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Abstact RHD (Rabbit Haemorrhagic Disease) is an etiologic agent that causes viral haemorrhagic 
disease of rabbits, which is also referred to as rabbit plague. The desire to explore knowledge 
about this pathogen in the world results not only from its similarity to human hemorrhagic 
fevers, for which RHDV can be considered as a good research model. It is also important that 
with myxomatosis, rabbit plague is the most severe viral disease of these animals. Describing 
the classic RHDV virus, followed by RHDVa, which is considered the first described antigenic 
variant of the RHD virus, allowed to become familiar with the information that until now 
constituted the basic building block of the control of viral haemorrhagic disease of rabbits in 
the world. However, the attributes of RHDV2, characterized only in 2010, differ significantly 
from the specifics of RHDV strains known to date. What’s more, the global expansion of this 
pathogen has significantly changed the RHD image, the methods of its identification, control 
and eradication. The completely changed face of the virus that causes rabbit plague causes that 
the belief about full supervision over RHD is now obsolete.

Charakterystyka nowego wariantu wirusa choroby krwotocznej królików – RHDV2

Słowa kluczowe wirus choroby krwotocznej królików, RHDV2, GI. 2

Streszczenie Wirus RHD (Rabbit Haemorrhagic Disease) stanowi czynnik etiologiczny wywołujący 
wirusową chorobę krwotoczną królików, którą określa się również jako pomór. Chęć do 
zgłębiania wiedzy na temat tego patogenu na świecie wynika nie tylko z jego podobieństwa 
do ludzkich gorączek krwotocznych, dla których RHDV może być uznany za dobry model 
badawczy. Istotny jest także fakt, że wraz z myksomatozą, pomór królików to najdotkliwsza 
choroba wirusowa tych zwierząt. Opisanie klasycznego wirusa RHDV, a następnie RHDVa, 
który uznawany jest za pierwszy opisany wariant antygenowy wirusa RHD, pozwoliło na 
zaznajomienie się z informacjami, które dotychczas stanowiły podstawowy budulec bastionu 
dla kontroli nad wirusową chorobą krwotoczną królików na świecie. Jednakże cechy scharak-
teryzowanego dopiero w 2010 roku RHDV2 znacznie odróżniają się od specyfiki znanych do 
tej pory szczepów RHDV. Co więcej, globalna ekspansja tego patogenu znacząco zmieniła 

#0#



Dominika Bębnowska, Paulina Niedźwiedzka-Rystwej

84

obraz RHD, metody jej identyfikacji, kontroli i zwalczania. Całkowicie zrewoltowane oblicze 
wirusa wywołującego pomór królików powoduje, że przekonanie o pełnym dozorze nad RHD 
jest już przestarzałe.

Introduction

RHD (Rabbit Haemorrhagic Disease) is an etiologic agent that causes viral haemorrhagic 
disease of rabbits, also called plague. Rabbits, in addition to being a key element of the economy 
of many countries, also exist as an important link in the trophic chains of the Mediterranean eco-
systems. As laboratory animals, they are widely used in various types of research and diagnostic 
analyzes (Abrantes, van der Loo, Le Pendu, Esteves, 2012). The huge losses in their numbers, 
which started the first documented outbreak of the RHD epidemic in China in 1984 (Liu, Xue, 
Pu, Quian, 1984), led to serious economic losses as well as decline in the number of endangered 
species for which rabbits form the basis of food. This situation led, among others, to the fact that 
RHDV has become the object of research around the world (Abrantes et al., 2012).

It was observed that the experimental infection of rabbits with this pathogen is a research 
model in the pursuit of knowledge about human hemorrhagic fevers. The key fact that allows 
this factor to be used is that the rabbit hemorrhagic diseases virus infections in rabbit and human 
are characterized by similar clinical features, including the equally rapid course of infection. 
These concordants mean that research into rabbit fever virus provides a perspective for the de-
velopment of new effective methods of fight and prevention in the future of human hemorrhagic 
fevers (Tokarz-Deptula, Deptula, Kesy, 2002). In addition, pathomorphological changes in the 
liver, observed post-surgically among the experimentally infected RHDV rabbits, are the subject 
of research in the failure of this organ, which refers to the pathogenesis of viral hepatitis observed 
in humans, as well as in determining the effectiveness of hepatoprotective agents (Pazdzior, 
Otrocka-Domagala, Rotkiewicz, Drzewiecka, 2011).

