
Improved PRRS Vaccines BACKGROUND OF THE INVENTION 1.
TECHNICAL FIELD The present invention belongs to the
field of vaccines against infectious diseases. More
particularly, it relates to vaccines against Porcine
Reproductive and Respiratory Syndrome (PRRS), a viral
disease affecting pigs. 2. BACKGROUND INFORMATION The
Porcine Reproductive and Respiratory Syndrome Virus
(PRRSV) is a (+)stranded ssRNA virus belonging to the
family of Arteriviridae. The virus exists as two
genotypes referred to as ,,US" and ,,EU" type which
share about 50% sequence homology (Dea S et al.
(2000). Arch Virol 145:659-88), and which can be also
distinguished by their immu nological properties. Most
sequencing information on various isolates is based on
the structural proteins, namely the envelope protein
GP5 which accounts for only ~ 4 % of the viral genome,
while only little is known on the non- structural
proteins (nsp). The nsp2 protein has 1078 amino acids
in the EU type prototype Lelystad Virus (LV), and
shares only 32 % homology with PRRSV-US (Allende R et
al. (1999). J Gen Virol 80:307- 15). It induces serum
antibodies during natural infection (Oleksiewicz MB et
al. (2001a). J Virol 75:3277-90, Oleksiewicz MB et al.
(2001b). Vet Microbiol 81:109-25), seems to play a
crucial role for viral replication (Snijder EJ et al.
(2001). J Gen Virol 82:985-94, van der Meer Y et al.
(1998). J Virol 726689-98) and is thought to have
species- specific func tions (de Vries AAF et al.
(1997). Seminars in Virology 8:33-47). The nucleotide
sequence coding for the nsp2 amino acid sequence is
represented in SEQ ID NO: 2. Length varia 



tions in the nsp2 coding region have so far only been
described for one US-type isolate (Shen S et al.
(2000). Arch Virol 145:871-83) and for EU type strains
found in the US(Fang Yet al. Virus Res. 2004 Mar 15;
100(2):229-35, Ropp SLet al. J Virol. 2004 Apr;
78(7):3684-703. Isolation of PRRSV and manufacture of
vaccines have been described in a number of
publications (WO 92/21375 ,WO 93/0621 1, WO93/03760,
WO 93/07898, WO 96/36356, EP 0 676 467, EP 0 732 340,
EP 0 835 930). There is still the need to provide
vaccines with improved characteristics, in particular
with respect to efficacy and safety. BRIEF SUMMARY OF
THE INVENTION The present invention is related to
improved modified live PRRS vaccines of European
genotype and new PRRSV strains which can be used for
the manufacture of such vaccines. In particular, the
invention provides improved PRRS virus strains that
have been deposited with the European Collection of
Cell Cultures (ECACC) under the Accession Numbers
ECACC 04102703, ECACC 04102702, and ECACC 04102704, or
any descendant or progeny of one of the aforementioned
strains. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1:
Agarose gel (2% agarose, ethidium bromide stained) of
RT-PCR products ob tained from the nsp2 region (pos.
2068 - 2713) of a Lelystad-like isolate (lane 1),
Porcilis (r) PRRS (lane 2) and negative control (lane
3). Lane 4 : 100 bp ladder. The products from
Porcilis(r) PRRS (double band at 434 and 416 bp and
band at 347 bp) are smaller than the LV-like product
(569 bp). Figure 2 : nsp2 PCR products obtained from a
selection of plaques after 1 passage on MaI 04 cell
culture. 



Figure 3 : Nucleotide sequence of one representative
plaque of each length variant compared to the
nucleotide sequence of the prototype strain Lelystad
Virus (LV).Figure 4: nsp2 PCR products obtained from
different samples of the two sows showing r e
productive failure after Porcilis (r) PRRS vaccination
and their offspring. Figure 5 : nsp2 PCR products
obtained from clinical samples of piglets vaccinated
with Porcilis PRRS at 6 weeks of age. Circle shows
samples of pigs diseased on PMWS. Figure 6 A:
Nucleotide sequence of nsp2 PCR products obtained from
different field sam ples showing the same deletion of
222 nucleotides as one group of plaques derived from
the Porcilis PRRS vaccine bottle (e.g. plaque P45),
compared to the full-length (Lelystadlike) sequence of
the Porcilis- derived plaque 36. Figure 6B: Nucleotide
sequence of nsp2 PCR products obtained from different
field sam ples showing the same deletion of 135
nucleotides as one group of plaques derived from the
Porcilis PRRS vaccine bottle (e.g. plaque P27),
compared to the full-length (Lelystadlike) sequence of
the Porcilis- derived plaque 36. Figure 6 C:
Nucleotide sequence of nsp2 PCR products obtained from
different field sam ples showing the same deletion of
153 nucleotides as one group of plaques derived from
the Porcilis PRRS vaccine bottle (e.g. plaque 31),
compared to the full-length (LeIy stadlike) sequence
of the Porcilis- derived plaque 36. DETAILED
DESCRIPTION OF THE INVENTION The present invention
relates to improved PRRS vaccines. In particular, the
invention is related to modified live vaccines (MLV).
A modified live vaccine is characterized in that it
contains live virus which can replicate in pigs, but
does not exert clinical symptoms of PRRS, or only few
and moderate symptoms of the disease. Furthermore,
upon administra 



