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Title: Chimeric Arterivirus-like ioarticles

The invention relates to the field of Arteriviruses and vaccines directed
against infections caused by these viruses.

Porcine reproductive and respiratory syndrome virus (PRRSV) is a positive-
strand RINA virus that belongs to the family of arteriviruses together with equine
arteritis virus (F2AV), lactate dehydrogenase-elevating virus (LDV) and simian
hemorrhagic fever virus (SHFV,14). PRRSV causes reproductive failure in pregnant
SOWS aﬂnd respiratory problems in piglets (20). It causes huge economic losses in pig
populations world wide. EAV causes reproductive failure and abortions in mares, and
leads to persistently infected stallions. Infections with LDV or SHFV are mainly of
importance as infections of experimental animals in the laboratory.

Vaccination against these Arterivirus infections is often cumbersome. Killed

. vaccines in general are not etffective enough for most purposes, and although live-

attenuated Arterivirus vaccines are available, 1t has been shown that some of these
are not safe and still spread. Furthermore, these vaccines can not be distinguishéd
from wild type field virus.

The genome of PRRSV, as an example of an Arterivirus genome, is 15.1 kb in
Iength and contains genes encoding the RNA dependent RNA polymerase (ORF1a
and ORF1b) and genes encoding structural proteins (ORFs 2 to 7; (14), (11)). Other
Arterivirus genomes are somewhat smaller, but share the same genomic build-up, in
that all synthesise subgenomic messenger RNA encoding the structural proteins.

The ORF's 2, 3, and 4 encode glycoproteins designated GP2, GP3, and GP4,
respectively. ORF5 encodes the major envelope glycoprotein, designated GP5, ORF6
encodes the membrane protein M, and ORF7 encodes the nucleocapsid protein N. An
additional structural protein (GP2b) 1s encoded by a small OFR, ORF2b.The analysis
of the genome sequence of PRRSV isolates from Europe and North America, and their
reactivity with monoclonal ani;ibodies has indicated that isolates from these
continents are genetically distinct and must have diverged from a common ancestor

relatively long ago (15).
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The invention provides an Arterivirus-like particle comprising at least a first
structural protein derived from a first Arterivirus and a second structural protein
wherein said second structural protein is at least partly not derived from said first
Arterivirus. In a preferred embodiment, the invention provides a chimeric Arterivirus
that is composed of parts originating from at least two different arteriviruses. Said
parts are encoded by genes (or parts thereof) originating from said different
arteriviruses, and that are preferably at least partly exchanged or substituted for
each other. (Note that substitution does nor comprise a mere addition of a second
structural protein (such as is disclosed in de Vries et al Virol. 270:84-97) where a
stretch of nucleic acids encoding a non-Arteriviris protein fragment is inserted in the
full genome of an Arterivirus, thereby extending said genome without an exchange of
parts as provided herein. In a preferred embodiment of the invention said chimeric

arterivirus as provided exhibits distinct characteristics of the composing

arteriviruses.

Sgid second part that is not d‘e.rived from the first Arterivirus can for example
comprise a fully blblt- ﬁrefeiably only pai'tially aréificiai or synthetib sequence,
encoding in frame a stretch of amino acids of distinct length allowing for functional
dimerisation with said first structural protein as shown herein, thereby allowing
heterodimerisation. A heterodimer is a composition of two ditferent interacting
peptide chains. The interaction may for example consist of both Van derWaals forces
or covalent disulfide bonds, but are not limited to this. It was found that said
heterodimerisation, preferably of two glycoproteins, or of a glycoprotein and the
matrix or membrane protein, enhances the structural integrity of the resulting
chimeric virus particle, thereby allowing a better presentation of immunologically
important domains on the particle and making it a better vaccine constituent.

Besides that said part being involved in heterodimerisation should be a
structural protein (non-structural proteins are no part of the particle) it is thus
preferred that said part that is not derived from a first Arterivirus at least has a
certain measure of homology with said second Arterivirus, e.g. to allow for functional
dimerisation. A further condition relevant for heterodimerisation is that in general
the nucleoprotein (N) should not be involved, the nucleoprotein of particles as

provided in EP 0 839 912 does not contribute to the phenomenon. However, such a
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particle as provided herein can for example be based on an infectious cDNA clone of
an Arterivirus (13; EP 0 839 912), as also described in WO 98/55626 where a
recombinant virus is described comprising a combination of non-structural proteins
(from genes encoding open reading frames la and 1b, such as the viral poymerase) of
a first Arterivirus with the structural proteins (from genes encoding open reading
frames 2 to 7) of a second. An infectious clone is an excellent tool for site-directed
mutagenesis and is important for projects whose aim is to construct new live vaccines
against Arteriviruses. Herein we for example provide a so-called marker vaccine by
mutagenesis of the genome, so that, in the case of for example PRRSV, vaccinated
pigs (1.e. vaccinated with a vaccine as provided herein) can be distinguished or
discriminated from field virus-infected pigs on the basis of differences 1n serum
antibodies, and vice-versa, on the basis of differences in serum antibodies. Such

discrimination can in particular well be done when said second structural protein 1s

at least partly not derived from said first Arterivirus, and antibodies directed against

said artificial, synthetic or heterologous part can thus be detected, or, alternatively,
vaccinated animals are detectable in diagnostic tests by the absence of antibodies
directed against the homologous, now absent, structural protein or part thereof. It is
preferred that said second structural protein is the nucleocapsid (IN) protein since
antibodies directed against N are often overabundant, especially in natural
infections, and allow for discrimination of vaccinated from non-vaccinated but
infected animals. In particular the invention provides a particle wherein said second
structural protein is at last partly derived from a second Arterivirus, or at least has a
certain measure (e.g. > 50%) of homology with said second Arterivirus. A particle as
provided herein 1s also called an inter-Arterivirus or -virus-like chimeric particle, and
can of course also comprise stretches on nucleic acid that are not Arterivirus derived,
for example encoding non-Arterivirus pathogens or antigens thereof. Particularly
useful is such a particle wherein said first and second structural protein comprise a
heterodimer, e.g. linked by a disulfide bridge between two cysteines. Most preferred
is a particle according to the invention wherein said first or second structural protein
comprises a integral membrane protein (M) or part thereof.

The M protein (18 kDa) is non-glycosylated and is the most conserved

structural protein of arteriviruses. For PRRSV, its topology and membrane-
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assoclated function is first suggested by Meulenberg et al (14). The N-terminal half of
the protein is suggested to have three potential membrane-spanning regions, the N-
terminus comprises an ectodomain part, the C-terminus comprises an endodomain
part. A stretch of 16 amino acids is exposed at the virion surface. For LDV, the M
protein has been identified as class III membrane protein (5). The M protein is
assumed to play an important role in virus assembly and budding. In the ER, it forms
disulfide-linked heterodimers (3, 4, 10) with the major glycoprotein GP5 (25-42 kDa),
encoded by ORF5. In addition, disulfide-linked M protein homodimers can also be
formed, however, they are in general thought not to be incorporated into virions (3).
In another embodiment, the invention provides a particle wherein said first or
second structural protein comprises a glycoprotein (GP) or part thereof, such as GP2,
GP2b, GP3, GP4 or, preferably, GP5. GP5 is the major glycoprotein of arteriviruses

and 1s suggested to be a class I glycoprotein (5). It contains a signal peptide and after

processing the protein consists of a short N-terminal ectodomain, a segment that

crosses the membrane three times, and a C-terminal endodomain. In addition, the
ectodomain contains N-glycosylation sites (12). Recently, the major neutralisation
epitope of LDV was mapped to the putative ectodomain (30 aa) of the ORF5
glycoprotein (8). For EAV, the ectodomain of GP5, which is somewhat larger than
with LDV, also contains a neutralization epitope.

