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Abstract 

Rabbit haemorrhagic disease (RHD), also known as viral haemorrhagic 
disease was a highly infectious and contagious disease affecting only European 
rabbits.  It is caused by a host-specific calicivirus, called RHD virus (RHDV).  
The virus once used to control rabbit population in Australia is currently an 
important transboundary pathogen causing economic losses to the rabbit 
industry.  RHDV appears to have evolved from a pre-existing avirulent rabbit 
calicivirus circulating in Europe, Australia and New Zealand.  However, 
there is no conclusive proof.   Emergence of RHDV was first detected in 1984 
in China and then spread to Asia, Europe, Africa, Americas, Australia and 
New Zealand. With the evolution process, either by mutation or 
recombination or otherwise, there was antigenic drift in the original RHDV 
population (of 1984) leading to the development of antigenic variant RHDV2 
(different serotype) that was detected in 2010, and is currently in circulation 
causing RHD with broader host susceptibility, and has almost replaced the 
parent serotype (RHDV1) of 1984.  The death rate is observed to be 40-100% 
for RHDV1 and 5-70% for RHDV2.  Rabbits vaccinated with RHDV1 are 
not protected from RHDV2 infection.  The current review includes virology, 
pathology, epidemiology, diagnosis and prevention of RHD. 

Keywords: Calicivirus, India, Rabbit Haemorrhagic Disease, RHD, 
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Introduction 

The family Caliciviridae currently comprises of five genera (Vesivirus, Lagovirus, Norovirus, Sapovirus, and 

Nebovirus), with an additional six genera ( Recovirus, Valovirus, Bavovirus, Nacovirus, Minovirus, and Salovirus) 

proposed. All genera include viruses that infect animals/ human beings (Desselberger, 2019). The genus Vesivirus  

consists of feline calicivirus and vesicular exanthema virus of swine, and close relatives that include the numerous 

San Miguel sea lion viruses, cetacean calicivirus, primate calicivirus, skunk calicivirus, bovine calicivirus, reptile 

calicivirus, and mink calicivirus.   Vesiviruses cause mucosal or cutaneous vesicles/blisters in their respective hosts. 

The genus Lagovirus (from Lagomorph) includes RHD and European brown hare syndrome (EBHS) viruses. The 

genus Norovirus contains six different genogroups with multiple subgroups within each, and are associated with 

outbreaks of acute gastroenteritis in humans.  Noroviruses also infect cattle, sheep, pigs, dogs, cats, and mice.  The 

genus Sapovirus includes viruses that have been linked to outbreaks of human gastroenteritis, besides porcine enteric 

calicivirus and mink enteric sapovirus. The genus Nebovirus comprises of two virus species that infect cattle; the 

type species being Newbury-1 virus and bovine enteric calicivirus NB (Nebraska). These viruses cause mild enteritis 

in calves. Of the four proposed genera, Recovirus  contain Tulane calicivirus, a virus isolated from Rhesus monkeys 

(Macaca mulatta) with gastroenteritis, Valovirus  which contain St-Valérien-like viruses isolated from pigs, and 

Nacovirus and Bavovirus comprising of novel caliciviruses recovered from chickens and turkeys (Virus Taxonomy, 

9th Report of ICTV). With the advent of metagenomics, the group of unassigned caliciviruses is growing rapidly.  

The caliciviruses are genetically heterogeneous.   

The virions of the family Caliciviridae are non-enveloped with icosahedral symmetry, and of 27–40 nm in diameter.   

Caliciviruses have single stranded, positive sense genomic RNA with 2 major ORFs. The capsid is composed of 90 

dimers of the major structural protein VP1 arranged on a T- 3 icosahedral lattice.  A characteristic feature of the 

calicivirus capsid architecture is the 32 cup-shaped depressions at each of the icosahedral five-fold and three-fold 

axes.  The virus has conserved nucleotide motifs at the 5´-terminus of the RNA genome, and at the junction of the 

coding sequences for the non-structural/structural proteins.  The virions are predominantly composed of one major 

capsid protein, VP1 (58–60 kDa) and a second minor structural protein named VP2 (8.5–23 kDa) has been found in 

FCV (feline calicivirus), RHDV, and Norwalk virus-like particles.  Some non-structural proteins have sequence 

homology with those of the family Picornaviridae, viz. 2C (NTPase), 3C (cysteine protease) and 3D (RNA-

dependent RNA polymerase; RdRp).  Caliciviruses are stable in the environment and usually resistant to inactivation 

by heat and chemicals like ether, chloroform and mild detergents (Virus Taxonomy, 9th Report of ICTV).   

