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The aim of this study was the molecular epidemiology of 
independently introduced RHDV2 strains in Poland. The 
nucleotide sequences of RHDV2 diagnosed in domestic 
rabbits in 2018 in the voivodeships of Swietokrzyskie 
(strain PIN), Malopolskie (strain LIB) and Mazowieckie 
(strain WAK), and RHDVa from 2015 (strain F77-3) recog-
nized in wild rabbits in Kujawsko-Pomorskie voivodeship 
were compared to the genome sequences of the first 
native RHDV2 strains from 2016–2017. The reference 
sequences available in public databases, the representa-
tive for a classical RHDV (G1-G5 genogroups), RHDVa 
(G6), non-pathogenic caliciviruses (RCV, GI.3 and GI.4) as 
well as original and recombinant RHDV2 isolates were 
included for this analysis. Nucleotide sequence similar-
ity among the most distanced RHDV2 strains isolated in 
Poland in 2018 was from 92.3% to 98.2% in the genome 
sequence encoding ORF1, ORF2 and 3’UTR, between 
94.8–98.7% in the VP60 gene and between 91.3-98.1% 
in non-structural proteins (NSP) region. The diversity 
between three RHDV2 and RHDVa from 2015 was up to 
16.3% in the VP60 region. Similarities are shown for the 
VP60 tree within the RHDV2 group, however, the nucleo-
tide analysis of NSP region revealed the differences be-
tween older and new native RHDV2 strains. The Polish 
RHDV2 isolates from 2016-2017 clustered together with 
RHDV G1/RHDV2 recombinants, first identified in the 
Iberian Peninsula in 2012, while all strains from 2018 are 
close to the original RHDV2. The F77-3 strain clustered 
to well supported RHDVa (G6) genetic group, together 
with other Polish and European RHDVa isolates. Based 
on the results of phylogenetic characterization of RHDV2 
strains detected in Poland between 2016–2018 and the 
chronology of their emergence it can be concluded that 
RHDV2 strains of 2018 and RHDV2 strains of 2016–2017 
were introduced independently thus confirming their 
different origin and simultaneous pathway of spreading.
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INTRODUCTION

