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ABSTRACT-We evaluated the pathogenicity of Korean 
and Japanese isolates of viral hemorrhagic septicemia virus 
(VHSV: genotype IVa) from olive flounder Paralichthys 

olivaceus using rainbow trout Oncorhynchus mykiss fry. 
The cumulative mortalities of fish challenged with 
FYeosu05 (Korean) and Obama25 (Japanese) isolates at 
1065 TCID5c/fish were 64 and 48%, respectively. No mor
tality was observed among the fish challenged with either of 
the isolates at 105

.
5 TCID5c/fish, or in mock-challenged fish. 

The affected fish exhibited darkening of the body, an 
expanded abdomen, pale gills, an enlarged spleen, and dif
fuse necrosis in the splenic and interstitial hematopoietic 
tissues. We re-isolated VHSV from all mortalities using 
cell culture and confirmed their presence by reverse tran
scription loop-mediated isothermal amplification (RT-LAMP). 
We thus concluded that Asian VHSV isolates from olive 
flounder are pathogenic to rainbow trout fry, although with 
low virulence. 

Key words: Pathogenicity, viral hemorrhagic septicemia 
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Although viral hemorrhagic septicemia virus 
(VHSV) is originally the etiological agent of viral hemor
rhagic septicemia (VHS) causing the most serious dis
ease for farmed rainbow trout Oncorhynchus mykiss in 
European countries1

.
2

), it has been isolated from a 
broad range of fish species including free-living marine 
fishes from around the world 1

.
3

-
9

). This evidence gives 
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credence to the idea that VHSV may well have a marine 
origin2.7) 

In Far East Asia, VHSV was first isolated from free
living olive flounder Paralichthys olivaceus in 19995

•
10

) 

Since then, VHSV-infection with severe mortality has 
occurred frequently at olive flounder farms in Korea and 
Japan8

.
11

). VHSV is also considered to be widely dis
tributed on the Far East Asian coast, because VHSV 
was isolated from several marine fish species obtained 
on both Korean and Japanese coasts5

.
6

.
9

) Thus, 

VHSV-infection is among the most serious diseases 
affecting farmed olive flounder in Far East Asia. VHSV 
is a member of the genus Novirhabdovirus in the family 
Rhabdoviridae 12), and classified into four genotypes 
1_IV13

). Except a Japanese isolate accidentally trans
ported from European country, all of Asian isolates are 
classified into the genotype IVa (corresponding to the 
genogroup I formerly described in Nishizawa et a/. 141

), 

together with North American isolates, but are distin
guishable from North American isolates by phylogenetic 
analyses based on the nucleotide sequences of viral 
genomes9

.
141

. 

So far, no VHSV has been isolated and/or detected 
from salmon ids including rainbow trout in Korea and 
Japan, and mariculture for rainbow trout has been initi
ated on the Korean coast near olive flounder farms. It 
was previously reported that the virulences of VHSV iso
lates from marine fish were relatively lower against rain
bow trout151

. Moreover, it was demonstrated that no 
mortality was observed in rainbow trout challenged with 
VHSV isolates from olive flounder161

. However, those 
results were not enough to deny outbreaks of VHSV on 
rainbow trout farms. Thus, in the present study, the 
pathogenicity of Korean and Japanese isolates of VHSV 
from olive flounder were validated using rainbow trout 
fry. 

Materials and Methods 

Experimental fish 

Rainbow trout eyed eggs were obtained from a cul
ture farm in Gangwon Province, Korea, where there has 
been no history of fish virus diseases, so far. After 
hatching, the fish were reared up to around 1.1 g of 
body weight (length 4.2-5.5 cm) using tap water at 
a wet laboratory of the Fisheries Science Institute, 
Chonnam National University. Prior to the experimen
tal infection, ten fish were inspected for the presence of 
VHSV and other viruses by culture isolation using 
fathead minnow (FHM) cells and a reverse transcription 
loop-mediated isothermal amplification (RT-LAMP) 
assa/ 71

. 

Virus 

The VHSV isolates used in this study were 
FYeosu05 and Obama25. FYeosu05 was isolated 
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from moribund juvenile of olive flounder involved in a 
VHS epidemic at Yeosu, Korea in 20058

), whereas 
Obama25 was from wild olive flounder taken from 
Wakasa Bay, Japan in 199914

) VHSV was cultured at 
15°C using FHM cells maintained in Leibovitz L-15 
medium (Gibco) containing 10% (V/v) fetal bovine 
serum (FBS, Gibco), 150 IU/mL of penicillin G, and 100 
pg/mL of streptomycin. After centrifugation (3,000 x g, 
20 min, 4°C), the viral culture fluid was subdivided into 
small quantities and stored at -80°C until use. The 
titration of viral infectivity was performed using 96-well 
microplates seeded with FHM cells. After 14 days of 
culture, the appearance of cytopathic effects (CPE) was 
evaluated to determine the 50% tissue culture infectious 
dose (TCID5o). 

