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我々は先に、臨床サンプルについての大規模な分子的なウイルススクリーニングのシステムを報告した．まだ発見されていないヒトの病       使用上の注意記載状況・その他参考事項等  原体を組織に 

的探索する努力の一環として、この技術を、ヒトの気道からの検体をもとにしたウイルスのスクリーニングに適用した。そ  
の結果、以前には知られていなかったKlポ1」オーマウイルスと暫定的に名付けたポリオーマウイルスを同定した。このウイルスは、遭  2．重葬な基本的注意  

研伝子のear】y観では、他の霊長類のポリオーマウイルスに系統樹的に近似するが、1ale領域では」既知のポリオーマウイルスに対し   （1）本剤の原材料となる献血者の血液について  

究 て相同性が少ない（アミノ酸の30％未満が同一）。このウイルスは、PCRによって、鼻咽頭吸引物の6／637（ほ）と便検体の1／192（0．5％）  は、打8s抗原、抗HCV抗体、抗打IV－1抗体、抗  
HIV－2抗体、抗HTLV－Ⅰ抗体陰性で、かつ  

ALT（GPT）値でスクリーニングを突施してい る 
。更に、プールした試験血掛こついては、  

dニ  Eコ  HIV－1、H8V及びHCVについて核酸増幅検査   

の  （NAT）を実施し、適合した血膿を本剤の製造に   

概  
使用しているが、当言亥NATの検出限界以下の  

ウイルスが混入している可能性が常に存在す   

要  る．本剤は、以上の検査に適合した血敷を原  

料として、Collnの低温エタノール分画で得た  

画分から人ハブトグロビンを濃縮・精製した  

製剤であり、ウイルス不活化・除去を目的と  

報告企業の意見 今後の対応   
して、製造工程において60℃、10時間の披状  

加熱処理及び濾過膜処項＝ナノフィルトレー  

ヒトの気道からの検体から、以前には知られていなかったKlポリオーマウイルスと暫定的に名付けたポリオー     本報告は本剤の安全性に   ション）を施しているが、授与に際しては、次   

マウイルスを同定したとの報告である。なお、このウイルスと近似のウイルスの発見報告をBENE200ト0】3で報     影響を与えないと考える  の点に十分注意すること。   
告する。  ので、特段の措置はとらな   
ポリオーマウイルスは、直径40nmのエンベ一口ープを有しないDNAウイルスである。万一原料血柴にポー」オー     い。   
マウイルスが混入したとしても、EhlC及びCPVをモデルウイルスとしたウイルスバリデーション試験成績から、   

本別の製造工程において十分に不活化・除去されると考えている。   
彗、  

◎  
ハブトゲロビン   



164   



BENE2007－014  

Vol．8l，No．S  JouRNALOFVIROLOGY，＾pr・2007，P・4130－1136  
0022－538X〟7／‡08．00＋O doi：10．1128〃VI．∝旧2S－07  
Copyright◎2007，AJnericanS∝ielyforMicrobiology・Al）RightsReserved・  

／ l  

IdentificationofaThirdHumanPolyomavirus▽  
Tobiasl 

．1 

山ムomわサβrC伽血J〟正和ゐわJ勒β甲d血れe′〟〆〟fc和占わJ喝）1几爪Orα′－dCe〟βわJ咽1血相〟那加仇血鱒iケ肋甲山ろ  
ぬ和〟那たαムび血叫∫g－J7J7d∫わC肋0毎∫けど血′－’Jα〝Cどrα〃∫er血相血た〟，β甲α〟〝－e〃′げ伽coJ喝′〃几dA油oJ昭1   
飽和血血∽lルg持ゆ靭血ろ血相〟那加J血血叫∫g－J〃乃∫加地0れ∫押ede〃うα〃Jgrβr〟oJecl血〟idfcれち  
β年Ⅵ伽g〃JげA勧血相ぬ血∽山々J苫吋〃叩由ろ飽和払血血一血J叫5E－J〃乃ぷoc肋0わち∫〝e血刀1〃〃d  
β甲α〟〝le托′げCe〃d〃d肋おc打払rβわJ脚助J℃J止血血血叫∬－J7J77∫J∝た力0んれ，∫hノedgJ14  
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Wehaveprevious］yreporledonasystembrlarge－SCa］emolecularviruSSCreenlngOfclinicalsaTnp）es・As  
PartOfane肋rttosystematica］1yseardlbrlJnreCOgrLiz：edhumanpathogens，theteehnologywasapplied払r  
ViruSSCreenlngO†h11manreSpiratorytractsamples・Thisresu］tedintheidentはca（ionorapreviouslyunknown  
POlyomavirusprovisionallynamed KIpolyomavirus．TheviruSisphy］ogene【icallyreIated【001herprJmate  
POIyomavirusesinlheearlyregionorthcgenomebuthasYerylittlehomoIogy（＜30％aminoaddidentibT）to  
known polyomaYiruSeSin thela（e region・TheYiruswas丘■und by PCRin6（1％）of637nasopharyngeal  
aspiratesandinl（0．5％）or192fecalsamplesbutwasn｛，（detectedinsetsofurineandbloodsamples．Since  
POlyomaviruSeShaYeOnCOgeniepotentia］andmayprodueeseverediseaseinimmunosuppressedindividuals，  
COn（inuedsearChingfortheviruSindi鮎reJltmedicaIcontextsisimpor（ant．TJlisfimdingfurtheriIlustrates  
howunbiasedscreeningofrespiratorytractsamplescanbeusedforthediscoveryordiverseviruSbTPeS．   
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PersistentvinlSinfectionsareanintegratedparto‖1uman  
Iife．MosthumansareperSislentlyinfectedwithoneormore  

herpeSvir血ses，PaPillomavin）SeS，POlyomaviruSeS，andanellovi－  
ruSeSandremainheaJthy．Nevertheless，manyOftheseviruSeS  
mayoccasionallyproduceseveredisease（21，32，34，37）・Iden－  
ti負cationofpreviouslyunrecognizedviralspeciesistechnically  
dir7icuJl．Thus，rnanyPOl巳ntiaJIymedicaIlyIrnPOrLanLpersis1．ng  
humanviruSeSmOStlikelyremainundetected・   
PolyomaviruSeSareSmallDNAvirusescapableofpersistent  
infection and having oncogenic potentia7・They have been  
foundinmanymamma】sandbirdsworldwide・Twopolyoma－  
ViruSeSareknowntonorma11yinfectht］rnanS，JCvirtlS（JCV）  

andl）KviruS（BKV），b（）thdiscoveredin1971（13，30）．They  
aregenetica】lycloselyrdatedtoeachother，andbothviruses  

