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問題点（サラセミア患者の輸血によるTTV感染）  使用上の注意記載状況・  
サラセミア患者は、頻繁にウイルスに暴露された輸血に依存していて肝不全や肝障害を頻繁に合併している。HBVとHCV検査によるスク  その他参考事項等  
リーニング導入以来、この患者グループでの輸血関連の肝炎は激減した。しかしながら既知の肝炎に感染していないサラセミア患者の37％  
がいまだにM異常値を示しているが、原因は特定できていない。  

TTVは一般の人々の圃で高率で広く分布しているが、特にサラセミア患者などの頻繁に輸血を受ける患者では80％以上が複数のTrVの遺  
伝子型を保有している。  

研                                         著者らはアラブ首長国連邦で定期的に輸血を受ける（年間13－18回）サラセミア患者197名のTTVの遺伝子型およびフェリチン、AST、   
究   

報 ムヒ  

【コ の   

概  m陽性群において皿異常値率は、年齢による差はなく、年間の投与間隔や投与数に起因していないことが示唆された。   
要  TTVウイルスは27遺伝子型から成る少なくとも5グループに分類される。TTVDNAをRDプライマー、TT6／7／8／9プライマーおよびNG  

プライマ∵のユ種を用いて増幅して、遺伝子型を解析したが、TTV感染患者のほとんどが複数の遺伝子型を保持しているので、フェリチン、  
AST、Au、を上昇に関与する連伝子を特定できなかった。  

筆者らは、TTV感染がHCV感染患者の肝疾患を重篤にさせるとは結論できないとしている。重篤な肝疾患の進展にはTTVよりもHCVの  

方が重要な役割を果たしている。   

報告企業の意見  今後の対応   

現在までmの病原性は十分解明されていないので、当社製品の原  
料血嫌の段階でTTVに対しての検査は実施されていない。  
TTVとAuに関するCPMPの見解（Plasma－derivedmedicinal．products：  
positiQnPaPerOn．Autesting：CPMP／BWア／385／99）は、TTYDNA値と  
AIJ値との間には明確な相関関係はないことを示唆しているとして  

いる。  

m検査は実施していないが、本剤の製造工程（60℃10時間の液状  
加熱）で不精化されると考えられる。  

今後とも情報収集に努める。  
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Clinica10utcomeofFrequentI∃ⅩPOSuretOTorque  
TenoVirus（TTV）ThroughBloodTransfusionin  
ThalassemiaPatientsWithorWithoutHepatitisC  
Virus（HCV）Infbction  
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As a consequence of the high prevalence of   
TorqueTeno＞irus（TTV＝nbIooddonors，thafas，   
SemiapatientsfrequentIYaCquirevariousgeno－   
types of this virus through therapeutic blood   
transfusions・Atpresent，theclinica［consequen－   
ces of TTV infection remain indeterminate for 

these patients．Here′SeVeralhundred thalasse－   
miapatientsweretestedforthepresenceofTTV   
andits genotYPeS uSing a combination of PCR   

and clone－based DNA sequencing．Approxi－   
matelylO％（12／118）of the patients aged 2－   
20 years remained negative for Tn/ including 
eight genotypes of SENV．Fer（itin，aSPartate－   
aminotransferase（AST）andalanine－aminotrans－   

ferase（ALT）feveIswereinvariablylowerinTTV－   
negative patients（P＝0．02，＜0．01．and O．06，   

respective（Y）thaninlTV－POSitive patients．   
Patients with TTV－HCV co－infection showed   
elevated ferritin and ALT levels compared with 
Patientswith TTVinfection aIone（P＜0．02and   
P＜0．01）．AST and ALT］evels were vvithin the   
normalrange for alITTV－negative patients，   
whereas abnormallevels ofASTand ALTwere   