Viruses of the Lagovirus genus in the family Caliciviridae  include RHDV, EBHSV and non-pathogenic rabbit 

calicivirus (RCV).  The RHDV specifically infects and cause disease in  Oryctolagus cuniculus, the predominant 

species of domestic rabbits worldwide.  EBHSV affects European hares of the Lepus genus.  RHDV does not cause 

disease in wild cottontail rabbits, jackrabbits, or hares (Katherine and James,2012). RHD is an acute, lethal disease 

of European rabbits (Oryctolagus cuniculus) caused by RHDV that first emerged in China in 1984 in angora rabbits 

imported from Europe (Germany) and then spread gradually to all the five continents.  Synonyms of the RHD are 

rabbit calicivirus disease (RCD), viral haemorrhagic disease (VHD) of rabbits, haemorrhagic pneumonia (China), 

Infectious necrotic hepatitis and Malattia X (in Italy before viral origin was  understood) (Terio et al., 2018). 

The RHDV was used in Australia as a pest control measure to control large and destructive populations of rabbits.  

When RHDV was being studied on an island off the south coast of Australia as a possible rabbit control agent, it 

inadvertently leaked into the mainland.  Then the virus spread rapidly in Australia, and later extended up to New 

Zealand. The virus was only moderately successful in controlling the rabbit populations.  When first introduced, it 

was highly pathogenic, causing high fatality in rabbits.  After some time, an increasing proportion of rabbits survived 

the infection.  In New Zealand, the virus appeared to have developed the ability to establish persistent / latent 

infections which was thought to be because of existing background immunity to the virus (RHDV) caused by the 

circulation of a similar virus in the rabbit population of New Zealand for many years before introduction of the 

virulent RHDV (Strauss and Strauss ,2008). 

Pathophysiology of the Disease 

The pathophysiology of the disease includes acute hepatic necrosis, nephrosis, disseminated intravascular 

coagulation (DIC), hypoglycaemia, hepatic encephalopathy and Leukopenia (Terio et al., 2018).  The virus 

RHDV1/a can infect rabbits of any age and sex, but very young rabbits (younger than 4 weeks of age) do not usually 

https://www.sciencedirect.com/topics/immunology-and-microbiology/caliciviridae
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https://www.sciencedirect.com/topics/immunology-and-microbiology/otariidae
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develop disease following infection.  This age-related resistance, in the absence of maternal antibody, wanes 

subsequently.  Despite resistance to the disease, these rabbits may still shed the virus and can infect in-contact 

rabbits.  The incubation period may be as short as 1-2 days, followed by sudden death with no previous clinical 

signs (Suckow et al., 2002).  The virus is highly infectious by oral, nasal, conjunctival, and parenteral routes.  Insect 

vectors such as flies, fleas, and mosquitoes can spread the virus mechanically.  The virus may be transmitted via 

respiratory and intestinal secretions. Contaminated fomites can spread the infection as the virus is resistant to 

environmental inactivation.  The virus can persist in infected animal carcasses for long periods.  The disease (RHD) 

occurs in four forms, viz. (1) peracute infection: sudden death with no clinical signs, (2) acute: rabbits may appear 

quiet and may have fever and an increased respiratory rate before death, (3) subacute: jaundice and death over a 

period of several days to 2 weeks, and (4) subclinical: a small proportion of experimentally infected adult rabbits 

develop few or no clinical signs and clear the virus.  Upon infection, Kits of less than 4 to 8 weeks of age do not 

develop clinical signs other than fever, but shed the virus.    There is lack of availability of appropriate cell culture 

system for growth of virus.  High concentration of the virus occurs in tissues of infected rabbits and can be detected 

by immunofluorescence/ immunohistochemical staining with specific antibodies.  Using viral antigens from infected 

tissue or capsid protein (vp60) expressed in vitro, antibodies in surviving animals can be detected by enzyme-linked 

immunosorbent assay (ELISA). Some strains of RHDV hemagglutinate human erythrocytes, so antibody detection 

can be made by hemagglutination inhibition (HI) test.   RT-PCR assays for the detection of viral nucleic acid are 

routinely used in diagnosis (Kovaliski  et al., 2014).  Specific antibodies can be detected by ELISA and HI test. 

Rabbit colonies with this disease should be quarantined and depopulated, and the environment thoroughly cleansed 

and disinfected (Suckow et al., 2002).   

