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ABSTRACT 
Rabbit hemorrhagic disease (RHD) is a contagious viral disease that threatens rabbit farms locally and globally. The 

disease causative agent is the RHD virus (RHDV) of the family Caliciviridae. The present study aimed to identify 

and characterize RHDV strains currently circulating in Upper Egypt provinces. A total of 20 suspected RHDV 

samples were collected from non-vaccinated rabbit flocks from January to December 2019 in Upper Egypt 

governorates (New Valley and Assuit), Egypt. The RHDV was confirmed through the hemagglutination test (HA) 

and reverse transcription-polymerase chain reaction (RT-PCR). Further characterization of selected 4 isolates was 

performed by nucleotide sequencing of a partial VP60 gene. All of 11 RHDV RT-PCR-positive samples were 

positive for HA activity against human RBCs type "O". Based on the nucleotide sequencing, the selected 4 isolates 

were clustered as RHDV-1 variant strains (G3-G5). The nucleotide sequence identities of the 4 isolates were 94.2-100 

%, compared to available RHDV strains from GenBank. In conclusion, the presence of RHDV-1 variant strains was 

detected and confirmed that threatens the rabbit’s populations in New Valley and Assuit governorates.  
 

Keywords: Upper Egypt, Nucleotide sequencing, Rabbit hemorrhagic disease virus, Reverse transcription-
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INTRODUCTION 
 

Rabbit hemorrhagic disease (RHD) is a rapidly fatal viral 

disease which remains a threat to rabbit farms worldwide 

(Dalton et al., 2015). It causes high mortality large 

economic losses in the rabbit industry. Rabbit hemorrhagic 

disease was first recorded clinically in China (XU, 1991) 

then it became quickly endemic through Asia and Europe 

(Alda et al., 2010; Abrantes et al., 2012). In Egypt, the 

rabbit hemorrhagic disease virus (RHDV) was firstly 

reported in the Sharkia governorate in 1991, and it was 

spread to other Egyptian governorates (Ghanem and 

Ismail, 1992; Hemida et al., 2020). Transmission of 

RHDV occurred through oral, conjunctival, nasal, and 

vector-like insect routes (Urakova et al., 2019). RHD 

causes severe petechial hemorrhages in multiple systemic 

organs, such as liver, trachea, and lungs (OIE, 2018). It 

was diagnosed by a hemagglutination (HA) test using 

human-type “O” red blood cells (RBC). As there are non-

hemagglutinating RHDV isolates, the HA test is unreliable 

for diagnosis (Bazid et al., 2015). Thus, virus detection 

and characterization are carried out through rabbits 

inoculation, reverse transcriptase-polymerase chain 

reaction (RT-PCR) (Ismail et al., 2017), and gene 

sequencing which facilitate all vaccine and wild-type virus 

strains to be fully identified and differentiated (Le Gall-

Reculé et al., 2017; Kwit and Rzeżutka, 2019). The 

Egyptian authorities’ control strategy of RHD depends 

mostly on rabbit vaccination with appropriate commercial 

vaccines (Abido et al., 2020). 

Rabbit hemorrhagic disease virus is a single-stranded 

Ribonucleic acid positive-sense (ssRNA
+
) virus, non-

enveloped classified within the family Caliciviridae, genus 

Lagovirus (Abrantes et al., 2012). This species would be 

divided into two genogroups that correspond to RHDV 
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(GI) and European Brown Hare Syndrome Virus 

(EBHSV) (GII) related viruses. Then, genogroups of 

RHDV strains could be subdivided into GI.1a/RHDVa for 

RHDVa (G6) strains, GI.1b/RHDV for classical RHDV 

G1, and GI.1c/RHDV for classical G2 strains. 

Furthermore, GI.1d/RHDV was proposed for the three 

classical genotypes G3/G4/G5. The recently described 

RHDV2 has a new proposed name GI.2/RHDV2/b (Le 

Pendu et al., 2017) 

The RHDVa variant strain was identified in 2006 

which substituted the classic RHDV strain in vaccine 

manufacture (Salman, 2007). The newly emerging 

RHDV2 caused various outbreaks in the vaccinated 

rabbits’ flocks (Hemida et al., 2020) with a variable 

mortality rate; death can happen in adult and lactating 

rabbits from 15 days of age. (Le Gall-Reculé et al., 2013). 