tion it induces an immunological response in pigs
which generally leads to a significant extent of
protection against subsequent infection with
pathogenic PRRS virus. Virus show ing such
characteristics is usually called attenuated virus. In
general, attenuated virus maybe generated form
pathogenic virus isolates by repeated passaging in
suitable host cells un til it shows the desired
properties (WO 92/21375 , WO 93/0621 1, WO93/03760, WO
93/07898, WO 96/36356, EP 0 676 467, EP 0 732 340, EP
0 835 930). Alternatively, it may be generated by
genetic reengineering through use of an infectious
clone, normally a full-length complementary DNA
transcript of the viral genome (WO 98/18933, EP 1 018
557, WO 03/062407, Nielsen et al, J Virol 2003,
77:3702-371 1). In a preferred embodi ment, the
present invention relates to a MLV containing
attenuated PRRS virus of Euro pean genotype. The
present invention is based on the unexpected finding
that safety and efficacy of a PRRS MLV may be improved
if it is taken care that the virus used for the
vaccine does not show certain deletions in the nsp2
sequence. More specifically, a virus in accordance
with the invention should contain a nucleotide
sequence of SEQ ID NO: 1, or a nucleotide se quence
which differs from SEQ ID NO: 1 by 1, 2, 3, 4, or 5
nucleotides (either substitutions, deletions, or
insertions), as part of a full or partial nsp2 coding
sequence. In other words, the nucleotides
corresponding to nucleotides Nos. 145 to 163 of SEQ ID
NO: 1 should not be deleted in said virus. Attenuated
virus strains which may be used for vaccines in
accordance with the present invention have been
deposited by Boehringer Ingelheim Vetmedica GmbH
according to the Budapest Treaty on 27 October 2004
with the European Collection of Cell Cultures (ECACC),
Porton Down, Salisbury, Wiltshire, SP4 OJG, Great
Britain, with Accession 



Numbers 04102703 (PRRSV bslO4-P27), 04102702 (PRRSV
bslO4-P31), and 04102704 (PRRSV bslO4-P36). A vaccine
according to the present invention should however not
contain a virus strain deposited with the ECACC at the
same day under the same cond i tions with Accession
Number 04102701 (PRRSV bslO4-P45). The deposited
strains have been obtained by plaque -purification
from a commercially obtainable vaccine product
(Porcilis(r) PRRS, Intervet Deutschland GmbH,
Unterschlei bheim), as described in the ex amples. It
unexpectedly turned out that said product comprised
four sub-clones, with three of these clones (ECACC04
102703, ECACC04 102702, or ECACC 04102704) having de
sirable characteristics in accordance with the present
invention, making them suitable asingredients of
improved vaccine preparations, while the fourth clone
(ECACC04 102701) has an undesirable nsp2 deletion In
one aspect, the present invention is a PPRS virus
strain which is any one of the PRRS virus strains that
have been deposited on 27 October 2004 with the
European Collection of Cell Cultures (ECACC), Porton
Down, Salisbury, Wiltshire, SP4 OJG, Great Britain,
under the Accession Numbers ECACC 04102703, ECACC
04102702, and ECACC 04102704, or any descendant or
progeny of one of the aforementioned strains. The
invention therefore extends to PRRS virus strains
which are derived from the deposited strains through
propagation or multiplication in an identical or
divergent form, in particular descendants which
possess the essential characteristics of the deposited
strains. Upon continued propagation, the strains may
acquire mutations most of which will not alter the
properties of these strains significantly. It is clear
to the expert that the strains of the invention may be
modified to impart further desirable properties to
them. This may be achieved by classical propagation
and selection 