The RHDV2/ RHDVb, a genetically distinct rabbit calicivirus related to RHDV and causing similar lesions, has 

emerged since 2010.  Rabbits infected with RHDV2 may survive longer than those infected with RHDV.  In Europe, 

there have been epidemics of RHVD2-related disease in wild rabbit populations since immunity to RHDV is not 

protective for RHDV2. These outbreaks primarily affected wild rabbits, and also hare species including brown hare, 

Italian hare, and Cape hare. (Terio et al., 2018).  A distinct calicivirus, called Michigan rabbit calicivirus was isolated 

in 2001 from an outbreak (in rabbits) in Michigan, United States.  It caused nearly 33% mortality with clinical signs 

and lesions similar to RHD (Terio et al., 2018).  

Genetic Evolution of RHDV 

The direction of genetic variation and evolution of RHDV which has been present worldwide for over 30 years, has 

led from RHDV, through RHDVa, to RHDV2 (Hukowska-Szematowicz,2020). Bioinformatics/ phylogenetic 

analysis of vp60 capsid protein of different subtypes of RHDV revealed that the isolates of classic RHDV, RHDVa, 

and RHDVb form different and distinct clades (Qi et al., 2019).  Divergence analysis suggested that the 

accumulation of amino acid changes might be due to adaptive diversification of vp60 capsid protein during the 

division between classical RHDV, RHDVa, RHDVb, and RCV.  The prediction of N-glycosylation sites in vp60 

revealed that RHDVb subtype had two unique N-glycosylation sites at amino acid positions 301 and 362, but lacked 

three other N-glycosylation sites at amino acid positions 45, 308 and 474 displayed in vp60 of classic RHDV and 

RHDVa.  This divergence in N-glycosylation sites in RHDV might affect virulence of the virus. Analysis of 

phosphorylation sites also indicated that some phosphorylation sites in RHDVa and RHDVb differed from those in 

classic RHDV; this could be related to antigenic variation in RHDV1. As of today, the RHDV2/b subtype (since 

2010) has almost replaced the classical RHDV1 (since 1984) in causing RHD in several parts of the World, affecting 

both young and adult European rabbits and not cross-protected by RHDV1 vaccine.  The present review includes 

all aspects of the RHD and the causative virus. 

History of the Disease 

The first outbreak of RHD was reported in 1984 in the Jiangsu Province of China in Angora rabbits imported from 

Germany (Liu  et al., 1984), followed by Korea (Park et al., 1987). The disease then spread to Europe and was 

reported in Italy in 1986 (Cancellotti and  Renzi, 1991), Spain in 1988 and Portugal in 1989 (Abrantes  et al., 2012) 

causing severe reduction of wild rabbit populations. Then it was reported in North Africa (Morisse  et al., 1991) and 

North America (Abrantes  et al., 2012).  The disease is currently reported worldwide (Table 1) (Figure 1) (Harcourt-

Brown, 2020). The disease has not been reported in India.  

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/incubation-time
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https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/enzyme-linked-immunosorbent-assay
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/antibody-detection
https://www.sciencedirect.com/topics/immunology-and-microbiology/reverse-transcription-polymerase-chain-reaction
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/nucleic-acids
https://www.sciencedirect.com/topics/medicine-and-dentistry/enzyme-linked-immunosorbent-assay
https://www.sciencedirect.com/topics/medicine-and-dentistry/hemagglutination-inhibition
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/leporidae
https://pubmed.ncbi.nlm.nih.gov/?term=Qi+R&cauthor_id=31775738
https://veterinaryresearch.biomedcentral.com/articles/10.1186/1297-9716-43-12#auth-1
https://veterinaryresearch.biomedcentral.com/articles/10.1186/1297-9716-43-12#auth-1
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Table 1: Details of countries that reported RHD (Harcout-Brown, 2020) 

S.  No. Name of the Country Year of Report 

Occurrence of RHDV 

  China 1984 

  Italy 1986 

  Korea 1987 

  Europe 1988 

  Scandinavia 1990 

  First report in UK 1991 

  North Africa 1991 

  
RHDV was released into Wardang Island, Southern Australia as biological control for wild 

rabbits 
1995 

  Illegally introduced into New Zealand 1997 

  First confirmed report in United States of America (North) 2000 

  RHD became endemic in many regions globally 2000-2010 

Occurrence of RHDV2 

  France 2010 

  Europe 2014 

  Australia 2015 

  Vancouver Island, Canada 2018 

  New Zealand 2018 

  United States of America 
2019 

continuing 

 
Figure 1: Global distribution of RHD (https://www.cabi.org/isc/datasheet/66455) 

In Australia and New Zealand, where the rabbit is considered an important agricultural pest, RHDV (Czech 

reference strain, Czech V351) was released in the Wardang Island (Wauraltee Island) in Spencer Gulf, South 

Australia to control rabbit population, but in spite of quarantine measures, the virus escaped from the island in 1995 

and reached the mainland (Abrantes  et al., 2012; Cooke and Fenner, 2002).  From there the virus spread to New 

Zealand (Thompson and Clark,1997; O’Keefe et al., 1998) .  Now RHDV is endemic in most parts of Europe, Asia, 

and parts of Africa, Australia and New Zealand (Abrantes  et al., 2012).   

