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Introduction

RHD (rabbit haemorrhagic disease) virus (RHDV)
belongs to the Caliciviridae family and constitutes an
aetiological factor of rabbit plague (rabbit haemorrha-
gic disease). The first outbreak of the disease caused
by RHDV was reported in 1984 in China (Liu et al.,
1984). The first European foci of infection were noted
in Italy in 1986, in former Czechoslovakia in 1987, in
Germany in 1988, in France and Spain in 1989, and
in Poland at the turn of 1987 and 1988 (Hukowska-
Szematowicz, 2006). At present the disease has swept
through all the continents.

RHDV is a small, envelope-free virus, 28�40 nm in
size, with cubic symmetry. It contains a linear, single-
stranded RNA made of 7437 nucleotides (Meyers
et al., 1991, Meyers et al., 2000; Wirblich et al., 1996).
There are two reading frames in the RHD virus ge-
nome: a longer � ORF1 (7034 nucleotides), coding
non-structural proteins, structural capsid protein VP60;
and a shorter � ORF2 (353 nucleotides), coding a VP12

protein of yet unknown function (Meyers et al., 1991,
Meyers et al., 2000, Wirblich et al., 1996). Detailed
genetic map of the RHD virus indicates within ORF1
sequences coding six non-structural proteins (p16,
p23, p37 [helicase], p30, TCP [protease], polymerase),
VPg protein and structural capsid protein VP60 in
the following order: NH2-p16-p23-p37(helicase)-p30-
VPg-TCP(protease)-polymerase-Vp60-COOH
(Wirblich et al., 1996). Currently, in the GenBank
database (GenBank, 2009) there are 32 RHDV strains
with completely sequenced genome (German, Spanish,
French, Czech, British, New Zealand, American, Ko-
rean, Chinese, Japanese and from Bahrain and Saudi
Arabia) and 37 RHDV strains with complete sequence
of the structural capsid protein � VP60 (Chinese, Irish,
French, Mexican, New Zealand, German, British and
Korean). GenBank contains also over 200 registered
RHD virus strains in which various fragments of their
genome are sequenced, including a fragment coding
the non-structural p30 protein. Long-term observations
of course of the disease, and � most of all � results of
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RHD virus strains� tests performed using molecular
biology methods (Asgari et al., 1999; Bildt et al., 2006;
Capucci et al., 1998; Chrobociñska, 2007; Chrobociñ-
ska and Mizak, 2007; Farnos et al., 2007; Fitzner
et al., 2001, Fitzner, 2005; Fitzner and Kêsy, 2003;
Forrester at al., 2006a; Forrester at al., 2006b; Gould
et al., 1997; Hukowska-Szematowicz, 2006; Gall Le
et al., 1998; Gall-Recule Le et al., 2003; Matiz et al.,
2006; Milton et al., 1992; Moss et al., 2002; McIntosh
et al., 2007, Nowotny et al., 1997; Nied�wiedzka-Rys-
twej et al., 2009; Pawlikowska et al., 2009; Rasschaert
et al., 1994; Schirrmeier et al., 1999; Tian et al., 2007)
show low level of genetic variability of RHDV of
approximately 14%. According to Fitzner and Kêsy
(2003), significant evolutionary conservation of the
RHD virus genome is associated, among others,
with rapid course of the disease and very frequent
exchange of generations of susceptible rabbits. Both
factors do not facilitate fixation of phenomena leading
to the virus variability.

The aim of this study was to evaluate the genetic
variability of 6 strains of RHD virus from the Czech
Republic (CAMPV-561, CAMPV-562, CAMPV-558)
and Germany (Frankfurt, Wika, Rossi) based on analy-
sis of fragment of a gene coding the non-structural
p30 protein.

Experimental

Materials and Methods

RHD virus strains. Three Czech strains were used
(CAMPV-561, CAMPV-562, CAMPV-558) identified
in 1988�1996, prepared in freeze-dried form accord-
ing to a procedure described previously by Fitzner

(Fitzner et al., 1996). Moreover, 3 German strains
(Rossi, Wika, Frankfurt) from 1996�2002 were used,
obtained from the liver of experimentally infected
rabbits (Table I).