Since the cysteine residue in the short N-terminal ectodomain of the M protein
1s naturally involved in the formation of an intermolecular disulfide bridge with a
cysteine residue in the ectodomain of the glycoprotein encoded by ORF5, thereby
providing a heterodimer, the invention provides for a close to native chimeric particle
wherein said first structural protein comprises GP5 or part thereof and said second
structural protein comprises a membrane protein (M) or part thereof. Preferably, the
invention provides a PRRSV-like particle for the generation of vaccines against
PRRS, thus the invention provides a particle wherein said first Arterivirus comprises
porcine reproductive and respiratory syndrome virus (PRRSV). In the detailed
description a particle according to the invention is provided wherein said second
Arterivirus comprises lactate dehydrogenase-elevating virus (LDV), however, it can
also be turned around, in that the GP5, or part thereof, preferred is the above

identified ectodomain, is LDV derived and the M, or part thereof, preferred is the
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above identified ectodomain, is PRRSV derived, as long as the heterodimer ca be
established by for example disulfide bridge formation. Of course, other Arteriviruses
can be used as first and/or second Arterivirus as explained herein, whereby said
second Arterivirus may be of the same genus but of another strain or serotype of said -
first Arterivirus. For PRRSYV, it has also been shown that a disulfide bond between
the M protein and the GP5 protein is formed (10). This cysteine residue of the M
profein is highly conserved between all arteriviruses. For LDV, it has been shown
that virions, after treatment with 5-10 mM DTT to disrupt disulfide bonds, lost their
infectivity (4). For EAV, the same results were observed (3).

The invention also provides nucleic acid encoding at least a first structural
protein derived from a first Arterivirus and a second structural protein wherein said
second structural protein is at least partly not derived from said first Arterivirus
wherein said first and second structural protein allow for incorporation in an
Arterivirus-like particle. Such nucleic acid or transcripts thereof as provided herein
allow the production in a host cell, such as a BHK-21 cell, or a macrophage, of a
particle according to the invention. Particles according to the invention provided with
a nucleic acid according to the invention are herewith also provided, see for example
tables 2 and 3 wherein infection of macrophages with chimeric particles as provided
herein 1s shown.

The invention also provides a vaccine comprising such a particle, nucleic acid,
or host cell according to the invention. For the purpose of vaccine development, the
invention provides a method for attenuation of the virus and one of the
accomplishments is reduced viral infectivity. In particular a method is provided
obtaining an attenuated Arterivirus (a vaccine) comprising a first Arterivirus with a
structural protein that is at least partly not derived from said first Arterivirus,
preferably, although not necessarily, as shown herein above, a method wherein said
structural protein is at least partly derived from a second Arterivirus, such as
wherein said structural protein comprises a heterodimer with another structural
protein. When one of said structural proteins comprises a membrane protein (M) or
part thereof such dimerisation is particularly useful, at least in those case wherein
another one of said structural proteins comprises a glycoprotein, such as GP5, or part

thereof.
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This 1s done by reducing the stability of the interaction between the M protein
and the GP5 protein, thereby reducing infectivity. In particular, we have determined
that the first cysteine residue (in PRRSV at position 8, see figure 1) of the ectodomain
of the M protein of Arterivirus is essential for the viral life cycle, since no infectious
virus was produced from mutants lacking this cysteine. This residue is essential for
the disulfide bond between the M protein and GP5 and heterodimerisation between
these two structural proteins is essential either for proper virus assembly or for virus
entry for example by the interaction of the virus with a receptor. Therefore, we show
that the cysteine residue at position 8 (or a similar position relative to the position
shown herein for PRRSV) of the ectodomain of the M protein is essential to maintain
full infectivity. For this purpose, we substituted this cysteine residue by a serine
residue and secondly, we deleted this residue, both by using the infectious cDNA
clone of PRRSV (13). RNA transcripts of these so-called mutant full-length cDNA

constructs were tested on their ability to express the viral proteins after transfection

into BHK-21 cells, and on their ability to generate infectious virus. In addition,
several other mutations of the ectodomain of the M protein were introduced in the
infectious cDNA clone of LV, including the exchange of the ectodomain of LV by that
of LDV, a related arterivirus (fig.1) As can be seen from for example tables 2 and 3,
wild-type or parent particles can be differentiated from chimeric particles by
comparing distinct patterns of reactivity with antibodies; likewise animals infected
with field virus can be differentiated from animals vaccinated with such chimeric
particles can be differentiated with diagnostic tests utilising such distinct patterns of
reactivity. Suitable antigen for such a diagnostic test would be an antigenic part of
the wild-type virus that is not or only partly present in the vaccine. For example, for
the vaccines described in the detailed description, an 16-18 amino acid stretch, or
antigenic parts thereof of the ectodomain of M can be used, in combination with
antibodies having similar specificity as Mabs 126.3 or 126.4. The invention thus also
provides a method for controlling or eradicating an Arterivirus infection in a
population of animals comprising testing samples (e.g. bloodsamples) of animals
vaccinated with a vaccine according to the invention for the presence or absence of
antibodies differentiating such animals from animals infected with a wild-type

Arterivirus, e.g. by applying routine cull and control measures.
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The invention is further explained in the detailed description herein without

limiting the invention.
LEGENDS

Figure 1. Comparison of the amino acid sequences of the M proteins of the

arteriviruses EAV, LDV-P, PRRSV-Ter Huurne, PRRSV-VR2332, and SHFV.
Figure 2 GP5-Mprotein costructs

Figure 3 Growth curves of deletion mutants
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Detailed description
MATERIALS & METHODS

Cells and viruses.

BHK-21 cells were grown in BHK-21 medium (Gibco BRL), completed with 5%
FBS, 10% tryptose phosphate broth (Gibco BRL), 20 mM Hepes pH 7.4 (Gibco BRL)
and 200 mM glutamine, 10 U/ml penicillin and 10 pg/ml streptomycin. Porcine
alveolar lung macrophages (PAMs) were maintained in MCA-RPMI-1640 medium,
containing 10% FBS, 100 ng/ml kanamycin, 50 U/ml penicillin and 50 pg/ml
streptomycin. Virus stocks were produced by serial passage of recombinant LV
viruses secreted in the culture supernatant of tranfected BHK-21 cells on PAMs.
Virus was harvested when PAMs displayed cytopathic effect (cpe) usually 48 hours
after infection. Virus titers (expressed as 50% tissue culture infective doses [TCID50]

per ml) were determined on PAMs using end point dilution (19).

Construction of mutations in the ectodomain of the M protein of PRRSYV.
PCR-mutagenesis was used to fnutate amino acids of the ectodomain of the M protein
in the Pacl-mutant of the genome-length ¢cDNA clone of LV (pABV437) (13). The
primers used are listed in Table 1. The PCR fragments were digested with Stul and
Hpal and ligated into these sites of pABV651, a subclone of pABV437 containing the
region encoding the structural proteins of PRRSV. Standard cloning procedures were
performed essentially as described by (17). Transformation conditions were used as
described by Sambrook et al. (17). Sequence analysis was performed to confirm the
nserted mutations. Clones containing the correct inserts were digested with Aatll
and Hpal and ligated into the apbropriate sites of pABV437.

First, the cysteine residue at position 8 in the ectodomain of the M protein was
substituted by a serine residue by PCR-mutagenesis with primers LLV217 and LV93,
resulting in subclone pABV702 and full-length clone pABV705. In addition, this
cysteine residue was deleted from the ectodomain of M by PCR-directed mutagenesis
with primers LLV227 and LV93. This resulted in subclone pABV703 and full-length
cDNA clone pABV706. Second, the complete ectodomain of the M protein (amino
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acids 1 to 16) was replaced by the ectodomain of LDV using primers I.LV218 and LLV93.
The designed clones were named pABV704 (subclone) and pABV707 (full-length
cDNA clone). Third, several other amino acid substitutions and deletions in the
ectodomain of ORF6 were created, using LV 219 to LV226 as forward primers and
1.LV93 as reversed primer, resulting in subclones pABV732 till pABV736 and full-
length cDNA clones pABV737 till pAB743.

Sequence analysis.

The regions of the subclones originating from the PCR products were analyzed
by nucleotide sequencing. Sequences were determined with the PRISM Ready Dye
Deoxy Terminator cycle sequencing kit and the ABI PRISM 310 Genetic Analyzer
(Perkin Elmer).

In vitro transcription and transfection of BHK-21 cells.

