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Abstract

The paper presents the characteristic of RHDV virus determining the main threat to domestic and
wild rabbits. It characterizes the RHDV entering to rabbit’s organism way and describes pathogenesis
of rabbits’ plague as well as biological features that differ particular well known RHDV strains. There
has been both immunogenity among RHDV strains and their hematological reactivity described. There
has been presented diagnostic methods of disease caused by RHDV — the germ that induces symptoms
similar to viral hemorrhagic fever (VHF) viruses and viruses that are the reason human hepatitis.
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Introduction

When in 1984, in China, Jiangsu Province, a new
infectious disease was recorded that mortally attacked rabbits
from the Oryctolagus cuniculus species [1], no scientist
predicted such a fast spread of the disease, as presently it
affects rabbits on all continents [quote in 2-4]. According to
the recommendations of OIE (Office International des
Epizooties), in 1989 [98], the disease previously referred to
as Chinese haemorrhagic disease, lagomorph haemorrhagic
disease, haemorrhagic bronchopneumonia, haemorrhagic
septicaemia, hepatonecrosis, disease X, sudden viral rabbit
death, rabbit haemorrhagic fever, was called viral hae-
morrhagic disease (VHD), although in Poland the former
name is also used [quote in 3, 4]. In the meantime, the studies
regarding the aetiological factor of the disease showed that it
is the RHD (rabbit haemorrhagic disease) virus which,
according to the present systematics [6], belongs to the
Caliciviridae family, Lagovirus genus, which also includes
non-pathogenic RCV (Rabbit Calicivirus) virus and patho-
genic only to hares — the EBHS virus (European brown hare
syndrome).

The RHD virus is sheathless, of 28-40 nm size and 1.310-
1.365 g/cm’ density. It occurs in the form of a regular
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icosahedron with thirty-two capsomeres, containing single-
stranded, linear, positively polarised RNA acid composed of
7437 pairs of alkalis. Most of the genome is covered by the
large (ORF1) and small (ORF2) reading frame. ORF1
comprises 7034 nucleotides and encodes polyprotein of the
257 kDa size, which as a result of action on the part of viral
proteases decomposes into 7 non-structural proteins, coded
at ‘terminal 5” of the frame, and structural capsid VP60, coded
in terminal 3’. In turn, ORF2 comprises 353 nucleotides and
encodes VP10 protein with molecular weight of 10 kDa,
whose function has not been finally defined. It has been shown
that the most important component of the virus is the VP60
protein with molecular weight of 60 kDa, which at the amine
terminal contains the S domain protecting the genome, while
at the carboxyl terminal — P2 domain containing two
hybervariable regions C and E, among six differentiated in
the protein, namely A, B, C, D, E, F, which (C and E regions)
are the best place defining genetic variability of strains of the
RHD virus [7-12].

Biological characteristic of RHD virus

Among biological properties differentiating strains of
the RHD virus, one must mention their general capacity for
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erythrocyte haemagglutination (HA) in all human blood
groups, although in the ca of routine studies, usually 0 group
erythrocytes are used [10, 13, 14]. It must also be added
that among the presently described strains of the RHD virus,
seven of them do not show this property, namely: English
Rainham strain, obtained by Central Veterinary Laboratory
in Weybridge in 1993 from naturally deceased rabbits in
southern England [15, 16], with which the hypothesis emerged
that there is more than one source of infection of rabbits with
the RHD virus and that the source may additionally come
from hares in the United Kingdom, infected with the EBHS
(European brown hare syndrom) [15, 16]; Blaszki strain —
BLA, from rabbits bred in central Poland, deceased with
syndromes typical of the VHD in the summer of 1994 and
obtained from National Veterinary Institute in Putawy — Foot
and Mouth Disease Department Zduniska Wola [17]; Spanish
Asturias strain obtained from 2-6-month-old rabbits from
north-western Spain in 1996 at Laboratorio de Sanidad
Animal de Astuns in Gijon, where asymptomatic course of
the disease was observed and 10% mortality, yet with typical
of the RVHD anatomopathological lesions in the liver in the
form of hepatocyte necrosis and necrotic foci in the trachea
and lungs [18, 19]; German Frankfurt strain (Fra) obtained
from the naturally deceased rabbit in 1996 from the area of
Frankfurt by Friedrich-Loeffler-Institutes, Insel Riems [20,
21]; Chinese whn-1 strain obtained from rabbits with no
information regarding the place of origin or year of obtaining,
yet which reveals nucleotide homology at the level of 91.2%
with the Rainham strain [22] and 98% homology with non-
haemagglutinogenic antigen variant 99-05 of the RHD virus
[22], as well as two [talian strains: Pv97 — from rabbits that
died in 1997 near Pavia (Italy), and Bg97 — also coming from
rabbits that died in 1997 in the regions near Bresci (Italy)
[2,21, 23]. There are also data [21] reporting that the German
Hartmannsdorf strain, obtained in 1996 from dead rabbits,
also does not show haemagglutination capacity, similarly
as the described Polish ZD strain [24] and German
Hagenow strain [21], which remain at the border of
haemagglutination capacity, as they react variably in the
HA test. The Polish ZD strain was obtained in 2000 from
naturally dead rabbits, which after single passage showed
haemagglutination capacity and was marked as ZDI [24].
In turn, the German Hagenow strain is characterised with
negative or very low titre in the HA test, also obtained from
naturally infected rabbits in 1990 [21], and similarly as ZD1
strain recovers the haemagglutination capacity after a single
passage [2, 21]. Furthermore, Capucci et al. [23] reported
that the aforementioned Italian Bg97 strain of the RHD virus,
described as a non-haemagglutinogenic strain, also reveals
haemagglutination capacity, but only at the temperature of
4°C and pH 6.8 or lower.

Another important biological property of the RHDV
strains, of which approx. 400 (hypotetically) have been
studied, is the differentiation among them of 27 so-called
antigen variants marked with symbol RHDVa. These are
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strains coming from: Italy — Pavia 97 (Pv97) and Viterbo97
(Vt97) strains [25], Germany — Triptis and Hartmannsdorf
strains [21], France — 9905RHDVa, 03-24 i 00-Reu strains
[26], USA — Iowa 2000-IA00, UTO01, INOS i NYOI strains [27],
Hungary — RH29/03 strain [28], Cuba — CUBS5-04 strain [29],
China — WHN1 (22, 27], WHN2, WHNRH, WHN-Z TP, CD,
NJ1985, JXCHA97, YL [27], the Netherlands — NL2004-1,
NL2004-2, NL2004-3 [30] and Poland — L145/04 and
W147/05 strains [31]. They have a characteristic structure
of the hypervariable region E of the VP60 protein (this region
features antigen determinant for the 1H8 antibody) and
a different capacity for adherence to the monoclonal
antibodies 1H8 and 6G2, 6H6, or specific way of reacting
with the 3B12 antibody. They belong to the G6 genogroup
of the RHDYV, which is similar to the G1 genogroup, which
includes the so-called ‘old’ (classic) strains of the RHDV,
obtained from sick and dead rabbits due to VHD in the years
1984-1989, which would point to the origination of the
variants due to the reaction of classic (‘old’) strains with the
‘new’ strains, including from vaccines, of the RHD virus
[8, 21, 22, 25, 26, 32, 33]. It is assumed that they are
characterised with high maliciousness, which feature
differentiates them from the non-pathogenic Rabbit
Calicivirus RCV, and which would form evidence to exclude
the possibility of their origination as a result of recombination
of the RHD and RCV viruses [26, 28].

Further important biological properties of the RHD virus
strains is their difference in the area of pathogenicity (although
not very precisely described, as no pathotypes have been
differentiated for this virus), genetic difference, serological
and immunological difference, and their creation of a varied
haematological image, and their inclusion of apoptosis in
many cells, and causing changes to biochemical factors.

