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Summary 

Vaccination is the major control measure for rabbit haemorrhagic 
disease virus (RHDV). The co-circulation of different RHDV 
genotypes in Egypt has led to the need to determine the most effective 
vaccine strain and the cross-protection between these genotypes. 
Rabbits seronegative for RHDV were vaccinated with the commercial 
GI.1a (RHDVa) vaccine strain Giza2006 and the GI.1d (G5) vaccine 
strain Giza97. The rabbits were challenged three weeks post 
vaccination with GI.1a (RHDVa) strains Giza2010 and Kal2012 and 
GI.1d (G5) RHDV Giza97 and RHDV2014 to determine the degree of 
cross-protection and evaluate immunity and cross-reactivity by 
haemagglutination inhibition (HI) and indirect enzyme-linked 
immunosorbent assay (iELISA). Both vaccines were fully protective 
three weeks post vaccination, with 95% protection percentage for the 
GI.1a vaccine and 94.7% for the GI.1d vaccine, with no direct 
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relationship between mortality rates and the genotype of the challenge 
strain. The antibody titres obtained using the HI test were one log 
higher for the GI.1a compared with the GI.1d vaccines, but post-
challenge titres showed increased responses, expressed as 1−3 log2 
higher titres, for the GI.1d vaccine. Sequence and phylogenetic 
analysis of the Egyptian strain RHDV2014 revealed its relatedness to 
the GI.1d genotype and showed no evidence of the presence of GI.2 in 
Egypt until 2014. In conclusion, both GI.1d (G5) and GI.1a (RHDVa) 
based vaccines are protective against both RHDV genotypes present 
in Egypt but continuous monitoring of circulating strains is essential 
because the arrival of GI.2 in Egypt will require new vaccination 
strategies. 
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Introduction 

Rabbit haemorrhagic disease virus (RHDV) is still a highly contagious 
and fatal disease in Egypt and worldwide despite the available 
vaccination strategies (1, 2). Rabbit haemorrhagic disease (RHD) has 
a high mortality rate and is responsible for large economic losses in 
the rabbit industry worldwide. 

Rabbit haemorrhagic disease virus is an icosahedral, non-enveloped 
virus in the genus Lagovirus, family Caliciviridae (3, 4). The viral 
genome is a positive sense single-stranded ribonucleic acid (RNA) 
molecule, 7.4 kilobases (kb) long. The genomic RNA is arranged into 
two open reading frames (ORFs); ORF1 encodes a 257 kiloDalton 
(kD) polyprotein that, upon processing, originates several non-
structural proteins and the capsid protein VP60 (5). The VP60 protein 
contains antigenic determinants recognised by the rabbit immune 
system and, thus, plays a crucial role in evoking a sufficient immune 
response against RHDV infection (6). 
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Until 2010, RHDV strains could be assigned to four genotypes, GI.1a, 
GI.1b, GI.1c and GI.1d (7), corresponding to the former G6, G1, G2 
and G3–G5, respectively, with GI.1a representing the antigenic 
variant referred to previously as RHDVa) (8). 

In 2010, a new RHDV-related virus, originally designated as RHDV2, 
or RHDVb, but now named GI.2, was reported in France (9, 10). The 
GI.2 virus rapidly spread to several countries (9, 11, 12, 13, 14). The 
unique phylogenetic and antigenic profile of RHDV2 − different from 
that of GI.1a – led to a consideration that RHDV2, or ‘RHDVb’, is a 
newly emerged virus and not just another GI.1a (9). 

In Egypt, RHDV was first reported in Sharkia province in 1991 (15). 
A retrospective study tracking the evolution from 1997 to 2012 of 
locally isolated RHDV strains showed that both GI.1d and GI.1a 
RHDV co-circulated in Egyptian rabbit farms and backyard rabbit 
units until a more recent period when GI.1a became more 
prevalent (16). 

Although GI.1a and GI.1d belong to the same serotype, comparison of 
Egyptian strains showed significant differences in amino acid 
composition, with most substitutions clustered within the 
hypervariable region E of VP60, which resulted in changes in the 
antigenic index and Protean analysis (16). The Giza2006 GI.1a 
vaccine used in Egypt showed major differences in the antigenic index 
from GI.1d strains and minor differences from the other local GI.1a 
strains (16). 

The introduction of a prototype RHDV vaccine in the 1990s (17) 
provided good coverage for the strains circulating at that time (18), 
but the continued occurrence of mortalities on rabbit farms and the 
emergence of GI.2 in many countries, with outbreaks in vaccinated 
rabbits, may alter the epidemiology of the disease (19, 20). Therefore, 
the aim of this study was to perform cross-protection studies between 
locally produced vaccines and both GI.1d and GI.1a Egyptian strains, 
and vice versa, with determination of the antigenic relatedness 
between them. In addition, molecular identification of recently 
isolated RHDV strains was carried out in order to investigate the 
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presence of GI.2 in Egypt, allowing a better evaluation of the current 
vaccination strategies. 

Materials and methods 

Virus 

Frozen liver tissue from field cases (rabbits on meat production farms 
and backyard meat rabbits) with clinical signs of RHD (fever, 
anorexia and paralysis) in Kalubia district in 2014 was investigated in 
the authors’ laboratory. Genotyping was performed on each isolate in 
accordance with the authors’ previous work, as well as on six RHDV 
isolates that had been isolated and genotyped as previously described 
(21). Two viruses were used for vaccine preparation: Giza2006, a 
GI.1a vaccine, and Giza97, a GI.1d vaccine. Four isolates were used 
as challenge viruses; two of these (Giza2010 and Kal2012) belong to 
GI.1a RHDV, while Giza97 and RHDV2014 represent GI.1d RHDV. 

Virus isolation and propagation 

All procedures were carried out in accordance with the guidelines and 
requirements of ethical approaches in dealing with experimental 
animals in research and teaching, by following the World 
Organisation for Animal Health (OIE) institutional standards (22). 

