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MAbs I /Ia Ib Ic/Id Ie II III III* IVa IVb-Gr. IVb-N.B.

IP5B11 + + + + + + + + + +
VHS-1.24 + + + - + + + + + +
VHS-9.23 + + + + + - - + + +
VHS-3.80 - + + - + - - - - -
VHS-7.57 - - - - + - - + - -
VHS-5.18 - + - - - - - - - -
VHS-3.75 - - - - - + - - - +
VHS-10 - - - - - - - + - -
VHS-1.88 - - - - - - - - + -
+;positive

-;negative

*; NO-2007-50-385; The rainbow trout pathogenic genotype III isolate 

Ⅳb-Gr.; Genotype IVb of the Greart Lakes isolates

Ⅳb-N.B.; Genotype IVb of New Brunswick isolate

Genotype of VHSV

Table.   Summary of MAbs reactions for all of the VHSV genotypes 

Typing VHSV by monoclonal antibodies 
 

Isolates Genotype 

IP5B11 VHS-1.24 VHS-9.23 VHS-3.80 VHS-7.57 VHS-5.18 VHS-4.20 VHS-3.75 VHS-10 VHS-1.88
DK-F1 I + + + - - - + - - -
HEDEDAM I + + + - - - + - - -
DK-3592B Ia + + + - - - + - - -
DK-3971 Ia + + + - - - + - - -
DK-3946 Ia + + + - - - + - - -
DK-5151 Ia + + + - - - + - - -
DK-6137 Ia + + + - - - + - - -
DK-7974 Ia + + + - - - + - - -
DK-9695377 Ia + + + - - - + - - -
DK-200051 Ia + + + - - - + - - -
DK-200149 Ia + + + - - - + - - -
FR-07-71 Ia + + + - - - + - - -
FR-23-75 Ia + + + - - - + - - -
FR-02-84 Ia + + + - - - + - - -
CZ-R5 Ia + + + - - - + - - -
CZ-2077 Ia + + + - - - + - - -
DK-5927 Ia + + + - - - + - - -
AU-8/95 Ia + + + - - - + - - -
CH-FI 262 BFH Ia + + + - - - + - - -
PL-202473 Ia + + + - - - + - - -
M Rhabdo Ib + + + + - + + - - -
1p8 Ib + + + + - + - - - -
1p40 Ib + + + + - + - - - -
1p85 Ib + + + + - + - - - -
1p86 Ib + + + + - + - - - -
1p93 Ib + + + + - + - - - -
1p116 Ib + + + + - + - - - -
1p120 Ib + + + + - + - - - -
1p121 Ib + + + + - + - - - -
5p276 Ib + + + + - + - - - -
SE-SVA-14 Ib + + + - - + + - - -
SE-SVA-1033 Ib + + + + - + - - - -
UK-96-43 Ib + + + + - + - - - -
4p37 Ib + + + + - + - - - -
DK-2835 Ic + + + + - - + - - -
DK-5123 Ic + + + + - - + - - -
DK-5131 Ic + + + + - - + - - -
FiA01a.00 Id + + + + - - + - - -
FiP02b.00 Id + + + + - - + - - -
NO-A163-68 Id + + + - - - + - - -
GE-1.2 Ie + - + - - - + - - -
TR206239-1 Ie + - + - - - + - - -
1p49 II + + + + + - + - - -
1p52 II + + + + + - + - - -
1p53 II + + + + + - + - - -
1p54 II + + + + + - + - - -
2p51 III + + - - - - + + - -
4p101 III + + - - - - + + - -
4p168 III + + - - - - + + - -
4p51 III + + - - - - + + - -
UK-H17/5/93 III + + - - - - + + - -
UK-860/94 III + + - - - - + + - -
UK-H17/2/95 III + + - - - - + + - -
FR-L59x III + + - - - - + + - -
NF-GH30 III + + - - - - + + - -
IR-F13.02.97 III + + - - - - + + - -
NO-2007-50-385 III + + - - - - + - - -
USA-MAKAH IVa + + + - + - + - + -
USA-KHV IVa + + + - + - + - + -
USA-Elliott Bay IVa + + + - + - + - + -
Minter Creek, WA IVa + + + - + - + - + -
Tokul Creek, WA IVa + + + - + - + - + -
Port Angels, WA IVa + + + - + - + - + -
BC'93 IVa + + + - + - + - + -
CAN-3624 IVa + + + - + - + - + -
BC-s-99 IVa + + + - + - + - + -
Quatsino, BC IVa + + + - + - + - + -
JP-Obama 25 IVa + + + - + - + - + -
JP-JF00Ehi1 IVa + + + - + - + - + -
BR01Ehi1 IVa + + + - + - + - + -
JF01Oit1 IVa + + + - + - + - + -
JSL02Yam1 IVa + + + - + - + - + -
PM05Ehi1 IVa + + + - + - + - + -
MI03GL IVb Gr. + + + - - - + - - +
Goby 1-5 IVb Gr. + + + - - - + - - +
Lake Ontario,NY IVb Gr. + + + - - - + - - +
Budd Lake, Mi IVb Gr. + + + - - - + - - +
Skaneateles Lake, NY IVb Gr. + + + - - - + - - +
New Brunswick IVb N.B. + + + - - - + + - -

