; e3e}z4@NTR\ |, 26 June 2002 AN ATTENUATED PORCI NE REPRODUCTI VE AND

RESP| RATORY SYNDROVE VI RUS STRAI N AND NETHWW"WI@ LD OF THE | NVENTY q\r
The present invention pertains to the disco on, 26 June 2002
characterization and utilization of a novel strasassof porcine reproductive
and respiratory syndrome (PRRS) virus. The inventi on further pertains to

di agnostic and protective antigens and vacci RRS di sease in

pi gs, and the nethods of nmaki ng and usr ng thgm ND OF THE

| NVENTI ON A1l publications and pat ert appl i catl ons er eln are incorporated
by reference to the sane extent as if each indi vitdW publication or patent
application was specifically and individually indicated to be incorporated
by reference. Porcine reproductive and respiratory syndrorre (PRRS) was

count 1 ?iicéhﬁi’é‘é{fgﬁm““wﬁ R R A TR Bk
(2), the Netherland w EVM{%% %@ﬁ(gﬁ@g% and, Engl and

(7). PRRS has the potential to beconme an economni c di saster "for US. and

Eur opean swi ne producers. There is evidence of extrenme genetic and

anti geni c VMMMMH can and European isolates (29). This
syndrone has variously been called nystery swine disease, swine infertility
and respi ratory s?ydﬂ;ireedsm i{v8hiRe) pereding tolthe bisaoneriylisatéar, ellarpdterigitivaase,
"Lelystad virus’  "Heko-heko" disease, and porcine epidenic abortion and

respi r at or yanshwilizghen eﬁerms} sigain @y porrine rep@éasfeve@@ewqﬁgprr RENdPARS virus is

characteri z vingve [e ro Lve n esul ti | at e
term aborti M‘Pﬂlsan 6|”r111(‘:’(r3e Hrth r{jlu Stgg&%osﬁcl ar%@lpé&ﬁ%tw ni%urrlrsm fied,
stillborn aggh V%@Kxe@!f&&he PRRSrﬂrfeaEH iﬂ@r@dﬁn&%ﬂeﬂn&ﬁbw&%ﬂ@ﬁyﬁﬁﬂ héingstrus;
mld to severe respiratory distress, i ncl udi ng sneezing, coughing, and

nasal or octheammdi scharge in young pigs; increased nortality in preweaning,
weani ng and growing pigs; a mld flu-like disease in grower-finisher pigs;
conjunctivitis, and | ynph node enl argenent (11-13). The respiratory

syndrone i spgAf¢tRGEGEND @‘E@ﬂj INWVERM§ON | nfection with secondary bacteri al
agents including PasteurelTa nultocida, enophi | us arpasui s and
streptococcus suis (8). Experinmentally inoculated piglets showed clinical

si gns of depressron anorexia, pyrexia, diarrhea, sitting pqosture and
peri ocul ar edema All aublicaiiens aé‘f‘l?&i}“é%ﬁﬂbﬁéft“e‘& Refelp afBcrpaiEdi Y | oss from

PRRS on 91 F%{fex%pcé ?ort%s 88&9&%39&%‘? 19ﬁhaﬁﬂ}ﬁ11€§t]{or¥cﬁ§f&teg 61f&aﬁoﬁ'ecreased

nunber of pi g S ral se per sow per litter W ng interval

and a hi gheﬁwd’s%pécﬁﬁ@mrﬁndﬁﬂdleldﬂﬁllﬁﬁwiica(e'ﬂ)to b’e‘hﬂcorpcrru&dualyaéfer@cé esponsi bl e
for the disease is an envel OPEd RNA vi rus bel ongin 0 the Arterivi rus
group within the Prsgjagrepresistivamd spsplrwwyaaroalec@%@é)nr%ﬁg’nme

or phogenesiys. i, Yl &8 GOROS iR Iickbs) i sHomesled lialie! N5 BRES: 'rus

bel onged to terivirus group, ion een con

anal ysi s of rgeiang tHe Gsabeiativdd Frzﬂﬁeﬂ)emhﬁﬁﬂd @), thé NtReln@&Nd), m{paﬁp rrpar ' son
of deduced protein sequences. The arteriviruses also include t'he equi ne

arteritis vi(fusanmags), Jpain @&M@h%&hmppﬂ@nwlﬂgbétm amd sim an
henorrhagi c fever. v Lus g Lﬁg) %e PRRS Vi ru¥sﬂ%is elr.1183 g t randed RNA
viruses havifg" %’“\?4‘%?13 gHo FOPPEVR PO PSS videngg o

appr oxi mat e'e)ktx%m% geReticlal anfiBERE vERAG Tty dkwdd ARRECAT dSlrbpEahgsbih@s be