SeeninasignificantproportionofTm－POSitive   
Patients（30．7％ and33．6％，reSPeCtively）and   
PatientswithTTV－HCVco－infections（70．0％and   
56．6％．respectivelY）．OnlyTTV－POSitivepatients  
（28．0％〉andpatientswithTTV－HCVco－infections  
（36．3％）hadhyperLferritinIevefs（≧3．000ng／ml）．   
Thegenotype（s）ofTTVresponsibleforthe‖ver   
dysfunctioncoufdnotbedetermined．However，   
high levels of AST and ALT were found to be 
COrre（ated vvith detection of a higher number   
Of m genotYPeSin the patients．The data   
SUggeStSthatfrequentandpersistentTTVinfec－   
tionthroughbFoodtransfusionisassociatedwith   
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hepatic dysfunction and／or damagein trans－  
fusiondependentthalassemiapatients．｝．Med．  
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INTRODUCTION   

Hepatic dysfunction and／or damage arefrequent  
COmplicationsinthalassemiapatientswhodependon  
blood transfusions that are associated with a high 
ftequency of exposure to viruSeS．Accordingly，the  
incidenceoftranSfusionrelatedhepatitisfbrthisgroup  
Of patients has been markedly reduced since the  
implement・ationofbloodscreeningforhepatitisBviruS  
（HBV）andhepatitis CviruS（fICV）nucleicacidand  
antibodies．However，OVerOnethird（37％）ofthalasse．  
mia patients without infection by known hepatitis 
viruSeS Sti11havean abnormalalanine－aminotransfer－  

ase（ALT）pattern［Chenetal．，1999】．TheexactcauseOf  
the ALT abnormality in those patients remains 
unknown［OkamotoandMayumi，2001】．   

AviruSWithasmal1single－StrandedDNAgenome  
wasidenti昆edbyNishizawaetal．［1997】inJapanf王om  
patientswithnon－A－Etransfusionacquiredhepatitisin   
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Huet－al．   

primersets［Huetal．，2005］．Thisfindinghasprovided  
amoreaccurateandefncienttoolfbrmdiagnosis．In  
this study，We uSed this efncient prlmer Sy8tem  
COmbinedwithcloneTbasedDNAsequencingtoinves－  
tigatetheprevalenceofvaTiousgenotypeSOfmwith  

respecttoclinicaloutx：OmelnVariousagegroupsofblood  
transfusion dependent thalassemia patients with or  
withoutHCVco－infbction．  

MATER工ALSANDMETIIOI）S  
StudyGroups   

Atotalof197thalassemiapatients鉦omtheUnited  
ArabEmirates（UAE）whohadreceivedregularblood  
transfusions（13－18h，ear）wereenrouedinthisstudy，  
including54withhepatitis CviruS（HCV）infbction．  
Amongthesepatientsayoungergroupofl18thalasse－  
miapatients（49femaleand69male）ranginginage  
froh2to20yearS（withamedianageoflO．8yearS）was  
testedfbrbloodfbrritin，ASTandALTlevelstostudythe  
clinicaloutcome of TTV∵and HCVin鈷ctions．The  

remainingthalassemia patients（n＝79：aged 21－  
53years）wereonlytestedfbrAIJTinthisstudy．Al1  
Samples were negativein standard donor－SCreening  
testsincludingHⅣ，HumanTCellLeukemiaViruSeS，  
andhepatit，isA，BandG．  

IsolationofViralDNA   

Pla8ma（100lll）wasusedforisolationof■viralDNA  
Withasilicagelbasedmembranewhileuslngmicrospln  
technology asdescribedin the QIAamp blood kit  
（QIAGEN，Inc．，Mississauga，Ont・ari0）．  

