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INTRODUCTION

Infectious haematopoietic necrosis virus (IHNV) is
the causative agent of the highly lethal disease in-
fectious haematopoietic necrosis (IHN) in juvenile
rainbow trout Oncorhynchus mykiss, Pacific salmon

Oncorhynchus spp. and Atlantic salmon Salmo salar
(Bootland & Leong 1999). IHNV has also been isolated
from eel (Bergmann et al. 2003). IHNV belonging to
the family Rhabdoviridae has a single-stranded RNA
genome of negative polarity consisting of 6 genes cod-
ing for 5 virion proteins: nucleocapsid protein (N),
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ABSTRACT: Infectious haematopoietic necrosis virus (IHNV) causes the lethal disease infectious
haematopoietic necrosis (IHN) in juvenile salmon and trout. The nucleocapsid (N) protein gene and
partial glycoprotein (G) gene (nucleotides 457 to 1061) of the European isolates IT-217A, FR-32/87,
DE-DF 13/98 11621, DE-DF 4/99-8/99, AU-9695338 and RU-FR1 were sequenced and compared with
IHNV isolates from the North American genogroups U, M and L. In phylogenetic studies the N gene
of the Italian, French, German and Austrian isolates clustered in the M genogroup, though in a dif-
ferent subgroup than the isolates from the USA. Analyses of the partial G gene of these European iso-
lates clustered them in the M genogroup close to the root while the Russian isolate clustered in the U
genogroup. The European isolates together with US-WRAC and US-Col-80 were also tested in an
enzyme-linked immunosorbent assay (ELISA) using monoclonal antibodies (MAbs) against the N
protein. MAbs 136-1 and 136-3 reacted equally at all concentrations with the isolates tested, indicat-
ing that these antibodies identify a common epitope. MAb 34D3 separated the M and L genogroup
isolates from the U genogroup isolate. MAb 1DW14D divided the European isolates into 2 groups.
MAb 1DW14D reacted more strongly with DE-DF 13/98 11621 and RU-FR1 than with IT-217A, FR-
32/87, DE-DF 4/99-8/99 and AU-9695338. In the phylogenetic studies, the Italian, French, German
and Austrian isolates clustered in the M genogroup, whereas in the serological studies using MAbs,
the European M genogroup isolates could not be placed in the same specific group. These results
indicate that genotypic and serotypic classification do not correlate.
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phosphoprotein (P), matrix protein (M), glycoprotein
(G) and the polymerase (L); and one non-virion (NV)
protein (Fauquet et al. 2005).

IHNV was first observed in cultured sockeye salmon
on the west coast of North America (Bootland & Leong
1999). Currently IHNV in North America is found from
Alaska to northern California along the Pacific coast
and inland to Idaho (Kurath et al. 2003). In Asia IHNV
has been isolated from fry and fingerlings of Pacific
salmon Oncorhynchus spp. and rainbow trout in Japan
(Nishizawa et al. 2006) and from juvenile rainbow trout
and masu salmon Oncorhynchus masou in Korea (Kim
et al. 2007). In 1987 IHNV was isolated from rainbow
trout yolk sac fry in Italy (Bovo et al. 1987) and from
rainbow trout fry and fingerlings in France (Laurencin
1987). Since then isolation of IHNV in Europe has been
reported from Austria (Kolodziejek et al. 2008), Ger-
many (Fichtner et al. 2000, Enzmann et al. 2005), Bel-
gium (World Organisation for Animal Health 2007) and
Switzerland (Knuesel et al. 2003). The first outbreak of
IHN in rainbow trout fry in Russia was in 2000 in
Moscow province (Schelkunov et al. 2001).

Phylogenetic analyses based on the most variable
region within the G gene of IHNV isolates from the
west coast of USA and Canada have identified the
existence of 3 major genogroups, L (lower), M (mid-
dle) and U (upper) (Kurath et al. 2003). The geno-
groups occur in different geographic areas: U in
Alaska, Washington coast and Columbia River Basin,
USA, and British Columbia, Canada; M in Idaho and
Columbia River Basin; and L in California and Ore-
gon coast. The M genogroup is divided into 6 sub-
groups (A to E) and L into two (1 and 2) whereas U is
not divided into subgroups (Kurath et al. 2003, Troyer
& Kurath 2003). An earlier phylogenetic analysis of
the partial G gene sequences (303 nucleotides [nt]) of
IHNV isolates from North America included one
index case isolate from France and one from Italy
(Kurath et al. 2003). In later studies the complete G
and NV gene sequences were determined for 9 Ger-
man isolates and the French index isolate (Enzmann
et al. 2005) and for a 615 bp region of the G gene of
Austrian isolates (Kolodziejek et al. 2008). Phyloge-
netic analysis in all these reports showed that the
European isolates fell within the M genogroup. Elec-
trophoretic typing, monoclonal antibody (MAb)
analysis, T1 ribonuclease fingerprinting and gene
sequencing of IHNV isolates have shown that identi-
cal or almost identical isolates are found within a cer-
tain geographic location independent of host species
(Hsu et al. 1986, Ristow & Arnzen de Avila 1991,
Nichol et al. 1995, Oshima et al. 1995, Kurath et al.
2003). Among the European isolates, a panel of
French isolates have previously been studied using
MAbs against the N protein in indirect immunofluo-