48-83 nmin dianeter conprised of a 2530 nm core surrounded by an envel ope
(3). The pogRP).ve-strand RNA genone possesses at | east three nmjor

structural prot e| ated N, rotein is considered as
the maej or conpone 158?“41%@ &P&EV%‘HB‘& e&“% ’é‘é(%te aHae %5%38’ Swine
menbr ane- assged ﬁ@,qm LR SEO0b Ik REred SR FisSasBNA of the
PRRS virus has rge n gef@%prrﬁwr%géj #or&r g%??t)’eﬂ%ﬁﬁgNﬁ- 2. éﬁf ?ﬁen‘?ﬁ)t Ut Bast eur
deposi t nunbeelyktad 102}, "Hekoaheke't diagyse, mpd poitineemdanic(abdition and
respiratory syndrome (PEARS)(8-10).
The disease caused by the PRRS virus is characterized by: severe

reproductive failure in sows, resulting in late term abortions with an increased



3 26 June 2002 Ei ght open reading frames (ORFs) were identified in the
consecuti ve sequence of 15,088 by obtained for this isolate. The 3'-portion
of the genone of another U.S. isolate, ATCCVR 2332, was al s@sduaazeband
sequenced (18). The resultant 3,358 nucl eotides contained 6 ORFs with

honol ogies to ORFs 2 through 7 of the European strain of the PRRS virus and
ot her nenbers of the free-standing genus of arteriviruses. As noted
previously, there is evidence of extrene genetic and antigenic variability
between different isolates of the PRRS virus. Thus, there is a need for the
i sol ation, characterization, and utilization of novel PRRS viral isolates.
Herein, we [@p@nice 0nmufifnifics VI8 add&@éag[gi%ﬁ cRiaidisrebRmstwieh daxRld PRRS
virus strain designated JK-100. SUMVARY HE | NVENTI ON Thi s invention
conpri ses t mefuindémestiusiomild dmsevare fespotaberiy clistests, BRRSIing sngezivgr edugbing om
selected piglets in infected herds, where.the sel ec i glets.showed signs
of viron b dnind BebREERENER I Yt nes nctre] M PP EeS i 1 cal Iy
we have i deRgd,fi Lsol.ate / i { et A i ghat ed

k- 100 The R g e O e e e BB P n

accor dance wbhjunttinatiBuadd pwsph Aodeadnfargementd 1 118 ThatrespiratorRepalyomte ion of t he

Deposit of M croorgani sns, for the purpqse of Patent Procedure with the
Chi na Cent erofiegassprréedcinth severaigfcien Path seoqmary bastsrial agen(s mplding 430072,

under the dgsji I it was August 8,
2000. The D%ngﬂ%ﬁlk%l%@%ﬁgﬁg% %SM“Q tobdiy PR eqcontial y
cor r espondi rExpefinthtadly inobdialdi0piglbheshomed slinicslsigiztdfalepression, aaspandi ng”

refer to variations that occur 1n nature and to artificial variations of
JK- 100, par thyEeHiadigithenosigingtposrasand perigrulanedsstacdd ). Onepjudyesstiniatpdes | i ke

hybri di zat i CR and.ELLS i ng JK-100- ifi i al h
T 100. 2 peci b AR o Tam RS o o1 NN E BERs el 215 B Ber g o
strain JK- 1%r\f9ieérl duBo 6 aB&8A<e8 RumBePdt O;gg@%%@@d BerdRROSdr 1ided, adFoldREedl0 forth

in the Budapest Treaty. 4 26 June 2 The present 1nvention provides for
propagat i on fafroginginterdiadde highchieplacememtraierofeews ) cel | 1ines such as

the MARL 145 cell_Jine. Thi.s inventiaqn provides conpositiqns, of matter
conpri si ng the JKIAQYIUSthaiisrespen lgg%féﬁ? g‘égﬂsPﬁ an Vﬁ%ﬁ@%ﬁ‘?‘b’ﬁ“f‘)r ovi des
conposition ol qP I L Me, 7Kl t JK- 100
virus. The ;?ég(ﬁsn nt Foﬁ[&%%?%egglr?ﬁ%&gr%%irl%t\;?d’lygbg{r%ggg%%@'c\gﬂngggiatg ion for
vacci nat i ng cmceming momphphigl) motphvgerrnisahd yvirir @ngaisitioadistrsupgesedr sw ne,

to protect them agai nst. PRRS di sease. More specifically, the vaccine
conposi ti on EBWHEPRES Yirs belenggd te theArtestvings group; fhigsoriciusion hasbeel, or

at t enuat ed; i I n f . {1, Or
antigenic po 3}16[2%? ?gg aggp%l\g/gg&%&rog% Org%gggi&gb%?r%eexﬁll%lggﬁfﬁ?}tg%}ﬂ;’gdnﬁ geni c
conponent  of condjrik0f of dethced protdinbégetddsr T arodrivathisesvaisd incliide she égueénepr esent
invention al so provides processes for preparing and usin§ |ive virus or