In addition, RHDV is a virus whose genetic material is a single strand of RNA with positive 
polarity, and RNA viruses are characterized by high genetic variability caused by frequent muta-
tions within the strand encoding genetic information (Fitzner, Niedbalski, 2017). The consequence 
of such phenomena is diversity among isolated strains of viruses, which is observed in the case 
of viruses that cause haemorrhagic disease of rabbits. Thanks to this, it is also possible to consider 
the factors that cause RHD as a tool for research conducted to expand the current state of knowl-
edge about RNA viruses, among which there are many pathogens of humans and other mammals.

The purpose of the work is to characterize a relatively recently registered RHDV2 virus, the 
features of which differ significantly from the specifics of the previously known RHDV strains. 
The economic, epidemiological and diagnostic situation will be evaluated, which will allow 
conclusions to be drawn about the threats that may be caused by the emergence and expansion 
of the RHDV2 in the world.

History of appearance in RHDV2

Since the end of 2010, deaths have been reported among vaccinated and non-vaccinated 
rabbits in Northwest and Northern France (Le Gall-Recule et al., 2011). Sectional studies of dead 
animals reveal various changes in many organs, characteristic of infections that trigger RHDV. 
The factor responsible for these incidents was subjected to many analyzes and that allowed 
for demonstration its kinship with the RHDV and RHDVa virus (Le Gall-Recule et al., 2011). 



Characteristics of a new variant of rabbit haemorrhagic disease virus – RHDV2

85

However, never previously observed properties in any RHDV strain (neither RHDV nor RHDVa), 
led to the conclusion that it belongs to a different gene group and exists as a virus that causes 
haemorrhagic disease of rabbits (Le Gall-Recule et al., 2011). This factor was also diagnosed by 
another research team in Spain (Dalton, Nicieza, Abrantes, Esteves, Parra, 2014). In 2011, in this 
country, people started to observe the emergence of powerful outbreaks of RHD infection, adults 
as well as juveniles. The new strain, called RHDV-N11, was quickly transferred to many Spanish 
provinces, replacing the predominant G1 RHDV genotypes. His presence led to huge losses in the 
rabbit industry, putting him in a serious economic disadvantage (Dalton et al., 2014). The results 
of the analyzes carried out, showed a significant phylogenetic distance of strain led to introduce the 
new term for RHDV-N11, namely RHDVb, which is assigned to the RHDVb group (Dalton et al., 
2012). Next, reports of a new strain have appeared in the summer of 2011 in Italy. The incident 
occurred in the north-eastern part of this country in one of the industrial farms (Le Gall-Recule 
et al., 2013). At the beginning of the next year, outbreaks of disease began to be observed also 
among wild populations (Velarde et al., 2017). Based on facts regarding the unique characteristics 
of these strains, the pathogen was called RHDV2 (Le Gall-Recule et al., 2013). The extent of this 
lagovirus throughout the Iberian Peninsula confirms its appearance in November 2012 also in 
Portugal, where he was responsible for epidemics among wild rabbit populations (Abrantes et al., 
2013). The presence of the virus again posed a threat to the endemic species inhabiting this 
area, i.e. Iberian lynx and the Iberian imperial eagle (Carvalho et al., 2017; Silverio et al., 2018). 
RHDV2 have covered a relatively large part of the continent quite quickly. In May 2013, he was 
diagnosed, among others in Sweden, in samples taken during fieldwork (Neimanis et al., 2018). 
List of countries reporting cases of infections issued in Great Britain (Westcott et al., 2014). 
and Scotland in 2014 (Baily, Dagleish, Graham, Maley, Rocchi, 2014), Germany (information 
FLI- Friedrich Loeffler Institut, 2013), as well as reports submitted to the World Organization for 
Animal Health, Norway (OIE WAHIS, 2014), Switzerland (OIE WAHID, 2016a), Finland (OIE 
WAHIS, 2016b) and Denmark (OIE WAHIS, 2016c) (Velarde et al. 2017). In Tenerife, virus has 
been observed since 2015 (Martin-Alonso, Martin-Carrillo, Garcia-Livia, Valladares, Foronda, 
2016). The detection of the RHDV2 virus in Poland is associated with the study of rabbits that 
died in September 2016 on a farm in the village of Reduchów near Zduńska Wola and individuals 
who died in June 2017 in the West Pomeranian Voivodeship (Fitzner, Niedbalski, 2018).