Rabbit Haemorrhagic Disease Virus (RHDV) is the 
cause agent of Rabbit Haemorrhagic Disease (RHD) 
– a fatal disease of wild and domestic European rab-
bits (Oryctolagus cuniculus), first detected in China in 1984 
(Liu et al., 1984). At the end of the 1980s, RHD spread 
worldwide affecting many countries, mainly in Asia and 
Europe but also in Africa, Central and North Ameri-
ca, Australia, and New Zealand (Abrantes et al., 2012). 
RHDV is a small, non-enveloped single stranded posi-
tive sense RNA virus of approximately 7.5 kb in length, 
belonging to genus Lagovirus, family Caliciviridae (Green 
et al., 2000). The RHDV genome is organized into two 
overlapping open reading frames (ORFs) (Meyers et 
al., 1991). ORF1 (nucleotides 10-7044) encodes a large 
polyprotein that is cleaved into several non-structural 
proteins (NSP) such as helicase, RNA-dependent RNA 
polymerase, protease, and a major structural capsid pro-
tein VP60. A minor structural protein, VP10, is encoded 
by ORF2 (nucleotides 7025-7378). The RHDV genome 
also encodes 5’ and 3’ untranslated regions (5’UTR 
and 3’UTR, respectively) (Meyers et al., 2000). In 1996-
1997, the appearance of a new pathogenic RHDV form 
was diagnosed first in Italy, then in Germany (Capucci 
et al., 1998, Schirrmeier et al., 1999). This virus, an an-
tigenic variant named RHDVa, dispersed rapidly across 
the world revealing its pandemic potential (Burmakina et 
al., 2016; Embury-Hyatt et al., 2012; Farnos et al., 2007; 
Grazioli et al., 2000; Le Gall-Reculé et al., 2003; Matiz et 
al., 2006; McIntosh et al., 2007; Oem et al., 2009; Tian 
et al., 2007). In 1996 non-pathogenic rabbit calicivi-
rus (RCV) related to RHDV and providing total cross-
protection to pathogenic RHDV has been detected in 
the duodenum of healthy rabbits (Capucci et al., 1996). 
Similar non-pathogenic rabbit caliciviruses providing no 
protection or partial cross-protection to RHDV infection 
were characterized in Australia (RCV-A1) and Europe 
(RCV-E1 and RCV-E2) (Strive et al., 2009; Le Pendu et 
al., 2017). Phylogenetic analysis of partial VP60 gene of 
more than 150 European RHDV strains (mainly French), 
collected between 1987 and 2003, revealed the presence 
of six genetic groups (genogroups G1 to G6) related to 
the year of isolation (Le Gall et al., 1998; Le Gall-Reculé 
et al., 2003, Novotny et al. 1997). Some of the classi-
cal RHDV strains that formed the G3 genogroup have 
gradually disappeared and evolved into two new groups 
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- G4 and G5 (Le Gall-Reculé et al., 2003), while the RH-
DVa strains antigenically distinct from RHDV formed 
a homogeneous cluster - G6. Despite the antigenic and 
genetic differences, both RHDV and RHDVa induce in-
fections with the same clinical manifestations and post-
mortem lesions. More recently, in 2010, a new RHDV 
form, originally designated as RHDV2 (also named RH-
DVb), genetically and antigenically different from the 
classical RHDV and RHDVa variant, emerged in do-
mestic and wild rabbits in France (Le Gall-Reculé et al., 
2011) and subsequently in the other European countries, 
Australia, Africa, and Asia (Abrantes et al., 2013; Baily et 
al., 2014; Dalton et al., 2012; Duarte et al., 2015b; Hall et 
al., 2015; Hu et al., 2021; Isomursu et al., 2018; Le Gall-
Reculé et al., 2013; Neimanis et al., 2018b; Rahali et al., 
2019; Westcott et al., 2014). Another pathogenic member 
of lagoviruses, morphologically similar to RHDV, is the 
European brown hare syndrome virus (EBHSV), respon-
sible for the contagious and lethal disease of hares of the 
species Lepus europaeus and Lepus timidus, diagnosed first 
in Sweden in the early 80s (Gavier-Widén & Mörner, 
1991). Due to the gradual recognition of previously un-
known pathogenic and non-pathogenic forms of rabbit 
and hare caliciviruses, a new classification of lagoviruses 
was proposed in 2017 (Le Pendu et al., 2017). According 
to this classification, RHDV2 genotype is designated as 
GI.2, the classic RHDV genotype as GI.1, and the indi-
vidual genetic groups G1, G2, G3-G5 as GI.1b, GI.1c, 
GI.1d, respectively, while the subtype RHDVa (G6) is 
a GI.1a variant. In this classification system, the weakly 
pathogenic calicivirus MRCV and the non-pathogenic 
(NP) rabbit calicivirus RCV are unclassified while the 
other European and Australian NP rabbit caliciviruses 
form two distinct genotypes designated as GI.3 (Euro-
pean rabbit calicivirus 1, RCV-E1), and GI.4 (compris-
ing Australian rabbit calicivirus 1, RCV-A1 and Euro-
pean rabbit calicivirus 2, RCV-E2). All these viruses are 
grouped within genogroup GI while genogroup GII con-
tains the pathogenic EBHSV (genotype GII.1) and NP 
HaCV (genotype GII.2). For the sake of clarity and the 
consistency of the text referring to previous research on 
RHDV phylogenetics, the remainder of this paper will 
now use the old nomenclature to define the variants of 
lagoviruses.

In comparison to RHDV, RHDV2 is characterized 
with the distinctive pathogenic profile since it kills young 
rabbits (under 30 days of age) and rabbits previously 
vaccinated against RHDV as well as various hares’ spe-
cies, including the European hare (Lepus europaeus) and 
the mountain hare (Lepus timidus) (Dalton et al., 2012; Le 
Gall-Reculé et al., 2013; Le Gall-Reculé et al., 2017; Nei-
manis et al., 2018a; Puggioni et al., 2013; Velarde et al., 
2017).

In Poland, the first cases of RHDV infections were 
confirmed in farming rabbits in 1988 (Gorski et al., 
1988). Polish RHDV strains identified at that time were 
closely related to viruses isolated in Czech and Germany 
and are classified in the genetic group G2. In the fol-
lowing years, the disease spread rapidly among breeding 
rabbits, mainly on the small-scale farms. The new na-
tive RHDV isolates identified between 1994 and 2004 
showed a genetic profile corresponding to European 
strains from G3-G5 groups (Fitzner & Niedbalski, 2017). 
In the middle of the first decade of 21st century, the 
RHDV strains exhibiting antigenic and genetic features 
like RHDVa variant were isolated in RHD outbreaks in 
Poland (Chrobocińska & Mizak, 2007; Fitzner, 2009). 
RHDVa (G6) was the only representative of pathogenic 
RHDV continuously detected in Poland from 2004 to 

2017 (Fitzner et al., 2012; Fitzner et al., 2017). The first 
Polish strains of RHDV2 were identified in 2016-2017 
(Fitzner & Niedbalski, 2018), and subsequent infections 
were confirmed in 2018. In the phylogenetic analysis 
of VP60 gene, the isolates RED 2016 and VMS 2017 
clustered together with RHDV2 strains from France (10-
01), Spain (N11) and Portugal (CBVal16), while for the 
non-structural part of the genome both are grouped with 
the recombinant RHDV G1/RHDV2 viruses initially de-
tected in the Iberian Peninsula (Lopes et al., 2015). These 
Polish RHDV2 isolates showed that about 97% of nu-
cleotide sequence was identical with the European refer-
ence RHDV2 strains and approximately 18% was differ-
ent from classic RHDV and RHDVa variants (Fitzner & 
Niedbalski, 2018).

