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Table S1.  VHSV isolates which was used for characterization of the MAbs from all over the world 
 Isolates Country or Year Genotype a Serotype b Host Reference or  
  Location   (Fresh;(F), Brackish;(B) or Sea;(S)) Source 
 DK-F1 Denmark 1962 I 1 Rainbow trout (F) Jensen 1965 
 DK-Hededam Denmark 1970 I 1 Rainbow trout (F) Jørgensen 1974 
 DK-3592B Denmark 1986 Ia 1 Rainbow trout (F) Fish Pathogens Database 2009 
 DK-3971 Denmark 1987 Ia NT c Rainbow trout (S) Einer-Jensen et al. 2005b 
 DK-3946 Denmark 1987 Ia NT Rainbow trout (F) Einer-Jensen et al. 2005b 
 DK-5151 Denmark 1988 Ia 3 Rainbow trout (F) Batts et al. 1993 
 DK-6137 Denmark 1991 Ia 3 Rainbow trout (S) Jørgensen et al. 1995 
 DK-7974 Denmark 1995 Ia NT Rainbow trout (F) Einer-Jensen et al. 2004 
 DK-9695377 Denmark 1996 Ia 3 Rainbow trout (F) Einer-Jensen et al. 2004 
 DK-200051-1 Denmark 2000 Ia NT Rainbow trout (F) Einer-Jensen et al. 2004 
 DK-200149 Denmark 2000 Ia NT Rainbow trout (F) Einer-Jensen et al. 2004 
 FR-07-71 France 1971 Ia 1 Rainbow trout (F) Thiery et al. 2002 
 FR-23-75 France 1975 Ia 2 Brown trout (F) Thiery et al. 2002 
 FR-02-84 France 1984 Ia 1 Rainbow trout (F) Benmansour et al. 1997 
 CZ-7738-R5 Czech Republic 1994 Ia 3 Rainbow trout (F) DTU.Vet 
 CAPM V553 Czech Republic 1999 Ia 3 Rainbow trout (F) Reschova et al. 2008 
 DE-10/90 (DK-5927) Germany 1991 Ia 3 Tubot (S) Schlotfeldt et al. 1991 
 AU-8/95 Austria 1995 Ia 3 Rainbow trout (F) Einer-Jensen et al. 2004 
 CH-F1 262 BFH Switzerland 1999 Ia 2 Rainbow trout (F) Knuesel et al. 2003 
 PL-A Poland 2002 Ia 3 Pike fry (F) PIWet 
 
 M Rhabdo Baltic Sea 1979 Ib 1 Cod (S) Jensen et al 1979 
 1p8 Baltic Sea 1996 Ib 1 Herring (S) Mortensen et al. 1999 
 1p40 Baltic Sea 1996 Ib 1 Rocking (S) Mortensen et al. 1999 
 1p85 Baltic Sea 1996 Ib NT Herring (S) Mortensen et al. 1999 
 1p86 Baltic Sea 1996 Ib NT Sprat (S) Mortensen et al. 1999 
 1p93 Baltic Sea 1996 Ib NT Cod (S) Mortensen et al. 1999 
 1p116 Baltic Sea 1996 Ib NT Cod (S) Mortensen et al., 1999 
 1p120 Baltic Sea 1996 Ib NT Herring (S) Mortensen et al. 1999 
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Table S1. (Continued) 
 Isolates Country or Year Genotype a Serotype b Host Reference or  
  Location   (Fresh;(F), Brackish;(B) or Sea;(S)) Source 
 1p121 Baltic Sea 1996 Ib NT Sprat (S) Mortensen et al. 1999 
 5p276 Kattegatt 1998 Ib NT Plaice (S) Snow et al. 2004 
 SE-SVA-14 Kattegatt 1998 Ib 2 Rainbow trout (S) Nordblom 1998 
 SE-SVA-1033 Kattegatt 2000 Ib 1 Rainbow trout (S) Nordblom & Norell 2000 
 (3F and 9C)      Ito et al. 2012 
 UK-96-43 English Channel 1996 Ib NT Herring (S) Dixson et al., 1997 
 4p37 North Sea 1997 Ib 1 Blue whiting (S) Mortensen et al., 1999 
 KRRV9601 Japan 1996 Ib NT Japanese Flounder (S) Isshiki et al. 2001 
 