AmplificationandDetectionofTIVDNA   

Puri丘edmDNAwa8amplifiedusingthreesetsof  
nestedprimersderivedfiomt．heconservedreglOnSin  
5’UTR and ORFs ofthe Trvgenome払1lowing the  
procedure as previo11Sly desf：ribed［Okamoto etal・，  
1999b；Huetal．，20051．TheyincludeRDO37－038plus  
RDO51－052［Okamotoetal．－1998】，TT6－7plusTr8－9  
［Hohne et al．，19981，and NG5／UTR based nested  
primers（NGO54－147plusNG133－132j［Okamotoetal．，  
1999a］．W（TTV－1ikeminiviruS）ふasalsotestedin  
thethalassemiapatientsusingtwosetsofTTMVspeci丘c  
PrimersasdescribedpreviouslytHuetal．，2005〕．The  
Sen畠itivityofPCRusedinthisstudyhadpreviouslybeen  
evaluated byboth DNAdilution and real－time PCR  
methods．The sensitivity wasdetermined tobe≦10  
COpies／ml．Toconfirmthatthalassemiapatientstesting  
negativeforTrV were truly negative，the12TrV  
negative samples were su旬ected to additionalPCR  
reactioncondition＄includingdiffbrentandlowerstrin－  
genqyprimerannealingtemperaturesandadditional  
reactionq7Cles・PCRampli丘edmDNAwasdetected  
Onal．5％agarosegelusingethidiuTnbromidestaining・  

Direct DNA Sequencing 

Direct DNA sequencing was perfonned using an 
automatQd DNA sequencer（Visible Genetics）・A5’  

366   

1997．Withrefbrencetotheindexpatient，theviruswas  
Orlginally named Tr viruS howeveritis currentレ  
renamedasTorqueTenovirus（TTV）thetypespecies  
ofthegenusAne1loviruS，inanunassignedfamilythatis  
mostcloselyrelatedtothe Circoviridae［Hino，2002】．  
rrviswidelydistributedgeographical1ywithahigh  
rateofviremiawithinthe generalpopulation［Sim－  
monds，1998；Cossart．，2000］．Mixedgenotypeinfections  
aretherefbrecommon，particularlyin鉦equentlytrans－  
fusedpatientssuchasthalassemiapatientswhere80％  
ofthemcarrymorethanonegenotypeofTrv［Chen  
etal．，1999；Okamotoetal．，1999bl．Thisispresumably  
duetothehighfrequencyofviraltran8missionthro11gh  
bloodtransfusionandthepersistentnatureOfmviral  
infbctions［Chenetal．，1999；Gal1ianetal．，1999；Kanda  
etal．，1999；Kobayashietal．，1999；Matsumotoetal，，  
1999；Oguchietal．，1999；Pratietal．，1999】．TTVヽiruSeS  
havebeenclassifiedintoatleastfivegroupsconsistingof  
moretham27genotypesasaresultoftheextremelywide  
range of sequence divergence observed among m  
isolates［0knmoto etal．，1998；Tanaka etal．，1998；  
Tak町amaetal．，1999；Worobey，2000；Okamoto．and  
Mayumi，2001】．Earlystudiesindicatethatmmight  
CauSeSOmeformSOfcrypt・Ogenetichepatitis，pOSttran8－  
fusionhepatitisand／orotherdiseases，howeverthese  
observat，ions have not，been confirmedin most subse－  

quent studie8althoughit ha＄been suggested that  
Certainmgroupsorgenotypes（e．g．，grOuP4，genOtyPe  
landgenotype21）mightbeespeciallypat．hogenicand  
associatedwithliverorotherdiseases【Simonsetal．，  
1995；Okamura et・al．，2000；Sugiyama etal．，2000；  
Bendine11ietalリ2001；Maggietal．，2003；Piffbrietal．，  
2005；Szladeketal．，2005］．Theclinicalsignificanceof  
Trvinfection thus，remains controversial．［Oka皿ura  

etal．，2000；Sugiyamaetalリ2000；Maggi占tal．，2003；  
Pi蝕rietal・，2005；Szladeketal．，2005］．Considering  
thatthalaβSemiapatientsfrequentlyacquiremultiple  
genotypesofmthroughrepeatedbloodtransfusion  
admini＄teredthroughouttheirlifbtime，theroleofthis  
ViruSinthedevelopmentofclinicaldiseaseinthisgroup  
Ofpatient＄CannOt be excluded［Chen etal．，1999］．  
InadditiontoTTV，aSul）Stantialproportionofthalasse－  
mia patients have acquired HCV infedion through 
blood transfusion．It remains uncertainifHCV－TTV  

coLinfbctions resultin more severe biochemicaland  

histologicalchange8COmparedtoTIVinfectionalone  
［Charltonetal．，1998；Watanabeetal．，1999；Yhkietal．，  
1999；Zeinetal．，1999；Cleavlngeretal．，2000；Meng  
etal．，2001；Tokitaetal．，2002］．   
Sincemcannot．becultivatedinvitro，PCRisthe  