killed virusatgtisgams (EAdDlacieiesishydrogenase elgwatingntiyusddaViand suiagi nes
resul ting therefrom.by comnbini I lLogically. ef fectiv unt of the
e BTy VRSN e PR A0k Yl fhanegout of
provides a dipgdeeshiiag kiviraf génoﬂfet&%biﬁge?maﬁgeahdma& dfapbPbkilatedy 8NPl e, in
particular a biological sanple such as blood or blood serum sputum

sal i va, senekb (5. Thess spherigel viviens 4re gatimated to baf8-83 mupardiawetear a mamal .
More in particular a pi SW ne, conpri.sing an. anti whi.ch

speci {1 ot yerBRatsos B M tofenGREBHR At e Tt ao8liF s

detecti on mMepReA @éndife ﬁ&%é@@s”aﬁ@is?ﬁﬁé&ﬁaj%? StvoturhDSrotdhyEdisigante .t her

provi des a diagnostic kit for detecting an anti body which specifically
recogni zes JK,aBDEi ThaNyaotpinds comsigaxed ascthe arajer donyjongntodithsmmdosapiidh as

bl ood or bl ooq serum utum saliva, se , ti ssue, derived om an
SRR+ 2 A AW R LS A A R s o R AR SR
conprising JK: : | ISRk i | AR/05 gor a
peptide m m gﬁl nglcarﬁeéﬁ)??%em C§C\;§ﬁ%§§§g{e&1g§te !dlegg?r %ﬁ%@s%ﬁ iaL@‘l %'9 etection
means of an gkiitnoBystelatdepbdiommlss dy1.102) from overlapping cDNA clones (17).




26 June 2002 5 One skilled in the art can easily nake any necessary

adj ustnents in accordance with the necessities of the particular situation.
.DETAI LED DESCRI PTI ON OF THE | NVENTI ON Unl ess defi ned ot herw se, all
technical and scientific terns used herei,n have the sanme msar%r],ﬁn{azooz
commonl y understood by one of ordinary skill in the art to whic 'S

i nvention bel ongs. Although any nethods and materials simlar or equival ent
to those descri beighemsn fcading %@%ﬁs(é&?ﬁsmerreldﬁma‘&di iadhgyponseative gegrenete

present inventiaon, .the preferred netho nd materials are describ As
et Tor th Bt Uik GhBaEh For G5 MREn i PUGORL e BrpHReOloRgIes U s

i solate JK-10Q for, LRose. of. obtalning viral j\ge for.,u }

vacei nes. and ArGond R 2385 8a s Al Fubdeef TOPUER: tahIDR &,

agai nst the g i ﬁﬂﬁﬁﬁ A |

protecting trﬁlgB ﬁgésf%s %ﬁfa?rln{@eld éa%ﬁ@ su S(Zaﬁlgﬁdﬁgﬁggth%&gggy%ttﬁg@igg@&% |y
occurring PReginviofUthe PRRS! Warubr £ ofledSilehibeat b Nihe f fbe-Yiahdihg Va&GRisNes are
attenuat ed-1ive and noni nfectious vacci nes. Noni nfectious vacci nes include
i nacti vat ed drietiviresds. vi rus vacci nes, subunit vaccines, synthetic peptide
and bi osynthetic pol ypepti de vaccines, and anti-idiotype antibody vaccines.
"Killed" or "deadds wotedspresioublyesharerisievidente \ofr exdrepur gemstiesandhelegenic
infectivity has been destroyed by treatpent w th chem cals or radiation.

Vacci nes carvasipbipiiybaieesradiéferst ifolagsrf thRRERS vitys. Thupi theredng npeetfos thtage
oo s A eSSl ST RilEB) SURTE! P o B B S
i nactivat i ith f i [ ati The. i nacti vat.ed , PRRS
Rt VoL ot Y ARG, Sl SRR L Rl Do BB R T

al um num hydgoxhgle or others, and this conposition can then be injected in
pigs. These virus particles retain the ability to elicit an i nmune response
and to protect frominfection. Vaccines using even smaller conponents of
the PRRS virus, such as pol ypepti des, 26 June 2002 6 peptides, or

pepti des m r8EMMARYMOFJEHEANMION®IONt s of the virus can al so be used as
dead vaccine. An attenuated virus refers to any virus that has undergone
attenuati on by sefhisinvpeitonaepanrisesibielidentificaion and ipglatéaredy PRIRS ivirus grains
attenuated vaccine is a live vaccine that contains organi sns whose