Show70to80％seropreValenceinadults（23）・Theroutesof  

acqulSltlOnandsjtesofprlmaryinfectionarelargelyunknown，  
b11tbothvir11SeSCaneStablishalatentinfectioninthekidneys  

and，inthecaseofJCV，alsointhecer）tralnervoussyslem（31）．  
PersistentrepJicatior）inthekidneysisevidenced bylhe facl  
tha（JCV，andocQ？Sional】yalsoBKV，Canbedetecledinthe  
urineofhealthyadults（23）．BKVhasaIsobeendetecledinthe  
fecesofchildren（35）・JCVandBKVarehighlyoncogenicin  
experimentalanimals，butaroleinthedeveJopTnentOfhuman  
tumorshasnotbeenestabIished（25）－Diseasecausedbyhu－  
manpolyomaviruSeShasbeenobservedinimmunosuppressed  
individuals・JCVisthecausativeagentofprogressivermltifo－  
Ca＝eukoencephaJopathy，ademyelinatJngdiseaseoflhebrain  
and a feared complication ofAIDS（21），This djsorder has  
recently received renewed auention after theoccurrence of   

fataJcasesamongpatientstreatedwithnatalizumabformul－  
tiple sclerosis（22，24）・BKVhasbeen associatedwith post－  
transp）antationnephropathyandl－emOrrhagiccystitisinhema－  
topoieticstem celltransplant（HSCT）recipients（7，17）・In  
additiontoJCVandBKV，therearereportsonthepresenceof  
theprimatepolyomav血ssiminVjrus40（SV40）inhumans，  
POSSiblyintroduced bycontamlnated poliovirus vaccine pro－  
ducedinmonkeycells（4），althoughotherwaysoftransmission  
have alsobeer）SuggeSted（10，27）・SV40genomicsequences  
havebeendetectedinhumanmalignantmesotheJiomaturnors，  
but its role in human tumor developmenl remains debated 

（25）．   
We have developed a system forlarge－SCale molecu）ar  
SCreenmg Ofhuman diagnosticsamples forunknown viruSeS  
（2）・WiththisleChnology，Wehaveinitiatedasystematicsearch  
forpreviouslyunrecognizedvirusesinfectlnghumar）Sinorder  
10identiち′agentSthatarepotentiallyinvoIvedin htlmar）dis－  
ease．Wede5Cribe here theidentificalion and molecularchar－  

ac（erization of a hitherto unknown human polyomavjrus，  
which is only distantly related to the other known primate 
POlyomavin】SeS．InanaJogywiththenomenclatureoftheother  
humanpolyomaviruSeS，WePrOPOSethenameKJpolyomavi－  
rus，KIPyV，forthenew】ydiscoveredvirus・  

MATERJALS AND METHODS   

MoleetllarYirusscreenirlg・Aspar10fasyslemalicsearchforunkno、VnViruses  

in clinjca】resplratOry【ractSamPles，aSCreen】nglibra－γWa5COnS【ructcd h・Om  
Celトfreesupema【an150f20random［yselected nasopharyngeaIasplralesmade  
anonymousandsubrni（tedtotheKaro】inskaUniversityLAboraIOry，Stockhoれ  

Sweden，for the diagnosis ofrespJra【Ory traC（infections・The samples were  

col）ectedfromMarch【0）uneof2004andstoredatL808CuntilanalyzedrThis  

SIudywas approvedbythe KaTO＝nskaInsti（Ute（［ocalethics commit【ee・The  

procedureusedforiden（，tkalionofvirt．snucleicac－dseqI）enCeS・mOlecularvirus  

SCreenirlg，hasbeendescribedpreviousJy（2）・】nbrlef，5ampleswerepooledand  

Ihepool、VユSdividedinlo暮WOallquOtS、≠・hlChwere仙eredtl－rOu少0■2Z－and  

O＿45≠m－P（1r仁一Size di5CⅢte円（MilI亡T GV什丁ヽ′ニトH‖jp（1re），rC5P亡C血中一Bolh  

allqUOtSWereUItTaCeTltTifugeda†41，000rpminaLISW41TO（Or（Bcckmall）for90  

●Correspondingauthor．MaiJingaddress二DeparlrnentofC］inical  
Microbiology，L2：02，KarolirLSkaUniversityHospita！，SEr17176Stock－  
holm，Sweden．Phone：46851773580＿Fax；468308099．E－maiI二tObias  
．a】tander＠karo】inska，Se．   
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Ma小皿。tVi．舶Mi。iM4…a。…摘。r。ぬ州側jgslm。叫Q．AGEN）  
andモ】uledi爪l（氾卜l，aれd5叫Isampl朗WerCUS亡dbrsubsequ印IindividualPCR  

aSSay5一  

（iii）U血eorIISCTre亡ipients．OtteIlulldr亡dfinyurin亡San叩Ie5C（州ectedrrolll  

HSCTrecjpjen（Sfbrlh亡S（udyofBKVaJldJCVwcTeanalyzcd（14）．FifけOf（he  

Samp】csw印紙l餌Cdontheba5ねOrPreViousana】鰐isrc川幅；罰wer亡pr亡Viousty  

Showntobcpositj叱fbT8KV，8wercpositivefbTJCV，2wercposi（ivcforbo（h  
8KVandJCV，and20wercrIegativetorbothvjrtJSe£JCVandBKVstatuswas  

Unknownfo－thcrcmainingl∝I静mPt亡S・A5dがd鵬dpr亡山0咽Iy，鎚mplぴWere  

analyzedbyPCRwjthoutpr∝edingDNAe血icI加（6）．  
（iY）Sモ川mO一札SCT托亡ipit両S．丁目血y一山rc亡駆川m免mpI岱drawnrr¢m17  