The Virus 

The origin of RHDV and its emergence as a rabbit pathogen remain unclear.  There are two hypotheses; (1) a species 

jump from a closely related species or (2) the emergence from a pre-existing non-pathogenic lagovirus circulating 

https://veterinaryresearch.biomedcentral.com/articles/10.1186/1297-9716-43-12#auth-1
https://veterinaryresearch.biomedcentral.com/articles/10.1186/1297-9716-43-12#auth-1
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in leporids, i.e. rabbit and hare (Esteves  et al., 2015; Lopes et al., 2017).  The detection of anti-RHDV antibodies 

prior to documented outbreaks along with the characterization of a weakly pathogenic and several non-pathogenic 

strains support the emergence of RHDV from circulating non-pathogenic lagoviruses (Lopes et al., 2017).  Either 

of the hypotheses are yet to be confirmed.  The RHDV belongs to the genus Lagovirus in the family Caliciviridae.  

The virus is non-enveloped with a diameter of 35–40 nm and having T-3 icosahedral symmetry.  It contains a linear 

positive-sense RNA genome of ~ 7.4 kb that is organised into two overlapping open reading frames (Lopes et al., 

2017). The RHDV genome also has 5′ and 3′ untranslated regions (5′UTR and 3′UTR).  In addition to genomic 

positive sense single-stranded RNA molecule, the RHD virion also carries a sub-genomic RNA molecule of 2.2Kb 

that is collinear with the 3' end of the genomic RNA and encodes both the major and minor structural proteins 

(Meyers  et al., 1991a; Meyers et al., 1991b; Meyers et al., 2000).  Both the genomic and sub-genomic RNA have 

3' poly (A) tail and covalently linked to VPg protein at the 5' end through a Tyrosine residue (Machin  et al., 2001).  

The sub- genomic RNA molecule also codes for non-structural proteins that are required during replication of the 

virus.  The genomic RNA comprises of 7437 nucleotides having two slightly overlapping open reading frames 

(ORF). The ORF1 spans from nucleotides 10 to 7044 and ORF2 from nucleotides 7025 to 7378 (Meyers  et al., 

1991a ). The ORF1 codes for a large polyprotein of 257 kDa (Meyers  et al., 1991a) that is subjected to post-

translational cleavage by a virus-encoded trypsin-like cysteine protease into several non-structural proteins such as 

helicase, RNA-dependent RNA polymerase (RdRp), protease, and the major structural capsid protein vp60 (Konig 

et al., 1998;Lopes et al., 2017; Meyers et al., 2000; Sibilia et al., 1995).  The minor structural protein vp10 is 

encoded by the 3'end of genomic and sub-genomic RNA in the reading frame ORF2 (Lopes et al., 2017). The 

biological role of some of the non-structural proteins encoded by the caliciviruses has been elucidated from the 

previous knowledge generated on the members of Picornaviridae family (Konig et al., 1998; Meyers et al., 1991a; 

Meyers et al., 1991b; Meyers et al., 2000).  Viral helicase and RNA-dependent RNA polymerase (RdRp) are 

involved in the replication of the RNA of RHDV.   The RdRp also catalyses uridylation of VPg (Machin et al., 

2009).  The VPg has a role in translation of viral proteins (Goodfellow et al., 2005).  The minor structural protein 

vp10 enhances virus replication and promotes apoptosis (Liu et al., 2008), and regulates virus replication and release 

of progeny virion particles from infected cells (Chen et al., 2009). 

RHDV2/RHDVb 

Lagovirus europaeus GI.2, also known as RHDV2 or RHDVb, is an emerging virus that causes rabbit haemorrhagic 

disease (RHD) in European rabbits (Oryctolagus cuniculus). In contrast to L. europaeus GI.1 viruses 

(RHDV1/RHDVa) that are only pathogenic for adult rabbits, GI.2 (RHDV2/RHDVb) causes clinical disease in both 

adult rabbits and kittens (Neimanis et al., 2018a). Until 2010, phylogenetic analyses revealed the progressive 

emergence of distinct but closely related variants of RHDV (Kinnear and Linde, 2010).  Pathogenic (G1-G6 or 

variants GI.1a-GI.1d) and non-pathogenic strains (GI.4) of RHDV have been identified.  In 2010, the new variant 

of RHDV (RHDV2/RHDVb/GI.2) was detected in France with distinct pathogenic, genetic and antigenic profiles 