rescence (Danton et al. 1994) and the IT-217A and
FR-32/87 isolates have been characterised using
MAbs against the G protein (Arkush et al. 1989).

In the present study the complete N gene and a
605 nt partial G gene sequence of 6 representative
IHNV isolates from Italy, France, Germany, Austria
and Russia were determined and compared with iso-
lates from the 3 major genogroups from the west coast
of USA and Canada. Our results confirm previous
work and expand our understanding of European
IHNV to include isolates from additional countries,
with phylogenetic trees constructed based on analysis
of a different viral gene. Further European isolates
were also serologically characterised using MAbs
against the N protein in enzyme-linked immunosor-
bent assays (ELISA).

MATERIALS AND METHODS

Cells and virus. IHNV isolates used for sequencing
the full-length N gene and part of the G gene (corre-
sponding to nt 457 to 1061, numbering from the open
reading frame; GenBank accession no. L40882) were
AU-9695338, DE-DF 13/98 11621, DE-DF 4/99-8/99,
FR-32/87, IT-217A and RU-FR-1 (Table 1). RU-FR1 is
the same isolate referred to as Ryb00TF in Rudakova
et al. (2007). Additionally the N gene of the USA iso-
lates described in Table 1 (except for US-RB-1) was
sequenced. The European isolates were also used in
an ELISA together with isolates US-WRAC and US-
Col-80 where reactivity of MAbs against the N pro-
tein was tested. Epithelioma papulosum cyprini (EPC)
(Fijan et al. 1983) and bluegill fry (BF-2) (Wolf et al.
1966) cells were grown in Eagle’s minimum essential
medium (MEM) supplemented with 10% fetal calf
serum, 2 mM L-glutamine and 100 IU ml–1 penicillin.
EPC cells were infected with IHNV and BF-2 cells
were infected with viral haemorrhagic septicaemia
virus (VHSV) at a multiplicity of infection (MOI) of
0.1 and kept at 15°C until full (100%) cytopathic
effect developed. IHNV particles were concentrated
from 3 ml tissue culture supernatant by ultracentrifu-
gation at 86 000 × g for 1 h at 4°C. Genomic RNA of
IHNV was extracted using the RNeasy mini kit (Qia-
gen). The RNA was eluted with 35 µl RNase-free
H2O, and 5 µl (approximately 1 µg RNA) was used for
RT-PCR.

RT-PCR and sequencing. Primers for RT-PCR were
designed based on previously published sequences of
IHNV (GenBank accession nos. X73872, X89213 and
NC_001652). For encompassing the entire N gene a
primer pair with the forward primer 5’-CGA GAC
AGA ACA AGC AGA A-3’ and the reverse primer 5’-
CAT TGT TGT GGT TTG AGT TGA-3’ (nt 107 to 125
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and 1468 to 1448 of the WRAC strain of IHNV
NC_001652, respectively) were used. The primers for
amplifying the G gene were 5’-CAG AGA CCC ACC
AAA ACA-3’ (forward) and 5’-AAG TGA AGA TTG
AGG TCC TTT A-3’ (reverse) (nt 2969 to 3001 and 4556
to 4523 of the WRAC strain of IHNV NC_001652,
respectively). The Titan one-tube RT-PCR system
(Roche Diagnostics) was used for RT-PCR. The reverse
transcription reaction was run at 50°C for 30 min prior
to a 2 min denaturation at 94°C. The PCR program with
36 cycles was 94°C for 30 s, 54°C for 30 s and 68°C for
1 min. The RT-PCR products were excised from a 2%
agarose gel and purified using the QIAquick gel
extraction kit (Qiagen). Both strands of the PCR prod-
ucts were sequenced using an ABI 377 automatic
sequencer (Applied Biosystems). The same primers as
for RT-PCR plus internal primers were used for
sequencing the N gene. For sequencing the G gene,
forward primer 5’-AAG AAG CAG GGG CGT A-3’
and reverse 5’-TGT CCT TGG ATA CCT CGT CC-3’
(nt 3387 to 3402 and 4103 to 4084 of the WRAC strain
of IHNV NC_001652, respectively) were used. For iso-
late DE-DF 4/99-8/99, primer 5’-AGC AGG GGC GTA
TGA CAC-3’ (nt 3391 to 3408) was used for sequenc-
ing the sense strand of the G gene. The sequence data
has been deposited in GenBank under accession num-
bers FJ265710 to FJ265715 (N gene) and FJ265716 to
FJ265721 (G gene).