HSCTr∝ipi相伝2to‘㈹eba鮎－けan甲Ian18tionwer亡叙Udjd・Tota】刑Ckk  

さ血w托畑dd打om200再o一群川mbyQIAampV山脇5pinⅢl（QIAGEN）  
andeluledin50l▲t．  
（Y）Wh01モbl00d．WもOl亡EDTA blodlrom192hcaIthyvolunt亡町bIood  

dono15h S【∝kho】mwasana】yzdt DNAwas亡沼raCtedfrorn200一山5amples  

WiLh thc Mag＾（traCt DNA MjniM48kit aTld（hc Biorob01M48inslrumen（  
（qlAGEN）ande】ul亡di爪50直・  
（Yi）l創k叩I朗・Nin叫一血什0ぴnprCParatio爪50fFicolト父ParatedIeuk∝yt6  

WCreS餌died．Sampl亡Sl〝CreOdg両州ys珊t10仙e】aboraloけねrdiagno5isor  
CytOmCgal（〉ViTtJSbyPCRandviruSCul【tJTeandthcTeforemait）lyorigina（edfrom  
imm加05uPp托応edpatk山嵐DNAwおeXtm瓜CdfromlO5α1lswithlheMag－  
AtlradDNAMjniM48kjland仙eBiorobotM48in成一um棚l（QIAGEN）and  
eluICdi爪100p．l．   

帆d畑仙川叩川根■∝憬Si州numberぶ・m亡SCquⅢCがrepOrt¢din郎spaper  

havcknd叩∝iledinlh亡GenBaれkdataba馳undela∝鵡Sjonno・EF12乃鵬  
（fGPyVisoJatc60），EF127987（KrPyViso］atc350）．and EF127908（KrPyV  
i501ale380）．  

RESt）LTS  

Mo］ecularYiruSSCreenlJlgOf20respira10rytraCIsamples・A  
Virus－enriched DNA－CDNAJibrarywas constructed from20  
randomJyselectednasopharyngealasplrateSamPlesbyapre－  
viously published protocol（2）．Aftervec（Orandlow－quaJity  
Seqt）enCeSWereautOma（icallydiscarded，SequerlCereadsfrom  
374（97％）clonesremainedfordatabasesearches・ByatJtO－  
matednucleotideandtransJatedBLASTsearches（3），theseT  
quenceswerecategorizedaslikeJy（expeCledvalue，＜10．4）  
human（73％），bacteriaj（5％），Phage（1％），unknown（2％），  
andvirus（20％）sequences・Sixty－nineofthe74doneswith  
viralsequencesmatchedhumanrhjnoviruSOrenterOVirusspe－  
cies．Rdiable discrimination of rhinovirtIS frorn enterovirus  

SequenCeSOrtyPedelerminalioncotlldnotbeperformedon  
the basis of the・unaSSembJed sequence reads・Five clorIeS  
CloselymatchedresplratOrySynq′tiaJviruS・Inadditiontothcse  
viruS－Jikeclones，aSlnglecloneof363bpshowedweakamino  
acidsimi1arity（30％identity，eXPeCtedvaJue＝0・011）toVPl  
ofSV40andwasselected forfurthers（udies．   

GenomeanalysisofKIPyV．Thesourcenasopharyngealas－  
PJralesamplecoTltainingtheSV40－1ikesequenccwasidenti鮎d  
byPCRanalysisofa】iquot＄SaVedbebrepooljng－Theposjtive  
sample was named Stockholm 60. A second PCR product 
reaching around the circular DNA genome was used as a 
（emplatefordetermjninglhecompJeteconsensusviraIgenome  
sequer）Ce・ThegenomewascoTlfirmed10becircularand5・040  
nucJeotidesinJength（accessior”umberEF127906）・Twoad－  
ditionalisoIates that wereidentified during the subsequent  
PreValences【udy（seebelow）were 

． 

StockhoJm380，aCCeSSion mmberEF127908）・Thethreege－  
nomeswerehighlysimiJar・BothisoIatesStockholm350and  

StockhoJm380diqeredfroTntheproto【ypeisolatebylOnu－  
C】eolide substitutions，andlheydiqered from each otherby  
SeVenSlngJebases．ThevariabIepositionsshowedsomecJus－  

min・Ther矧血座I光11elWaSrモ00Vered，re5US匹n（kヰ卸dlreatedwithDNase  
before DNA and RNA wcre extracted（l）．Extracted DNA and RN＾≠℃rC  
8mPli鮎ds叩ara【Ctyby“ra‖donけCR“（乙1Z）．¶le帥Pl浦朋雨0叩rOductswer亡  
SeParaId oれanagarOSeg¢l，and fragm即15k軸CenapprO裏mateIy6008nd  
l，500bpinl引1がhwerecloned．A10（alofわu一曲rarj¢SWC－CgenCra【¢d，dcパvcd  
frornDNAorRN＾，andfilIeredthroughaO－22－OrO．45－P．m仙er．Nincty－SIX  
e）onesfromeadlIibrarywere scquenccd bidircctionalIy，i・e・，JL tOtalof384  
Cloncs・A洗10rSPeCi浦y d亡5ign¢d C＋十and f，仁一lprogra汀ISW¢rC USed ror  
atLtOmatedqualitytrimming，dustcrin8．BLASTscardleS，SOrtjng．zLndformaト  
IlngOr加託q此nCer亡a血7も¢OUtpU【W8SaSOr【edlistoftheb萬Idatさb乱防hib  
b川UCIcotkkandlrさnSIatd甚qu¢n比S・   
G細Omi亡…l鰐kor鵬Ⅲ町Vg印○朋．A4脚bp－l叩gPCRprodud托さCh－  
jngaround（hcdrcuI8rDNAgcnol眠WaSgCnCra（Cdbyprjmersdirccted－out－  
Wardl．from（hcJirsIc］oncdfragmcJl暮O｝0］鴻2RIm＾CrrmGGCCTTGTT  
AG】andPo［－315F【＾G＾TGCmAC＾CAACTGTATG））JndtvtJSjft＄along－  
rang亡印可mCm血ur¢（Platinu爪71叩HighF氾eli郁Invitrogen）・A駈COndPCR  
productof500bpov亡dappingb血伽血o一山¢10ngprOduclanddosillgthe  
CirdcwasgcncraICdtvpri口】CrSPoIconF（GGAmTGTGCTAGAAq  
andPoIcorLRロmm（；＾GGTACAACAAGC）・BotbPCRproductswrc  
dircdlys¢qu¢nC亡dinord併100b【aina印舶亡nSⅦ決quen∝brthe00miIlete  
g¢nOme・Th〇封川㈹prO∝du長wasappliモdぬ∫ぬcmi血g抽c伽lトⅠ印gth光一  
qu印C亡S¢†拍ー眈岳01ates．putativcop帥托adinghmcs（ORF5）w訂CidⅢti病叫  
andsequ¢n亡びW耶aIjgncdwithCb†leMan咤er5ujteる卜¢円bn6．00）・a爪dA】ign  

