BapuaTuBHOCTH IITAMMOB BHPYCA PeCIMPATOPHO-PENPOAYKTHBHOIO CHHAPOMA CBUHEH B
BocTounoii EBpone kak 0CHOBaHMe /1JIs1 ONpe/eJIeHHs] HOBbIX FeHeTHYeCKHX MOATHIIOB

[TocnenoBarensHocT OPCS n1 OPC7 BHpyca pecnupaTopHO-PENPOLYKTUBHOTO
cunapoma cuneit (Bupyc PPCC) B benapycu OblH pu3HaHBI €BPOIICHCKUM (€BpPOTICHCKHIA)
reHoTunoM. Ho ux rpynnupyroT oTAeabHO OT BCEX APYTUX MOCIEN0BATEIbHOCTEH T€HOTHUIIOB,
OTMCAHHBIX JI0 CHX IOP, BKJIIOYasi )KUBbIE OCNIa0JICHHbIC BAKIIMHbI €BPOIEHCKOr0 TeHOTHIIA
Bupyca PPCC u nociie1oBaTenbHOCTH UTAJIbSTHCKOTO €BPONEHCKOTO FT€HOTHIIA, HEKOTOPBIEC U3
KOTOPBIX CBSI3BIBAIOTCS CO CHIDKEHUEM 3((EeKTUBHOCTH BakIMHBI. KpoMe Toro, y Gesopycckoro
eBporeiickoro Bupyca PPCC nabmromaercs mpeaenbHbIx pazmepos noaumopduzm OPCY,
BEJIMYMHA KOTOPOTO BapbupyeTcs oT 375 Nt (HaMMEHbIINH ONUCAHHBIA €BPONEHCKHIA TeHOTHIT
OPC7) no 393 nt (manGomapmuii onucanusiii OPC7 miis moboro aprepuBupyca). Bmecte ¢
0eopPYCCKUMHU TOCIIEA0BATENILHOCTIME pa3HooOpas3ue eBporeiickoro renorumna supyca PPCC
Ha JJaHHBI MOMEHT MPEBBIIIAECT BAPUATUBHOCTH CEBEpOaMeprKaHcKkoro renoruna supyca PPCC,
YTO HaBOAMUT Ha MBICIIb O eBporelickoM npoucxoxaenuu Bupyca PPCC. Takxxe nabmomaercs
OUYEHb OCTPOE reorpaduyeckoe pa3rpaHUuYEHUE pa3IMYHbIX €BPONEHCKIX T€HOTUIIOB BUpYCa
PPCC Bnonb BoctouHoii rpanuiibl [loneim. HoBeie 6enopycckue mocieaoBaTebHOCTH HMEIOT
00Ib1I0€ 3HAYEHUE [T Pa3paO0TOK BAKIIMH M TUarHOCTUKU aHTUT'€HOB. AHAIIN3
nocienosarenbHocTy Bupyca PPCC u3 BocTouHoi yactu EBpornsl MOKeT 1aTh OoJiee mojHoe
MPEJCTaBICHUE O BOSBHUKHOBEHUH U 3BoJronnn Bupyca PPCC.

Bupyc pecimparopHo-penpoaykTuBHOro cuaapoma csunelt (Bupyc PPCC) npencrasnsier
co00i1 HeJTaBHO MOSBUBIIUICS aTOreH. OTYETH O CUMITOMAX 3a00JICBaHUS U
PETPOCIIEKTUBHBIE CEPOJIOTHUECKHE UCCIIEeI0BAaHUS CBUAECTEILCTBYIOT O TOM, UTO BUPYC ObLI
BoisiBieH B Kanaze B 1979, B CIIA B 1985, B FOxHoit Kopee B 1985, B a3uarckoii uactu
oniBirero Coserckoro Coro3a B 1986, B SIimonun B 1987, B ObiBIICH ['epMaHCKOM
Hemoxparnueckoit Pecrry6nuke B 1987, na @ununnunax B 1987 roxy u B Taunanzae B 1989. B
3anaanoii EBpone nepBbie KIIMHNYECKUE BCIBIIKK OBLTN 3aperucTpUpOBaHbl B HOsiOpe 1990
roqa B 'epmanun, a Taxke B Hunepnannax, Mcnanuu, BenukoOpuranuu, @paniuu, benbruu u
Janmm B 1991-1992 ronax.

Taxum o6paszom, Bupyc PPCC nosiBuiicst o Bcemy MHpY B T€UEHHE KOPOTKOTO
BPEMEHHOTO MPOMEKYTKA. Y AUBUTEIBHO, UTO BUPYCHI, osiBuBIIMECS B EBponie u CeBepHO
AMeprke, ObLUTH CBSI3aHBI JIUITH OTHAICHHO (55-70% HYKICOTHIHON HISHTUIHOCTH). Bupyc
PPCC Bnepssie Ob11 BoIceH B Hunepnanaax, u ganuslii 3ot (Bupyc Jlenucran) BMecte ¢
MIEePBBIM CceBepoaMepukaHCKuM u3onsatoM (VR2332) B HacTosiiiee BpeMst ONpeIeisioT ABa
npu3HaHHBIX reHoTHa Bupyca PPCC: eBpomnetickuii (eBporneickuit reHoTurr, THil I ) u
ceBepoaMepuKaHckuii (aMepukaHckuii renotui, tu I1).

OnHOBpEMEHHOE MOSBJICHUE T€HETUYECKH PA3IMYHBIX BUPYCOB MOXKET OBITh CBSI3aHO C
PE3KUM Mepexo0M Ha HOBBII B/ BUpYyca ABYX OTIENbHBIX pa3HOBUAHOCTEH B EBpore u
CeBepHoit AMepuke (pakToOpbl, MHUITUUPYIOIINE TAKHE IEPEXO/IbI, €IIE HE U3YUCHBI) HITH C
MEPEX0/I0M OJHOTO BHJIa BUPYyCa B HEM3BECTHOM paiioHe, 32 KOTOPBIM MOCIIEI0BAIO €TI0
MIOBCEMECTHOE paclpocTpaHeHue 1 3Bomonusa. OIHAKO, COTJIACHO (PUIIOTEHETHYECKOMY
aHaJIM3y, BO3PACT MOCIEAHEr0 00IIEero mpeika eBponeckoro 1 aMepuKaHCKOro reHOTUITOB
cocTtaBiseT 1o kpaitHeit mepe 100 seT. 3T0 rOBOPUT B MOJb3Y TMIOTE3BI O TOM, YTO
€BPOIENCKU 1 aMEepUKaHCKUI BUPYCHI Pa3BUBAINCH MAPAIIEIbHO Ha IBYX KOHTHHEHTaX
BILJIOTh JIO OZIHOBPEMEHHOT'O IIEPEX0/1a BUPYyCa Ha CBUHEN U €T0 MOSBIEHUS B KAUECTBE
KInHNYecKor eqnuuiel B 1980-x.

W3HauanbHO CyIIECTBOBAIO MHEHHE, YTO €BPONEHCKHE TEHOTHITB BUPYCa (OPMUPYIOT
JIOCTaTOYHO OJHOPOJHYIO TPYIILY, CX0XKYI0 ¢ BUpycoMm Jlenucrtan. HenaBHo Takas Touka 3peHuUst



[IOABEPIIaCh COMHEHHIO U3-3a OTYETOB O MOSABJICHUM PA3JINYHBIX IITAMMOB €BPOIIEHCKOTO
resotumna Bupyca PPCC cnauana B [lanuu, nozxe B Utanuu, Yexun, [lonsme, Mcnanuu,
I'epmanun n Hunepnannax u naxe B Tamnanne. B mocineaneM HOBaTOPCKOM HCCIIEOBAHUU C
IIOMOIIIBIO CXOETO ¢ Jlenucraa mraMmMa >KUBOU 0CJIa0JIEHHON BaKIIMHBI X UTAIBIHCKOT'O
U30JI51Ta B KQUECTBE IPOBOKAIMOHHOM MPOOBI OBLIO MPOAEMOHCTPHPOBAHO, YTO TEHETUYECKOE
pa3Ho00Opa3ue BHYTPH BUPYCOB €BPONEHCKOr0 FeHOTHIIA SABJISIETCS JOCTAaTOYHBIM, YTOOBI BIUATH
Ha 3()(heKTUBHOCTH BaKIUHBI. MTanbsIHCKUN MPOBOKAMOHHBINA BUPYC MIPEACTaBIsET cO00M oanH
13 HauboJiee BApMATUBHBIX €BPONEHCKUX F€HOTHUIIOB MOJIEBBIX U30JISITOB, U3BECTHBIX B
Hacrosuiee Bpems. HoBble nccnenoBanus oKasaiy, 4To B crpaHax Boctounoi EBporsl, Takux
Kak JIuTBa, cylecTByIOT ropaszio 6osaee pa3sHOOOPa3HbIE IITAMMBI €BPONEHCKUX T€HOTUIIOB, YEM
B Uranuu.