It was also found in studies conducted in slow-breeding rabbit populations and individuals 
from farms, that this factor is characterized by a tendency to displace the classical RHD variant 
both in Tenerife and also in the Iberian Peninsula (Le Pendu et al., 2017; Silverio et al., 2018; 
Velarde et al., 2017), as well as in France and the Azores (Duarte et al., 2015; Martin-Alonso 
et al., 2016). The Azores are also places where RHDV2 was first diagnosed outside the European 
continent in 2014 (Duarte et al., 2015). The virus appeared in Australia in Canberra in May 2015 
(Hall et al., 2015), where it also appeared in the southern part of the country, when it was detected 
on December 1, 2015 (Peacock et al., 2017). The presence of the pathogen has led to a reduction in 
the number of rabbits by about 80% in this area, which in fact can have a positive impact on the 
environment here, due to the recognition of these animals as pests (Mutze et al. 2018). In 2016, 
the presence of RHDV2 was also confirmed in Oceania and Canada (Rouco, Aguayo-Adan, 
Santoro, Abrantes, Delibes-Mateos, 2019). The RHDV2 virus was also detected in Africa, where 
it was confirmed in 2015 in Benin, Tunisia (Rahali, Sghaier, Kbaier, Zanati, Bahloul, 2019), and 
also in 2017 in Morocco (Lopes, Rouco, Esteves, Abrantes, 2019). Since 2017, RHDV2 has been 
also reported in New Zealand and the United States. In 2018, the virus appeared in Israel (Rouco 
et al., 2019).
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RHDV2 – a new member of the genus Lagovirus

Phylogenetic analyzes as a basic tool for determining the relationship of the tested materials 
are an important point in the process of identifying viral genetic material isolated posthumously 
from infected rabbits, as evidenced by research carried out by many scientific teams (Abrantes 
et al. 2013; Camarda et al., 2014; Dalton et al., 2015, Dalton et al., 2018; Dzialo, Deptula, 2015; 
Fitzner, Niedbalski, 2017; Le Gall-Recule et al., 2003, 2011; Lopes et al., 2015, 2018). The latest 
nomenclature aimed at organizing the naming of RHDV, RHDVa and RHDV2/b, based on phy-
logenetic compounds within the Lagovirus genus, has classified RHDV2 as a separate genotype 
called GI.2 (Le Pendu et al., 2017). However, the research already carried out at the beginning 
of the appearance of the putative variant revealed that it is genetically separated from the classical 
RHDV and RHDVa, because the homology between them is only 87.5% (Le Gall-Recule et al., 
2011). It remains inso facto closer associated with non-pathogenic rabbit calicivirus RCV (Dalton 
et al.,2012; Dzialo, Deptula, 2017). Based on the studies of the structural gene sequence encoding 
the VP60 and VP10 proteins, it was concluded that it constitutes a separate genetic group (Le Gall-
Recule et al. 2013), located between apatogenic strains RCV-A1 and weakly pathogenic MRCV, 
which confirms close relation to RCV (Fitzner, Niedbalski, 2017). In addition, the classification 
of the variant as a separate member of the Lagovirus family confirms its distinctive from classical 
RHDV and RHDVa structure, encompassing amino acid differences in the P domain of the capsid 
protein (Leuthold, Dalton, Hansman, 2015) affecting the specificity of HBGA- (Histo-Blood Group 
Antigen) binding, which may be associated with its antigenicity (Le Gall-Recule et al., 2013). 
Antigenic characterization is another aspect that distinguishes RHDV from each other and has an 
impact on the classification of variant 2 as a separate position within the species (Le Gall-Recule 
et al., 2013). These discrepancies have been demonstrated, inter alia, in studies via monoclonal 
antibodies (mAbs) in the Dot Blot technique, as well as hemagglutination reactions (Dalton et al., 
2012). The antigenic differences exhibited by RHDV2 and RHDV were also confirmed by the 
generation and evaluation of RHDV2 specific VLP particles (Barcena et al., 2015). The fact that 
only a partial cross-protection within the variants of the virus has been disclosed. It is noted 
that the observed lethal course of infection among individuals who had previously had RHD 
disease, as well as the lack of efficacy of vaccines used against RHDV, confirms the individual 
serotype of the new pathogen (Dalton et al., 2012; Le Gall-Recule et al., 2013). Also significant is 
the variability in the course of RHDV2-induced disease, mainly concerning the duration of the 
disease, mortality, as well as the increased frequency of sub-acute/chronic forms of the disease 
(Fitzner, Niedbalski, 2017; Le Gall-Recule et al., 2013). It is worth noting that the source of the 
appearance of RHDV2 is not fully understood, because there are many hypotheses trying to solve 
this dilemma, among others the hypothesis of evolution from another lagovirus, as well as the 
genetic jump hypothesis. However, some molecular data cross the assumption that RHDV2 is the 
result of genetic evolution of a known representative of the Lagovirus family, which causes that 
genesis of the variant is still questioned (Le Gall-Recule et al., 2013).