i rul ence. f OFOmR SHISSIEd HRGICts B T FEIRA rhestro QVhsTe Msofd SHEPIEIRS SHUMROTEWSEE nes
are adm ni stered to,produce an gcti ve..l m"rluni t%. At t.enuat | ng t1 e Vi li]lgl ence
of a live viTiE8updne SHOSPRF PN SuGRQ clipicalopymipigpms. MercoPegilirsllt ¥t he¥en t he
natural host:;i.s: ' : : . [ attenuated-live
Vi rus vacci nlgésr.ﬁlf%taglelgasé)é%%j %g%@ggg%g?gé?ﬂgéﬂ@%\é%nﬂﬁéa%de by serially
passagi ng the virpg PRRBIEral Yigin"REgARRAIRS 100 Rad oG depetiinagdesorfanéd her
species, or in other cell systenms, or in other animls, such as rabbits,
until it haswitloshe i Bedapadth@epaty @nt ythe Prtefnatioesd Rocoghoion oflths Dbposit ofin be
used to produce attenuated PRRS include African G een Mnkey Kidney cells
(22) and MARdicra@gaasths fqriby pulposeof/Paters Rraessiureewith dheeChiver{catirifar Sves ed
subdermal | y, subcut anequsl intranuscularly, intra nasally, orally, or by

or ophar yngeduliis deeliestion, Viulgin FEiversife c Mibinaddi2r uoRRks the rdesiendtione nade

by reconbin i gues through which {he of the virus, or
parts theregc?éT%h@g%o?g‘? é‘ﬂef’ﬁg\?%ﬂ’%ﬁlt‘g %}Egg’&gﬁsas vaccinia virus,
her pesvi rus, pse r ahi Vi . ad | on el Sui l.e .
systens that canugﬁ(g3 x%ﬁ‘%sl’{vﬁfiﬁ"v“. r%P&aﬁﬁVg%ﬁ. Pﬁirggc(élr irf’grﬁﬁjsvggfegﬁlg@oul d
contai n nucl @in@s@midrheC RIMRIrhid mlg-1@0.”qql'ee%fdie“é‘s@élﬂfaﬂf?c&&%d}ﬂiﬁg@” refePiPL €1 N
or antigenic peptide derived fromPRRS virus; an antigenic part or
conponent ofvakiagons thatSocear iprmtige Bndto A€ifitiall earidtiohe ki 1G-180, purticdady those

pol ypepti de derived from or antigenic conponent of the virus; and a

sui t abl e carwhieh soll aHdpudesaetion Ayi taetinsqueks ikp drybiidizhtaon, PéiRrahd ELADA cudimg
particular pigs or swine, vaccinated with such vector systens would then
devel op pr ot¥ct 9Qrepacifirumeteriels joak askad AP seecirmgibodiess June 2002

Serol ogi cal di agnosjs of PRRS can be acconplished bm&@ serum or

col ost rum sanpl es™ BYRESY straim seRpntially HogesPqnding fgiskginy %?’8)@!36%%“8‘? in
Monol As | P | fl tib LFA), E - Li nked
mmunosor bertt ReGPIe Benesin st RLERR I @R A at i on (oVN test (23,

27, 30). Once infected animals have been identified, the PRRS virus can be
i sol ated using nmethods well-known to those skilled in the art. The PRRS
virus is then propagated to high titer, translating to high |levels of
antigenic mass, and its derivatives can be obtained by art-known neans. For
exanpl e, the antigenic mass can be obtained by dilution, concentration or
extraction of the virus. Hi gher neutralizing antibody titers can be

I e N A NN 7 N NN 7 o —



Such vectors may be expressed in cells or expressed in cell-free enzymatic
transcription/translation systens.. Antigenic proteins encoded by such
vectors may be expressed and purified and, if properly post-translationally
nodi fied may be used i nmunogenically in qccordance with the iiﬁ“ﬂ%gb@@?
Genes identified as encodi ng i mmunogenic proteins may be anplitied and
purified for subcloning and DNA sequenci ng, using standard technjques known
to the art. Isol athSPTEEALRVERIEHRVIHpIGRRFAPSSHHAR ofsHRINNKT PN to high tigar dped
directly into vectors or first be ligated to |inkers having desirable
restriction SHeineelt Jinesi ush . apihe é\égBEnclﬂﬁgceibtlaleothénmmvemﬁl@m RIovides DNA
fragments may be conpared to known sequences, such as those of the Gen Bank
reposi tory, dompesitions crft maten gempripipgt the JKJI08t steninr gdhors nspeaifically.nthie

preci sely explore the nol ecul ar biol ogi cal bases of PRRS virus and the
prevent i on dhvditioegseddesacmapbsitioas elfymatEh eviadhocanpnidei lovee dillpdepateniaed
require indicator reagents that identify antigenic proteins or that detect
t he presencdkel0a tieud?RRS virus in host cells. Such indicators may be
obt ai ned from pol ycl onal hyper immune sera isolated fromsw ne that have
been exposed to PRESresehusventi®ry fidtthée bapidig aavdeaink &oyhpokitioh ToC! foating

anti bodi es directed against the intact PRRS virus. Mnoclonal antibodi es
agai nst the aithalgSApaficuBRBRMhEIN SR DRI PR d? ¥winks kd1grotdde thehf ARiRe
cells, purifying the PRRS virus fromthe |ysates by gradi ent

