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INTRODUCTION

Infectious hematopoietic necrosis virus (IHNV), the
causative agent of infectious hematopoietic necrosis,
belongs to the rhabdovirus genus Novirhabdovirus
(Morzunov et al. 1995, Pringle 1999, Enzmann 2000).

IHNV was originally observed as a disease of mainly
Pacific salmon and trout in enzootic areas in western
North America. In 1987, IHNV was detected in France
and Italy (Baudin-Laurencin 1987, Bovo et al. 1987). In
1992, IHNV was isolated for the first time from rainbow
trout Oncorhynchus mykiss in Germany (Enzmann et
al. 1992). Since then a series of IHN outbreaks have
occurred in various parts of Germany and the final

diagnosis of virus isolates from infected fish was made
in the Friedrich-Loeffler-Institut, Tübigen (P.-J. Enz-
mann unpubl.). The first introduction of IHNV as well
as several further infections in German rainbow trout
farms could be attributed to various fish imports—
mostly from Italy, but later also from France. Since
there are rigid EU regulations regarding fish transport
in Europe, the source of rainbow trout in a farm can
easily be determined from the accompanying health
certificate.

Previous studies of IHNV evolution have described
the extent of molecular evolution within North Amer-
ica (Nichol et al. 1995). In a recent study based on 323
IHNV field isolates in North America, sequence analy-
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sis of a 303 nucleotide variable region (mid-G) within
the glycoprotein gene (G) revealed 3 major virus
genogroups, designated U, M and L, indicating their
general correlation with the upper, middle and lower
portions of the geographical distribution of IHNV in
North America (Kurath et al. 2003). In subsequent
work, an extensive regional study of IHNV in the
Columbia River basin revealed it to be a focus of both
U and M genogroup IHNV (Garver et al. 2003). The
current study details the identification and molecular
characterisations of IHNV strains detected in Germany,
and also includes representative strains from Europe
and North America. The phylogenetic relationship
of the IHNV isolates in Germany to those previously
reported is analysed.

MATERIALS AND METHODS

Cells and virus strains. The EPC (epithelioma pap-
ulosum cyprini) cell line was used for propagation of
viral strains. IHNV reference strains RB, WRAC, and
SRCV were obtained from the Marine Science Centre,
Newport, Oregon, USA. Strain IHNcod was obtained
from Theodore Meyers, Department of Fish and Game,
Juneau, Alaska. Strain IHNFryer (Fryer et al. 1976) is a
partially attenuated strain obtained from the Depart-
ment of Microbiology, Oregon State University, Cor-
vallis, Oregon, USA. European isolates are denoted
with the prefix ‘IE’ for IHNV-European, followed by
the isolate name. The history of IHNV Strain IE.332,
the first isolate in Germany, has been described earlier
(Enzmann et al. 1992). Strains IE.62, IE.42, IE.D30,
IE.13, IE.8, and IE.Vi100 were obtained from different
Fish Health Services in Germany. The history of Strain
IE.8 (original identification DF04-99) has been
described recently (Fichtner et al. 2000). All virus
strains were cloned using the end points of at least 4
titrations in cell culture.

RT-PCR. RNA isolation and RT-PCR were performed
as described by Miller et al. (1998). Briefly, viral RNA
was isolated from 1 ml cell culture supernatant using
an RNeasy total RNA kit (Qiagen). Reverse transcrip-
tion of heat-denatured RNA (2 min 92°C, 2 min 4°C in
the presence of 10 pmol sense primer IG1) was per-
formed in a 25 µl reaction after addition of 5 µl RT
buffer (Promega) (125 mM Tris-HCl pH 8.3; 187.5 mM
KCl; 7.5 mM MgCl2; 25 mM dithiothreitol; 0.25 mM of
each dNTP); 8 U of RNase inhibitor (RNasin, Promega),
and 50 U of reverse transcriptase (Promega) for 1 h at
42°C. Following reverse transcription, 5 µl of cDNA
was added to the PCR mixture containing 10 pmol
sense (IG1) and antisense primer (INV2), 0.25 mM of
each dNTP, 10 mM Tris-HCl pH 9.0; 50 mM KCl;
2.5 mM MgCl2, 0.1% Triton X-100, 1.5 U Taq DNA

Polymerase (Qiagen), and water up to a final volume of
100 µl. Amplification conditions were 35 cycles of
denaturation at 95°C for 30 s, annealing at 52°C for
40 s, and extension at 72°C for 40 s. The primers IG1
and INV2 were used for the amplification of complete
G and NV genes, including intergenic sequences. The
resulting PCR products spanned from Nucleotides
3007 to 5043, i.e. 2037 nt, in respect to the complete
genome sequence in GenBank Accession No. X89213
(Schütze et al. 1995). Table 1 lists the primers used for
PCR and sequencing.