techniques, like continued propagation in suitable
host cells to extend the attenuated phenotype. This
may be furthermore achieved by directed mutation of
the nucleic acid se quence of the genome of these
strains by suitable genetic engineering techniques. As
outlined above, such techniques usually employ
construction of a full- length complementary DNA
copies (infectious clones) of the viral genome which
may then be modified by DNA recombination and
manipulation methods (like site-directed mutagenesis
etc.). This way, for example antigenic sites or
enzymatic properties of viral proteins may be
modified. In fectious clones of PRRS virus strains of
European and North American genotype have been
reported in the literature, see references cited
above. PRRS virus strains suitable for the vaccines of
the invention can be grown and harvested by methods
known in the art, e.g. by propagating in suitable host
cells like the simian cell line MA- 104, Vero cells,
or porcine alveolar macrophages, as described in the
examples.Vaccines comprising any one of PRRSV strains
ECACC04 102703, ECACC04 102702, or ECACC 04102704, as
well as any combination of these strains or their
descendants, but not PRRSV strain ECACC04 102701 are
thus preferred embodiments of the present inven tion.
Preferably, vaccines according to the present
invention are modified live vaccines comprising one or
more of these strains alive in a suitable carrier, but
inactivated virus may also be used to prepare killed
vaccine (KV). MLV are typically formulated to allow ad
ministration of 10 1 to 10 viral particles per dose,
preferably 10 to 10 particles per dose, more
preferably 104 to 105 particles per dose (4.0-5.0
logio TCID50). KV may be formu lated based on a pre-
inactivation titre of 103 to 1010 viral particles per
dose. The vaccine may comprise a pharmaceutically
acceptable carrier, for example a physiological
saltsolution. The vaccine may or may not comprise an
adjuvant. An example of a suitable ad 



juvant is a-tocopherol acetate which can be obtained
under the trade name Diluvac Forte (r). Alternatively,
for example alum based adjuvants may be used. A
vaccine according to the present invention may be
presented in form of a freeze-dried preparation of the
live virus, to be reconstituted with a solvent, to
result in a solution for injection The solvent may
e.g. be water, physiological saline, or buffer, or an
adjuvanting solvent. The solvent may contain
adjuvants, for example a-tocopherol acetate. The recon
stituted vaccine may then be injected into the a pig,
for example as an intramuscular or intradermal
injection into the neck. For intramuscular injection,
a volume of 2 ml may be ap plied, for an intradermal
injection it is typically 0.2 ml. In a further aspect,
the present in vention therefore is a product,
comprising in separate containers a freeze-dried
composition of the virus, and a solvent for
reconstitution, and optionally further containing a
leaflet or label comprising instructions of use. A
vaccine according to the present invention may not
only comprise one or more of the aforementioned
strains, but may include further components active
against PRRS or other porcine viral or bacterial
diseases , like porcine circovirus or classical swine
fever virus. Therefore, the invention further relates
to a vaccine as described, characterised in that it
contains at least one further antigen active against a
porcine disease which is not PRRS.EXAMPLES 1.
Materials and Methods 1 1 Experimental infection of
pregnant sows with Porcihs PRRS Study design Fourteen
healthy pregnant sows from a confirmed PRRSV negative
herd (tested virologically and serologically) were
used in this study Sows faced first or second
parturition and 



were confirmed to be pregnant at the time of
vaccination / challenge infection on day 94 (+/-3) of
gestation They were divided into three treatment
groups (table 1) The first group was treated with a
commercial dose of Porcihs (r) PRRS of 2 ml containing
at least 104 0TCID50 i m at day 94 (+/- 3) of
gestation The challenge control group (group 2) re
ceived a dose of 104 72TCIDsOin 2 ml cell culture
medium of the pathogenic European field isolate 92045
intranasally Group 3 was vaccinated with the
commercial dose of 2 ml co n taining 104 TCID5o i m
Ingelvac PRRS MLV seven days before insemination and
was challenged with the European field isolate 92045
(104 72TCID O in 2 ml cell culture medium i n ) at day
94 (+/- 3) of gestation Animals from groip 1 were
monitored until day 5 post- farrowing Animals from
group 2 and 3 were monitored until day 28 post
farrowing Animal phase All sows were accustomed to the
animal facilities 1 week before vaccination Sows and
piglets were observed for their general health status
by the investigator on a daily basis Every animal that
died or was euthanised was subjected to post-mortem
examination and subsequent laboratory
analysisPregnancy was confirmed with ultrasound
examination. Serum from sows was obtained on study
days 0, 7, 14 and at farrowing for PCR and ELISA
investigations. Any material that was associated with
abortion was subjected to laboratory investigations.
Routine gross pathology was performed on all deadborn
piglets. Lung tissue samples from all lung lobes were
collected from deadborn piglets and from mummies.
Samples for PCR testing were stored at -70 0C. 2 ml of
precolostral blood from each piglet was collected on
the day of birth. Serum was prepared and aliquots were
stored at -7O0C. Serum was used to 



