of 0.4% (v /v), was added to the 
supernatant containing 109·05 TCID5/ml of the virus 
and the mixture was stored at 4 °C for 7 days for viral 
inactivation. 

We used oblong rockfish (average bodyweight, 
22 g) obtained from Kagawa Prefectural Fisheries 
Experimental Station in Japan. Before use, 10 fish were 
randomly selected and.tested with reverse transcription 
(RT)-PCR (fakano et al. 2000) to confirm the absence 
ofVHSV. 

We divided the experimental fish into two groups 
to evaluate the effectiveness of the vaccine at 
different water temperatures (12°C or 20°C). After 
the temperature acclimation of each group at 12°C 
or 20°C for 14 days, respectively, half the fish in each 
temperature group were intraperitoneally injected with 
100 µl of the formalin-inactivated vaccine. As controls, 
the other half of the fish in each temperature group 
were injected with phosphate-buffered saline (PBS) in 
the same manner. The vaccinated and control fish in 
the 12°C and 20°C groups were separately maintained 
in 2,000 l aquaria at the corresponding temperatures 
for 21 and 19 days postvaccination (dpv), respectively. 
During the experiment, the fish were fed a commercial
formula feed twice a day. 

The challenge was performed in each temperature 
group at 21 dpv. Two days before the challenge of 
the 20°C group, the rearing water temperature was 
reduced by 4°C/day to a final temperature of 12°C at 
the time of viral challenge. The vaccinated and control 
fish in the 12°C and 20°C temperature groups were 
then challenged with VHSV by intramuscular injection 
at doses of 103·3 or 104·3 TCID5/fish (n = 23 and 25, 
respectively) and separately maintained in 30 l aquaria 

at 12°C without feeding. The fish were monitored daily 
and the cumulative mortality rates were recorded over 
a period of 28 days. We collected the dead fish during 
the experiment and the surviving fish at the end of the 
experiment, and processed them for viral isolation as 
previously described (Isshiki et al. 2012). 

The differences in mortality between the vaccinated 
and control fish were analyzed statistically with the X 2 

test (P< 0.05). The relative percentage survival (RPS) 
was calculated with the formula: RPS = (1 - % mortality 
of vaccinated fish/% mortality of control fish) x 100 
(Amend 1981). 

The cumulative mortalities in the vaccinated and 
control fish groups 28 days after viral challenge with 
doses of 103·3 or 104·3 TCID5/fish at 21 dpv are shown 
in Fig. 1. After viral challenge with 103·3 TCID5/fish, 
there was no mortality in the vaccinated fish in either 
the 12°C or 20°C group. In contrast, in the control fish, 
the mortalities in the 12°C and 20°C groups commenced 
14 and 11 days after viral challenge, respectively. 
However, mortality increased more rapidly in the 20°C 
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Fig. 1. Cumulative mortalities in fish that received the 
formalin-inactivated vaccine (open symbols) or phosphate-buffered 
saline (closed symbols) and were maintained at 12°C (circles) or 
20°C (triangles), when challenged with VHSV at 12°C at doses of 
103·3 (a) or 104·3 TCID5/fish (b). 
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control group than in the 12°C control group, reaching 
68% and 28%, respectively, at the end of the experiment 
(Fig. la). Similar results were obtained in a preliminary 
experiment (data not shown). After challenge with 104-3 

TCID50/fish, no mortality occurred in the vaccinated 
fish in either the 12°C or 20°C group. In contrast, the 
control fish in both the 12°C and 20°C groups showed 
significant mortality, and similar high cumulative 
mortalities (81 % and 83%, respectively) at the end of 
the experiment (Fig. lb). 

The statistical analyses of the cumulative mortalities 
at the end of the experiment and the virus isolation rate 
in the challenged fish are summarized in Table 1. The 
cumulative mortalities in the vaccinated and control 
fish differed significantly in both the 12°C and 20°c 
groups (P< 0.01). The RPS of all the vaccinated fish at 
12°C and 20°C groups was 100%. When the dead fish in 
the 12°C and 20°C groups were examined for VHSV, the 
virus was isolated from all of them. We detected VHSV 
in the organ samples of some survivors (2/18-1/8) in 
the control groups challenged with 103.3 TCID50/fish. 

All VHSV isolates from Japan have been identified 
as genotype IVa, except for 1 isolate (KRRV9601) from 
farmed Japanese flounder from 1996 which belongs 
to genotype lb. A monoclonal antibody, reacting spe
cifically against VHSV genotype IVa, has been shown to 
recognize a genotype Na-specific epitope on the VHSV 
N-protein (Ito et al. 2010). For this reason, in the present 
study, we used the VHSV isolate (KRRV9822) from the 
Japanese flounder in Japan for vaccine preparation against 
VHS in the oblong rockfish as well as the Japanese floun
der in a previous report (Isshiki et al. 2012). 