The aim of this study was the molecular epidemiology 
of new RHDV2 strains from Poland which were col-
lected during January – December 2018, unrelated to the 
previous cases. We also characterized the RHDVa strain 
confirmed in Poland for the first time in 2015 in wild 
rabbits, the population of which is residual, and the geo-
graphical distribution limited to separate enclaves (Kra-
jewski & Sadowski, 2013).

MATERIALS AND METHODS

Specimens

Tissue samples were collected in 2018 from cases with 
suspected RHD located in three different geographical 
regions of Central and Southern Poland, 150–350 km 
apart. The livers of two New Zealand White rabbits aged 
4–5 months (sample PIN, Swietokrzyskie Voivodeship), 
and two mixed-breed rabbits 5–7 weeks old (sample 
LIB, Malopolskie Voivodeship) were taken from animals 
that died in small rural farms in January and November 
2018. Furthermore, two dead pet rabbits have been sent 
from a veterinary clinic in December this year (samples 
WAK isolates 1 and 2, Mazowieckie Voivodeship, War-
saw). According to the attached information, the two-
year-old pet rabbit and the seven-year-old pet rabbit 
were from different owners and remained in the clinic 
periodically to continue treatment after previous tooth 
correction procedures. The treated animals died suddenly 
showing dyspnoea and restless movements immediately 
before death. Both pet rabbits have probably been in-
fected through contact with the excreta of another sick 
animal previously housed in this clinic with no suspicion 
of RHD. At necropsy, the bloody discharge around the 
nostrils was observed in one rabbit. The livers of both 
rabbits were pale and friable demonstrating necrotizing 
features. The lungs demonstrated numerous petechial 
haemorrhages, and presence of uncoagulated blood was 
seen in the chest cavity. The liver homogenates of four 
wild rabbits (F77 1-4) found dead in the mid-northern 
region of Poland in Kujawsko-Pomorskie Voivodeship 
in 2015, that were collected for another study program 
and have not been previously diagnosed for RHD, were 
forwarded for this analysis.

Virological diagnosis

The hemagglutinating properties of the liver homoge-
nates (20% w/v in phosphate-buffered saline) of rab-
bits were assessed by HA test. The samples diluted 1:10 
to 1:20480 in PBS (pH 6.5) were incubated for 2 h at 
2–8°C with 0.75% human group “0” red blood cells 
suspended in PBS. The same liver homogenates of rab-
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bits were screened using RHD-EBHS CR ELISA kit 
(code: 72575) for RHDV and then tested by differential 
ELISA kit (code: 80415) to specify the type of RHDV 
antigen (RHDV, RHDVa, RHDV2). Both ELISA tests 
containing monoclonal antibodies were carried out in 
accordance with the manufacturer’s instructions – OIE 
Reference Laboratory for RHD (IZSLER, Brescia, Ita-
ly). Briefly, in ELISA kit for antigen detection the wells 
of immunoplate (96 well, Maxisorb, Nunc) were coated 
(overnight at 2–8°C) with RHDV-EBHSV positive/
negative IgG diluted in carbonate-bicarbonate buffer 
(0.05M, pH 9.6). After washing with PBS 0.05% Tween 
20, pH 7.4 (PBST), the samples of liver extracts diluted 
1:5, and 1:30 in PBST with 1% of yeast extract (PBST-
Y, dilution buffer) were incubated in duplicate for 1h 
at 37°C. After another washing step, the plates were 
incubated with cross-reactive (CR) pool of monoclonal 
antibodies (MAbs to detect uniformly all types of RH-
DVs and EBHSV) directly conjugated with horse-radish 
peroxidase (HRP), diluted in dilution buffer for 1 h at 
37°C. After the last washing step, o-Phenylenediamine 
(OPD) dissolved in citrate phosphate buffer (0.15 M pH 
5.0) activated with H2O2 was added to the wells and the 
reaction was stopped after 5 minutes with 1M H2SO4 to 
read the absorbance of the samples (OD 492 nm). To 
identify the type of RHDV antigen by using differential 
ELISA kit, the wells of immunoplate were coated with 
rabbit IgG anti- RHDV using standard carbonate buffer. 
After PBST washing step, the test and control samples 
were added to the coated wells with ELISA buffer (PB-
ST-Y) Tween 20, pH 7.4. All the samples (except con-
trols) were tested in two dilutions: 1:4, 1:25. After the 1h 
incubation at 37°C with agitation, followed by washing 
with PBST the appropriate wells were incubated (1 h at 
37°C) with specific (anti-RHDV, RHDVa, RHDV2) and 
cross-reactive monoclonal antibodies that react with each 
type of RHDV. In the next step, all the wells received 
anti-IgG mouse HRP conjugate. The presence of antigen 
was detected after a 5 min incubation with the substrate 
(OPD). The absorbance value (OD 492 nm) of test sam-
ples were compared to the positive/negative controls 
and RHD reference viruses.