Isolation of viral RNA. Complete RNA of RHD
virus was isolated from lyophilisates (in the case of
Czech strains) and from 30% liver homogenates in
buffered normal saline (in the case of German strains)
using the RNA set Total RNA (A&A Biotechnology,
Poland) according to the provided protocol.

Reverse transcription (RT) reaction � cDNA
synthesis. Complementary cDNA strand were obtained
on a matrix of viral RNA, using reverse transcriptase
enzyme (M-MLV Reverse Transcriptase, Invitrogen,
USA). 25 µl of the reaction mixture contained: 1.0 µl
of specific antisense starter (C2) at 100 mM concen-
tration (Metabion GmbH, Germany), 1.0 µl of dNTPs
nucleotide blend at 25 mM concentration (Promega,
USA), 0.5 µl of reverse transcriptase enzyme M-MLV
RT (Invitrogen, USA), 2.0 µl of 5-fold concentrated
RT-PCR buffer (Invitrogen, USA), 0.5 µl DTT 0,1 M
(Invitrogen, USA), 1.0 µl RNase inhibitor RNase
OUT (Invitrogen, USA), 14 µl of water for molecular
biology (Eppendorf, Germany) and 5.0 µl of RNA of
an appropriate RHD virus strain. Before reaction mix-
ture was prepared, RNA of six tested RHDV strains
was heated for 5 minutes at 65°C, and then stored
on ice until the mixture was prepared. RT-PCR was
conducted in a T-gradient Thermocycler (Biometra,
Germany) using the following temperature-time pro-
file: 25°C for 10 minutes, 37°C for 60 minutes, 95°C
for 5 minutes and 4°C for 1 minute. Resulting cDNA
was stored at 2�8°C for further analyses.

Starters. Starters suggested by Guittre (Guittre
et al., 1996) based on complete sequence of the
RHDV-FRG virus genome, developed by Meyers

CAMPV-561 1996 Czech Republic FJ232000

CAMPV-562 1992 Czech Republic FJ232001

CAMPV-558 1988 Czech Republic FJ232002
WIKA 1996 Germany in preparation for submission to GenBank

FRANKFURT 1996 Germany in preparation for submission to GenBank

ROSSI 2002 Germany in preparation for submission to GenBank
IOWA 2000 USA AF 258618

NY-01 2001 USA EU 003581

BAHRAIN 2000 Bahrain DQ189077
pJG-DD06 2006 Germany EF363035

BS 1989 Italy X87607

SD 1989 France Z29514
FGR 1988 Germany M67473

V-351 1987 Czech Republic U54983

Table I
List of studied RHD virus strains and RHD reference strains obtained from GenBank

Strain
Year of

identification
Country GenBank accession number
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(Meyers et al. 1991), and allowing amplification of
fragment of the p30 protein-coding gene was used.
Using starters: C1 (sense) 5�gttcacatatcgagggcgag 3�
and C2 (antisense) 5�gacagggtcccttgagtacc3� a 490-bp
fragment was amplified. Starter synthesis was per-
formed by Metabion GmbH (Germany).

PCR. 50 µl of reaction mixture contained: 2.0 µl
of starters (1.0 µl of each C1 and C2) at 10 mM con-
centration each (Metabion GmbH, Germany), 1.0 µl
of dNTPs blend at 10 mM concentration (Promega,
USA), 5.0 µl of 10-fold concentrated PCR buffer,
1.0 µl of Taq DNA polymerase, 1.0 µl of 10-fold
concentrated buffer for Taq DNA polymerase (Pro-
mega, USA), 38.0 µl of water for molecular biology
(Eppendorf, Germany) and 2.0 µl of cDNA of an ap-
propriate RHD virus strain (added to the reaction mix-
ture in the end). PCR was conducted in a T-gradient
Thermocycler (Biometra, Germany). The following
temperature-time profile was used: preliminary dena-
turation 94°C � 2 minutes, 35 cycles involving dena-
turation (94°C � 30 seconds), starter affixing (50°C,
53°C or 55°C � depending on a strain � 1 minute),
chain elongation (72°C � 2 minutes), final elongation
(72°C for 5 minutes) and cooling the reaction mixture
down to 4°C. Reaction products were stored at 4°C
for further analyses.