And so, pathogenicity of actually all the strains of the
RHD virus so far recorded in the literature, assessed via the
animal mortality percentage, has differentiated very
pathogenic strains, rendering rabbit mortality of from 70%
to 100%, and weakly pathogenic strains causing mortality
of up to 25-30% [quote in 3, 4, 34].

In turn, genetic studies of over 400 RHD strains, including
the strains obtained from the first foci of RHD among
naturally infected rabbits, have pointed to differences between
them, in particular between European strains and British
strains, ranging from 1.0 to 14%, which has allowed for their
grouping into 8 genetic groups (G1-G8) [20, 26, 35, 36 and
quote in 2, 3, 31]. Moreover, studies in this respect regarding
this virus (37) have led to learning the full nucleotide sequence
of 32 strains of the RHDV and learning the full sequence of
the genome encoding the structural VP60 protein in 37 strains
of the virus, as well to describing in a proximally 300 strains
of their fragmentary sequence of the gene encoding the VP60
protein and genes encoding other proteins.

As regards the property of the RHD virus related to its
serological response, it must be stated that it was only
performed for 4 strains coming from Italy, Spain, Korea
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and Mexico [32], where a different reaction was only
recorded for the strain from Mexico to five monoclonal
antibodies (3H2, 3H6, 5D1, 6G2, 1HS) [32].

Immunogenicity of the RHDYV strains

In turn, the analysis of the immunogenicity of the RHD
virus strains was performed by assessment of the immu-
nological reaction in rabbits only experimentally infected
with this virus in China [1, 7, 38-44] and Poland [3, 4, 34,
45-77, 79-101, 141]. The studies of the Chinese authors
[1, 7, 38-44] referred to just 5-7 immunity factors in rabbits
infected with 5 Chinese strains of the RHDV, while Polish
studies [3, 4, 34, 45-101] referred to infection with 16 strains
of the RHD virus originating from France, the Czech
Republic and Poland, and rabbits where (although not
always) 15-20 factors of non-specific and specific, cellular
and humoral immunity were assessed. It must also be added
that the studies by Chinese authors were generally performed
in the static system, without differentiation of the strains
studied. In turn, Polish studies regarding 16 strains, performed
in the dynamic system, revealed their different reaction in
the immune system of rabbits, which suggests the occurrence
of immunotypes among the RHD virus.

The study of haematological reactivity of the RHD virus
was assessed in rabbits in the scope of 7 haematological
parameters, infecting rabbits with 19 strains of the RHD virus
originating from China, Austria, Israel, Italy, Germany, Korea,
Spain, France, the Czech Republic, and Poland [3, 4, 34, 38,
43,48, 49,90, 102-115 and quote in 65, 116], which, despite
causing differences in the values of parameters defined in the
animals studied, did not group them as in the case of
immunological studies. It must also be added that within
haematological studies, also the thrombin time and pro-
thrombin time in rabbits infected with not strictly defined
Chinese strains of the RHD virus (no number and name
defined) [38, 102, 103, 114, 115], as well as in rabbits living
in the wild [107] with unnamed 3 Austrian strains, and in
domestic rabbits [106, 110], with also unnamed strains of the
virus from England and Poland, which also did not group the
strains studied. The studies performed [77, 117-119 and quote
in 120] regarding the assessment of RHD virus impact on
apoptosis, did not differentiate the strains assessed. This
phenomenon was initially described with histological methods
in many cells of the macroorganism, including macrophages
and eosinophils in rabbits infected with unspecified strain of
the RHDV [117, 118]. Further studies of apoptosis were
performed by caspase activation [77, 119], recording the
stimulating or suppressive impact of the virus on the process
of apoptosis [77] in rabbits infected with the Spanish strain
AST/89 and two Italian strains Pv97 and Vt97.

Also the assessment of the image of changes to
biochemical factors (liver aminotransferases, bilirubin,
creatinin, urea, and y-glutaminotransferase) in rabbits infected
with one Spanish strain [104, 105, 121-124], two Polish strains

Central European Journal of Immunology 2009; 34(4)

[106, 125, 126], and two French strains [126], as well as one
Austrian strain [107, 110], did not reveal, just as in the case
of apoptosis, a different impact of the strains studied on the
parameters assessed.

RHD virus characteristic

The hosts for the RHD virus can only include domestic
rabbits of meat breeds and angora, and mix-breed, as well
as wild rabbits, mainly adult individuals [quote in 2-4, 127],
although the results from recent years [18, 128-132] have
revealed that the RHD virus breaks the barrier of maternal
immunity in young rabbits, already causing in 2-4-week-old
animals [128-131], lesions typical of RHD in their internal
organs — without causing their death. Also Prieto et al. [18]
revealed in 3-6-week-old rabbits naturally infected with
RHDY, in post-mortem studies, the infection of liver tissue
with high infiltration of MN (macrophages and monocytes)
cells and hepatocyte necrosis (image similar to lesions
observed for hepatitis in humans), despite no record of
histopathological lesions for RHD in the liver, spleen,
kidneys, thymus, lungs, intestines, heart and brain (except
for one rabbit). The thesis of susceptibility of young rabbits
to infection with the RHD virus was also presented by
Cooke et al. [133], in 4-10-day-old rabbits for whom the
presence of the microbe was recorded in the liver after
12-72 h from their contact with RHDV. Also Shien et al.
[132], using the RT-PCR method, in 4-5-week-old rabbits
infected with the RHDV, recorded the presence of the viral
RNA in the liver and bile, and in the spleen and mesenteric
lymph nodes. In such animals, also the increased internal
body temperature was observed, prevailing for 5-7 days,
which then decreased, probably — as the author says — due
to the occurrence of the anti-RHDYV antibodies in serum of
such animals [132]). Mikami [130] explains that the
sensitivity of young rabbits to the infection with the RHD
virus depends on the development of some undefined
hepatocyte membrane component, the presence of which is
only recorded in some young rabbits. According to Ruvoén-
Clouet et al. [131], young rabbits’ susceptibility to infection
with the RHD virus is conditioned with the virus capacity
to adhere to the receptors of the ABH blood group, the
presence of which in the animals was revealed on epithelial
cells of the digestive and respiratory system.

While presenting the RHDYV, it is worth adding
information about the potential possibility of infecting other
animals with it. The studies have only revealed the
occurrence of antibodies for such a microbe in dogs, red
foxes, cats and mice, although it was also stated that many
species of domestic animals (authors did no specify the
species) show lack of sensitivity to the infection with this
virus [134]. Also, temporary appearance of specific serum
anti-RHDV antibodies in the HA test has been described in
experimentally infected swines [135]. Such specific
antibodies were not found in serum of people having
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contact with RHDV [136]. In turn, in cats infected by eating
the liver of rabbits sick with RHD, after 10 days, antibodies
to the RHD virus have been found in blood serum, and the
virus was detected in lymph nodes of the intestines, tonsils,
spleen, and liver, whereas cats did not show any symptoms
of the disease [137].

What must also be mentioned, is the occurrence in rabbits
that had no prior contact with the RHD virus, of anti-RHDV
antibodies, termed as natural [138 and quote in 3, 4, 46, 90],
which antibodies — as it is assumed nowadays — are
principally synthesised by lymphocyte B1 [139] or probably
occurr after stimulation of such animals with non-pathogenic
RCV virus that shows 91.5% similarity with RHDV in the
capsid protein aminoacid sequence [31]. There are recent
reports [140] of the occurrence of another non-pathogenic
strain of the RHDYV, obtained from serums of healthy rabbits
living in the wild on Lambay Island near Dublin, where the
presence of antibodies for the RHDV has been detected.
There is evidence that the strain causes latent infection in
rabbits and is in 81% similar in the genetic aspect to the RCV
virus. One must also mention the EBHS virus, also belonging
to the Caliciviridae family and the Lagovirus genus, to which
the RHDV belongs, and which — as it is assumed — is only
pathogenic to rabbits, although its similarity to the RHD virus
is at the level of 76.4% [31], and it is possible that this is the
reason for the present [78, 141] reports of asymptomatic
infection in rabbits after experimental, intramuscular
administration of the EBHS virus.