MAbs

I 

Ia 

Ib 

II 

Ic 

Ie 

III 

IVa 

IVb-Gr. 

IVb-N.B. 

Id 

IFAT in large panel using mAbs against various genotypes of VHSV 
VHSV genotype 

MAb I/Ia Ib Ic/Id Ie II III IVa IVb 

IP5B11 + + + + + + + + 

VHS-3.80 - + + - + - - - 

VHS-4.20 + - + + + + + + 

VHS-5.18 - + - - - - - - 

  Table.    Results of IFAT for monoclonal antibodies against genotype Ib isolates of VHSV 

GIb Isolates

IP5B11 VHS-1.24 VHS-9.23 VHS-3.80 VHS-7.57 VHS-5.18 VHS-4.20 VHS-3.75 VHS-10 VHS-1.88

M Rhabdo + + + + - + + - - -

1p8 + + + + - + - - - -

1p40 + + + + - + - - - -

1p85 + + + + - + - - - -

1p86 + + + + - + - - - -

1p93 + + + + - + - - - -

1p116 + + + + - + - - - -

1p120 + + + + - + - - - -

1p121 + + + + - + - - - -

5p276 + + + + - + - - - -

SE-SVA-14 + + + - - + +/- - - -

SE-SVA-1033 + + + +/- - + - - - -

UK-96-43 + + + + - + - - - -

4p37 + + + + - + - - - -

MAbs

9C+/ 3F - 

5G+/ 3D - 
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KRRV9601(Genotype Ib) 1  MEGGIRAAFS  GLNDVRIDPT  GGEGRVLVPG  EVELIVVVGG  FGEEDGKVIV 50 
 
 
SE-SVA-14-3D  1  MEGGIRAAFS  GLNDVRIDPT  GGEGRVLVPG  EVELIVYVGG  FGKEDGKVIV 50 
SE-SVA-14-5G 1  MEGGIRAAFS  GLNDVRIDPT  GGEGRVLVPG  EVELIVYVGG  FGKEDGKVIV  50 
 
SE-SVA-1033-3F 1  MEGGIRAAFS  GLNDVRIDPT  GGEGRVLVPG  EVELIVYVGG  FGEEDRKVIV 50  
SE-SVA-1033-9C 1  MEGGIRAAFS  GLNDVRIDPT  GGEGRVLVPG  EVELIVYVGG  FGEEDGKVTV 50 
  **********  **********  **********  **********  ** ** ** * 
 
KRRV9601(Genotype Ib)  51  DALSALGGPQ  TVQALSVLLS  VVLQGNTQED  LGMKCKVLTD  MGFKVTQAAR  100 
 
SE-SVA-14-3D   51  DALSALGGPQ  TVQALSVLLS  YVLQGNTQED  LGMKCKVLTD  MGFKVTQAAR 100 
SE-SVA-14-5G   51  DALSALGGPQ  TVQALSVLLS  YVLQGNTQED  LGMKCKVLTD  MGFKVTQAAR 100  
SE-SVA-1033-3F  51  DALSALGGPQ  TVQALSVLLS  YVLQGNTQED  LGMKCKVLTD  MGFKVTQAAR 100 
SE-SVA-1033-9C  51  DALSALGGPQ  TVQALSVLLS  YVLQGNTQED  LGMKCKVLTD  MGFKVTQAAR 100 
 **********  **********  **********  **********  ********** 
 