Sequence analysis and phylogenetic trees. The
sequences were aligned using ClustalX (Thompson et
al. 1997) and GeneDoc (Nicholas et al. 1997). Model-
Test (Posada & Crandall 1998) and PAUP version 4.0b
10 (Swofford 2003) was used for the phylogenetic

analysis. Phylogenetic analysis was conducted using
the neighbour-joining program with 1000 boot-
strapped replicates and branches with bootstrap val-
ues <70% collapsed. The Sacramento River Chinook
virus (SRCV) from California (L genogroup) was used
as the outgroup.

ELISA. ELISA was performed according to the pro-
cedure described by Olesen & Jørgensen (1991) with
minor modifications. Briefly, 96-well microtitre plates
were coated with protein A purified polyclonal rabbit
anti-IHNV (0.14 µg well–1) and incubated at 4°C
overnight. The plates were washed with 0.1 M PBS-
0.05% Tween-20 then incubated with IHNV (equal
amount of virus particles bound to coating antibody
in each well; stock solution approximately 108 TCID50

ml–1) for 1 h at room temperature (RT). After the sec-
ond wash, MAbs against the N protein where Euro-
pean isolates have been used for MAb production,
136-1, 136-2, 2F4/F3, 34D, or the US-MAb 1DW14D
considered to identify a common epitope were added
at a 3-fold increasing dilution (from the dilution
giving the highest optical density [OD] value at
absorbance at 492 nm [A492] to the end point) and
the plates were incubated for 1 h at RT (Table 2
gives detailed information and references for the
MAbs). After another wash, horseradish-peroxidase
(HRP)-conjugated rabbit anti-mouse immunoglobu-
lins (P0260; DAKO) was added and the plates were
incubated for 1 h at RT. After a final wash, the sub-
strate ortho-phenylene diamine was added and A492

was measured. Fifty µl VHSV (Voldbjerg) (approxi-
mately 2 × 108 TCID50 ml–1) and cell growth medium
were used as controls.
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Isolate ps or GenBank Host species Year of Country Source
acc. no. isolation or region

FR-32/87 ps Oncorhynchus mykiss 1987 France Laurencin (1987)
IT-217A ps O. mykiss 1987 Italy Bovo et al. (1987)
AU-9695338 ps O. mykiss 1996 Austria Dr. N. J. Oksona

DE-DF 13/98 11621 ps Anguilla anguilla 1998 Germany Bergmann et al. (2003)
DE-DF 4/99-8/99 ps O. mykiss 1999 Germany Fichtner et al. (2000)
RU-FR1 ps O. mykiss 2000 Russia Schelkunov et al. (2001)
US-RB-1 G: U50401, N: U50402 O. mykiss 1975 OR, USA Kurath et al. (1997)
US-RB-76 G: L40880, N: AY442516 Steelhead 1976 OR, USA Nichol et al. (1995)
US-LWS-87 L40879 O. tshawytscha 1987 WA, USA Nichol et al. (1995)
US-BLK-94 DQ164100 O. nerka 1994 WA, USA Garver et al. (2006)
US-WRAC L40882 O. mykiss 1982 ID, USA Nichol et al. (1995)
US-193-110 G: L40871, N: AY442507 O. mykiss 1984 ID, USA Nichol et al. (1995)
US-HO-7 G: L40876, N: AY442512 O. mykiss 1984 ID, USA Nichol et al. (1995)
US-SRCV G: L40881, N: AY442517 O. tsawytscha 1966 CA, USA Nichol et al. (1995)
US-Col-80 G: L40873, N: AY442509 O. tsawytscha 1980 CA, USA Nichol et al. (1995)
US-Col-85 G: L40873, N: AY442510 Steelhead 1985 CA, USA Nichol et al. (1995)
KR-PRT G: AY673684, N: AY673683 O. mykiss 1991 Korea Kim et al. (2007)
aNational Veterinary Institute, Technical University of Denmark, Copenhagen