(Le Gall-Reculé  et al., 2013; Silvério et al., 2018).  The disease caused by the new variant has been described as a 

'novel' rabbit haemorrhagic disease of the European rabbit (Oryctolagus  cuniculus) (Rouco  et al., 2019).  RHDV2 

rapidly spread throughout Europe, causing disease in both domestic and wild rabbits (Abrantes  et al., 2012; 

Westcott and Choudhury, 2015). It has been again recently detected in Australia, North America and Africa (Duarte  

et al., 2015a; Hall et al., 2015; Martin-Alonso et al., 2016).  In Western Europe, RHDV2 was responsible for almost 

all cases of RHD in both domestic and wild rabbits, and cases of RHD caused by former RHDV (RHDV1/a) strains 

became rare (Le Gall‑Reculé et al., 2017). RHDV2 quickly evolved and recombination with rabbit lagoviruses that 

co-circulate in Europe was observed in the Iberian Peninsula (also known as Iberia) (Almeida et al., 2015; Lopes et 

al., 2015.  This recombination occurred between the genomic region coding for the structural vp60 and vp10 proteins 

of RHDV2 and the upstream region of the genome encoding the non-structural proteins, either from the RHDV 

genogroup G1 or from non-pathogenic lagoviruses (Le Gall‑Reculé et al., 2017).  RHDV2 exhibits a broader host 

range than the classical RHDV and infects not only rabbits but also different hare species (Lepus capensis 

mediterraneus, Lepus corsicanus, Lepus europaeus, Lepus timidus) (Camarda et al., 2014; Puggioni et al., 2013; 

Velarde et al., 2017).  RHDV2-infected hares show clinical signs similar to European brown hare syndrome (EBHS) 

(Camarda et al., 2014; Puggioni et al., 2013; Velarde et al., 2017), first described in 1980. One study reported 

RHDV2 in the Madeira archipelago and Portugal and identified five haplotypes (Carvalho et al., 2017a).  Genetic 

characterization of RHDV from Iberian Peninsula before 2015 had revealed the existence of two genogroups, G1 

and sporadically G6.  However, in 2016 (Martin-Alonso et al., 2016 ), vp60 sequence analyses revealed the presence 

of RHDV2 in both farm and wild rabbits from several areas of Tenerife, the largest island of Canary Islands (a 

Spanish archipelago), and these RHDV2 strains found in Tenerife shared two exclusive SNPs that have not been 

https://pubmed.ncbi.nlm.nih.gov/?term=Neimanis+A&cauthor_id=29866169
https://pubmed.ncbi.nlm.nih.gov/?term=Le+Gall-Recul%C3%A9+G&cauthor_id=24011218
https://pubmed.ncbi.nlm.nih.gov/?term=Silv%C3%A9rio+D&cauthor_id=29430852
https://pubmed.ncbi.nlm.nih.gov/?term=Rouco+C&cauthor_id=30924292
https://veterinaryresearch.biomedcentral.com/articles/10.1186/1297-9716-43-12#auth-1
https://pubmed.ncbi.nlm.nih.gov/?term=Duarte+MD&cauthor_id=25823548
https://pubmed.ncbi.nlm.nih.gov/?term=Martin-Alonso+A&cauthor_id=27321441
https://pubmed.ncbi.nlm.nih.gov/?term=Martin-Alonso+A&cauthor_id=27321441
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observed in the rest of RHDV2 strains.  Diagnostic investigation by PCR, revealed that the RHDV2 was widespread 

in wild populations of European rabbit in Portugal affecting both adults and young ones (Rouco  et al., 2018).  

Within 18 months of   initial detection in May 2015, RHDV2 spread replacing RHDV1, to all Australian states and 

territories and rapidly became the dominant circulating strain (Mahar   et al., 2018).  Four SNPs in terminal 942 

nucleotides of the vp60 gene were observed in the RHDV2 Azorean strains (S. Miguel and St. Maria islands of 

Azores, Portugal) isolated during 2014-15 (Duarte et al., 2015). Azorean RHDV2 strains shared a non-synonymous 

substitution in one hypervariable region of vp60.  The RHDV2/b genotype has also been reported by duplex real-

time PCR in species outside the order Lagomorpha in carcasses of one Mediterranean pine vole (Microtus 

duodecimcostatus) and two white-toothed shrews (Crocidura russula (Calvete  et al., 2019). 