Electrophoresis of PCR products in agarose gel.
Electrophoresis in 1.5% agarose gel (Prona, USA)
dyed with ethidium bromide (Fermentas, Lithuania)
was performed in order to visualise PCR products.
Molecular mass marker GeneRuler 100 and 50
(Fermentas, Lithuania) was used for evaluation of size
of products. Electrophoretic separation was conducted
in 1.0-fold concentrated TBE buffer, at room tempera-
ture, with current voltage of 100V/cm of gel for
45 minutes, using a set for electrophoresis from Bio-
Rad (Germany). Storage and interpretation of results
was completed using a UV visualisation set (Vilber
Lourmat, France).

Preparative amplification, purification and pre-
paration of analysed fragments of RHD virus
genome for sequencing. Following PCR results
visualisation, mass PCR was performed along with
electrophoretic separation, using conditions identical
to those described above. Preliminary DNA isolation
from gel was performed using a Gel OUT set (A&A
Biotechnology, Poland) according to the manufac-
turer�s recommended procedure. Obtained samples
were sent for automatic sequencing to Metabion
GmbH, Germany and to the DNA Sequencing and
Oligonucleotide Synthesis Laboratory at IBB PAN
in Warsaw.

Molecular phylogenetic analysis of RHD virus
sequence. Nucleotide sequences of a p30 protein-cod-
ing gene fragment from six tested RHDV strains ob-
tained from sequencing were compared to each other

and to eight homologous sequences obtained from
Gene Bank (Table I). Sequence comparative analysis
was performed using DNAMAN software, version
5.2.10 (Lynnon BioSoft, Canada). Based on compari-
son of nucleotide sequences of RHD virus strains
matrices of distance and homology were constructed
in DNAMAN software, constituting a method of
transformation of biological sequences into mathe-
matical data. The analysis used two methods of data
transformation: observed divergence and maximum
likelihood. The values of the resulting matrices were
then graphically transformed into homology trees
showing genetic relationships between analysed
RHDV strains and expressed in %. Phylogenetic trees
presenting hypothetical relationships and evolution-
ary relations between the analysed strains were con-
structed using observed divergence and maximum
likelihood methods. A bootstrap method was used for
evaluation of a program-generated phylogenetic tree.
The method reports frequency of a given node occur-
rence in thousand newly-constructed trees (Baxevanis
and Ouellette, 2004).

Results

PCR yielded amplification of 490-bp-long genome
fragment which was subsequently sequenced. Obtained
nucleotide sequences of 6 strains (CAMPV-561,
CAMPV-562, CAMPV-558 and Wika, Rossi, Frank-
furt) were compared to each other (a fragment of
430 nucleotides was compared) and to 8 homologous
sequences obtained from GenBank (Table I).

Variability of nucleotide sequence in the tested p30
protein-coding gene fragment for the German and
Czech strains was 5.7%. Genetic divergence of the
tested Czech and German strains was manifested
by the occurrence of 81 polymorphic loci, with re-
peated transitions and few transversions. The highest
heterogeneity of nucleotide sequence within the tested
fragment was observed for the Rossi strain and
CAMPV-562 and CAMPV-558 (13.5%), Wika and
Frankfurt (12.1%), CAMPV-561 and Wika (11.2%),
and the lowest was for CAMPV-562 and CAMPV-558
(2.1%), Frankfurt and CAMPV-561 (2.8%) and Wika
and Rossi (3%). In turn, comparative analysis of three
tested Czech strains and three German strains to
8 strains originating from USA, Bahrain, Germany,
Italy, France and the Czech Republic showed varia-
bility as the level of 5.5%. Nucleotide sequence
comparison between 14 RHDV strains indicated
96 polymorphic loci with transitions dominating over
transversions; no deletions or insertions were noted.

Constructed distance matrix (Table II) (presenting
genetic distance for all sequence pairs in the set of
analysed strains) showed that among the Czech strains
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A.
FRG 0 � � � � � � � � � � � � �

BAHRAIN 0.074 0 � � � � � � � � � � � �

V-351 0.005 0.074 0 � � � � � � � � � � �

BS 0.063 0.053 0.058 0 � � � � � � � � � �

SD 0.067 0.072 0.063 0.056 0 � � � � � � � � �

NY-01 0.119 0.107 0.119 0.109 0.102 0 � � � � � � � �

IOWA 0.128 0.121 0.128 0.123 0.116 0.023 0 � � � � � � �

JPG-DD06 0.084 0.047 0.079 0.049 0.079 0.116 0.130 0 � � � � � �

CAMPV-558 0.021 0.084 0.016 0.067 0.072 0.121 0.130 0.088 0 � � � � �

CAMPV-561 0.067 0.026 0.067 0.037 0.070 0.105 0.119 0.035 0.077 0 � � � �

CAMPV-562 0.019 0.084 0.014 0.067 0.072 0.121 0.130 0.088 0.021 0.077 0 � � �

FRANKFURT 0.067 0.044 0.063 0.023 0.056 0.109 0.123 0.040 0.072 0.028 0.072 0 � �

ROSSI 0.133 0.123 0.133 0.128 0.114 0.033 0.033 0.121 0.135 0.123 0.135 0.128 0 �

WIKA 0.121 0.114 0.121 0.116 0.114 0.021 0.016 0.119 0.123 0.112 0.123 0.121 0.030 0

B.
FRG 0 � � � � � � � � � � � � �

BAHRAIN 0.078 0 � � � � � � � � � � � �

V-351 0.005 0.078 0 � � � � � � � � � � �

BS 0.065 0.055 0.060 0 � � � � � � � � � �

SD 0.070 0.075 0.065 0.058 0 � � � � � � � � �

NY-01 0.127 0.114 0.127 0.116 0.109 0 � � � � � � � �

IOWA 0.138 0.130 0.138 0.133 0.125 0.023 0 � � � � � � �

JPG-DD06 0.087 0.048 0.082 0.050 0.082 0.124 0.140 0 � � � � � �

CAMPV-558 0.021 0.088 0.016 0.070 0.075 0.129 0.140 0.093 0 � � � � �

CAMPV-561 0.070 0.026 0.070 0.038 0.072 0.111 0.127 0.035 0.080 0 � � � �

CAMPV-562 0.019 0.088 0.014 0.070 0.075 0.130 0.140 0.093 0.021 0.080 0 � � �

FRANKFURT 0.070 0.045 0.065 0.023 0.057 0.116 0.132 0.040 0.075 0.028 0.075 0 � �

ROSSI 0.144 0.133 0.144 0.138 0.122 0.033 0.033 0.130 0.146 0.132 0.146 0.138 0 �

WIKA 0.130 0.122 0.130 0.125 0.122 0.021 0.016 0.127 0.132 0.119 0.132 0.130 0.031 0

Table II
Distance matrix for 14 RHD virus strains performed using the observed divergence method (A) and the maximum likelihood method (B)

Strain FRG BAHRAIN V-351 BS SD NY-01 IOWA
JPG-
DD06

CAMPV-
558

CAMPV-
561

CAMPV-
562

FRANK-
FURT

ROSSI WIKA
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FRG 100% � � � � � � � � � � � � �

BAHRAIN 92.6% 100% � � � � � � � � � � � �

V-351 99.5% 92.6% 100% � � � � � � � � � � �

BS 93.7% 94.7% 94.2% 100% � � � � � � � � � �

SD 93.3% 92.8% 93.7% 94.4% 100% � � � � � � � � �

NY-01 88.1% 89.3% 88.1% 89.1% 89.8% 100% � � � � � � � �

IOWA 87.2% 87.9% 87.2% 87.7% 88.4% 97.7% 100% � � � � � � �

JPG-DD06 91.6% 95.3% 92.1% 95.1% 92.1% 88.4% 87.0% 100% � � � � � �

CAMPV-558 97.9% 91.6% 98.4% 93.3% 92.8% 87.9% 87.0% 91.2% 100% � � � � �

CAMPV-561 93.3% 97.4% 93.3% 96.3% 93.0% 89.5% 88.1% 96.5% 92.3% 100% � � � �

CAMPV-562 98.1% 91.6% 98.6% 93.3% 92.8% 87.9% 87.0% 91.2% 97.9% 92.3% 100% � � �

FRANKFURT 93.3% 95.6% 93.7% 97.7% 94.4% 89.1% 87.7% 96.0% 92.8% 97.2% 92.8% 100% � �

ROSSI 86.7% 87.7% 86.7% 87.2% 88.6% 96.7% 96.7% 87.9% 86.5% 87.7% 86.5% 87.2% 100% �

WIKA 87.9% 88.6% 87.9% 88.4% 88.6% 97.9% 98.4% 88.1% 87.7% 88.8% 87.7% 87.9% 97.0% 100%

Table III
Homology matrix for 14 RHD virus strains performed using the observed divergence method