The constructed full-length genomic cDNA clones and derivatives thereof were
linearized with Pvul and in vitro transcribed using T'7 RNA polymerase (9). BHK-21
cells were transfected with the resulting RNA by electroporation as described before
(13). The medium was harvested 24 h after transfection, and BHK-21 cells were
washed with PBS, dried and stored at -20°Cuntil the IPMA was performed.

Infection of PAMs

To rescue infectious virus, the culture supernatant of BHK-21 cells was harvested 24
hours after transfection and used to inoculate PAMs. After 1 hour the inoculum was
removed and fresh culture medium was added. Approximately 24 hours after :
infection the culture supernatant was harvested and PAMs were washed with PBS,

dried and stored at -20°C until the immuno peroxidase monolayer assay was

performed.

Immuno peroxidase monolayer assay (IPMA).
Immunostaining of BHK-21 cells and PAMs was performed by the methods described
by Wensvoort et al. (19), in order to determine transient expression and infectious

virus, respectively. A panel of monoclonal antibodies (MAbs) (126.3, 126.4, 122.9,
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126.12, 126.6 (18)) directed to unknown antigenic sites of the M protein were used to
study the expression of the M protein and the presence of antigenic sites thereon.
MAbs 122.14, 122.1, and 122.17 (18) (directed against GP3, GP4, and the N protein

respectively), were used to detect the expression of other PRRSV proteins.

Analysis of the production of non-infectious virus of the recombinant RNA
transcripts.

From the culture supernatant of transfected BHK-21 cells, viral RNA was
isolated to determine whether the full-length cDNA recombinants were packaged into
viruses or virus-like particles, which were non-infectious. A volume of 500 ul
proteinase K buffer (100 mM Tris-HCI [pH 7.2}, 256 mM EDTA, 300 mM NaCl, 2%
[wt/vol] sodium dodecyl sulfate) and 0.2 mg Proteinase K was added to 500 pl
supernatant. After incubation for 30 minutes at 37°C, the RNA was extracted with

phenol-chloroform and precipitated with ethanol. The RNA was reverse transcribed

| with primer L.V76. Then, PCR was performed with primers LV35 and LV7 to amplify

fragments comprising the region in which the mutations were introduced. Sequence
analysis was performed to determine whether the mutations introduced in the cDNA

clone were also present in the isolated viral RNA.

Radio Immuno Precipitation (RIP).

The expression of GP5 and the M protein were analyzed by metabolic labeling
of transfected BHK-21 cells, followed by immunoprecipitation using peptide sera or
MAbs directed against GP5 or the M protein, respectively, essentially as described by
Meulenberg et al [Meulenberg, 1996 #10]. In addition, the co-precipitation of both
proteins was investigated by lyzing the cells under non-reducing conditions. The

samples were analyzed by sodium dodecyl sulfate polyacrylamide gel electrophoresis

(SDS-PAGE) using a 14% denaturing acrylamide gel.
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 RESULTS

In order to test whether the disulfide bond between the ectodomains of GP5 and the
M protein of PRRSYV 1s essential for viral infection, we substituted amino acid residue -
8 of the M protein (10), by a serine residue. In addition, this cysteine residue was
deleted from the ectodomain of the M protein. The cysteine substitution and deletion
mutations were subsequently introduced in the infectious clone pABV437 of the
Lelystad virus isolate of PRRSV, resulting in plasmids pABV705 (C->S) and
pABV706 (C->deletion). The RNA transcripts of these full-length ¢cDNA clones were
transfected into BHK-21 cells and the expression of the viral proteins was examined.
In both cases, the cells stained positive in IPMA with the GP3, GP4, and N specific
MAbs (table 2). In addition, MAb 126.12 directed against the M protein resulted in
positive staining. Two other MAbs directed against the M protein, 126.3 and 126.4,
stained BHK-21 cells transfected with transcripts from pABV705, but not those
transfected with transcripts from pABV706 (table 2). This indicated that these MAbs
were directed against the ectodomain of the M protein, or at least directed against (a)
peptide fragment(s) comprising some of the 18 amino acids comprising said domain.
The supernatants of the transfected cells were used to infect PAMs to rescue
infectious virus. However, no staining of any of the MAbs could be detected on PAMs
24 hours after transfection (table 3). In addition, no cytopathogenic effect (cpe) could
be induced. In conclusion, full-length cDNA transcripts of PRRSV lacking the
cysteine residue at position 8 of the M protein, either by substitution or deletion,
were able to replicate and express the viral proteins in BHK-21 cells, but unable to

produce infectious virus.

Second, the ectodomain of the M protein was exchanged by the ectodomain of
LDV, resulting in the full-length ¢cDNA clone pABV707. BHK-21 cells transfected
with transcripts from this PRRS recombinant could be stained with MAbs against
GP3, GP4, and the N protein, MAb 126.12 directed against the M protein, but not
with the MAbs 126.3 and 126.4 (table 2). This confirmed the above described results,
that these MAbs reacted with the ectodomain of the M protein. To test the production
of infectious chimeric virus, PAMs were infected with the supernatant of the

transfected BHK-21 cells. In IPMA, PAMs could be stained with all but MAbs 126.3
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and 126.4 (table 3). In conclusion, the ectodomain of the M protein can be replaced by
the ectodomain of LDV, resulting in the production of a chimeric virus, which still
infects porcine alveolar macrophages. Studies on coronaviruses suggest that all
domains of the M protein are important for coronavirus assembly (1). The amino-
terminal domain of the M protein, which is exposed on the outside of the virus, plays
a role in virus assembly. In addition, the carboxy-terminal domain, located inside the
virus envelope, is also important for virus assembly by interacting with the
nucleocapsid. This domain is also crucial for the assembly of the viral envelope.
However, they showed that the amino-terminal domain of the M protein was not
involved 1n the interaction between the M protein and the S protein (2). This
indicates that the association between the proteins takes place at the level of the
membrane, possibly also involving part of the M proteins carboxy-terminal domain.

For another coronavirus, TGEV, MAbs against the carboxyterminus of the M protein

have been described to neutralise virus infectivity (16)', indicating that the C-terminal

domain of the M protein is exposed on the outside of the virus particle. This topology
of the M protein probably coexists with the structure currently described for the M
protein of coronaviruses, which consists of an exposed amino terminus and an
intravirion carboxy-terminal domain. In our recent study, we are mutating other
amino acids in the ectodomain of the M protein. We show that distinct deletions or
mutations result in a weakening of the disulfide bond between the M protein and
GP5. These constructs show in general normal replication and expression of the
structural proteins, resulting in an immune response comparable to wild type.
However, fewer virus particles will be produced. Also it results in the production of
virus particles, which are impaired in the infection of the macrophage. In both cases,
it results in a virus, which is considered to be a safe vaccine for protection of pigs
against for example PRRSV. Our results also showed that mutations in the
ectodomain of the M protein can result in the generation of a marker vaccine, since
replacement with the LDV ectodomain, as well as deletion of some of its amino acids,
such as the deletion of the cysteine residue resulted in the loss of the binding of two
MAbs. So mutation of the virus at this epitope results in the generation of a marker

vaccine. In this study we also showed that PRRSV transcripts containing the
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ectodomain of the M protein of LDV, generated an infectious, chimeric virus, also

useful as a (marker) vaccine.

Materials and Methods

Further construction of mutations in the ectodomain of the M protein of
PRRSV.

First, the cysteine residues at position 50, 111, and 117 in GP5 were
substituted by. serine reSidues. For subsitution of amino acid 50, PCR-mutagenesis
was performed with primers LLV32 and LLV303 for the first fragment and with primers
LLV302 and LLV182 for the second fragment. For subsitution of amino acid 111, PCR-
mutagenesis was performed with primers LV32 and LLV311 for the first fragment and
with primers LV310 and LV182 for the second fragment. For subsitution of amino
acid 117, PCR-mutagenesis was performed with primers LV32 and LLV313 for the

| first fragment and with primers LLV312 and L.LV182 for the second fragmeﬁt. The

fragments were fused and amplified using the most 5' and 3' primers. The resulting
fragments were cloned using BstXl and Nhel in pABV651, and from the resulting
clones, the Aatll-Hpal fragment was cloned into the appropriate sites of pABV437.
This resulted in pABV858, 861, and 859 for the cysteine residues 50, 111, and 117,
respectively.