Table 1. Infectious haematopoietic necrosis virus (IHNV) isolates used. G: glycoprotein gene; N: nucleocapsid protein gene. 
ps: sequenced in the present study
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RESULTS

Sequence comparison of N protein

The N gene of the European and American IHNV
isolates is 1173 bp in length and encodes a protein of
391 amino acids. AU-9695338, DE-DF 13/98 11621,
DE-DF 4/99-8/99, FR-32/87 and IT-217A were 98 to
99% identical at the nucleotide level and RU-FR1 was
95 to 96% identical to these European isolates and
98% identical to the American isolates from the U
genogroup. The European M genogroup isolates were
97 to 98% identical to the other M genogroup isolates
and 95 to 96% identical to the L genogroup isolates. At
the amino-acid level, AU-9695338, DE-DF 13/98
11621, DE-DF 4/99-8/99, FR-32/87 and IT-217A were
98 to 100% identical among themselves and 94 to 96%
identical with RU-FR1. European M genogroup iso-
lates were 96 to 98% identical with US-M genogroup
isolates whereas RU-FR1 was 96% identical with these
isolates at the amino-acid level. AU-9695338, DE-DF
13/98 11621, DE-DF 4/99-8/99, FR-32/87, IT-217A and
RU-FR1 were all 94 to 95% identical with US-L
genogroup isolates.

The European IHNV isolates, when compared to the
French 07-71 (GenBank accession no. AJ233396) and
German Fi13 (GenBank accession no. X73873) isolates
of VHSV, showed an identity of around 50%.

Sequence comparison of G protein (nt 457 to 1061)

The 605 nt partial G gene sequence of AU-9695338,
DE-DF 13/98 11621, DE-DF 4/99-8/99, FR-32/87 and
IT-217A were 97 to 99% identical. The nucleotide
diversity between these European isolates and the
Russian isolate was 2 to 3% and between the Russian
isolate and the American U genogroup isolates was
1%. Differences between the European isolates and
American isolates were between 1 and 5%. The Amer-
ican isolate Col-85 differed most from the European
isolates. The European IHNV, when compared to the

French 07-71 (GenBank accession no. AJ233396) and
German Fi13 (GenBank accession no. 73873) isolates
of VHSV at the nucleotide level, showed an identity of
52 to 53%.

Phylogenetic studies of N gene and partial G gene

The N gene (Fig. 1A) and partial G gene (Fig. 1B,C)
of the European isolates were used in phylogenetic
studies together with isolates from the west coast of
USA and Canada. The phylogenetic trees of the N
gene (Fig. 1A) and G gene (nt 457 to 1061; Fig. 1B) con-
sist of the same virus isolates for comparison. In a
neighbour-joining distance tree, where branches with
bootstrap values <70% were collapsed, the isolates
from Austria, Germany, France and Italy clustered in
the M genogroup together with isolates from Idaho
and the Columbia River Basin whereas the Russian iso-
late was in the U genogroup with isolates from Alaska
and British Columbia. A phylogenetic analysis of the
303 nt mid-G region of the G genes was also conducted
to assess relationships in a larger data set with more
North American isolate sequences (Fig. 1C). In the
mid-G tree, the Austrian, German, French and Italian
isolates were again in the M genogroup, but did not
cluster into any of the known subgroups (A to E). In the
N gene tree, the M genogroup was divided into 2 sub-
groups, the European isolates and the American iso-
lates, which therefore represent 2 distinct virus lin-
eages. In the European lineage, IT-217A is in a
separate branch from the other European isolates, AU-
9695338, DE-DF 4/99-8/99, DE-DF 13/98 11621 and
FR-32/87. This monophyletic origin of the European
IHNV isolates is not evident in either of the partial G
gene trees. In all trees the branch lengths in the U
genogroup are shorter than in the M genogroup, indi-
cating less nucleotide diversity. The branch points for
the 3 major genogroups L, M and U in all trees as well
as for the 2 distinct lineages in the M genogroup in the
N gene tree were well supported by the bootstrap
values.
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Antibody Isolate(s) for MAb dilution Source
MAb production