Penetrates routes and pathogenic action
of the RHD virus

In the natural conditions, the RHD virus penetrates rabbit
organisms via the aerogenic, alimetary route, and through the
damaged body tissues, while in experimental conditions
animals can be infected intramuscularly, subcutaneously,
intraperitoneally, intravascularly, and intraconjunctivally
[quote in 3, 4]. The resulting disease has the hyperacute course
(rabbit mortality usually amounts to 100%), acute course
(mortality in the range of 80-90%), and hypoacute course
(mortality of approx. 40-60%) [quote in 3, 4]. So far, although
the data were presented before 1992 (quote in 142), it is
assumed that the mechanism of RHDV’s impact on the rabbit
organism is related to the affinity of the virus to blood vessels,
where it causes damage to endothelium and disseminated
intravascular coagulations. This leads to extravasations and
haemorrhages typical of the disseminated intravascular
clotting, so called DIC syndrome, mainly in the liver [quote
in 3, 4, 90, 142]. According to Kesy et al. [106] and Tunon et
al. [143], the aforementioned lesions explaining the pathogenic
action of the virus, may form evidence that the image of the
rabbit infection with the RHDV may be specific to learning
the pathogenesis of the VHF in humans, causing lesions
typical of the DIC syndrome, acute course of the disease and
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high mortality — properties typical of the RHD, whereas
morphological lesions are principally recorded in the liver
[quote in 3, 4, 142, 144], analogically as the lesions occurring
in viral hepatitis in humans (143). It was also proven [104,
122, 130, 145] that in rabbits infected with the RHD virus,
apart from the previously described morphological lesions (in
the liver, lungs, spleen, central nervous system and heart),
high aggregation of granulocytes, lymphocytes and
macrophages is recorded in the liver. When studying the
pathogenesis of the RHD in 4-10-week-old rabbits and adult
animals, it was shown that during their experimental infection
with the RHD virus, analogically as in the case of viral
hepatitis in humans, increased activity of liver enzymes is
observed already at 36h from infection with the virus, as well
as decreased level of clotting factors, e.g. of factor VII, and
glutathione oxidase [104-107, 110, 121, 123, 125, 126].
Furthermore, Kesy et al. [106] proved in rabbits experminetally
infected with the RHD virus not only increase in the AspAT
activity, but also increased creatinine concentration, pointing
to renal lesions. Moreover, in rabbits infected with the RHDYV,
decreased activity of superoxide dysmutase was detected in
liver cells, but there were no changes to mRNA which
conditions the synthesis of TNF-a, as well as TGF-o and
TGF-B, [124]. The same authors [124] state that in these
animals, in liver cells, the nuclear factor kB is activated, and
nitrogen oxide (NO) synthesis is increased — causing
pathological lesions recorded in hepatocytes. Another
testimony to the impact of the RHD virus onto the liver tissue
in rabbits after infection with the RHDYV is the apoptosis of
the cells of this organ, evidenced with histopathological
methods in rabbits infected with the RHDV (unspecified
strain), not only in hepatocytes, but also in epithelial cells,
and cells of the lungs, kidneys, heart, spleen, lymph nodes
and in peritoneal macrophages and eosinophils [117, 118].
This phenomenon was also observed in hepatocytes of rabbits
infected with the Spanish RHDV — AST/89 with caspase 3
activity at 36 and 48 h from infection [119]. In turn, the study
by Deptuta et al. [77] evidenced in hepatocytes the inclusion
of apoptosis, determined by activity of caspase 1,3,4,5,6,7.8,9
already from hour 4 from infection of rabbits with the Italian
Pv97, Vt97 of the RHD virus.

It must be added that the aforementioned facts enriching
the data regarding the RHD virus, not only in the aspect of its
impact on the immune system cells [2, 4, 34, 47, 49, 51, 55,
58, 60, 62, 64, 65, 67, 71, 77, 80, 82-84, 88-90, 97-100,
146-149], or the phenomenon of apoptosis [77, 117-119] in
rabbits infected with the RHDYV, linked with the image of
lesions in the liver [104-107, 110, 121-126], still do not fully
explain the pathogenesis of the RHDV and the ‘path’ of the
pathogenic action of the RHDV. Although immunological
studies prove and indicate that mainly the factors of non-
specific cellular immunity, but also the parameters of non-
specific humoral immunity and specific cellular immunity
form important elements that probably impact on the course
of the disease and the pace of dying, which was testified with
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the increase and decrease of factors assessing such immunities
during the infection and just before the death of animals, yet
extension of such particular studies is necessary as it is still
difficult to clearly define that these are fundamental elements
in the pathogenesis of the RHD virus.

Diagnostics VHD

When presenting the characteristics of the RHD virus, it
must be stated that the diagnostics of the disease caused by
this microbe is practically based principally on the clinical
image, anatomopathological lesions of the internal organs
(principally the liver), serological tests (haemagglutination
test — HA, ELISA test min. with the use of monoclonal
antibodies), and virusological studies (immunofluorescence
and electrone microscopy), and recently it has partly been
extended by studies using molecular biology techniques [2,
150 and quote in 3, 4, 90]. In turn, when preventing the
RHDYV, the inactivated organ vaccine is still used, where the
source of the antigen is the liver of infected rabbits [quote in
3], as so far, apart from the reports by Chinese authors [40,
151], the virus has not been multiplied in any of the known
cell culture systems. There have been recent attempts [quote
in 3] to produce a vaccine containing the so-called virus like
particles (VLP) [2, 31, 152 and quote in 3], or vaccines based
on very immunogenic strains of the RHDV [90]. There are
also attempts to construct a recombined vaccine based on
capsid protein VP60 of the RHD virus, in many hosts,
including Saccharomyces cerevisiae, Pichia pastoris [153,
154], or recombined animal viruses [155, 156]. Also, a new
path is searched to obtain the VP60 protein of the virus, in
transgenic plants (potatoes with the expression of recombined
VP60 protein), which can be used for oral immunisation of
farm rabbits and rabbits living in the wild [116, 146, 157].

Therefore, one may say that despite the lapse of many
years from the occurrence of this pathogenic agent (RHDV)
in the environment and its generally established taxonomic
position, there are still many unexplained issued, principally
as regards the biology of the virus, like in the area of searching
for and evidencing the immunotypes, presenting the course
of pathogenic action of the RHDV on the rabbit organism and
its pathogenesis, which additionally, in the context of very
similar or analogical recorded lesions caused by viruses
causing viral haemorrhagic fevers (VHF) in humans, and
partly viruses causing hepatitis in humans, principally as
regards lesions in the liver, presents the RHD virus as a very
interesting field of study for scientists.

References

1. Liu SJ, Xue HP, Pu BQ, Quian NH (1984): A new viral disease
in rabbits. Anim Husb Vet Med 16: 153-155.

2. Fitzner A. Molecular characteristics of the RHD considering
strains with a different phenotype. Doctor habilitatus dissertation,
PIW, Putawy 2005 [in Polish].

3. Hukowska-Szematowicz B. Immunological-genetic characte-
ristics of the selected strains of the RHD (rabbit haemorrhagic

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Central European Journal of Immunology 2009; 34(4)

disease). Doctoral Dissertation. Szczecin 2006 (script) [in
Polish].

. Tokarz-Deptuta B. Formation of the selected non-specific

immunity factors in rabbits after infection with the VHD (viral
haemorrhagic disease). Doctoral dissertation. PIW, Putawy
1998 (script) [in Polish].

. Morisse JP, Le Gall G, Boilletot E (1991): Hepatitis of viral

origin in Leporidae: introduction and etiological hypotheses.
Rev Sci Tech Off Int Epiz 10: 283-295.

