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ABSTRACT

Rabbit hemorrhagic disease (RHD) is an acute fdisbase caused by tHeagovirus rabbit
hemorrhagic disease virus (RHDV), which was fiegiarted in 1984 in China. Strains of two different
genotypes (Gl.1a and Gl.1c) have been detectetiima@o date. In 2010, a new RHDV variant with a
unique genetic and antigenic profile was identifiadFrance, designated RHDV2, which rapidly
spread throughout continental Europe and nearlndsl. Here, we report the first outbreak of RHD
induced by RHDV2 (Gl.2) in rabbit farms in the Sieim province of China. We conducted
phylogenetic analysis of the new RHDV isolate S@Z02, which was identified as a
non-recombinant strain belonging to the RHDV2 (Bg&nogroup. The current Gl.1 licensed vaccine
used in China could not provide effective protettamgainst the new isolate. Considering the serious
risk of RHDV2 to the Chinese rabbit industry, thecalation of RHDV2 in the population should be
carefully monitored in China.

Key words: rabbit hemorrhagic disease virus 2 (RHDM2govirus phylogenetic analysis, China

INTRODUCTION

China is highly ranked in the global rabbit indyst@iccounting for 43% of the worldwide slaughtered
rabbits with 44% of the global share of rabbit mmatput (Wu, Seema, & Huang, 2016). Members of
the family Caliciviridae and genus.agovirus Rabbit hemorrhagic disease virus (RHDV) causgh hi
morbidity and mortality in rabbits, resulting inen©0% of RHDV-infected adult rabbits deaths owing
to fulminant hepatic failure within 3 days of infem (Park,Lee, & Itakura,1995) RHDV was first
reported in China in 1984. However, a new RHDV{edavirus designated RHDV2 was detected, for
the first time, in France in 2010 (Le Gall-Reculak, 2013), and subsequently spread worldwide.
Based on phylogenetic analyses of RHDV VP60 seqgeiRHDV was divided into classical RHDV
G1-G5 and G6 or RHDVa and the new strain named RH\&Gall-Recule et al., 2003 and 2013).
In 2017, a new RHDV nomenclature was proposed ¢hahged G1, G2, G&5, and G6 to Gl.1b,
Gl.1c, Gl.1d, and Gl.1a, respectively, and RHDVZwalled Gl.2 (Le Pendu et al., 2017). To date,
only two RHDV genotypes were known to be preser@iima, G2 (Gl.1a) and G6 (Gl.1c) (Hu et al.,
2017). Here, we report a new RHDYV isolate collectenn three infected rabbits at farms in the
Sichuan province of China in April 2020, represegtihe first report 061.2 in China

MATERIAL AND METHODS
Virussamples
The new RHDV isolate SC2020/04 was collected frafvbit farms experiencing RHDV outbreaks in
Sichuan province of China. Liver samples were hamioed (20% in phosphate-buffered saline
[PBS]), frozen at -70C, and thawed twice. The new isolate was compariéd twe RHDV isolate
WF/China/2007 (FJ794180; Gl.1a) maintained in abotatory.

Rever se transcription-polymerase chain reaction (RT-PCR)
The vp60 gene and full-length genomic sequence were amgliby RT-PCR using the Reverse
Transcriptase XL (AMV) kit (Takara Bio, Dalian, Cia) and the EXaq kit (Takara Bio). A specific
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primer pair was used fovp60 gene amplify and eight pairs of primers were uf@dgenomic
sequence amplify (Duarte et al., 2014; Lopes eR8all5). The gene fragments were then cloned into a
pMD-19T vector (Takara Bio). Positive clones weggueenced and analyzed further.

Phylogenetic analysis

Phylogenetic analysis @p60and full-length genomic sequences were perfornsggUMEGA 7 with
the neighbor-joining approach based on the Kimuparameter model. Reliability of the nodes was
assessed with a bootstrap resampling proceduréstiogof 1000 replicates.