Onlyavai1abletoolfordeteetion ofTTV．It．hasbeen  
difnculttodeterminetheclinical8i釘1i魚canceof  
infectionsbecausediagnosticsystemsuslngOne？rtWO  
SetSprimersforPCRareunabletodetecttheentire  
SPeCtrumOfTVrvgenotypesandtheirvariantsthatexi8t  
inindividuals［0knmotoetal．，1999b，2000；Maggietal，，  
2003】．ObviousbT，thisha8impededaproperassessment  
OfTrvviralpathogenesis．Werecently払undthatall  
mgenotypes（except genotype21），and allSENV  
genotypes（A－H）canbe detected11Sing threeでⅣ  

よ肋よⅥ和～．DOIlO．100祁血Ⅴ  
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ClinicalEffbctofrIYrvinThalassemiacs   

Cy5．51abeledsenseprimer，RDO51，WaSuSedtoproduce  
asequenceofapproximately150basesfh）mRDprimer  
set PCRfhgments．Forthe PCR products amplified  
usingTTprimers，a5′Cy5．51abeledsenseprlmer，TT8，  
wasusedtoproduceasequenceofapproximately150  
basesinlength．5′uTR based primers NG133F and  
NG132Rwereusedfbrsequencingthe PCRproducts  
ampli丘edby5′UTRbasedprimers・  

CloningBasedDNASequencing   

ClonalbasedDNAsequenclngWaSperfbrmedusing  
TOPO－TA′rMvector（AmershamPharmaciaBiotech，  
USA）forcloningofpurifiedPCRproducts．Them  
SequenCeWaSamplified鈷■OmCOloniesofEscherichiacoli  
using M13primers（Amersham Pharmacia Biotech，  
USA）．Fifteenclones丘omeachindividualweresequenc－  
ed．Re－amplifiedPCRproductswere sequenced using  

thesameprocedureas払rdirectDNAsequenclng．  

GenotypingandComputerAnalysisof  
NucleotideSequences   

DNAsequencesderivedftomDNAsequenclngWere  
comparedusinganonlinedat・abasefbrthebest，pOSSible  
matchuslngthe Basic LocalAlignment Search Tool  
（BLAST）programattheNationalCenterfbrBiot・eCh－  
noIogyInfbrmation home page（ht・tp：〟www．ncbi．  

nlm．nih．gov／）．Al1furthersequenceanalysesandcomq  
ParisonswereperfbrmedusingtheDNA－STARLaser－  
gene’99softwarepackage（DNAStar，Madison，WI）．  

StatisticalAnalysis   

The mean difrbrencesin AST，ALTand ftrritin  
between three clinical groups were compared using 
Student’st－teStS．SincethesamplesizeforbothTTV－  

negative and m十HCV posit，ive groupsis small  
COmpared to tha七of the TW positive group，We  
performed a matching comparison to increase the 
COmParisonpower・Eachcaseintherrvーnegativegroup  
（orm＋HCVpositivegroup）wasmatchedtDaCaSeOf  
thesameage andgenderin the TIV－pOSitivegroup．  
Pairedt－teStWaSper丘〉rmedfbrthematchingcompar－  
ison．In addition，We CategOrized the AST，ALT and  
ferritininto normaland abnormalgroups uslngthe  
Clinicalnormalrangeasthecut－Offvalue，andcompared  
the abnormalratesinthethreeclinicalgroups，Chi－  
SquareteStSWereuSedinthecomparisonofrates．The  
SAS soffware package was used for the statistical 
analyses．  

367  

RESt）tTS  

CliniedSigni鮎anceofTTVInfeetion   

FeT－ritin，ASTandALTlevels・Forathorough  
analysisoftheclinicaidata，WenrStinvestigatedthe  
impact of age and gender on the levels of clinical 
parameters（Tablel）．Ferritin，AST and AIJTlevels  