W3-3a Gonbiioro 3naueHus BapuatuBHocTy BupycoB PPCC s pa3paOboTKu BakIMHEI, a
TaK)Ke C 1EJbI0 TaTbHEUIIEro N3yueHus: pa3HooOpasus eBporeiickoro renorumna supyca PPCC B
BocTOUHOM EBpore, Obu1a MOCTpOEHA MOCIIE0BATEIBHOCTD MOJIEBBIX ITAMMOB €BPOIEHCKOTO
renotuna u3 11 crag benapycu. Jlnsa uccnenoBanus ObUTH BEIOPAHBI OOJIBIITHE CTaIa
koauyecTBOM OT 2500 1o 9000 cBHOMATOK, BKJIIOUAs siIEPHBIE CTaJa ¥ CTaja OT ornopoca J10
3aKIJIIOUMTENBHOTO IEpUOa OTKOpMa. Bee cTajga moasepraiuch NOCTOSHHOMY HH(GULIMPOBAHUIO
BupycoM PPCC. B Hux HaOmroancs NoaHbIN CIIEKTP COCTOSIHUNA O0JI€3HHU, KOTOPhIE MOYKHO
otHecTH K BUpycy PPCC. [lns cpaBHEHUs ¢ OEIOPYCCKUMU MTOCIIEI0BATEILHOCTIMA HAMH ObLTH
B3SITHI II0CJIEI0BATENBHOCTH, ITOJIyYE€HHBIE U3 CTaJ] B CEBEPO-BOCTOUHOM [lombIie Hepaneko ot
rpanuibl ¢ JInutBoii, Poccuelt n benapycero, a Takke U3 0JHOro cTajaa Ha 3anajae [lonbmm.

Kaxk roBopuiochk panee, 0bi1a mposenena ounctka PHK ot ceiBopotku ceuneit, OT-TIL[P
amruuKanys 5 u 7 oTKpbIThIX paMok cuuTbiBaHust (OPC) u mocTpoeHne mocie10BaTeIbHOCTH
HEOUHIIeHHOTO (He KiToHupoBaHHOro) npoaykrta [TP. {ns OT-TITLP OPCS5 6bun
MCII0JIb30BaHbI NpaiiMepsl, onucaHHble paHee. beina nposenena OT-rueznnas [P OPC 7 ¢
UCIIOIb30BaHUEM BHEIIHUX U BHyTpeHHuX mpaiimepos (5 -GCCCCTGCCCAICACG-3 u 5'-
TCGCCCTAATTGAATAGGTGA-3'; 5-TCGCCCTAATTGAATAGGTGACTC-3' u 5 -
CGAGCTGTTAAACGAGGAGTG-3" coorBerctBerno). OT-ITL[P OPCS5 6bita cienuduyueckoi
Jutst eBpornelickoro reHoruna supyca PPCC (Hanpumep, y4acTKu CBSI3bIBaHUS IIPaliMEPOB HE
KOHCEPBHUPYIOTCS B aMepuKaHcKkoM renoture Bupyca PPCC), B To BpeMst Kak y4acTOK
cBs3bIBaHus npaiimepa OPC7 koHcepBUpYETCs B €EBPOIIEHCKOM M aMEPUKAHCKOM T'€HOTHIAaxX
Bupyca. [locTpoenuto ObIIN TaKk)Ke MOABEPrHYTHI TPH JKUBbIE OCIA0ICHHbBIE BAKIIUHBI
eBporneiickoro reHoruna: Porcilis PRRS (Intervet), Amervac-PRRS (HIPRA) and Pyrsvac-183
(SYVA).

Bce HOBBIE OenopyccKre U MOJIbCKUE MOCIEA0BATEILHOCTH OBLIIH €BPOIEHCKOT0O
reHoruna. J{jis ¢puioreHeTH4eckoro aHanu3a HaMu ObLT UCTIOIb30BaH HA0Op KOHTPOJIbHBIX
MOCIIE0BATEIHLHOCTEH, B KOTOPBIX HA0II01aI0Ch HANOOJIbIIIEe MUPOBOE pasHOOOpa3ue
eBporieiickoro u amepukanckoro reHotunoB PPCC. Korzia KoHTpoJbHBIE TOCIE0BATEIHOCTH
€BPOIEHCKOro reHoTUIa CPABHUIIM ¢ HOBBIMH OETTOPYCCKHUMHU TOCIIEA0BATEIbHOCTAMHI
€BPOTICHCKUI T€eHOTHIIA, TO TIEPBbIC ObUTH 0OBETMHEHBI B TPYIITY, HA3BAHHYIO €BPOIICHCKUH
noaTun 1, a 6enopycckue u JIMTOBCKHE MOCIEI0BATEIIbHOCTH ObUIN OT HETO OT/JeNeHbl. Takum
00pa3zoM, n3ydeHne HOBBIX OEIOPYCCKUX TOCIE0BATEIIBHOCTEH MOKa3ajI0, YTO €BPOTICHCKUIMA
rerotun Bupyca PPCC coCcTOUT U3 HECKOIBKUX TeHETUUYECKUX MOITUIIOB, KOTOPHIE MOTYT OBbITH
OTJIeIeHbI OyTCTpen-MeToA0M. AHAJIOTUYHAs KapTHHA Obljia MpeAcTaBiieHa Mocie
¢uIoreHeTUYECKOro aHajaKu3a MoyHeIx nociuegpoBatensHocteit OPC7. Tonbko B 01HOM
nocseaoBarenbHocT Bel-42 Habmoganuce pasanyHbie MO3UIuH B aepesbsix OPCS5 u OPCT7.
JlOIKHO OBITH, 3TO MPOUCXOJUT U3-3a PEKOMOWHAIINH, KOTOpasi ObLIa ONMCaHa paHee B MOJIEBBIX
nITaMMax €BpOIEHCKOro M aMepUKaHCKOr0 FT€HOTUIIOB U JIJIs1 KOTOPOM KOHCEpPBAaTUBHAs
nociueaoBarenbHocTh NpoxoauT Mexay OPCS u OPC7 u ciny X uT «ropsuei TOUKon».