. Anon: http://www.ictvonline.org/virusTaxonomy.asp?version=

2008.

. Du N (1990): Rabbit Hemorrhagic Disease (RHD) — a new

disease and its viral etiology. Deutsch Tierédrzt Wsch 97: 114-116.

.Meyers GM, Wirblich Ch, Thiel HJ (1991): Rabbit hae-

morrhagic disease virus — molecular cloning and nucleotide
sequencing of a calicivirus genome. Virology 184: 664-676.

. Meyers GM, Wirblich Ch, Thiel HJ, Thumfatr JO (2000):

Rabbit haemorrhagic disease virus: Genome organization and
polyprotein processing af a calicivirus studied after transient
expression of cDNA constructs. Virology 276: 349-363.
Ohlinger VF, Haas B, Meyers G et al. (1990): Identification
and characterization of the virus causing rabbit haemorrhagic
disease. J Virol 64: 3331-3336.

Viaplana E, Plana J, Villaverde A (1997): Antigenicity of VP60
structural protein of rabbit haemorrhagic disease virus. Arch
Virol 142: 1843-1848.

Wirblich Ch, Thiel HJ, Meyers G (1996): Genetic map of the
calicivirus rabbit haemorrhagic disease as deduced from in
vitro translation studies. J Virol 70: 7974-7983.

. Fitzner A, Kgsy A, Chrobocifiska M (1992): Comparison of

agglutination capacity of human erythrocytes group 0, A, B
and AB by the RHDV. Med Wet 48: 89-90 [in Polish].

Parra F, Prieto M (1990): Purification of Calicivirus as the
causative agent of a lethal haemorrhagic disease in rabbits.
J Virol 64: 4013-4015.

Capucci L, Chasey D, Lavazza A, Westcott D (1996): Pre-
liminary characterization of a non-haemaglutinating strain of
rabbot haemorrhagic disease virus from the United Kingdom.
J Vet Med B 43: 245-250.

Chasey D, Lucas MH, Westcott DG et al. (1995): Development
of a diagnostic approach to the identification of rabbit
haemorrhagic disease. Vet Rec 12: 158-160.

Kesy A, Fitzner A, Niedbalski W et al. (1996): A new variant
of the viral haemorrhagic disease of rabbits virus. Rev Sci Tech
Off Int Epiz 15: 1029-1035.

Prieto JM, Fernandez F, Alvarez V (2000): Immunohisto-
chemical localization of rabbit haemorrhagic disease virus
VP60 antigen in early infection of young and adult rabbit. Res
Vet Sci 68: 181-187.

Prieto JM, Martin JM, Espi A, Parra F. A new non-haema-
glutinating strain of rabbit haemorrhagic disease virus. Proceed
5" Int. Cong. Europ. Soc. Vet. Virol. ‘Veterinary Virology in the
New Millenium’, Brocchi E, Lavazza A (eds.); Bresci, Italy,
2000; 204-205.

Gall A, Schirrmeier H (2006): Persistence of rabbit hae-
morrhagic disease virus genome in vaccinated rabbits after
experimental infection. J Vet Med B 53: 358-362.
Schirrmeier H, Reimann I, Kollner B, Granzow H (1999):
Pathogenic, antigenic and molecular properties of rabbit
haemorrhagic disease virus (RHDV) isolated from vaccinated
rabbits: detection and characterization of antigenic variants.
Arch Virol 144: 419-735.

Tian L, Liao J, Li JW et al. (2007): Isolation and identification
of a non-haemagglutinating strain of rabbit hemorrhagic

265



Beata Tokarz-Deptuta

23.

24.

25.

26.

27

28.

29.

30.

3

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

266

disease virus from China and sequence analysis for the VP60
gene. Virus Genes 35: 745-752.

Capucci L, Fusi P, Lavazza A et al. Identification and
characterization of a nonpathogenic calicivirus record to rabbit
haemorrhagic disease virus (RHDV). Proc. 1* Int Symp
Caliciviruses ESVV, England 1997; 229-237.

Fitzner A, Kesy A (2003): Genetic variability of Polish isolates
of the RHD. Med Wet 59: 905-908 [in Polish].

Capucci L, Fallacara F, Grazioli S et al. (1998): A further step
in the evolution of rabbit haemorrhagic disease virus: the
appearance of the first consistent antigenic variant. Virus Res
58: 115-126.

Le Gall Recule G, Zwingelstein F, Laurent S et al. (2003):
Phylogenetic analysis of rabbit haemorrhagic disease virus in
France between 1993 and 2000, and the characterization of
RHDV antigenic variants. Arch Virol 148: 65-81.

. Mcintosh MT, Behan SC, Mohamed FM et al. (2007): A pan-

demic strain of calicivirus threatens rabbit industries in the
Americas. J Virol 4: 96-102.

Matiz K, Ursu K, Kecskemeti S et al. (2006): Phylogenetic
analysis of rabbit haemorrhagic disease virus (RHDV) strains
isolated between 1988 and 2003 in eastern Hungary. Arch Virol
151: 1659-1666.

Farnos O, Radriguez D, Valdes O et al. (2007): Molecular and
antigenic characterization of rabbit hemorrhagic disease virus
isolated in Cuba indicates a distinct antigenic subtype. Arch
Virol 152: 1215-1221.

Van de Bildt MW, van Bolhuis GH, van Zijderveld F et al.
(2006): Confirmation and phylogenetic analysis of rabbit
hemorrhagic disease virus in free-living rabbits from the
Netherlands. J Wildlife Dis 42: 808-812.

. Chrobocinska M. Phenotype and molecular characteristics of

domestic strains of the EBHSV and the RHDV. Doctor
habilitatus dissertation. PIW, Putawy 2007 [in Polish].
Berninger ML, House C (1995): Serologic comparison of four
isolates of rabbit hemorrhagic disease virus. Vet Microbiol 47:
157-165.

Chasey D (1997): Rabbit haemorrhagic disease: the new
scourge of Oryctolagus ciniculus. Lab Animals 32: 33-34.
Piekarski J. Immunological, haematological image and
virusological, pathomorphological and clinical studies in
rabbits experimentally infected the RHD (Rabbit haemorrhagic
disease). Doctoral dissertation. ART, Olsztyn 1994 (script) [in
Polish].

Le Gall G, Arnauld C, Boilletot E et al. (1998): Molecular
epidemiology of rabbit haemorrhagic disease virus outbreaks
in France during 1988 to 1995. J Gen Virol 79: 11-16.

Moss SR, Terner SL, Trout RC et al. (2002): Molecular epide-
miology of rabbit haemorrhagic disease virus. J Gen Virol 83:
2461-2467.

www.ncbi.nlm.nih.gov GeneBank, National Center of Bio-
technology Information, Pub Med (date of last check:
14.05.2009).

Chen KY (1986): Rabbit plaque. Inf Dis Domestic Anim 3:
53-59.

Chou CT (1977): Specific surfach marker of rabbit B lym-
phocyte — rabbit bursal equivalent lymphocyte antigen. Cell
Immunol 28: 334-336.

Chuan Yi, Nian-Xing Du, Wei-Yan Xu (1991): Adaptation of
the viral haemorrhagic disease virus of rabbits to the DJRK
cell strain. Rev Sci Tech Off Int Epiz 10: 332-337.

Deng RT, Xu YF, Yu NX (1989): Dynamic observation of RTLA
and RABELA cells in the initial stage post immunization with
RHD vaccine. J Anim Sci Vet Med 5: 26-28.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

Fradelizi DP (1973): Rabbit T-lymphocyte specific surfach
marker — rabbit thymus specific antigen (RTLA). Cell Immunol
24: 484-486.