The first (Polish) RHDV2 isolates (RED 2016 and VMS 2017) obtained from liver samples of RHD-suspected 

rabbits from Lodzkie and west Pomeranian voivodeships in Poland, tested by rRT-PCR and sequenced in the vp60 

and NSP regions/genes, had about 97% nucleotide sequence identity with the reference RHDV2 strains and 

approximately 18% divergent from classic RHDV1/a and its variants (Fitzner and  Niedbalski , 2018).  In both the 

cases, typical clinical symptoms of the disease were observed in spite of previous vaccination against RHD 

(RHDV1).   

Incursion of RHDV into Sweden was documented in 1990 and it is now considered endemic (Neimanis et al., 

2018b).  Emergence of RHDV2 in Sweden in both wild and domestic rabbits (Oryctolagus cuniculus) was identified 

by application of RT-qPCR, sequencing of the VP60 gene and immunological virus typing.  The earliest documented 

outbreak occurred on 22 May 2013.  Phylogenetic analysis of the VP60 gene segregated the Swedish isolates into 

three separate clusters within two different clades according to geographic location and time that suggested virus 

evolution, multiple introduction events or both. The cases of RHD examined during 2013-16 suggested that RHDV2 

might replace RHDV1 as the predominant cause of RHD in Sweden. 

Analysis of the genetic variability of 105 strains of Lagovirus europaeus (both RHDV1 and 2) indicated a growing 

genetic distance between the strains, both in time and location (Hukowska-Szematowicz,2020).  Phylogenetic 

analysis divided the strains into seven groups, dictated by the chronology, geographical location, mutations and 

recombination.  It was observed that the variability within the RdRp gene of RHDV2 is a major factor for its 

expansion and survival in the environment.  The capacity of RHDV2 to overcome immunity derived from natural 

infections with RHDV1 supports immunologic difference between them (RHDV1 and RHDV2) at the level of 

serotype (Peacock et al., 2017). 

Recombination 

Several subtypes of RHDV2 has been reported in Portugal (Lopes  et al., 2018), viz., non-recombinant RHDV2 in 

2012, NP+RHDV2 in 2013, and G1+RHDV2 in 2014. Single recombination breakpoint was observed in RdRp-

VP60 junction. Recombination events are common among different strains of RHDV. The new genotype GI.2 is a 

result of recombination of pathogenic variants viz., GI.1a &GI.1b and benign GI.4 strain. The recombination events 

occurred between structural and non-structural parts of virus (Abrantes et al., 2020). There were reports that Chinese 

strain (first identified) had a common lineage with German strains which was evident in capsid gene and is very 

important observation that plays a significant role in evolution and epidemiology of RHDV (Forrester et al., 2008). 

Pathology 

Rabbit haemorrhagic disease can be suspected from a history of sudden death.  There is not always macroscopic 

evidence of the disease but histopathology is useful in diagnosis of RHD (Harcourt-Brown  et al., 2020).  The 

authors conducted histopathological examination of heart, lungs, liver, spleen and kidney samples. Hepatocellular 

necrosis, characteristic of RHD, was observed in 185 of 300 (62%) submissions, often accompanied by glomerular 

thrombosis and changes in other organs.  Evidence of RHD was not apparent on histopathology in 113 of 300 (38%) 

rabbits.   No macroscopic abnormalities were seen in 78/185 (42%) of RHD cases.  Ante mortem clinical signs 

included anorexia, collapse, lethargy, seizures, icterus, bleeding from the mouth, dyspnoea, hypothermia, pyrexia, 

bradycardia or poor blood clotting. 

Using an Australian GI.2 (RHDV2/b) field strain isolated in 2015, (Neimanis et al., 2018a) described the first 

detailed description of pathology, viral antigen distribution and tissue load of the virus in adult and 5-week old New 
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Zealand white rabbits using histology, immunohistochemistry and RT-qPCR.  Liver was the target organ, but in 

contrast to GI.1(RHDV1/a) viruses, lesions and inflammatory responses did not differ between adults and kittens.  

Lymphocytic infiltration, proposed to be protective in kittens infected with RHDV1, was notably absent.  There 

were bone marrow changes including decreased myeloid-to-erythroid ratio.  Intracellular viral antigen was 

demonstrated in hepatocytes and cells of the mononuclear phagocytic system.   In terminal stage of the disease, viral 

load was highest in liver, serum and spleen.   

In two pet rabbits positive for RHDV2, the clinicopathologic findings were moderate thrombocytopenia, decreased 

aspartate aminotransferase and alanine aminotransferase activities and fibrinogen concentrations, prolonged 

prothrombin and activated partial thromboplastin times, high alkaline phosphatase and gamma-glutamyl transferase 

activities, and elevated bile acid and bilirubin concentrations.  Histopathologic findings included haemorrhagic 

diathesis, severe centro-acinar and midzonal hepatocellular necrosis, severe necro-suppurative bronchopneumonia, 

and moderate cardiomyocyte necrosis (Bonvehí et al., 2019). 