test for viremia to evaluate the transplacental
infection. All piglets of group 1 that survived until
day 5, were euthanized at 5 days of age. Clinical and
reproductive performance parameters The following main
criteria (priority order) were investigated: number of
live born piglets per litter, number of stillborn
piglets per litter, number of mummified fetuses per
litter and number of piglets surviving through day 5
or 28 of age, respectively. The number of p ig lets
born viremic was determined using pre-colostral serum.
The frequency of PCR posi tive blood and tissue
samples from sows and/or piglets was investigated to
evaluate the epidemiology and course of infection. 1.2
Field samples The field samples investigated in this
study were taken from routine PRRSV diagnostics and
consisted of blood, serum and various organ materials,
mostly lungs and lymph nodes, from different European
countries. The samples were stored at -20 0C for a
maximum of 3 days before RNA preparation and residual
material was subsequently transferred to -70 0C for
long term storage. RNA and RT-PCR products were stored
at -20 0C.1 3 Cell cultunng MaI 04 cells (clone
CL2621) were grown in MEM (Dulbecco, Germany)
supplemented with 10% FCS and antibiotics Porcine
alveolar macrophages were harvested using a method
descpbed by Wensvoort et al (Wensvoort, G et al Vet
Quat 1991, 13 121-130) and modified as follows each
lung lobe was infused with 50-100 ml PBS and
subsequently massaged for 3 to 5 mm Then the fluid was
rescued from the lobe and passed through a gaze filter
This procedure was repeated until the lavage fluid was
clear The pooled lavage fluid was centpfuged at 500 g 



for 15 mm at room temperature The pellet was washed in
PBS and aliquots of 1 x 107 cells in 50% RPMI 1640
(Biochrom), 40% FCS and 10 % DMSO were frozen at -196C
For further use the PAMs were cultured in RPMI 1640
medium supplemented with 10% FCS and antibiotics / 4
Preparation of organ material for virus isolation in
cell culture About 0,5 cm of tissue matepal was
transferred into a tube containing one steel
homogenizer ballet in 1,8 ml of steple PBS The tubes
were agitated for 10 mm until the organ mate pal was
homogenized Cell debris was pelleted by centifugation
for 2 mm at 450 g and room temperature The supernatant
was passed through a 0,45 mm pore sterile filter and
stored at - 700C Aliquots of 30 ml were used to
inoculate one semiconfluent cell culture monolayer
using 24 well microtitre plates 1 5 RNA isolation RNA
from organ material was extracted with the RNeasy Mini
Kit and from serum, plasma, cell culture supernatant
and vaccine solution with the QIAamp Viral RNA Mini
Kit (both Qiagen) according to the manufacturer's
recommendations, using approximately 100 mg organ
material and 140 ml fluid matepal, respectively, for
each preparation The RNA was finally eluted in 65 ml
buffer as recommended by the manufacturer1.6. Plaque
purification of virus Confluent monolayers of MaI 04
cells in cell culture dishes of 10 cm 0 seeded 48
hours before were infected with the respective virus
at tenfold dilutions from 10 1 to 10 4 . The cells
were incubated for 1 hour with the virus dilutions
which were then removed, and the cells were overlaid
with 30 ml of MaI 04 medium containing 5%
methylcellulose (Sigma). Plaques were picked after
five to seven days and were transferred to Ma 104
monolayers in 



24 well plates. Virus from these plates was harvested
at about 50% CPE and was subjected to further
analysis. 1. 7. Immunofluorescence assay Cells were
fixed at -200C for 15 min using ice-cold aceton :
methanol (1:1) and air-dried thereafter. After
rehydration in PBS, cells were incubated with the
PRRSV specific mono clonal antibody SDOWl 7 (Rural
Technologies Inc., USA) diluted 1 : 1000 in PBS for 1
hour. After 3 washes with PBS, cells were incubated
with goat anti- mouse FITC conj u gated secondary
antibody (Dianova, Hamburg, Germany) ( 1 : 150 in PBS)
for another hour. After 3 final washes with PBS, cells
were overlaid with glycerine : PBS solution (1:1) and
subjected to immunofluorescence microscopy. 1.8.
Diagnostic nRT-PCR and nsp2 PCR A diagnostic RT-nPCR
was carried out to check the samples for the presence
of PRRSVEU virus; positive samples were then subjected
to nsp2 fragment amplification. The primer sequences
are listed in table 2. The diagnostic RT-nPCR was
carried out with the Titan One Tube Kit (Roche
Molecular Biochemicals) as follows: [5 ml total RNA
preparation, 1*RT-PCR buffer, 0.4 mM dNTPs, 20 pmol of
primers PLS and PLR, 5 mM dithiothreitol, 1 mM MgCL
2.5 - 5 U RNasin (Promega Ltd), 1 - 2.5 U enzyme
mixture, adjusted to a final volume of 25 ml with
DEPCtreated aqua dest]. Cycling conditions were as
follows: 45C for 1 hour, 94C for 2 min and 30 cycles
of 94C for 30 sec, 58C for 45 sec and 68C for 45 sec,
final elongation step at 68C for 5 min. The nested PCR
reaction was carried out with Qiagen Taq (Qiagen AG)
as follows: [ 1 ml RT-PCR product, 1*PCR buffer, 10 ml
Q-solution, 3.5 mM MgC12, 0.3 mM dNTPs, 20 pmol of
each EU-7-n-s and EU-7-n-as primers, 2.5 U Taq
polymerase, 