Both classical and variant strains combination have 

resulted in enlarged diversity in RHDV strains (Lopes et 

al., 2018). RHDV and RHDV2 are identical in their 

genomic structures in which both contain two open 

reading frames (ORFs). ORF1 encodes the RNA-

dependent RNA polymerase and the main capsid protein 

(VP60) and ORF2 encodes a minor structural protein 

known as VP10 (Dalton et al., 2015). 

The VP60 is the major structural protein of RHDV 

capsid and it is the most immunogenic protein (Awad and 

Kotb, 2018). It consists of a buried shell (S) domain (N-

terminus) and the protruding (P) domain (C-terminus) 

which is exposed to the surface. The P domain can be 

subdivided into two subdomains (P1 and P2) where P2 

displays the greatest genetic variation (Neill, 1992; 

Abrantes et al., 2012). Six distinct regions (A-F) can be 

discriminated against VP60 gene although C and E are 

located in the exposed P2 subdomain that shows the 

highest genetic variation (Puggioni et al., 2013). 

In Egypt, severe mortalities were reported among 

vaccinated rabbit farms during 2018-2019 and the samples 

were RHDV positive from different governorates.  

Suspected cases were confirmed to be RHDV positive 

from different Lower Egyptian governorates (Abido et al., 

2020; Erfan and Shalaby, 2020). This study was 

performed to investigate isolation and molecular 

characterization of RHDV strains circulating in rabbit 

population in New Valley and Assuit governorates using 

sequencing and phylogenetic analysis to know the 

emergence of RHDV2 in Upper Egypt provinces as Lower 

Egypt or not. 

 

MATERIALS AND METHODS 
 

         Ethical approval 
Institutional Animal Care and Use Committee at 

Veterinary Serum and Vaccine Research Institute for 

Evaluation of Veterinary Biologics acknowledge the 

research manuscript as it was reviewed under the current 

research authority and it was deemed compliance with 

bioethical standards in good faith. 

  

Case history            
Complete data about the investigated rabbitries were 

collected during the suspected RHDV outbreaks (Table 1). 

Rabbits in 11 intensive rabbit production farms 

representing two Upper Egyptian governorates (Table 1) 

exhibiting symptoms and lesions suspected to be RHDV 

from January to December 2019 with no history of 

vaccination against RHDV. 

 

Table 1. Case history of the 11 investigated rabbitries (not vaccinated) suffered from rabbit hemorrhagic disease virus 

outbreaks from January to December  2019 in New Valley and Assuit governorates, Egypt  

Farm 

number 
Date 

Farm 

capacity/ dams 
Governorate 

Mortality (%) 

Suckling* Weaning** Growing*** Adult**** 

1 16/1/2019 70 New Valley 5 10 80 90 

2 21/1/2019 90 Assuit 10 10 85 85 

3 8/2/2019 100 Assuit 7 15 90 87 

4 30/5/2019 50 New Valley 8 10 85 85 

5. 20/8/2019 80 New Valley 5 18 90 80 

6 18/8/2019 90 Assuit 7 20 85 90 

7 14/5/2019 100 Assuit 8 10 80 90 

8 23/6/2019 60 Assuit 6 15 87 90 

9 20/7/2019 75 New Valley 10 12 86 90 

10 8/12/2019 90 Assuit 5 10 90 85 

11 15/12/2019 100 Assuit 6 20 80 90 

*: Suckling rabbits aged 17-35 days, **: Weaning rabbits aged 35-55 days, ***: Growing rabbits aged 55 days up to 4 months, ****: Adult rabbit 

aged more than 4 months. 
 
 

The clinical examination 
The investigated rabbitries were examined for 

clinical signs during the suspected RHDV outbreak from 

January to December  2019 in  Assuit and New valley 

governorates, Egypt. Clinical signs noticed on the affected 

rabbits included pyrexia, cyanosis of lips and nostrils, 

hemorrhagic nasal discharges, ataxia, and convulsions.  
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Postmortem examination 

The freshly dead rabbits during the suspected RHDV 

outbreaks were subjected to postmortem P/M) 

examination with the recording of the observed 

macroscopic pathological findings. 