Challenge experiment

Ten 8-week-old New Zealand White rabbits purchafedn Qingdao Kangda Rabbit Industry

Development Co. Ltd (Qingdao, China) were randomiyided into 2 groups. One group was

subcutaneously immunized with commercial inactigataccine (WF/China/2007) and the other five
rabbits were injected with PBS (pH 6.5) as an uoweted control. The challenge experiment was
performed on 14 days post immunization by infectimg rabbits with 1 mL of the liver homogenates
of SC2020/04.

RESULTSAND DISCUSSION

The clinical symptoms and pathological changeefitfection rabbits in farms were similar to thage
rabbit hemorrhagic disease. The mortality rate mase than 70% (approximately 1300 rabbits died),
although weaning rabbits had been immunized witbramercial inactivated RHD vaccine. Importantly,
most of the unweaned rabbits died of the diseadigating that RHDV2 might be the causal pathogen,
because RHDV2 is able to fatally affect a high propn of young rabbits.

The new isolate exhibits the highest nucleotideusecge identity with the NL2016 strain from the
Netherlands (98.3%; MN061492), which correspond3ibV2. Phylogenetic analysis was employed to
determine the evolution of the new isolate. As gihdw Figure 1, the new isolate, identified as a
non-recombinant strain, is in the same branch efatmer RHDV2 strains. These results support the
conclusion that the isolate collected from the @&ehprovince of China in 2020 belongs to the RHDV2
(GI.2) genogroup, which was designated strain SQ@Rd2(GenBank accession number MT383749 for
vp60gene and MT586027 for genomic sequence). It repteshe first outbreak of RHDV2-induced RHD
in rabbit farms in China. We previously classifdRHDV isolates in China collected before 201 Ginl

(Hu et al., 2017); therefore, the present findindidates the potential for co-circulation of RHDV
(Gl.1)and RHDV2 (GlI.2) in China. Indeed, RHDV2 (Blwas reported to replace RHDV (Gl.1) in some
countries, including Portugal, Sweden, and Austi@lopes et al., 2014; Mahar et al., 2018; Neimein.,
2018). In addition, recombinant events between & other genotypes have also been reportedantrec
years (Almeida et al., 2015; Silverio et al., 201&pes et al., 2015).

100[— M67473 RHDV-FRG.

AF231353 New_Zealand
951 AF402614 WX/China/1984
KU207100 HB/2014

» = RHDV G1-G6
o | RHDV G1-G6

96 — KM979445 CBVal16
KP129395 Rij06-12
KP129396 Seg08-12
KM878681 RHDV-N11

KP129398 Zar11-11

96868 RCV
@ SC2020/04
MN061492 RHDV2-NL2016
MH341510 8015

MG763942 SOS148
100 341505 1251 100 4[
WHo41500 6216 1001 MG763943 SOS149
g8 HEB00532 10-32 @ SC2020/04
RHDV2 o 100 E MNO061492 RHDV2-NL2016
100 .- MN901451 Bremerhaven-17
—4100 RHDV/RHDV2 rec

GQ166866 MRCV

100 s RCV-A1

KP129397 Tar06-12

RHDV2

KP129399 Zar06-12

A) B)
Figure 1. Neighbor-joining phylogenetic trees for the coetplnucleotide sequences of RHDPF60
2



World Rabbit Science Association
12th World Rabbit Congress - November 3-5 2021 - Nantes, France, Communication P-22, 3 pp.

genes (A) and full genomic sequences (B). Bootspregbability values above 50% with 1000
replicates are indicated at the nodes. The braaraitihis are proportional to the genetic distance.

Considering the distinct serotype from RHDV (Gl.wg further checked the morbidity and mortality
in rabbits immunized commercial inactivated vacdWd-/China/2007) against SC2020/04. The result
suggests that the current Gl.1 licensed vaccind ims€hina against RHDV2 was limited since only
40% of vaccinated rabbits survived during the ititec These indicated rabbits in the farms at high
risk of exposure to RHDV2 (GlI.2). More importantbngoing surveillance and vaccine formulation
update are most imminent requirements for contrth® disease induced by RHDV2 in China.

