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ABSTRACT

The global demand for excellent sources of high-quality protein is sure to surge up for feeding 9 billion people in
the near future. As domesticated rabbits can convert cellulose-rich plants into high-value animal protein and they
can use less energy to produce more offspring, they will be among the most efficient sources of animal-derived
protein when human population reaches its peak shortly. For securing rabbit production, however, two major
rabbit infectious diseases, coccidiosis and viral hemorrhagic disease must be well controlled. In this review, we
first describe rabbit coccidiosis and its control measures and then detail into a topic about using vaccination as
an alternative strategy including protective immunity elicited by Eimeria infection in rabbits, vaccination by wild
type strains and attenuated strains, and impact of recombinant DNA technology for the control of rabbit
coccidiosis. Furthermore, we describe rabbit viral hemorrhagic disease and its control measures, with focus on
vaccines developed using recombinant DNA technology.

Key words: rabbit coccidiosis, rabbit hemorrhagic diseasecine, recombinant DNA technology

Coccidiosis is caused by infection with one or salvepecies of the genlismeria of apicomplexan
parasitesEimeria spp. are monoxenous and the domestic ralvigcfolagus cuniculus) is the host
for 11 species (Pakandl, 2009). Rabbits get infebtefecal-oral route, usually by consuming feed or
water, contaminated with the environment-resiststage, the oocysts. In liver or intestine, the
parasites multiply through merogony. Merozoitesrfrthe last merogonic generation develop into
macro- or micro-gamonts which develop into gamedtestilization of gametes leads to the formation
of a new generation of oocysts which are excratamthe environment with the feces. Theoretically,
one oocyst can produce 1.5 X1®x 10 offspring oocysts depending different species (@ouet al,
1995). The newly formed oocysts are unsporulatedrem-infective, and become infective after the
sporogonic stage in the presence of moisture, wa(h@-26C) and oxygen within 1-5 days (Coudert
et al, 1995).

Infection with rabbit coccidia is very common inrdesticated rabbits according to wide-ranging
investigations around the world (Abdel-Baki & Al-€aishy, 2013; Okumu et al., 2014; Qiao, 2012).
Our investigation also showed that coccidia infawi exist in at least one-third of the large-scale
rabbit farms in China and the most prevalent sgemieE. perforans, E. media andE. magna (Jing et
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al., 2012). Observation of co-infection with up eg@ght species suggests that a composition of
multiple Eimeria species in the live vaccine against rabbit cocsidits necessary.

The 11 species of rabbit-infectifgjmeria vary in their predilection sites or niche for pstiam. E.
stiedai parasitizes the liver; while the other ten propaghemselves in different parts of the intestine
A major character of rabbit coccidia is their exi®a migration of sporozoites and/or merozoites
(Pakandl et al., 1995). In examplesporozoites ofE. stiedai released in the duodenum have to
migrate a long way to reach epithelial cells ofabil ducts in liver. Sporozoites of other ten speci
have to move from their release site in the duodetwother parts of the intestine. Farflavescens,
first-generation schizonts develop deep in the dgaof the lower small intestine, far from where the
sporozoites are released; then, merozoites migoatbe caecum and colon where the remaining
developmental stages take place (Norton etlfl79). How many individuals disappear during their
migration and the contribution of migration to tdevelopment of immunity would be interesting
questions to tackle.

Not all the 11 species are equally virulent, andrefield isolates of the same species vary in their
pathogenicity.E. flavescens is the most pathogenic species, causing severigallisigns and high
mortality (Pakandl, 2009; Wang et ,alinpublished data). An experiment in Dutch rabletgealed
that 13 oocysts cause growth retardation, and ddrystsa 100% mortality (Norton et al1979).E.
intestinalis is highly pathogenic, but in China, a low pathogesolate was discovered recently (Shi
et al, 2015).E. magna is usually recognized as a mildly pathogenic sge¢Pakandl, 2009), but in
China, a highly pathogenic isolate Bf magna was discovered. It caused diarrhea in five outinf
rabbits inoculated with 5x£0oocysts (Wang et alunpublished data), while 1x460cysts ofan
European isolate caused diarrhea in one out oft e@bbits (Licois et al.1995). Other mildly
pathogenic species alfe media, E. piriformis andE. irresidua.