  

Samples collection and preparation 

Liver tissues were aseptically collected from freshly 

dead rabbits from different localities in Upper Egyptian 

governorates. Liver extract prepared after homogenization 

of 10% of liver tissue samples in phosphate buffer saline 

(PBS) weight per volume (w/v). The prepared suspensions 

were centrifugated at 3000 rpm for 15 minutes with 

chilling at 4˚C (OIE, 2018). The clear supernatants were 

collected and kept at -20
ᵒ
C till used.  

 

Haemagglutination test 

Washed erythrocytes human-type "O" suspended in 

sterile saline as 0.75% and 10% for micro- 

hemagglutination (HA) technique and rapid slide HA tests, 

respectively. Two-fold dilutions of homogenized liver 

tissue suspension (10% w/v) with PBS were incubated 

with an equal volume of washed human RBCs type "O" 

(0.75% concentration) in a V shaped-bottom microtiter 

plate at 4°C according to a study conducted by Capucci et 

al. (1996a,b).  

   

Isolation of rabbit hemorrhagic disease virus  

Isolation was performed in the susceptible rabbits as 

reported by Capucci et al. (1991) who obtained a 

significant yield of highly purified RHDV from the liver 

of affected rabbits as the isolated virus reproduced the 

disease in susceptible rabbits and has been re-isolated 

from dead ones. Liver extracts from the freshly dead 

rabbits during RHDV outbreak in some Egyptian 

governorates were inoculated [1 ml/rabbit intramuscular 

(I/M)] into five susceptible crossbreed rabbits (aging 1 

month old and seronegative for RHDV HI antibodies). 

Another five rabbits were inoculated with 1 ml sterile 

saline solution and kept as the negative control. All rabbits 

were kept under daily observation for two weeks with the 

recording of clinical signs, mortalities, and P.M. lesions. 

Liver extracts prepared from freshly dead rabbits for re-

detection of RHDV through micro-HA test using human-

type "O" RBCs. 

  

RNA extraction 

RNA extraction from the clarified liver tissue 

homogenates was performed according to Abd El-Moaty 

et al. (2014) using the QIAamp viral RNA Mini kit 

(Qiagen, Gmbh, Germany) according to the 

manufacturer’s instructions. Briefly, 140 µl of liver 

homogenates were incubated with 560 µl of AVL lysis 

buffer and 5.6 µl of carrier RNA at room temperature for 

10 minutes. After complete lysis, 560 µl of ethanol of a 

concentration of 100% was added and mixed for 15 

seconds by pulse vortexing. Aliquots of 630 μL were 

transferred to a spin column and centrifuged at 8000 rpm 

for one minute. The sample was washed in 500 μL AW1 

buffer then centrifuged at 8000 rpm for one minute 

followed by adding 500 μL AW2 buffer then centrifuged 

again at 14,000 rpm for 3 minutes. The RNAs were eluted 

with 60 µl of elution buffer and stored at -80°C until used. 

  

Detection of rabbit hemorrhagic disease virus by 

RT-PCR 

PCR oligonucleotide primers (Metabion, Germany) 

that were designed according to Fahmy et al. (2010); to 

amplify 538 bp of the highly variable region of VP60 gene 

Forward primer (P33): 

5’CCACCACCAACACTTCAGGT’3 and reverse primer 

(P34): 5’ CAGGTTGAACACGAGTGTGC’3). The 

master mix was used in a total volume of 25 µl containing 

12.5 μl of the 2x QuantiTect SYBR Green PCR Master 

Mix (Qiagen, Gmbh, Germany), 1 µl of each primer at a 

concentration of 20 pmol, 0.25 µl of Revert Aid reverse 

transcriptase, 7.25 µl of nuclease-free water, and 3 µl of 

RNA template. The reaction was performed in a BIO-

RAD
®
 PCR system T100 thermocycler (BioRad, Hercules, 

California, USA). Reverse transcription was carried out at 

50°C for 30 minutes followed by a primary denaturation 

step at 95°C for 15 minutes, 40 cycles at 94°C for 55 

seconds, 56°C for 55 seconds, and 72°C for 1minute. A 

final extension step was performed at 72°C for 10 minutes.  