Experimental infection 
A total of 125 rainbow trout fry were reared in five 

aquaria with 200 L (n = 25) at 12-14°C without water 
flowing. After being anaesthetized with AQUI-S® (New 
Zealand Ltd.), 25 fish each were intraperitoneally 
injected with VHSV FYeosu05 at 1065 and 1055 

TCID5a150 pLlfish, and with Obama25 at 1065 and 1055 

TCID5a150 pLlfish. As a control, 25 fish were injected 
with 50 pLlfish of Hanks' balanced salt solution (HBSS, 
Gibco). Clinical signs and mortalities of the fish were 
monitored everyday. 

Histopathological examination 
The spleen, kidney, gills, intestine, stomach, skin, 

liver, pancreas, brain, and heart were collected from 3 
moribund fish in each group, and immediately fixed in 
10% neutral-buffered formalin. After fixation, standard 
histological procedures were used for tissue dehydra
tion and paraffin embedding. The tissue sections were 
stained with haematoxylin and eosin (H&E). 

Culture isolation of VHSV from the experimental fish 
Six dead fish and nine surviving fish in each group 

and five fish in the control were submitted for titration of 
VHSV using FHM cells. Briefly, the pooled internal 
organs including the spleen, kidney, gills, heart, and 
liver were aseptically collected and homogenized with 9 
or 19 volumes of HBSS. After centrifugation (3,000 x 
g, 20 min, 4°C), the supernatant was filtered through a 
0.45 pm membrane filter to submit for titration as 
described above. 

Detection of VHSV from the experimental fish 
Six dead fish and nine surviving fish in each group 

and five fish in the control were submitted for RT-LAMP 
assa/7

). Briefly, RNA was extracted from above the 
pooled tissue homogenates using TRIZOL reagent 
(Gibco) according to the manufacturer's instructions. 
Six primers were designed based on the published 
sequence of the G gene of VHSV (AY167587) for 

VHSV detection by the RT-LAMP assay: FIP (AAG 
CGT TTC TGA GGT AGG GCA ATT TTA CTG GCA 
AGG AGT CTA CTG G), BIP (CAC AGG GTG GTC 
AAG GCA ATC GTT TTC CGT GCA TGC CAT TGT 
GA), F3 (AAC ATC ACC CTG CCC AAC), B3 (CAG 
GTC GGT CTT GAT CCA TT), LF (TGG GCC TGA 
GGT GTA GCG), and LB (TTG CGG GTC ACC ACC 
CCT). The amplification of target genes by RT-LAMP 
was carried out in 25 pL of reaction mixture containing 
2 M of the primers FIP, BIP, LF, and LB, 0.2 M of the 
primers F3 and B3, 1 x thermopol-supplied reaction 
buffer, 0.6 M betaine (Sigma-Aldrich), 6 mM MgS04 

(Sigma-Aldrich), 1 mM deoxynucleotide triphosphates 
(dNTPs, Solgent), 8 U Bst DNA polymerase (New 
England Biolabs), and 0.25 U AMV reverse transcrip
tase (Promega). The reaction temperature and time 
were held at 65°C for 30 min. The RT-LAMP products 
were seen as multiple bands of different size in 2% aga
rose gel electrophoresis. 
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Fig. 1. Cumulative mortality of rainbow trout fry experimen
tally infected by intraperitoneal infection with VHSV iso
lates [FYeosu05 (A) and Obama25 (B)] from olive 
flounder. ., 1065 TCID5offish; ., 1055 TCID5offish; 0 , 
control (HBSS). 
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Results and Discussion 

The time-dependent mortality rates of the infected 
fish are shown in Fig. 1. The fish challenged with 
FYeosu05 or Obama25 at 1065 TCID501fish began to die 
on the 4th day of challenge, and cumulative mortalities 
reached 64% and 48%, respectively. The dead and 
affected fish showed darkening of the body, expanded 
abdomen, pale gills, and enlarged spleen, as well as 
occasional hemorrhaging in the lateral musculature 
(Fig. 2A). The most prominent pathological changes 
were observed in the spleen and kidney (Fig. 2B, 2C) 
with severe , diffuse necrosis appearing in the splenic tis
sues and interstitial hematopoietic tissue of the kidney 

among all of the 6 examined fish . The congestion of 
hepatic blood vessels was present in the liver although 
hepatocytes were unaffected (data not shown). Hemor
rhagic foci between muscle fibers were present in the 
musculature of 2 out of the 6 examined fish, and necro
tized cells were observed within blood vessels of the 
pancreas in one examined fish (data not shown) . No 
obvious histological changes were observed in the gills, 
intestine, stomach, brain, and heart. These clinical 
and histological signs were quite similar to those of rain
bow trout affected with VHS 1

,1B,19). 