KRRV9601(Genotype Ib)  101  ATSIEAGIMM  PMRELALTVN  DDNLMEIVKG  TLMTCSLLTK  YSVDKMIKYI 100 
 
SE-SVA-14-3D 101  ATSIEAGIMM  PMRELALTVN  DDNLMEIVKG  TLMTCSLLTK  YSVDKMIKYI 150 
SE-SVA-14-5G  101  ATSIEAGIMM  PMGELALTVN  DDNLMEIVKG  TLMTCSLLTK  YSVDKMIKYI 150 
 
SE-SVA-1033-3F 101  ATSIEAGIMM  PMRELALTVN  DDNLMEIVKG  TLMTCSLLTK  YSVDKMIKYI 150 

SE-SVA-1033-9C 101  ATSIEAGIMM  PMRELALTVN  DDNLMEIVKG  TLMTCSLLTK  YSVDKMIKYI 150 
 **********  ** *******  **********  **********  ********** 
 
KRRV9601(Genotype Ib)  151  TKKLGELADT  QGVGELQYFT  ADKAAIRKLA  GCVRPGQKIT  KALYAFILTE 200 
 
 
SE-SVA-14-3D  151  TKKLGELADT  QGVGELQHFT  ADKAAIRKLA  GCVRPGQKIT  KALYAFILTE 200 
SE-SVA-14-5G  151  TKKLGELADT  QGVGELQYFT  ADKAAIRKLA  GCVRPGQKIT  KALYAFILTE 200  
SE-SVA-1033-3F  151  TKKLGELADT  QGVGELQYFT  ADKAAIRKLA  GCVRPGQKIT  KALYAFILTE 200 
SE-SVA-1033-9C  151  TKKLGELADT  QGVGELQYFT  ADKAAIRKLA  GCVRPGQKIT  KALYAFILTE 200 
 **********  ******* **  **********  **********  ********** 

Virus clone isolates 

Region of epitope of MAb VHS-3.80 

Region of epitope of MAb VHS-4.20 

Partial alignments of amino acids of  N-proteins of the homologous Ib isolate and the 4 SVA clones. 

0

10

20

30

40

50

60

70

80

90

100

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

C
u

m
u

la
ti

v
e 

m
o
rt

a
li

ty
 

(%
) 

Fig.  Mortality of rainbow trout after infection with Swedish Ib variants  

by intraperitoneal (i.p.) injection 

Fish; Av. BW 10.8g, Av. TL 9.7cm 

Number of  each group; 10 

Infectious dose;106TCID50/fish 

WT;9.7℃ 

DK-3592B (80%) 

SE-SVA14-3D (10%) 4.20 - 

SE-SVA14-5G (20%) 4.20 + 

SE-SVA1033-9C (10%) 3.80 + 

SE-SVA1033-3F (90%) 3.80 - 

MEM (0%) 

Days post infection 
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Fig.  Mortality of  amago trout (Oncorhynchus masou ishikawae) after infection  

with Swedish Ib variants by i.p.  injection 

Fish; Av. BW 12.3g, Av. TL 9.9cm 

Number of  each group; 10 

Infectious dose;106TCID50/fish 

WT;11.8℃ 

Days post infection 

Oncorhynchus masou  

Ishikawae 

Fig.  Mortality of rainbow trout after infection with Swedish Ib variants in DTU 
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Days post infection

(a) Intraperitoneal injection
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Fig.  Mortality of rainbow trout after infection with Swedish Ib variants in DTU 
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Days post infection

(b) Bathing immersion

14 wild; 7.8% b

14-3D; 3.5% b,c

14-5G; 1.9% b, c

1033 wild; 4.4% b, c

1033-9C; 4.1% a, b, c, d

1033-3F; 13.5% b, d

3592B; 72.9% a,c

Nega; 5.7% b, d

Isolates Variants AA43-48 in N-protein AA168 in N-protein Pathogenicity to trout

SE-SVA-14 (Ib)  3D K E D G K V H ○

 5G K E D G K V Y ○

SE-SVA-1033 (Ib)  3F E E D R K V Y ○

 9C E E D G K V Y ×

DK-3592B (Ia) E E D R K V H ◎

Table  Summary of the aa alignment of the epitopic part of each mAbs and pathogenicity to 

trout of each variant and isolate. 