The main clinical signs of rabbit coccidiosis amwlintake of feed and water, diarrhea,
depression of weight gain/weight loss, and deattbéls et al.1997). The severity of the signs
depends on complicated factors, such as the atfeeainimals and their nutrition/immune status or
relative susceptibility, the dose of the infectiamd theEimeria species or strains. Diarrhea usually
lasts about 7-10 days. However, aggravated diambgalops when pathogenic bacteria multiply in
the damaged location (Lebas et 4B97). Diarrhea ranges from intermittent type tofygse watery
feces and mixed with mucus and blood. Usually, lieatart abruptly and last three to four days, or
longer. Deaths are caused by heavy primary infeatiih pathogenic strains or complication with
secondary infection. Infection Wy. intestinalis andE. flavescens induces loss of water and sodium.
The loss of sodium is compensated by the exchahgetassium from the blood, thereby leading to
hypokalemia which causes the abrupt death of th@an(Licois & Mongin, 1980; Lebas et al.
1997).

2. CONTROL OF RABBIT COCCIDIOSISBY MEDICATION

If there were no anticoccidial drugs, there woutd have been modern intensive rabbitries. For the
effective prophylactics of rabbit coccidiosis, anticidial drugs have to be ideally administered
before the gamogony stage, as this stage causamtteof damage in rabbits and against which there
are few effective drugs. In field, however, rablgte continuously exposed to coccidia and this may
lead to non-synchronized infection, so that treatmis often disappointing. Sulphonamides
(sulfadimethoxine, sulfaquinoxaline and formosuifatole) are effective for treatment, usually
administered in drinking water in two 7-day courséth one-week interval (Lebas et,d997). The
bacteriostatic activity of sulphonamides is verfeetive in controlling coccidiosis complicated with
secondary bacterial infection. In cases of pensis@iarrhea, neomycin and tetracyclines are
sometimes suggested (Lebas etE97). A recent trend is the use of toltrazuritlimking water or
feed for treating the outbreak of rabbit coccidiodihe advantage of toltrazuril in treating cocnsik

is the immediate reduction of clinical sighs andoimcyst shedding, allowing the development of
immunity against reinfection (Peeters & Greeron®8a).

The use of anticoccidial drugs as feed additiveghis most effective method for preventing
coccidiosis and subclinical coccidiosis. The iommgls are one of the major category of drugs
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employed in the rabbit industry. The ionophoresehavnarrow range of safety for rabbits but the
development of resistant strains is slow. For examparasin at 8-12 mg/kg produces optimal food
consumption and weight gain, while at higher dosdgge was adverse effects on food intake,
growth, relative liver and heart weights, and oruselevel of potassium and glucose (Peeters et al.,
1981). Other effective ionophores include salinoimymonensin and lasalocid.

The other category includes the synthetic drugdedifre synthetic drugs include diclazuril,
decoquinate, a combination of clopidol and methghamquate (Lerbek), and robenidine. How to
choose and schedule an efficient medication praeedapends on its effect on the performance of
rabbits. However, few reports are available forleating the efficacy of these drugs in the fieldh A
important fact to remember is that not all drugs effective against all speciesEiimeria parasites.
Robenidine significantly reduced oocyst outputEofmagna, E. intestinalis, E. irresidua, E. media
andE. perforans, whereas clopidol/methyl benzoquate reduced tloystcshedding of the latter four
species only, and it is least active agakhshagna (Peeters et al., 1983).

Drug withdrawal time must be taken into consideratiAs these data are not available for many
drugs in rabbits, the withdrawal time for broiletstkeys and calves may be used for reference. In
China, related regulations demand withdrawal tiorerébenidine in rabbits to be 7 days, and 5 days
for clopidal.

For the chemoprophylaxis of rabbit coccidiosis, tuerent challenges are: few drugs available for
rabbits; drug resistance owing to large-scale and-term use; drug toxicity, and increasing congern
about drug residue in the rabbit products and tiwir@enment. The extent of drug resistance in rabbit
coccidia is not well documented (Peeters and Gezrb@89). There are few reports on strains of
rabbit coccidia that could establish infection afbbits medicated with designated anticoccidial glrug
On account of the high prevalence of rabbit coegidiven in rabbitries with chemoprophylaxis
programs, it is assured that some species, oraat Eome strains of the most common speEies
media, E. magna and E. perforans, have developed partial resistance to anticodcitiizgs (Jing et
al., 2012).