centrifugat ifRRS Riehsey | M{)rbts’iecﬂﬁ@élg‘ NBe 3AELIRERAMBbIINEh tHRPASAL @k NK-460 NY
SDS- PAGE el ectrophoresis. The SDS-PAGE gel may be stained usinhg commassie

bl ue or si | vgra ghatheifRr ABE Aiied@ oP5PubRd Obr dntiBRRS &{trdx'%oi?%_{%ﬁ&it g JrOd
car bohydrates. To determ ne which proteins are aﬁtlgéhlc in pigs and,

therefore. ' MRUA0HHI o2 ARELIOTHMpcblS: SR FFnoch Ihie BhlRELCH, (O

West ern bl ot ahal ysis using-conva ent serum Virus infected

pi gs or usi . r| A a0l t . d 0 9..0r i NS
that are bogﬁgg%gggg%En#éﬁ?ﬁgggyggaﬁgéQg@kwfgﬂgngg%ﬂﬁﬁméegﬁ%hpg Eg%"gition
of an appropriate anti-antjbody con ate |.abel ed .W th perox and

t] ] i dase
per oxi dase- rIEX%’é)‘HPz%lﬁ?gp%’deSF PSSR Ao PRt s,mﬁ rEce ébvedvéfuér"rﬁd‘ﬂg‘fﬁ’ SHYdf
antigenic reactivi may. be det erm ned by subjecting protein fragnents,
ot hort han RBPE [SRaVEYiRdR BF SR ARt Bl o B citeEs PRI SRR oS
nmonocl onal antibadi es directed agai pst,. specific proteins could then pe
ol sed by exXOMTENEGH FUHELSRE ERReGoT Qi ofhltEct TN 1 G 1B ORI at e
| aboratory m ce strains,ﬁgécells i solated froman inmuni zed nouse spl een
coul d be fusHvaNt KesBFCUVSHortali zed cell line and screened to identify
stabl e hybri domas _that produce antibodies directed to the target protein.
To det ernine whi chPedRYSHiORiaSogNPYIdpea digeroshr itdat deipctingantige Hem Je-10¢,e
PRRS virus, cells infected with PRRS virus may be harvested, purified by
gradi ent cerifird el ilp partighlgr abielegigal Bmplpsichasblegd opbleed seram, sputPBeodi es
rai sed against the PRRS virus. Then, a fluorescent-|abel ed i
anti - i munogdiabixul semeaar Besugpeirived fromansamamak dn tadicatdr|a memppdlcMorg én
nonocl onal anti body has bound. Mnocl onal antibodies directed particularly
to surface arrtiqéarst pig or hwinRRREnpisingar sutitpdy drctbepegifivakly resoguizer 4 pgrt and
adm ni stered prophylactically to pig popul ati ons. For exanple, nonoclonal
anti bodi es hawenipesentpf dHut¥#Y and avitebie detedtmocagsis of jpn enggersdaentioa akShyk Da
menbrane protein of the virus (26, 28). One study found that no nonocl onal
ant i bodi es priedimentidr dimtteur mpeidos ias dlaghassic Oit tfhve detectinsy o uadibbdy Wich
i sol ates, indicating a consistent antigenic difference between the putative
nucl eocapsi cpefifichly. reaoghikasriepe60in §ehraplesin( gilficuldbnbolapicll samgletly ak onal
antibodies wth activity directed against surface antigens of the PRRS
virus are usgbed onBloolNestindSspueh,Ssaliod, alefC bl NGuaNddrBRA forRant MiMal, ¢ eat ed
invitro but also as possible therapeutic reagents in their own right.
Presumably, aptduprdl §8alinhECGhed ROBARSHIaS W HRCEr SWIHeIRBMPrisidkesKuI10@Nks of
the PRRS virus, when adnministered to piglets, wuld passively inmunize

agai nst PRRSVibEMS - polypaegggé’ RBri¢QP Fohd JRL 80, AY %Qﬁ?ﬁeeﬁlilq}’cfkﬁ{go R da_nﬁgéﬂi@ st

t he PRRS virus may be inthe field laboratory to nonitor swn

popul ati ons RS : I EiHS nhisSh A or
EWest ern bl oc{og{l)togglr%eo\%gl WE“%&%@?@?&Y‘%&PH‘; spe%ﬁ@%ggy%gﬁ@pﬁd ein such
as one carried on the surface of the PRRS virus, by binding to the protein
an anti body that uniquely recognizes the protein. Such an approach woul d
permt the certification of certain stocks as PRRS virus-free. Alternately,
such an approach, when used a part of a routine pig screening program
could alert the grower to a developing problemin a seed stock popul ation.
Materials and Methods Isolation of the Virus A blood sanple was collected

o Y T . L, Y .