Ptus（v亡rSion4．10）（Sci亡ntific山IdEduαtion山Sof鵬i托，Du血am，Nq．prdi亡－  

Iiono－putal血＝血djng£i【胡ぬ【ぬ爪5αlp【i伽ねdorswas匹rbmdbycom・  
Parisonwilhconsensu5S¢quCn比Sandwi【h仙ebeIpof一山eAtiBaba即什Ⅳare  
（v亡帽ion2．1）（16）．   
P吋log帥e加納巾si5・AIIsequ瑚C亡SW仁一edow山8ad亡d丘omGenBankex∝Pt  
thoseofmurinepn軌mOtrOp】CVirus，Whjdwe托basedona00rr∝led舐qU亡nCe  
（T・RamqvisL，unPt）bIisheddaLa）・＾cccssionnumbcrsaT”VailablcupbJITeqUeS（・  
¶ecompk托g？nOmeSandthea州毎add駈quenC岱Or仇e亡artyandlaIe  
PrOteins，∫eSPeC（iveけ，WCreaZignedandncjghborjoiningtreesgcncr且tedwith  
CIu錮1Xvedo爪1・83．mモdatawer亡b00tSI帽ppdw仙1，㈱∫呼】i飴I電．and  
treeswcrGYj亡WedwithNJp】ot．ForwhoIc－genOmeamalys転the爪伽∝適ingcon－  
trolr亡gio几SW打er亡mOVedjnaccoTdanαWith亡Stabli如dcoれ代ntiol鳩さndthe  

机31nud亡Otidcin【hcTanli名川5WaSd岱ignatcdnucl¢Otid亡1．   
PCRrordetctlk，rtOrKJPyV・PCR叩rimcntslorde（eetjono（K［PyVwere  
p亡ーねmedinadia卯OSticlaboratory5モ代ing，亡鮎uringthallhen亡∝5鐘けPreCaU－  
tjo几S108YOidcontam血【b爪W亡托Iak亡爪．Pぴitjv亡andnegadve00山一oIsw亡ー亡  
inc】ud亡dill亡adlα匹rim¢nl・DNAw8S堺traCld吋COⅧlCrCialIyavailablモ山b  
asdescribcdunder【h亡ー亡SpeClive姐mPletyI光．坑v亡miα01ito巧OfαI帽此dDNA  
WaSu5eda5th仁一empIalerOrthenestedPCR．7もモ50叫l托さdionmixm潤USed  
foTLllefirsL＆ndsecondf．CRscoIISistedoflXGencAJ71pPCRbutkrII（10mM  
Tris－HCl（PH＄・3J，50mMKCl；App］iedBjosystcJnS），2・5mMMBCTz，0・2mM  
eachdeoxynudeosidetriphosphalc，23UofAJnPJ汀叫GoldDNApolyJl）eraSC  
（Applie（‖封osyslemS）．and20prnoIofeadlOf【71ePrimers．¶一Cfirs（－PCRprimcrs  

WerePOLVPl－39F（AAGGCCAAGAAGTCAAGTTC）andPOLVPl－363R  
（ACA CTC ACT AAC TrG ATT TGG）．TTLe SeCOnd－PCR pri111CTS WCre  
POLVPl－118F（GTA CCA CrGTCAGAA GAA＾C）and POLVPl－324R  
（TTCTGCCAGGCTGTAACATAC）．TheqclingぐOnditionsfor（hefiTS（and  
Se00ndI】CR5WerelOn】ina【940C，仙10WCdby35q忙l苺Oran叩IificaLion（如OC  
わrlmin．540Cforlmin，and7アCfo－2m叫）・Prod＝C【5W¢－亡扇sualj圧donan  
agarose geI・nCPrOduct size afterthesecoTId PCRwas207bp，AllPCR  
PrOduc【swcrcscquencdin（1dcrIOCOnホrIローhat仙eywcre叩∝ificbrKIPyV・   
Pn州1enα血dypop山ado耶．（i）N■50p一食lγl嶋田1鮎pi帽一指・Sixhund鵬IhiHy－  
SeVenS（OrednaLSOPhalyngealasJ）lra（CSSt）bmit（CdtotheKarolirLSkaUniYerSi勺I  
bboraIoけねrdiagnosisorresplratOryVirusinkd如IS丘oJnJ山y2∝k暮○九n亡  
2005w¢re5tUdjed・SampIjngmonth，patient’sageandsex，androutinediagnostjc  
（immuれ08uor亡S比nCCa】－dvinlSC山Iu【亡）伽din8SWerer亡ぐOrdedbelores糾】lP】が  

Weremad⊂anOれymOuS．memモdian且g亡Ofthc＄ampledpaIien【swa57ycars  
（range，Omonthsto90ycars）・Twotlundred5eV即け－OneSamPlescam仁一rO爪  
Children＜2yea（SOld・Totalnudejcacidswereextractedbm200－Pjsamplesby  
（heMagA【lraCtVirusMiniM48kjl（QIAGEN），3ndnucleicacjdswcrceluledjn  
川Ol⊥I・EIutednuc】eicacidswereinilia‖yana】匹edjnpoo150flOsamples，and5  
山Oflhe pooIwas useda5血e t亡mP】a【ebrlhePCR・SjnglesampIcs丘om  
PCR－pOSitiv亡POOIsw亡托analyzed．  