RHDV, RHDVa, RHDV2 control antigens

The reference viruses of native RHDV G2 (strain 
KGM 1988), RHDVa (strains: GRZ 2004, BBI 2017) 
from RHD outbreaks previously detected in Poland, 
recombinant VP60 protein in a form of virus-like par-
ticle (VLP) based on classical RHDV G2 (strain SGM 
1988) genetic material (Gromadzka et al., 2006), two Pol-
ish RHDV2 strains (RED 2016, VMS 2017) and French 
RHDV2 13-69 strain of 2013 (received from ANSES, 
Ploufragan, France) were included for the analyses.

Molecular analysis

Total RNA was extracted from 100 µL of 20% liver 
homogenate as described previously (Fitzner et al., 2012) 
and used for molecular tests. Two real-time RT-PCRs 
with primers and probes enabling discrimination be-
tween classic RHDV or RHDV2 were used for the de-
tection of viral RNA and typing as described previously 
(Duarte et al., 2015a; Fitzner & Niedbalski 2018; Gall et 
al., 2007). Conventional RT-PCR using the OneStep RT 
kit (Qiagen), and specific oligonucleotide primers have 
been applied to amplify the overlapping fragments of 
full RHDV genome as described previously (Fitzner & 
Niedbalski 2018). The PCR products were gel-extracted 
and directly sequenced using ABI Prism BigDyeTM ter-

minator v3.1 Cycle sequencing kit and ABI3773x1 DNA 
sequencer (Applied Biosystems). The sequences of struc-
tural gene VP60 and non-structural protein (NSP) region 
of RHDV2 strains were determined after analysis of par-
tial sequences available in form of a text file (.txt) and 
fluorograms file (.abi) and by the compilation of these 
partial nucleotide sequences. For comparative analy-
sis and evaluation of the homology of RHDV strains, 
BLASTn software was used (Altschul et al., 1990). The 
nucleotide sequences of four Polish RHDV strains from 
2018, RHDV F77-3 from 2015, native RHDV2 from 
2016-2017, and reference sequences representing classic 
RHDV and RHDVa (genogroups G1-G6) from differ-
ent geographical regions, non-pathogenic rabbit calici-
virus (RCV, RCV-E1, and RCV-A1) as well as original 
RHDV2 and recombinant RHDV2 isolates were aligned 
by ClustalW algorithm in MEGA7 software (Kumar et 
al., 2016). The sequences of Polish strains of RHDV 
representative of each of the genetic groups were includ-
ed for the analyses.

The phylogenetic trees of the VP60 gene sequences 
(nucleotide residues 5305-7044) and NSP region (nu-
cleotide residues 10-5304) were constructed with MEGA 
7 software (Kumar et al., 2016) using Neighbor-joining 
phylogenetic method. A total of 75 sequences for cap-
sid gene and 61 sequences for NSP part of RHDV, 
RHDVa, RHDV2 and MRCV, RCV-A1 genomes were 
retrieved from GenBank (accession numbers and the 
country origin of the strains have been pointed out in 
Figs. 1 and 2). For the NSP fragment, the same data 
set as for VP60 region was not used due to the lack of 
some genomic sequences in the database. The European 
brown hare syndrome virus (EBHSV) (accession number 
Z69620) was used as an outgroup to root the tree. Pair-
wise distances between sequences were calculated with 
MEGA7 using the p-distance method.

RESULTS

HA analysis of the tested RHDV showed that 2018 
RHDV2 strains PIN, LIB, WAK (isolate 1, isolate 2) ex-
hibited hemagglutination activity with high titres in the 
range of 10240–20480. The isolates F77-1, F77-2, F77-
3, F77-4 agglutinated human red blood cells type 0 with 
titres 160, 320, 10240, 320, respectively. CR ELISA re-
sults indicated that RHD virus antigen was detectable 
in liver samples of all dead rabbits from 2018 RHDV 
suspected cases (PIN, LIB, WAK 1-2), as well as in the 
specimens of four wild rabbits (F77 1-4) from 2015. In 
the differential ELISA, the samples tested of 2018, 2015, 
and control antigens of the relevant types of RHD virus-
es, reacted only with one type of MAbs, demonstrating 
a high absorbance with OD 492 nm >1.0 (Fig. 3). The 
PIN, LIB and WAK samples were distinct from RHDV, 
RHDVa and reacted with MAbs RHDV2 and the mix-
ture of MAbs (cross-reactive). The same reactivity was 
also observed for the RED 2016 and VMS 2017 strains, 
while F77-3 reacted with MAbs RHDVa and CR pool 
of MAbs.