3. VACCINATION ASAN ALTERNATIVE STRATEGY FOR THE CONTROL OF RABBIT
COCCIDIOSIS

3.1 Protective immunity elicited by Eimeria infection in rabbits

In field observations and laboratory evidences detrated that vaccination will be a leading
alternative for the effective control of rabbit calosis. First of all, rabbits recovered from
coccidiosis are resistant to re-infection, indiegtea memory immunity is well developed after the
primary infection. Secondly, rabbits inoculatedhwét small number of oocysts of mixed pathogenic
species are in good health and are resistant gy lisfection, indicating that developing an effeeti
vaccine against major pathogenic species is pessillirdly, infection withEimeria spp. is self-
limited and species-specific, indicating that ligecyst vaccines meet the safety requirement of
veterinary authorities (Coudert et al., 1995; Sual e unpublished observation).

As according to the literature and our recent stumby all Eimeria species or strains are equally of
high immunogenicity. Six oocysts &: intestinalis was sufficient to minimize clinical signs and to
reduce 60% of oocyst output following challengehwitose of immunization 500 times higher
(Coudert et al., 1993). In our work, immunizatioithmoocysts ofE. flavescens failed to provide
protection, demonstrating its low immunogenicityregorted previously (Norton et al., 1979; Zhang
and Lin, 1994). An isolate dE. magna was highly immunogenic as showed in our recendystu
(Wang et al., unpublished), but Drouet-Viard et §1.997) reported that this species is middle
immunogenic, demonstrating the differences in imagamicity among these strains.

3.2 Vaccination by wild-type strains

Many studies have been performed to test the imgemioity of field strains isolated in Europe.
Rabbits inoculated with 600 oocystsEfintestinalis developed full immunity against the challenge

479



World Rabbit Science Association
Proceedings 11th World Rabbit Congress - June 15-18, 2016 - Qingdao - China

with an LDy, dose of 3x1doocysts (Licois et al., 1990); similar results eeiso obtained ifE.
magna andE. media (Licois et al., 1994, Licois et al., 1995).

Work conducted by our group showed that New Zealhite rabbits vaccinated with 1x16ocysts

of eitherE. intestinalis, E. magna, E. media, or E. irresidua were well protected against homologous
challenge with 50 times the vaccination dosage.rvidle, rabbits vaccinated with mixed oocysts of
these four species (500 oocysts for each species well protected against infection with mixed
oocysts (each of 100 times the vaccination dosafjfje four species, further indicating that rapbit
can be well protected from coccidia infection bygaiaation with live oocyst vaccines composed of
pathogenic species which are commonly found initabb. (Wang et al., unpublished)

3.3 Vaccination by attenuated strains

Currently, attenuation through precocious seleci®ra reliable way for the development of an
anticoccidial vaccine for rabbits. The precocione lof E. intestinalis was first developed in France
(Licois et al, 1990). Through only 6 consecutive passages widtqmous selection, a line with
characters of attenuated pathogenicity and highuinogenicity was obtained. The prepatent period
was reduced from 215 h to less than 144 h. Subadguprecocious lines dt. media (Licois et al,
1994), E. magna (Licois et al, 1995) andE. flavescens (Pakandl, 2005) were also successfully
developed. Drouet-Viard etl., (1997) showed that if sucklings were vaccinate@atdays of age
using spray dispersion of oocysts Bf magna precocious line in the nest box, then complete
protection against heavy challenge 9 days postivation could be established. Based on this trial,
they proposed that if the challenge were perfortatst, rabbits would be protected after vaccination
with even a lower dose.

We observed similar phenomena in our recent stddyrecocious line ok. intestinalis (PEi8) was
selected from an original strain (OEi) by 8 suctesgenerations. The prepatent period of PEi8
shortened from 204 h to 132 h, and its multiplmatiate was only 0.1~ 1% of that of OEi. PEi8 was
much less virulent than OEi and rabbits immunizetth WEi8 were protected against challenge with
the parental strain. (Li et al., unpublished)

We do not know whether attenuated vaccine straiils aezcupy the niches of their wild
corresponding strains. If yes, it would be a kegpswise strategy by vaccinating the suckling at an
earlier age (25-27 days of age) leading to an eekilling two birds with one stone: the attenet
vaccine strains occupy the niches preventing wifgetto multiply at the same time, giving the
immune system the time to develop immunity in dqueof 8-10 days. Thus, when the weanlings are
susceptible at the age of 35 days, they are alreahyine to wild strains.

3.4 Impact of recombinant DNA technology for the control of rabbit coccidiosis

3.4.1 Subunit vaccines

Although CoxAbi€, an anticoccidial vaccine for chickens, is theyoslbunit vaccine against
protozoan parasites reaching the marketplace, #inoacidial subunit vaccine with comparable
efficacy to an attenuated anticoccidial vaccinévaef oocysts has an indefinite long run. Until naiv,

is not clear how many antigens from a 60-Mbp genam® needed for an effective anticoccidial
vaccine, more difficult is to know how many antigeare needed in total for the three or four major
Eimeria species.