136-1 FR-32/87 400–1 to 874 800–1 Dr. N. J. Olesen, Denmark
136-3 FR-32/87 400–1 to 874 800–1 Fregeneda-Grandes et al. (2009)
2F4/F3 US-OSV, IT-217A 400–1 to 874 800–1 Vesel) et al. (2004)
34D3 FR-32/87 100–1 to 218 700–1 Dr. M. Dauber, Germany; Bio-X Diagnostics Sprl, Belgium
1DW14D US-DW2 400–1 to 874 800–1 Ristow & Arnzen (1989), Chen et al. (1991),

Ristow & Arnzen de Avila (1991), Danton et al. (1994)

Table 2. Monoclonal antibodies (MAbs) against the nucleocapsid (N) protein used in ELISA. MAb stock solutions were
hybridoma cell culture supernatants with approximate mouse Ig concentration of 5 to 15 µg ml–1
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ELISA

MAbs 136-1 and 136-3 reacted equally at all con-
centrations with all isolates included in the present
study, indicating that these antibodies identify a com-
mon epitope (data not shown). The dilution factors for
MAb 136-1 and MAb 136-3 at an OD492 value of 0.5
were 1:3600 and 1:32400 respectively. MAb 34D3
reacted equally with AU-9695338, DE-DF 4/99-8/99,
DE-DF 13/98 11621, IT-217A, FR-32/87 and the US iso-
lates, whereas it did not react at all with RU-FR1
(Fig. 2A). The reaction of MAb 2F4/F3 was strongest
with RU-FR1 and the US isolates and equal among
the European isolates (Fig. 2B). MAb 1DW14D
reacted well with the US isolates, the RU-FR1 isolate
and the German isolate 13/98 11621. AU-9695338,
DE-DF 4/99-8/99, FR-32/87 and IT-217A reacted with
MAb 1DW14D at higher concentrations of the MAb
(Fig. 2C). The MAbs did not react with the negative

control VHSV. All the MAbs were specific for the viral
N protein and no cross-reaction with the G protein or
EPC cells was observed.

DISCUSSION

The nucleotide sequence of the N gene (full length)
and partial G gene (nt 457 to 1061) of IHNV isolates
from Austria, Germany, France, Italy and Russia was
determined by sequencing RT-PCR products. This is
the first study to analyse the N gene of several Euro-
pean IHNV isolates and the first genetic characterisa-
tion using complete gene sequences of IHNV isolates
from Austria, Italy and Russia. The nucleotide diversity
among the European isolates (excluding RU-FR1) was
1 to 2% for the N gene and 2 to 3% for the partial G
gene. The nucleotide diversity within the U genogroup
(excluding KR-PRT) was 2% for the N gene and 1% for
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from Garver et al. (2003) and Troyer & Kurath (2003) were included in (C). See Table 1 for GenBank accession numbers
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the partial G gene (nt 457 to 1061). The nucleotide
diversity of IHNV isolates has been shown to vary
depending on their region of origin. The nucleotide
diversity among French isolates has been shown to be
<5% (Cozien & Thiéry 2003) and among Japanese iso-
lates 5% at a maximum (Nishizawa et al. 2006). The
lowest regional diversity is found among isolates from
Alaska (2 to 3%), British Columbia (1.6%) and coastal
Washington (Emmenegger et al. 2000, Emmenegger &
Kurath 2002, Kurath et al. 2003). The highest diversity
is among isolates from the Idaho region with a maxi-
mum nucleotide divergence in the mid-G region of
7.6% (Troyer et al. 2000).

In all phylogenetic studies reported here (full-length
N gene, partial G gene [nt 457 to 1067] or mid-G region
[nt 686 to 988]), AU-9695338, DE-DF 13/98 11621, DE-
DF 4/99-8/99, FR-32/87 and IT-217A clustered in the M
genogroup whereas RU-F1 fell in the U genogroup. In
the N gene tree the European isolates formed a distinct
monophyletic virus lineage within the M genogroup
supported by the high bootstrap value. In our mid-G
tree, where M genogroup isolates from Idaho (Troyer &
Kurath 2003) and isolates from Columbia River basin
(Garver et al. 2003) were included, the European iso-
lates did not cluster in any specific subgroup. Thus, in
phylogenetic studies to date, European isolates of
IHNV have been shown to cluster in the M genogroup
with isolates from Idaho and Columbia River basin (the
present study, Cozien & Thiéry 2003, Enzmann et al.
2005, Kolodziejek et al. 2008) and when full-length
gene sequences are analysed, the European isolates
form a distinct virus lineage (N gene in the present
study, G and NV genes in Enzmann et al. 2005). The
finding that the Italian, Austrian and French isolates
appear monophyletic with the German isolates sug-
gests that there is a monophyletic origin for all IHNVs
in Europe. The placement of the single Russian isolate
into the U genogroup is consistent with typing results of
Russian IHNV isolates based on the 303 nt mid-G re-
gion (Rudakova et al. 2007). The original source of RU-
FR1 is not known; however, it has been shown that RU-
FR1 appears to be divergent from the IHNV isolates
from sockeye salmon in Kamchatka, which are very
similar to IHNV isolates from northwestern North
America (Rudakova et al. 2007). The branch lengths in
the U genogroup were shorter than the branch lengths
in the M genogroup (except for the Korean isolate), as
has been shown previously with North American and
Russian isolates (Garver et al. 2003, Kurath et al. 2003,
Rudakova et al. 2007).