 DK-2835 Denmark 1982 Ic 1 Rainbow trout (F) Einer-Jensen et al. 2004 
 DK-5123 Denmark 1988 Ic NT Rainbow trout (F) Einer-Jensen et al. 2004 
 DK-5131 Denmark 1988 Ic 2 Rainbow trout (F) Batts et al. 1993 
 
 FiA01a.00 Finland 2000 Id 1 Rainbow trout (B) Raja-Halli et al. 2006 
 FiP02b.00 Finland 2000 Id 1 Rainbow trout (B) Raja-Halli et al. 2006 
 NO-A163-68 EG46 Norway 1968 Id 1 Rainbow trout (F) Einer-Jensen et al. 2004 
 
 GE-1.2 Gerogia 1981 Ie NT Rainbow trout (F) Einer-Jensen et al. 2004 
 TR206239-1 Turkey 2006 Ie NT Rainbow trout (F) DTU.Vet 
 
 1p49 Baltic Sea 1996 II 1 Herring (S) Mortensen et al. 1999 
 1p52 Baltic Sea 1996 II 1 Sprat (S) Mortensen et al. 1999 
 1p53 Baltic Sea 1996 II 1 Herring (S) Mortensen et al. 1999 
 1p54 Baltic Sea 1996 II NT Cod (S) Mortensen et al. 1999 
 
 2p51 Skagerrack 1996 III NT Norway pout (S) Mortensen et al. 1999 
 4p101 Skagerrack 1996 III 3 Whiting (S) Mortensen et al. 1999 
 4p168 Skagerrack 1996 III 3 Atlantic herring (S) Mortensen et al. 1999 
 4p51 North Sea 1996 III NT Lesser argentine (S) Mortensen et al. 1999 
 UK-H17/5/93 UK 1993 III NT Cod (S) Stone et al. 1997 
 UK-860/94 UK 1994 III 2 Turbot (S) Ross et al. 1994 
 UK-H17/2/95 UK 1995 III 1 Haddock (S) Snow et al. 1999 
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Table S1.  (Continued) 
 Isolates Country or Year Genotype a Serotype b Host Reference or  
  Location   (Fresh;(F), Brackish;(B) or Sea;(S)) Source 
 F-L59x France 1987 III 2 Eel (F) Castric et al. 1992 
 GH30 Flemish Cap 1994 III 2 Greenland halibut (S) Dopazo et al. 2002 
 IR-F13.02.97 Ireland 1997 III NT Turbot (S) Snow et al. 1999 
 NO-2007-50-385 Norway 2007 III NT Rainbow trout (S) Dale et al. 2009 
 
 Makah USA 1988 IVa 1 Coho salmon (F) Batts et al. 1993 
 KHV USA 1988 IVa 1 Chinook salmon (F) Einer-Jensen et al. 2005b 
 Elliot Bay herring USA 1993 IVa 1 Pacific herring (S) Einer-Jensen et al. 2005b 
 Minter Creek, WA USA 2002 IVa NT Coho salmon (F) USGS 
 Tokul Creek, WA USA 2006 IVa NT Steelhead (F) USGS 
 Port Angels, WA USA 2007 IVa NT Atlantic salmon (F) USGS 
 BC’93 Canada 1993 IVa 1 Pacific herring (S) Meyers & Winton 1995 
 CAN-3624 Canada 1995 IVa 2 Atlantic salmon (S) Traxler et al. 1995 
 BC-s-99 Canada 1998/99 IVa 1 Pilchard (S) Hedrick et al. 2003 
 Quatsino, BC Canada 2002 IVa NT Sardines (S) USGS 
 JP-Obama 25 Japan 1999 IVa 1 Japanese Flounder (S) Takano et al. 2000 
 JF00Ehi1 Japan 2000 IVa 1 Japanese Flounder (S) Nishizawa et al. 2002 
 BR01Ehi1 Japan 2001 IVa NT Black rockfish (S) Ito et al. 2010 
 JF01Oit1 Japan 2001 IVa NT Japanese Flounder (S) Ito et al. 2010 
 JSL02Yam1 Japan 2002 IVa NT Pacific sandeel (S) Ito et al. 2010 
 PM05Ehi1 Japan 2005 IVa NT Red sea bream (S) NRIA FRA 
 