  

Sequencing and phylogenetic analysis 

The amplified VP60 PCR products (15µl) were 

evaluated by gel electrophoresis using ultrapure 1.5% 

agarose (Invitrogen, Thermo Fisher Scientific, Germany) 

in 1×Tris-borate-EDTA (TBE) buffer at room temperature. 

Gelpilot 100 bp DNA ladder (Qiagen, Gmbh, Germany) 

was used to determine the product size. PCR-amplified 

bands were detected by imaging using a gel 

documentation system (Alpha Innotech, Biometra). 

Finally, data were analyzed using Automatic Image 

Capture Software (Protein Simple, formerly Cell 

Biosciences, San Jose, CA, USA).  

Gene sequencing and phylogenetic analysis of PCR 

products were purified using a QIAquick PCR Product 

extraction kit (Qiagen, Gmbh, Germany). Sequence 
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reactions were performed using a Bigdye Terminator V3.1 

cycle sequencing kit (Perkin-Elmer), and purification was 

carried out by Centri-Sep spin columns (Thermo Fisher, 

Germany). The VP60 sequences were obtained using a 

3500xl genetic analyzer (Applied Bio-systems, Life 

technologies, Thermo Fisher, Germany). Basic Local 

Alignment Search Tool (BLAST
®
) (Altschul et al., 1990) 

was performed to establish sequence similarities to the 

sequences deposited in the GenBank database. The 

MegAlignmodule of Lasergene DNA-Star version 12.1 

was used to determine phylogenetic distances among the 

analyzed strains (Thompson et al., 1994) and MEGA7 was 

employed to create a phylogenetic tree using maximum 

composite likelihood with 1000 bootstrap replications, 

neighbor-joining, and maximum parsimony (Kumar et al., 

2016) and assembled sequences were deposited to the 

GenBank database. 

  

RESULTS 

 

Case history 

The investigation of eleven rabbitries suffered from 

high mortalities from January to December  2019 in some 

Upper Egypt governorates revealed that the RHDV 

outbreaks were distributed mainly in New Valley, and 

Assuit governorates (Table 1). The diagnosis of suspected 

RHDV cases was determined considering clinical signs, 

postmortem lesions, HA activity, conventional RT-PCR, 

and sequencing of the RHDV VP60 gene. All the 

ultimately diagnosed RHDV samples (RHDV-positive) 

were from unvaccinated flocks. All groups of the 

examined rabbitries included the neonates suckling rabbits 

of less than 1 month old, the weaned rabbits of 1-2 months 

old, growing rabbits of 2-3 months old, the premature 

rabbits of 3-5 months old, and finally adult rabbits.   

The mortality rate in the investigated rabbitries 

ranged 5-10% in suckling rabbits aged 17-35 days. 

However, the mortality rate was reported at 80-90% in the 

adult rabbit aged more than 4 months. Furthermore, in 

growing rabbits aged 55 days up to 4 months, the 

moralities were within the range of 80-90%, and in 

weaning rabbits aged 35-55 days, it was reported 10-20% 

(Table 1). Most of the examined rabbitries fed on the 

commercially formulated ration (pellet form). The housing 

system in the different examined rabbitries was wire 

cages. 

   

Clinical features 

Changeable clinical signs noticed on the affected 

rabbits in the examined rabbitries (Figure 1) included 

pyrexia with increased respiratory rates as well as cyanosis 

of lips and nostrils, anorexia, hemorrhagic nasal 

discharges, and convulsions besides other neurological 

signs such as ataxia and paddling with legs that seemed 

approaching death. Occasionally, the dead rabbits were 

found in the opisthotonos position (spasm of the muscles 

causing backward arching of the head, neck, and spine). 

Moreover, the anal sphincter sometimes appears to loosen 

with mucoid fecal discharge. 