Twenty cross-bred three-month-old susceptible rabbits (1.5–2 kg) 
were obtained for virus isolation and propagation. The rabbits used in 
all experiments were confirmed to be seronegative for RHDV by the 
haemagglutination inhibition (HI) test (Table I). All strains were 
passaged and propagated in susceptible rabbits as reported previously 
(21). Each rabbit was inoculated by the intramuscular (IM) route with 
1−2 ml of 10% weight/volume liver homogenate in saline solution, 
pH 7.2, clarified by centrifugation at 5000 ×g for 15 min (23). The 
rabbits were observed for one week and the mortality pattern and post-
mortem lesions were recorded. Liver samples were collected from 
infected rabbits under aseptic conditions. 
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Table I 

Mean haemagglutination inhibition titres (log2/ml) of rabbits 
vaccinated with classical and variant rabbit haemorrhagic disease 
virus vaccines before and after challenge, when reacted against 
their homologous and heterologous antigens 

Vaccine group GI.1a vaccine (Giza2006) GI.1d vaccine (Giza97) 

 Pre-vaccination 3rd week Pre-vaccination 3rd week 

Ag97 (a) 0 7 0 6 

Ag2006 (b) 0 7 0 6 

Challenge virus 
Giza 

97 (c) 

RHDV 

2014 (c) 

Giza 

2010 (d) 

Kal 

2012 (d) 

Giza 

97 (c) 

Kal 

2014 (c) 

Giza 

2010 (d) 

Kal 

2012 (d) 

Ag97 9 8 8 7 10 10 10 10 

Ag2006 6 5 8 7 8 6 6 6 

(a)  refers to antigen prepared from Giza97 strain 
(b)  refers to antigen prepared from Giza2006 strain 
(c)  GI.1d virus type 
(d)  GI.1a virus type 

Reverse-transcription polymerase chain reaction test for 

detection of rabbit haemorrhagic disease virus 

For detection of viral RNA in suspected field cases and vaccinated 
rabbits, either dead or surviving, specific primers flanking 600 bp of 
the highly variable region of the VP60 gene (regions C−E) located in 
the most exposed part of the capsid (the P2 sub-domain) were used, as 
reported previously (21). 

The upstream primer (nucleotide positions 6,106−6,125) 5ʹ CCT GGA 
GGG TTT TCT ACG TG 3ʹ and the downstream primer (nucleotide 
positions 6,688−6,706) 5ʹ AGA CGA CAG ACG CGA ACA T 3ʹ 
were synthesised by Bio Basic Inc. (Markham, ON, Canada). Total 
RNA extraction from fresh liver tissues was performed with the SV 
Total RNA isolation system (Promega, Madison, WI, United States of 
America [USA], Catalogue No. Z3100), according to the 
manufacturer’s procedure. 
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The reverse transcription (RT) reaction for synthesis of 
complementary deoxyribonucleic acid (cDNA) involved incubation of 
2 µg of viral RNA and 100 pmol of the downstream primer with 
nuclease-free water at 65°C for 5 min. The mixture was cooled on ice 
for 5 min, and the reaction proceeded by adding 5 µl of 5× reaction 
buffer, 1.25 µl (500 µmol) of dinucleotide triphosphate (dNTP) Mix 
(Promega, Madison, WI, USA), 10 mM, 1 µl (40 U) of recombinant 
RNAseine (rRNasine) ribo-nuclease inhibitor (Promega, Madison, 
WI, USA), 1 µl (200 U) of RevertAid M-MuLV (Fermentas, 
Waltham, MA, USA) and nuclease-free water up to 25 µl. The thermal 
cycler programme used was 42°C for 60 min followed by 95°C for 
5 min. 

Polymerase chain reaction 

The polymerase chain reaction (PCR) was performed using 25 µl of 
2× Dream TaqGreen PCR Master Mix (Fermentas, Waltham, MA, 
USA), 100 pmol of upstream primer, 100 pmol of downstream primer, 
8 µl of cDNA and nuclease-free water up to 50 µl. The amplification 
reactions were performed using a Perkin Elmer Gene Amp PCR 
system 9700 thermal cycler (Waltham, MA, USA). The thermal cycler 
was adjusted to one cycle at 94°C for 1 min, then 25 cycles at 94°C 
for 1 min, 56°C for 1 min, 72°C for 1 min, followed by one cycle at 
72°C for 10 min. 

The amplified product was analysed by electrophoresis using a 1% 
agarose gel and the product size was measured using a 1 kb DNA 
Ladder (ThermoFisher Scientific, Waltham, MA, USA). 

Sequence analysis of the purified reverse-transcription polymerase 
chain reaction (RT-PCR) product of the RHDV2014 strain, 
representing 600 bp of the hypervariable C−E region of the VP60 
gene, was performed using the PCR primers by Macrogen Inc. (Seoul, 
Republic of Korea). 

Data were analysed using Geneious 3.7 (24). The MEGA5 programme 
(25) and MegAlign software (26) were used for phylogenetic tree 
construction with the neighbour-joining method for the nucleotide 
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sequences and bootstrap values calculated from 1,000 replicates. The 
analysis was performed with other published RHDV strains from 
GenBank that were selected to represent the various GI.1 genotypes 
with different geographical and temporal origins. The accession 
numbers of the GI.1a strains used were: Giza2006 (JQ995154), 
KS2000 (JX409902), Kal2000 (JX429925), Kal2005 (JX436484), 
Giza2010 (KC920592), Kal2012 (KC788211), IN 05 USA 
(EU003578), NY 01 USA (EU003581), UT 01 USA (EU003582), Var 
Iowa 2000 USA (AF258618), Vt 97 Italy (EU250331), JX CHA 97 
(DQ205345), WHNRH China (DQ280493), 99−05 France 
(AJ302016), Triptis (Y15442), 00−Reu (AJ303106), Whn−1 
(DQ069280) and Pv 97 (EU250330). The GI.1b–d strains were 
represented by Giza97 (JX391954), Kal2011 (KF646793), Spain AST 
89 (Z24757), Rainham UK (AJ006019), Bs89 Italy (X87607), FRG 91 
(M67473), KSA-96 (DQ189078), Bahrain 2006 (DO189077), 
Hagenow (Y15441), Frankfurt (Y15424), Czech V351 (U54983), WX 
China 84 (AF402614), 89-Eis (Y15440), 89-SD (Z29514) and 96-Wri 
(Y15427). The accession numbers of the GI.2 strains used are Portu 
6628 (KP862925), Portu 13647 (KP862922) and N11 Spain 
(JX133161); rabbit calicivirus (RCV) Italy (X96868) was used as the 
outgroup. 

Vaccine preparation 

The SERVAC RHDV® vaccine is produced as a commercial product 
of the Veterinary Serum and Vaccine Research Institute (VSVRI), 
Cairo, Egypt. It is prepared with the Giza2006 GI.1a strain using 
aluminium gel adjuvant. Another pilot batch was prepared with the 
Giza97 GI.1d strain using aluminium gel adjuvant and two other 
batches with Giza2006 and Giza97 using Montanide ISA206 (Seppic, 
Colombes, France) for preparation of hyperimmune serum (23). 