Strain FRG BAHRAIN V-351 BS SD NY-01 IOWA
JPG-
DD06

CAMPV-
558

CAMPV-
561

CAMPV-
562

FRANK-
FURT

ROSSI WIKA
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the largest genetic distance exists between strain pairs
CAMPV-558 and Iowa (0.130 according to the ob-
served divergence method/0.140 according to maxi-
mum likelihood method), CAMPV-558 and NY-01
(0.121/0.129); between CAMPV-561 and Iowa
(0.119/0.127), CAMPV-561 and NY-01 (0.105/0.111)
and between CAMPV-562 and Iowa (0.130/0.140).
In turn, among German strains the highest distance
was noted between strains: Frankfurt and Iowa
(0.123/0.132), Frankfurt and NY-01 (0.109/0,116)
and clear distance separates Rossi and Wika strains
from the majority of the tested strains (0.114/0.119�
0.135/0.146) (Table II), except for NY-01 (0.021�
0.033) and Iowa (0.016�0.033), for which the distance
was much smaller.

Constructed homology matrix for 14 RHDV strains
(Table III) showed over 97% homology between
strains, including CAMPV-562 and V-351 (98.6%),
CAMPV-558 and V-351 (98.4%), Wika and Iowa
(98.4%), CAMPV-562 and FRG (98.1%), CAMPV-
558 and FRG (97.9%), Wika and NY-01 (97.9%),
Frankfurt and BS (97.7%), CAMPV-561 and Bahrain
(97.4%), Frankfurt and CAMPV-561 (97.2), Wika
and Rossi (97%).

Homology tree (Figure 1) constructed based on
fragment of a p30 protein-coding gene divided 14 ana-

lysed strains into IV groups (GI-GIV) of 88% homo-
logy. First one (GI) (with 98% homology) included two
tested Czech strains: CAMPV-562, CAMPV-558 and
FRG and V-351. The second group (GII) was formed
solely by the French strain SD. The tested Czech
strain CAMPV-561 and the German Frankfurt formed
the third group (GIII), along with strains: Bahrain, BS
and JPG-DD06 (96% homology). The fourth group
(GIV) was composed of the tested German strains
Wika and Rossi, and NY-01, Iowa (97% homology).

Fig. 2. Phylogenetic tree for 14 RHD virus strains performed
using the observed divergence method (A) and the maximum

likelihood method (B).

Fig. 1. Homology tree for 14 RHD strains performed using
the observed divergence method.
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Phylogenetic relationships presented in the tree
(Figure 2) also divided tested strains into 4 genetic
groups (G1-G4), corresponding to the groups in ho-
mology tree (Figure 1). The first genetic group (G1)
included strains: FRG, V-351, CAMPV-558 identi-
fied during the first years (1987�1988) of the plague
development in Europe (Germany, Czech Republic),
and the strain CAMPV-562 (1992), position of which
on the tree may suggest that it comes from the strain
CAMPV-558. Group G2 was formed by the French
strain SD (1989), which appeared to belong to the
G1 group along with the strains identified in 1980s.
The third genetic group (G3) gathered strains from
1996�2006, except for the Italian BS strain (1989).
Evolutionary relationships in that group indicate that
the Bahrain strain (2000) could come from European
strains. Group G4 included tested German strains
Wika and Rossi (1996) and American: NY-01 (2001)
and Iowa (2000), constituting antigenic variants of
RHDV. Topology of phylogenetic trees constructed
both using observed divergence and maximum likeli-
hood were very similar, and the bootstrap value was
higher in case of the highest likelihood method, equal
to 50�100, confirming very high reliability of the gen-
erated phylogenetic tree.