（ii）F亡αS・Onehundredninety－押0隠飴Isamples5ubmjtted101heKa－01inska  
Universiけuboratoryfordiagnosisorv血sinfec【ion5fromlJu】y20051038  
Novcmber2005wercsludied．Samp暮eswer亡mainlysubm如edfordiagno5isof  
gasけOenIeh【is・BasicsamplingdalaW¢rCr亡COrdedbefor亡Sa爪pl∝Weremade  
anonymous・Tもemedianag亡O一山e諭mP】edpati抑bWaSlyear（rang亡，Omonlh5  
1017y亡a巧）・Onchundrednineleen5amPl益Cam亡打omchiIdrenく2y8arSOld・  
Nuc】eicacid5WereeXlrac【edfrom400トlorarroz亡n20％托ces5USp亡耶ionby  
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LTantigen（Fig・1）・Onthebasisofconsensussequencesand  

aligT）mentSWjthLTantigensofotherpolyomavin】SeS，WePrO－  
POSeadonorspljcesiteforLTantigenatposilion4716andan  
acceptorsite atposition4328・NomiddleT（MT） 
SeemStObeexpressedonthebasisofthefo】lowさng・（i）Bolh  

POlyonlaViruSeSthatexpresstheMTantigen（murlnepOJyoma－  
Viru5【MPyV］andham5terPOlyomavirus）usealJthreereading  
framesforsynthesisoftheST，LT，andMTantlgenS，WhiJeaII  
OtherpoJyomaviruSeS，ⅢPyVincluded，uSeeitheroneoT，in  

SOmeCa5eS，帥0・（ii）InbothMPyVandhamsterpolyomavJruS，  
1heMTantlgenmRNAisproducedthroughspJjclng，andno  
COrreSPOndingsplicesiteshavebeenfoundinKIPyV・Assum－  
1ngthereisnoexpressionofMTant．gen，tinyTantlgenCan  
mostlikelynotbeexpressedeither（33）・   
Theearlypro（einsshowsimi1aritiestoothermembersofthe  
POlyomaviruSfami1y，PrlmariJyBKV，JCV，SV40，andsimian  
agent12（SA12），andalignmentwithlheLTantigensofother  
POlyomavinlSeSShows thatmostreg10nSCharacteristicofLT  
antigenarepresentaIsoinKIPyV・TheN－termina182amino  
acids（aa）of（heSTantigenarecoTmOntOtheLTantigen・  
Thjsreg－OnenCOmPaSSeStheJdomatncarryIngtheconserved  
reglOnlsequenceandtheHPDKGGbox・1ntheC－terminal  
part thatis ur）1que tO the ST antlgen，thereis a cysteine－  
richdomaintyp）CaJofpolyomaviruses・IntheLTantlgen，the  
rrPDKGGboxisfol】owedbyaputativeRbbindingdomain  
（LRCNE），anuClear10CaIizationsignal，aDNAbindjngdo－  
main，aZn月ngerregioninc】udingthezirlC再ngermotif（CL312，  
C－315，H－327，H－331），and nnallyanATPase－P53bindingdo－  

maincontainlngthehighlyconservedGPXXXGKTsequence  
（aa434to441）・UnlikeBKV，JCV，SV40，arldSA12，thehost  
rangedomainseemstobemiss－ng・   
Late region・In thelate reg10n Ofthe genome，there are  
PutatjveORFsfor？aPSidproteinsVPl，VP2・andVP3（Fig・1）・  

Asjnallpolyomav】ruSeS，VP3isencodedbythesameORFas  
VP2bytheuseofaninternaJstartcodon・Thereisanoverlap  
berweentheCterminusofVP2／3andtheNlerminusofVPl，  
a5jsthecaseinotherpoJyomaviruses・Itcanber．otedthatboth  
VP2andVP30fKIPyVareJargeincomparisonwiththoseof  
Otherernbersofthepo】yomavirusfarnily（400and257aa，  
respectJVely）．   

ForVPl，thereisonlyonepossiblestartcodon，1nCOn（rast  
totheVPIproteinsofBKV，JCV，andSV40・Thedegreeof  
homologywithotherVPIprotein5isremarkablyIow（Tablel）・  
VPlhasonly30％idenlitywithitsclosesIcOunterPaTtS（those  
ofJCVandMPyV）．InKIPyVVPl，theonlyregionthatshows  
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FIG・1・GenomeoT甲nizationofKIPyV・Pu【ativecodingregions  
forVPltoVP3，STantlgen，andLTantigenaremarkedbyarrows・  

（erlngin the regulatoryreglOn，but there were also a few  
jsoLatc－SPCCi6carnino acidsubsti（utjons Ln Lhc puta【ivc pTO－  

teins．   

OYera11genomeorganjzatiorL．Thegenomicorganizationof  
KIPyVistypica］foramemberofthefamilyfbb，OmaViTidae，  
Withanear）yregion竺nCOdingregulatorypro【eins（Smal＝【ST］  

andlargeT（LT】antlger■S）andaJatereglOnCOdingforstruC－  
turalproteinssepa†atedbyanoncodingregulatoryregion（Fig・  

1）・ThegenomesIZeiswithintherangeofpoJyomaYiTuSeS・  

Properties ofthe deduced proteinsand theirsimilar）tleS（O  
thoseofJCV，BKV，andSV40areshowninTablel・WhiJethe  
nonstmcturalproteinshavesubstantia】aminoacidsequerlCe  
similaritytolhose oftheo【herprirnatepolyomaviruses，the  
structt）raJproteinshaveaverylowdegreeofsimilarity10those  
Ofo（herknownpolyomaviruses・   