and aliquoted into small volume prior to storage at -60C. One ml of serum
was inoculated into a 75 cn® flask.containing a full nonol ayer of MARC 145
cells (19). The cell line had been grown in Eagle's m ni num eg3gmy 202

medi um (MEM), supplenented with 10% fetal bovine serum and incubated at 37
C (20). The inoculated culture was maintained in MEMwi th 5% fetal bovine
serum and i ncubated at 32C. The cells re observed daily for evidence of
cytopathic effect (C2E). CPE was observed initially by the rounding of cells
and a 70% detachnment rate of the cells fromthe substrate 3-4 days post
inoculation. One m of the nediumwas inoculated into another 75 cnR fl ask
containing a ful O ARRAlANE ih i M%Fégsﬁﬁélaﬁéhﬁfnecm%ryﬁig@tﬁbm iredi um was
aliquoted into snall vol unes and stored at -60C. ocess was repeated
five tinmes. addveddnct evithaht accessitiés afith¢ partitulbt tfitpptissage was 5.5 [ og TCI D

5/m . 26 June 2002 11 Test on enbryonated eggs_ Passage 5 field isolate
(0.5 mM) was inoculated into 10 day-ol d enbryonat ed chi cken eggs and

i ncubat ed ngrf Aays -Ei? .ﬁEfllN‘VlﬁjN‘ﬁONhe i nocul at ed eggs was
further pas{&g@%%?‘?‘ﬁmugﬁ@mm—Hemggl utinatlon test (HA)

was carried out uShRes défhedlotimmivideCalf lebhiflcdlnadsdibgifidtesfs pRIIREEAW t h
chicken red blood cells (21). The virus was found to be HA negative. Test

on porcine kpuniy seal In;%eallm asmn@@éy pndeargieodiby ong ohgrdinaryygkild methelagsk usi ng

Dul b ' dified E th..10% f et al
bovi o cer ult i Bisaraiop Bstotee ATugh ath pedfRls GHE Hafetiald SiiER St 1o 1 e
i sol ate and eqﬁivﬁteﬂt ot ddsbitddetdin 284 bShRU iR M Pifetielod E@sﬁhééf’ﬁ%e The

medi um underwent bl i nd passage tw ce using the sanme net hod The virus
di d not caupsesePEnventfR] hequtfeged Sietmeld anthmapariscge dederibed v irus The virus
was passaged furt

14S cell Jline untj.l S 0. The
subsequent viral %%eégé’@%niﬂv& BBCSﬁBtrIBVW’SH(S%’é&@{’@E?%ﬁm%&’i%d atiter
of 8.17 |09 jJ§th{R. 00 RY RARTHNE of Ybtaining viral antigens for use in vaccines and

diagnostic assays. Vaccination is the active immunization against the PRRS virus

or its components, with the ultimate goal of protecting the host animal against
subsequent challenge by the naturally occurring PRRS virus. The two broad
classifications for viral vaccines are attenuated-live and noninfectious vaccines.
Noninfectious vaccines include inactivated "killed" virus vaccines, subunit
vaccines, synthetic peptide and biosynthetic polypeptide vaccines, and
anti-idiotype antibody vaccines. "Killed" or "dead" virus vaccines consist of virus
particles whose infectivity has been destroyed by treatment with chemicals or
radiation. Vaccines can simply be made by growing PRRS virus in pig lung
macrophage cultures, or in other cell systems which support viral growth, and the
virus, purified or not, can be killed by established techniques, such as inactivation
with formaline or gamma (y) radiation. The inactivated PRRS virus can then be
combined with adjuvantia, such as Freund's adjuvant or aluminum hydroxide or
others, and this composition can then be injected in pigs. These virus particles
retain the ability to elicit an immune response and to protect from infection.

Vaccines using even smaller components of the PRRS virus, such as polypeptides,



Each virus passage was titrated to determne the virus titrated to
determne the virus titer and al so tested by | munofl uorescence Anti body
assay (IFA) to verify the virus. 26 June 2002 12 | munof| % hme@002 Assav
The field isolates were confirnmed as PRRS virus by IFA with PRRS virus
group specific nonocl onal antibody, designated as SDOW 17(1) and pol ycl onal
antiserumfrominfected pigs which showed clinical signs of PRRS disease.
MARC- 145 cells were seeded into 96-well mcroplate and i ncubat ed over ni ght
at 37Cin a CQZ incubator. Serial dilution of the viral isolate was carried
out using MEM The diluted virus was added into the wells and incubated for

anot her 48 Ipeptides, dihgeptided mimkkimgfan¥gehivcdipadne ofttRe Gingoddlaltst wed dri ed.
The nonocl onal anti body from SDOW 17 and pol ycl onal serum fromthe pigs

were used a$sdpdd yaccigry antibody for the assay. The secondary anti body
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vivo testing The test was conducted in the |aboratory using the virus from
passage 20. ‘Aceige thaheeains drganiginstvehose vaulenoe for athost has bheredimigish@l ©50 of

U Aol B2 NBP LR e L CXpEr TR0t N UL O 0 PRRS
Attenuating the virulence of a live virus by repeated passages in cells of species
different than the natural host is one of the primary methods for developing
attenuated-live virus vaccines. Attenuated vaccines against PRRS can be made by
serially passaging the virus in pig lung macrophages, in lung macrophages of other
species, or in other cell systems, or in other animals, such as rabbits, until it has
lost its pathogenicity. Preferred non-host cells which can be used to produce
attenuated PRRS include African Green Monkey Kidney cells (22) and
MARC-145 cells (19). Live virus vaccines have been administered subdermally,
subcutaneously, intramuscularly, intra nasally, orally, or by oropharyngeal
aerosols.