 

P/M examination 

The most consistent lesion during P/M examination 

was hemorrhaged almost in all organs accompanied by 

poor blood coagulation (Figure 1). The most severely 

affected organ was the liver (brownish and friable) while 

in weaning rabbits, the liver sometimes appeared to be 

pale with icteric discoloration. Trachea was often full of a 

foamy bloody exudate, lungs showed congestion, edema 

with multifocal punctuate hemorrhages of variable sizes 

accompanied by subpleural hemorrhages, the spleen was 

swollen, severely congested and enlarged 2-3 times with 

rounded edges, kidneys showed hyperaemic dark brown 

color and enlarged, and urinary bladder was found full 

with turbid urine.  

  

Haemagglutination test 

The 11 samples from RHDV RT-PCR-positive 

rabbits were also positive for HA activity against human 

RBCs type "O" in the microtiter plate. The HA titers 

varied from 2
9
 to 2

12
. 

  

Isolation of rabbit hemorrhagic disease virus 

RHDV was successfully isolated from different 

suspected RHDV outbreaks samples with the development 

of the specific and characteristic clinical signs as well as 

postmortem lesions for RHDV (Figure 1) in the inoculated 

rabbits. The deaths occurred within 3-5 days post-

infection. Neither signs nor deaths were recorded in the 

negative control group. The RHDV was detected in liver 

extracts of dead rabbits individually in all RHDV 

outbreaks after isolation using microtiter plate HA test 

against human RBCs “O” type. 

 

Molecular identification 

All the examined RHDV samples (n = 11) from 

diseased rabbits were found to be positive for RHDV 

when tested by the conventional RT-PCR using VP60 

specific primers. The amplified VP60 gene was 

successfully done as the anticipated amplicon size 538bp 

was clearly detected in all examined samples (Figure  2).   
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Figure 1. Clinical signs and postmortem lesions of suspected rabbit haemorrhagic disease virus outbreaks samples collected 

from Californian and Netherland rabbits in New Valley and Assuit governorates, Egypt in 2019. 1: Haemorrhagic nasal 

discharges, 2: Lungs are oedematous, congested, and hemorrhagic with splenomegaly, 3: Liver appears yellowish-brown in color, brittle and 

degenerated with a marked lobular pattern, 4: tracheal mucosa is hyperaemic and containing abundant frothy fluid, 5: Urinary bladder 

engorged with discolored urine.  

 

 
Figure 2. Detection of rabbit hemorrhagic disease virus using RT-PCR. Agarose-gel electrophoresis of amplified products of 

538 bp of rabbit hemorrhagic disease virus using VP60 specific primers. Lane 1: 100bp, DNA size marker, lane 13: Negative 

control, lane 2-12: RHDV suspected tissue samples (positive), lane 14: Positive control 

 

Nucleotide sequencing and phylogenetic analysis 

The phylogenetic tree was constructed by the 

Neighbor-joining method for the nucleotide sequence of 

RHDV for the highly variable region of VP60 gene. 

Samples were carefully chosen from different localities of 

two Upper Egypt governorates. All of them were included 

for a sequence of the highly variable region of VP60 gene 

(C-E region). The sequencing and phylogenetic analysis of 

VP60 gene revealed that four isolates (RHD-1, RHD-2, 

RHD-4, and RHD-5) were closely related to RHDV-1 

strains (G3-G5), compared to RHDV strains available 

from GenBank (Figure 5). The nucleotide sequence 

identities of four isolates were 94.2-100 % compared to 

other available RHDV strains (Figure 4). On the other 

side, these isolates showed 100% nucleotide identity 

among them (Figure 2). The partial VP60 (C-E region) 

sequences of four isolates were submitted to GenBank 

with accession numbers: MW251513, MW251514, 

MW251516, and MV251517. The alignment of 118 amino 

acids of RHDV-1 variant isolates and 29 RHDV 

sequences obtained from GenBank with their details listed 

in (Figure 3) was conducted.  
 