Second, the region from amino acid 9 till 16 was deleted from the ectodomain
of the M protein. PCR was performed using primers LV32 and LLV306. The fragment
was digested with BsiXI-Nhel and cloned into these sites of pABV651. From this
clone, the Aaill-Hpal fragment was cloned into the corresponding sites of pABV437,
resulting in pABV855.

Third, the region encoding the ectodomain of the M protein of LV was
substituted by that of other arteriviruses. For introduction of the VR2332
ectodomain, two sequential PCRs were performed with primers LV32 and PRRSV57
and with primers LLV32 and PRRSV58. Cloning of the PCR fragment with BstXI and
Nhel into pABV651 and from this resulting clone with AatIl and Hpal into pABV437
resulted in the full-length clone pABV857. For introduction of the ectodomain of M of
EAV, we performed sequential PCRs with primers LV32 and PRRSV59 and with
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primers LV32 and PRRSV60. The resulting fragment was cloned with BstXI and Nhel
into pABV651, and from the resulting clone with Aatll and Hpal into pABV437,
resulting in pABV856.

Forth, the overlap between LV ORF5 and 6 was removed by performing PCR
with primers LLV32 and 1LV358. The resulting PCR fragment was cloned into the
BstX1 and Stul sites of pABV651. From the resulting clone, the Aatll-Hpal fragment
was Introduced into pABV437, resulting in pABV871. In this clone, the ectodomains
of other arteriviruses were introduced. For introduction of the ectodomain of the M
protein of VR2332, two PCR fragments were generated, one using LLV32 and LLV357
and one using LV356 and 118U250. For introduction of the ectodomain of the M
protein of EAV, PCR fragments were generated with primers LV32 and LLV361 and
with primers LLV360 and 118U250. The PCR fragments were fused and amplified
with primers LLV32 and 118U250. Both PCR fragments were digested with BstXI and

Hpal, and ligated into these sites of pABV651. The resulting clones were digested

with Aatll and Hpal, and the fragments were ligated into these sites of pABV437.
This resulted in clone pABV872 for the ectodomain of the M profeiri of VR2332 and in
pABV873 for the ectodomain of the M protein of EAV.

The primers used are listed in Table 4.
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Results

Full-length ¢cDNA clones containing deletions in the ectodomain of the M

protein.

RNA transcripts of pABV738 (aa 15&16 deletion), pABV739 (aa 15 deletion),
pABV740 (aa 15 Q to E), pABV741 (aa 9 deletion), and pABV742 (aa 5 deletion) were
transfected into BHK-21 cells and tested for the expression of the structural proteins
24 hours after transfection in IPMA. For all mutants, expression of GP3, GP4, and N
was detected. Two MAbs against the M protein (126.3 and 126.4) did not stain the
transfected cells, in contrast to another Mab against the M protein (126.12), which
stained the cells positive. The culture supernatant of the transfected cells was used to
infect PAMs. Staining 24 hours after infection showed expression of the N protein for
all mutants. This indicates that all mutants produced viable virus.

In addition, a mutant in which the coding region for amino acid 9 till 16 from

| the M protein was deleted was constructed, resulting in pABV855. Transfection of its

RNA transcripts into BHK-21 cells showed expression of all the structural proteins of
LV. MAbs 126.3 and 126.4, however, did not stain the transfected cells. After
inoculation of PAMs with the culture supernatant of the transfected cells, no
expression of the structural proteins was detected. In conclusion, no viable virus was

produced.

Mutations of cysteine residues in the GP5 protein.

Cysteine residues 50, 111, and 117 of GP5 were changed into serine residues,
resulting in the full-length cDNA clones pABV858, pABV 861, and in pABV 859,
respectively. Transfection of RNA transcripts in BHK-21 cells showed for all mutants
expression of the structural proteins, as detected in IPMA. 24 hours after transfection.
PAMs were inoculated with the culture supernatant of the transfected cells and
stained in IPMA 24 hours after infection. Cells stained positive when PAMs were
inoculated with culture supernatant of BHK-21 cells transfected with RNA
transcripts of pABV861 and 859, in contrast to PAMs inoculated with culture
supernatant of BHK-21 cells transfected with RNA transcripts of pABV858, for which
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no positive staining was observed. In conclusion, the cysteine residue at position 50 of

(P35 is essential for the production of viable virus, and residues 111 and 117 are not.

Introduction of the ectodomain of the M protein of other arteriviruses.

Since introduction of the ectodomain of the M protein of LDV resulted in the
production of viable virus, we now inserted the ectodomain of the M protein of
VR2332 and that of EAV into the infectious ¢cDNA clone of LV, resulting in pABV857
and pABV856, respectively (Figure 2A). However, both introductions of these
sequences introduced mutations in the C-terminus of the GP5 protein, since the
coding sequences for GP5 and M, ORF5 and 6, respectively, overlap. Transfection of
their RNA transcripts showed for both mutants expression of the structural proteins.
However, staining of PAMs infected with the culture supernatant of transfected

BHK-21 cells was negative. In conclusion, no viable virus is produced from these

chimeric arteriviruses.

Removal of the overlap between ORF5 and 6 and introduction of chimeric

sequences.

Since introduction of the ectodomain of M of VR2332 and EAV also introduced
mutations in the region encoding the C-terminus of GP5, we removed the overlap
between ORFs5 and 6 from the infectious cDNA clone of V. In this way, we wanted
to create a region in ORF6 at which arterivirus sequences could be introduced
without disturbing the coding sequence of ORF5. First, the overlap between ORF5
and 6 was removed in the infectious cDNA clone, resulting in pABV871 (Figure 2B).
Transfection of its RNA transcripts into BHK-21 cells revealed that the structural
proteins were expressed, indicating that both replication and transcription were not
disturbed. Infection of PAMs with the culture supernatant of transfected BHK-21
cells showed that infectious virus was produced since structural protein expression
was detected by IPMA and cpe was observed. Second, the ectodomain of the M
protein of VR2332 and that of EAV were introducted in this construct, resulting in
pABV872 and pABV873 (Figure 2B). Their RNA transcripts were transfected into
BHK-21 cells. All, but 126.3 and 126.4, MAbs stained the transfected cells positive.
PAMs infected with the culture supernatant of transfected BHK-21 cells showed
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expression of all structural proteins in IPMA. These results indicate that the
ectodomain of the M protein of other arteriviruses, providing that the C-terminus of
the GP5 was left intact, could be functionally exchanged by that of the ectodomain of
the LV M protein.

Genetic stability of chimeric arteriviruses.

In order to investigate whether the viruses generated from pABV707, 738,
741, and 742, 871, 872 and pABV873 were stably maintained in vitro, they were
serially passaged on PAMs. The viral RNA was isolated from the culture supernatant
after 5 passages, and studied by genetic analysis. The viral RNA was reversely
transcribed and the region flanking the introduced deletions was amplified by PCR.
Sequence analysis of the fragment showed that for each mutant the introduced

mutations were still present and that no additional mutations had been introduced in

the flanking regions during in vitro passages. These results indicate that the

deletions were maintained stably during n vitro passaging on PAMs.

Growth characteristics were determined for vABV707, vABV741, and
vABV742 in a growth curve and compared with those of wild type vABV437. PAMs
were infected with passage 5 at a multiplicity of infection of 0.05, and the culture
medium was harvested at various time intervals. Virus titers were determined by end
point dilution on macrophages. In all cases, we observed that the growth rates were
similar, however, the amount of viable virus inclined faster after reaching its highest
titer. This result might indicate that the generated viruses are thermolabile which

may be a further useful property for vaccine purposes.
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a Restriction sites are underlined, foreign sequences are in italic

Table 2: Staining of BHK-21 transfected with transcripts from pABV437, 705, 706,
5 and 707.

P3(122 1 GP4(122 M (126.3) | M (126.4) | M.
_— A
=
M R

~ Table 3: Staining of PAMs infected with supernatant of transfected BHK-21 cells
10  with pABV437, 705, 706, and 707.