 MI03GL USA 2003 IVb NT Muskellunge (F) Elsayed et al. 2006 
 Goby 1-5 USA 2006 IVb NT Round goby (F) Groocock et al. 2007 
 Lake Ontario, NY USA 2007 IVb NT Gizzard Shad (F) USGS 
 Budd Lake, MI USA 2007 IVb NT Bluegill (F) USGS 
 Skaneateles Lake, NY USA 2007 IVb NT Smallmouth bass (F) USGS 
 CA-NB00-01 Canada 2000 IVb NT Mummichog (F) Gagné et al. 2007 
a Classification of genotype of virus is based on the follow reference of Einer-Jensen K.et al. (2004 and 2005), Snow et al.(2004), López-Vázquez et al.(2006), Elsayed et al. 
(2006), Gagné et al. (2007), Groocok et al. (2007). 
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b Classification of serotype of virus is based on the described by Olesen et al. (1993) 
c NT, Not tested 
DTU Vet; National Veterinary Institute, Technical University of Denmark 
PIWet; National Veterinary Institute in Poland 
USGS; United States Geological Survey 
NRIA FRA; National Research Institute of Aquaculture, Fisheries Research Agency 
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Table S2. Various piscine rhabdoviruses used for cross reaction test 
 Virus Abbreviation Isolates Reference 
 Members and probable members of the genus Novirhabdovirus  
 Infectious haematopoetic necrosis virus IHNV RBH LaPatra et al. 1993 
  IHNV 32/87 Laurencin 1987 
  IHNV Coleman Amend et al. 1969 
  IHNV 4008 Bovo et al. 1987 
  IHNV OSV Wingfield et al. 1969 
  IHNV TR LaPatra et al. 1993 
  IHNV ER LaPatra et al. 1993 
  IHNV HAG LaPatra et al. 1993 
  IHNV Austria DTU.Vet 
 Hirame rhabdovirus HIRRV 8401 Kimura et al. 1986 
 Capione brown trout rhabdovirus Carpione 583 Bovo et al. 1995 
 Snakehead rhabdovirus SHRV  Ahne et al. 1988 
 Eel virus EEV B12 Castric et al. 1984 
  
 Vesiculovirus-like viruses  
 Spring viremia of carp virus (Rhabdovirus carpio) SVCV 56/70 Fijan et al. 1971 
 Pike fry rhabdovirus PFRV S64 De Kinkelin et al. 1973 
 Tench rhabdovirus Tench RV Italian IZSV Ahne et al. 1982 
 Perch rhabdovirus Perch RV  Dorson et al. 1984 
 Eel virus European X EVEX  Sano et al. 1977 
 DTU Vet; National Veterinary Institute, Technical University of Denmark 
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Table S3. Primers used for complete genomic sequencing of VHSV Ib isolates in this study. 
 