adjusted to a final volume of 50 ml with aqua dest].
Cycling conditions were as follows: 7 cycles with 94C
for 1 min, 58C for 1 min and 72C for 1 min, followed
by 30 cycles with 94C for 1 min and 700C for 1.5 min
(no annealing step), final elongation step at 700C for
5 min. Positive samples were then subjected to nsp2
fragment amplification using a one-step r e verse
transcription PCR with primers EU-la-2058-s and
EU-la-2683-as with the Qiagen One Step RT-PCR Kit
(Qiagen) as follows: [2 ml RNA preparation, 5 ml
RT-PCR buffer, 5 ml Q-solution, 0.4 mM dNTPs, 20 pmol
of each primer, 2.5 - 5 U RNasin (Promega), 1 ml One
Step enzyme mix, adjusted to a final volume of 25 ml
with DEPC treated aqua dest]. Cycling conditions were
as follows: 500C for 1 hour, 95C for 15 min and 40
cycles of 94C for 60 sec, 600C for 5 sec, 500C for 5
sec and 72C for 2 min, final elongation step at 72C
for l 0 min. The nested PCR reaction was carried out
with Taq polymerase (Qiagen) and the primer pair
EU-la-2061-s + EU-la-2574-as as follows: [ 1 ml RT-PCR
product, 1*PCR buffer, 10 ml Q-solution, 3.5 mM MgCt,
0.6 mM dNTPs, 20 pmol of each primer, 2.5 U Taq poly
merase, adjusted to a final volume of 50 ml with aqua
dest]. Cycling conditions were as fo l lows: 8 cycles
with 940C for 1 min, 600C for 5 sec, 500C for 5 sec
and 68C for 45 sec, followed by 50 cycles with 94C for
1 min and 7O0C for 1 min (no annealing step), final
elongation step at 700C for 5 min. The nested PCR
primers were elongated with Ml 3 tags to facilitate
direct nucleotide sequencing of the PCR products.1.9.
Nucleotide sequencing Nucleotide sequencing was
performed on the nested PCR products which had been
gene r ated with primers that contained an M13 tag,
either directly from the PCR reaction or from 



PCR products that had been excised from agarose gels
and purified with the JETsorb gel extraction kit
(Genomed). Sequencing was done using the automated
sequencer LI-COR DNA Analyzer GENE READIR 4200 (r)
(LI-COR Inc., Lincoln, Nebraska, USA). Nucleo tide and
deduced amino acid sequences were analyzed with
AlignIR (r), vsl.l (LI-COR Inc., Lincoln, Nebraska,
USA) and the DNASIS (r) 2.6 software package (Hitachi
Software Genetic Systems Inc., San Francisco, USA). 2.
Results 2.1. PCR analysis of an nsp2fragment
generatedfrom the Porcilis PRRS vaccine A vial
containing 10 doses of freeze -dried Porcilis PRRS
modified live vaccine was r e constituted with 20 ml
of sterile PBS. RNA was prepared from this solution
and was sub jected to amplification of the nsp2
fragment by RT-nPCR as described. RNA from another
European Lelystad-like PRRSV strain of known
nucleotide sequence was amplified as a positive
control in the same experiment. An amplification
product of 569 bp was expected for this fragment, and
was obtained for the control strain. However, the
Porcilis (r) PRRS sample did not yield such a product.
Instead, it showed a double band in a regular 2% aga
rose gel with one band at about 430 bp and the other
at about 350 bp (see figure 1). Both bands were
purified separately from the gel and then subjected to
nucleotide sequenc ing. It became obvious that both
PCR products had a deletion compared to the nucleotide
sequence of Lelystad Virus; however, the sequences
obtained were somewhat ambiguous, and the precise
scope of the deletion could not be determined. It was
therefore decided to plaque-purify the vaccine in
order to rule out that the ambiguities were due to a
nonhomogeneous vaccine strain.2.2. Characterization of
plaques obtainedfrom the Porcilis(r) PRRS vaccine
virus 