Characteristics of RHDV2

RHDV2 virus molecule is not different compared to the previously described classical variant 
of the RHD virus. The new virus genome is analogously contained in two open reading frames 
(ORFs), where ORF1 encodes unstructured genes and participates in the synthesis of the VP60 
protein, while ORF2 encrypts the genes responsible for the structural VP10 protein (Mahar et al., 
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2017). The average amino acid homology between viruses, which is 89.2%, drops to 60% the 
comparison is limited to the 7 regions of the P domain, that show the highest variability. Thanks 
to analyzes in crystallographic resolution of P domain of VP60 protein, it was possible to show 
structural differences between pathogens These discrepancies, in spite of the relatively similar 
design of the helix, relate to the deployment of the P1 subdomain of helix, which is more displaced. 
There is also a different conformation in the P2 domain, on the surface of which on the elongated 
loops there are amino acid changes conditioning the differences between RHDV2 and RHDV 
(Barcena et al., 2015).

Epidemiology of RHDV2 

Natural and experimental RHDV infections observed in the past always concerned only 
one characteristic host – the European rabbit Oryctolagus cuniculus. The emergence and spread 
of RHDV2 strains in the environment revealed that it has the ability to infect a much wider 
range of species, not limited to O. cuniculus, which is a real phenomenon within lagovirus. This 
factor was diagnosed as the cause of acute epidemics among different Leporidae. In Sardinia, 
cases of disease similar in terms of symptoms to EBHS have been reported, among individuals 
belonging to Lepus capensis (Puggioni et al., 2013). Laboratory analyzes using a direct haemag-
glutination test, using human blood cells, an ELISA test, as well as sequencing of the VP60 
protein genetic code, absolutely ruled that the causative agent of these epizootics is RHDV2 
(Puggioni et al., 2013). Isolated cases of disease caused by the new lagovirus have also been 
described among Lepus corsicanus (Camarda et al., 2014). A similar situation was observed for 
European brown hares Lepus europaeus on the European continent (Hall et al., 2018; Velarde 
et al., 2017), as well as in Australia (Hall et al., 2017). Despite pathological changes consistent with 
EBHSV, described during performed autopsies of dead animals, examination of isolated genetic 
material by means of RT-PCR and tests based on specific monoclonal antibodies-mAb, showed 
the presence of RHDV2 virus in samples (Velarde et al., 2017). The analysis of data on the impact 
of the virus on different lagomorphs populations revealed that this pathogen is highly pathogenic 
to European rabbit (O. cuniculus), European hare (L. europaeus) and to L. capensis, while lower 
pathogenicity is characterized by towards L. corsicanus. There were also cases of infection 
of L. timidus (Neimanis et al., 2018) however, the level of virulence of RHDV2 strains against 
this species has not been determined (Le Gall-Recule et al., 2017). It is also worth mentioning 
that this virus causes mortality at a similar level, both for young and adults. The sex of animals is 
irrelevant to the virulence of the virus, which is analogous to the situation observed with infection 
caused by classical RHDV (Rouco et al., 2018).

Transmission of the RHDV2 virus can be described as typical, which is observed in the case 
of RHDV. The presence of RHDV2 has been detected also in the carcase of the Mediterranean 
Pine Vole (Microtus duodecimcostatus) and the White-Toothed Shrew (Crocidura russula). 
An experimental infection of rabbits with an inoculum obtained from said animals showed that 
these animals are capable of passive transmission of the virus. This finding is also confirmed by 
the belief that RHDV2 breaks the interspecies barrier (Calvete et al., 2019).
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Immunological processes occurring during RHDV2 infection

Studies have been carried out in which a significant participation of CD4+ and CD8+ T lym-
phocytes have been demonstrated in the mechanisms of specific cellular response of rabbits 
exposed to RHDV2 infection. This fact has also been confirmed by the increased number of these 
cells in a short time after the use of protective vaccination, which further induces the production 
of specific antibodies as humoral response mechanisms. In addition, early activation of B and 
T lymphocytes as well as macrophages was observed in animals that did not show any pathologi-
cal symptoms after contact with the pathogen, which in turn leads to enhanced proinflammatory 
cytokine activity (Muller, Ulrich, Schinkothe, Muller, Kollner, 2019).