Huang Do Hai-Bo (1991): Vaccination against and immune
response to viral haemorrhagic disease of rabbits: a review of
research in the People’s Republic of China. Rev Sci Tech Off
Int Epiz 10: 481-498.

Li JN (1990): Studies on interferon anti RHDV activities in
rabbits. J] Anim Quar 3: 19-22.

Deptuta W, Hukowska B, Tokarz-Deptuta B (2002): Dynamics
of T and B lymphocyte levels and those of their subpopulations
in rabbits experimentally infected with two VHD (viral
haemorrhagic disease) virus strains. Centr Eur J Immunol 27
(Suppl. 1): 21.

Deptuta W, Hukowska B, Tokarz-Deptuta B (2001): Lym-
phocytes and their subpopulations in rabbits experimentally
infected with the VHD (Viral haemorrhagic disease) — Czech
strain V-351. Now Lekar 70 (Suppl. 3): 42-43 [in Polish].
Deptuta W, Hukowska B, Tokarz-Deptuta B. Lymphocytes and
their subpopulations in rabbits experimentally infected with
the VHD (viral haemorrhagic disease) — Czech strain V-351.
Molecular Biology in Diagnostics of Contagious Diseases and
Biotechnology. SGGW, Warszawa 2002; 40-44 [in Polish].
Deptuta W, Hukowska B, Tokarz-Deptuta B. Blood hemato-
logical pattern in rabbits experimentally infected with various
strains and various doses of VHD (viral haemorrhagic disease)
virus. Trudy Miezdunarod Naucznoj-Prakticzeskoj Mat Konf
Sankt-Petersburg 2003; 15-24.

Deptuta W, Kesy A, Tokarz-Deptuta B, Stosik M. Selected
immunological-haematological factors in rabbits experi-
mentally infected with the RHD (rabbit haemorrhagic disease).
Veterinary microbiology yesterday, today and tomorrow.
SGGW, Warszawa 1997; 68-79 [in Polish].

Deptuta W, Kesy A, Tokarza-Deptuta B, Stosik M. Immune
responses in rabbits experimental infected with RHD (rabbit
haemorrhagic disease) virus. 2™ Conf Molecular Biology in
Diagn Inf Dis and Biotech., SGGW, Warszawa 1999; 131-142.
Deptuta W, Kesy A, Tokarz-Deptuta B et al. (1999): Dynamics
of selected parameters in rabbits infected with rabbit
haemorrhagic disease virus. Folia Veterinaria 43: 186-190.
Deptuta W, Tokarz-Deptuta B (2000): Immunity in rabbits
infected with the VHD (viral haemorrhagic disease) Polish
strain Kr-1. Annals UMCS Sec DD 55: 282 [in Polish].
Deptuta W, Tokarz-Deptuta B (2000): Immune response after
experimental infection of rabbits with different doses of VHD
virus (viral haemorrhagic disease) Polish Kr-1 strain. Int Med
J Exp Clinical Res 6 (Suppl. 3): 105.

Deptuta W, Tokarz-Deptuta B (2000): Subpopulations of
peripheral blood lymphocytes in rabbits, experimentally
infected with various dose of VHD (viral haemorrhagic disease)
virus, polish strain Kr-1. Immunology Letters 73: 160-161.
Deptuta W, Tokarz-Deptuta B. Non-specific and specific cellular
immunity in rabbits experimentally infected with various strains
of the VHD. Mat from Conf IV Molecular Biology in
Diagnostics of Contagious Diseases and Biotechnology. SGGW,
Warszawa 2001; 72-74 [in Polish].

Deptuta W, Tokarz-Deptuta B (2001): Subpopulation of
peripheral blood lymphocytes in rabbits experimentally
infected with Polish strain, KR-1, of VHD virus. Scand
J Immun 54 (Suppl. 1): 108.

Deptuta W, Tokarz-Deptuta B, Kesy A, Fitzner A (1997):
Immunity in rabbits experimentally infected with RHD (rabbit
haemorrhagic disease) virus. Immunology Letters 56: 130.

Central European Journal of Immunology 2009; 34(4)



58.

59.

60.

6

—

62.

63.

64.

65.

66.

67.

68.

69.

70.

Biological characteristics of the RHD (rabbit haemorrhagic disease) virus — novel data

Deptuta W, Tokarz-Deptuta B, Kesy A, Fitzner A. Impact of
TNF-alpha on immunity image in rabbits infected with two
strains of the RHD (rabbit haemorrhagic disease) with different
immunogenicity. Mat 6" Int Symp Polish Network of
Molecular and Cellular Biology UNESCO/PAN: “Molecular
and Physiological Aspects of the Organism”. Krakéw 1997
84-86 [in Polish].

Deptuta W, Tokarza-Deptuta B, Kesy A et al. Immunity in
rabbits experimentally infected with the RHD (rabbit hae-
morrhagic disease) after administration of the recombined
TNF-alpha protein. In: Impact of xenobiotics on the immune
system. Siwicki AK (eds.), Institute of Inland Fishery, Olsztyn
1997; 207- 226 [in Polish].

Deptuta W, Tokarz-Deptuta B, Kostrzewa A (1999): Sub-
populations of peripheral blood lymphocytes in rabbits infected
with various doses of viral haemorrhagic disease (VHD) virus.
Folia Histochem Cytobiolog 9 (Suppl. 1): 37.

. Deptuta W, Tokarz-Deptuta B, NiedZzwiedzka P, Hukowska-

-Szematowicz B. Lymphocytes T and their subpopulations in
experimental infection of rabbits with biologically different
strains of RHDV (Rabbit Haemorrhagic Disease Virus). 13"
Int Cong Immunol Brazil 2007; 114.

Deptuta W, Kesy A, Kostrzewa A et al. Subpopulations of
lymphocytes in raqgbbits experimentally infected with two
VHD (viral haemorrhagic disease) virus strains of distinct
immunogenicity. Mat 8" Int Symp "Molecular and Physiolo-
gical Aspecrs of Regulatory Processes of Organism". Wyd.
AP, Krakéw 1999; 90-91.

Deptuta W, Tokarz-Deptuta B, Stanibuta R (2001): Deter-
mination of selected indices of specific immunity in rabbits
experimentally infected with various strains of VHD virus. Pol
J Vet Sci 4: 111.

Deptuta W, Tokarz-Deptuta B, Stosik M, Travnicek M.
Cytometric evaluation of white blood cell subpopulations in
rabbits experimentally infected with VHD (Viral haemorrhagic
disease) Virus. Zbornik z Vedeckej Konf “Zdravie a choroby
zvierat”. Koszyce (Slovakia) 1999; 19-20.

Hukowska B, Deptuta W. Polymorphonuclear cell absorption
capacity in peripheral blood of rabbits experimentally infected
with various doses of the VHD (viral haemorrhagic disease)
FR-2 strain. Mat from Conf IV ‘Molecular Biology in
Diagnostics of Contagious Diseases and Biotechnology’.
SGGW, Warszawa 2001; 237-242 [in Polish].

Hukowska B, Deptuta W. Non-specific immunity factors in
rabbits experimentally infected with the VHD (viral hae-
morrhagic disease). In: Rogalska S, Domagata J (eds.). ‘Man
and the Environment of the Western Pomerania’. Biotic
environment. In Plus Oficyna 2003; 199-203 [in Polish].
Hukowska B, Nowaczyk P, Tokarz-Deptuta B, Deptuta W
(2003): Non-specific humoral immunity factors in rabbits
experimentally infected with the VHD (viral haemorrhagic
disease) — Czech strain V-561. Conf Mat ‘Molecular Biology
in Diagnostics of Contagious Diseases and Biotechnology’.
SGGW, Warszawa 2003; 90-94 [in Polish].