Sequence and phylogenetic analysis. The DNA
obtained after RT-PCR was separated by 1.3% agarose
gel electrophoresis and purified using a QIAquick gel-
extraction kit (Qiagen). Sequences were obtained with
the fluorescent dye deoxy-terminator cycle sequencing
kit (Perkin Elmer). The products of the sequencing
reaction were purified by ethanol precipitation and
analysed by an ABI Prism 377 DNA sequencer (Applied
Biosystems). All sequences were confirmed by se-
quencing both strands. 

Nucleotide sequences of the G and NV gene open
reading frames (ORFs) of IHNV strains were analysed
separately. Note that the first 18 nt of the G gene ORF
were determined by the sequence of Primer IG1,
which started at the first ATG start codon.

Phylogenetic analyses were carried out with the
neighbour-joining and parsimony programs in PAUP,
as described in detail earlier (Kurath et al. 2003). In
all cases the topography of parsimony trees agreed
with that of the analogous neighbour-joining trees,
but with lower bootstrap values at some nodes.

Phylogenetic trees were constructed for the mid-G
region of the glycoprotein genes (Kurath et al. 2003)
and for the entire ORFs of the G genes and NV genes.
Genome regions used for phylogenetic studies were
G gene: mid-G: Nucleotides 3646 to 3948 (303 nt);
complete G gene ORF: nucleotides 3007 to 4533
(1527 nt, from start codon to stop codon); NV gene
ORF: nucleotides 4604 to 4939 (336 nt, from start codon
to stop codon). Table 2 gives accession numbers of the
G gene nucleotide sequences from the European
strains.
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Primer Sequence

IG1 5’-ATGGACACCATGATCACC-3’
IGR 5’-CCGGTTTGCCAGGTGATACAT-3’
ID4 5’-CTCTGGACAAGCTCTCCAAGG-3’
ID3 5’-GATTGGAGATTTTATCAACA-3’
INV1 5’-TGTATCACCTGGCAAACCGG-3’
INV2 5’-CAAGATCGAAGAAGTCCAT-3’

Table 1. Primers used for RT-PCR and sequencing of IHNV 
isolates in present study
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RESULTS

Virus isolates sequenced

To investigate the genetic variability of IHNVs in
Germany, we determined the nucleotide sequence of
the G and NV gene open reading frames (ORFs) from
10 European isolates (1987 to 2002) and analysed their
phylogenetic relationship to several North American
reference viruses. Of the 10 isolates, 9 were from
different regions of Germany. Table 2 shows a list of
viral isolates sequenced in present study.

Of these virus isolates, 2 (IE.Vi100 and IE.332) most
likely represent French and Italian strains, respec-
tively, since they were isolated from infected rainbow
trout that had been imported from these countries to
Germany. Strain IE.1F represents the first IHNV isolate
from France. This virus was used as a laboratory
reference strain and the nucleotide sequence of the
complete genome has been reported by Schütze et al.
(1995). The isolates used in this study were from differ-
ent regions of Germany, i.e. they represent the most
important outbreaks of IHNV in the time period from
1992 to 2002. During this time, 96 outbreaks occurred
in rainbow trout culture. 

Only virus strains highlighted by special features
were included into this study: 2 isolates (IE.28 and
IE.832) were highly pathogenic, i.e. causing high
mortality in rainbow trout aquaculture, and 1 strain
(IE.8) had a reduced reactivity against monoclonal
antibodies commonly used for diagnosis (Fichtner et
al. 2000). 