+

706
707

| +I

+: positive staining

- : no staining

+: positive staining

- : no staining
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Vaccination examples

Intranasal inoculation of wild-type PRRSV (EU en US-type) after
vaccination of 8-week old pigs with specified PRRSV-mutants; virus

kinetics and antibody response

Introduction

The Porcine Reproductive and Respiratory Syndrome Virus (PRRSV) causes
abortion and poor litter quality in third trimester pregnant sows. Moreover, it
may cause respiratory disease in young pigs. Infection of late term pregnant
sows (80-95 days) with PRRSV can cause profound reproductive failure,
especially due to a high level of mortality among the off-spring of these sows at
birth and during the first week after birth. PRRSV is a ubiquitous pathogen.
Two distinct antigenic types can be distinguished, i.e. the European and the
American type. Clinical eifects atter a PRRSYV infection depend on the type of
strain involved. Vaccination of pigs with a PRRS vaccine influences the way a
PRRSV-challenge works out on an animal and a farm level. The level and
duration of viraemia, and shedding of the field-virus is reduced by this

vaccination.

For the development of a second generation PRRS vaccine, new candidates are to
be tested. Therefore, 8-week old pigs were vaccinated with a number of specified
PRRSV-mutants (recombinant viruses), after which a PRRSV-challenge was
given. Kinetics of this virus exposure is scored in terms of level and duration of

viremia and booster responses, both in a homologous and heterologous set-up.

Aims of the study

The determination of the immunological efficacy and safety of defined PRRSV-
mutants used as a vaccine in a vaccination-(homologous and heterologous)

challenge model. Along with this, mutant immunogenicity was tested.
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Study design
Four PRRSV mutants were tested which all full-filled the following criteria:
-genetic stability after b passages in-vitro (cell cultures)

-genetic stability after 3 weeks of exposure to animals

-immunogenicity (as determined by IDEXX elisa)

The following mutants were tested:

vABV707: LDV-PRRS chimeric virus (ectodomain of M exchange)
vABV741: aa9 deletion of the M-protein of PRRSV

vABV746: 18 nucleotide deletions at the C-terminal part of ORF'7
vABV688: mutations at position 88-95 of ORF'2

As a positive conirol, the following virus was used:

vABV437: wild-type recombinant of Lelystad virus

Kach mutant was tested in two groups each consisting of 5 SPF-pigs of 8 weeks old.

All groups were completely segregated without any contact with each other. Two
naive sentinel pigs (so, one per each mutant-group) were united with these
vaccinated pigs 24 hours after vaccination and removed and killed 28 days
thereafter.

In the 2 groups (per inutant) each consisting of 5 vaccinates, two animals were

challenged with wild-type virus (i.e. Lelystad virus (LV-tH) as a representative

of an KEuropean strain of PRRSV or SDSU#73 as a representative of an American
(US) strain of PRRSV), at day 28 post-vacecination.

The other three vaccinates were separated from these challenged animals for 24
hours and re-united thereafter. 28 days after challenge, all pigs were removed
and destroyed.

vABV437 served as a positive control. A challenge control was included for 14
days starting at the moment of challenge in order to control challenge efficacy
with LV-tH and SDSU#73, Animals were treated as described for the other

animals during the challenge phase.
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The allocation of the pigs is outlined in Table 1.

Table 1. Allocation of pigs to designated groups. Each mutant group consisted of
5 vaccinated pigs and 1 sentinel (¥*so each PRRSV-mutant had two groups).
Groups 11 and 12 served as challenge control groups (**) consisting of 5 animals
per group;only two of these pigs were intranasally exposed to LV-tH or
SDSU#73. All mutant groups were housed in isolation recombinant facilities,

whereas the wild-type groups were housed in standard isolation facilities.

Group Challenge I Vaccination N Stables

[9+10 LV-tH/ 2 (EHW)
SDSU#73

animals
1+2 LV-tH/ 707 12% 2 (geb. 46)
SDSU#73
3+4 LV-tH/ 741 |12* 2 (HRW-
SDSU#73 ) 223.030/40)
546 LV-tH/ 746 " 12* 2 (HRW-
SDSU#73 223.050/60)
7+8 LV-tH/ 688 12+ 2 (HRW-
SDSU#73 923.070/80)

11+12 LV-tH/ 10%* 2 (EHW)
SDSU#73

The vaccines were administered intramuscularly according to a SOP (2 ml deep
intramuscularly in the neck halfway between the shoulder and the right ear;
min titer 10° TCIDso/ml). All inoculae were titrated before and after usage and

were stored on melting ice at all times.
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Experimental animals

70 SPF pigs of 8-weeks old, tested free of PRRSV.

Execution of the study (Table 2)

Table 2. Course of the study valid for each of the mutant groups.

Day Action

-5 t1ll O Acclimatisation of animals

-2 Serum sampling for IDEXX-ELISA

Daily General clinical status

o
1 Sentinels

3 X per week |Serum sanipling for virus isolation (3 x per week) and IDEXX-

sampling ELISA
(1 x week)
Dag 28 Removal of sentinels and challenge of 2 vaccinates with LV-tH or

US virus (1n stable 1 and 2 per mutant group, respectively)

Serum sampling for virus isolation (3 x per week ) and IDEXX-

ELISA
(1 x week)

3 X per week

sampling

Fina]izatiofl; destruction of pigs

Results

No adverse reactions were noted after exposure of the mutant virus or wild-type
viruses to the pigs in each of the groups.

Tables 3 and 4 show the results of the PRRS virus isolation from serum and
calculated viraemia scores. Incidences of viraemia at defined sampling points
were determined by virus isolation on porcine alveolar macrophages using

routine and published techniques;
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Virus positivity at a serum sample dilution of 1:10 was designated (+), and (++)
means virus positivity at a serum sample dilution of 1:100. These results were
used to calculate a group total “viraemia score” as (type 1) the percentage of the
virus-exposed animals in each group (each virus positive animal at each time-

O point = 1 point, so a max score of 100% (=12/12) can be obtained, and (type 2) as
the percentage of maximal viraemia of the exposed animals. In the latter case, a
max score of 100% (=24/24) can be obtained based upon the fact that max
viraemia is scored as 2 points (1:100 dilution of the samples) for each individual
animal. All mutant virus groups showed a reduced type 1 and type 2 viremia

10 score as compared to vABV437. vABV707 vaccinated pigs showed a reduced type
1 and type 2 viraemia score prior to challenge as compared to the score of the
pigs in all other groups. At the moment of challenge no animals were shown to
be viraemic any more. All sentinels became viraemic and sero-converted,
meaning that the viruses shedded from the exposed pigs to the sentinels. It is

15 shown that primary exposure of the mutant viruses to the pigs renders an
effective immunological response as determined by a near complete prevention of
viraemia after homologous wild-type challenge and a firm reduction of viraemia
after heteroogous challenge as compared to challenge controls. Vaccinated
sentinels were effectively protected.

20 No differences could be documented in serological responses after vaccination

and challenge between each of the groups studied.

Challenge controls all show viraemia during the course of the 14-day study,
where the viraemia is most predominant in the intranasally exposed pigs. :

25
Table 3. Type 1 viraemia score. A group total “viraemia score” was calculated as
the percentage of the virus-exposed animals in each group. Each virus positive

animal at each time-point = 1 point, so a max score of 100% (=12/12) can be

obtained.

30



CA 02409209 2002-11-18

WO 01/90363 PCT/NL01/00382

2

dpi vABV707 (vABV741 |(vABV746 |vABV688 |vABV437
| 0,0
75,0
100
100,
100
100,
100,

<
-
O
-
O
-

el
oo
~J

0,0 3,3 29,

-

P

ol | ~
~a| ~3| =3
o| oo| oo
o| ©ol| ©
| =l w1l o
Ol | =3
@| ol o
w| L o
o

p—t
-
=
-

-

CO
|

pamd
l
QO
oo
Qo
Ot
'
Ot
0
QW O] Wl W =
)
O
Ol ~J| O
oty =J
i'

 —
i
Do
O
-

R s ' TR A AR TR AT '
L RRIR I ¢ 11O S ¢ gttt i N gi-?*if.& chee 2RT
S e 4; epiPe g ey ! W onT e LT sl i L PR

. Vi o .- 'oks( A
ek E:>' "i;"i s ;t‘{s.ze’.’i itiﬁ' F o ey ._-.'éu;-
: ,}ﬁg zi‘f”‘i""f" cbe Sy },:sé;:
.u._’ - "v-. - i e . M r N l.
RN AR A T St T
RIHPT TR It 1St RIS B 0

£ 24 yie 3E TR

, :I..l.