Hukowska B, Tokarz-Deptuta B, Deptuta W (2004): Lympho-
cytes T and B and their subpopulations in peripheral blood of
rabbits experimentally infected with the VHD (viral haemorrhagic
disease). Post Mikrobiol (Suppl. 1) 43: 424 [in Polish].
Hukowska B, Tokarz-Deptuta B, Deptuta W (2004): Dynamics
of the phagocytosis process in rabbits experimentally infected
with two Czech strains of the VHD (viral haemorrhagic
disease). Post Mikrobiol (Suppl. 1) 43: 425 [in Polish].
Hukowska-Szematowicz B, Deptuta W (2008): Selected data
from biology of the RHDV. Adv Agr Sci 12: 21-34 [in Polish].

71.

72.

73.

74.

75.

76.

1.

78.

79.

80.

81.

82.

83.

84.

Central European Journal of Immunology 2009; 34(4)

Hukowska-Szematowicz B, Tokarz-Deptuta B, Deptuta W.
Activity of non-specific humoral immunity factors in the
course of experimental infection of rabbits with two strains of
the VHD (viral haemorrhagic disease). Conf Mat ‘Molecular
Biology in Diagnostics of Contagious Diseases and Bio-
technology’ SGGW, Warszawa 2004; 77-81 [in Polish].
Hukowska-Szematowicz B, Tokarz-Deptuta B, Deptuta W
(2005): Lymphocytes T and their subpopulations in perhipal
blood in rabbits experimentally infected with two strains oh
VHD virus (viral haemorrhagic disease). Pol J Environ Stud
14: 550-555.

Hukowska-Szematowicz B, Tokarz-Deptuta B, Deptuta W
(2005): Lymphocytes T and B in peripheral blood of rabbits
experimentally infected with VHD virus (viral hemorrhagic
disease). Centr Eur Immunol 30 (Suppl. 1): 35.
Karkuszewska K, Fedor M, Tokarz-Deptuta B, NiedZwiedzka
P. Selected factors of natural immunity and haematological
image in rabbits experimentally infected with the EBHS
(European Brown Hare Syndrom Virus) — Lublin-1 strain. Mat.
XXXV International Seminar of Scientific Circles, Olsztyn
2006; 456-457 [in Polish].

Nahurska A, Tokarz-Deptuta B, Hukowska B, Deptuta W
(2003): Selected indices of non-specific humoral immunity in
rabbits experimentally infected with non- haemaglutinogenic
strain of VHD (viral haemorrhagic disease) virus. Pol J Vet
Sci 6: 25-27.

Niedzwiedzka P, Deptuta W. Dynamics of lymphocytes and their
subpopulations in peripheral blood of rabbits experimentally
infected with haemaglutinogenic and non-haemaglutynogenic
strains of RHD (rabbit haemorrhagic disease) virus. Mat Conf
16" Int Symp ‘Mol Phisiol Aspects of Regulatory Processes of
the Organism’. Cracow 2007; 328-323.

Niedzwiedzka P, Deptuta W. Apoptosis in rabbits experimentally
infected with two strains — PV97 and Vt97 of RHD virus (Rabbit
Haemorrhagic Disease). XIII Cong Pol Soc Exp Clin Immunol.
Krakéw 2008; 178.

Nowaczyk P, Deptuta W (2007): Non-specific immunity in
rabbits experimentally infected with the EBHS. Med Wet 63:
727-730 [in Polish].

Nowaczyk P, Tokarz-Deptuta B, Hukowska-Szematowicz B,
Deptuta W (2005): Non-specific immunity in rabbits expe-
rimentally infected with VHD virus (viral heamorrhagic
disease), Centr Eur J Immunol 30 (Suppl. 1): 79.
Tokarz-Deptuta B, Deptuta W. Immunity in rabbits infected
with four strains of the VHD (viral haemorrhagic disease).
Conf Mat Molecular Biology in Diagnostics of Contagious
Diseases and Biotechnology. SGGW, Warszawa 1998; 163-170
[in Polish].

Tokarz-Deptuta B, Deptuta W (1999): Cidal activity of PMN
granulocytes following experimental infection of rabbits with
various doses of VHD (viral haemorrhagic disease) virus. Folia
Histochem Cytobiol 17 (Suppl. 1): 37.

Tokarz-Deptuta B, Deptuta W (2003): Dynamics alterations
in peripheral blood lymphocytes in rabbits experimentally
infected with VHD (viral haemorrhagic disease) virus-Polish
strain Kr-1. Pol J Vet Sci 6: 67-69.

Tokarz-Deptuta B, Deptuta W (2003): Non-specific cell-media-
ted immunity in rabbits experimentally infected with four
various doses of VHD (viral haemorhagic disease) virus,
French strain Fr-2. Pol J Vet Sci 6: 64-66.

Tokarz-Deptuta B, Deptuta W (2004): T and B lymphocytes
and their subpopulations in peripheral blood in rabbits
experimentally infected with Fr-2 strain of viral haemorrhagic
disease (VHD) virus. Bull Vet Inst Putawy 48: 367-370.

267



Beata Tokarz-Deptuta

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

268

Tokarz-Deptuta B, Deptuta W (2004): The immunity during
immunization with the viral haemorrhagic disease (VHD) in
Rabbits. Centr Eur J Immunol 29: 1-5.

Tokarz-Deptuta B, Deptuta W (2005): Values of selected
immune and hematological parameters in healthy rabbits. Pol
J Vet Sci 8: 107-112.

Tokarz-Deptuta B, Deptuta W. Peripheral blood lymphocytes
T and B in rabbits infected with two Polish strains (BLA and
Kr-1) of the RHD (rabbit haemorrhagic disease), differing with
haemagglutination capacity Third Scientific-Training Conf.
‘Use of flow cytometry in in vitro diagnostics and in scientific
studies’. Olsztyn 2006; 13-14 [in Polish].

Tokarz-Deptuta B, Deptuta W. Natural immunity defined by
cidal activity of neutrophilic granulocytes in rabbits expe-
rimentally infected with various French and Polish strains of
RHD (rabbit hemorrhagic disease) virus. 15" Int. Symp. Mol.
and Physiol. Aspects of Regulatory Process of The Organism,
Cracow 2006; 538-542.

Tokarz-Deptuta B, Deptuta W. Cidal activity of PMN cells in
rabbits infected with different strain of RHD (rabbit hae-
morrhagic disease) virus. 16™ Int Symp Mol Physiol Aspects
of Regulatory Processes Org, Cracow 2007; 478-480.
Tokarz-Deptuta B, Deptuta W, Kesy A (2002): RHD with
special consideration of immunity phenomena. Med Wet 58:
497-500 [in Polish].

Tokarz-Deptuta B, Hukowska B, Deptuta W (2003): Dynamics
alternations in selected indices of non specific immunity in
rabbits experimentally infected with VHD (viral haemorrhagic
disease) virus. Pol J Vet Sci 6: 70-73.

Tokarz-Deptuta B, Hukowska-Szematowicz B, NiedZwiedzka
P, Deptuta W. Indices of natural and acquired immunity in
rabbits experimentally infected with strains of RHD (Rabbit
Haemorrhagic Disease) virus, differing in haemagglutinating
properties. Trudy VII Miezdunarod Naucznoj-Prakticzeskoj
Konf. Motodych Uczenych Studentow i Aspirantow, Sankt-
Petersburg 2006; 88-97.

Tokarz-Deptuta B, Hukowska-Szematowicz B, NiedZwiedzka
P, Deptuta W (2006): Natural and acquired immunity factors
in rabbits experimentally infected with strains of the RHD
(rabbit haemorrhagic disease) with differing haemaggluti-
nogenic properties. Mat 3 National Symposium ‘Man and the
Environment of the Western Pomerania’, vol. I. Biotic envi-
ronment — environmental, experimental and applied biology.
Tarasiuk J, Kepczyiiski J (eds.). Print Group Szczecin-Eukecin
2006; 124 [in Polish].