Using real-time RT-PCR method, RHDV2 RNA 
was detected in all the tested samples from 2018 out-
breaks (CT value 12 -15 for PIN, LIB, WAK isolates 
and no CT for F77 1-4 samples from 2015). The results 
of real-time RT-PCR assay using RHDV specific probe 
and primers confirmed the presence of RHDV RNA in 
four F77 samples (CT values 17, 19, 20, 21) and nega-
tive results for PIN, LIB and WAK samples. The results 
received by using conventional RT-PCR and direct se-
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Figure1. Phylogenetic neighbor-joining tree for 75 capsid gene (VP60) sequences of pathogenic and non-pathogenic caliciviruses 
(nucleotides 5305-7044). 
The European brown hare syndrome virus (EBHSV) was used as an outgroup to root the tree. RHDV major genetic groups defined by Le 
Gall and others (Le Gall et al., 2003) with the corresponding nomenclature according to Le Pendu and others (Le Pendu et al., 2017) are 
indicated next to the square brackets. RHDV2  and RHDVa  sequences established in this study (MN853658-61). Polish RHDV2 strains 
RED 2016 (MG602006), VMS 2017 (MG602007) are marked in bold. The percentage greater than 70% of replicate trees in which the as-
sociated taxa clustered together in the bootstrap test (1000 replicates) are shown in italics above the major branches. The tree is drawn 
to scale, with branch lengths in the same units as those of the evolutionary distances computed in a p-distance method. Scale bare indi-
cates the number of base differences per site. Evolutionary analyses were conducted in MEGA7 (Kumar et al., 2016). The accession num-
bers of the sequences retrieved from GenBank database are as follows: EF558573, JF438967, JX886001, JX886002, KC345612, KP144789, 
KP144792, KU882092, KU882094, KU882095, M67473, U54983, Y15427, X87607, Z29514, Z49271 for RHDV; AF258618, DQ069280, 
EF558581, EF558583, EF558584, EU003578, HQ917923, KF270630, KF677011, KJ814617, KP144791, KT003359, KY235676, KY319031, 
KY319033, KY679905, MG602005, MK895974 for RHDVa; FR819781, HE819400, KC345612, KC907712, KF442961, KF442963, KF962444, 
KM115712, KM115713, KM115714, KM115715, KM878681, KM979445, KM115681, KP090976, KP129395, KP129396, KP129398, KT280060, 
KT737803, LT168840, MF407651, MF407652, MF407653, MF407654, MF407655, MF407656, MF407657, MG763936, MG763947 for RHDV2; 
European and Australian non-pathogenic caliciviruses (RCV, RCV-E1, RCV-A1) are represented by X96868, AM268419, LT708122, EU871528 
sequences, respectively, and the weakly pathogenic calicivirus MRCV by GQ166866 sequence. AU – Australia, CA – Canada, CN – China, 
CZ – Czech Republic, DE – Germany, ES – Spain, FR – France, IT – Italy, PT – Portugal, PL – Poland, RU – Russia, US – United States of 
North America.
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Figure 2. Phylogenetic neighbor-joining tree for the non-structural genes of 61pathogenic and non-pathogenic caliciviruses (nucleo-
tides 10-5304). 
The European brown hare syndrome virus (EBHSV) was used as an outgroup to root the tree. RHDV major genetic groups defined by Le 
Gall and others (Le Gall et al., 2003) with the corresponding nomenclature according to Le Pendu and others (Le Pendu et al., 2017) are 
indicated next to the square brackets. RHDV2  and RHDVa  sequences established in this study (MN853658-61). Polish RHDV2 strains 
RED 2016 (MG602006), VMS 2017 (MG602007) are marked in bold. The percentage greater than 70% of replicate trees in which the as-
sociated taxa clustered together in the bootstrap test (1000 replicates) are shown in italics above the major branches. The tree is drawn 
to scale, with branch lengths in the same units as those of the evolutionary distances computed in a p-distance method. Scale bare indi-
cates the number of base differences per site. Evolutionary analyses were conducted in MEGA7 (Kumar et al., 2016). The accession num-
bers of the sequences retrieved from GenBank database are as follows: EF558573, JF438967, JX886001, JX886002, KP144789, KP144792, 
KU882092, KU882094, KU882095, M67473, U54983, X87607, Z29514, Z49271 for RHDV; AF258618, EF558581, EF558583, EF558584, 
EU003578, KF677011, KP144791, KY235676, KY319031, KY319033, KY679905, MG602005, MK895974 for RHDVa; KF442961, KF442963, 
KF962444, KM115712, KM115713, KM115714, KM115715, KM878681, KM979445, KM115681, KP090976, KP129395, KP129396, KP129398, 
KT280060, MF407651, MF407652, MF407653, MF407654, MF407655, MF407656, MF407657, MG763936, MG763947 for RHDV2; Austral-
ian non-pathogenic caliciviruses (RCV-A1) are represented by EU871528 and KX357690 sequences, and the weakly pathogenic calicivirus 
MRCV by GQ166866 sequence. AU – Australia, CA – Canada, CN – China, CZ – Czech Republic, DE – Germany, ES – Spain, FR – France, IT 
– Italy, PT – Portugal, PL – Poland, RU – Russia, US – United States of North America.
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quencing of the amplified products confirmed the pres-
ence of RHDV2 in all liver samples taken from rabbits 
that have died in 2018, whereas genetic material of RH-
DVa variant was identified in F77 samples from 2015. 
Analysis of the nucleotide sequence of two RHDV iso-
lates from two pet rabbits (WAK outbreak, December 
2018) revealed 99.96% identity in the ORF1-ORF2 re-
gion (three synonymous changes). Out of these three-
point mutations two were placed in the NSP part of 
the genome and one in the VP60 region. For further 
analysis, the sequence of isolate 1 was used as a repre-
sentative for WAK strain. In the case of RHDV strains 
obtained from wild rabbits of the Kujawsko-Pomorskie 
Voivodeship, genetic material extracted from the rab-
bit liver homogenate F77-3 with a highest HA titre was 
used. The partial genome sequences encoding ORF1, 
ORF2 and 3’UTR regions of three RHDV2 strains 
from 2018 (LIB, PIN, WAK) and RHDVa F77-3 strain 
from 2015 were determined by the sequencing of RT-
PCR amplification products and these sequences were 
submitted to GenBank (accession numbers: MN853659, 
MN853660, MN853661, MN853658, respectively). The 
RHDV2 genome sequences were of 7437 nucleotides 
(nt) in length for PIN and WAK from 2018, 7438 nt for 
LIB from 2018, and 7428 nt for RHDVa F77-3 strain. 
Nucleotide sequence similarity established in the BLAST 
program between the most distanced RHDV2 strains 
isolated in 2018 was 92.3% between PIN and LIB in 
the complete coding genome and 3’UTR (nt 10-7378), 
95.1% and 91.3% between LIB and WAK in the VP60 
gene and the NSP part of the genome (nt 10-5304). 
In contrast, the most territorially apart WAK and PIN 
strains showed the highest homology of 98.7%, 98.2% 
and 98.1% in the VP60 gene, the complete coding ge-
nome and 3’UTR and its NSP part, respectively. The se-
quence similarity between RHDV strains from 2018 and 
RHDV2 from 2016–2017 was 88% in the complete cod-
ing genome and 3’UTR, 95–96% in VP60 and 85% in 
NSP portion of the genome. Comparison of three VP60 
nucleotide sequences of RHDV2 strains from 2018 with 
a sequence RHDVa F77-3 (2015) disclosed 16% diver-
gence, which was about 2% lower in relation to other 
Polish RHDVa isolates obtained between 2004–2017 
from farmed rabbits (supplementary Table S1 at https://