Animal immunisation 

In order to investigate the cross-protection between GI.1d and GI.1a 
RHDVa vaccines, 60 commercial crossbred susceptible rabbits, three 
months old and 1.5−2 kg, were obtained for immunisation. Blood 
samples were collected from their ear veins before vaccination, to 
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select seronegative rabbits. The rabbits were divided into three groups 
of 20 rabbits. The first group was immunised with 0.5 ml 
subcutaneous (S/C) SERVAC RHDV® (corresponding to strain 
Giza2006) while the second group was immunised with 0.5 ml Giza97 
aluminium gel vaccine. The third group was kept as a control group. 
The rabbits were kept under field conditions (with the hygienic 
measures of commercial rabbit farms, but without vaccination against 
pasteurellosis). Food and water were provided ad libitum. Serum 
samples were collected weekly for three weeks. 

Virus challenge 

Three weeks post vaccination, each vaccine group was divided into 
four subgroups, separated from each other, to perform the challenge 
test. Challenge viruses were selected according to a previous study 
(16) in which the GI.1a strain Giza2010 showed 100% homology with 
the Giza2006 vaccine strain, while Kal2012 was the most divergent 
GI.1a strain, with 97.2% homology. The GI.1d Giza97 vaccine strain 
showed greater similarity to Kal2011 (94.7%), and lower homology 
with RHDV2014 (93.4%). 

Each vaccine group was challenged with two homologous viruses and 
two heterologous viruses. The control group was also divided into 
four subgroups of five rabbits each, and all groups were inoculated 
with 1 ml of a 10% liver suspension of virulent RHDV (213 
haemagglutinating units) by the IM route. The GI.1d strains Giza97 
and RHDV2014 and the GI.1a strains Giza2010 and Kal2012 were the 
virulent strains used during the challenge test. 

Mortalities and post-mortem lesions were recorded, and the livers 
were collected immediately from dead animals. The surviving rabbits 
were observed for clinical signs, and serum samples were collected 
from all rabbits that survived three weeks post challenge; after this, all 
remaining rabbits were euthanised for liver collection. 
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Safety test 

The safety of the administration of an overdose (three doses of the 
inactivated vaccine) was tested by inoculation of ten seronegative 
rabbits with 1.5 ml vaccine subcutaneously (23). The rabbits were 
observed for any clinical signs or mortalities for three weeks. The 
livers of the rabbits were tested for RHD viral RNA to check the 
safety and efficacy of virus inactivation during the vaccine preparation 
process. 

Serological analysis 

Titration of RHDV-specific antibodies and cross-reactivity between 
GI.1a and GI.1d antigens and antibodies, in either homologous or 
heterologous reactions, were checked by HI and confirmed with 
indirect enzyme-linked immunosorbent assay (iELISA). 

Antigen and serum preparation 

Two different strains were used as the antigen for the HI and enzyme-
linked immunosorbent assay (ELISA) tests, the GI.1d Giza97 (Ag97) 
and GI.1a Giza2006 (Ag2006) strains. Livers from freshly dead 
infected rabbits were homogenised in 10% phosphate buffered saline 
(PBS) (wt/vol) pH 6.4, and then subjected to freezing and thawing 
three times. The homogenates of both virus strains were clarified by 
low-speed centrifugation at 500 ×g for 20 min, and then at high speed 
(6000 ×g) for 30 min. The supernatant was drawn carefully to avoid 
the superficial lipid layer and filtered through a 0.22 μm pore size 
filter (Cornell®, Ithaca, New York, USA) (23). 

The serum samples collected pre-vaccination, weekly afterwards and 
post challenge were incubated at 56°C for 30 min for heat inactivation 
to remove non-specific haemagglutination inhibitors, kept at 4°C for 
1 h followed by centrifugation at 3000 ×g for 15 min at room 
temperature and divided into aliquots (27). 
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Haemagglutination inhibition 

The HI procedures were done as previously reported (23) using V-
shaped microtitre plates (Nunc, Roskilde, Denmark). Each serum 
sample was retested once with GI.1d Giza97 antigen and again with 
GI.1a Giza2006, used as homologous and heterologous antigens. 
Two-fold serial dilution of serum samples was performed in 50 µl 
PBS, and an equal volume of virus antigen was added that contained 
eight haemagglutinating units, before incubation at 37°C for 30 min. 
Human red blood cells (RBCs) (type O) 0.75% were added (50 µl) 
and incubated at 4°C for 1 h. The endpoint was the serum dilution 
showing inhibition of haemagglutination, expressed as mean HI 
log2/ml titres. The titre of the negative control serum was in the range 
of 20–80 (23). 

Indirect enzyme-linked immunosorbent assay 

All serum samples collected were re-tested using an iELISA test for 
additional evaluation of the cross-reactivity between GI.1d and GI.1a 
RHDV subtypes. Two types of hyperimmune serum were prepared, to 
be used as positive controls, by inoculation of two groups of 
seronegative rabbits with pilot batches of inactivated vaccines 
prepared with Montanide ISA206 representing GI.1d and GI.1a 
RHDV strains (0.5 ml vaccine subcutaneously), as previously reported 
(28), to provide a better immune response than that obtained by 
aluminium gel based vaccines (29). Vaccination was repeated twice 
weekly for three successive weeks and serum samples were collected 
every week. Maxisorb plates (Nunc, Roskilde, Denmark) were coated 
overnight at 4°C with both GI.1d Giza97 and GI.1a Giza2006 antigens 
in carbonate buffer (pH 9.6). The plates were washed with PBS–0.1% 
Tween-20 (PBST) five times and blocked with 5% skimmed milk for 
1 h at 37°C. Serum samples were added and incubated for 1 h at 37°C, 
washed five times with PBST, sheep anti-rabbit immunoglobulin G 
(IgG)−horseradish peroxidase conjugate was added at a dilution of 
1:7000 and the samples were incubated at 37°C for 1 h. After washing 
the plates five times, the reaction was developed with 0.4 mg/ml 
ortho-phenylenediamine (OPD) in citrate buffer at pH 5 for 10 min in 
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the dark. A stop solution of 2.5 M sulphuric acid was added and the 
optical density (OD) was measured at 492 nm using a Biotek ELISA 
reader (30). 