Tokarz-Deptuta B, Hukowska-Szematowicz B, NiedZwiedzka P,
Deptuta W (2007): Indices of innate immunity in rabbits
experimentally infected with different strains of RHD (Rabbit
Haemorrhagic Disease) virus. 13" Int Cong Immunol, Brazil
2007; 114.

Tokarz-Deptuta B, NiedZzwiedzka P, Deptuta W. Dynamics
alterations in serum lysozyme in rabbits experimentally
infected with Polish strain PD of VHD (viral haemorrhagic
disease) virus. Trudy IV Miezdunarod Naucznoj-Prakticzeskoj
Konf Motodych Uczenych Studentow i Aspirantow. Sanct-
Petersburg 2004; 250-257.

Tokarz-Deptuta B, NiedZzwiedzka P, Deptuta W. Serum LZM
in rabbits experimentally infected with four Polish strains of
the RHDV (Rabbit haemorrhagic disease) virus. Mat VIII Conf
‘Molecular Biology in Diagnostics of Contagious Diseases
and Biotechnology’. SGGW, Warszawa 2005; 132-136 [in
Polish].

97

98

99

100

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

. Tokarz-Deptuta B, NiedZwiedzka P, Deptuta W. Selected
parameters of non-specific immunity in rabbits experimen-
tally infected with the RHD (rabbit haemorrhagic disease)
— Polish ZD strain. Mat IX Conf ‘Molecular Biology in
Diagnostics of Contagious Diseases and Biotechnology’.
Warszawa 2006; 172-175 [in Polish].

. Tokarz-Deptuta B, NiedZwiedzka P, Deptuta W. Changes in
selected indices of innate immunity in rabbits immunised
with Polish strains of RHDV (rabbit haemorrhagic disease).
15" Int Symp ‘Molecular and Physiological Aspects of
Regulatory Processes Organisms’. Cracow 2006; 543-547.

. Tokarz-Deptuta B, NiedZzwiedzka P, Hukowska-Szematowicz B,
Deptuta W (2007): Immunity factors in rabbits experimentally
infected with strains of the RHD with different haemagglu-
tinogenic properties. Med Wet 63: 1251-1252 [in Polish].

. Tokarz-Deptuta B, NiedZwiedzka P, Hukowska-Szematowicz B,

Deptuta W. Immunity factors in rabbits experimentally infected

with strains of the RHD (rabbit haemorrhagic disease) with

different haemagglutinogenic properties. In: Tarasiuk J,

Kepczynski J (eds.). ‘Man and the Environment of the Western

Pomerania’. Vol. 1. Biotic environment — environmental,

experimental and applied biology. Print Group Szczecin-Eukecin

2006; 598-560 [in Polish].

Tokarz-Deptuta B, Nowaczyk P, Hukowska B, Deptuta W

(2004): Forming of non-specific cellular immunity factors in

rabbits experimentally infected with the VHD (viral hae-

morrhagic disease) — Polish PD strain. Post Mikrobiol 43

(Suppl. 1): 426 [in Polish].

Chen KY, Zeng DN (1986): Report on 100 cases of rabbit

plaque. Inf Dis Domestic Anim 3: 46-52.

Chen KY, Zeng DN, Ning LZ, Yin LY (1987): Changes in

blood leukocytes and histology of lymphoid organs in acute

of experimentally infected rabbit haemorrhagic disease. Chin

J Vet Sci Technol 5: 38-43.

Ferreira PG, Silva C-E, Oliveira MJ et al. (2004): Transient

decrease in blood heterophils and sustained liver damage

caused by calicivirus infection of young rabbits that are
naturally resistant to rabbit haemorrhagic disease. Res Vet

Sci 76: 83-94.

Ferreira PG, Costa-E-Silva A, Oliveira MJ et al. (2006):

Severe leukopenia and liver biochemistry changes in adult

rabbits after calicivirus infection. Res Vet Sci 80: 218-225.

Kesy A, Fitzner A, Niedbalski W et al. (2000): Rabbit

haemorrhagic disease — an animal model for human viral

haemorrhagic fevers. Acta Hematol Pol 31: 127-137.

Kolbl S, Settele J, Schonbauer M (1990): Erstes Auftreten

der infektiosen hamorrhagischen Krankheit der Kaninchen

in Osterreich. Berl Miinch Tierirzt Wsch 103: 261-266.

Kuttin ES, Nowotny N, Nyska A, Schilcher F, Waner T

(1991): Rabbit haemorrhagic disease — first outbreak in Israel

and review of the literature. Israel J Vet Med 46: 119-126.

Marcato PS, Benazzi C, Vecchi G et al. (1988): L’epatite

necrotica infettiva del coniglio. Riv Coniglicoltura 9: 59-63.

Nowotny N, Leidinger J, Fuchs A et al. (1993): Rabbit

haemorrhagic disease (RHD): Klinische, himotologisch-

chemische, virologisch-serologische and pathomorphologische

Untersuchen an experimentell infizierten Hauskaninchen. Wien

Tierdrzt Mschr 80: 65-74.

Plassiart G, Guelfi JF, Ganiere JP et al. (1992): Hematological

parameters and visceral lesions relationships in rabbit viral

hemorrhagic disease. J Vet Med B 39: 443-453.

Schliiter H, Schirrmeier H, Bohme R (1990): Stand der

Diagnostik und Bekdmpfung der Himorrhagischen Septikdmie

der Kaninchen in der DDR. Mh Vet Med 45: 286-289.

Central European Journal of Immunology 2009; 34(4)



113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

Biological characteristics of the RHD (rabbit haemorrhagic disease) virus — novel data

Ueda K, Park J-H, Ochiai K, Itakura C (1992): Disseminated
intravascular coagulation (DIC) in rabbit haemorrhagic
disease. Jpn J Vet Res 40: 133-141.

Xu FN, Shen WP, Xi QKY (1985): Ultra structural studies
on viral haemorrhagic disease in rabbits. Anim Husbandry
Vet Med 17: 244-249.

Xu ZJ, Chen WX (1989): Viral haemorrhagic disease in
rabbits: a review. Vet Res Comm 13: 205-212.
Hukowska-Szematowicz B, Deptuta W. RHDV (Rabbit
Haemorrhagic Disease Virus) — genetic studies. Trudy VII
Miezdunarodnoj Naucznoj-Prakticzeskoj Kont Motodych
Uczenych Studentow i Aspirantow. Sanct-Petersburg 2006;
88-97.

Alonso C, Oviedo JM, Martin-Alonso JM et al. (1998):
Programmed cell death in the pathogenesis of rabbit
hemorrhagic disease. Arch Virol 143: 321-332.

Jung JY, Lee BJ, Tai JH et al. (2000): Apoptosis in Rabbit
Haemorrhagic Disease. ] Comp Path 123: 135-140.
San-Miguel B, Alvarez M, Culebras JM et al. (2006): N-
acetyl-cysteine protects liver from apoptotic death in an
animal model of fulminant hepatic failure. Apoptosis 11:
1945-1957.

Al-Molawi N, Beardmore VA, Carter MJ et al. (2003):
Caspasemediated cleavage of the feline calicivirus capsid
protein. J Gen Virol 84: 1237-1244.

Ferreira PG, Costa-E-Silva A, Aguas AP (2006): Liver
disease in young rabbits infected by calicivirus through nasal
and oral routes. Res Vet Sci 81: 362-365.

Ferreira PG, Silva C-E, Oliveira MJ et al. (2005): Leukocyte-
hepatocyte interaction in calicivirus infection: differences
between rabbits that are resistant or susceptible to rabbit
haemorrhagic disease (RHD). Vet Immunol Immunopathol
103: 217-221.

Ferreira PG, Costa-E-Silva A, Monteiro E et al. (2006): Liver
enzymes and ultrastructure in Rabbit Haemorrhagic Disease
(RHD). Vet Res Comm 30: 393-401.