ojs.ptbioch.edu.pl/index.php/abp/). In the NSP region, 
the differences between three 2018 strains and Polish 
RHDVa strains, including F77-3 isolate, were approxi-
mately 15% (supplementary Table S2 at https://ojs.
ptbioch.edu.pl/index.php/abp/). Phylogenetic analysis 
of VP60 gene confirmed that strains detected in 2018 
belong to RHDV2 genotype (Fig. 1). The strains PIN, 
LIB and WAK clustered close to the reference RHDV2 
strains of 2010–2013 detected in Italy and France, and 
near the Spanish RHDV2 PLM1 (MF407653) from 
2016, reflected by 95–97% nucleotide sequences identity. 
However, nucleotide analysis of the NSP region revealed 
differences between previous and new native RHDV2 
strains (Fig. 2). RHDV strains from 2018 clustered to 
the original RHDV2 group but did not group with the 
Polish RHDV2 isolates from 2016-2017 which posi-
tioned together with RHDV G1/RHDV2 recombinants 
so far identified in the Iberian Peninsula and recently in 
Australia (Carvalho et al. 2017; Dalton et al., 2018; Hall et 
al., 2015; Lopes et al., 2015; Lopes et al., 2018). VP60 nu-
cleotide sequence analysis showed the highest similarity 
of the F77-3 to the Russian RHDVa strains Manihino-09 
(HQ917923) from 2009 (97.5% identity), Balashiha-2011 
(KT003359) (96.6% identity), and to the Chinese RH-
DVa strain from 2014 (MK895974) (96.9% identity). It 
is worth noting that the similarity between sequences 
F77-3 and Manihino-09 increased to 99.3% in the hy-
pervariable E region of the capsid protein (Neill, 1992). 
In the NSP portion of the genome, 98.1% of nucleotide 
sequence identity was revealed for Chinese 2014 strain. 
As the genomic sequences of Russian RHDVa strains 
Manihino-09 and Balasiha-2011 are not available, there 
is no data concerning the similarity and their phylogenet-
ic dependencies to F77-3 in NSP region. The similarity 
of the F77-3 isolate to six other RHDVa Polish strains 
coming from 2004-2017 ranged between 93.6% for KRY 
2004 (KY319033) to 95.6% for GRZ 2004 (KP144791) 
in the capsid structural protein gene and between 94.6% 
for KRY 2004 to 96.1% for STR 2012 (KF677011) in 
the non-structural part of the genome. In the case of the 
BBI strain from 2017, these values   in both regions were 
close to 95%. Identity of F77-3 nucleotide sequence 
with German RHDVa strains Rossi 2002 (EF558584), 
Triptis 1996 (EF558583), American RHDVa Iowa 2000 
(AF258618) strains was at 94.5% in the VP60 gene and 
about 95% in the NSP region. Phylogenetic analysis of 
the capsid protein gene and NSP region showed that 
F77-3 isolate from 2015 has clustered to well supported 
G6 genetic group (Fig 1. bootstrap value 99% and Fig 2. 
bootstrap value 100%), together with Polish, and other 
RHDVa strains from Europe, Asia, and North America.