The rabbit caliciviruses (Lagovirus europaeus) RHDV1 and RHDV2 (GI.1 and GI.2) cause acute necrotizing 

hepatitis in European rabbits (Oryctolagus cuniculus). Younger rabbits of < 8 weeks of age are highly resistant to 

RHDV1, while RHDV2 is highly virulent in both young and adult rabbits. Neave et al., 2018 compared liver 

transcriptome profile in order to have insight in to the host-pathogen interaction, and found that kittens have stronger 

innate immunity compared to adult rabbits, in terms of increased expression of major histocompatibility class II 

(MHC II) molecules and stronger activity of natural killer cells, macrophages, and cholangiocytes that enables 

younger rabbits to respond more rapidly to RHDV1 infection than adult rabbits and thus limit pathology. They 

observed that multiple genes associated with innate immunity in kittens are down regulated during RHDV2 infection 

due to virus mediated immunomodulation, thereby permitting fatal disease to develop.  

Diagnosis 

The emergence of RHDV2 in Europe has been associated with decline in wild rabbit (Oryctolagus cuniculus) 

populations previously exposed to RHDV.  All RHDV1 genotypes of G1–G6 belong to the same antigenic serotype 

(Le Gall‑Reculé et  al., 2017).  An ELISA employing a RHDV2-specific monoclonal antibody 2D9 for specific, 

sensitive and reliable detection of RHDVb/RHDV2 was achieved (Dalton et al., 2018a).  Application of RT-qPCR 

and vp60 sequencing are powerful tools in the diagnosis of RHDV1 and 2. Unique single nucleotide polymorphisms 

were recognised in the Madeira archipelago (in Portugal) RHDV2 strains, two of which resulted in amino acid 

substitutions at positions 480 and 570 in the vp60 protein (Carvalho et al., 2017a). Interference of RHDV2 

vaccination in the results of a RT-qPCR for RHDV2 detection was investigated (Carvalho et al.,2017b), and it was 

found that RHDV2 vaccine-RNA was not detected by the RT-qPCR as early as 15days post-vaccination that helped 

in diagnosis.  RT-PCR and RT-qPCR have been successfully used in differentiation of RHDV subtypes and strains 

(Dalton et al., 2018b; Hall et al.,2018).  

The RHDV2 exhibits distinctive genetic, antigenic and pathogenic features compared to RHDV1, and RHDV2 kills 

rabbits previously vaccinated with RHDV vaccines (Bárcena et al., 2015).  These authors reported for the first time 

the generation and characterization of RHDV2-specific virus-like particles (VLPs) and observed that due to the 

differential antigenic properties between RHDV1 and RHDV2, there is necessity of having RHDV2-specific 

diagnostic assays to monitor the spread of RHDV2. 

A real time RT-PCR assay for the detection of RHDV2, targeting a 127 nucleotide-long region within the vp60 

gene, was developed and validated using RHDV1 and RHDV2 RNA preparations from positive field samples 

(Duarte  et al., 2015a). The method was able to detect nine RNA molecules with an efficiency of 99.4%, and proved 

to be a valuable tool for diagnosis of most of RDVH2 circulating strains, and to monitor viral load, disease 

progression/ prognosis and vaccination efficacy.  Circulation of recombinant viruses containing the RHDV2/b 

structural protein coding region and the non-structural protein coding regions of either pathogenic RHDV-G1 strains 

or non-pathogenic rabbit caliciviruses was identified using rRT-PCR (Hall et al.,2018).  A liver PCR assay was 

applied to differentiate RHDV 2 from classic RHDV Bonvehí et al., 2019).  

The vp60 protein of RHDV is the structural protein that plays important roles in virus replication, assembly, and 

immunogenicity. A study (DeSheng et al., 2016), using murine monoclonal antibodies (MAbs) raised against 

recombinant vp60 proteins from different RHDV subtypes, revealed that the epitopes identified by MAbs specific 
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to RHDV1 and RHDV2 were conserved in respective virus subtypes, and could distinguish both.  ELISA and HI 

tests have been used in seroprevalence studies of RHDV, and results of both were comparable (Fitzner 

and  Niedbalski ,2016).  Emergence of New Virulent RHDV strains could be detected by RT-PCR using primers 

targeting vp60 capsid protein gene (Ismail  et al., 2017). 