Results 

Reverse-transcription polymerase chain reaction and 

sequence analysis 

The PCR analysis of the RHDV suspected field sample (RHDV2014) 
showed a specific 600 bp band of the hypervariable region of VP60, 
indicating that the sample was RHDV positive. The sequence of 
RHDV2014 was submitted to GenBank with accession number 
KR057763. The RHDV2014 strain showed the highest homology with 
GI.1 RHDVs at both the nucleotide and amino acid levels. It showed 
93.4% and 94.3% homology with Egyptian GI.1d strains Giza97 and 
Kal2011, respectively, while it showed 84.7% homology with all 
Egyptian GI.1a strains at the nucleotide level. The percentage 
homology of RHDV2014 at the amino acid level was 99.8% with 
Egyptian GI.1d isolates and 98.3% with Egyptian GI.1a strains. The 
percentage homology of RHDV2 with RHDV2014 and Egyptian GI.1 
strains was 76–77.3%, while with Egyptian GI.1a strains it was 
77−77.9%. 

Multiple alignment of 434 deduced amino acids in the hypervariable 
region (C−E) of the VP60 gene of RHDV2014 with seven local strains 
and other published strains is shown in Figure 1. The three Egyptian 
GI.1d strains (Giza97, Kal2011 and RHDV2014) showed a unique 
amino acid substitution (R299S) in comparison with other GI.1 
strains. The RHDV2014 strain showed three unique amino acid 
substitutions. The first substitution was A309S, where RHDV2014 
shared the amino acid S (serine) with GI.1a rather than A (alanine) 
with GI.1 strains. The other two substitutions (L388I and N414S [in 
RHDV2014 only]) were unique to Egyptian classical strains (Kal2011 
and RHDV2014), distinguishing them from all other GI.1and GI.1a 
strains studied. 
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Fig. 1 

Multiple alignment of 143 deduced amino acid sequences of the 
highly variable region (C–E) of the VP60 gene 

Phylogenetic analysis 

The phylogenetic tree constructed using the neighbour-joining method 
for the nucleotide sequence of the hypervariable region of the RHDV 
VP60 gene is shown in Figure 2. The RHDV2014 strain clustered with 
the GI.1d RHDV clade in a separate subclade with Kal2011 and is 
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closely related to Giza97. The three Egyptian GI.1d isolates were 
closely related to 96-Wri, representing the G5 genogroup (GI.1d 
genotype). 

 

Fig. 2 

Phylogenetic analysis of nucleotide sequences using the 
neighbour-joining method 
Rabbit haemorrhagic disease virus (RHDV) genotypes were separated into three clades: GI.1a, GI.1d 
RHDV and RHDV2. Egyptian strains are underlined in red. 
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Rabbit challenge test 

The rabbits from all control groups showed the typical clinical signs 
of RHD. The control groups that were inoculated with GI.1d RHDV 
strains (Giza97 and RHDV2014) showed a case fatality rate of 100% 
within 3−4 days post infection, while the control groups infected with 
GI.1a strains (Giza2010 and Kal2012) showed milder clinical signs 
(typical RHD signs but less severe) but 100% mortality 7−8 days post 
inoculation. The rabbits vaccinated with either GI.1a or GI.1d 
vaccines survived 17−21 days post challenge, at which time mild 
respiratory signs began to appear in some rabbits. This was followed 
by 20% (1/5) mortality in group 1 (vaccinated with GI.1a Giza2006 
vaccine and challenged with homologous GI.1a Giza2010) and 40% 
(2/5) mortality with homologous GI.1a Kal2012 challenge in group 2. 
Group 3, vaccinated with GI.1d Giza97, showed 20% (1/5) mortality 
when challenged with heterologous GI.1a Giza2010 and group 4, 
vaccinated with the same vaccine but challenged with the homologous 
Giza97 strain, showed 50% mortality (2/4; one of the rabbits died of 
unrelated causes before vaccination). Groups 5 and 6, vaccinated with 
GI.1a Giza2006 and challenged with heterologous GI.1d Giza97 and 
RHDV2014, as well as groups 7 and 8, vaccinated with GI.1d Giza97 
and challenged with homologous GI.1d RHDV2014 and heterologous 
GI.1a Kal2012, showed no mortalities. The challenge test results are 
summarised in Table II. 
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Table II 

Animal challenge results 

 
Vaccine used Challenge virus 

No. of 

animals 

No. of 

deaths 

No. of RHDV 

positive PCR 

No. of Pasteurella 

positive PCR 

Group 1 Giza2006 v (a) Giza2010 v 5 1 0 0 

Group 2 Giza2006 v Kal2012 v 5 2 1 1 

Group 3 Giza97 c (b) Giza2010 v 5 1 0 0 

Group 4 Giza97 c Giza97 c 4 2 1 0 

Group 5 Giza2006 v Giza97 c 5 0 0 0 

Group 6 Giza2006 v RHDV2014 c 5 0 0 0 

Group 7 Giza97 c RHDV2014 c 5 0 0 0 

Group 8 Giza97 c Kal2012 v 5 0 0 0 

(a) v:  GI.1a virus type 
(b) c:  GI.1d virus type 
PCR:  polymerase chain reaction 
RHDV:  rabbit haemorrhagic disease virus 

The dead rabbits were examined for typical RHDV post-mortem 
lesions. The lesions detected were mild congestion in the liver and 
kidneys, and various respiratory lesions in some rabbits, with a large 
amount of pus in the thoracic cavity of one rabbit from group 4. Liver 
samples were taken from the unvaccinated rabbits post-mortem, and 
from surviving vaccinated rabbits at the end of the study, as well as 
from the six vaccinated rabbits that died 17−21 days post RHDV 
challenge. The samples were tested by RT-PCR to check for the 
presence of RHDV or Pasteurella infection that may have been the 
cause of the deaths. The RT-PCR of the hypervariable region of VP60 
was positive for RHDV on liver samples collected from all 
unvaccinated rabbits and surviving rabbits post challenge. Only two 
liver samples from dead vaccinated and challenged rabbits were 
positive for RHDV. The first was from group 4 (vaccinated with 
GI.1d Giza97 vaccine and challenged with the same virus), while the 
second was from group 2 (vaccinated with GI.1a Giza2006 vaccine 
and challenged with homologous GI.1a Kal2012) (Table II). 
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This liver sample from group 2 was also confirmed to be positive for 
Pasteurella multocida type D by multiplex PCR (31) (data not 
shown). 