Live or dead vaccines against PRRS can also be made by recombinant
DNA techniques through which the genome of the virus, or parts thereof, is
incorporated in vector systems such as vaccinia virus, herpesvirus, pseudorabies
virus, adeno virus or other suitable vector systems that can so express the viral
antigen. A recombinant vector could contain nucleic acid comprising a nucleotide
sequence coding for a protein or antigenic peptide derived from PRRS virus; an
antigenic part or component of the virus; a protein or peptide mimicking an
antigenic polypeptide derived from, or antigenic component of the virus; and a
suitable carrier or adjuvant. Animals, in particular mammals, more in particular
pigs or swine, vaccinated with such vector systems would then develop protective

immune responses against PRRS.



Serum was col l ected three weeks later fromthe piglets for I FA The test
sera were tested together w th nonoclonal antibody from SDOW 17 and

pol ycl onal antiserum frominfected pigs which exhibited signss dfncPBBS

di sease. The results show that the field isolate is PRRS virus does not
produce the clinical signs of the disease in vivo 26 June 2002 13
Efficacy Trials In order to show that v;ral strain JK-100 protects against
PRRS, vaccination/chall enge studies are conducted. Piglets, gifts and/or
sows (hereinafter collectively referred to as "pigs") negative for antibody
agai nst PRRS are imuni zed with |ive or dead JK-100. Uni nmuni zed pigs are
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hr or 48 hr and then with a complement at 37 degrees C for 60 minutes (24, 25).
Alternately, the protective antigens can be identified at the molecular level,
reproduced and expressed through recombinant technology. Examples of the
derivatives include subunit and recombinant forms thereof which are effective in
accordance with the invention.
Subunit preparation can be developed as follows. Using a classical
biochemical approach, viral proteins could be prepared from lysates of the host
cells infected with PRRS virus. The infected cells are monitored for growth of the
infectious agent by techniques such as IFA which detect antigen expression. With
the purified preparation of PRRS virus in hand, one may exploit a host of
recombinant DNA techniques directed toward developing subunits. The genetic
material of the PRRS virus may be easily prepared by standard methods from

lysates of cell cultures infected with PRRS virus. Genes that encode proteins

identified as important immunogens, or that.encode proteins likely to be



respiratory disorders in Japan. J Vet Med Sci | (Japan) 56(5):891-894
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usi ng nonocl onal anti bodies to the nucl eocapsid protein. Can J. Vet Res
(Canada)59(3):232-234 (1995). 6. SuarezgP., Zardoya R, Prieto C, Sol ana
A., Tabares E., Bautista J. M, Castro J. M Direct detection of the
porci ne reproductive and respiratory syndronme (PRRS) virus by reverse

pol ymerase chain reaction (RT-PCR). Arc Viron Austria)l35(1-2):89-99
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Kuwahara H, Nunoya T, Tajinma M Sanmejinma T. An outbreak of porcine
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vectors or first be ligated to linkers having desirable restriction enzyme cut sites.
DNA sequencing data obtained from cloned DNA fragments may be compared to
known sequences, such as those of the Gen Bank repository, in an effort to identify
the isolated organism and to more precisely explore the molecular biological bases
of PRRS virus and the prevention of diseases caused thereby.

The aforementioned preparations require indicator reagents that identify
antigenic proteins or that detect the presence of the PRRS virus in host cells. Such
indicators may be obtained from polyclonal hyper immune sera isolated from
swine that have been exposed to PRRS virus or by developing a battery of
monoclonal antibodies directed against the intact PRRS virus. Monoclonal
antibodies against the antigens of PRRS virus may produced by lysing the infected
cells, purifying the PRRS virus from the lysates by gradient centrifugation,
purifying its proteins and separating the proteins using SDS-PAGE electrophoresis.
The SDS-PAGE gel may be stained using commassie blue or silver stain to obtain
a profile of the PRRS virus proteins and carbohydrates. To determine which
proteins are antigenic in pigs and, therefore, immunogens, a portion of the
SDS-PAGE gel may be subjected to Western blot analysis using convalescent