Again, a vial containing 10 doses of freeze -dried
Porcilis (r) PRRS vaccine was reconstituted with 20 ml
of sterile PBS. The reconstituted vaccine solution was
incubated with confluent MaI 04 monolayers at
different dilutions as described in Materials and
Methods and then overlaid with methylcellulose
containing medium. Plaques were picked after 5 to 7
days of incubation and were grown in 24 well plates on
MaI 04 until they showed a CPE of about 50%. The cell
culture supernatants were then harvested and stored at
-70 0C. A total of 47 plaques was subjected to further
investigation. To this end, RNA was pre pared from the
supernatants of the first passage on 24 well plates
and was used for RTnPCR amplification of the nsp2
fragment. The resulting PCR products were analyzed on
a 2% agarose gel. The result is summarized in table 3.
Apart from the mixed populations which were probably
due to overlapping plaques, four specific populations
were found (in the size range of about 569 bp, 434 bp,
416 bp and 347 bp, respectively). The PCR prod ucts of
some representative plaques are shown in figure 2. The
nucleotide sequence of one representative plaque from
each group was then deter mined by direct sequencing
of the nsp2 RT-nPCR products and the following results
were obtained: plaque no. 36: no deletion in nsp2;
plaque no. 27: deletion of 135 nt; plaque no. 31:
deletion of 153 nt; and plaque no. 45: deletion of 222
nt. The nucleotide sequences of these plaques are
shown in figure 3. 2.3. Experimental infection of
pregnant sows with the Porcilis PRRS vaccine
Reproductive parameters Upon farrowing, sows 7062 and
6677 which had been vaccinated with the Porcilis (r)
PRRS vaccine on day 90 of gestation, showed moderate
to severe reproductive failure (see table 



4). The proportion of dead and weak born animals was
62.5% in litter 7062 and 44.4% in litter 6677. In
addition, until day 5 post farrowing the four live
born piglets from sow 7062and all weak born piglets
from the sow 6677 died. The clinical observations are
listed in table 5. In conclusion, 5 days after
farrowing only 29.4% (5 piglets) of the piglets within
both litters still survived. Six sows from group 2
farrowed after infection with the PRRS field virus
isolate 92045. 25.3% and 26.4% of the piglets were
born dead or mummified, respectively. Out of 42 p ig
lets born alive, 24 (27.6%) piglets were born weak and
only 18 piglets (20.7%) were born normal. Similar to
the litters from sows vaccinated with Porcilis PRRS on
day 94 (+/-3) of gestation, only 29.9% of the piglets
born survived. Sows vaccinated with Ingelvac PRRS (r)
MLV and challenge infected like group 2 farrowed 72.9%
normal healthy piglets. 16.7% and 6.2% of the piglets
were born dead or mummi fied, respectively. Although
sow 6930 lost all the piglets until day 28 of age,
only 2 piglets from other litters died during that
period. Thus, 60.4% of the pigs vaccinated with
Ingelvac PRRS (r) MLV and challenge infected with the
highly pathogenic PRRS field virus isolate 92045
survived until day 28 of age. Virological
investigation of clinical samples Sera from sows and
piglets as well as lung tissue and body fluid from
group 1 piglets were examined for the presence of
PRRSV. PCR positive samples were submitted to
nucleotide sequencing of the open reading frames 5 and
7 and also of the nsp2 fragment. The results obtained
by PCR and virus isolation are listed in table 6. In
the two sows 6677 and 7062 that suffered reproductive
failure, every PCR positive sam ple showed an ORF5 and
7 sequence identical with Porcilis (r) PRRS, meaning
that no other 



PRRSV strain was detectable in these animals. While
PRRSV was found in all dead born piglets from sow
7062, only one dead born piglet from sow 6677 (50%)
reacted positive. All weak born piglets from sow 7062
and 67% of weak born piglets as well as 50% of the
healthy normal born piglets from sow 6677 yielded
positive PCR results which were verified as Porcilis
(r) PRRS by sequence analysis even from samples taken
before colostrum uptake. Thus only 4 out of 17 piglets
(23.5%) were found to be negative for Porcilis (r)
PRRS. For the nsp2 fragment, every sample showed a
strong band at about 347 bp which corresponds to the
shortest variant of possible nsp2 fragments that can
be amplified from the Porcilis (r) PRRS vaccine
(figure 4). Most samples also had a very weak band at
about 434 bp; only piglet 7062/4310 had a strong
double band. For differential diagnosis, organ
material as well serum were investigated for the US
geno type of PRRSV and for PPV, BVD, CSFV, BDV, PrV,
PCV2, SIV, PEV/PTV, swParamyxoV, EMCV, swHEV as well
as on Leptospira spp., Chlamydophila spp. and Chlamy
dia spp. All these investigations yielded negative
results. Virus isolation on MaI 04 and on porcine
alveolar macrophages Lung material from five piglets
of each sow was subjected to virus isolation attempts
on MaI 04 cells and on porcine alveolar macrophages,
choosing two dead born and three live born piglets
from each sow (see table 6). An aliquot of 30 ml of
homogenized and sterile filtered organ suspension was
used for inoculation of one well of MaI 04 cells and
PAM cells, respectively. Cells were incubated at 37C
and 5% CO for 5 days and then stained in an
immunofluorescence assay with the PRRSV specific
monoclonal antibody SDOWl 7. Out of the ten organ
suspensions, four yielded a cythopathic effect and
positive staining results on both MaI 04 and PAM
cells. The remaining six samples yielded negative
results 