Clinical symptoms and course of infection caused by RHDV2

Despite some differences regarding the clinical features of RHDV2 infection as compared 
to RHDV, the symptoms of new pathogen infection remain consistent with the classic variant 
(Duarte et al., 2015). Macroscopic observations and performed autopsies showed the presence 
of typical changes in many organs of various species hosts. Nose bleeding and congestion of the 
tracheal mucosa and lungs are recorded. In addition, a foamy-bloody discharge is present in the 
trachea. Irregularly located pulmonary embolism, bloody ecchymosis and moderate to severe 
intracapillary hemorrhage is observed. The pathology of the liver refers to multifocal changes with 
the presence of irregular lesions in the entire parenchyma, which manifests itself in characteristic 
marbling discolorations. The organ is enlarged, pale and fragile, which is characteristic of RHD. 
Microscopic examination also reveals fat degeneration of hepatocytes and multinucleation of these 
cells (Abade Dos Santos et al., 2017; Capucci, Cavadini, Schiavitto, Lombardi, Lavazza, 2017; 
Carvalho et al., 2017; Duarte et al., 2015; Duarte et al., 2015;Lopes et al. 2014; Martin-Alonso 
et al., 2016;Puggioni et al., 2013;Simpson, Everest, Westcott, 2014;Velarde et al., 2017). The spleen 
is dark and swollen, and necrotic changes affect the red and white pulp (Puggioni et al., 2013; 
Velarde et al., 2017). In the kidneys, the modifications concern the epithelial lining of the proximal 
tubules of the nephron, which is described as necrotic (Carvalho et al., 2017; Carvalho et al., 2017; 
Martin-Alonso et al., 2016; Simpson et al., 2014, Velarde et al., 2017). Areas of diminished tissue 
and inflammation are also found in the intestinal villi of the small intestine (Abade Dos Santos 
et al., 2017; Duarte et al., 2015; Puggioni et al., 2013). In addition, there are haemorrhages and 
congestions in the heart as well as in the thymus (Duarte et al., 2015; Lopes et al. 2014). Moreover, 
in all animals, similar to disease caused by RHDV and RHDVa, the phenomenon of disseminated 
intravascular coagulation – DIC (Carvalho et al., 2017; Duarte et al., 2015) is recorded in small 
capillaries and pulmonary arteries.

Laboratory blood tests of two rabbits with RHDV2 infection were performed, followed by 
the analysis of biochemical parameters, significant changes were found within them. Unlike in 
the course of infection induced by classical RHD virus, low values of hepatic enzymes, including 
aspartate aminotransferase (AST) and alanine aminotransferase (ALT), have been found in blood 
serum, which may result from reduced production of these enzymes by damaged hepatocytes, or 
it may be effect of the short half-life of these parameters. In the case of the first rabbit there was 
a slight decrease in cholesterol level, hypoalbuminemia, as well as high hypoglycemia. Analysis 
of blood belonging to the second rabbit showed hyperglyceridemia and hypercholesterolemia in 
his case. Both animals showed elevated levels of gamma-glutamyltransferase (GGT), alkaline 
phosphatase (ALP), bilirubin and bile acids. Analysis of the electrolyte level in the case of the 
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first rabbit showed moderate hypochloremia and hypokalemia. In the study, in contrast to the 
values observed in the case of RHDV infection, a significant increase in fibrinogen levels was 
demonstrated for both rabbits. It was determined that the prothrombin time (PT) and activated 
partial thromboplastin time (APPT) is increased, which in turn remains consistent with the results 
observed with the classical RHD virus (Bonvehi et al., 2019).

In the course of RHDV2 infection, as in the case of RHDV-induced infection, a reduced 
amount of leukocytes is observed in the liver, which together with the fact that RHD rapidly el-
evates the temperature above 39°C, indicates the development of systemic inflammatory response 
syndrome – SIRS. It should also be mentioned that the observed phenomenon of impaired immune 
response is associated with necrotic changes in the spleen, progressive apoptosis and the initial 
increase in CD4 + and CD8 + T cells followed by a significant decrease in the number of these 
cells. It has been demonstrated that within 36 hours of experimental animal infection the level 
of total T-cells in blood decreased to approximately 50% for CD4 + T cells and to approximately 
10% of normal values for CD8 + T cells (Muller et al., 2019).