-
Y P b cm e
AT A g
~

feel gt
":..{(-. $ ‘

S XTI

-F's '..

iy Wt

;;\ Wl .{%5&( \2'.&*’-

5

Kel !
i &IPS

‘s
% Ay isst -i,w.{t ;-&4.'.1' ' "'i:' R 40 {TONI
kg ’:‘,'e%fz’%( '5"":2.-2535 245’7:1»?; 523'*'.; X
,-: > --;'D"O 4 E .33»; 7,51 !}.l{: > :’E\Ji""‘rk
R ) Bk ¢ 1 B NP 8 1 PR
- ",. e - 1) ¢ ' '
-.g._t}f?#{‘\;%)t’?b 'ir?i ’Eﬁ Lo
W

N Q) PP TIEES
"Zf't‘ TS ST IR A I
P s L "Ef-&- -
ST e Y 8

L.

CAe g Rt ety
R A St

H -

e, A -‘-"'f‘.g <
o

O3 Bt
gs ¢, .'i 3

-

WO - . ' I AT .
.,‘;.-,‘Jf | ;;: . ..".;.4,-“ AT N

T TR SRR . :
aeed g AR TRERRPTE T L TR S S SRR 3
., (2 - »5:11-,'-;',.: '..-'-‘.E_t... -;-

¢ i ek il st T >

<
a0+

A i{ :?¢

N . » - . . . LS " e I al
IONen ea —wveiea v sl o = A "t s aNas LW [RUSO I S0 ] 2 . .
. LE R L £ ' . - - r S0 e r KRS CHapiL O H 2% ' ‘ B H
. e < o, : ﬂ oz o SR ,4'-,4’3{'-.;13;'.'-" '75'-“*.' ;Jl’s “-44' Dyt E b .§ fMe )"’«?,3.:1 F,\,}:‘. DRI '1:; o, :; § T R t'g’
A, e At P NP ‘: t“' '-4‘;“':6, i ‘{2'.é:<;?’.{ f';: A AR >(.-=!"‘ >é_,\':§} 3 -.\.Q‘ Vo, pemead .‘:{.: ¢ ::‘(.‘ " ‘iz,.\ :sl‘ké'.’:‘l'"‘ N o bay v IR ﬁ‘.;iz ' . ;.2 4w 54 {8 i v -+ 3331 ;
- 0 40 L 8 0°= b , * e .o Ly - e - et AR - ' . . . L w. sl S - . - ahAs » B

PICA02 a0 - P, v L U Tl LI - N ) . - . T M ¢ -\10 it v ‘. LT
Ay SRR O RSN . N SRR PR R R S S E DI B, 6
Tef - P . = 5 e -!1‘{%. ‘fg"{' gl '§:- 4{? g 2 '?-ff yo - I T hpe "o e g A ' ?§}§= Rkl T é' N Ve v e T N ;. '.‘_fc..".(_ e
cett oS 8 LML F e e s F A o ede Fbeki RN I R e RO (e 20 ot I R S I N Bondifigi e L Syl o jof R e e SORE s
: '.j- £ il Ty R 3 i:g:" X §*§I§"—§ 3 Loget ,i-,gk o “. P “th. it % g R 24 _>;§$< R 'm;E;. 4 £ Bk e .;hl'.,,q ERpe < U
e }z )f.fl {Z,-_\ PR ><';?'{€R:. 3: ,}‘ - . 37 {{ - a0t .= |'.:i-..c1,s - 3 ;&E‘.»‘z_(‘. -’-f'- f{é{;; '&siig, _"{.f : _: ) ’., ‘|’s,_\':;; ;gski.}:fi E::ii;fllis.'ggfk}%’E::':

AR5 4 Y :

DRI TS 3

T LAY R I ST S LR = XE PP T T R = : 5
Sl SRETRE o S ERen LB e dde g Tt Sypiiinnd g

.

— Yo oger
' el’- . . - 4 . > - . RS 0 IR L IR 4 Y +
. 2, T T : TS e iy ¥ AR . ‘z'/;i;t»'iﬁrs-w’éfmfmk-?f o
1 O S AT N RO o : ; : . b ;. "3 e - ) T e o R s - B ' : B R A TR R R -
. SETAT C e "oy ot, 4 . B 4 ~ . o il NI L LSy . . i . oot . . R4 . : .= . . e Vo '3 Avren o 8 T . ?f
PO T 2 o $ b g itu.:,'.-t. ! ’ o Y o ') = . ’ : Y SRR L NIRRT P “_ e =
4 :. ot i » " r o {¥

LR .o - "
et 3 C ¢ L
. 4
- :

Fl I3 . >
it S

ey ' > - : N
Wetat 3P0 g._«“;i’g“s Peakits e
7 ea= Pri. d . ' . 5z e
- b .i oy } e, I iy ‘)\" :‘ 3 Loe 2. . ops = - S
- pvrghay t\' <t P ==e p vt o Trafe TN 2o s
NS M E1] il L4t <3 L] o . 4
cea g irgie si SR s (lé- - 3 h - -( _‘.‘-.)}.‘.,. r“b{; RN S -
A s LT N A S e e ; £ .7 e ﬂ.k RO MR D MPRRE A F 2 B+
RS i{ ss{i. $§:l :t At 3 Lo, ‘5',. ‘. i mat e ‘C'h{. T .<-'q. ‘,\ v
» ISTLIS SR PSS s ) « UL RN r o (fi- 2l FLSE i'- v.tii B CACP A
el R I OMENE (42200 ' L F 0 MR Sapagepea KB B s den B T BT T v
e R [ NPT LI S '= ' i T WHERI: e e T

RS pl A aRRATrd -t - AL BT o 2= - MO Y ROLI O . o fon = -
\":ﬂ--tgli{:g&}{!»'\“fﬁ 3. JE s & :t;.’}"-?.; ;‘.z{s $91 0y ;’i o i : A N ﬂ-,,f 132
e Ve M AR T, o T e e ey SIS o & PRI 1 11 SARRE S3E i f"" S8 e e em A R
Sleveashl s T I I IR I D S Sk ik - a5 T
I ST AR e % ¢ Ve e A ARSI T RTLUE P Rt S 7 PR I e i
SAn AN - eCas e ' AR S A I T St T e ." : . R L
f“Z;s hoagt, - " ‘)‘- > ig ey e vi ATy T »_..3{ s :i.‘: Yol . R R
e -, T y - .02 3 v- o P LY . ! a . DI SR
R R TR W DAV S 4 . SR AN s < <AL < L B bt LN
e <3 e, vt T f’ T I BT S RV B A N A S

Ca ’ IR R | I R T Y S I R : S e ey
AN T ATy i g A RLL 90t PREELE YT

I .
Ve Nt Wy SN e

T L L kg o e ha

7 " . .,-‘_"- ?-.?t - . _}(' “:_-.‘. -‘.' ‘:\... ‘_.'., P y
RO S | B e o TS L et ]
s " ' ...: : ‘. :" ’-'- VT2 ' :' .
R SCH AL 3 LI S . S wstt.

.o. .. 5»

) sﬁin‘i:-":i’.i:ﬁ. ¢ :
p o ke e g e L
> I ¢£;§.‘ .

*

‘ R x
‘} N T T TR Y < ‘.‘,«-} .
. ti L, <t ;-;1:;':-:‘.:..‘ b . . LRy
PR R PR B P e A S

o v'..‘n.‘ }"{" ety ,.,:)_:'. _.' '

i R AR R ST F R
D SEe F NS, By e
T TR R RS
\ .._..\ s 2)_-.;?;..‘."“ i{t‘i .-.;z ,;"n::.,.:' = . Ll
e il iy IRELS iy s TR

RIS TS S SRS W :

- an Ceghoty o,

el e PR v :;»:'s‘(-\.'