serum from PRRS virus infected pigs or using hyper immune sera. Transblotted
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Vezi na SA, Loenba H, Fournier M Dea S, and Archanmbault D. Anti body
production and bl astogeni c response in pigs experinentally infected with
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60(2):94-99 (1996). 14. Benfield DA, Nelson E, Collins JE, Hanms L, Goyal
SM Robi son D, Christianson WI, Mrrison RB, Gorcyca D and Chl adek D. 16
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that produce antibodies directed to the target protein.
To determine which antigenic epitopes are present on the surface of the
PRRS virus, cells infected with PRRS virus may be harvested, purified by gradient
centrifugation, and exposed to a battery of monoclonal antibodies raised against the
PRRS virus. Then, a fluorescent-labeled anti-immunoglobulin can be applied to
visualize the cell to which the monoclonal antibody has bound. Monoclonal
antibodies directed particularly to surface antigens of the PRRS virus could then be
grown in quantity and administered prophylactically to pig populations. For
example, monoclonal antibodies have been produced against nucleocapsid proteins
and a 19 kDa membrane protein of the virus (26, 28). One study found that no
monoclonal antibodies produced from European isolates of the virus bound to U.S.
isolates, indicating a consistent antigenic difference between the putative
nucleocapsid of U.S. and European isolates (31).
Monoclonal and polyclonal antibodies with activity directed against surface
antigens of the PRRS virus are useful not only as tools for selecting antigenic
proteins created in vitro but also as possible therapeutic reagents in their own right.
Presumably, antibodies directed against surface antigenic determinants of the

PRRS virus, when administered to piglets, would passively immunize against

PRRS virus.
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(1994). monolayer of MARC-145 cells (19). The cell line had been grown in Eagle's

minimum essential medium (MEM), supplemented with 10% fetal bovine serum
and incubated at 37°C (20). The inoculated culture was maintained in MEM with
5% fetal bovine serum and incubated at 32°C. The cells were observed daily for
evidence of cytopathic effect (C2E).CPE was observed initially by the rounding of
cells and a 70% detachment rate of the cells from the substrate 3-4 days post
inoculation.

One ml of the medium was inoculated into another 75 cm? flask containing
a full monolayer of MARC-145 cells. The remaining medium was aliquoted into
small volumes and stored at -60°C.

The process was repeated five times. The titer obtained from the fifth

passage was 5.5 log TCID ;¢/ml.
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Subsequent Passage of the Virus
The virus was passaged further in the MARC-145 cell line until passage 20.

The subsequent viral passages produced more pronounced CPE and attained a titer
of 8.17 log TCID,,/ml by passage 20.

Each virus passage was titrated to determine the virus titrated to determine
the virus titer and also tested by Immunofluorescence Antibody assay (IFA) to

verify the virus.
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Immunofluorescence Assay

The field isolates were confirmed as PRRS virus by IFA with PRRS
virus group specific monoclonal antibody, designated as SDOW 17(1) and
polyclonal antiserum from infected pigs which showed clinical signs of PRRS
disease.

MARC-145 cells were seeded into 96-well microplate and incubated
overnight at 37°C in a CO, incubator. Serial dilution of the viral isolate was carried
out using MEM. The diluted virus was added into the wells and incubated for
another 48 hours. The cells were fixed with absolute alcohol and air dried.

The monoclonal antibody from SDOW 17 and polyclonal serum from the
pigs were used as the primary antibody for the assay. The secondary antibody used
for SDOW 17 and pig serum was FITC-conjugated anti-mouse IgG and
FITC-conjugated anti piq IgG respectively (11).

Florescence was confined to the cytoplasm of the cells, indicating the

presence of the PRRS virus.

In vivo testing

The test was conducted in the laboratory using the virus from passage 20.
Five 3-week-old piglets were inoculated with 6 log TCID,, of virus. A control
piglet was included the experiment. No symptoms of PRRS disease were observed
in any piglets throughout the experiment.

Serum was collected three weeks later from the piglets for IFA. The test
sera were tested together with monoclonal antibody from SDOW 17 and polyclonal
antiserum from infected pigs which exhibited signs of PRRS disease.

The results show that the field isolate is PRRS virus does not produce the

clinical signs of the disease in vivo.
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Efficacy Trials

In order to show that viral strain JK-100 protects against PRRS,
vaccination/challenge studies are conducted. Piglets, gilts and/or sows (hereinafter
collectively referred to as "pigs") negative for antibody against PRRS are
immunized with live or dead JK-100. Unimmunized pigs are housed separately and
serve as controls. All of the pigs are tested for seroconversion. Vaccinated and
control pigs next receive PRRS challenge virus. Food intake, rectal
temperature and other clinical symptoms can be observed daily. Control pigs
demonstrate signs of disease while no clinical signs of disease are noted in
JK-100-exposed (vaccinated) pigs. Results of such vaccination/challenge studies
demonstrate protection from clinical PRRS as a result of immunization with
JK-~100. |

The foregoing detailed description has been given for clearness of
understanding only and no unnecessary limitations should be understood therefrom

as modifications will be obvious to those skilled in the art.
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