DISCUSSION

Since the rabbit haemorrhagic disease virus (RHDV) 
was detected in China in 1984, three pathogenic forms 
of RHDV have been identified: classic RHDV (GI.1), 
the antigenic and genetic variant RHDVa (GI.1a), and 
the latest of them – RHDV2 (GI.2), also known as RH-
DVb.

In this study, we presented three RHDV2 cases con-
firmed in both farmed and pet rabbits and RHDVa in-
fection which occurred in native wild rabbits. The 2018 
fatal infections in rabbits presented here do not have a 
spatial relationship, the samples come from three dif-
ferent regions of Poland and do not coincide when we 
analyze the time of onset. Two phylogenetically closest 
strains of RHDV2 from 2018, the PIN from the New 

Figure 3. Typing of RHDV strains using differential ELISA test. 
Antigenic profiling of RHDV. 
Liver homogenates from rabbits suspected of RHD (PIN 2018, 
LIB 2018, WAK 2018, F77-3 2015) and the controls samples were 
tested for reactivity with Mabs anti-RHDV2, anti-RHDVa, anti-RHDV 
and cross-reactive pool of Mabs (CR). Polish RHDV2 RED 2016, 
VMS 2017, RHDVa GRZ2004, RHDVa BBI 2017, French RHDV2 13-69 
strains and RHDV VLP SGM 1988 were used as controls.

https://ojs.ptbioch.edu.pl/index.php/abp/
https://ojs.ptbioch.edu.pl/index.php/abp/
https://ojs.ptbioch.edu.pl/index.php/abp/
https://ojs.ptbioch.edu.pl/index.php/abp/
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Zealand rabbit outbreak in Swietokrzyskie Voivodeship, 
and WAK isolate detected in several-year-old pet rabbits 
(Mazowieckie Voivodeship) are nearly a year apart, with 
a geographical distance between the places of collection 
of about 150 km. On the other hand, the most geo-
graphically distant strains, RHDV2 LIB isolated in mixed 
breed rabbits aged less than 2 months old in Malopolskie 
Voivodeship, and RHDV2 WAK, are separated by a dis-
tance of more than 350 km and a difference of 6 weeks 
between the dates of the first animal deaths. Likewise, 
the places of detection of RHDV2 strains from 2018 
cannot be geographically linked to the origin of the first 
native RHDV2 strains, which were diagnosed in Sep-
tember 2016 in central Poland (Lodzkie Voivodeship), 
and in June of the following year near Szczecin in the 
far northwest region of the country (Fitzner & Niedbal-
ski, 2018). Both locations are more than 400 km away, 
and each of them is several hundred kilometres from 
the places where RHDV2 infections were diagnosed in 
2018. Our investigations using ELISA with type-specif-
ic monoclonal antibodies showed that RHDV2 strains 
isolated over 2018 presented the same antigenic profile 
as native RHDV2 isolates of 2016–2017 and the refer-
ence RHDV2 French strain 13-69 (Fig. 3). On the other 
hand, based on the genetic characteristics of these strains 
and considering the chronology of their emergence, it 
can be concluded that the RHDV2 isolates from 2018 
and RHDV2 from 2016-2017 were introduced indepen-
dently thus confirming their different origin. The circula-
tion of two viral forms which appeared in our country 
to unrelated cases is significant evidence confirming the 
parallel and independent spread of original RHDV2 and 
RHDV G1/RHDV2 recombinant over long distances, 
beyond the place of initial isolation. The new cases of 
RHD2 presented in this study occurred in rabbits of var-
ious breeds, different types of performance, in animals 
ranging in age from about one month to 7 years.