 

 

 

https://rabbitpedia.com/netherland-dwarf/
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Majority                           MASGIISTPNANAITYTPQPDRIVTTPGTPAAAPVGKNTPIMFASVVRRTGDVNASAGSTNGTQYGTGSQ 

                           ---------+---------+---------+---------+---------+---------+---------+ 

                                    10        20        30        40        50        60        70 

                           ---------+---------+---------+---------+---------+---------+---------+ 

LT549473.1-E14-73-France-2014      ....V.....SS........N...NA........I.................I..E..........A...                  208 

LT168839.1-RHDV2-13-22-France-2013 ....V.....SS........N...NA........I.................I..E..........A...                  208 

KJ683895.1-RHDV2-Portugal-2013     ....V.....SS.T......N...NA........I.................I..E..........A...                  208 

MT067629-RHDV-A-Qalubia-Egypt-2019 ....V.....SS.T......N...NA........I.................I..E..............                  208 

MT067630-RHDV-B-Qalubia-Egypt-2019 ....V.....SS.T......N...NA........I.................I..E..............                  208 

AY269825.1-Isolate-NJ-China-1985   ....V........V........................S................A..............                  208 

DQ069280.1-RHDV-whn-china-2005     ....V........V.................................K.......A..............                  208 

FR823355.1-RHD-90-10               ....V..................................................T...A..........                  208 

Z24757.1-AST-89                    ....V....S.............................................T...A..........                  208 

M67473-RHD-FRG-91-GER(G1)          ...........S...........................................T...A..........                  208 

FN552800.1-RHDV-01-15-CYM74        .......................................................T..............                  208 

DQ189077.1-RHDV-Bahrain            .......................................................T..............                  208 

AY925209.1-RHD-Ireland1            ......................................................................                  208 

EF558572.1-RHDV-Frankfurt-12       .......................................................T...AS.........                  208 

EF222287.1-RHDV-Egypt-KS-2000      ...........................................................AS.........                  208 

RHD1-Assuit-Egypt-2019             ......................................................................                  208 

RHD2-Assuit-egypy-2019             ......................................................................                  208 

RHD4-wadielgdid-Egypt-2019         ......................................................................                  208 

RHD5-wadielgdid-Egypt-2019         ......................................................................                  208 

 

Figure 3. Deduced amino acids alignment of VP60 gene. Deduced amino acids of 538bp fragment (118 amino acids) of VP60 

gene of RHDV-1 isolates and 29 sequences of rabbit hemorrhagic disease viruses obtained from GenBank. The isolates 

belonging to RHDV-1 strains with 100% with RHD-Ireland1 with accession number AY925209.1. RHDV-1 identical amino 

acids are represented with dots (.) and letters represent mismatches using MEGAX and BioEdit software packages 

 

 

 

 
Figure 4. Details of RHDV-1 isolates and 29 sequences of rabbit hemorrhagic disease viruses obtained from GenBank and 

identities to other rabbit hemorrhagic disease virus strains (isolates GenBank accession numbers: MW251513, MW251514, 

MW251516, and MV251517) 
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Figure 5. Phylogenetic tree of rabbit hemorrhagic disease virus based upon partial nucleotide sequences (VP60 gene) and 

other randomly selected strains from GenBank (MEGA 6-Neighbor-joining). The circles show RHDV-1 variant isolates in different 

localities of two Upper Egypt governorates 

 

DISCUSSION 

  

Rabbit hemorrhagic disease is an important disorder of 

rabbit populations which restricted by vaccination 

programs. In Egypt, RHDV outbreaks still occur in 

different governorates causing significant mortality rates 

of notable economic losses during the last years despite 

the availability of RHDV vaccines. RHDV was firstly 

reported in China in1984 (Liu et al., 1984) then it became 

endemic in most European, Asian, and African countries 
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as well as in Australia and New Zealand (Grazioli et al., 

2000). 

In the current study, RHDV isolation in the 

inoculated rabbits revealed deaths in 3-5 days post-

infection. Most of the investigated rabbitries were not 

vaccinated against RHDV. The examined rabbit farms 

showed high mortality rates (80-90 %) in adult rabbits 

(Table 1), these results agreed with (OIE, 2019) indicating 

higher mortality rates in adults 80-90% and subclinical 

form in rabbits younger than 6-8 weeks as a result of 

RHDV/RHDVa. the present findings were similar to those 

reported by Erfan and Shalaby (2020) in which the older 

rabbits were positive for classical RHDV with a mortality 

rate of 75%. The clinical signs detected in the affected 

farms were in accordance with those mentioned by Awad 

and Kotb (2018) and (OIE, 2019), including nervous, 

respiratory signs, apathy, and anorexia.  