Werefbundtobehigherinpatientsagedll－20yearS  
thaninyoungerpatient・Saged2－10years．However，t．he  
diffbrence did not reach statisticai significance  
（P＝0・13，0・10and O．10壬br fbrritin，AST andAl，T，  
respectively）・Allthree parameters were slightly  
increasedinmalerelativetofemalepatients，butagain  
no significantdiffbrencewasfbund betweendiffbrent  
genders（P二0．46，0，19andO．43fbrferritin，ASTand  
AlJT，reSpeCtively）・The data suggest that age and  
genderarenotm由orfactorsthat．significantlycontrib－  
utedtoliverdiseaseinthalassemiapatientsaged2－  
20years．However，Sinceal1t．hree parameters were  
Slightlyhigherinolderpatientsandmalepatient，Sin  
COmparisonwithyoungerpatient．sandfbmalepatients，  

aminorimpactofageandgenderonliverdysfunction  

COuld not be completely excluded．Toimprove the  
accuracyofdataanalysis，Wethereforedecidedtouse  
both age－SeX matChing and non－age－SeX matChing  
methodsforevaluatingtheclinicalsignificanceo  
infbctioninthalassemiapatients．   

TheresultsinTableIIindicatethatbyusinganexact  

age－SeXmatChingmethod，thefbrritin，ASTandALT  
levelswerefbundtobeinvariablylowerinm－negative  
patient，S COmpared to the m－pOSitive patients（P＝  

0．02，P＜0．01andPく0．06，reSpeCtively）．Thetrendsof  
t・heresultsgeneratedbynon－age－SeXmatChingwere，in  
general，COnSistentwiththosederivedusingtheage－SeX  
matchingapproach，Wherefbrritin，ASTandALTlevels  
wereshowntobehigherinTrv－POSitivepatientsthan  
in m－negativepatients（P＜0．02，P＞0．05andP＞  
0．05，reSpeCtively），but，inthis case only fbrritin was  
Signi丘cantly elevated．The clinical data regarding  
rrMV（m－1ikeminivirus）negativesamples（8．5％，  
10／118）wasalsoanalyzedandcomparedtotheTrMV  
positive samples by age－SeX matChing method－The  
levelsofAI，T，ASTandfbrritinwerenotsignificantly  

dif托rentbetweenTrMV－negativeandTrMVTpOSitive  
patients（datanotshown）．OftheTrvnegativepatients，  
91．7％（11／12）were positive fbr TrMV．These data  
further support the observation that Trv，but not  
TTMVcausesliverdysfunctionand／ordamage・Using  
age－SeXmatChedgroups，thelevelsofbothfbrritinand  

TABLEI、Ferritin，ASTandAmLevelsinDi飴rent，AgeandGenderGroupsofでTV  
InLbctedThalassemiaPatients  

Patients（no・）   Ferritin（ng／ml）（P）  AST（IU几）（P）  M（IU几）（P）  

Age   
2－－10（45）   

11．－20（47）  
Gender   

Male（52）   
Femak（40）  

2290．9土1331．2  

2706，3土1274．5（0．13）   

2566．4土131318．5  
2364．1土1296．5（0．46）  

35．1土20．7  

42．9土24．2（0．10）   

42．2士24．4  
35．9士21，4（0．19）  

37．3土47．2  

53．2土44．8（0，10）   

48．8±47．4  
41．2．土43＿8（0．43）  

J．Åオed．Vi和上，DOIlO．1002βmv  
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368  Huet－al．  

TABLEII・ComparisonofFerritin7ASTandALTLevelsBetweenmNegativePatients，PatientsWithmInfktionAlone  
（Trv＋）andWithm－HCVCo－Infbctions（TVrv＋HCV＋）  