Bronb nmonbekoit rpaHuisl HAOMI01AI0Ch pe3Koe reorpaduieckoe pa3rpaHuueHue
MEXy Pa3IMYHBIMU €BPONEHCKUMHU NoATUIIaMU. TakuM 00pa3oM, HalllM JaHHbBIE TOKA3bIBAOT,
4yT0 Ha OonbIeit yactu EBpomnsl (K 3amaay OT BOCTOYHON MOJIbCKON TPAHHULIBI)
pacnpoCTpaHsAIOTCS ITaMMbI, OTHOCUTEIBHO OJIM3KHE K €BPONEHCKOMY F€HOTHILY, B TO BpEMs
KaK K BOCTOKY OT BOCTOYHOM rpanutis! [lonpmm HabmoqaeTcss BApuaTHBHOCTD IITAMMOB
€BpOIIECKOro reHoTuna. Msl mojilaraeM, 4To JaHHas cXeMa paciupoCTPAHEHUs €BPOIEHCKOro
rerotumna Bupyca PPCC o0bsicHseTCS TOPrOBBIMU CBSI3SIMH: B TO BpeMst Kak benmapych
MMIIOPTUPYET MJIEMEHHBIX )KUBOTHBIX ¢ 3amnana, u3 bemapycu B [lonbury Toprosist KPC ne
ocymecTBisieTcs. M3-3a TOro, 4To mpapoAuTeNbCKUe NOMYISAINH 0oJiee pa3sHOOOpa3HbI, YeM
IIOTOMCTBEHHBIE, MBI IT0JIaraeM, 4to orcyrcreue aemxkeHus KPC ¢ BocToka Ha 3amag MOXKeET
CIIY’KUTh (PHIIOTEHETUYECKUM J0Ka3aTeIbCTBOM BO3HUKHOBEHUS BUpyca PPCC B BocTouHOI
EBpomne. ['unotesa «eBpaszuiickoro npoucxoxaenus PPCCy» taxxe Oosiee mpuBiiekaTeIbHa U 110
JpYT'MM NIPUYMHAM: UMEIOLIUECS B HACTOSIIIEE BPEMS TIOCIIEI0BATEIILHOCTH ONPEAETSAIOT
MOCJICTHETO OOIIEero MpejiKa MTaMMOB reHoTHNa eBporneickuii Bupyca PPCC mexay 1946 u
1967rr., T.€. B nepuoa pa3Butus EBponsl ociie BTopoit MUpoBO# BoiHBI. Kaxercs
IIPaBJONIO0I00HBIM, YTO MOCIEBOEHHOE paciuupenue ObiBiero Coserckoro Coro3a co3iano
cpeny, B KOTOpOW BO3HHK HOBBIA BUPYC MJIM KOTOPasi MOCIIOCOOCTBOBAJIA PACTIPOCTPAHEHHIO YKe
CyIIECTBOBaBIIEro Bupyca. Takxke u3-3a Toro, 4ro [losbiia u npyrue cTpaHbl BOCTOUHOM U
neHtpansHoit EBpomnbl, Hanpumep, benapycs u [Ipubantuka (Jlutea), MeHee Bcero Obutu
IIOJIBEP>KEHBI BIUSAHMIO MOMUTHKN CoBeTckoro Coro3a B OTHOIIEHUH JKUBOTHOBOJICTBA, HAM
Ka)KEeTCsl, YTO €CJIM HOBbIe oATUIbl Bupyca PPCC Bo3HMKIN B TEPHOJ] MOCIEBOEHHBIX
IIEpPEBOPOTOB, TO OHU OBl TOMHHKUpPOBAIH B JInTBe, benapycu u BO3MOXKHO IpyTUX CTpaHax
osn1BiIero Coserckoro Coro3a, HO He 00s13aTE€IBLHO MPUCYTCTBOBAIN OBI K 3aMaly OT MOJIBCKOM
TPaHULBI.

Hyxneokancuaaeiii 6ok sSBIseTCsl OJHUM U3 HanboJiee KOHCEPBATUBHBIX MPOTENHOB
Bupyca PPCC. Bce 6e3 uckimodenus npeapaymue uceeiaeaoanus B nepuos ¢ 1989 mo 2005 B
3amajHOM, CEBEPHOM, LICHTPAIbHOU U 105kHOM EBpomne, CeBepHoil AMepuke u A3uu, 1o
pe3ynbTaraM KOTophix B ['eHbaHk eBpomneiickoro u aMepuKaHCKOTO T€HOTHUIIOB OBLIO 3a7I05KEHO
okoJ10 270 mociieI0BaTeNbHOCTEH, HE CMOTIIM PACKPBITh pa3Mep MOTUMOPPU3MOB B
HykieokancugaoM Oenke Bupyca PPCC. CooTBeTCTBEHHO, Y BCEX HOBBIX MOJIBCKUX IITAMMOB,
OCHOBaHHBIX Ha BBIBEJICHHOW aMUHOKHUCIOTHON MOCIIEI0BATENBHOCTH U MEPEUNCICHHBIX B
JTAHHOM UCCIIeIOBaHNH, HaOmonanuch pazmMepsl OPC7, mpoTOTUNTUYHEIE JIJISl TEHOTHITA
eBporneiickoro Bupyca PPCC (128aa).

VY 6enopycckux mrammoB Bupyca PPCC nabmonatorcs pazmepst OPC7 6enka ot 123 aa
(manmenbmmii pazmep OPC7, 3aperucTpupoBaHHbIi It TeHOTHUIA eBporneiickuii Bupyca PPCC)
1o 130aa (mHaubonsinuii pasmep OPC7, 3aperucTprupoBaHHbIH IS TIOOOTO apTEePUBHPYCA).

B nononnenue k kpaiinemy noiaumoppuzmy OPC7 6enopycckue mrammel Bupyca PPCC
TaKXe MOCITYXHUJIN PeAKUM IIPUMEPOM BapUaTUBHOCTH B BEICOKOKOHcepBUpoBaHHOM N-46 caiite
riuko3unpoBanus GPs. beuto o6Hapyxeno, uto N-46 oueHb BaxeH it BEIpaOaThIBaHUS
WH(]EKIIMOHHBIX BUPHOHOB B KOHTeKCcTe nHpeknrnonnoro kJ[HK-kmona Bupyca Jlenucran. Msr
oOHapy>Xuiu, uTo BUpychl 6e€3 N-46 ObLII OTHOCHTEIBHO pacnpocTpaHeHsl B benapycu. Takxke
Mbl OOHApPYKWJIH, YTO B OJTHOM U TOM K€ BUPYCE, IOJIy4€HHOM M3 Pa3INYHbIX BO3PACTHBIX
rpymi, N-46 npucyTcTBOBal B HEKOTOPHIX BO3PACTHBIX IPYIIax U He OOHAPYKUBAJICS B APYTHX.
B Bupyce aneBaruu naktaTAeruiporenassl 0b1o ooHapykeHo, uro N-46 u N-53 Bcerna
NPUCYTCTBOBAJIM B HE-HEHPOMATOr€HHBIX IITAMMAX, B TO BpeMs Kak B HEHpPOIaTOreHHbIX
mrammax N-46 Bcerna He XBaTaio, U 3TO HaXOAUIIOCh B CBSI3U € 00JIbIIEH BOCIPUUMUYUBOCTBIO K
Heirpanuzanun anturen. Kak u supyc PPCC, rnmuko3zunupoBanue GPs sSBiseTcs: BaXKHBIM 17151
HelTpanu3anuu aHTuTel. Takum 00pa3oM, OCHOBBIBAsICh Ha HAOIIOIEHUSX 32 BApUATUBHOCTHIO
N-46 y cBHHEH pa3HbIX BO3PACTHBIX IPYII, MOXKHO BBIBUHYTbH THIIOTE3Y, uTO BUupyc PPCC



UCIIOJIb3YET BapuaTUBHOCTHh N-46 caiiTa INIMKO3WINPOBAHMS B KAU€CTBE T€HETUYECKOTO
HEepeKIIroYaTelis A1 peryJnpoBaHus B3aUMOAECHCTBUS MMMYHHOM CUCTEMBI C BO3PAacTOM
XO35IMHa.