Infections caused by the RHDV2 virus, despite the similarity in the observed disease symp-
toms and caused by anatomopathological changes, are significantly different from those caused 
by classical RHDV. These discrepancies relate mainly to the duration of the disease, mortality 
observed, as well as the incidence of subacute and chronic forms of the disease. Experimental 
inoculation of laboratory animals revealed that symptoms of hemorrhagic fever started appearing 
3 to 9 days after inoculation and lasted on average 5 days, which is a much longer period compared 
to the typical course of RHD. A decreased frequency of acute course of the disease was also noted, 
with an increase in the frequency of subacute and chronic forms, which were characterized on 
the basis of morphological symptoms (Westcott et al., 2014). It was also observed that this virus 
is responsible for the development of the disease not only in adult rabbits, about 40–50 days old, 
but also in animals under 30 days. The high virulence of RHDV2 strains confirms the finding 
of the development of disease, initiated under experimental conditions, in individuals aged 11 days 
(Dalton et al., 2014). Studies have been carried out that showed that RHDV2 is able to suppress the 
innate immune mechanisms associated with infection in juveniles, thanks to which progression 
of infection is possible (Neave et al., 2018). It was generally accepted that RHDV2 is less virulent 
for adult animals, since the mortality rate oscillates between 0–75% (Rouco et al., 2018), where 
for classical RHDV it is above 90%. The generalized value of the mortality rate for a new virus, 
after considering all age classes, varies between 20–50% (Dalton et al., 2012). However, it should 
be noted that some strains of RHDV2 have been isolated, inducing mortality at about 80%, which 
is similar to the typical course of RHD. This provides the supposition that recombination events in 
the course of virus evolution have led to the emergence of high pathogenicity strains that spread 
in the environment (Capucci et al., 2017) and are promoted by selective pressure (Neimanis, 
Larsson Pettersson, Huang, Gavier-Widen., Strive, 2018). It should be mentioned that the analysis 
of the condition of animals affected by rabbit haemorrhagic disease, caused by the RHDV2 virus, 
unambiguously determines that death of individuals in the course of the plague is a consequence 
of progressive multi-organ failure and described during the RHDV infecion-DIC (Capucci et al., 
2017; Carvalho et al., 2017).

Diagnostics and immunization

The emergence and prevalence of RHDV2 has led to the compulsion of developing new, more 
sensitive diagnostic methods to identify this pathogen. The fact that the symptoms of the disease 
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caused by this virus are identical to the symptoms caused by RHDV, makes the diagnosis that dif-
ferentiates these factors via the pathological changes is impossible (Duarte et al., 2015, McGowan, 
Choudhury, 2016). It is also important that due to the high specificity of tests used against the 
classical RHD virus, in the confrontation with RHDV2, the results remain negative (Mahar et al., 
2017). The problem in the selection of appropriate vaccines, during emerging RHD epidemics, 
has its solution in the application of additional diagnostic methods, allowing to determine the 
type of pathogen. This is mainly aimed at reducing the costs incurred, as well as increasing the 
effectiveness and speed of struggle in suppressing still emerging disease foci (Dalton et al., 2018). 
The most effective option seems to be molecular techniques related to the genome of viruses 
(Duarte et al., 2015). They can also be used to detect recombination events, which are an important 
tool for enriching knowledge about the virus (Dalton et al., 2018). Unfortunately, awareness 
of the effectiveness of the vaccine obtained from the liver of infected rabbits remains limited and, 
due to the high sensitivity of the nucleic acid, requires additional research methods (Carvalho 
et al., 2017). It was observed that false positive results were obtained in the polymerase chain 
reaction of PCR with reverse transcriptase (RT-PCR), which was provoked by genetic material 
of inactivated vaccine (Carvalho et al., 2017). It has now been confirmed that the described new 
RT-PCR tests are an effective tool for controlling the spread of the virus (Dalton et al., 2018). 
There were also effective modifications of this method for recognizing lagoviruses. They are 
successfully used in, among others Australia, where the presence of four lagoviruses is observed, 
i.e. GI.1c, GI.2, GI.1a-Aus and GI.1a-K5 (Le Pendu et al., 2017). These methods include multiplex 
RT-PCR as well as RT-qPCR in real time (Quantitative reverse transcriptase real-time PCR) (Hall 
et al., 2018). It should be noted that the RT-qPCR method stands out against its others with its 
particularly high sensitivity, as it detects only ten particles of viral RNA, and the whole process 
lasts under 3 hours (Duarte et al., 2015). The huge disadvantage of this type of analysis is the 
necessity of specialized equipment, which results in a lack of chance to diagnose the pathogen 
directly in the place of its presumed presence. The immunochromatographic test (LFA) has been 
developed as an option enabling such activities. Identification of the causative agent with LFA 
takes about 10 minutes, however, it is less sensitive than the RT-PCR method (Dalton et al., 2018). 
A big drawback of this system is the inability to analyze multiple samples simultaneously, as 
well as quantifying the antigen, which certainly prevents reliable control of the evolution of the 
disease. Another diagnostic method is the enzyme-linked immunosorbent assay (ELISA), based 
on the use of the mAb 2D9, which is characteristic for RHDV2. This method is characterized by 
100% sensitivity and over 97% specificity for the RHDV2 antigen, and its use positively affects 
the reduction of research costs and the functioning of diagnostic laboratories (Dalton et al., 2018). 
Unfortunately, for the efficient and effective control of the virus, there is a need for continuous 
improvement of diagnostic methods. The current lack of high quality rapid tests on the market, 
intended for use in private breeding is an extremely unfavorable situation. The time elapsing 
from the detection of a disease outbreak, until the results are obtained and the implementation 
of the procedure limiting the spread of the pathogen, is prolonged, which significantly reduces 
the dynamics of control over emerging RHD epizootics.