The liver is the best organ of choice for virus 

identification as it comprises the highest virus titer (OIE, 

2018). The prepared liver extracts were examined using a 

microtiter plate HA test. The RHDV agglutinates human-

type "O" RBCs and was confirmed by the HA test as a 

routine diagnostic method for detection of RHDV in the 

suspected samples. All 11 samples were positive with HA 

titers varied from 2
9
 to 2

12
. These results were consistent 

with those stated by Le Gall-Reculé et al. (2013) and 

Bazid et al. (2015) indicating that RHDV isolates 

agglutinated human RBC of type “O".  The RT-PCR assay 

detected RNA of RHDV in lung and liver samples, all 11 

samples of suspected RHDV were positive. Amplification 

was performed for a 538 bp fragment of VP60 gene highly 

conserved region of RHDV variants. These results were 

consistent with those of Le Gall-Reculé et al. (2017) who 

stated that VP60 was an efficient target for RT-PCR 

assays. In addition, RT-PCR results approved that VP60 

(C-E region) could detect all RHDV genotypes as 

conserved region (Embury-Hyatt et al., 2012), but with 

time benefit as the produced 600 bp fragment could be 

directly sequenced for genotyping of suspected samples, 

especially in case of RHDV with negative HA activity 

(Abd El-Moaty et al., 2014). 

The phylogeny of four selected RHDV samples 

collected in 2019 from two Egyptian provinces, and 

sequencing of VP60 -capsid gene resulted in the 

identification of RHDV-1 variant strains with nucleotide 

identities ranging from 94.2-100%, compared to available 

RHDV-1 strains in Genbank. This finding agreed with 

Erfan and Shalaby (2020) who reported that the 

preliminary identification of RHDV-1 variant strains was 

in Upper Egypt governorates, but RHDV-2 variants were 

identified primarily among the Lower Egypt provinces. 

Moreover, these results were in agreement with those 

reported by Abido et al. (2020) claiming that RHDV-2 

was detected in Delta governorates, Egypt. Furthermore, 

these findings were consistent with those mentioned by 

Mahar et al. (2018) who detected the presence of both 

circulating RHDV-1 and RHDV-2 strains. Moreover,  Abd 

El-Moaty et al. (2020) showed that the classical 

(GI.1d/RHDV) and variant (GI.1a) genotypes are still co-

circulating in the Egyptian rabbit populations. 

the present epidemiological survey in Assuit and 

NewValley provinces showed no emergent of RHDV-2 

which agreed with Erfan and Shalaby (2020) who reported 

that a significant distribution of  RHDV strains of 

genotypes (G3-G5) associated with the RHDV-1 variant 

strains presented commonly in Upper Egypt, while 

RHDV-2 circulated in Lower Egypt. Conclusively, these 

findings confirmed that the RHDV-1 variant strains still 

presented in Egypt which comes in agreement with studies 

conducted by El-Bagoury et al. (2014), Bazid et al. (2015), 

Magouzi et al. (2019), and Awad and Kotb (2018) 

reporting the presence of RHDV genotypes (G3-5) in the 

Egyptian fields. 

  

CONCLUSION 

 

In the current study, the presence of RHDV-1 variant 

strains was detected and confirmed threatening the rabbit 

population in some Upper Egypt provinces. Continuous 

monitoring and molecular characterization of the RHDV 

strains circulating in Egypt should be implemented. 

Complete genome sequences of RHDV strains are 

required to identify any changes in the virus sequences and 

update the vaccine strain. As RHDV-2 variant was 

identified among the Lower Egypt province, it may spread 

to Upper Egypt causing an outbreak. Accordingly,, further 

investigation of other Upper Egypt governorates should be 

done to confirm the presence of RHDV-2. Thus, these 

findings underscore the urgent need to apply the bivalent 

RHDV vaccine involving both RHDV-1 and RHDV-2 

variant strains to protect against infection with both types 

as there is no cross-protection immunity between each 

other. 
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