Discussion

The variability of nucleotide sequences within the
compared sequences of Czech and German strains
(5.7%) and variability of tested strains and those ob-
tained from the GenBank (5.5%) noted in this study
is similar to the variability noted by other researchers
(0�14.0%), analysing sequence variability within the
whole RHDV genome, or its fragments (Asgari et al.,
1999; Bildt et al., 2006; Capucci et al., 1998; Chrobo-
ciñska, 2007; Chrobociñska and Mizak, 2007; Farnos
et al., 2007; Fitzner et al., 2001, Fitzner, 2005; Fitzner
and Kêsy, 2003; Forrester at al., 2006a; Forrester at al.,
2006b; Gould et al., 1997; Hukowska-Szematowicz,
2006; Gall Le et al., 1998; Gall-Recule Le et al.;
2003; Matiz et al., 2006; Milton et al., 1992; Moss
et al., 2002; McIntosh et al., 2007, Nowotny et al.,
1997; Nied�wiedzka-Rystwej et al., 2009; Pawlikow-
ska et al., 2009; Rasschaert et al., 1994; Schirrmeier
et al., 1999; Tian et al., 2007). The variability of
nucleotide sequences within fragment of the p30
protein coding gene for the Czech and German strain
pairs observed in this study ranged from 2.1%
(CAMPV-562 and CAMPV-558) to 13.5% (Rossi,
CAMPV-562 and CAMPV-558) and was higher com-
pared to Polish strains SGM, KGM, PD, LUB, BLA,
GSK, ¯D (1�8%) (Fitzner and Kêsy, 2003; Fitzner,
2005), and French strains (8.7%) (Gall Le et al., 1998).
Lower variability of nucleotide sequences (0.1�9.0%)

was noted within the VP60 capsid protein coding gene
(or its fragments) in RHDV strains originating from
various parts of the world (Hukowska-Szematowicz,
2006; Pawlikowska et al., 2009). Considering the
facts mentioned above it is reasonable to suppose that
p30 non-structural protein coding region within the
RHD virus genome shows higher variability compared
to the VP60 structural protein coding region.

Distance matrices presented here (Table II) show
a clear genetic distance between strains originating
from Europe and the USA. That phenomenon may be
explained by the fact that viruses come from various
continents and are separated in time. Distance matri-
ces presented here and constructed according to the
observed divergence and maximum likelihood methods
proved to be reliable method of biological data inter-
pretation. It should be noted that slightly higher matrix
values were obtained when the observed maximum
likelihood was used, which is consistent with assump-
tion of the method basing on evaluation of phyloge-
netic distance taking into account mutation level evalu-
ated from sequence comparison and determined by
differences in sequences. And the observed divergence
method is based on unchanged values obtained directly
from sequence comparison by calculation of diver-
gence coefficient for each pair of sequences (Hukow-
ska-Szematowicz, 2006). On the other hand, the ho-
mology matrix (Table III) showed that European strains
from 1980s tend to be more homologous to each other
than to strains originating from other continents.

Molecular phylogenetic analysis allowed separa-
tion of the tested strains into 4 genetic groups. It is
impossible to indicate a criterion based on which the
strains formed those genogroups. The results of studies
(Bildt et al., 2006; Chrobociñska, 2007; Chrobociñska
and Mizak, 2007; Farnos et al., 2007; Fitzner et al.,
2001, Fitzner, 2005; Fitzner and Kêsy, 2003; Forrester
at al., 2006a; Forrester at al., 2006b; Forrester et al.,
2003; Hukowska-Szematowicz, 2006; Gall Le et al.,
1998; Gall-Recule Le et al., 2003; Matiz et al., 2006;
Moss et al., 2002; McIntosh et al., 2007, Nowotny
et al., 1997; Nied�wiedzka-Rystwej et al., 2009; Pawli-
kowska et al., 2009) on the phylogenesis of RHDV
strains indicate that strains form groups depending on
the time of their identification or geographic region.
Strain groups having a common identification time,
regardless of their geographic origin, are referred to
as �clusters�. In the case of G1 and G3 it is possible
to indicate the existence of those clusters, and strain
composition in the G4 genogroup may be interpreted
by both their origin and identification time.

Evaluation of the genetic variability of the Czech
and German RHD virus strains performed on a frag-
ment of the p30 protein coding gene showed that
tested strains are more variable compared to the Polish
and French ones. A larger distance exists between
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Czech and German strains and American ones, and
the smallest between them and the European strains.
Strain division into groups was associated with their
identification time rather than geographic region. In
2008, RHD virus variability via recombination was
described (Abrantes et al., 2008; Forrester et al., 2008),
which will facilitate analysis of variability mecha-
nisms of other RNA viruses.
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