Difficulties that have arisen with the spread of infections caused by RHDV2 strains are 
increasing as knowledge about this pathogen increases. The observed lack of protection against 
the development of the disease, among individuals vaccinated against RHDV, proved the exist-
ence of immunogenic differences between viruses. In addition, the mortality observed in rabbits 
diagnosed with RHD that have had infection with classical strains of the virus and acquired 
immunity against RHDV in this way, shows the lack of cross-protection between RHDV2 and 
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RHDV. This fact was of great importance for the new pathogen, which obtained such a large 
range in a relatively short time (Le Gall-Recule et al., 2013; Peacock et al., 2017), which is why 
it became urgent to develop a vaccine against RHDV2. The inactivated vaccines introduced at 
the beginning were prepared from rabbit liver extracts that were infected under experimental 
conditions. Their efficacy was assessed through studies conducted on 4-week-old female rab-
bits using four different strains of the RHDV2 virus (Pacho, Dahdouh, Merino, Suarez, 2016). 
Vaccines have been recognized in the European Union as a temporary means of combating the 
pathogen and controlling the epidemic. However, due to the low mortality rate generated by the 
virus, there were concerns about the amount of viral antigen obtained and thus the effectiveness 
of vaccination. As a solution to this difficulty, the use of RHDV2 VLP particles was proposed for 
the development of recombinant vaccines, which are an effective means of controlling the spread 
of the virus in the environment (Barcena et al., 2015). The recombinant RHDV2-VP1 vaccine, 
based on the VP1-capsid protein and produced using a baculovirus expression system, proved to 
be effective. It has been shown that the induction of effective immunological protection lasting for 
at least 14 months takes place 7 days after the immunization, while the revaccination after 21 days 
did not affect the prolongation of the protection period (Muller et al., 2019). Another problem in 
the aspect of preventive vaccination concerns the selection of a suitable vaccine. Although many 
sites have reported progressive replacement of classical RHDV and RHDVa variant by RHDV2 
strains (Duarte et al., 2015; Lopes et al., 2014, 2015, 2017; Mahar et al., 2017; Martin-Alonso 
et al., 2016;Neimanis et al., 2018), there are regions where the coexistence of these pathogens is 
still detected. This leads to the emergence of a significant difficulty, which is the need to use two 
types of measures against all factors at the same time. The solution to this problem is differential 
diagnostics (Dalton et al., 2018).