In the challenge test with VHSV at a dose of 
106sTCID501fish , VHSV from 1060S to 107:80 TCIDsolg

tissue was detected from all the dead fish (Table 1), 

Fig. 2. Clinical and histological signs of rainbow trout fry infected with viral haemorrhagic septicaemia virus (VHSV). The affected 
fish showed darkening of the body (DB), expanded abdomen (EA) , pale gills (PG) , enlarged spleen (ES) (A) , and diffuse 
necrosis (arrow) in splenic (B) and interstitial haematopoietic tissues (C). Scale bar = 0.5 cm (A) , 50 pm (B and C). 

Table 1. Detection of viral haemorrhagic septicaemia virus (VHSV) in rainbow trout fry inoculated with VHSV by culture isolation 
using FHM cells and reverse trancri ptase loop-mediated isothermal amplificiation (RT- LAMP) 

VHSV 
isolate 

FYeosu05 

Obama25 

Control 

Dose of VHSV Cumlative Fish condition Isolation of virus RT-LAMP 
injection mortality (No. dead or Virus titer (TCIDsolg) detection rate detection rate 

(TCIDsolfish) (%) survivor/total fish) Max. Min. (No. posi tive/tested) (No. positive/tested) 

1065 64 dead (16/25) 78 6.3 100% (6/6) 100% (6/6) 

...... _ .. ..... .. ... _ .............. ... .. ?~~~!~~~J~~~?L ....... _~:~?_ .. :: .~:~!~ .. _ .. _ ... .. ??!'?.!?/~) ... .. ........... . ~.~!'?.!1!~) . .... .. . 

o dead (0/25) NT NT NT NT 
survivor (25/25) 4.05 < 3.8 17% (1/6) 0% (0/6) 

1065 48 dead (12/25) 76 6.05 100% (6/6) 100% (6/6) 

_ ....... _ ...... .............. .... .. _ ... ~~ !.vi~or. (~?!~~) _. _. _ .. :: .3:8 .... _ .. :: .~; ~ .. . __ .... . .. .. . O!,? !?!~) .... . .... . ... _. _1 ?~"I? !~!~) .. _. _. _. 
dead (0/25) NT NT NT NT 

survivor (25/25) < 3.8 < 3.8 0% (0/6) 0% (0/6) 
o 

o dead (0/25) NT NT NT NT 
survivor (25/25) < 3.8 < 3.8 0% (0/5) 0% (0/5) 

HBSS 

*: detection limit 
NT: not test 
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and VHSV at ~ 104
.
ss TCIDsoig-tissue was detected from 

67% (2 out of 3 fish) of the survivors challenged with 
FYeosu05. However, no VHSV was detected in the 
survivors with Obam25. By RT-LAMP assay, VHSV 
was detected in all of the examined dead fish and survi
vors from the Obama25-challenge, and also from 33% 
(1/3) of the fish surviving the FYeosu05-chalienge. In 
the challenge test with VHSV at a dose of 10sS 

TCIDsoifish, VHSV was detected in only one fish surviv
ing the challenge with FYeosu05 by culture isolation 
(104 0S TCID501g-tissue, Table 1). No virus was detected 
in the control fish. 

Based on the present results , both of the VHSV iso
lates, FYeosu05 and Obama25, from olive flounder in 
Korea and Japan were demonstrated to be pathogenic 
to rainbow trout fry, although no mortality was observed 
in the fish injected with a dose of 10sS TCIDsoifish. It 
was reported that rainbow trout isolates of VHSV exhib
ited high virulence against rainbow trout by challenge 
with 10s TCIDsoifish lSI, suggesting that the virulence of 
the present VHSV isolates from olive flounder seems to 
be lower than the virulence of isolates from rainbow 
trout. This is an appropriate result because it is known 
that VHSV isolates from marine fish have relatively low 
virulence against rainbow trout1S). Furthermore, North 
American isolates of VHSV, belonging to genotype IVa 
together with the present isolates, are also low virulent 
to rainbow trout 20,21) It was reported, however, that 

neither death nor disease signs were observed in rain
bow trout challenged with Japanese VHSV isolates at a 
dose of 101S TCIDsoifish 16), and which is discrepant from 

the present results. This discrepancy may be caused 
by the sizes of the fish used in each experiment; the 
rainbow trout used by Ito et al. 16

) were 31.5 g, while 
those used in the present study were 1.1 g. 

From the present study, it is concluded that Korean 
and Japanese isolates of VHSV from olive flounder are 
pathogenic to rainbow trout fry, but not so high virulent 
at present because no mortality was observed in the 
fish injected at a dose of 10sS TCIDsoifish. Snow and 
Cunningham221 described that the virulence of marine 
isolates increased following five passages in rainbow 
trout. Thus, we consider that the present VHSV iso
lates from olive flounder may have potential for increas
ing virulence against rainbow trout when VHS occurred 
once in rainbow trout fry in Far East Asia. Actually, the 
mariculture of rainbow trout has been initiated in sea 
cages near aquaculture farms for olive flounder in 
Korea. Thus, we have to be cautious of carrying 
VHSV from marine environments to rainbow trout farms 

via marine and maricultured fish in Far East Asia. 
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