A novel genetic approach was applied to identifgioas within the genome of the highly
immunogenic specids. maxima that encode protective antigens (Blake et28106). The subsequent
fine mapping of two of these regions identified tpnmteins, immune mapped protein-1 and apical
membrane antigen 1 (AMA1), as partially immunopctitee antigens (Blake et aR011). However,
which route of antigen delivery will realize theedm of eliciting an effective protective immunity
using the two candidate antigens? Is eliciting gutite cellular immunity a must-be event for
anticoccidial vaccines or may a successful vaccioke necessarily need to elicit the protective
response to eliminate natural infection (McDonaldSkirley, 2009)? CoxAbft works through
protecting broilers with antibodies transferrechiregg yolk from immunized breeders, while cellular
immunity is required for natural resistance agaiasnfection (Sharman et a010). Hepatitis B and
measles vaccines work by eliciting high levels oftective antibodies while protective cellular
immunities are required in eliminating natural itfens (Englar et al 2001; Permar et al., 2004).
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“Thus the present scenario for the identificatidnpatative immunogenic molecules &imeria
represents a classic ‘Catch 22’ situation in whicbtective antigens may not be identified until a
suitable method of delivery has been identified andappropriate method of delivery may not be
recognized until protective antigens have beerafedl’ (Shirleyet al., 2005).

3.4.2 DNA vaccines

Although there are no licensed DNA vaccines in iabkthe successful launch of three DNA vaccines
licensed for veterinary use (i.e., a West Nile #ilDNA vaccine for horses, a fish DNA vaccine
against the Infectious Haematopoietic Necrosissyiand a Canine Malignant Melanoma vaccine;
(Meeusen et al., 2007)) will promote the developnodérgene vaccines in rabbits. The same question
is how many antigens have to be included in arcaotidial DNA vaccine to elicit good enough
protective immunity against sevekilmeria species in the field. Advanced technologies fqorioned
vector design and vector/vaccine delivery will dugic the development of DNA vaccines against
coccidian infection in rabbits.

3.4.3 Liveviral vector vaccines

Viral vector vaccines have two major advantages, loging used without adjuvant, the other being
able to elicit a robust cytotoxic T lymphocyte (QTiesponse to eliminate pathogen-infected cells
(Ura et al., 2014). Poxviruses, including vacciwieus, fowlpox virus, and canarypox virus, have
been successfully used as live viral vectors detige exogenous antigens from other viruses
including equine influenza virus, West Nile virwabies virus, canine distemper virus, and these liv
poxvirus-vectored vaccines have been licensed/conialieced (Meeusen et al.,, 2007). A
transmissible virus-vectored vaccine was developgainst myxomatosis and rabbit hemorrhagic
disease (RHD). The vaccine was based on a recontbimaoma virus (MV) expressing the RHDV
capsid protein (Torres et al., 2000). Laboratorg field trials revealed that the vaccine was saf@ a
effective against challenge with viruses and exéibia limited horizontal transmission capacity
(Torres et al., 2000). The possibility of the viraéctored vaccine to include sevelEineria antigens
eliciting protective cellular immunity will be anteresting research.

3.4.4 Live bacterial vector vaccine

Attenuated, especially genetically attenuated biactere being engineered to deliver heterologous
antigens to stimulate mucosal, humoral and cellgi@stemic immunity. Presently, there are no
licensed vaccines based on attenuated bacteriacasrs. Several papers reported the efficacy using
recombinant non-antibiotiEscherichia coli (Yang et al., 2010), or recombinavit/cobacterium bovis
BCG (Li et al., 2013) or livdactococcus lactis (Ma et al., 2013) as vector expressing antigeois fr
Eimeria parasites in chickens, but the efficacy was nohgmarable to live oocyst vaccines. The
quality and quantity of protective immune responsisted by these antigens are unknown. Novel
strategies for enhancing immune responses areedellyDNA vaccines by bacterial vectors into the
host cell (Du et al.,, 2005) and fusing the exogenantigen to an exporting protein like CIyA
reducing the metabolic burden of bacterial vectGtinchilla et al., 2007).