 Primer Sequence 
 VH common FRONT term2 new CDTAAGTRGCAAAAAGTTTTCAAGTTTG 
 VN N mid F1 TYTTGTCCACMGAGTACTTG 
 VH N mid F2 GTGGACAARATGATCAAGTAC 
 VH N mid R1 CAAGTACTCKGTGGACAARA 
 VH N mid R2 GTACTTGATCATYTTGTCCAC 
 VH N rear F GCCCGCAACTTCAGGAGC 
 VH N REV 216 TCAACCTCACCAGGTACAAGCAC 
 VH N REV NEST 170 CGATCCTGATGTCATTCAAAC 
 VH P front R CYTTRGGGGCGTTGTCTAG 
 VH P mid F GGAAGAAGACCGACAACATAC 
 VH P mid R AGTATGTTGTCGGTCTTCTTC 
 VH P rear F CATYGCCATGAAGAAGTTCAAG 
 VH M front R ATGGTKGAGACACGGTCCTC 
 VH M midrear F AGACATGGGAGTGTGACTTA 
 VH M midrear R TAAGTCACACTCCCATGTCT 
 VH G front R TTCATCCARATGCAGGARGGTTC 
 VH G front F GAACCYTCCTGCATYTGGATGAA 
 VH G midrear F TTTCTCCTMTCAAAGTTTCGTCC 
 VH G midrear R GGACGAAACTTTGAKAGGAGAAA 
 VH G rear F TCTCCAACACATCYGATCTYTC 
 VH G rear R GARAGATCRGATGTGTTGGAGA 
 VH NV front F GACCCAAGYAACTACCTCAAC 
 VH NV front R GTTGAGGTAGTTRCTTGGGTC 
 VH L front F  GTACCAGCTGGTGCACCTCAG 
 VH L front R            ATCCTAACTCATTGCTCTGTGTC 
 VH L front F-2                ATTTAAAGAGGGGGTGGTGG 
 VH L front R-2 GAGTCCAGGATCTGTCAGCC 
 VH L 2R-2                GATGATTTTGAAGAGGGCCA 
 VH L 2F                 GCTCTCTTCCAATATTTTGGACTG 
 VH L 2R                   ATGAGTCGCTTGGTTTGTCACTG 
 VH L 2F-2                 TGGCCACTTAGTGACACCCT 
 VH L 5R-2               TTTCTGTGGTGTCTCTTCCTGA 
 VH L 3R                GACTTTTACTGATGTGGATGTATC 
 VH L 2F-3                 AACGCCAGTTCAACTCCTTG 
 VH L 5R-3                  ATCCGTCCACAATCCATGTT 
 VH L 2F-4                 TGAGGAGTGGCCTGACTCTT 
 VH L 5R-4                AGCAAGGGTAAGGTGCTGTG 
 VH L 5R-5               TGAGTAACGTAGTCTCCCACACC 
 VH L 4F                CGAAAACCATGCGAATGGTTGC 
 VH L 4F-2             GGGAGACCATGATTAAGGCA 
 VH 5RACES1-2        CTTGTGCTTGAAGTGAGGGG 
 VH L 5R            CGTTTCCTTTGGGATGTCCAAG 
 VH 5RACES1-3           AGGACCAAGGTCACAGGATG 
 VH 5RACES1-4           TCTTCCCAGCTTTCTTGTCC 
 VH L8.5comf F            GTCAAGACCAAATCTCTGTTC 
 VH 5RACES1-5           AACAGAGGTGAGGTTGCACA 
 VH 5RACERT5P         GCTCATCACTCTTCTTGAAGAAG 
 VH 5RACES1             TTCTCGGTGATGGCATCCGAG 

VH 5endR              GGCGATTCCATCACTGTTCT 
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Table S4. Experimental design, and total length and body weight of fish in each group. IP: intraperitoneal 
 
Experiment Group Infection route (dose) Number of Number of Average total Average body 
(Location)   fish replicates length (cm) weight (g) 

1 DK-3592B (Positive control) IP injection (106.3 TCID50 fish-1) 10 1 9.41 11.4 
(NRIA) SE-SVA-14-3D "  (106.5 TCID50 fish-1) 10 1 9.89 10.5 

SE-SVA-14-5G "  (106.2 TCID50 fish-1) 10 1 9.42 10.1 
SE-SVA-1033-3F "  (106.1 TCID50 fish-1) 10 1 9.53 10.9 
SE-SVA-1033-9C "  (106.3 TCID50 fish-1) 10 1 10.2 11.6 
Negative control "  (MEM 0.1 ml fish-1) 10 1 10.9 9.68 