B ¢unorenese, ocnoanHoM Ha OPCS5, Mex 1y eBpOIEHCKUM U aMepUKAHCKUM
TeHOTUIIAaMU BUPYCa, BKJIIOYasi HOBbIE OEJIOpYCCKUE MOCIEA0BaTENbHOCTH, Y 1IEJIOT0 KilacTepa
€BPOIEICKOro reHoTuna ObplI0 0OHapyKEHO Oolibliee pa3sHOOOpas3He, 4YeM B Ki1acTepe
aMEepUKaHCKOTO TeHoTura. Kak ObI710 yTOMSIHYTO BO BBEICHHH, OKa3ajaoch, uTo Bupyc PPCC
nosBuiics HezaBucuMo B EBporie u CeBepHoii Amepuke B 1980-x. Takum obpazom, crieayer
TOBOPUTH 0 TOM, 4TO npoBupyc PPCC yxe cymiecTBoBasl B pe3€pBEHTHBIX BUIaX U Mepenies Ha
CBUHEH, UTO NMPOU30LILIO NPAKTUUECKN OTHOBpeMEHHO B EBporne u CeBepHoil AMepuKe.
Wuunuupytomnye GpakTopsl JeTko IpeacTaBuTh. Harmpumep, MOKHO MPEANONOKUTH, YTO
BO3HUKHOBeHUIO Bupyca PPCC crioco6cTBOBaIO MOBCEMECTHOE BOSHUKHOBEHHE B Hadaie 1980-
X PECIIUPATOPHOTO KOPOHABUPYCA CBUHEH, UMEIOIIETO OO KJIECTOYHBIN TPOITU3M C BUPYCOM
PPCC B nerounom tpakre. OHAKO OTKPBITHIM OCTAE€TCsl BOIPOC MPOUCX0XKICHUS IPOBUpYCA
PPCC. Beposthee Bcero, uto nposupyc PPCC cymectBoBan kak EBporne, Tak u B CeBepHOit
AMepHKe ¥ pacIpOCTPaHUIICS Ha APYTHEe KOHTUHEHTBI IOCPEACTBOM 3KCIIOPTA MJIM MUTPALIUU
HEN3BECTHOTO N3HAYAIBHOTO X0351MHA BUPYCA 10 TOr0, KaK JaHHBIM BUPYC NEpeIIes Ha CBUHEN B
1980-x. Mcrionb3ys apryMeHThI, CX0XKHE C TEMHU, KOTOPbIE IPUMEHSITUCH MIPU IPOCIICKUBAHUT
BO3HHUKHOBEHHS BUPYCa UMMYHOAECPUIINTA YeIOBEKa, KaXeTCsl MPaBAONoOA00HbIM, UTO
aHuectpaibHas nomyisinus nposupyca PPCC nomkHa nMeTh OoJbliee TeHETHYECKOe
pazHooOpa3ue, 4YeM MOMyJSIIUs KOJIOHUCTA, U YTO JaHHas CUTYyalus Obuia Obl 0OTOOpakeHa B
paznooOpaszuu Bupyca PPCC mocne ero Bo3HUKHOBeHUs. Takum 00pa3om, u3-3a OOJIBIIOTO
pa3zHooOpa3usi BHISIBICHHBIX B JAHHOM HCCJIEJOBAHUH BUPYCOB €BPOIEHCKOTr0 T€HOTHIIA B
JAaHHBI MOMEHT HanboJjee BEPOSITHBIM MOKHO CUYMTATh €BPONEHWCKOE UITH €Bpa3HiicKoe
npoucxoxaenue nposupyca PPCC. [lanpHeiile KOCBEHHbIE CBUIETEIHCTBA €T0
IPOMCXOXKACHUS BBITEKAIOT U3 MPENOI0KEHHS, YTO JJOMAIIIHUE MBI SABIAIOTCS Hanbomee
BEPOSATHBIM pe3€pBAHTHBIM BUIOM 7151 poBUpyca PPCC u uto onu npunuin B CeBepHYIO
Awmepuky u3 EBponel. Cornacuo apyroii runotese, Bupyc PPCC 6bu1 nepenecen 8 CLLIA npu
UMIIOpTE AUKUX KabaHOB U3 EBpoMbL.

Taxum o6pa3om, B JOBOJIBHO OOJIBIIOM KOJINYECTBE COBPEMEHHBIX HCCIIeI0BaHUIN
MOJBEPrajioch aHAJM3y FeHETHYECKOe pa3HooOpasue eporeiickoro renorumna supyca PPCC B
EBpone. Mcxoas u3 3Toro, noJ BONpOCOM OKa3bIBAETCS LIEHHOCTh MPOBEACHUS JOMOJHUTEIbHBIX
MOJIEKYJISIPHO-(DUIIOT€HETHUECKUX uccienoBaHuii. OTHAKO TEKYIIUE UCCIIeTOBAHUS
MOKA3bIBAIOT, UTO B3ATHE 00PA3I0B U3 HOBBIX reorpaduyeckux pernoHoB EBporbl Bee ere
CTOUT MPOBOJAUTH, TOCKOJIBKY MIPU ATOM BBISBIISIETCS OONBIIOE pa3HOOOpas3ne eBpOIEeHCKOro
renotumna Bupyca PPCC k Boctoky ot [Tonbumm. Y Ha060poT, Bce U3BECTHBIE €BPONIECHCKHE
MOCIIEI0BATEIHLHOCTH T€HOTHIIOB K 3arajy OT MOJIbCKO-0eI0pyCCKOi rpaHuilbl (GOpMUPYIOT
€/IMHBIN (PUITOTeHEeTHYECKUI KilacTep, Ha3bIBaeMbli moarunom 1. Hecmotpst Ha TO, yTo moaTum |
SBJISIETCS MUKPOTETEPOT€HHBIM 110 CPAaBHEHHUIO C HOBBIMU OEJIOPYCCKUMU
NOCJIEI0BATENBHOCTAMH, pa3HOOOpa3ue BHYTPHU €BPONEHCKOTo MoATUNA | 10 CyIIeCTBY
SABJISIETCS TAKUM K€, KaK M BO BCeM amepukaHckom reHorune Bupyca PPCC, u nocrarouno
00JIBIINM, YTOOBI OBNUATH HA A3PPEKTUBHOCT BaKIIMHBI. M3-3a TOTO, YTO BCE MMEIOIINECS
BaKIIMHBI MPOTUB eBpomneiickoro Bupyca PPCC, kak u Bce coBpemeHnHbIe aHTUTeHB ELISA
eBpornelickoro renotuna supyca PPCC, npunannexar k noaruny 1, HOBble IOATUIIBI JAHHOTO
TE€HOTHIIA, ONMCAHHBIE B ’TOM HCCIIEOBAHUH, BIISIOTCS 3HAYMMBIMU JJI pa3BUTHUS BaKIIUH U
JMarHOCTHYECKUX Mpo0o. JlanpHen e MoJIeKyIIpHO-3IHIEMUOTIOTMYECKIE NCCIICI0BAaHMS B
nanbHeBocTouHOM EBporie u B A3uu OyayT coueTaTh B ce0e MpUKIaTHbIe U (yHIaMEHTaIbHbIE
Hay4HbIE JOCTH)KEHUS, @ UMEHHO 3HaHUS IS pa3pabOTKH JUArHOCTHUECKUX MPOO U BaKIMH
BTOPOTO MOKOJICHUS, @ TAKXKE JIJI BBISIBJICHUS TPUYMH Bo3HUKHOBeHMs Bupyca PPCC B EBpore.
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Porcine reproductive and respiratory syndrome
virus strains of exceptional diversity in eastern
Europe support the definition of new genetic
subtypes
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"National Veterinary Research Institute, Al. Partyzantéw 57, 24-100 Putawy, Poland
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Denmark

8S. N. Vyshelesskij Institute of Experimental Veterinary Medicine, National Academy of
Sciences of Belarus, 2 Vyshelesskij Street, Minsk 223020, Belarus

Porcine reproductive and respiratory syndrome virus (PRRSV) ORF5 and ORF7 sequences from
Belarus were found to be of the European (EU) genotype, but grouped separately from all other EU
genotype sequences described so far, including live-attenuated EU genotype PRRSV vaccines
and ltalian EU genotype sequences, some of which have been associated with reduced vaccine
efficacy. Also, the Belarusian EU-PRRSV exhibited extreme ORF7 size polymorphism, ranging from
375 nt (the smallest EU genotype ORF?7 yet described) to 393 nt (the largest ORF7 yet described
for any arterivirus). With the Belarusian sequences, the diversity of EU genotype PRRSV now
exceeds that of the North American (US) genotype PRRSV, suggesting a European origin of
PRRSV. Finally, a very sharp geographical demarcation of highly diverse EU genotype PRRSV was
observed along the eastern Polish border. The new Belarusian sequences have relevance for
vaccine and diagnostic-antigen design and show that sequence analysis of PRRSV from more
eastern parts of Europe may offer further insights into the emergence and evolution of PRRSV.