3.4.5 Live oocysts as a vaccine vector and beyond

One of the milestones Bimeria research is the successful transfection of thisreausly important
group of parasites (Chapman et al., 2014). Tratiefecefers to the introduction of exogenous DNA
or RNA into cells by chemical, biological or physianeans; in transfection & meria, a physical
mean called electroporation is used to introdueesttogenous DNA or RNA (Chapman et al., 2013).
Through transfection, the recipient cell can gainesv genetic trait, such as the ability to produce
exogenous antigens. Expression of exogenous astigeghe basis for the development of transgenic
Eimeria live oocysts as a vaccine vector. Two studies sdppis hypothesis: Huang et al. (2011)
showed that a model antigen expressed by transgemiia tenella can elicit immune responses in
the chicken; Clark et al., (2012) revealed thatcirstion of specific pathogen-free chickens with
transgenicE. tenella expressingCampylobacter jejuni antigen A induces a significant reduction in
bacterial load following challenge with virule6t jejuni compared with unvaccinated and wild-type
E. tenella vaccinated controls.

In the development of a vaccine vector, a stalali¢ is a prerequisite. Fortunately, in the trantfec
of Eimeria, at least some of the introduced DNA can be imtiegt into the genome of the parasite,
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leading to the establishment of a stable line afteny generations of passages in the host chicken o
rabbit (Yan et al., 2009; Skt al.,in press). Although fluorescent activated cell isgit based on
reporter genes like enhanced yellow fluorescenegeserted in the transfection construct, helps
selection of transfected parasites, a fast stratethe use of drug resistant geneElmeria, the only
pyrimethamine-resistant gene of dihydrofolate rease thymidylate synthase derived from
Toxoplasma gondii (TgDHFR-TS) works, but in a vector to be usedivo, this selection gene has to
be deleted. The Cre-LoxP recombination technoledych can delete TgDHFR-TS after successful
selection of transfected parasites, may be usdd the work.

Presently, transfection constructs are usually dase pre-constructed, commercially available
plasmids, and contaiimeria-derived elements including regulatory and sigeglugnces (Yin et al.,
2011). Regulatory and signal sequences from relajgdomplexan parasites, like those from
Toxoplasma, work in Eimeria, and vise versa (Zou et al., 2009). This has grgatbmoted the
development of genetic manipulation Eimeria. Although several promoters have been tested in
Eimeria, a strong promoter, which enhances expressiorenbugh” exogenous antigens, has not
been found. Another aspect to be considered indéheelopment of a vector is that more signal
sequences have to be tested, as it is not knowbestelocation for an exogenous antigen to elitit a
immunity of high quality and quantity. The thirdtise capacity of thEimeria parasites to tolerate the
exogenous protein.

In the transfection of bacteria like coli, a few hundred base pairs of replication sequesfegred to
as the origin of replicationofi) is on the plasmid, which helps replication of fhlasmid in the
bacterium. During the transfection Bfmeria, how the plasmids replicate or whether replicatén
the plasmid is needed remains a mysterious topiquublication is available reporting the study of
replication sequences froBimeria.

The stage for introducing DNA intéimeria is the sporozoite stage. Recovery of sporozoéqaires

a complicated process including purification aretization of oocysts, physical break of oocysts t
release sporocysts, chemical break of sporocystelémse sporozoites, and finally purification of
sporozoites by DE-52 anion-exchange chromatograptansfection of sporocyst and/or oocyst stage
is a straightforward way, which is waiting for aebkthrough as early as possible. Realization of
oocyst-stage transfection will also allow analysigxpression of introduced gene during sporulation
In vitro unsporulated oocysts in PBS or 2-4% potassiumrdinhte undergo meiosis and produce
sporocysts and sporozoites, in a process whiclstake 5 days.

One of two essential factors for establishing tgaméc Eimeria as a vaccine vector is how much
expression of the exogenous antigen is enoughdid @hough protective immune responses, both in
high quality and high quantity. Solutions includkeit are not limited to, the use of strong regulator
sequences, the insertion of multiple copies byniegles such as piggyBack (Su et 2012) and
P2A, and optimizing codon usage. The most diffitattk is the manipulation @imeria to tolerate
high-level expression of an exogenous protein. Wt may be the regulation of the exogenous
protein secrete into parasitophorous vacuoles en ento the host cytoplasm. Of course, a related
guestion is whether dynamics of expression commiolly stage-specific regulatory sequences will
influence the immune responses. Proteomics and marpuoteomics may help resolve this issue.

The second essential factor is the location or @stnentalization of exogenous antigens. It was
found that antigen compartmentalization affects thagnitude of the immune response with
microneme-targeted EYFP stimulating a higher Iggpanse than cytoplasm-targeted EYFP (Huang
et al, 2011). More work to be done in this aspect inctudtudies on the effect of antigen

compartmentalization on quality and quantity/magmhét of humoral, cellular and mucosal protective
immunity.