The challenge results revealed that the GI.1a-based vaccine 
(Giza2006) conferred 95% protection while the GI.1d-based vaccine 
provided 94.7% protection. 

Safety test 

The rabbits inoculated with three doses of inactivated vaccine showed 
no systemic signs of RHDV and no mortalities in the three weeks post 
inoculation. For both tested vaccines, no residual RHDV RNA could 
be detected by RT-PCR for the hypervariable region of VP60 in any 
of the liver samples. 

Haemagglutination inhibition test and indirect enzyme-

linked immunosorbent assay 

Serum samples were collected from each group three weeks after 
vaccination and then collected from surviving rabbits three weeks post 
challenge. All vaccinated animals demonstrated protective serum 
antibody responses with measurable HI titres before challenge, 
whereas none of the unvaccinated rabbits showed any detectable rise 
in RHDV antibody (Table I). All unvaccinated rabbits died from RHD 
within 72 h of challenge. All vaccinated animals survived and showed 
no signs of disease before virus challenge. The HI titres of rabbits 
immunised with GI.1a vaccine (7 log2) were one log unit higher than 
in those vaccinated with GI.1d vaccine (6 log2) three weeks post 
vaccination, when tested using both homologous and heterologous 
antigens. Post challenge, rabbits given the GI.1d vaccine showed 
much higher titres (10 log2) than those given the GI.1a vaccine (range 
7−9 log2) when reacted with the GI.1d antigen. The antibody response 
post challenge of animals given either vaccine showed higher titres 
against the GI.1d antigen than the GI.1a. The challenge of GI.1a 
vaccinated rabbits with homologous strains gave the same HI titres 
when reacted with either the GI.1a or the GI.1d antigen, but sera of 
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rabbits challenged with heterologous strains showed higher titres with 
GI.1d antigen (8−9 log2) than with GI.1a antigen (5–6 log2). 

Sera collected after homologous and heterologous challenge of rabbits 
vaccinated with GI.1d vaccine presented much higher titres (10 log2) 
when reacted with the homologous antigen rather than with GI.1a 
antigen (6–8 log2). 

The iELISA results (data not shown) could not distinguish between 
the antibody responses elicited by GI.1d and GI.1a based vaccines and 
did not show any significant differences. 

Discussion 

Sequence and phylogenetic analyses of the main antigenic determinant 
regions (C and E) of the VP60 gene has been used for genotyping of 
RHDV (16, 32, 33, 34, 35). Sequence and phylogenetic analyses of 
600 bp of the hypervariable region of the VP60 gene of the 
RHDV2014 strain showed its relatedness to Egyptian GI.1d strains 
(Giza97 and Kal2011), and the three Egyptian GI.1d strains were 
closely related to classical GI.1. The results confirmed that none of the 
Egyptian strains from 1997 to 2014 was related to GI.2. A unique 
amino acid mutation was shared among Egyptian GI.1d strains 
(R299S) that was different from other GI.1 RHDV studied when 
compared using multiple alignment (Fig. 1). Notably, RHDV2014 
showed an amino acid substitution (A309S) which is shared with 
GI.1a strains. Both amino acids 299 and 309 are located at L1 of the 
P2 subdomain, which is the most exposed loop and lies juxtaposed to 
three putative binding pockets of histo-blood group antigens (HBGA) 
(10). The accumulation of amino acid mutations may suggest possible 
antigenic drift in the main antigenic determinants, as some researchers 
have reported a recombination event between GI.1b and GI.1a strains 
with two breakpoints, located at nucleotide positions 393 and 1,079 of 
the VP60 sequence (36). Therefore, future studies should aim to 
obtain full-length VP60 sequences for the different Egyptian strains to 
provide a clear picture of their genetic relationships and check for 
recombination events. 
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Regarding the cross-protection conferred by the vaccines based on the 
Egyptian RHDV strains, the challenge test results showed protection 
rates of 94.7% and 95% for the GI.1d and GI.1a based vaccines, 
respectively. Thus, both were fully protective and the mortality rates 
following vaccination and challenge were not directly related to the 
genotype or phylogenetic position of the challenge strain (Table II). 
These findings demonstrate that, despite the genetic divergence and 
antigenic differences between GI.1d and GI.1a genotypes of RHDV 
(16), vaccines developed for GI.1a strains are still found to be 
protective against classical strains, and vice versa, when administered 
correctly (8, 32, 37), and confirm that cross-protection is almost 
complete between classical RHDV and RHDVa because they belong 
to the same serotype (9, 38). 

The antibody titres of vaccinated rabbits obtained using the HI test 
showed that GI.1a vaccines gave results one log higher than GI.1d 
vaccines but, interestingly, the post-challenge titres showed increased 
reactions, expressed by values 1–3 log2 higher for GI.1d vaccines. 

In addition, the cross-reactivity between the homologous and 
heterologous strains meant that the classical antigen of Giza97 had 
higher antigenicity with both vaccines. The sera collected from GI.1a 
vaccinated rabbits after challenge with the GI.1d strain showed equal 
or slightly higher titres in comparison with those of GI.1a challenged 
rabbits (Table I). 

This may give a preliminary indication that GI.1d strains of RHDV 
have stronger antigenicity and reactivity and higher antibody response 
post challenge, although each vaccine strain can be protective against 
challenge with the other. Previous reports support our results: 
antibody titres are dependent on the viral antigen type, but differences 
in HI cross-reactivity do not exceed the range of two dilutions (39). 
However, significant differences in immunological response reflect 
antigenic differences in RHDV (40). 

The results of the RT-PCR testing of the livers collected from both 
euthanised rabbits and those dying as a result of the challenge showed 
that two out of six dead rabbits were positive for RHDV, one for each 
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vaccine, and both were challenged with their homologous strain. 
Moreover, one of them − the GI.1a vaccinated rabbit with pyothorax – 
was confirmed to have Pasteurella multocida type D infection by 
multiplex PCR, while the other four deaths were of unclear causation. 
Co-infection of RHDV with Pasteurella multocida may explain the 
occurrence of deaths with clinical signs compatible with RHDV 
infection despite vaccination, especially in the field, where rabbits 
may be unvaccinated against Pasteurella (41). 