ReguJatoryregion．ThenoncodingregulatoryreglOnOfpoly－  
omaviruses contajns（he promoters for early and）ate gene  
transcrlPtlOn，OrlglnOfreplication，andtranscrJptlOna】enhanc－  
ers・Thecore orlglnOfreplication ofKJPyVconta；nslhree  
potentia）LTarltige月bindingsites，COmParedtothefourfound  
inmos（POJyomaviruses（lTig・2）・Twoofthesehavetheclassical  
sequen9eGAGGC，WhilethethirdhasthesequenceGGGGC・  
AT）AnT－richdomain，PrObabJyharboringaTATAboxforthe  
earlymRNA，1iestothelatesideofthesebjndingsites・Tothe  
earlysideofthebindingsJteS，POlyomavirusesnormallycontain  
animperfectpalindromeIfollowedbyadditionalLTantlgen  
bindingsites・KIPyVhasthreeadditionalpoten（iaJLTan【igen  
bindingsiteswhereexpe（‥ted，butthethereisnopalindrome  
Pattern・Infacl，nO】ongpalindromesorrepealswerefoundin  
（here芦ulatoryregionofKIPyV・Putativebindingsitesfortran－  

SCrlPtlOnfac10rSWerePredictedinsilico・Transcr）P（ionfactors  
withmorethanoneputativebir）dingsitewerecLEts－1，Ocト1，  
arldNF－1（Fig．3）．Inadditior），【hereweretranscriptionfactors  
withasingleputativebjnd；LngSite（datanoIshown）・Nobinding  
SitesforSpIcouldbefound・   

TABLEl・PutativeproteinsencodedbyKIPyV〟  

Amino acid  
idcnt桓（％）with二  

No．of GIcu】ated  

amInO maSS  
PuIa【ivecoding   
rcgiorI（S）  

Protein  

acids （kDa） BKVJCV SV40  
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378  
400  
Z57  
Ⅰ91  

ト＝  

VPl  149＆－2634  
VP2  441－164〕  
VP二‡  870－1643  
STa＝llgen 4967－1〕92  
LTa…1gen 4967－1716，432S12655  

∫・Molec山ar masseswer亡C∂一cリーaled bymeans orlhe Pro【Pararnwcb tool  
（hltp二仇vw入′．eXPaSy・C仙0（〕Is／protparamhtml）・  

1（57  
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K三？yV TTTTTT〇TA了－AT－TA－－－－⊂A（薗：凪肌A虚．AG⊂TTT了TCTAGAAGA兵GGAGAGGG－－⊂C一TG－C薗TTTGA  
BKV TTTTTTTTATAATATATAA－－一一区頭諌一転加コCCCTTTCTCTCT船GTÅGTA－AGGG－一丁G－TG－－ 奄云亘歪l「TTTTC  －－－ 

J亡V TTTTTTてTAT一．－＾TATA－－⊂入歯一匡鉦A＾G亡TTA⊂TC－AGAAGT＾GTA－AGGGL－⊂G－＝G－一薗TTTT＾薗－AGG…－v－一G …：；…三言三三三三三‡＝；ニ諾三二二二瑠翌二監悪霊≡き……諾三三……二三≡慧≡三三芸：二三≡三三二二；ニニ；こ欝諾言…霊；≡≡ニ三；…： 腔yV TT了rTTrAG了AT－－TAA”－GC囁GtGG6tcta・－T喀至要田＝GこTTACTCTGGAGÅAAAA－GA－AGA”－－－－一一－一薗TTCCA一砂ACトーーーTGTC  
V  

LFV TTTTTTCTACCTGGTATAA－”一匹璽＝姑GGGtCぬイ痙至亘＝TCCTCTTCTTT－CAACAAAGAGA－一－－PL”－－－－－ t蚕豆計TTTG－一画rTTニー一－－－－CC  

〟rィbhdomain   

FIG・2・AJignmentoftheoriginsofrcp）icatioJlOfniTLePOレomavi川SSPeCJeS・PutativebindingsitesforLTantigenareboxed・MPtV，Jmrine  
pneumotrop）Cvirus；BPV，bovincpoJyomaviruS；LPV，I叩IPho（ropJCpaPOVaVirus／nlisa］ignrnentjsamodiRedfbrmof（ha（OfMayerandD6rries  
（加）．  

areJativeJyhighdegreeofsimilaritytothoseofotherpoly－  
OmaViruSeSisthesequencethatinMPyVVPlhasbeenshown  
tobindcaJcium，COrreSpOnding【oapproximateJyaa237to248  
inVPlofⅢPyV．Otherwise，VPlofKIPyv桓SVeryJimited  
homologytothoseofotherpolyomaviruses・   
neVP2NP3BeneShowedevenlowersimilaritytoitscoun－  
terpartsinotherpo）yomavirusspecies（Tab）el）．Infact，nej－  
theranucleo（idenoratranslatedBLASTsearchwiththisgene  
SequenCegeneratedanysign浦cantmatchesil－thepubLicda－  

tabases．Thus，theidentityofthisORFison）yindicatedbyits  
POSitioninthegenome．VP2andVP30fa］lotherpoJyomavjT  

rusesモOntainaconservedVPlbindingdomain（Jocatedat  
approxlmatdyaa281to295ir）MPyVP2）．Nocorresponding  
SeqtJenCeisfbundinKIPyV．   
Severa）polyomavirusess11Ch asBKV，JCV，andSV40ex－  

pressanAgnoproteiJlfromthela（emRNA．lnXIPyV．the  
regionbe（WeenthestartcodonsofVP2andS昭respec－  
tively，is）arge（513bp）andthiscouJdp？SSibJyindjcatethe  

PreSenCeOfanqgnogene・However，thereJSnOCOrreSPOnding  
ORFpresentinthisreg10n．   
PhylogeneticaJla）ysis・Phyloger）eticlreeswereconstruCted  
Onlhebasi50falignmcnlsorthe鋸stisolate，Stockho】m60，  

WithknownviruSeSOfthePo如maybidoefamily．Analysisof  
earJyproteingenesconsistentlyc）uslered KIPyVwithJCV，  
BKV，SV40，andSA12butasanoutlierinthiscJade（Fig．4）．  
Analysisofthecompletegenomeyieldedhighlysimilarresults  
（datanotshown）・Inconlrast，analysisofthelateproteingenes  