Prophylaxis/ Vaccine/ Epitopes 

The unique antigenic nature of RHDV2 is reflected in its capacity to kill rabbits vaccinated against RHDV1, and 

the capacity of RHDV2 to overcome immunity derived from natural infections with RHDV1 reveals immunogenic 

difference between RHDV1 and RHDV2(Konig et al., 1998).  A baculovirus-based RHDV2-VP1 vaccine protected 

rabbits against the infection with RHDV2 for at least 14 months (Müller et al.,2019). There was limited (50%) cross 

protection by the RHDV2-VP1 vaccine against classical RHDV1.  Immunologic difference between RHDV1 and 

RHDV2 justifies the need for homologous RHDV2 vaccine to protect rabbits from RHD and limit contamination 

of the environment and transmission of RHDV2 in affected countries (Capucci et al., 2017). RHDV2 is present in 

several European countries since 2011, and is evolving rapidly to generate antigenic variants (subtypes).  Therefore, 

it is important to select appropriate RHDV2 strain/ isolate for the production of potent and efficacious vaccines.  

Although RHDV2 has been the dominant virus in recent years causing RHD in most European countries, co-

existence of RHDV1/a in some areas (i.e. Italy) makes it necessary to vaccinate animals against RHDV2 as well as 

the original RHDV1/a.  

Vaccines against viral pathogens are often composed of recombinant proteins expressed in different systems.   

RHDV2-VP1 VLPs derived from mammalian (RK-13) and insect cells (SF9) were able to induce protective humoral 

immune response in rabbits against RHDV2 (Müller et al.,2019).  Immunization of rabbits with RHDV2 VLPs 

resulted in high production of serum antibodies against vp60, and increased production of cytokines IFN-γ and IL-

4 in the immunized rabbits compared to the control animals (Miao et al.,2019). The results demonstrated that the 

recombinant RHDV2 VLPs are highly immunogenic and these VLPs can be of use in serological assays and 

development of vaccines.  

To develop a new subunit vaccine that could protect rabbits against both classic RHDV and RHDV2 infections, Qi  

et al. (2020) constructed a recombinant baculovirus containing the vp60 genes of both classic RHDV and RHDV2 

(Bac-classic RHDV vp60-RHDV2 vp60). Both vp60 genes were well expressed simultaneously in Sf9 cells, and 

the recombinant vp60 self-assembled into VLPs.  Both humoral and cellular immune responses were efficiently 

induced in rabbits by the bivalent VLP vaccine, and the immunized rabbits survived challenge with classic RHDV.  

The recombinant baculovirus carrying two vp60 genes can be used to develop a bivalent VLP vaccine against both 

RHDV1 and RHDV2 infections. 

Two novel B cell epitopes located at the C-terminus of vp60 were identified in RHDV1, and these were 64 and 53 

amino acids longer, respectively than normal B cell epitopes (DeSheng  et al., 2015).  The capsid protein vp60, is 

divided into shell (S) and protruding (P) domains, and the more exposed P domain likely contains determinants for 

cell attachment and antigenic diversity.  Linear B-cell epitopes in the P domain of vp60, viz., 326NPISQV331, 
338DMSFV342 and 562KSTLVFNL569 were identified using MAbs (Song et al., 2016).    The epitope 338DMSFV342 

was conserved among all RHDV isolates.  The epitopes 326NPISQV331and 562KSTLVFNL569 were highly conserved 

among RHDV G1-G6 and variable in RHDV2 strains.    Binding of epitopes in vp60 to histo-blood group antigens 

(HBGAs) was analysed, and it was found that the epitopes 326NPISQV331, 338DMSFV342 in the P2 subdomain could 

significantly bind to blood group H type 2.  

Conclusion 

Following the use of Rabbit haemorrhagic disease virus to control European rabbit population in Australia, the 

disease has become a transboundary infection prevalent in many countries covering all the five continents.  Two 

major antigenic subtypes of the virus, initially RHDV1 in 1984 and RHDV2 since 2010, are responsible for the 

same clinical disease with different host specificity.  The RHDV2 has overtaken the parent virus population of 

RHDV1 in prevalence, and the rabbits vaccinated with RHDV1 remain susceptible to RHDV2.  Detailed analysis 

of the ecology is required to understand the dominance of RHDV2 over RHDV1 in the nature subsequent to its 

appearance/ existence.  The RHDV is a model to study RNA virus evolution and analysis of quasi species nature of 

positive sense RNA virus.   The precise mechanism of innate immunity imparting resistance in young rabbits 
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(kittens) to RHDV1 infection, but at the same time maintaining susceptibility to RHDV2 infection, remains to be 

fully understood. Development of methodology for in vitro amplification of the virus is required in order to develop 

a bi-valent vaccine covering both RHDV1 and 2 antigenic subtypes.  Countries where RHD is yet to be reported/ 

identified need to develop diagnostic preparedness.     
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