Both prepared vaccines were found to be safe, because no clinical 
signs were seen and no RHDV RNA was found in the livers of tested 
rabbits three weeks post vaccination with three doses, demonstrating 
that vaccine virus was not detected. In contrast, the livers collected 
from rabbits surviving three weeks post challenge were all positive for 
RHD viral RNA despite a lack of clinical signs, indicating the 
persistence of RNA in the liver. This reveals the ability of the 
prepared vaccines to evoke sufficient immune response to overcome 
the highly lethal classical GI.1 or GI.1a RHDV challenge in rabbits. 
These results are supported by previous findings that RHDV RNA 
could be detected in visceral organs of convalescent rabbits until 15 
weeks after infection (2, 42), while no viral RNA was found in 
vaccinated animals without RHDV challenge. Vaccination is 
associated with reduced viral RNA loads, but is unable to induce 
sterile immunity. Some vaccinated rabbits had very robust immune 
responses and this might be manifest either by preventing viral 
replication or increasing the clearance of antigen, as observed in other 
studies (43), while others were identified as carriers of low amounts of 
or no viral RNA (false negatives). 

The cellular immune response may also be involved with clearance of 
the virus and preventing the early stages of RHDV infection. Indeed, 
cellular immune mechanisms, which are known to be transiently 
elevated following infection, may play an important role (27). Further 
studies are required to evaluate the cell-mediated immune response 
induced during the vaccination process. 
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Unfortunately, the unavailability of commercial competitive enzyme-
linked immunosorbent assay (cELISA) kits and the difficulty of 
obtaining monoclonal antibodies for monitoring of RHDV on rabbit 
farms are considered obstacles to the evaluation of RHDV status in 
Egypt. 

Natural resistance against GI.1 (G1–G6) strains in young rabbits lasts 
up to four weeks of age (23, 44) and maternal antibodies may provide 
protection to the age of approximately eight weeks (17). The history 
of GI.1d Kal2011 and GI.1a Kal2012 strains shows high mortality 
rates (up to 100%) only in rabbits less than two months old, as 
previously reported (21, 45). However, the results of this study 
showed wide divergence between these and GI.2 strains, with only 
76% nucleotide identity, indicating that GI.1 strains may appear at 
younger ages than previously thought. This leads to a recommendation 
to begin vaccination at earlier ages (4 weeks), rather than at 2–3 
months old as advised by the OIE Manual of Diagnostic Tests and 

Vaccines for Terrestrial Animals (23). 

Conclusion 

The classical GI.1 and GI.1a based vaccines were cross-protective but 
a vaccine combining both genotypes should be studied to evaluate 
whether it may evoke a better humoral and cell-mediated immune 
response. In addition, continuous monitoring of RHDV in Egypt is 
advised, considering the rapid worldwide dispersion of GI.2 even 
among vaccinated rabbits. 

References 

 1. Asgari S., Hardy J.R.E., Sinclair R.G. & Cooke B.D. 
(1998). − Field evidence for mechanical transmission of rabbit 
haemorrhagic disease virus (RHDV) by flies (Diptera: Calliphoridae) 
among wild rabbits in Australia. Virus Res., 54 (2), 123–132. 
https://doi.org/10.1016/S0168-1702(98)00017-3. 
  



Rev. Sci. Tech. Off. Int. Epiz., 39 (3) 21 

  21/27 

 2. Abrantes J., van der Loo W., Le Pendu J. & Esteves P.J. 
(2012). − Rabbit haemorrhagic disease (RHD) and rabbit 
haemorrhagic disease virus (RHDV): a review. BMC Vet. Res., 43, 
article 12. https://doi.org/10.1186/1297-9716-43-12. 

 3. Meyers G., Wirblich C. & Thiel H.J. (1991). − Genomic 
and subgenomic RNAs of rabbit hemorrhagic disease virus are both 
protein-linked and packaged into particles. Virology, 184 (2),  
677–686. https://doi.org/10.1016/0042-6822(91)90437-G. 

 4. Ohlinger V.F., Haas B., Meyers G., Weiland F. & Thiel H.J. 
(1990). − Identification and characterization of the virus causing 
rabbit haemorrhagic disease. J. Virol., 64 (7), 3331–3336. 
https://doi.org/10.1128/JVI.64.7.3331-3336.1990. 

 5. Meyers G., Wirblich C. & Thiel H.J. (1991). − Rabbit 
hemorrhagic disease virus – molecular cloning and nucleotide 
sequencing of a calicivirus genome. Virology, 184 (2), 664–676. 
https://doi.org/10.1016/0042-6822(91)90436-F. 

 6. Viaplana E., Plana J. & Villaverde A. (1997). − 
Antigenicity of VP60 structural protein of rabbit haemorrhagic disease 
virus. Arch. Virol., 142 (9), 1843−1848. https://doi.org/10.1007/ 
s007050050201. 

 7. Le Pendu J., Abrantes J. […] & Moreno S. (2017). − 
Proposal for a unified classification system and nomenclature of 
lagoviruses. J. Gen. Virol., 98 (7), 1658–1666. https://doi.org/10.1099/ 
jgv.0.000840. 

 8. Capucci L., Fallacara F., Grazioli S., Lavazza A., Pacciarini 
M.L. & Brocchi E. (1998). − A further step in the evolution of rabbit 
hemorrhagic disease virus: the appearance of the first consistent 
antigenic variants. Virus Res., 58 (1–2), 115−126. 
https://doi.org/10.1016/S0168-1702(98)00106-3. 
  



Rev. Sci. Tech. Off. Int. Epiz., 39 (3) 22 

  22/27 

 9. Le Gall-Reculé G., Lavazza A. […] & Capucci L. (2013). − 
Emergence of a new lagovirus related to rabbit haemorrhagic disease 
virus. BMC Vet. Res., 44, article 81. https://doi.org/10.1186/1297-
9716-44-81. 

 10. Puggioni G., Cavadini P., Maestrale C., Scivoli R., Botti G., 
Ligios C., Le Gall-Reculé G., Lavazza A. & Capucci L. (2013). − The 
new French 2010 rabbit hemorrhagic disease virus causes an RHD-
like disease in the Sardinian Cape hare (Lepus capensis 

mediterraneus). BMC Vet. Res., 44, article 96. 
https://doi.org/10.1186/1297-9716-44-96. 

 11. Calvete C., Sarto P., Calvo A.J., Monroy F. & Calvo J.H. 
(2014). − Could the new rabbit haemorrhagic disease virus variant 
(RHDVb) be fully replacing classical RHD strains in the Iberian 
Peninsula? World Rabbit Sci., 22 (1), 91. 
https://doi.org/10.4995/wrs.2014.1715. 