.:.': R

. 51,;_55‘?‘.-\---.'
v B t"’; Y N ",.
v ’4’ p"isttii“-:.‘~- o

o IR v it e
'\: ':z“.i‘h:.\’ H F It eI e 0 N
B s R MM

s datprezdy NN ) . o
. 'f’ B 9 - PO |
! £t Sodaeat YR % fr(
e gl i

E S S -'F..";'," -":-,)'u,u“$<
ia

&l A S p?

}it. Rad

s0e 2 T
QIR0 TN s nTel gl Bratin

ST N "-'?t:.":'?ksf%sif-:'v':..

C'Rll.d. .

L oaval

Lavanl o 2 ek arh \.\.. X ok DONDAN RN ¥ N -l DR S EAN My . i ey
6 Sl i EICEICE AT SRR S S gt e o e et oy Y 10T
R I A i ifq e g b Er R ML I 3 ‘:2%'5:.?{53;.; ; :;,‘é?:‘.j.,:,\:a;'g,} e Enti SRR St e L
Fubeses T i it R i * e ) Sy - e Ty el SR SEARKANLG Aot Nl 2 e RGN g e
B S A RS i . g W00 By TRy e o 7 Kk DRI T B P O T I kg e T ekt g S
B ..‘_‘: ' ..ttl: " i 3, ";. :~_..:- . ;::} |?. .:}‘: \': .,_>. . . ;‘ T : 'N‘- > ) - :‘ E: .; i " ¢ .- :(‘ . _‘.(:t'( ':-.C?":‘.‘? :z: e - RESS . T ’ .'ﬁ. ‘L('-E: ek "'\ . 5 ' .i !*;\S‘:.l ", a : . . - = ‘} s JI . {4 Ly '}“é 3 "{»._
£ttty O BT T g wf g e i e B L Pert e AR - R ey AT P IR P TORIRC TR R
N _.-' PRSP IEE ATV DA :t‘-‘a"\ E i s “ ' ; s\}';.:‘ . - R o4 L : -'\-:-.: Y LT % :: S an L . = MR- b "t .' L - o T . ',.'.) YR IR Y,
SR E L R ’ '1"-'-11 Qﬁ;*' ; ?5/.- AT, W e § ! - ] R MR P 2 YR AR et ad Tl i, > . : Sy 4y ‘:(i'?.-fii-f‘ s

R S e i SN L A

R G

VT TR TR e e N O RTTRIG £
T T T AN LN

'.':{i (24
LS A
< '\ .es(.\

Y
e O ..;: ~ !“.: . & .,'. - b }: ; b I | ) L )
i e fiphy TS e P R Dbt . % R Fitedn w5 L
- HHE - ;' :: .: . X N "’,;‘,.,'l. s i’:-". . (? s 7:::' ' o A ) ',. y .?-.
I 3R R M S e R

A .

.
V:ul

. [ .- .

. :.{{ L .“? s Y el co s
I . PRI Y IR
e AR

(.2’: . \é.'
il
g aF2

bvvsp

A A L hg e

MR AN w840
Vi3 Tea L H

,‘Eila;-’ﬁ'?f_?;i'z H ,étf{‘-‘,;
535, @O L cbip

XAATERY | WA pave -

Ik
o I
-

\n, E-""E“'."'- KPS
i: Reib i iy .
g
PSS AT LS A

1 =4 em-

pimiplem o (= . O MRS O - e P = o 5 TR O e+ et tree N
' . h . ] 0 £ v, . e R £V L AT PRTLSE PUNRS VLTV SR A A P T 3¢
e  Fameaiey e N T D R R
- N LI PR S TN 3 '§>$' - ety c N A, 1 5 Z}' ey - P oond 11 175 SRR $57 “ ' FONBLRNE TESIT W
5 RIPRE TP A e <i{:r§,‘ o E{,_- - AL [ 3ra s W N K a ,3 o - :f{i. s 1) . e {“0“‘-\‘-‘ A ' . Py 34.{.? ;:_‘{,‘. o )'si 5 lt’k{t
B " .. o . v MK OO M v 0_:’ : ‘.".. ; R 4 _:..: . . 22 . %63 . ) H _.-'_._..‘..---- N ) el ‘“'..‘ it < ‘:.
RN R R R TR T AR R 1 ot B T U L2 T b R FCINER DG : y oo 2 SR
Dot B L e ey d B R s, AR rsdt R s S S B s iR TR L i MR et g A S
ML SRR b 11 A AR e LY IR I A I L IR B e NN T LA I et an: IR T a0 s e A To e Kt Y T LS el LY %c:‘}'- “v.
P LL NP O s SRR IRLNS Setl S S Ay e ok et (L S AT .i. Ty R Ol S P R ¥ . e B Net '(‘ i . " . > ' -:"?. N [¥-Ca ) i3s3 L s
3 RO F< s 5“‘-"? )" . fét, .‘:: . 'I_; ) . -'.{ 'll.-‘; d " - ' L <\_\ = 1:.,';'-4.' “ o t - ..yx; -.f-:i 3 ‘(,.. . . .{‘_ AN s . \‘:f”
{ : ST L R S S P4 NP> S 2T R S Rd?'.if“ " : : . -)Z b R ' s ‘f;.gi Dot ATRETALS : ., Ev& & ,.i(':.‘.’ - :f.i ii{.\“'!g;(ifﬂ

ey

. v, sodt Bt e Ay T
T A Tt .;';;.g':;i'.’..{ it IR L TR )

N ) 3 . ' E' . . g4 : e - - ¢ 3 . . o -4 . . i TR . - . . “ DA tlf'-\
N ti},;f“{ f:.r:’_-::'i,\ :-‘ ; R f,{ 17 SN ": : ‘; . '5.;. . R 't"c : L 3 - 5,5:"&}3%%

Y

TR S O S X T R e My a3 8, . i Yin, oy i E TR
( ! R S Y : M E.;: i‘ ,-;i k1 ;h;._ ynid ,;'E;'._?!': %Ss'né' l-.uf <t§{( b e L% ;f., .;*}} : ‘“."-.‘;i:" ¢ d."': z';“.. 'it < ”.,: ?‘;""
¢“? 3'§'|_Lii{‘;£pi{f:_:3-\ ;IE s ;?tl: ' ’(\i‘i‘ Wi §4 0ot u b - - r i‘-‘:z" ‘- R AR ,1ﬁ: It > e '.‘.‘:.' _E\... ::.c::\ :i(y: Lttt B .r_\?. o “’t.' :?‘ 126 o.: ts . s..‘; R AT
o Al ..-_‘, = ).},1-.-‘(' 3 e O N I ST I . Y < . whroy _lf $ B 2% A f; }: it}l .{ss. - .-.<':-‘I’ - . .1} :".‘E L S -,:\i H 'l{.f’sz'tl' :"t";"ﬁ S hep i, --‘lﬂ-—ﬁ-;
P &;;’f’{? .;5-.;:@ ,.e.'- -} e ot ~ ,@‘-"’,.._f IR e LN ' $5¢ k’f.-‘%- l&.:( ot B g | L : AR 0T S A 4 54
S '.\.(=\’ -; Ly e : K _' ; s P (N :' Pt ' LU '-"E ;'l‘.; .J;z ) o : )

‘,;c‘- Mot :. :?L- .-.-(t: ::iv
g T . - Y 148050 sy
- . : N T B A R i
i o Bpotrteet i

TR S \oS(-\‘;'i') aa -

. ..'- . "; S¢ o0 . T 1-
; REIR RO LIS W RRR Y
'“8‘%‘ :’:{;ii 'i;:g?t'f&l:; ‘."? e < .%l ,.:.;f\??) .}I\
1 ‘ot Lot - !,
[

o, 0 3i'k, 8T P 3 AR BAA
N e R L I & . : N D I RVTVEREL
%1,., : ‘: <j ._>¢E§L{E§‘n,}.’._-2£‘{> Myt . ‘ A g;‘;zfs. ;?g;“jg; i ;‘L“)':;}Sts(‘z‘_ . ‘,:-
e e tiaty c',é'u;‘t-f'h}'%t"_iigéu‘i" g
J‘ &