on both cell types. From each positive sample, RNA was
prepared from the respective cell culture supernatants
from both PAM and MaI 04 cells. RNA was subjected to
RT-nPCR for the ORF 5 and 7 as well as for the nsp2
fragment. Nucleotide sequencing of the ORF 5 and 7 PCR
products confirmed the virus as Porcilis (r) PRRS. The
nsp2 PCR product unambiguously yielded the Porcilis
(r) PRRS sequence with the largest deletion of 222
nucleotides.Resulting out of these experiments, it can
be concluded that the variant represented by plaque 45
and deposited under ECACC04 102701 is preferably
responsible for transplacen tal infection and the
reproductive performance reduction observed. 2.4.
Analysis of the nsp2 amplification product
obtainedfrom field samples of pigs previ ously
vaccinated with the Porcilis PRRS vaccine a) Samples
from a farm vaccinated with Porcilis PRRS A PRRSV
field virus negative herd that regularly vaccinated
the piglets with Porcilis (r) PRRS at the age of 6
weeks was investigated for PRRSV-EU. Ten samples each
were taken from piglets aged 4, 7, 9.5 and 13.5 weeks,
respectively. In the 9.5 weeks group, three piglets
were suffering from the Postweaning Multisystemic
Wasting Syndrome (PMWS), which is often correlated
with porcine circovirus 2 and PRRS coinfection (Ellis
et al, Vet Microbiol 2004, 98:159-163). A PRRSV-EU
specific RT-nPCR product was ob tained for 1/10, 7/10,
9/10 and 7/10 animals before vaccination, at 1, 3.5
and 7.5 weeks a f ter vaccination. Upon RT-PCR
amplification of the nsp2 coding region from the PRRSV
positive samples, only Porcilis (r) PRRS typical PCR
products were obtained: 8 samples yielded only the
-347 bp product, 4 samples only the -434 bp product
and 4 samples the double band of 434 and 347 bp. No
sample gave the Lelystad-like product (see figure 5). 



The nsp2 region could be amplified in three of the
four PMWS diseased piglets, two of which showed the
434 bp product and one the 347 bp product. b) Nsp2
length variation in field samples from routine
diagnostics A total of 514 blood and tissue samples
which had been sent in for diagnostics from PRRS
suspected herds and had been PRRSV positive in routine
RT-nPCR was subjected to nsp2 fragment amplification.
Amplification products were obtained in 4 1.4 % out of
514 sam ples. Deletions of varying length were found
in 30.7 % of the analyzed samples, which indicates a
total frequency of at least 12.7% nsp 2 deletion
variants in the field. In most cases, the bands found
showed the same pattern as found with the Porcilis (r)
PRRS vaccine,sonsisting of a (double) band of 434 and
416 bp which cannot easily be differentiated on a
regular 2% agarose gel, or a band of 347 bp. A
selection of samples was therefore sii>- jected to
nucleotide sequencing to check whether these PCR
products were in fact derived from Porcilis(r) PRRS
vaccine virus. The results are shown in figure 6 A-C.
Table 1: Study groups and treatment n - number of
sows; i.m. intramuscularly, i.n. intranasally Table 2:
Primer sequences for generating nsp2 RT-PCR products
For the nested PCR primers, M13 tags are marked
italic, while the PRRSV specific sequence of the
primers is underlined.Table 3 : nsp2 PCR results from
47 plaques after 1 passage in MaI 04 cell culture PCR
product length S plaques Plaque no. ~ 569 bp 2 36, 58
~ 434 bp 10 24. 27. 32. 43. 46 49 5 5 57 59 416 bp 1 3
1 



~ 347 bp 20 8 . 9, 10, 11, 12 n 76 8 33 37, 38, 40,
42, 44 45 47 5 1 54 56 Mixed 14 1 2, 4, 5, 6, 7, 15 16
18 30 34 35, 41, 48, 19, 50, 52 Table 4 - Companson of
the reproductive and production parameters of sows
vaccinated with Porcihs(r)PRRS at day 94 (+/-) with
challenge and vaccinated / challenge controls Group
Sow ID n Piglets born alive Piglets born Piglets died
Total piglets alive Total Normal Weak Dead/Mummified
until 5 / 28 DoA at 5 / 28 DoA 1 7062 8 4 3 1 4/0 4 0
6677 9 7 5 2 2/0 2 5 mean 8 5 5,5 4 0 1 5 3 0 3 0 2 5
total 17 11 8 3 6/0 6 5 % 64.7 47.0 17.7 35.3/0 35.3
29.4 2 6746 16 13 2 11 3/0 7 6 7008 13 8 5 3 3/2 2 6
7076 15 7 2 5 4/4 2 5 7086 13 9 8 1 4/0 3 6 7091 15 3
1 2 4/8 1 2 7145 15 2 0 2 4/9 1 1 Mean 14 5 7 0 3 0 4
0 3 7/3 8 2,7 4,3 