COnSis（entlyplacedKIPyVoutsidethetreeasthemostdistanl  

groupmember（F7g．4）．   
PreYaJeneeorⅨⅠ研inhumansamples・1n．ordertoinves－  
tiBatePOSSibJerepIicationsitesandsuitablesampJemateria】s  
forprevalencestt，dies，SeVera】sampJesetswereinvestlgated  
for the presence of KIPyV DNA by a PCR targetJng the  
geneforVPl（Table2）．TheideJltitiesofthePCRproduc（S  
Were COnfirmed by sequenclng．The results were also con一  

角rmedbyasecondPCRassaytarBetlngtheLTantlgengene・  
KIPyVwasdetectedinnasopharyngealasplrateSandfecesbut  
notiJluriJle，Who）e－blood，Je止kocyte，OrSerumSamP）es（Tab）e  
2）．TwoisoJatesobtainedfromnaso亘haryngealaspirateswere  
fullysequenced．TheaBeSOfthesixsuqectspositiveforKIPyV  
inthenasopharynxraJlgedh’Omlmonthto26years（median，  
2years），andthesu句ectwithpositivefeceswas3monthsold・  
Jn6veof（hesixnasopharyヮgeaIasplrales，areSPlra10ryVirus  
infectionwascodetectedinthesamesamplebystandarddi－  
agnos（ictests（immur）O仙orescenccandviruSCu］ture）（three  
resplratOrySynCyljalvirus，OnehumanmetapneumoviruS，and  
OneinfIuenzaAviruS），STIggeStingthatKIPyVisれOtIikely  
responsibleforthesymptomsthatpromptednasopharyngeal  
Sampling・  

DISCUSSION  

The貞nding ofa circuJaTDNA7TlO】ecu7e with a genorrlic  

OrganizationcharacteristicforapolyomavirusandwithJarge  
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4968 ＿  
LT  LT  LT  LT  LT LT  

噴こ∧T宅≡蚕トTTT団、CCTこ二CこC∧C∧Cf：＾＾こ∧∧こ八▼CT－TTT二C′匡≡卦∧＾＾邸＾C  

Ocト1  NF－1   

A‘l∵∧′l∧1て1’二二1一＿－1■二てC∵GニーG‘lC∧二一1●∧ムニニG二C∧AC∧C∧J′∧＿G＿■l■＝ニー1∧C八ー二∧一ごC∧1●∧C八∧∧：C∧ご∧∵∧＿二てGG二1－∧二一l二C∧ム∵二‘1－C  

AT一面幼do汀Iain  Oct－1  NF－1   

こAこ■C：AT：「AこACニCA⊂CACTCTCCAC．入T〔：⊂L：｛：＝てCTT（「AT二入ACこATこL：Ar：＝二T：二TこTTATこC入AAこTこA⊂AACCこ二A仁T‾二ニニT‾  

NF－1  NF－1   

＝九九CC＾CCC＝CC＾L：ニCCこTCC八八⊂こ＾こここ＝C⊂八八C＾二7LAm二Cこ＝T＝Tこ：二Z：＝7tこC7tCT二C八∧＝＾Tこ入C＾CC八八C㌻〇TCTこC＾＝TC  

C－Ets－1 NF－1   c－Ets－1  

＿GAC仁二C＿●GこGAAAT；Al’：CGG‘）rl＝C‘＿∵’lCAC∴C（二‘二A二rGA′∴’1＿A†＝GA＿／∵JGAl二A／1■’：AAGA．二■1’AG：二A’17：A＿AAA（－＿．＝AAこ；∵CC  

Oct－1  0ct－1  

二TAr：AAl二CG＝GG，AGCA＝A3L＝TTG：－ACT：ニGA仁GTATこGAAA二C¶九－AT二TCr：二AGTGニTTAAA入A∵九人AAr：71AAA阜’T  

420   

FfG・3・ThenoncodingreguJatoryreglOnwithputativebindingsilesforlransC［iptionfactorsind；cated・Puta（iveLTantigenbindingsi（eSare  
boxed，andothertranscrlPtionfactorbindingsi（esandtheA汀，richdomainareundeTIined．  
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FIG・4・PhyTogeneticanalysisofLTantigenamiJlOaCidsequ竺CeS（a）andVPlaminoacidsequences（b）・BootstrapvaJueモareindicatedateach  
branchingpoiTlt・Ana］ysisoftheSTantigenyieldedaphyJogenet）CtreehighJysimiJartothatobtainedbyLTan－igenana［ysIS，aJldwho）e－genOme  
analysisshowedasimilarpattern・AnalysISOfVP2andVP3yieldedresu）tshighlysimiJartothoseobtainedwithVPl－GHPV，gOOSeheTl10rrhagic  
polyomaviTuS；CPyV，CrOW POlyoTTlaVirus：FPyV，fiTICh polyomavirus；APV．aviヱIn POIyomavirusこBPV，bovine po［yomavirus；MP（V，TTlurine  
PneumOtrOPicviruS；LPV，JymphotTOPicpapovavirus；HaPyV，haTnSterPO）yomav血s．  

reg10nSOfaminoacidsequencehomologywithpoJyomavinlSeS  
StrOng）ysuggeststhatthediscoveredDNAmoleculeisindeed  

thegenomeofapreviousJyundescribedpolyornaviruS．Thetwo  

PreViousJyknownhumanpolyomavirusesJCVandBKVwere  

namedbytheinitiaJsofthepatientsinwhomtheviruseswere  

til－S（identihed（13，30）．Thisisnolthecurrcn（namIngprac【i亡C．  
In order to stilJconform10the previous nomencJature，We  
PrOPOSetheprovisionalnaneKIPyVforthenewpolyomavー  
rus・Ttsrecoveryfrom c帥t humallSamP］esconfirmsthatlt  
infectshumans，andjtspartialre】atednessIoJCVandBKV  
anditsprevalenceinchildrenindicatethathumansareIikely  
thenaturaJhost・However，furtherstudies，inpar（ictJlar，SerO－  

loglCS（udies，areneededinoTder10COnfirmthis・Tntrlgu．ngly，  
theexistenceofmorehumanpolyomavirusspeCiesjnaddiljon  
toJCVand】〕KVhasbeeznsuggestedearJicrbylheLindingof  
】ymPhotropICPaPOVaViruS－reaCtive antibodiesin human sera  
（36）・Whetherthisobservationwasindeedre］ated toKIPyV  