Realization of developing transgeritomeria parasites into a licensed vaccine vector has @ \aay

to run. However, rapid development in the areaSodiics”, including genomics, transcriptomics,

proteomics, metabolomics, and of “ologies”, inchglivaccinology, immunology, parasitology, and
molecular and cell biology, will surely shorten tbagth of the way.

4. RABBIT HEMORRHAGIC DISEASE (RHD)

Rabbit hemorrhagic disease (RHD), caused by rdigmiorrhagic disease virus (RHDV), is a highly
contagious and fatal disease of domestic and valbits, with relevant economic and ecologic
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importance (Cooke et.al2002; Ohlinger et all990; Parra et al1990). RHD first emerged in 1984
in China, and nowadays the disease has a worldgédgraphical dissemination (Abrantes ef al
2012). Furthermore, various outbreaks have beewrded from diverse and rather unusual
geographical areas in recent years (Farnos.,e2@07; Forrester et.al2008; Mcintosh et gl2007).
RHDV, the prototype strain dfagovirus, belongs to the Caliciviridae family (Cooke et, #1002).
The virus is nonenveloped with a polyadenylatedtpessense (+) single-stranded RNA genome of
approximately 7.5 kb. Mature RHDV virions are spbat non-enveloped particles with a T=3,
icosahedral capsid whose outer diameter variesde#t\B2 and 44 nm (Barcena et 2004; Prasad et
al.,1994a; Prasad et.a1994b).

RHDV strains are usually divided into two genotypesmed RHDV and RHDVb (Dalton et.al
2012). The subclusters in the distinct RHDV grobpse been termed genogroups 1-6 [G1-G6] (Le
Gall-Recule et al 2013; Le Gall-Recule et.aR003; Le Gall et al 1998; Nystrom et gl2011; Wang

et al, 2012). The G6 cluster is also referred to as RAP¥apucci et al., 1998) while the RHDVb
branch is also identified as RHDV2 (Dalton et 2D12; Le Gall-Recule et.aR013; Puggioni et al
2013). RHD is characterized by high mortality, 7049for RHDV/RHDVa and 5-70% for RHDV2.
This is in particularly true in the case of RHDV&twthe poor cross-protection induced by classical
vaccines based on RHDV/RHDVa.

5. STRATEGIESFOR THE CONTROL OF RABBIT HEMORRHAGIC DISEASE (RHD)

5.1 Traditional vaccine produced from tissue suspensions

Prevention and control of RHD through vaccinatieweritical. Due to the lack of a cell culture syste
for efficient virus propagation, commercially awdile vaccines against RHDV are produced from
tissue suspensions of experimentally infected tal{biluang et al 1991; Smid et gl1991; Arguello

et al, 1991). Solid protective immunity against RHDV enfion is established soon (within 7-10
days) and will last for an extended period (Smidletl991; Arguello et al 1991).

5.2 Impact of recombinant DNA technology for the control of RHD

The recombinant-DNA technology provided an eleganitition for the effective vaccine of RHDV,
which could not use cell culture technology for ciae production directly. With the development of
recombinant-DNA technology, there has been a spuhe development of recombinant-DNA-based
vaccines, some of which are effectively working gea-Vidal J et al., 2015; Yang et al.,2015; Spibey
et al., 2012; Farnos et al., 2005; Torres et &Q12 These have several characteristics: they are
economical to be produced and safe to be handiey; are highly effective, and convenient and
feasible for industrial production. For RHDV, redomant-DNA technology could be intended to
avoid two major drawbacks of the tissue-inactivatadcine: the spread of the virus and the body
immune rejection caused by tissue inactivated wec¢Lopez-Vidal J et al., 2015; Spibey et al.,
2012). Meanwhile, recombinant-DNA technology costilve the difficulties of obtaining livers for
RHDV?2 vaccine with the lower mortality. The DNA-lgkvaccine technology represents a powerful
and novel entry into the field of immunological tahof RHDV.

5.2.1 The capsid protein of RHDV and its recombinant systems

The capsid protein (VP60) of RHDV is the exclussteictural protein and it can make animals produce
neutralized antibodies, directly related to immuasponse. The humoral immunity clearly provides
protection against RHDV when present (Parra .etLl8P0; Laurent et al1994). Studies demonstrated
that VP60 capsid protein can natural polymerizdd uirus-like particles (VLPS) not wrapped with a
nucleic acid, and similar to natural RHDV virustpaes in physical (Farnos et g2005). As a new type

of vaccine, VLPs may be considered superior, asritains no genetic materials, it can be prepared i
high quantity and it has a good security and immgendity (Dong et al 2006; Keim et al 2007).
RHDV VLPs has good immunogenicity, it enters inte &antigen-presenting cells via endocytosis or
pinocytosis, inducing humoral and cellular immuesponses, respectively (Farnos gt24105).