Total 87 42 18 24 22/23 16 26 % 48.3 20.7 27.6
25.3/26.4 38.1 29.9 3 6678 11 10 9 1 1/0 1 9 6930 7 6
5 1 1/0 6 0 6955 6 3 3 0 3/0 0 3 7095 9 6 6 0 2/1 1 5
7 158 15 12 12 0 1/2 0 12 Mean 9 6 7,4 7,0 0,4 1,6/0 8
1,6 5,8 Total 48 37 35 2 8/3 8 29 % 77.1 72.9 4.2
16.7/6.2 21.6 60,4Table 5: Clinical assessment of the
offspring of the sows vaccinated with Porcilis(r) PRRS
on day 90 of gestation (group 1) ^Piglet 4310 showed
severe signs of pneumoniaTable 6 Virological results
from sows vaccinated with Porcihs (r) PRRS at day 94
(+/- 3) of gestation and their litters nd not done *
The PCR fragment of the routinely performed diagnostic
PCR was sequenced ** All reisolates obtained from MA
104 and PAMs were sequenced in ORF5 and ORF 7 and were
identical with Porcilis R PRRS0098 2 1 Table 7 :
History of samples showing an nsp2 deletion PCR
product; cf. Figure 6A Sample Origin History ID 115502
Hungary ' 2004 ' 33 dpi animal vaccinated with Por 



cilis(r) PRRS in a controlled study experiment 159160
Great 2003 non-vaccinated piglet, 4 weeks healthy
piglet Bptain old, in a herd that is regularly
vaccinated with Porcilis(r) PRRS 159178 Great 2003
piglet vaccinated with Porcilis piglet is showing
respira Bptain PRRS at the age of 6 weeks, 24 tory
disease days post vaccination Table 8 : History of
samples showing an nsp2 deletion PCR product; cf.
Figure 6B Table 9 : History of samples showing an nsp2
deletion PCR product; cf. Figure 6CEP2006/050098 22
CLAIMS: 1. Vaccine against Porcine Respiratory
Reproductive Syndrome (PRRS), comprising live PRRS
virus, characterized in that it contains one or more
of the PRRS virus strains that have been deposited on
27 October 2004 with the European Collection of Cell
Cultures (ECACC), Porton Down, Salisbury, Wiltshire,
SP4 OJG, Great Britain, under the Accession Numbers
ECACC 04102703, ECACC 04102702, and ECACC 04102704, or
a descendant of one or more of the aforementioned
strains, optionally together with a pharmaceutically
acceptable carrier, but not the strain deposited under
the Accession Number ECACC 04102701 . 2. Vaccine of
claim 1, containing the PRRS virus strains that have
been deposited under 



the Accession Numbers ECACC 04102703, ECACC 04102702,
and ECACC 04102704. 3. Vaccine of claim 1 or claim 2,
further containing an adjuvant. 4 . Vaccine of claim
3, wherein the adjuvant is a -tocopherol acetate. 5.
Vaccine of any one of claims 1 to 4, which comprises a
freeze-dried composition of the virus. 6. A PPRS virus
strain which is any one of the PRRS virus strains that
have been depos ited on 27 October 2004 with the
European Collection of Cell Cultures (ECACC), Porton
Down, Salisbury, Wiltshire, SP4 OJG, Great Britain,
under the Accession Numbers ECACC 04102703, ECACC
04102702, and ECACC 04102704, or a descendant of any
one of the aforementioned strains. 7 . Method of
making a vaccine, comprising admixing one or more of a
PRRS virus strain according to claim 6 with a
pharmaceutically acceptable carrier.6 050098 23 8. Use
of a PRRS virus according to claim 6 for the
manufacture of a vaccine. 9. Vaccine product,
comprising in separate containers a freeze-dried
composition accord ing to claim 5, and a solvent for
reconstitution, and optionally further containing a
leaflet or label comprising instructions of use. 10.
Vaccine product of claim 9, wherein the solvent
contains an adjuvant. 11. Method of vaccinating a pig,
comprising administering a vaccine or vaccine product
according to any one of claims 1 to 5, 7, 9, or 10 to
such pig. 12. Vaccine according to any one of the
foregoing claims, characterised in that it contains 



at least one further antigen active against a porcine
disease which is not PRRS. 