2 SE-SVA-14 wild-type IP injection (105 TCID50 fish-1) 96  3 - - 
(DTU Vet) SE-SVA-14-3D "  112  3 - - 
 SE-SVA-14-5G "  90  3 - - 
 SE-SVA-1033 wild-type "  110  3 - - 
 SE-SVA-1033-3F "  106  3 - - 
 SE-SVA-1033-9C "  108  3 - - 
 Negative control " (MEM 0.05 ml fish-1) 76  2 - 2.34±0.75 
  DK-3592B (Positive control) Immersion (105 TCID50 ml-1

 2 hour) 69  2 - - 
 SE-SVA-14 wild-type "  102  3 - - 
 SE-SVA-14 3D "  109  3 - - 
 SE-SVA-14 5G "  106  3 - - 
 SE-SVA-1033 wild-type "  108  3 - - 
 SE-SVA-1033 3F "  115  3 - 
 SE-SVA-1033 9C "  110  3 - - 
 Negative control "  (treatment by MEM) 72  2 - 1.71 ±0.56 
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Table S5. Results of IFAT of MAb VHS-4.20 against various non-VHSV piscine rhabdovirus isolates. +: 
positive; -: negative. IFAT was performed according to Ito et al. (2012). 
 
 Virus genera Abbreviation Isolates VHS-4.20 Positive control (used antibody)  
 Novirhabdovirus IHNV RBH - + (mAb 136-3a) 
  IHNV 32/87 - + (mAb 136-3) 
  IHNV Coleman - + (mAb 136-3) 
  IHNV 4008 - + (mAb 136-3) 
  IHNV OSV - + (mAb 136-3) 
  IHNV TR - + (mAb 136-3) 
  IHNV ER - + (mAb 136-3) 
  IHNV HAG - + (mAb 136-3) 
  IHNV Austria - + (mAb 136-3) 
  HIRRV 8401 - + (anti rabbit serum) 
  Carpione 583 - + (mAb IP5B11) 
  SHRV  - + (anti rabbit serum K3401) 
  EEV B12 - + (anti rabbit serum) 
  
 Vesiculovirus SVCV 56/70 - + (mAb 2E1b) 
  PFRV S64 - + (anti rabbit serum F30) 
  Tench RV Italian IZSV - + (anti rabbit serum F55) 
  Perch RV  - + (anti rabbit serum F28) 
  EVEX  - + (anti rabbit serum K12) 
 
a Fregeneda-Grandes JM, Skall HF, Olesen NJ (2009) Antibody response of rainbow trout with single or 
double infections involving viral haemorrhagic septicaemia virus and infectious haematopoietic necrosis 
virus. Dis Aquat Organ 83 :23–29 
b Reschova S, Pokorova D, Nevorankova Z, Hulova J, Vesely T (2007) Detection of spring viraemia of 
carp virus (SVCV) with monoclonal antibodies. Vet Med Czech 52 :308–316 
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Table S6. Comparative analysis of the amino acid substitutions among the positive control DK-3592b, the 4p37 isolate and the Swedish VHSV Ib clones (SE-
SVA-14-3D, SE-SVA-14-5G, SE-SVA-1033-3F and SE-SVA-1033-9C) with different virulence properties to rainbow trout once IP injected (Skall et al. 2004 
or in this study). High virulence: less than or equal to 40% of survival rate by IP injection; Moderate: less than 70% in survival rate by IP injection; Low: more 
than or equal to 70% of mortality rate by IP injection. 
 