++ 

9C+/ 3F - 

++ 

++ 

+++ 

- 

 

Table 1. Results of titration of isolates or variant clones to cell lines. 

 

 Isolates/Variant clones  Titer (TCID50/ml)  

 (Genotype) BF-2 EPC RTG-2 

 DK-3592B (GIa) 10
7.2

 10
8.9

 10
7.4 

 4p37 (GIb) 10
7.0

 10
4.7*

 10
4.5

 

 SE-SVA-14-3D (GIb) 10
7.5

 10
7.2

 10
5.0

 

 SE-SVA-14-5G (GIb) 10
8.2

 10
7.8

 10
4.8

 

 SE-SVA-1033-3F (GIb) 10
7.3

 10
6.1

 10
5.6

 

 SE-SVA-1033-9C (GIb) 10
7.1

 10
4.1*

 10
4.8

 

 *; CPE is appeared, but not progressed to complete cell destruction.
  

 

(Brudeseth et al. 2008) 

Image of virulence to trout of Swedish genotype Ib 

Genotype Ia 

First gate (entrance to cell of host) 

Go through easily  

(G protein has high affinity to trout) 

Genotype Ib 

Hardly pass 

(G protein has low or non affinity to trout) 

Second gate 

 (propagation in the cells) 

Go through easily 

(N protein has high ability to propagate) 

The fall of a castle 

or not 

Death of fish 

Normal Ib 

Go through easily 

(N protein has high ability to propagate) 

Swedish  Ib 
Death of fish 

No mortality 

IP injection; Experimental infection 

Continuous immersion; In the field 

Hardly pass 
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Table 3. Comparative analysis of amino acid (AA) substitution rates among Swedish VHSV Ib variants (SE-SVA-14-3D vs. SE-SVA-14-5G) and 

(SE-SVA-1033-3F vs. SE-SVA-1033-9C) with different virulence properties which is pathogenicity towards rainbow trout. 

Amino acid substitution 

SE-SVA-14-3D vs. SE-SVA-14-5G 

 Gene 3’ - 5’  Product size (AA)  Substitution (n)  Identity (%) Substituted (AA) Substitution position (AA) 

 N 404 2 99.5 Arg–Gly, His – Tyr 103, 168 

 P 222 x xx.x – – 

 M 201 x xx.x – – 

 G 507 x xx.x – – 

 NV 122 x xx.x – – 

 L 1985 x xx.x – – 

 Combined 3446 x xx.x  –  – 

 

SE-SVA-1033-3F vs. SE-SVA-1033-9C 

 Gene 3’ - 5’  Product size (AA)  Substitution (n)  Identity (%) Substituted (AA) Substitution position (AA) 

 N 404 2 99.5 Arg–Gly, Ile–Thr 46, 49 

 P 222 x xx.x – – 

 M 201 x xx.x – – 

 G 507 x xx.x – – 

 NV 122 x xx.x – – 

 L 1985 x xx.x – – 

 Combined 3446 x xx.x  –  – 

Before final conclusions on pathogenicity mechanism can be made, the entire 

genome of these viruses must be analyzed in order to be sure that only 

substitutions in the N-protein is sufficient to influences the virulence of 

variants of GIb. This information will be provided soon.  

Conclusions 

• Pathogenicity is a question of host-pathogen 

interaction, even closely related 

Oncorhynchus species (mykiss and masou) 

respond differently 

• Reverse genetics might help us to assess if 

these substitutions in the N-protein are 

sufficient to increase mortality in Rainbow 

trout significantly 

• Virulence = Entrance (host defence)+ 

propagation (cell level defence) 