TABLE2・SumTnaTyOfresuJtsfromthescreeningofseJected  
humansamp］esforKIPyVbyPCR  

remains（Obedetermined・ThenucleotidesequenceofKJPyV  
hasonlylimitedsimi1aritytothatofJCV，BKV，SV40，Orany  

Otherkr）OWn pOlyomavirus・Wealigned18publishedpTlmer  
PalrSuSedforthedetectionofJCV，BKV，OrSV40withthe  

KけyVsequenceandfoundthatnoneofthemcouJdampliち′  
KIPyV（data not shown）．Itis thus highJy unJjkely（ha（the  
PrCSenCe OfKIPyVwould haveinfluenced earlierstudies of  

polyomavirus detection by PCR. 

Phylogeneticanalysjsofthecompletegenornerevealedthat  

KIPyVis clearlyseparate from al】other known po】yomavi－  

ruses・Whentheearlyandlategeneswereanalyzedseparate）y，  

djsparateresultswereobtained・Whiletheearlygenesgroup  
WithJCV，BKV，SV40，and SA12，thelate genes form an  

OutliertotheentjrepolyomaviruSfami）y・Apossib】eexpJana－  

tionforlhiscou）dbethatthevinlSOnCeemergedbyrecom－  
binationoftwophylogeneticallydistantviruses，eaChcontribL  
ut］nghalfofthegenome・Al1ernatively，theearlyregJOnmay  

Simply be more conseTVed because ofmore－rigidfunctiorlaI  

con5traintswhiletheJLategeneshavedivergedmorerapidJy  
andbecomeverydistantfromthoseofitsrelatives．Itispos－  
SibJethatfuturediscoveriesofaddjtior）alpolyomavirusspecies，  

e・g・，inotherprlmateS，COuJdmakethephylogenetictreemore  

COmPlete and pro、′ide additiona】clues to the evolution of  
KIPyV．SeveralnewmembersofthepolyomavinユSfamiJybe－  
SidesKIPyVhavebeendiscoveredinthelastfewyears（18，19）・  
TheunIquelatereglOnOfKIPyVindicatesthatilmaybethe  
汽r5tdiscoveredmemberofanewsubfamiIyofpolyomavirtJSeS・   

ForassIgnmentOfnuc）eotidenumbers，tWOdifferent5yStemS  

areinuseforpolyomaviruSeS・Ejtherthenucleotideadjacent  
to（hestarlcodonoftheTantlgenS，i・e・，thenrstcodonin血e  
regulatoryreglOn，OranuCleotideintheorJgZnOfrepljcationis  
COnSidered nucleotidel・The numbering we selected for  
KJPyVbeginswithinthepresumedoriginandproceedsc】ock－  
Wisethrough theJatereg］On，aShasbeen doneformostprl－  

No．or  

SamPle5  
tes‡ed  

No－（％）  

POSitive  
Sampletype  さ；ource  

Nasopharyng亡a】   

a5p】rate   

Urine  
Serum  
Whole blood 
Feces  

Isolat（：d frozen   

kukoq′【es  

Consecリーiv亡Clinicalsamples，   
main】yre叩1ra10り1raCt   
disease  

HSCTrecipJentS  
HSCTTeCIP⊥entS  
Btood donolち  

Conseculivec！inicalsarnp】es，   
mainlygaミ；けOenleri【is  
Sampl亡SS川†わーCMV■   
dia伊－OSis，maj山yfrom  
immunosuppres父d   
patienls  

637  6（り  

】50  

5j  
0（0）   

192  
O（0）  

192  
0（0）  

1（0．5）   

9（i  O（0）  

‘‘CMV，CytOmegalovjru5．  
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withdise。Se（20，29）．N。netheless，themaj。y。fk。。W。h。－  

mal－VirusesarepathogenicinonesituationoranotheraJldany  

newJydiscoveredvirt［SmuSt thereforebeconsideredalikeJy  

Pathogen．Aproblemwith persIStlngVirusesisthat（heyare  

Often discovered ot］10flheir symptOmatic context，SO that  

establishir）g their associationwith a particular disease may  

requlreeXtenSiveinvest唱ation・HistorjcaJJy，thishasbeenlhe  

CaSeforhepatitisBvirtlS，Epstein－BarrviruS，andparvoviruS  

B19（5，8，11）・JCVandpKVarealsoveryprevaJentviruses  

thatcausediseaseonレunderrarecircumstances・Searchingfbr  

adiseaseassociatedwithKIPyVwi］JbechallengingbtJtmay  

haveimportan（medicalimplications・Prim？ryCandidatedis－  

easescouldincludeunclearinfectiouscomplicationsinimmリー  

nocompromisedindividuals and diGerent b・peS Of cancer．  

WhetherJCV，BKV，andSV40caI】COntributeto（umordeve）－  

OPmenlinhumansjsstiLZarnatterofdebate，andonecou］d  

assume（hat KJPyVwilJbe subject to the same djsctlSSion．  

There are pu【ative bindinB SitesLor p53，aSWelJas theRb  

famiJy of（umorsuppressor proteins，jnlhe LTantlgen Of  

叫V，WhichindicatesthatarolefbrthisviruSintⅦmOrigen－  

esiscannotbeexc）uded．   

This studyreinfbr比S thenotion that manyhumanvin】SeS  

haveeludeddetectiondespitemorethanlOOyearsofresearch  

invirology・SinceviruSeSare7ikelypathogens，lheiridentfEica－  

1ionrcn－ajnsanurgenlscicJltiLiclask・ThisstudyfurtheriJLus－  

trates how molecular virus screening of respiratory tract 

Samplescan be applied fbr discoverlngtlnknownvirusesof  

difkrenttypes，andnotorLIyagentsofrespiratorytractdisease，  

thus makinglt a Suitable approach for a‘‘hl】man Virome  

PrPject”．  
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