Porcine reproductive and respiratory syndrome virus (PRRSV)
is a recently emerged pathogen. Based on reporting of disease
symptoms and retrospective serological surveys, the virus
emerged in Canada in 1979 (Carman et al., 1995), in the
USA in 1985 (Zimmerman et al., 1997), in South Korea in
1985 (Shin et al, 1993), in the Asian part of the former
Soviet Union in 1986 (Grebennikova et al., 2004), in Japan
in 1987 (Yoshii et al, 2005), in the former German
Democratic Republic in 1987 (Ohlinger et al., 2000), in the
Philippines in 1987 (Thanawongnuwech et al., 2003) and
in Thailand in 1989 (Thanawongnuwech et al., 2004). In
western Europe, the first clinical outbreaks were reported
in November 1990 in Germany, with outbreaks in the
Netherlands, Spain, UK, France, Belgium and Denmark
occurring through 1991-1992 (OIE, 1992).

Thus, PRRSV emerged globally through a brief time
window. Surprisingly, the viruses that appeared in Europe
and North America were related only distantly (55-70 %

Published online ahead of print on 7 April 2006 as DOI 10.1099/
vir.0.81782-0.

Supplementary figures and a table showing details of the Belarusian
and Polish herds from which sequences were obtained are available in
JGV Online.

nucleotide identity). PRRSV was first isolated in the
Netherlands (Wensvoort et al., 1991) and that isolate
(Lelystad virus), together with the first North American
isolate (VR2332), now define the two recognized genotypes
of PRRSV: European (EU genotype, type I) and North
American (US genotype, type II) (Snijder et al., 2004).

The cotemporal emergence of genetically very different
viruses could be due to two independent species jumps in
Europe and North America (triggered by as-yet-unknown
factors) or a single species-jump event at an unknown loca-
tion followed by very quick global spread, coupled with
unusually quick evolution of the virus (Forsberg, 2005;
Hanada et al,, 2005). However, phylogenetic analysis places
the most recent common ancestor (MRCA) for the EU and
US genotypes at least 100 years back in time (Forsberg, 2005;
Hanada et al., 2005), providing strong support for the
hypothesis that EU and US viruses evolved in parallel in
North America and Europe prior to their cotemporal species
jump into pigs and emergence as clinical entities in the later
1980s.

Originally, EU genotype viruses were thought to form a very
homogeneous, ‘Lelystad-like’ group (Wensvoort et al., 1991;
Suarez et al., 1996; Drew et al., 1997; Le Gall et al., 1998).

0008-1782 © 2006 SGM  Printed in Great Britain

1835



T. Stadejek and others

More recently, the view that EU genotype viruses are gene-
tically homogeneous and Lelystad-like was challenged by the
reporting of unusually diverse EU genotype PRRSV strains,
first in Denmark (Oleksiewicz et al., 2000) and later in Italy
(Forsberg et al., 2002), the Czech Republic (Indik et al.,
2000), Poland (Stadejek et al., 2002), Spain (Mateu et al.,
2003), Germany and the Netherlands (Pesch et al., 2005)
and even Thailand (Thanawongnuwech et al., 2004). In a
recent, groundbreaking study, by using a Lelystad-like, live-
attenuated vaccine strain and an Italian isolate as challenge,
it was demonstrated that the genetic diversity within EU
genotype viruses is sufficient to affect vaccine efficacy
(Labarque et al., 2004). The Italian challenge virus repre-
sented one of the most diverse EU genotype field isolates
known at the time (Forsberg et al., 2002). Since then, new
studies have demonstrated that eastern European countries
such as Lithuania harbour EU genotype strains of much
higher diversity than does Italy (Stadejek et al., 2002).

Because of the great importance of PRRSV diversity for
vaccine development and because we wished to further
explore the diversity of EU genotype PRRSV in eastern
Europe, we sequenced EU genotype field strains from 11
Belarusian herds. The herds were large, ranging from 2500
to 9000 sows, and included farrow to finish and nucleus
herds. All herds were infected persistently with PRRSV and
presented the full range of disease conditions that could be
ascribed to PRRSV. For comparison with the Belarusian
sequences, we obtained sequences from four herds located
in north-eastern Poland, close to the Lithuanian, Russian
and Belarusian borders, and from one herd from western
Poland (Fig. 1; Table 1; Supplementary Table S1, available
in JGV Online). RNA purification from pig serum, RT-PCR
amplification of open reading frames (ORFs) 5 and 7 and
sequencing of bulk (not cloned) PCR product were done
essentially as described previously (Stadejek et al, 2002).

Briefly, for RT-PCR of ORFS5, previously described primers
were used (Stadejek et al., 2002). RT-nested PCR of ORF7
was performed by using the following primers: external,
5'-GCCCCTGCCCAICACG-3" and 5'-TCGCCCTAATTG-
AATAGGTGA-3" (Oleksiewicz et al., 1998), and internal,
5'-TCGCCCTAATTGAATAGGTGACTC-3" and 5'-CGA-
GCTGTTAAACGAGGAGTG-3' (Drew et al, 1997). The
ORF5 RT-PCR was specific for EU genotype PRRSV (i.e. the
primer-binding sites are not conserved in US genotype
PRRSV), whereas the ORF7 primer-binding sites are con-
served between EU and US genotype viruses. The three
currently available EU genotype live-attenuated vaccines,
Porcilis PRRS (Intervet), Amervac-PRRS (HIPRA) and
Pyrsvac-183 (SYVA), were also sequenced (Table 1).

All of the new Belarusian and Polish sequences were of
the EU genotype. For phylogenetic analysis, we used a set
of reference sequences representing the maximal global
diversity of EU and US genotype PRRSV (Table 1). When
analysed together with the new Belarusian EU genotype
sequences, the highly diverse reference EU type sequences
coalesced to form a single group, termed EU subtype 1
(Fig. 2). In contrast, the Belarusian and Lithuanian
sequences were separated from EU subtype 1. Thus, the
new Belarusian sequences demonstrated that EU geno-
type PRRSV consists of several genetic subtypes that can
be separated with high bootstrap support (Fig. 2a). An
identical picture was seen after phylogenetic analysis of
complete ORF7 sequences (see Supplementary Fig. S1,
available in JGV Online). Only one sequence, Bel-42,
exhibited different positioning in the ORF5 and ORF7
trees. This could be due to recombination, which has been
described previously in EU as well as US genotype field
strains (van Vugt et al, 2001) and for which conserved
sequence stretches between ORFs 5 and 7 are known to serve
as hot spots (Forsberg et al., 2002).

Zad
#

Bor
+

Sno
+

Belarus

Fig. 1. The eastern Polish border separates
radically diverse EU genotype PRRSVs. The
locations of the five Polish and 11 Bela-
rusian herds from which new sequences
were derived in the present study are
labelled by a three-letter designation. The
locations of the herds from which sequences
were derived in a previous study (Stadejek
et al, 2002) are indicated by underlined
names. Herds with EU subtype 1 viruses are
marked ™', EU subtype 2 '+, EU subtype 3
‘#' and EU subtype 4 ‘x. Herd Bel, where
sequence analysis indicated recombinant
virus composed of subtype 2 and subtype 3
material, is marked ‘+/#'.
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Table 1. PRRSV sequence summary

Sequences 1-46 were obtained as part of this study (all EU genotype). The two Lithuanian sequences (Aus and Sid) have been described
previously, but were resequenced from original material for the present study (Stadejek et al., 2002). Sequences 47-76 are reference
sequences, representing the most diverse EU and US genotype sequences available in GenBank (Forsberg et al., 2002; Thanawongnuwech et
al., 2004; Yoshii et al, 2005). The consecutive numbers 1-76 are also used in branch labelling in the phylogenetic trees in Fig. 2(b). ORF7
size includes the stop codon.