The consequences of the RHDV2 epidemic

The RHDV2 research, and hence characterization of its unique features, on the basis of which 
it was considered a separate virus, prompted researchers to develop a new classification and 
nomenclature system within RHDV. The RHD virus belongs to the genus Lagovirus within the 
Caliciviridae family, which is a group of viruses without capsules with the genetic material ss-
RNA (+) (Dzialo, Deptula, 2017). These viruses were initially classified within the Picornaviridae 
family, however, taking into account the fact of their unique structure, replication strategy and 
physicochemical properties, they were identified as a new family. Lagoviruses form a taxon 
whose genetic length is 7.4–8.3 kb, and the RNA strand is characterized by a polyadenylated 3 
‘end, covalently closed at the 5’ end and two reading frames – ORF. In addition, compared 
to other members of Caliciviridae, they are distinguished by high pathogenicity and mortality 
among their host species (Hall, 2002). Due to the successively enriching diversity of lagoviruses, 
the need to reform the applied system of naming and classification of RHD virus isolates has 
emerged (Le Pendu et al., 2017). The analyzes carried out in 2002 allowed to describe six main 
genogroups among the studied RHDV strains (G1–G6). Genogroups G1–G5 contained classical 
RHDV, while strains of the first known antigenic variant – RHDVa were included in the G6 ge-
nogroup. The division into the above-mentioned groups (with the exception of the G6 genogroup) 
occurred then based on the time distribution as well as the geographical occurrence of isolated 
strains (Le Gall-Recule et al., 2003). The latest nomenclature suggests the division of lagoviruses 
based on phylogenetic analyzes based on a comparison of the full sequence of the VP60 structural 
protein gene. The genogroup GI and GII were thus isolated. Within the first one, among others, 
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genotypes corresponding to RHDV (GI.1) and strains RHDV2/b (GI.2). In addition, the GI.1 
gene group concentrates variants corresponding to the previous division, i.e. GI.1a (G6/RHDVa), 
GI.1b (G1), GI.1c (G2), GI.1d (G3–G5). It is worth noting that within all strains of the RHD virus 
one can distinguish those with varying degrees of hemagglutination capacity of human red blood 
cells, which constitute the predominant group, as well as strains devoid of this characteristic 
(Xue et al., 2016). In the division there is also a GII gene group describing the European brown 
hare syndrome virus – EBHSV, which together with RHDV forms a kind of Lagovirus (Le Pendu 
et al., 2017). The deterioration of the economic situation related to the emergence and spread in 
the 1980s of the classical virus causing haemorrhagic fever of rabbits, was effectively offset by the 
implemented preventive measures. However, with the occurrence of the first epizootics caused by 
the new lagovirus-RHDV2, there is still a growing economic loss in commercial and private rabbit 
farms, as well as in the rabbit food processing industry. It is also reported in some countries about 
the inconvenience of tourism, where organized rabbit hunting was a tourist asset, which certainly 
does not favor national economic statuses (Carvalho et al., 2017).

The expansion of rabbit haemorrhagic disease virus in the environment still causes a signifi-
cant reduction in the population of the European rabbit. Recently, there has been a sharp decline in 
the density of individuals among rabbits, an important link in Mediterranean ecosystems. This led 
to a loss of balance in the trophic networks of the Iberian Peninsula. Thanks to surveys conducted 
in this area, it is known that the only factor that causes RHD is RHDV2. A reduced number 
of Spanish and Portuguese rabbits caused a simultaneous significant loss of individuals belonging 
to endemic species in this area for which O. cuniculus forms the basis of food. These changes 
accumulate within the critically endangered Iberian lynx and the Spanish imperial eagle (Dalton 
et al., 2018; Rouco et al., 2018). It was determined that the decline in the number of rabbits there is 
60–70%, in the case of Iberian lynx 65.5%, while the population of the Spanish eagle decreased by 
45.5%. These values confirm that the circulating virus has a negative impact on attempts to rebuild 
the Iberian lynx population in many areas (Monterroso et al., 2016). The presence of RHDV2 
strains, due to the increased host panel, may also pose a threat to endangered species of different 
lagomorphs. This issue should become a subject of interest for researchers in order to prevent the 
negative impact of the virus on the natural environment (Velarde et al., 2017).

The RHDV2 virus from the unexpected appearance in France in 2010 significantly affected 
the ordered erudition in the rabbit’s haemorrhagic disease. A very important issue is also the wider 
spectrum of hosts infected with RHDV2. The discussed course of infection caused by this factor, 
as well as the anatomic changes observed during the disease, indicate that RHDV2 is very difficult 
to diagnose. This also underlines the reduced mortality in adult rabbits and the prolonged duration 
of the disease. Difficulties also affect the diagnostic methods developed to quickly and efficiently 
determine the RHD drive factor. This issue was in fact a priority due to the ineffectiveness of the 
vaccines previously used against RHDV, which proved ineffective against the RHDV2 virus. 
This necessitated the development of new specific preventive measures. In addition, the problem 
is exacerbated by the fact that infections caused by all types of viruses are manifested by the 
presence of identical symptoms, which excludes the use of disease symptoms as a criterion for 
strain differentiation. The appearance of a virus has many consequences. One of them is the 
new system of classification and nomenclature introduced by scientists within the RHD virus. 
The economic and environmental effects caused by the spread of RHDV2 in the environment are 
also frightening. There are negative consequences of its presence in Mediterranean ecosystems, 
as well as in the economic and economic sphere in countries where the rabbit is a key element 
of the economy. 



Characteristics of a new variant of rabbit haemorrhagic disease virus – RHDV2

93

The appearance of RHDV2 proves that one should not lose vigilance, but still closely monitor 
the state of the environment. The noticeable tendency for sudden emergence of new disease factors 
that cause RHD, which causes more and more difficulties in combating them, means that in the 
future we should expect another opponent who may again disturb the reconstructed harmony.
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