CONCLUSIONS

In summary, analysis of the new RHDV isolate SC202%uggests the first outbreak of RHDV2
(G1.2) in rabbit farms in China. Furthermore, catrbcensed vaccine used in China could not provide
effective protection against the new isolate. Cadei$hng the co-circulation of RHDV (Gl.1) and
RHDV2 (Gl.2) in China, combined vaccine with botfttigenic types might be useful for controlling
rabbit hemorrhagic disease in China.
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The genotypes of rabbit hemorrhagic disease virus (RHDV) in China

€ RHDV was divided into RHDV G1-G6 (Gl.1) and RHDV?2 (Gl.2).

€ RHDV was first reported in China in 1984, RHDV?2 was detected in France in 2010

and subsequently spread worldwide.

€ G2 and G6 were known to be present in China.

€ In April 2020, a new RHDV?2 isolate SC2020/04 collected from Sichuan province in

China was detected by our team.




The new isolate SC2020/04 belongs to RHDV2 (GI.2) genogroup

€ The new isolate exhibits the highest nucleotide sequence identity with the NL2016

strain from the Netherlands ( > 98%), which corresponds to RHDV?2.

RHDV2

RHDVa

RHDV

Complete Gene region (%, Ns/Aas)
strain oenome (Yo,
Ns/Aas) 2A 2B 2C 3A 3B 3C 3D VP60 VP10
NL2016 97.7/96.5  98.4/99.6  98.8/994  98.1/982  99.1/100  98.8/993  99.7/994 § 98.3/99.7 § 97.7/100
Bremerhaven-17 97.7/96.5  98.2/98.7  98.5/99.1  984/982  99.4/99.1  979/98.6  99.7/99.2 § 98.0/99.5 § 98.3/100
Seg08-12 89.5/874  89.9/955 905974  91.1/975 909974  904/993  91.8/988 § 95.7/97.6 | 96.6/99.2
NI11 90.2/874  89.7/95.1  90.8/97.7 909964  912/974  91.8/993  91.9/99.0 § 96.1/974 | 96.9/99.2
NJ-2009 81.6/832 838929  852/96.0 850964 854/974  83.7/96.5 853/975 | 82.5/88.1 86.2/83.1
SD 83.4/83.2  84.2/94.6  87.0/97.2  86.0/94.6 87.7/974  84.4/96.5  85.8/96.7 § &81.7/88.1 85.3/83.1




The new Isolate SC2020/04 was 1dentified as a non-recombinant strain

€ Phylogenetic analysis of vp60 (A) and full-length genomic sequences (B) showed that

the new Isolate was a non-recombinant RHDV?2 strain.
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Histopathological changes in SC2020/04-infected rabbits

€ The liver and spleen showed significant lesions in all adults and Kits.

€ Kidney and small intestine lesions were more severe in Kits than in adults.
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GI.1 vaccine could not provide effective protection against SC2020/04

€ Current Gl.1 licensed vaccine used in China against RHDV2 (GI.2) was limited since

only 40% of vaccinated rabbits survived during the infection.
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RHDV?2 (GI.2) had spread to several provinces in China

€ Twenty-eight isolates from 8 provinces were collected and analyzed.
€ Within 12 months of initial detection of SC2020/04, RHDV2 (Gl.2) had spread to

6 provinces in China.

Provinces RHDV (Gl.1) isolates RHDVZ2 (Gl.2) isolates Percentage of RHDV2
Sichuan

Jilangsu
Guizhou
Henan
Gansu
Guangxi
Hebel
Shanxi
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Conclusions

€ The new isolate SC2020/04 collected from Sichuan province in China
belongs to RHDV2 genogroup.

€ Current commercial vaccine used in China could not provide effective

protection against SC2020/04.

€ Within 1 year of initial detection, RHDV?2 had spread to 6 provinces and

might become the dominant circulating strain in China in the future.
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