Several heterologous expression systems or recamttamimal viruses have been developed to produce
recombinant versions of the VP60 protein, sucksehkerichia coli (Boga et a| 1994), insect cultured
cells (Sibilia et al., 1995; Nagesha et al., 199&gmadzka et al., 2006; Marin et al., 1995), yéRspa

et al., 1997; Farnos et al., 2005), plants (Mikéskpet al., 2009; Castanon et al., 1999; Miksckyft

al., 2009; Fernandez-Fernandez et al., 2001; @Gil.e2006), insect larvae (Perez-Filgueira et24Q7)

and recombinant animal-derived viruses (Fernantiez,e2011; Bertagnoli et al., 1996; Bertagnoli et
al., 1996; Fischer et al., 1997; Barcena et alQ020Nang et al., 2012). While the fusion protein
expressed irE. coli is highly insoluble and of low immunogenicity, i@et immunization can be
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achieved with VLPs obtained in the baculoviruseysbr by using recombinant vaccinia, myxomavirus
and canarypox, administered either intramuscularlgrally. Most of these systems were shown to be
immunogenic and to confer protection against letlteles of RHDV by eliciting a humoral response
indicating that they are good substitutes for ibgue vaccines. Features such as low cost, hitghaiiel
ease of scaling up are amongst the most impowatdrk for their commercial viability.

5.2.2 Recombinant DNA vaccines devel oped

Several vaccines have been developed, and reduits that they efficiently protect the rabbits
against RHDV. Rabbits vaccinated with recombinayemavirus expressing the RHDV capsid
protein were protected against lethal RHDV and myaairus challenges (Bertagnoli et, & 996;
Barcena et al 2000; Spibey et al.,, 201ZTorres et al., 2001; Torres et al., 2000). Thisetyy
recombinant vaccine has been developed and regiseand is commercially available in several
countries for administration by parenteral routevakcine developed in France and then marketed in
some European countries is a combination of atioaail inactivated liver-derived RHD vaccine and
a live attenuated myxomavirus vaccine, and cardbg@rastered by intradermal route. In addition, the
VP60 structural protein has also been expresstdrisgenic plants, either with a new plum pox virus
(PPV)-based vector (PPV-NK), or in transgenic potplants under the control of a cauliflower
mosaic virus 35S promoter or a modified 35S prom@@astanon et al., 1999; Fernandez-Fernandez
et al., 2001). In both cases the immunization bbiis with extracts oNicotiana clevelandii plants
infected with the PPV-NK VP60 chimera or with leaftracts from potatoes carrying this modified
35S promoter, respectively, induced an efficientime response that protected animals against a
lethal challenge with RHDV (Castanon et al., 199&nandez-Fernandez et al., 2001).

6. THE RECOMBINANT-DNA-Based RHDV VACCINE DEVELOPED BY OUR TEAM

We have developed an inactivated vaccine basetenetombinant baculovirus system expressing
VP60 (BAC-VP60), named as Rabbit Haemorrhagic Bisedirus Baculovirus Vector Vaccine,
Inactivated (Strain BAC-VP60).

Firstly, the recombinant protein was expressed ce¥fely. We constructed the recombinant
baculovirus plasmid containing VP60 referred asniidevVP60. Then we transfected it into sf9 cells.
VP60 expressed efficiently and could self-assenmiteRHDV virus-like particles (VLPs), similar in
size to the wild type VP60 (40 nm). The recombind®60 protein synthesis was confirmed by
indirect immunofluorescent assay, Western blot ameimagglutination test. Therefore, this
recombinant protein was used as vaccine antigaexhstudy.

Secondly, we also made great efforts to study thdyztion process. The processes were optimized
for the culture medium for cells, the initialinoatéd concentration of cells, the proper harvese tim
for vaccine antigen, the satisfactory culture mdtttbe methods of inactivation and vaccine storage.
The initial concentration of Sf9 cells was no lassn 1x16 cells per milliliter. Then, Sf9 cells were
about 2x10 cells per milliliter after culturing for 24 hourand they were inoculated with the
recombinant baculovirus BAC-VP60. After anothertammous culture of 5 days with roller bottle cell
culture or suspension culture, vaccine antigen Wwasvested. The vaccine antigen titre was
determined before inactivation by calculating th& Hre, which should be higher than 1/256.
Vaccine antigen was inactivated by formaldehydthatfinal concentration of 0.2%, at 37 °C for 24
hours. Then it was mixed with AI(OH)3 and stored.