 Protein Substitution Isolates or variant clones (Virulence to rainbow trout, genotype) 
  Position (AA) DK-3592B 4p37 SE-SVA-14-3D SE-SVA-14-5G SE-SVA-1033-3F SE-SVA-1033-9C 
   (High, Ia) (Low, Ib) (Low/moderate, Ib) (Low, Ib) (Moderate/high, Ib) (Low, Ib) 
 N 31 Asp Glu Glu Glu Glu Glu 
  37 Val Tyr Tyr Tyr Tyr Tyr 
  43 Glu Glu Lys Lys Glu Glu 
  46 Arg Gly Gly Gly Arg Gly 
  49 Ile Ile Ile Ile Ile Thr 
  82 Glu Gly Gly Gly Gly Gly 
  83 Thr Met Met Met Met Met 
  99 Val Ala Ala Ala Ala Ala 
  113 Arg Arg Arg Gly Arg Arg 
  168 His Tyr His Tyr Tyr Tyr 
  358 Lys Arg Arg Arg Arg Arg 
  371 Lys Arg Arg Arg Arg Arg 
  392 Gly Glu Glu Glu Glu Glu 
  393 Glu Gly Gly Gly Gly Gly 
  401 Glu Gly Gly Gly Gly Gly 
 P 23 Arg Lys Lys Lys Lys Lys 
  39 Thr Pro Pro Pro Pro Pro 
  41 Gly Glu Glu Glu Glu Glu 
  211 Ile Val Val Val Val Val 
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Table S6. (Continued) 
 Gene Substitution Isolates or variant clones (Virulence to trout, genotype) 
  Position (AA) DK-3592B 4p37 SE-SVA-14-3D SE-SVA-14-5G SE-SVA-1033-3F SE-SVA-1033-9C 
   (High, Ia) (Low, Ib) (Low/moderate, Ib) (Low, Ib) (Moderate/high, Ib) (Low, Ib) 
 M 2 Thr Ala Ala Ala Ala Ala 
  165 Glu Gly Gly Gly Gly Gly 
  182 Ile Thr Thr Thr Thr Thr 
  201 Trp Arg Arg Arg Arg Arg 
 G 51 Asp Glu Glu Glu Glu Glu 
  91 Lys Arg Arg Arg Arg Arg 
  113 Ser Gly Gly Gly Ser Ser 
  136 Asp Asn Asn Asn Asn Asn 
  212 Lys Thr Thr Thr Thr Thr 
  230 His Asn Asn Asn Asn His 
  258 Ala Thr Thr Thr Thr Thr 
  277 Thr Ala Ala Ala Ala Ala 
  278 Gly Arg Arg Arg Arg Arg 
  288 Ala Thr Thr Thr Thr Thr 
  292 Met Met Met Met Met Thr 
  371 Ser Ser Ser Ser Arg Ser 
  388 Asp Asn Asn Asn Asn Asn 
  433 Thr Ile Ile Ile Ile Ile 
  459 His Asn Asn Asn Asn Asn 
  462 Ile Leu Leu Leu Leu Leu 
  506 Thr Met Met Met Met Met 
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Table S6. (Continued) 
 Gene Substitution Isolates or variant clones (Virulence to trout, genotype) 
  Position (AA) DK-3592B 4p37 SE-SVA-14-3D SE-SVA-14-5G SE-SVA-1033-3F SE-SVA-1033-9C 
   (High, Ia) (Low, Ib) (Low/moderate, Ib) (Low, Ib) (Low/moderate/high, Ib) (Low, Ib) 
 
 Nv 12 Phe Phe Phe Phe Leu Phe 
  43 Pro Thr Thr Thr Thr Thr 
  44 Val Met Met Met Met Met 
  67 His Tyr Tyr Tyr Tyr Tyr 
  80 Arg Lys Lys Lys Lys Lys 
  102 Glu Gly Gly Gly Gly Gly 
  104 Val Ile Ile Ile Ile Ile 
  116 Arg Ser Ser Ser Ser Ser 
  121 Pro Thr Thr Thr Thr Thr 
 L 56 Ala Ala Ala Ala Ser Ala 
  149 Glu Gly Gly Gly Gly Gly 
  232 Ile Val Val Val Val Val 
  298 Lys Glu Glu Glu Glu Glu 
  302 Lys Arg Arg Arg Arg Arg 
  365 Ile Val Val Val Val Val 
  411 Phe Tyr Tyr Tyr Tyr Tyr 
  474 Ile Ile Ile Val Ile Ile 
  511 Arg Lys Lys Lys Lys Lys 
  849 Gln Gln Gln Gln Gln His 
  1012 Phe Ile Ile Ile Ile Ile 
  1281 Ala Asp Asp Asp Asp Asp 
  1313 Met Thr Thr Thr Thr Thr 
  1317 Asn Asn Asn Asn Asn Lys  
  1742 Ala Thr Thr Thr Thr Th 