Patients（no・）  Age  Ferritin（ng／mi）（P）  AST（U／L）（P）  ALT（U几）（P）  

Age一光ⅩmatChing   
TTV一（12）   

TTV＋（12）  
Noage－＄eXmakhing   

TTV⊥（12）   

TTV＋（92）  
Age－SeXmatChing   

TTV＋alone（11）   
TTV＋HCV＋（11）  

Noage－SeXmatChing   
TTV＋done（92）   
TTV＋HCV十（11）  

9．5土5．6a  
9．5土5．6   

9．5士5．6  
10．8土4－6   

13．2土4．4  

13．2土4．4   

10．8士4．6  
13．2主4．4  

1470．3士514．7  

2340．0土733．5（0，02）   

1470．3士514．7  

2477，7士1305．6（0．02）   

2340．0士733．5  

3112．9士1477．8（0．02）   

2477．7士1305．6  
3112．9士1477．8（0．08）  

27．1士7．1  
38．8士18．1（＜0．01）   

27．1士7．1  

39．5土23．3（0．08）   

36．2士22．0  

53．1土27．6（0．13）   

39．5士23．3  
53．1士27．6（＞0．05）  

22．1土12．2  
49－3士45．3仙06）   

22．1土12．2  
45．5士45．8（0，11）   

27．6士17．0  
55．4土27．6（＜0．01）   

45．5土45．8  
55．4士27．6（＞0．05）  

＆Meanj＝SD；SignificantdifrbrencesaLreinbold．  

ALTwerefbundtobehigherinpatientswithHCVLTTV  
COTinfbctionBthaninpatientswithTrvinfectionalone  
（P＝0・02andP＜0．01）．Itwasexpectedthatpatients  
withrrⅣ－HCVco－infbctionswouldhavemoresevere  
liverdiseasethanTTValoneasHCVisaseriousliver  

Path（嘔en・Non－age－SeXmatChedanalysisshowedthat，  
al1threeclinicalparameterswerehigherinpatients  
WithTrV－HCVco－in良ction8thaninpatientswith  
infectionalone，butnosignificantdiffbrencewasfound  
betweenthetwogroupsofpatients．Thissuggeststhat  
theuseofage－SeXmatChingapproachisnecessaryfor  
theclinicaldataanabTSis．  

AbnoTnali妙raねqfβT・ritin，ASTandAL71We  
foundthatal112Trv－negativepatientsaged2－20years  
hadnormarAST（≦4PIU几rangingfrom14to40IU几）  
andALT（≦50IUrL，rangingfromlOto48IU几）1evels．  
However，ASTandALTlevel＄Wereelevatedinnearly  
One－third ofm－pOSitive patients aged2－20years  
（30・7％，27／88払rAST；and33．6％，4即143fbrALT；  
Fig．1）・AbnormallevelsofAST（70％，7／10）andALT  
（56・6％，30／53）wasevenhigherinpatientswithm－  
HCVco－infection8than patients with Trvin鮎ction  
alone・Dataresultingftomanalysisofabnormalitiesin  
threeclinicalparametersagreedcompletelywiththose  
Obtainedfromt．heassessmentofactualdiffbrencesin  
ferritin，AST and ALTlevels．Althoughthe fbrritin  
levelsweresigmificantlyhigher（P＝0．02）withrespect  
toTrvandHCVpositivityformatchedpatientgroups，  
thefbrritinbaselinelevelofthepatientgroupishighdue  
totransfusiontreatments．The fbrritinlevelinTrv＿  
negativethalassemiapatient8WaSfivetimeshigher  
（1470・3土514ng／mi；TableII）thannormal（10－300nd  
ml）・Therefore，WeuSedthehyper－ferritinlevelvalueて  

Whichistentimesthenormal1imit（3，000ng／ml）to  
Calculatetheabnormalityrateinthalas8emiapatients．  
Noneofthem－negativepatientshadfbrritinlevels  
OVer3，000nghnlwiththehighestlevelbeing2，440ng／  
ml・However，aboutohethird ofpatientswithm  
infbctionalone（28・0％，26／93）andpatientswithHCV－  
rrvco－inLktion8（36・4％，4／11）hadhyper－fbrritinlevels  
（3，000ndmlrangingupto6，250ng／ml）．  