Meanwhile, the recombinant baculovirus BAC-VP60,RHisolate WF/China/2007 and Sf9 insect
cells for vaccine production were serially passaged comprehensively identified, respectively. The
recombinant baculovirus BAC-VP60 as virus seedsvimecine production showed stability and
strong immunogenicity. Meanwhile, this isolate &gd for vaccine verification also showed the
stability of toxicity after serial passages. Bialzaj characteristics of Sf9 cells within 60 genienasg
were stable, and they showed no oncogenicity.

Based on the above research, five batches offamaine were prepared in the laboratory. Tests were
carried out to check their physical characteristtbgir sterility, and to assess the volume and the
formaldehyde residual quantity, and they all padgesgdection. The safety and potency tests of the
vaccine were also carried out on each batch of ¥iaecine.

For safety tests, rabbits were given one millilitteses of the vaccine by subcutaneous injection.
Moreover, the following tests, in particular, wexaried out: the safety of the administration oé on
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dose; the safety of the administration of an oveed@t least two doses of vaccine); the safethef t
repeated administration of one dose. Results sholwatdhe vaccine was safe to all breeds of rapbits
namely 2~ 3 month healthy meat rabbits, rex rabbits, woobit@h pregnant rabbits and 20-30 day
old rabbits. Vaccinated rabbits did not show angngjes in their general conditions or abnormal local
or systemic reactions for the whole test duratieurthermore, the feed conversion efficiency (feed
conversion ratio) of the immunized rabbits anddbetrol rabbits showed no significant difference.

Next, the efficacy of the five batches of vaccimes determined in rabbits in a RHDV challenge. The
vaccines could all provide protection against RHDManwhile, in the unimmunized and challenged
group, five rabbits all died after RHDV challendéere was no difference of efficacy in the diffaren
batches of vaccines, thus demonstrating that theaped vaccine was stable. Our results also showed
that the recombinant-DNA-based vaccine and thatimadtissue vaccine showed equal immunizing
effects, all gaining good immunizing protection iaga RHDV.

Tests for the duration of immunity were also carreit using a batch of vaccine. Vaccinated animals
quickly produced solid protective immunity agaiRdtiDV infection within 7 days, and experimental
data indicated that protection could last for aylperiod of 7 months. The vaccine should be stated
2-8°C up to 24 months.

Like inactivated vaccine, genetically engineeredcuge could induce effective humoral immunity
and cellular immunity and effectively prevent RHIhe antibodies (IgG and IgM) and cytokines (IL-
2, IL-4 and IFNy) in serum increased significantly (P<0.05) comgdanégth those of the control
group post immunization. After challenge, no motibccurred in rabbits immunized with genetically
engineered vaccine and inactivated vaccine.

Finally, six batches of intermediate trial prodoatiof vaccine were immunized in six warrens
respectively in Jiangsu, Shandong, Zhejiang prasnin field, the safety and potency of the vaccine
in rabbits were tested by evaluating their dailwltie reproductive performance and the protective
rate. Results showed the vaccine was safety, gfigetive and the protection could last for 7 maenth

7. PERSPECTIVE

Coccidiosis remains a major disease affecting tabllespite drug resistance Bymeria spp. is
widely distributed, anticoccidial drugs will stitle used to control the disease for a long timés It
predictable that the live attenuated vaccineshaltdeveloped rapidly and commercially availabla in
few years. For the attenuated vaccines based @ogoais lines are low-productive and not cost-
effective (Blake et al., 2014), vaccines based emombinant DNA technology are focused on by
many researchers now; and great progress is prggnigith the advance of related technologies
especially the sequencing and annotation of therges ofEimeria species.

The recombinant-DNA-based vaccine producing VLPgla¢@rovide very strong immunogenicity
and overcome the disadvantage of vaccines produsied the organs of infected rabbits, including
the biological safety, contaminant residues andnahiwelfare. Recombinant DNA vaccines are
demonstrating their advantages when more immunegtigé antigens are being found and reliable
vectors are being tested. Though it is a longer feayrecombinant DNA vaccines against rabbit
coccidiosis, the baculovirus vector-based vaccmeviral hemorrhagic disease is on its final step t
the market.
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