 12. Lopes A.M., Correia J., Abrantes J., Melo P., Ramada M., 
Magalhaes M.J., Alves P.C. & Esteves P.J. (2015). − Is the new 
variant RHDV replacing genogroup 1 in Portuguese wild rabbit 
populations? Viruses, 7 (1), 27–36. https://doi.org/10.3390/v7010027. 

 13. Mahar J.E., Hall R.N. […] & Strive T. (2018). − Rabbit 
hemorrhagic disease virus 2 (RHDV2; GI.2) is replacing endemic 
strains of RHDV in the Australian landscape within 18 months of its 
arrival. J. Virol., 92 (2), e01374-17. https://doi.org/10.1128/ 
JVI.01374-17. 

 14. Rouco C., Abrantes J., Serronha A., Lopes A.M., Maio E., 
Magalhães M.J., Blanco E., Bárcena J., Esteves P.J., Santos N., Alves 
P.C. & Monterroso P. (2018). − Epidemiology of RHDV2 (Lagovirus 

europaeus/GI.2) in free-living wild European rabbits in Portugal. 
Transbound. Emerg. Dis., 65 (2), e373–e382. https://doi.org/ 
10.1111/tbed.12767. 



Rev. Sci. Tech. Off. Int. Epiz., 39 (3) 23 

  23/27 

 15. Ghanem I.A. & Ismail A.N. (1992). − Occurrence of rabbit 
haemorrhagic disease in Sharkia province. Zag. Vet. J., 20 (4), 
491−502. 

 16. El-Bagoury G.F., Abd El-Moaty D.A., El-Zeedy S.A., El-
Nahas E.M. & Youssif A.A. (2014). − Molecular identification of 
RHDV Egyptian strains based on the highly variable region of VP60 
gene. Benha Vet. Med. J., 26 (2), 84–100. Available at: 
www.bvmj.bu.edu.eg/issues/26-2/9.pdf (accessed on 20 March 2019). 

 17. Argüello Villares J.L. (1991). − Viral haemorrhagic disease 
of rabbits: vaccination and immune response. In Viral haemorrhagic 
disease of rabbits and the European brown hare syndrome (J.P. 
Morisse, ed.). Rev. Sci. Tech. Off. Int. Epiz., 10 (2), 471−480. 
https://doi.org/10.20506/rst.10.2.554. 

 18. Leuthold M.M., Dalton K.P. & Hansman G.S. (2015). − 
Structural analysis of a rabbit hemorrhagic disease virus binding to 
histo-blood group antigens. J. Virol., 89 (4), 2378–2387. 
https://doi.org/10.1128/JVI.02832-14. 

 19. Dalton K.P., Nicieza I., Balseiro A., Muguerza M.A., Rosell 
J.M., Casais R., Álvarez Á.L. & Parra F. (2012). − Variant rabbit 
hemorrhagic disease virus in young rabbits, Spain. Emerg. Infect. Dis., 
18 (12), 2009−2012. https://doi.org/10.3201/eid1812.120341. 

 20. Dalton K.P., Nicieza I., Abrantes J., Esteves P.J. & Parra F. 
(2014). − Spread of new variant RHDV in domestic rabbits on the 
Iberian Peninsula. Vet. Microbiol., 169 (1−2), 67–73. 
https://doi.org/10.1016/j.vetmic.2013.12.015. 

 21. Abd El-Moaty D.A.M., El-Bagoury G.F., El-Zeedy S.A.R. 
& Salman O.G.A. (2014). − Egyptian non-hemagglutinating isolates 
of rabbit hemorrhagic disease virus can change to variable HA profile. 
Benha Vet. Med. J., 26 (2), 71–83. Available at: 
www.bvmj.bu.edu.eg/issues/26-2/8.pdf (accessed on 20 March 2019). 
  



Rev. Sci. Tech. Off. Int. Epiz., 39 (3) 24 

  24/27 

 22. World Organisation for Animal Health (OIE) (2019). − Use 
of animals in research and education. In Terrestrial Animal Health 
Code, Chapter 7.8. OIE, Paris, France. Available at: 
www.oie.int/fileadmin/Home/eng/Health_standards/tahc/current/chapi
tre_aw_research_education.pdf (accessed on 19 February 2020). 

 23. World Organisation for Animal Health (OIE) (2018). – 
Rabbit haemorrhagic disease. In Manual of Diagnostic Tests and 
Vaccines for Terrestrial Animals, Chapter 3.6.2. OIE, Paris, France, 
1389–1406. Available at: www.oie.int/fileadmin/Home/eng/Health_ 
standards/tahm/3.06.02_RHD.pdf (accessed on 20 March 2019). 

 24. Kearse M., Moir R. […] & Drummond A. (2012). – 
Geneious Basic: an integrated and extendable desktop software 
platform for the organization and analysis of sequence data. 
Bioinformatics, 28 (12), 1647–1649. https://doi.org/10.1093/ 
bioinformatics/bts199. 

 25. Tamura K., Peterson D., Peterson N., Stecher G., Nei M. & 
Kumar S. (2011). − MEGA5: molecular evolutionary genetics analysis 
using maximum likelihood, evolutionary distance, and maximum 
parsimony methods. Mol. Biol. Evol., 28 (10), 2731–2739. 
https://doi.org/10.1093/molbev/msr121. 

 26. Clewley J.P. & Arnold C. (1997). – MEGALIGN: the 
multiple alignment module of LASERGENE. In Sequence data 
analysis guidebook. Methods in molecular biology (S.R. Swindell, 
ed.). Humana Press, Totowa, New Jersey, United States of America, 
70, 119–129. https://doi.org/10.1385/0-89603-358-9:119. 

 27. Yuan D., Qu L., Liu J., Guo D., Jiang Q., Lin H. & Si C. 
(2013). − DNA vaccination with a gene encoding VP60 elicited 
protective immunity against rabbit hemorrhagic disease virus. 
Vet. Microbiol., 164 (1–2), 1–8. https://doi.org/10.1016/ 
j.vetmic.2013.01.021. 
  



Rev. Sci. Tech. Off. Int. Epiz., 39 (3) 25 

  25/27 

 28. Green J.A. & Manson M.M. (1992). − Production of 
polyclonal antisera. In Immunochemical protocols. Methods in 
molecular biology (M.M. Manson, ed.). Humana Press, Totowa, New 
Jersey, United States of America, 10, 1−5. 
https://doi.org/10.1385/0896032043. 