;t“, = .l' ¥y '..“ C‘E e
>
\

je L reenr i woVheprnibi e

LS . .
: : T - g w2 S SR (I ek T LTy ST :
82 333 el > WRANIR Y 3 Bt e S ‘L K . ’ . e f.{. o o By R zt_z'l"ﬁ."’ * ; et . g3t AN - - Syt :
TN '.l."iﬁ.';{{?;il‘}fk, X < ,_;ﬁf?‘ . : '{;’*"-f,..,'.:'.' R el 't‘f -_" : e e Bl AR A "i'i’{. 2 3 A T RSN ;, .-ﬂ.,iit!- B O 3-" 2 g dhst ??"'__ i ’_:f_._"‘?.‘ )"_"{1?‘:% o , RN “'?tﬁi?f‘,':_:*.i P L $§- VRt
RN’ ':;f;q."-:"c. b :J‘. R e :._\zl,’f‘u : SN IR & ] G ST sf.u.- “t:' R LI AR L £ B .1$ ‘{.iiii"l RAICN p i & iy R {IYppecy vy R SR ":'EH b presdated, e a e ypnibey o, ;,“,i: ST

b '...E_‘-;'.‘.‘.‘t?..‘..:f'P.,-\.' 23 » RS . SRR AR RTI PR a1 Ui . AT v e , Y N .{i AL T N P21 EALIN SPIL B .;z“ ST T ¢ S T ) - {-?}'.-.. S !‘.'.‘.- " M-

o _'%l..)A_ ht‘?;is\"(’“{ A ~ My dbiigegt ol “;{{__ : AR N TR T ST ML ST " Ly . '{h‘.. YT (‘,'.é 33 ..{<§~.;- v A L ) A S e By i3 ¢ .s't F) &Etth’,q L Lt g b Nelrgen s TR

it i LSRR S 3 NG TR L R 2 A S 135 oS R I R X D SN I A k2 O R T S R A R

et TN (B A e

. e ey =w
*grg& T i<-3-"‘-..:‘: S MR -

'\)..- N '\\..l " '\.-
te

Y SR S api
%g. A D AT
NI

o ";{i‘;‘.xf."" By '
P $38 S thon 5

' .'l'. 3 e
s -‘

NEEESTRTLE L PRt BRI < 5F ST R
2 S EO PR | TRrae 9rd (Vv » ',"M‘,", "l,. : Vo it YAt . Y {

§ § R R N hiy ATy i : - & 3 RO oS AR SN I i3 LI SN2 W o SR
WENEL b TR ¢ Tt B ' it & g A AN T [V S ¥ R R ) Pt G AN g N T el A b e

h e et ‘3 e ;\."-i“” SR A s 1 ‘\"" -c‘rfl' v f itfﬁ ¥ . :E "5!* s '!I.‘?;')":t'\ K h”"? L B \?-o{ﬁ’ s> EEECEE B sE Ky 3 o B R PR YA 3=l 4 ¢ .t '{?}tl ‘i: sivelin RIS 11 PP e me L rp' P R (R A T I
»s For M- 1. oot £y a0 AiTs aemptobib st TRy o egeae Bl PO OIS (t LI SN O G P e Dl .t A T P R TR 'ef. i . 8 TS ar ] SR S b Do, SRRALTT M 3y .
3"_5;';‘“ f";;g - ’E{ :._E?%.':\: 2 e ,Lr_“n-'\'-. Ili-'l{f ; ET " I [ L S D) .;1{., -":5 \"IE LT _c‘ : P .,E ';’-’-'-‘38-.'-':;-3. .‘.:3{..21 .-; .: > o0 = ""-"i'j_.a ?t.-z 5?:". ' 8 > ¢ L% v uee s {-f_. R 3o ’u’)i{,.,'-’ ;.f o '.‘.‘.-""{‘I‘,‘ .. 'V:zp" . 4 ':
s : p : . il 5

p@"h"i:’ X SIS SN SN T l.-‘&1-1.\',:{' PRI W - ...-g..l{;tt »:.~.".5.~:'-.

oy

. RN R GO R TR LSS SR nalte 7. - EXE I PL
MAUREAS R SRR RITILE IR ! L :!’$ it Pl L 11 P N ¢ SRS

» L ,u.:';i ‘ 1

Wild-type




CA 02409209 2002-11-18
WO 01/90363 PCT/NL01/00382

Table 4. Type 2 viraemia score, calculated as the percentage of maximal viraemia o

the exposed animals. A max score of 100% (=24/24) can be obtained based upon the

fact that max viraemia is scored as 2 points (1:100 dilution of the samples) for each

individual animal at each time point.

dpi - vABV707 |vABV741 |vABV746 |vABV688 |vABV437 |Wild-type
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Conclusion

The studied recombinant mutant PRRS viruses show a reduced virulence as
determined by a reduction of viraemia (length and height) as compared to wild-
type (vVABv437). All mutants instigate an effective immune response for the
protection of pigs against a wild-type field PRRSV. The homologous protection
seems to be somewhat more effective than the heterologous one. vABV707 seems

to be the most suitable vaccine from among tested viruses.
The humoral response is measurable by a commercial ELISA (IDEXX) in all

cases. No adverse reactions are elicited.
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Claims

1. An Arterivirus-like particle comprising at least a first structural protein derived
from a ﬁrst Arterivirus and a second structural protein wherein said second
structural protein is at least partly not derived from said first Arterivirus.

O 2. A iaarticle according to claim 1 wherein said second structural protein is at least
partly derived from a second Arterivirus.

3. A particle according to claim 1 or 2 wherein said first and second structural

protein comprise a heterodimer.

4. A particle according to anyone of claims 1 to 3 wherein said first or second
10 structural protein comprises a membrane protein (M) or part thereof.

0. A particle according to anyone of claims 1 to 3 wherein said first or second
structural protein comprises a glycoprotein (GP) or part thereof.
6. A particle according to claim 5 wherein said glycoprotein comprises GP5.
{. A particle according to ényone.of claims 1 to 3 wherein said first structural
15 protein comprises GP5 or part thereof and said second structural protein
comprises a matrix protein (M) or part thereof.
8. A particle according to anyone of claims 1 to 7 wherein said first Arterivirus
comprises porcine reproductive and respiratory syndrome virus (PRRSV).
9. A particle according to anyone of claims 2 to 8 wherein said second Arterivirus
20 comprises lactate dehydrogenase-elevating virus (LDV).
10. A nucleic acid encoding at least a first structural protein derived from a first
Arterivirus and a second structural protein wherein said second structural protein
is at least partly not derived from said first Arterivirus wherein said first and
second structural protein allow for incorporation in an Arterivirus-like particle.
25 11. A particle according to anyone of claims 1 to 9 comprising a nucleic acid
according to claim 10.
12. A host cell comprising a particle according to anyone of claims 1to 9 or 11 or
comprising a nucleic acid according to claim 10.
13. A vaccine comprising a particle according to anyone of claims 1 to 9 or 11,

30 comprising a nucleic acid according to claim 10, or a host cell according to claim 12.
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14. A method for obtaining an attenuated Arterivirus comprising providing a first
Arterivirus with a structural protein that is at least partly not derived from said
first Arterivirus.
15. A method according to claim 14 wherein said structural protein is at least

5 partly derived from a second Arterivirus.

16. A method according to claim 14 or 15 wherein said structural protein

comprises a heterodimer with another structural protein.

17. A method according to claim 16 wherein one of said structural proteins
comprises a membrane protein (M) or part thereof.

10 18. A method according to claim 16 or 17 wherein one of said structural proteins

comprises a glycoprotein (GP) or part thereof.
19. A method according to claim 18 wherein said glycoprotein comprises GP5.
20. A method according to anyone of claims 16 to 19 wherein one of said structural

proteins comprises GP5 or part thereof and said other structural protein comprises
15 a matrix protein (M) or part thereof.

21. A method according to anyone of claims 14 to 20 wherein said first Arterivirus

comprises porcine reproductive and respiratory syndrome virus (PRRSV).

22. A method according to anyone of claims 15 to 21 wherein said second

Arterivirus comprises lactate dehydrogenase-elevating virus (LDV).

20
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