Ignatyev GM. Immune response to Filovirus infections. In:
Schnittler HJ, Feldmann H (eds.). Molecular pathogenesis of
Filovirus infections. Cambridge University Press, Cambridge
2001; 205-217.

Hiyriczak AJ, Suska M, Baranowska-Bosiacka I et al.
Aminotransferase activity in blood serum of rabbits infected
with the RHD. Conf Mat IX Congress Pol Tow Immunol
Dosw Klin 1998; 248 [in Polish].

Htyniczak AJ, Suska M, Baranowska-Bosiacka I et al.
Calcium, magnesium and phosphorus levels in blood serum
of rabbits infected with the RHD. Conf Mat IX Congress Pol
Tow Immunol Dosw Klin 1998; 248 [in Polish].

Henning J, Pfeiffer DU, Davies PR et al. (2008): Morbtality
patterna over 3 years in a sparse population of wild rabbits
(Oryctolagus cuniculus) in New Zealand with ab emphasis
on rabbit haemorrhagic disease (RHD). Eur J Wild Res 54:
619-626.

Cooke BD, Robinson AJ, Merchant JC et al. (2000): Use of
ELISA in field studies of rabbit haemorrhagic disease (RHD)
in Australia. Epidemiol Infect 124: 563-576.

Ferreira PG, Dinis M, Costa-E-Silva A, Aguas AP (2008):
Adult rabbits acquire resistence to lethal calicivirus infection
by adoptive transfer of sera from infected young rabbits. Vet
Immunol Immunopathol 121: 364-369.

Mikami O, Kimura T, Ochiai K, Itakura C (1999): Hepatic
lesions in young rabbits experimentally infected with rabbit
haemorrhagic disease virus. Res Vet Sci 66: 237-242.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

Central European Journal of Immunology 2009; 34(4)

Ruvoén-Clouet N, Ganiere JP, André-Fontaine G et al.
(2000): Binding of rabbit hemorrhagic disease virus to
antigens to the ABH histo-blood group family. J Virol 74:
11950-11954.

Shien JH, Shien HK, Lee LH (2000): Experimental infections
of rabbits with rabbit haemorrhagic disease virus monitored
by polymerase chain reaction. Res Vet Sci 68: 255-259.
Collier L, Oxford J. Virusology. PZWL, Warszawa 1996; 82-88
[in Polish].

Leighton FA, Artois M, Capucci L et al. (1995): Antibody
response to rabbit haemorrhagic disease virus in red foxes
(Vulpes vulpes) consuming livers of infected rabbits
(Oryctolagus cuniculus). J Wildlife Dis 31: 541-544.

Shien JH, Lee LH (2000): Susceptibility of piglets to rabbit
haemorrhagic disease virus following experimental infection.
CanJ Vet Res 64: 134-137.

Carman JA, Garner MG, Catton MG (1998): Viral hae-
morrhagic disease of rabbit and human health. Epidemiol
Infect 121: 409-418.

Zheng T, Lu G, Napier AM, Lockyer SJ (2003): No virus
replication in domestic cats fed with RHDV-infected rabbit
livers. Vet Micobiol 95: 61-73.

Capucci L, Fusi P, Lavazza A et al. (1996): Detection and
preliminary charactwrization of a new rabbit calicivirus
related to rabbit haemorrhagic disease virus but nonpatho-
genic. J Virol 70: 8614-8623.

Ptak W, Ptak M, Szczepanik M. Introduction to immunology.
PZWL, Warszawa 2007 [in Polish].

Forrester NL, Trout RC, Gould EA (2007): Benign circulation
of rabbit haemorrhagic disease virus on Lambay Island, Eire.
Virology 358: 18-22.

Nowaczyk P, Tokarz-Deptuta B, Deptuta W. Immunity in
rabbits experimentally infected with EBHS (European Brown
Hare Syndrome) virus. Trudy VII Miezdunarod Naucznoj-
Prakticzeskoj Konf Motodych Uczenych Studentow i Aspi-
rantow. Sanct-Petersburg 2006; 126-130.

Deptuta W, Buczek J, Piekarski J (1991): Chinese RHD — a new
contagious disease. Post Mikrobiol 30: 329-331 [in Polish].
Tunon MJ, Sanchez-Campos S, Garcia-Ferreras J et al.
(2003): Rabbit haemorrhagic viral disease: Characterization
of a new animal model of fulminant liver failure. J Lab Clin
Med 141: 172-178.

Ohlinger VF, Thiel HJ (1991): Identification of the viral
hemorrhagic disease virus of rabbits as a calicivirus. Rev Sci
Tech Off Int Epiz 10: 311-323.

Teifke JP, Reimann J, Schirrmeier H (2004): Subacute liver
necrosis after experimental infection with Rabbit Hae-
morrhagic Disease (RHDV). J Comp Path 126: 231-234.
Hukowska-Szematowicz B, Deptuta W (2008): Peripheral
blood lymphocytes in rabbits infected with Czech strains,
CAMPV-562 and CAMPV-558 of RHD virus. Centr Eur
J Immunol 33: 8-13.

Hukowska-Szematowicz B, Deptuta W (2008): Dynamics of
peripheral blood lymphocytes in rabbits experimentally
infected with two Czech strains of RHD virus. Bill Vet Inst
Pulawy 52: 23-29.

Liu G, Zhang Y, Ni Z et al. (2006): Recovery of infectious
rabbit hemorrhagic disease virus from rabbits after direct ino-
culation with in vitro-transcribed RNA. J Virol 80: 6597-6602.
Tokarz-Deptuta B, Hukowska B, Deptuta W (2003): Ingestion
capacity of PMN Wells in peripheral blood of rabbits
experimentally infected with VHD (viral haemorrhagic
disease) virus strain originating from various biotopes. Pol
J Vet Sci 6: 271-274.

269



Beata Tokarz-Deptuta

150.

151.

152.

153.

154.

270

Ohlinger VF, Hass B, Thiel HJ (1993): Rabbit haemorrhagic
disease (RHD): characterization of the causative calicivirus.
Vet Res 24: 103-116.

Gong XM, Ji CY (1991): Systematic morphogenesis of the
viral haemorrhagic disease virus in infected rabbits and in
adapted cell culture. Rev Sci Tech Off Int Epiz10: 499-511.
Nagesha HS, Wang LF, Hyatt AD (1999): Virus-like particles
of calicivirus as epitope carriers. Arch Virol 144: 2429-2439.
Boga JA, Martin-Alonso JM, Casais R, Parra F (1997):
A signale dose immunization with rabbit haemorrhagic disease
virus major capsid protein produced in Saccharomyces
cerevisiae induces protection. J Gen Virol 78: 2315-2318.
Farnos O, Boue O, Parra F et al. (2005): High-level expression
and immunogenic properties of the recombinant rabbit
hemorrhagic disease virus VP60 capsid protein obtained in
Pichia pastoris. J Biotechnol 117: 215-224.

155.

156.

157.

158.

Barcena J, Morales M, Vazquez B et al. (2000): Horizontal
transmissible protection against myxomatosis nad rabbit
haemorrhagic disease by using a recombinant myxoma virus.
J Virol 74: 1114-1123.

Torres JM, Ramirez MA, Morales M et al. (2001): Safety
evaluation of a recombinant myxoma-RHDYV virus inducing
horizontal transmissible protection against myxomatosis and
rabbit haemorrhagic disease. Vaccine 19: 174-182.
Castanon S, Martin M, Martin-Alonso JM et al. (1999):
Immunization with potato plants expressing VP60 protein
protects against rabbit haemorrhagic disease virus. J Virol
73: 4452-4455.

Martin-Alonso JM, Castanon S, Alonso P et al. (2002): Oral
immunization using tuber extracts from transgenic potato
plants expressing rabbit hemorrhagic disease virus capsid
protein. Transgenic Res 12: 127-130.

Central European Journal of Immunology 2009; 34(4)