 29. Mudassar M.-u.-d., Habib M., Iqbal Z. & Hussain I. (2014). 
− Immune response of rabbits to haemorrhagic septicemia vaccine 
formulations adjuvanted with Montanide ISA-206, paraffin oil and 
alum. Asian J. Agric. Biol., 2 (2), 161−167. Available at: 
http://asianjpt.com/wp-content/uploads/2015/05/12-2-2-MS-No.-
50.pdf (accessed on 19 February 2020). 

 30. Capucci L., Scicluna M.T. & Lavazza A. (1991). − 
Diagnosis of viral haemorrhagic disease of rabbits and the European 
brown hare syndrome. In Viral haemorrhagic disease of rabbits and 
the European brown hare syndrome (J.P. Morisse, ed.). Rev. Sci. Tech. 

Off. Int. Epiz, 10 (2), 347–370. https://doi.org/10.20506/rst.10.2.561. 

 31. Abbas A.M., Abd El-Moaty D.A.M., Zaki E.S.A., El-
Sergany E.F., El-Sebay N.A., Fadl H.A. & Samy A.A. (2018). − Use 
of molecular biology tools for rapid identification and characterization 
of Pasteurella spp. Vet. World, 11 (7), 1006−1014. 
https://doi.org/10.14202/vetworld.2018.1006-1014. 

 32. Le Gall-Reculé G., Zwingelstein F., Laurent S., De 
Boisséson C., Portejoie Y. & Rasschaert D. (2003). − Phylogenetic 
analysis of rabbit haemorrhagic disease virus in France between 1993 
and 2000, and the characterization of RHDV antigenic variants. Arch. 

Virol., 148 (1), 65−81. https://doi.org/10.1007/s00705-002-0908-1. 

 33. Moss S.R., Turner S.L., Trout R.C., White P.J., Hudson 
P.J., Desai A., Armesto M., Forrester N.L. & Gould E.A. (2002). − 
Molecular epidemiology of rabbit haemorrhagic disease virus. J. Gen. 

Virol., 83 (10), 2461−2467. https://doi.org/10.1099/0022-1317-83-10-
2461. 



Rev. Sci. Tech. Off. Int. Epiz., 39 (3) 26 

  26/27 

 34. Matiz K., Ursu K., Kécskemeti S., Bajmócy E. & Kiss I. 
(2006). − Phylogenetic analysis of rabbit haemorrhagic disease virus 
(RHDV) strains isolated between 1988 and 2003 in eastern Hungary. 
Arch. Virol., 151 (8), 1659−1666. https://doi.org/10.1007/s00705-006-
0730-2. 

 35. Oem J.K., Lee K.N., Roh I.S., Lee K.K., Kim S.H., Kim 
H.R., Park C.K. & Joo Y.S. (2009). − Identification and 
characterization of rabbit hemorrhagic disease virus genetic variants 
isolated in Korea. J. Vet. Med. Sci., 71 (11), 1519–1523. 
https://doi.org/10.1292/jvms.001519. 

 36. Lopes A.M., Dalton K.P., Magalhães M.J., Parra F., Esteves 
P.J., Holmes E.C. & Abrantes J. (2015). − Full genomic analysis of 
new variant rabbit hemorrhagic disease virus revealed multiple 
recombination events. J. Gen. Virol., 96 (6), 1309−1319. 
https://doi.org/10.1099/vir.0.000070. 

 37. 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. Arch. Virol., 144 (4), 
719−735. https://doi.org/10.1007/s007050050538. 

 38. Read A.J. & Kirkland P.D. (2017). − Efficacy of a 
commercial vaccine against different strains of rabbit haemorrhagic 
disease virus. Aust. Vet. J., 95 (7), 223−226. 
https://doi.org/10.1111/avj.12600. 

 39. Fitzner A. (2014). − Evaluation of the usefulness of 
laboratory diagnostic methods in RHD outbreak. Bull. Vet. Inst. 

(Pulawy), 58 (2), 177−186. https://doi.org/10.2478/bvip-2014-0027. 

 40. Berninger M.L. & House C. (1995). − Serologic 
comparison of four isolates of rabbit hemorrhagic disease virus. Vet. 

Microbiol., 47 (1–2), 157–165. https://doi.org/10.1016/0378-
1135(95)00051-B. 

https://doi.org/10.1007/s007050050538


Rev. Sci. Tech. Off. Int. Epiz., 39 (3) 27 

  27/27 

 41. Daoud A.M., Khodeir M.H., Abbas A.M., Ibrahim S.I. & 
Gergis S.M. (1998). − Preliminary study for preparation of rabbit 
pasteurellosis and rabbit haemorrhagic disease virus combined 
vaccine. In Proc. 4th Scientific Veterinary Medical Conference: ‘The 
veterinary medicine and development at the 21st century (A.M. El-
Taher and Y. Abd El-Galel, eds), 26–28 August 1998, Hurghada, 
191−197. Available at: www.researchgate.net/publication/ 
327593341_Preliminary_study_for_preparation_of_Rabbit_Pasteurell
osis_and_Rabbit_hemorrhagic_disease_virus_combined_vaccine 
(accessed on 20 February 2020). 

 42. Gall A., Hoffmann B., Teifke J.P., Lange B. & Schirrmeier 
H. (2007). − Persistence of viral RNA in rabbits which overcome an 
experimental RHDV infection detected by a highly sensitive multiplex 
real-time RT-PCR. Vet. Microbiol., 120 (1−2), 17−32. 
https://doi.org/10.1016/j.vetmic.2006.10.006. 

 43. Spibey N., McCabe V.J., Greenwood N.M., Jack S.C., 
Sutton D. & van der Waart L. (2012). − Novel bivalent vectored 
vaccine for control of myxomatosis and rabbit haemorrhagic disease. 
Vet. Rec., 170 (12), 309. https://doi.org/10.1136/vr.100366. 

 44. Cooke B.D., Robinson A.J., Merchant J.C., Nardin A. & 
Capucci L. (2000). − Use of ELISAs in field studies of rabbit 
haemorrhagic disease (RHD) in Australia. Epidemiol. Infect., 124 (3), 
563−576. https://doi.org/10.1017/S0950268899003994. 

 45. El-Nahas E. (2011). − Molecular and histopathological 
detection of rabbit hemorrhagic disease virus in young rabbits. 
Kafrelsheikh Vet. Med. J., 9 (2), 179−193. 

__________ 