Our results show that the vaccine efficiently pro
tected oblong rockfish vaccinated at both 20°C and 
12°C. Isshiki et al. (2012) have reported a different 
result, in that the vaccine efficiently protected Japanese 
flounder vaccinated at 20°C, but not those vaccinated 
at 12°C. The optimum temperatures differ between 
these two fish species, being around l0°C for the 
oblong rockfish, a cold-water fish, and around 20°C for 
the Japanese flounder, a warm-water fish (Isshiki et 
al. 2010). These discrepant results cast doubt on the 
relationship between the effectiveness of the forma
lin-inactivated vaccine against VHS and the optimum 
temperature of the vaccinated fish. However, in the 
present study, viral challenge with VHSV at a dose of 
103-3 TCID50/fish resulted in higher mortality in the 
20°C control group than in the 12°C control group, 
suggesting that culture at 20°C (higher than the fish's 
optimal temperature) inhibited the protective immu
nity of the oblong rockfish against VHSV. This may 
indicate a temperature-dependent immune response 
in the fish: In another viral challenge, a higher dose of 
VHSV (104.3 TCID5/fish) may have contributed to sig
nificant mortality in the 12°C control group, resulting 
in similar cumulative mortalities in both the 12°C and 
20°C control groups. The oblong rockfish is reported to 
be much more susceptible to VHSV than the Japanese 
flounder (Isshiki et al. 2010), and this strong suscep
tibility may have increased the mortality rate in the 
12°C control group when challenged with a high dose 
of VHSV. These observations suggest that the vacci
nation conferred effective protection against VHSV on 
the oblong rockfish at temperatures from 12°C to 20°C. 

Table 1. Protection of oblong rockfish against VHSV challenge by vaccination with formalin-inactivated VHSV 

Viral isolation rate in challenged fishc 

Challenge dose Water Fish No.fish % 
RPS Dead fish Survivorsd 

('TCIDso/fish) temperature group" dead/tested mortality' 

1<>3-3 12·c Vaccinated 0/25 0* 100 0/25• 
Control 7/25 28 7/7 2/18 

2o·c Vaccinated 0/25 0* 100 0/25 
Control 17/25 68 17/17 1/8 

10•.3 12·c Vaccinated 0/23 0* 100 0/23 
Control 17 /211 81 17/17 0/4 

2o·c Vaccinated 0/23 0* 100 0/23 
Control 19/23 83 19/19 0/4 

"Fish (average bodyweight, 22 g) maintained at 12°C or 20°C were intraperitoneally injected with formalin-inactivated VHSV (vaccinated) or PBS 
(control). 
"Fish were challenged by intramuscular injection with VHSV at 12C, 21 days after vaccination. Asterisks indicate significant differences (P < 0.01) 
from the control group. 
•isolated from pooled material of the heart, spleen and kidney. 
dSampled at the end of the experimental period. 
'Number of positive samples/ number of samples examined. 
rTwo fish accidentally died immediately after the challenge, so were omitted from the tested fish. 
TCID50, median tissue culture infective dose. RPS, relative percentage survival. 
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This is consistent with a previous report of the suscep
tibility of oblong rockfish to VHSV (Isshiki et al. 2010), 
in which the oblong rockfish appeared to develop pro
tective immunity against VHSV. The vaccination might 
induce an earlier response of immune-related genes 
in the oblong rockfish which was suppressed at 20°C, 
as observed in poly (I:C)-treated Japanese flounder at 
high temperature (25°C) (Thanasaksiri et al. 2015). 

Breakouts of VHS in the oblong rockfish occur in 
the cold-water season, and greater numbers of dead 
fish were observed during a natural outbreak of VHS 
when the water temperature was about 12°C (Isshiki 
et al. 2010). Therefore, in Japan, vaccination with 
formalin-inactivated VHSV in autumn-winter should 
be an effective practical control measure against 
potential outbreaks of VHS in the subsequent winter 
and spring, if the vaccination provides long-lasting 
immunity to oblong rockfish against VHS, as was 
shown in a previous study of Japanese flounder (Isshiki 
et al. 2012). Further work is required to determine the 
duration of protection induced by this vaccine in the 
oblong rockfish. 

In conclusion, immunization with a formalin
inactivated vaccine induced effective protection agai 
nst VHSV in the oblong rockfish, not only at the physio 
logically optimal temperature (12°C) of the fish but also 
at a higher temperature (20°C). However, the higher 
temperature may inhibit the protective immune respo 
nse to VHSV in these fish. We are currently analyzing 
the expression of immune-related genes in response to 
this formalin-inactivated vaccine and the antibody activit 
ies in fish vaccinated at different temperatures. 
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