Isolates from 3 outbreaks (IE.D30, IE.42 and IE.62),
were chosen because of no known interrelation
between the 3 neighbouring farms (without common
water supply) in which the outbreaks occurred. The
only isolate not derived from rainbow trout (Isolate
IE.13) was selected because it was obtained from wild
elver Anguilla anguilla, which is a new host for IHNV
(Bergmann et al. 2003).

For each of these isolates a contiguous region of 2063
nt was determined, beginning with the start of the G
gene ORF and continuing through to the end of the NV
gene ORF. The European isolates varied from each other
in the G gene ORF by 0 to 2.3% (0 to 35 nt exchanges),
and 2 isolates (42 and 62) were identical in this region.
The European isolates varied from each other in the
NVgene ORF by 0 to 2.1% (0 to 7 nt exchanges); 2 iso-
lates (IE.1F and IE.832) were identical in this region.

The North American reference strains RB1, WRAC,
SRCV, IHNFryer and IHNcod were sequenced in addi-
tion. Only minimal differences from those sequences
already available were obtained, although these
viruses (WRAC and SRCV [Nichol et al. 1995] and RB1
[Koener et al. 1987]) were passaged for at least 8 times
in our laboratory in Tübingen.

Phylogenetic analysis of mid-G region of European
isolates in context of North American genogroups

A 303 nt partial region (mid-G) of the IHNV-G gene
was used to characterise the 10 European (mostly Ger-
man) IHNV strains in the context of the known North
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Virus G ORF NV ORF Year of Notes Source
isolate Accession Accession isolation

332 AY331657 AY780890 1992 First outbreak in Germany, 
rainbow trout from Italy S Enzmann et al. (1992)

13 AY331658 AY780891 1998 Isolate from wild elver N Bergmann et al. (2003)
28 AY331659 AY780892 2002 Highly pathogenic N Bergmann et al. (2003)
8 AY331660 AY780893 1999 Limited reaction with common mab N Fichtner et al. (2000)
832 AY331661 AY780894 1994 Highly pathogenic S Enzmann unpubl.
D30 AY331662 AY780895 1995 Series of outbreaks in Black Forest S Enzmann unpubl.
42 AY331663 AY780896 1995 S Enzmann unpubl.
62 AY331664 AY780897 1995 S Enzmann unpubl.
1F X89213 X89213 1987 First French outbreak L Schütze et al. (1995)**
Vi100 AY331666 AY780898 1996 In rainbow trout imported from France S Enzmann unpubl.
RB* Reference 1976 Obtained from Marine Science Centre, – Koener et al. (1987)
WRAC* isolate se- 1982 Newport, Oregon – Nichol et al. (1995)
SRCV* quence not 1966 – Nichol et al. (1995)
IHNFryer* delivered 1976 Attenuated strain – Fryer et al. (1976)
IHNcod* to GenBank 1993 Department of Fish and Game, – Enzmann unpubl.

Juneau, Alaska

Table 2. Virus isolates sequenced in this study, with accession nos. (G = glycoprotein; NV = non-virion; ORF: open reading frame)
and year of isolation.  *Strains used as reference viruses; **complete genome sequence, Accession No. X89213 (all isolates from
rainbow trout, except 13 [from eel] and IHNcod [from cod]); S: Southern Germany; N: Northern Germany; L: laboratory strain;

–: IHNV isolates from North America sequenced for comparison
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American genogroups. The mid-G region was selected
by Kurath et al. (2003) to group 323 North American
IHN virus isolates into 93 sequence types, which sub-
sequently fell into the 3 major genogroups U, M and L
in phylogenetic analyses.

Mid-G sequence types determined here are
denoted with the prefix ‘Img’ for IHNV mid-G, fol-
lowed by the isolate name(s). In this mid-G region, 2
of the German isolates, IE.42 and IE.62, were identi-
cal, so they defined a single sequence type desig-
nated Img.4262. The other mid-G sequences from the
European isolates were each unique, so a total of 9
European mid-G sequence types are defined in this
work. None of these sequence types were identical
to any of the known North American mid-G se-
quence types. The European mid-G sequences were
included in a phylogenetic analysis with the 93 North
American sequence types defined by Kurath et al.
(2003). The resulting tree (Fig. 1) revealed that all
the European strains belong to the M genogroup of
IHNV, but they are not within any of the previously
defined Subgroups A to D. Within the European
sequence types, Img.Vi100 and Img.4262 grouped
together with a bootstrap confidence value of 72, and
similarly Img.8 and Img.28 grouped together with a
bootstrap of 75. All other European mid-G sequences
formed independent branches leading directly back
to the inferred ancestral node of the M genogroup.
Among the North American reference strains re-
sequenced for this work, the mid-G sequences of iso-
lates RB1, IHNFryer and IHNcod fell into the U
genogroup, WRAC was in the M genogroup, and
SRCV was in the L genogroup, as expected.