In turn, the case of RHDVa diagnosed in 2015 in wild 
rabbits completes the diverse picture of RHD infections. 
The occurrence of wild rabbit in Poland is associated 
with its introduction for hunting in the mid-nineteenth 
century. By some estimates, before World War II, the 
overall population of these animals in Poland reached 
150,000 animals. In the following decades of the 20th 
century, their number decreased significantly due to se-
vere winters and viral diseases such as myxomatosis and 
RHD. Currently, after many attempts at reintroduction, 
the total number of wild rabbits in our country is es-
timated at about fifteen thousand animals. Their occur-
rence is limited to small clusters, mainly in the central 
and western parts of the country (Krajewski & Sadowski, 
2013). RHD infections of wild rabbits living in Poland 
have not been previously confirmed. Thus, our results 
highlight a hitherto unknown active role of this small 
animal population in the transmission of RHD infections 
and its possible impact on virus survival outside farm 
rabbits.

Small but visible differences in the nucleotide se-
quence, amounting to 2–3% in a portion of the capsid 
gene noted between strain F77-3 and other Polish iso-
lates of the RHDVa subtype, suggest its own evolution-
ary genetic path. This may be due to the spread of the 
virus in an airtight and highly isolated rabbit population 
that currently does not play a significant role in the na-
tive biocenosis, although all F77 specimens (1-4) have 
been submitted from the region inhabited by relatively 
large colonies of wild rabbits. For this reason, these ani-
mals can constitute, under our environmental conditions, 
a kind of specific reservoir in which the RHD virus can 

evolve differently than in farmed rabbits. The results of 
genetic analyses of the RHDVa F77-3 strain revealed the 
slightly higher variability of this isolate compared to the 
native RHDVa strains isolated over 13 years period in 
farm rabbits. The percentage of F77-3 VP60 nucleotide 
sequence variation relative to RHDVa GRZ2004 is twice 
as high (4.4%) compared to relation between STR2014 
and GRZ2004 (2.1%) and three times higher as com-
pared to BBI2017/GRZ2004 (1.1%). The specific in-
teraction between the host and the pathogen may likely 
have led to the survival of this somewhat different line 
of the RHDVa virus in the local ecosystem. Similar ob-
servations regarding the persistence of classical highly 
conserved RHDV strains of the G3-G5 genogroups, 
which were isolated for a period of 3 to 10 years, were 
made in our previous studies (Fitzner et al., 2012). It is 
worth noting that no other Polish isolate of RHDVa 
originating strictly from the Kujawsko-Pomorskie region 
has been genetically characterized in the past. The geo-
graphically closest sites where other RHDVa strains have 
been detected are situated approximately 200 km (strain 
BBI 2017), and 300 km (strain GRZ 2004) away. In this 
point of view, it should also be highlighted that a full 
comparison of the phylogenetic relationships of F77-
3 strain with RHDVa viruses from Russia and China 
showing the closest similarity of the nucleotide sequenc-
es in the capsid gene was not possible due to the lack of 
available sequences covering the non-structural part of 
the genome.

Obtained results also indicate the ongoing process of 
competition or replacement of the previously dominant 
viruses – RHDVa or classic RHDV by RHDV2. This is-
sue, like the conversion of RHDV to RHDVa, is delayed 
in Poland and probably throughout Central and East-
ern Europe by several years compared to the situation 
observed in several other Western European countries 
with RHDVa (Burmakina et al., 2016; Matiz et al., 2006; 
Grazioli et al., 2000; Schirrmeier et al., 1999; Capucci et 
al., 1998). Identification of the RHDV F77-3 strain as 
a member of the RHDVa group also confirms our pre-
vious results indicating the exclusive presence of RH-
DVa in Poland since 2004 (Fitzner & Niedbalski, 2017; 
Fitzner & Niedbalski, 2018). In turn, the absence of new 
RHDVa cases diagnosed after 2017 may indicate the 
beginning of its gradual disappearance due to the emer-
gence of RHDV2.

The results of our study reflect the dynamics of 
changes within the RHD virus isolated in Poland and, 
as it can be assumed, in other countries of Central and 
Eastern Europe. The presence of two types of RHDV2 
strains confirms the infectious potential of these viruses 
and their ability to expand in new geographically distant 
areas. From an epidemiological point of view, the re-
sults presented in this paper have an important cognitive 
value and justify new research to follow the variability 
of the virus and its adaptability. In further research, it 
will be interesting to find an answer to the question of 
whether RHDVa will give way in the face of RHDV2 
expansion and which form of RHDV2 – original, or 
perhaps some new type of recombinant – will gain the 
dominant position.

The results of phylogenetic studies and the variabil-
ity of the studied RHDV strains indicate their diversity 
from previous native RHDV2 strains and the RHDVa 
subtype. The variety of viral forms which can appear at 
the same time and in the same area, as well as the re-
vealed phenomena of recombination, support the con-
tinuation of epidemiological and genetic studies of RHD 
viruses, including complete genomic sequences.
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