No. Sequence name Pig age Country Year GenBank accession no. ORF7 Genotype-
(herd ID-serum no.) (days) ORES ORF7 size (nt) subtype
1 Bel-42 65 Belarus 2004 DQ324669 DQ324699 378 EU-3/2
2 Bel-43 65 Belarus 2004 DQ324670 DQ324700 378 EU-3/2
3 Bor-41 65 Belarus 2004 DQ324671 DQ324701 393 EU-2
4 Bor-54 120 Belarus 2004 DQ324672 DQ324702 393 EU-2
5 Obu-1 30 Belarus 2005 DQ324676 DQ324707 375 EU-3
6 Okt-35 65 Belarus 2004 DQ324677 EU-4
7 Okt-46 65 Belarus 2004 DQ324708 375 EU-4
8 Okt-47 65 Belarus 2004 DQ324709 375 EU-4
9 Sno-4 Belarus 2004 DQ324683 DQ324713 378 EU-2
10 Sno-6 Belarus 2004 DQ324714 378 EU-2
11 Soz-6 80 Belarus 2004 DQ324686 DQ324719 375 EU-3
12 Soz-8 80 Belarus 2004 DQ324687 DQ324720 375 EU-3
13 Soz-42 65 Belarus 2004 DQ324717 375 EU-3
14 Soz-43 65 Belarus 2004 DQ324718 375 EU-3
15 Vas-2 55 Belarus 2005 DQ324689 DQ324722 378 EU-2
16 Vas-3 55 Belarus 2005 DQ324723 378 EU-2
17 Vas-4 55 Belarus 2005 DQ324724 378 EU-2
18 Vos-29 220 Belarus 2004 DQ324725 375 EU-2
19 Vos-41 220 Belarus 2004 DQ324726 375 EU-3
20 Vos-49 220 Belarus 2004 DQ324690 EU-3
21 Vos-50 220 Belarus 2004 DQ324691 EU-3
22 Yuz-34 65 Belarus 2004 DQ324692 DQ324727 375 EU-3
23 Yuz-48 65 Belarus 2004 DQ324693 DQ324728 375 EU-3
24 Zad-1 30 Belarus 2004 DQ324694 DQ324729 375 EU-3
25 Zad-13 60 Belarus 2004 DQ324730 375 EU-3
26 Zad-14 60 Belarus 2004 DQ324695 DQ324731 375 EU-3
27 Zad-37 120 Belarus 2004 DQ324732 375 EU-3
28 Zad-39 120 Belarus 2004 DQ324733 375 EU-3
29 Zap-36-40 65 Belarus 2004 DQ324696 EU-3
30 Zap-41 65 Belarus 2004 DQ324734 375 EU-3
31 Zap-46-50 65 Belarus 2004 DQ324697 EU-3
32 Aus Lithuania 2000 DQ324667 AF438362 378 EU-2
33 Sid Lithuania 2000 DQ324682 AF438363 378 EU-2
34 Che-46 63 Poland 2005 DQ324673 DQ324703 387 EU-1
35 Che-50 63 Poland 2005 DQ324674 DQ324704 387 EU-1
36 Dzi-62 91 Poland 2005 DQ324675 DQ324705 387 EU-1
37 Dzi-64 91 Poland 2005 DQ324706 387 EU-1
38 Prz-66-70 49 Poland 2005 DQ324679 EU-1
39 Prz-71-75 63 Poland 2005 DQ324680 EU-1
40 Prz-87 120 Poland 2005 DQ324711 387 EU-1
41 Sok-4 42 Poland 2004 DQ324684 DQ324715 387 EU-1
42 Sok-9 56 Poland 2004 DQ324685 DQ324716 387 EU-1
43 Upa-13 101 Poland 2005 DQ324688 DQ324721 387 EU-1
44 Amervac PRRS Spain Vaccine DQ324668 DQ324698 387 EU-1
45 Pyrsvac-183 Spain Vaccine DQ324681 DQ324712 387 EU-1
46 Porcilis PRRS The Netherlands Vaccine DQ324678 DQ324710 387 EU-1
47 Quebec 807/94 Canada 1994 782995 UsS
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Table 1. cont.

No. Sequence name Pig age Country Year GenBank accession no. ORF7 Genotype-
(herd ID-serum no.) (days) ORES ORF7 size (nt) subtype

48 FJ-1 China AY881994 UsS
49 GDCZ1 China AY857635 UsS
50 GDCZ2 China AY857636 Us
51 361-4 Denmark 1994 AY035915 AY035960 387 EU-1
52 28639/98 Denmark 1998 AY035912 AY035957 387 EU-1
53 2567/96 Ttaly 1996 AY035932 AY035976 387 EU-1
54 2029/97 Ttaly 1997 AY035930 AY035973 387 EU-1
55 Gu922M Japan 1992 AB175721 UsS
56 Nagasaki 93 Japan 1993 uUs
57 Jehl Japan 2000 AB175691 Us
58 Jisl Japan 2000 AB175694 Us
59 Jis2 Japan 2000 AB175695 Us
60 Josl Japan 2000 AB175699 US
61 Jyt2 Japan 2000 AB175713 Us
62 Jam2 Japan 2000 AB175690 Us
63 Lelystad The Netherlands 1991 M96262 M96262 387 EU-1
64 L56/2/91 Spain 1991 AY035935 AY035979 387 EU-1
65 MD-001 Taiwan AF121131 Us
66 01UD6 Thailand 2001 AY297113 uUs
67 01CB1 Thailand 2001 AY297119 EU-1
68 02PB1 Thailand 2002 AY297116 Us
69 03RB1 Thailand 2003 AY297124 EU-1
70 VR-2332 USA 1989 U87392 Us
71 HP USA AY754345 uUs
72 MN-184 USA AY656992 Us
73 EuroPRRS USA 1999 AY366525 EU-1
74 Ingelvac PRRS MLV USA Vaccine AF020048 Us
75 Ingelvac PRRS ATP USA Vaccine AY656991 [N
76 PrimePac PRRS USA Vaccine AF066384 [N

There was a sharp geographical demarcation along the
eastern Polish border between the highly diverse EU sub-
types (Fig. 1 and 2). Thus, our data show that, in most of
Europe (west of the eastern Polish border), relatively closely
related EU genotype strains circulate, whereas east of the
eastern Polish border, a great diversity of EU genotype
strains can be observed (Fig. 1). We believe that this EU
genotype PRRSV distribution pattern is explained by trade:
whilst Belarus imports breeding animals from the west, there
is essentially no livestock trade from Belarus to Poland.
Because ancestral populations are generally held to be more
diverse than descendant populations, we suggest that this
lack of livestock movement from east to west may have
serendipitously preserved phylogenetic evidence of PRRSV
emergence in eastern Europe. Other reasons also make a
‘Eurasian PRRSV origin’ hypothesis attractive: the currently
available sequences place the MRCA of EU genotype PRRSV
strains between 1946 and 1967, i.e. during the post-World
War II development of Europe (R. Forsberg, personal com-
munication). It seems plausible that the post-war expansion
of the former Soviet Union might have created an environ-
ment that allowed a new virus to emerge or an already

emerged virus to spread. Also, because Poland and other east
and central European countries were influenced much less
by the Soviet Union animal-breeding policies than, for
example, Belarus and the Baltic states (e.g. Lithuania), it
seems plausible that, if new PRRSV subtypes arose during
the post-war upheavals, they would be dominant in
Lithuania, Belarus and probably other countries of the
former Soviet Union, but would not necessarily be present
west of the Polish border (Fig. 1).

The nucleocapsid protein is one of the most conserved
PRRSV proteins. Accordingly, without exception, all
previous studies covering the time period 1989-2005 in
western, northern, central and southern Europe, North
America and Asia, yielding approximately 270 sequences
deposited in GenBank of both EU and US genotypes, have
so far failed to reveal size polymorphisms in the PRRSV
nucleocapsid protein (Meng et al., 1995; Suarez et al., 1996;
Drew et al., 1997; Le Gall et al., 1998; Forsberg et al., 2002).
Accordingly, based on deduced amino acid sequence, all of
the new Polish strains sequenced in the present study had
OREF7 sizes prototypical for EU genotype PRRSV (128 aa).
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Zad-1 BY'04
Subtype 3

Yuz-34 BY'04

Vos-49 BY'04

Zap-38-40 BY.04
Okt-35 BY'04

361-4 DK'94
Sok-4 PL'04.

Prz-66-70 PL'05

Pyrsvac-187 E vac:
Amervac PRRS E vag
Lelystad|NL'91

Porcilis PRRS NL vac

L56/2/91 E'91
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567 "
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(@
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Bor-41 BY'04
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PRRSV EU genotype

PRRSV US genotype

(b)

Fig. 2. Belarusian strains expand the diversity of EU genotype PRRSV beyond that of US genotype PRRSV. (a) EU genotype
ORF5 tree. The bootstrap values adjacent to the main nodes represent the number of 1000 trees that supported the
clustering. The Sid, Aus, Bor and Sno herds had trade links (replacement animals and semen). (b) Pan-PRRSV (EU +US
genotype) ORF5 tree. Branch numbers correspond to the first column of Table 1.