Analysis of European strains in context of further M
genogroup virus isolates from Columbia River Basin

It is well known that phylogenetic trees can some-
times be strongly affected by the exact set of se-
quences used in the analyses. Therefore, to test the
validity of our results we analysed the European
sequences further with 37 North American IHNV mid-
G sequences selected to represent the range of IHNV
genetic types observed to date in North America
(Kurath et al. in press). Relative to the data set de-
scribed earlier, this representative data set included
more sequence types from the Columbia River Basin,
in which essentially all of M genogroup viruses occur-
ring in North America are found (Garver et al. 2003,
Kurath et al. 2003). In particular, this data set included
representatives of all 6 subgroups in the M genogroup
as defined in extensive studies of IHNV in the Colum-
bia River basin (Garver et al. 2003, Troyer & Kurath
2003). It was of particular interest to test whether it

would be feasible to find a possible ancestor virus for
the European group. The phylogenetic results
obtained again confirmed that the European strains
belong to the M genogroup, but are not within any of
the subgroups (A to F) previously defined, for this
extended data set (Fig. 2). In this tree, the European
sequence types Img.8 and Img.28 grouped together
with a marginally significant bootstrap value of 72, but
otherwise all European types fell on individual
branches linked directly to the ancestral node of the M
genogroup. Thus, no specific ancestor for the Euro-
pean IHNV was identified.

Full G gene

Since it was not possible to identify the ancestry of
the European strains using the mid-G region, the
full-length G gene ORF sequence was used to test
the phylogeny. Newly determined G ORF sequence
types were given the prefix ‘Ig’ for IHNV G. Among
the 10 European IHNV isolates, Virus Strains IE.42
and IE.62 were identical in G ORF sequence, com-
prising sequence type Ig.4262, but they differed in
NV ORF sequences (see next subsection). All other
European isolates had unique G ORF sequences that
were not identical to any sequences of North Ameri-
can isolates. Only a small number of full sequences
of the G gene from North American IHNV strains are
available for comparison (Nichol et al. 1995). For
this analysis we used complete G ORF sequences of
11 strains from Nichol et al. (1995) and our own
sequences from North American isolates SRCV, RB,
IHNFryer and IHNcod. 

The resulting tree is shown in Fig. 3. This analysis
demonstrated that the European strains are mono-
phyletic, with a bootstrap value of 90%. By the full-
length G gene ORF sequences the European cluster is
again most closely grouped with North American iso-
lates in the M genogroup, with a bootstrap value of 85.
Within this European cluster, 2 subgroups can be asso-
ciated with a likely origin in France and Italy. These
subgroups are represented by Strain IE.Vi100, isolated
from rainbow trout imported from France, and Strain
IE.332, the first German outbreak, isolated from rain-
bow trout from Italy. The existence of these branches
was supported by bootstrap values of 91 and 84%,
respectively.

NV gene

Full length NV gene ORF sequences from the
same set of isolates shown in Fig. 3 were analysed to
generate the NV phylogenetic tree in Fig. 4, in
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Fig. 1. Phylogenetic tree showing rela-
tionship of 10 European IHNV isolates
and 93 sequence types from North
America, based on mid-G (glyco-
protein) sequences (303 nt) (U, M, L
indicate general correlation with up-
per, middle and lower portions of
geographical distribution of IHNV in
North America). Img: sequence types
determined in present study; boldface:
European strains. Img.4262: identical
mid-G sequence as found in German
isolates IE.42 and IE.62; all other se-
quence type designations as in Kurath
et al. (2003). Neighbour joining tree
used reference strain SRCV as out-
group, and nodes with bootstrap
values <70% have been collapsed.
Genetic distance is proportional to 

horizontal branch lengths
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which sequence types bear the prefix ‘Inv’, for IHNV
NV. The European isolates were again monophyletic,
with a bootstrap value of 74. However, with the
NV gene sequences, the U, M and L genogroups
were not clearly resolved, so the closest ancestral
genogroup could not be discerned. The discordant
position of the North American Col85 NV sequence
outside the established L genogroup was also evident
in both neighbour joining and parsimony analyses of
the NV ORF sequences of the 12 North American
isolates described previously (Nichol et al. 1995)
(data not shown), demonstrating that this grouping
is not due to inclusion of the European isolates in
this analysis. 