In the present study, AU-9695338, DE-DF 4/99-8/99,
DE-DF 13/98 11621, FR-32/87, IT-217A and RU-FR1,
together with US isolates WRAC and Col-80, were also
tested by ELISA using 5 MAbs against the N protein.
FR-32/87 and IT-217A have previously been analysed
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using MAbs against the glycoprotein and results
showed that they clearly differ from isolates from Cali-
fornia (Arkush et al. 1989). In addition antibodies
developed against isolates from Oregon (RB-76) and
Idaho (193-110) neutralised these European isolates
(Arkush et al. 1989).

The reaction with MAbs 136-1 and 136-3 showed no
differences between the European and US isolates,
indicating that these antibodies identify a common epi-
tope. RU-FR1, a U genogroup isolate, was the only iso-
late not reacting with MAb 34D3. Reaction with the
MAb 2F4/F3 divided the isolates into 2 groups, with
RU-FR1 and the US isolates in one group, reacting
more strongly with the MAb, and the Austrian, Ger-
man, French and Italian isolates in the other group.
The MAb 1NDW14D, thought to identify a common
epitope on the N protein (Ristow & Arnzen 1989), did
not react as strongly with the AU-9695338, DE-DF
4/99-8/99, FR-32/87 and IT-217A isolates as it did with
DE-DF 13/98 11621 and the US isolates. According to
previous studies, MAb 1NDW14D reacts with the C-
terminal end of the N protein (Chen et al. 1991).
Among the isolates used in the ELISA, differences at
the amino-acid level at the C-terminal end of the N
protein were found at positions 380 and 381. Amino
acid 380 in AU-9695338, DE-DF 4/99-8/99 and FR-
32/87 was tyrosine, whereas in the US isolates RU-FR1
and DE-DF 13/98 11621 and also IT-217A it was aspar-
tic acid. Amino acid 381 in IT-217A was proline and in
all other isolates it was serine. The weaker reaction
with AU-9695338, DE-DF 4/99-8/99, FR-32/87 and IT-
217A could be due to substitutions of these amino
acids. French isolates, including isolate 32/87, of IHNV
have been typed previously with MAb 1NDW14D
using indirect immunofluorescence (Danton et al.
1994). Not including isolate 32/87, only 5 of the 27 iso-
lates tested reacted with MAb 1NDW14D (Danton et
al. 1994).

It has been shown that IHNV isolates found within a
localised geographic area typically have identical or
nearly identical nucleotide sequences, independent of
host species (Hsu et al. 1986, Ristow & Arnzen de Avila
1991, Nichol et al. 1995, Oshima et al. 1995, Kurath
et al. 2003). In phylogenetic studies the European
IHNV isolates are divided into genogroups and sub-
genogroups corresponding to the geographic region
they were isolated from, whereas in serological studies
one exception is found with the isolate DE-DF 13/98
11621 from eel (the other European isolates being iso-
lated from rainbow trout), which reacted differently
with MAb 1NDW14D. Considerable variation among
the epitopes of the nucleoprotein of French IHNV iso-
lates from rainbow trout has previously been shown
(Danton et al. 1994). The different reaction of DE-DF
13/98 11621 can therefore be due to either the consid-

erable variation among the epitopes in general among
IHNV isolates, or to DE-DF 13/98 11621 having been
isolated from a different species. In conclusion, al-
though serological typing of virus isolates with MAbs
does not fully correlate with the genotyping in the pre-
sent study, ELISA remains a valid diagnostic tool for
the rapid grouping of IHNV isolates. By using a tar-
geted approach with a focus on generation of geno-
type-specific antibodies, it is likely that a robust and
versatile typing system could be developed.
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