In contrast, the Belarusian PRRSV strains had ORF7 protein
sizes from 124 aa, the lowest ORF?7 size reported so far for
EU genotype PRRSV, to 130 aa, the largest ORF7 size yet
reported for any arterivirus (Snijder et al, 2004) (see
Supplementary Fig. S2, available in JGV Online).

In addition to the extreme ORF7 polymorphism, the
Belarusian PRRSV strains also provided a rare example of
variability in the otherwise highly conserved N-46 glycosy-
lation site of GP5 (Chen et al., 2000; Wissink et al., 2004;
Mateu et al., 2005). N-46 was found to be important for
infectious virion production in the context of an infectious
c¢DNA clone of Lelystad virus (Wissink et al, 2004). In
contrast, we found that viruses without N-46 were relatively
common in the field in Belarus. Also, we found that, in the
the same virus derived from different age groups, N-46 was
present in some age groups and not in others (see Bor and
Zad farm sequences in Supplementary Fig. S3, available in
JGV Online). In LDV, it was found that N-46 and N-53 were
always present in non-neuropathogenic strains, whereas

in neuropathogenic strains, N-46 was always lacking and
this correlated with a higher susceptibility to antibody
neutralization (Chen et al., 2000). Similarly for PRRSV, GPs
glycosylation has recently been shown to be important for
antibody neutralization (Ansari et al., 2006). Thus, based on
the observation of N-46 variability in pigs of different age
groups (see Bor and Zad farm sequences in Supplementary
Fig. S3, available in JGV Online), it could be hypothesized
that PRRSV uses variability of the N-46 glycosylation site as
a genetic switch to adjust immune-system interactions to the
age of its host.

In an ORF5-based phylogeny between EU and US genotype
viruses, including the new Belarusian sequences, the whole
EU genotype cluster exhibited clearly higher diversity than
the US genotype cluster (Fig. 2b). As mentioned in the
introduction, PRRSV appears to have emerged indepen-
dently in Europe and North America in the 1980s (Forsberg,
2005; Hanada et al., 2005). Thus, a pre-PRRS virus must
be postulated to have existed in reservoir species, making

http://virsgmjournals.org
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species jumps into pigs triggered by global factors that
acted in Europe and North America almost simultaneously.
Global candidate triggering factors can easily be conceived.
For example, the global emergence in the early 1980s of
porcine respiratory coronavirus, which shares cell tropism
with PRRSV in the pulmonary tract (Laude et al., 1993),
could be hypothesized to have helped PRRSV emergence.
However, there remains the question of the origin of pre-
PRRSV. Most likely, pre-PRRSV existed in either Europe or
North America and spread to the other continent by means
of export or migration of the unknown original host, well
before the species jump into pigs the 1980s. By using argu-
ments similar to those used to track human immunodefici-
ency virus emergence (Mokili & Korber, 2005), it seems
plausible that the ancestral population of pre-PRRSV should
exhibit a larger genetic diversity than the colonist popula-
tion and that this situation would be reflected in PRRSV
diversity post-emergence. Thus, because of the large diver-
sity of EU genotype viruses revealed in the present study
(Fig. 2b), a European or Eurasian origin of pre-PRRSV
currently seems most likely. Further indirect support for a
European origin of pre-PRRSV comes from the fact that
house mice have been suggested as the most likely reservoir
species for pre-PRRSV (Plagemann, 2003) and these rodents
colonized North America from Europe (Tichy et al., 1994).
An alternative hypothesis suggested that PRRSV was spread
to the USA by wild-boar imports from Europe (Plagemann,
2003).

In summary, a quite large number of recent studies have
examined the genetic diversity of EU genotype PRRSV in
Europe (Suarez et al., 1996; Drew et al., 1997; Le Gall et al.,
1998; Indik et al., 2000, 2005; Forsberg et al., 2002; Stadejek
et al., 2002; Mateu et al., 2003, 2005; Pesch et al., 2005). On
this basis, the value of performing yet more molecular-
phylogeny work should be questioned. However, the current
study illustrates that sampling new geographical regions in
Europe remains a highly worthwhile undertaking, revealing
a hitherto-unsuspected diversity of EU genotype PRRSV
east of Poland (Figs 1 and 2). In contrast, all known EU
genotype sequences from west of the Poland/Belarus border
formed a single phylogenic cluster, operationally termed
subtype 1 (Figs 1 and 2). Whilst subtype 1 appears micro-
heterogeneous by comparison with the new Belarusian
sequences (Fig. 2), the diversity within the European sub-
type 1 is in fact at least as large as within the total body of US
genotype PRRSV (Forsberg et al, 2002) (Fig. 2b) and
sufficiently large to affect vaccine efficacy (Labarque et al,
2004). Because all current EU-PRRSV vaccines, as well as
all current EU genotype PRRSV ELISA antigens, belong
to subtype 1 (Fig. 2 and Table 1), the new subtypes of EU
genotype PRRSV described in this study are relevant for
vaccine and diagnostic-assay development. In short, further
molecular-epidemiology studies in the far-eastern parts of
Europe and in Asia would combine applied and basic
scientific gains, namely knowledge for design of second-
generation diagnostic assays and vaccines, as well as unravel-
ling the emergence of PRRSV in Europe.
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Supplementary Table S1. Sequence summary.

Sequence *Farm and Administratiye Gen Bank Acc. No. YORF7 pI N YGenotype/
number sequence Country unit (economlg Year ORF5 ORF7 size (nt) | protein subtype
name region) of Russia

1. 2888 Austria AY875855 --
2. 2906/2 Austria AY875862 -
3. 2234 Austria AY875858 --
4. AN Belarus 2001 -- EU071252 375 11.05 EU/3
5. Bel Belarus 2004 DQ324669 | DQ324699 378 11.05 EU/2
6. MN Belarus 1999 - EU071253 375 11.05 EU/3
7. Bor Belarus 2004 DQ324671 | DQ324701 393 10.73 ungrouped
8. BR Belarus 2001 -- EU071254 375 10.82 EU/3
9. Obu Belarus 2005 DQ324676 | DQ324707 375 11.08 EU/3
10. Okt Belarus 2004 DQ324677 | DQ324708 375 10.46 ungrouped
11. PK Belarus 2002 EU071229 --
12. Sno Belarus 2004 DQ324683 | DQ324713 378 10.60 EU/2
13. Soz Belarus 2004 DQ324686 | DQ324719 375 11.28 EU/3
14. Soz(f2) Belarus 2006 EU071227 | EU071222 378 11.03 EU/2
15. Soz(3) Belarus 2006 EU071228 | EU071223 375 11.32 EU/3
16. Vas Belarus 2005 DQ324689 | DQ324722 378 11.03 EU/2
17. MG Belarus 1999 -- EU071255 375 11.08 EU/3
18. Vos Belarus 2004 DQ324690 | DQ324725 375 10.84 EU/3
19. Yuz Belarus 2004 DQ324692 | DQ324727 375 11.32 EU/3
20. ZD Belarus 2000 -- EU071256 375 11.08 EU/3
21. Zad Belarus 2004 DQ324694 | DQ324729 375 10.84 EU/3
22. Zap Belarus 2004 DQ324696 | DQ324734 375 11.08 EU/3
23. V-501 Czech Republic 1996 AF253531 --
24, KT Czech Republic 2006 EU071226 | EU071224 387 11.05 EU/1




25. 361-4 Denmark 1994 | AY035915 | AY035960 | 387 10.64 EU/1
26. | 28639/98 Denmark 1998 | AY035912 | AY035957 | 387 10.60 EU/1
27. 2567/96 Ttaly 1996 | AY035932 | AY035976 | 387 10.84 EU/1
28. 2029/97 Ttaly 1997 | AY035930 | AY035973 387 10.21 EU/1
29. IT7 Ttaly 2004 | AY739963 ~