DISCUSSION

This study was based predominantly on virus iso-
lated from the years 1987 to 2002 and represents the
development of the IHNV situation in Europe during
this time span. Our molecular analyses represent the
natural course of IHNV infections and evolution over
the ~15 yr since the first detection of this pathogen in
Europe. To investigate the molecular epidemiological
linkage, we analysed the nucleotide sequences of the
G and NV genes of a series of IHNV isolates, mostly
from Germany. The G and NV genes were amplified
by RT-PCR, and products were directly sequenced;
thus the data represent the master sequence for each
isolate. 

Presently, extensive sequence comparison of IHNV
strains in North America suggests that this virus spe-
cies can be subdivided phylogenetically into 3 geno-
groups, U, M and L (Kurath et al. 2003). Our results
on the monophyletic groupings of European isolate
sequences in the full length G and NV gene analyses
indicate the likelihood that IHNV was introduced to
Europe only once. Future analyses of full length gene
sequences from a larger number of virus isolates from
Europe and North America, and also from Japan,
Southeast Asia and Russia, would be useful in confirm-
ing this hypothesis. The full length G gene analysis
indicated that the European isolate sequences were
most closely related to the M genogroup, but as the full
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Fig. 2. Phylogenetic rela-
tionship among mid-G se-
quences (303 nt) of 10 Euro-
pean IHNV strains and 37
North American isolates
selected to represent all
currently known genetic
groups and subgroups
(Kurath et al. in press). Img
and boldface as in Fig. 1;
other sequence types as in
Kurath et al. (in press). Out-
group and tree format as 

in Fig. 1
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length NV gene tree did not resolve the 3 genogroups,
no relationship could be discerned. Analyses of the
European isolates using the variable ‘mid-G’ sequence
region was first done using the 93 mid-G sequence
types identified in a broad study of IHNV throughout
North America (Kurath et al. 2003). We also analysed
the European mid-G sequences with a different data
set that contained more representatives from the
Columbia River basin in North America. This large
watershed is of particular interest because essentially
all M genogroup IHNV in North America occur there
(Garver et al. 2003), and within the basin there is
an IHNV endemic focus in the rainbow trout aqua-
culture region known as the Hagerman Valley in Idaho
(Troyer et al. 2000, Troyer & Kurath 2003). Both mid-G
sequence analyses confirmed the placement of the
European IHNV sequences within the M genogroup.
However, with this short sequence region the Euro-
pean isolate sequences did not appear monophyletic,
and no direct ancestor of the European IHNV was
identified. Specifically, no link was identified between

the European isolate sequences and any of the known
M subgroups hypothesised to have evolved relatively
recently (over approximately the last 20 yr) in the
IHNV endemic Hagerman Valley. Instead, from our
analyses we can only conclude that the IHNV in
Europe appears to have been derived from an original
M genogroup ancestor. The source of this inferred M
genogroup ancestor has not been identified, but the
well documented history of IHNV in North America
pre-dates its discovery in Europe by over 30 yr (Wolf
1988, Bootland & Leong 1999), making it most likely
that European IHNV originated, either directly or indi-
rectly, from a North American source. The frequent
transport of trout eggs and fry from North America to
Europe (Bootland & Leong 1999) provides a logical
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Fig. 3. Phylogenetic tree showing relationship of 10 European
IHNV strains and 15 North American reference strains from
U, M and L genogroups, based on analysis of full-length G
gene open reading frame, ORF (1527 nt). Ig: sequence types
determined in present study; boldface: European strains;
other sequence types as in Nichol et al. (1995). Outgroup and 

tree format as in Fig. 1

Fig. 4. Phylogenetic tree showing relationship of 10 European
IHNV strains and 15 North American reference strains from
U, M and L genogroups, based on analysis of NV gene ORF
(336 nt). Inv: sequence types determined in present study;
boldface: European strains; other sequence types as in Nichol
et al. (1995). Neighbour joining tree used reference strain 

SRCV as outgroup. Tree format as in Fig. 1
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mechanism for such introduction, but it is also possible
that the route of IHNV into Europe may have been
indirect, through a source such as Japan or Asia,
where it is thought IHNV was introduced from North
America in the late 1960s (Sano et al. 1977).

It was our a further aim to demonstrate the develop-
ment of this virus during its spread within Europe. The
mid-G and NV analyses were relatively uninformative
about relationships within the European isolates, pos-
sibly because of the short lengths of these sequences
and the high similarity between all IHNV in Europe.
However, the phylogenetic tree of the complete G
gene ORFs from outbreaks between 1987 and 2002
increased our understanding of their molecular epi-
demiology. It is interesting that 2 subgroups could be
distinguished within the European isolates (Fig. 3). Of
these, 1 group, M-Eur1 (Ig.Vi100, Ig.4262, Ig.D30 and
Ig.832), contained virus isolates which seem to have
originated from European viruses in France: Strain
Vi100 was most likely introduced from France to Ger-
many in 1996 with infected rainbow trout; Strains
IE.42, IE.62 and IE.D30 were circulating in the Black
Forest not far away from the border to France in 1995;
Isolate IE.832 was isolated in the southern part of Ger-
many, with no obvious link to introduction from
France. The second subgroup, M-Eur2 (Ig.8, Ig.28 and
Ig.332), may represent the Italian type of IHN virus, as
Strain IE.332 was the first IHNV isolated in Germany
after fish were introduced from Italy in 1992. 

The finding of these 2 defined subgroups within the
European isolates would be consistent with an hypo-
thesis that IHNV evolved in France and Italy indepen-
dently, after its first introduction to Europe (sometime
prior to 1987) and before its introduction(s) to Germany.
There is an intensive trade with rainbow trout between
Italy and Germany as well as between France and
Germany. On the other hand, virus already established
in Germany circulated in different regions and may
have diverged during replication within Germany.

Within the monophyletic cluster of European IHNV
isolates in the G ORF tree there were 2 isolates that did
not fall into either of the 2 subgroups described above.
The isolate IE.13 from elver was different from all other
isolates but, nevertheless, fitted well within the Euro-
pean group. The only other sequence that did not fall
into one of the 2 subgroups was Isolate IE.1F, which
was the first IHNV isolated in France in 1987, much
earlier than any of the other European isolates. This
supports the isolated development of IHNV in Euro-
pean countries after its initial introduction. It should be
pointed out that the 2 subgroups were supported by
high bootstrap values. 

This pattern is consistent with introductions and
spread within defined regions. It may be that other
genetic lineages of IHNV were also present and also

caused outbreaks. However, we did not find any addi-
tional viral lineages despite sequencing typical virus
isolates from other regions in Germany. We have
recently sequenced 3 additional isolates from different
regions and have found that their G ORF sequences
are identical to those of Isolates IE.28, IE.Vi100 and
IE.332. The geographical situation of Germany compli-
cates epizootiological analysis: there is much transport
of live fishes between Germany, Denmark, France and
Italy, and with this, the danger of continuous spreading
of infection. The evolution of 2 different subgroups of
IHNV in Europe must have occurred early after intro-
duction of the virus to Europe, but the geographical
distribution of the subgroups is no longer distinct. 

With regard to other phenotypic features, it is inter-
esting that Virus Isolate IE.8, isolated in Germany in
1999 (Fichtner et al. 2000) differs in reactivity with
diagnostic monoclonal antibodies, but does not appear
unusual in genetic analyses. Indeed, all European
IHNV isolates described here are genetically markedly
homogeneous. They are all within the M genogroup,
and most likely originated either from a single intro-
duction event, or from a small number of introductions
from the same M genogroup source in North America
sometime prior to 1987. In future studies using addi-
tional IHNV isolates from a wider range of countries in
Europe it will be interesting to see if they are all within
the M genogroup, and if the apparently monophyletic
nature of European IHNV can be confirmed.
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