30. ITS Ttaly 2004 | AY739964 -

31. IT15 Ttaly 2004 | AY739971 ~

32. IT19 Ttaly 2002 | AY739975 -

33. 1T42 Ttaly 2003 | AY739998 ~

34, T62 Ttaly 2003 | AY743932 ~

35. Aus Lithuania 2000 | DQ324667 | AF438362 378 10.79 EU2
36. Sid Lithuania 2000 | DQ324682 | AF438363 378 11.46 EU2
37. Lelystad The Netherlands 1991 M96262 M96262 387 10.46 EU/1
38. Che Poland 2005 | DQ324673 | DQ324703 | 387 10.46 EU/1
39. Dob Poland 2007 ~ EU071225 387 10.29 EU/1
40. Dzi Poland 2005 | DQ324675 | DQ324705 | 387 10.79 EU/1
41. Prz Poland 2005 | DQ324680 | DQ324711 387 10.46 EU/1
42. Sok Poland 2004 | DQ324684 | DQ324715 | 387 10.46 EU/1
43. RS Russian Federation Bas%;’g;’)sm 2005 | EU071230 | EU071257 | 387 10.84 EU/1
44, BK Russian Federation 2006 | EU071231 | EU071258 387 10.79 EU/1
45. BLG Russian Federation Belgorod (Central 2006 EU071232 EU071259 387 10.79 EU/1
46. FR Russian Federation Black Earth) 2000 - EU071260 387 11.00 EU/1
47. GB-1 Russian Federation 1997 - EU071261 387 10.64 EU/1
48. GB-2 Russian Federation 2000 - EU071262 387 10.79 EU/1
49, RV | Russian Federation Ch(eUhfﬁgSk 2003 - EU071263 | 387 | 1147 EU/1
50. VR Russian Federation Chuvashia 2005 | EU071233 | EU071264 378 11.25 EU2

(Volga-Viatka)
1. KM | Russian Federation | ~emerovo (West | qqq - BU071265 | 378 | 1127 | EUR

Siberian)




52. KH-1 Russian Federation Khab I (F 2004 -- EU071266 387 11.28 EU/1
53. KH-2 | Russian Federation aEzr;;Sn)( 1772005 | EU071234 | EUO71267 | 378 10.79 EU/2
54. KH-3 Russian Federation 2005 EU071235 EU071268 387 11.27 EU/1
55, SHV | Russian Federation I?g::;‘;:;;‘ 2006 | EU071236 | EU071269 | 378 11.27 EU/2

Krasnodar
56. IN Russian Federation (Northern 2005 EU071237 EU071270 387 10.82 EU/1

Caucasus)

. : Kursk (Central

57. KR Russian Federation Black Earth) 2000 -- EU071271 375 11.08 EU/3
58. MB-1 Russian Federation | Mordovia (Volga- | 2004 -- EU071272 378 10.59 EU/2
59. MB-2 Russian Federation Viatka 2005 EU071238 EU071273 378 10.40 EU/2
60. KZ-1 Russian Federation Moscow (Central) 1999 -- EU071274 387 10.64 EU/1
61, KZ-2 | Russian Federation WA 004 | EU071239 | EU071275 | 387 10.82 EU/1
62. Dz Russian Federation 2000 -- EU071276 378 10.79 EU/2
63. IL-1 Russian Federation | Nizhny Novgorod | 1997 EU071240 | EU071277 378 11.03 EU/2
64. IL-2 Russian Federation | (Volga-Viatka) 1999 -- EU071278 378 11.03 EU/2
65. VD Russian Federation 1997 -- EU071279 387 11.05 EU/1
66. NB | Russian Federation NOV%‘;erstir(g"“h 2006 | EUO07I241 | EU071280 | 387 | 1127 EU/I
67. NV-1 Russian Federation N ‘birsk 1996 -- EU071281 378 10.77 EU/2
68. NV-2 | Russian Federation (W:SZ%Silbéﬁan) 2004 - EU071282 | 378 11.00 EU/2
69. NV-3 Russian Federation 2006 EU071242 EU071283 378 10.77 EU/2
70. OR Russian Federation | Orenburg (Urals) 2000 -- EU071284 378 11.03 EU/2
71. PMP Russian Federation Penza (Volga) 2006 EU071243 EU071285 387 10.64 EU/1
72. PN Russian Federation & 2000 -- EU071286 387 10.64 EU/1
73. PR Russian Federation Perm (Urals) 1998 -- EU071287 378 11.03 EU/2
74. SM | Russian Federation | ~ Smolensk 1998 - EU071288 | 378 | 11.27 EU/2

(Central)
75, SP | Russian Federation | o' LoierSPWE | gqq - EU071280 | 378 | 1060 | EUR

(North Western)




76. NE Russian Federation 1999 -- EU071290 378 10.55 EU/2
77. NK-1 Russian Federation 1999 -- EU071291 378 10.60 EU/2
78. NK-2 Russian Federation Tatarstan (Volga) 2004 -- EU071292 378 10.60 EU/2
79. TM-1 Russian Federation 2000 -- EU071293 387 10.80 EU/1
80. TM-2 Russian Federation 2005 EU071244 EU071294 378 11.00 EU/2
81. TT Russian Federation 1998 -- EU071295 387 11.08 EU/1
82. TL Russian Federation Tula (Central) 1999 -- EU071296 378 10.79 EU/2
83. AY Russian Federation Tver (Central) 2004 EU071245 | EU071297 378 10.55 EU/2
84. UD Russian Federation | Udmurtia (Urals) 2001 -- EU071298 378 11.25 EU/2
85. VL-1 Russian Federation Viadimir 2001 -- EU071299 378 11.08 ungrouped
86. VL-2 Russian Federation (Central) 2004 -- EU071300 378 11.08 ungrouped
87. VL-3 Russian Federation 2006 EU071246 | EU071301 378 11.08 ungrouped
88. BT-1 Russian Federation 2000 -- EU071302 387 11.28 EU/1
89. BT-2 Russian Federation Voloeda 2006 EU071247 EU071303 387 10.82 EU/1
90. ND-1 Russian Federation (No rt}ige n) 1998 EU071248 EU071304 387 11.28 EU/1
91. ND-2 Russian Federation 1999 -- EU071305 387 11.28 EU/1
92. ND-3 Russian Federation 2006 EU071249 EU071306 387 11.05 EU/1
Voronezh
93. VSH Russian Federation (Central Black 2005 EU071250 EU071307 387 10.64 EU/1
Earth)

94, GK Russian Federation 3((323%1 2005 | EU071251 | EUO71308 | 378 10.55 EU/2
95. 1V3140 South Korea DQ355821 | DQ355822 387 10.60 EU/1
96. CP6874 South Korea EF031042 -
97. L57/2/91 Spain 1991 AY035935 | AY035979 387 10.60 EU/1
98. CRESA9 Spain DQ009634 --
99. CRESAI1 Spain DQ009626 --

100. CRESAI13 Spain DQ009637 --

101. CRESA14 Spain DQ009638 --

102. CRESA22 Spain DQ009645 --

103. 28/2003 Spain DQ345755 --




104. 0IRBI Thailand 2001 — AY796316 | 387 10.84 EU/1

105. 03RBI Thailand AY297124 ~

106. | EuroPRRS USA AY366525 | AY366525 | 387 10.46 EU/1

107. A}ﬁnggsac Spain vaccine | DQ324668 | DQ324698 | 387 10.60 EU/1

108. nyégac' Spain vaccine | DQ324681 | DQ324712 | 387 10.60 EU/1
Porcilis .

109. PRRS The Netherlands vaccine | DQ324678 | DQ324710 387 10.46 EU/1

For the new sequences derived in the present study (numbers 4, 6, 8, 17, 20, 43-94), letters indicate farm name, and number suffixes indicate

repeated sampling over time.

*The ORF7 size is including stop codon, i.e., ORF7 sizes of 387, 378 and 375 nt correspond to 128, 125 and 124 amino acids, respectively.

‘Predicted isoelectric point (pI) for the deduced ORF7 (nucleocapsid) protein sequences.

“The subtypes 1, 2 and 3 of EU genotype PRRSV were assigned based on ORF7 sequence. EU genotype PRRSV isolates for which ORF7

sequence is not available were not assigned subtype
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