J∴如kd∴V汀血．DOIlO，1002βmv   

One might expectthattheALT abnormalityrate  
Shouldbehighestinolderpatientsduetothegreater  
duration oftransfusion treatment．In fact，the Am  
abnormalityratewasthehighest（33．6％，48／143）in  
youngpatients（11－20years）comparedtotheyoungest  
patientsaged2－10years（21．2％，14／66）aLndtheolder  
patientgroup，betweentheagesof21and53（20．9％，  
9／43；Fig．2）．Thisindicatesthat ALT elevat，ionin  
thalassemia patients was not dependent or directly  
attributabletothetimespanornumberoftransfusion8  
done．  

mPrevden（！eandPathogenesis  
OfV五山ou5Genotypes   

AsreportedpreviousbT［Huetal．，2005］，RDprimers  
areknowntospecificallyamplifygenotypel（1aandlb）  
andTr6／7／8／9primersdetectgenotypesl，2，3，4，5，6，7，  
8，9，10，14，15，and16；mainlyingenogroupsland3．  
TT6／7primersspecificanydetectTTVgenotypes2and3．  
NGprlmerSCandetatalmostal1knownrIVgenotypes  
exceptgenotype21，includingeightgenotypes（A－H）of  
SENV・Useofthethreenestedset80fTrvprimers  
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Fig・1．Abnormality rate offerritin，BLSpartate－aminotrans飴rase  
（AST）＆nd danine－aZhinotransfbrase（ALT）1evelsin Trv－negative  
patients（Trv－），m－pO8itive patients（Trv＋トand patientswith  
TTV－HCVco－infections（mandHCV＋）．  
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ユーl¢  lト20  ：汀《＝圧拙1  

P∂11甜i；±9亡grOu巨   

Fig・3・Trv－POSltive rates ofvarious genotypesin differentage  
grol】pSOfthalaBSemiapatient．s．Thegraphsindicatetheviremiarates  
（％）ofNGprimer－SpeCi丘cgenotypes（ll），RDrrr6／7／8／9－SpeCi丘cgeno－  
types（◆）・Theagesofpatientgroups（2MlO，1ト20and21－53years）  
areplottedagainstrateofinfbction，  

levelscouldnotbedeterminedbecausethemajorityof  
Trvinfbctedpatientscarriedmorethanonegenotype．  

DISCUSSION  

TheroleofTTVin鈷ctioninliverdiseasehasbeenthe  
Subiect，Ofmuch debate since thefirst TTviruS WaS  
identifiedin1997．Inourpresentstudy，thedatasuggest  
that frequent and persistent TTV infection through 
bloodtransfusionisassociatedwithabnormalAST，AL  
and fbrritinlevels（seenin about one third ofblood－  

dependent thalassemia patients）．This supports the  
hypothesisthatcertaingenotypesorvariantSOfTTV  
cause disease when individuals are exposed to these 
genotypeSOrtheirvariantsfbrthe丘rsttimeand／orre－  
exposedtopartia11ycross－reaCtiveornon－CrOSSreaCtive  
TTVstrainsmendinellietal．，2001】．Tofurtherassess  
Whether a specific genotype or group of TTVis  
associatedwit，helevatedALTlevelsinthalassemiacs，  
We COmpared the genotypesinfbcting patientswith  
abnormalALTlevels（＞100IU几）and patientswith  
normalALTlevels（＜50IU／L）．Atotalof480clones丘・Om  
32samples（15clonesfbreachsample）weregenotyped  
byDNAsequencing．WefbundthatthemaJOrity（78・1％，  
25／32）ofthethalassemiapatientswereinfbctedwith  
morethanonegenotype．Itwasthereforedi魚cultto  
judgewhichgenotypewasresponsiblefbrtheelevation  
ofALTlevelsinpatientswithmiⅩedgenotypeinfbctions  
（data not shown）．However，the number of mixed  
genotypes wasfbundtobe signi負cantlyincreasedin  
Patientswit，h abnormalAIJTlevels（three vs・tWO  
genotypesperpatient，P＝0．01）．ItappearsthatALT  
elevationisassociatedwithahigherfi・eq11enqyOfm  
miⅩed genotypeinfections，including transient and  
Per岳istentinfectionsthroughbloodtransfusion■  

Itisreasonabletoproposethatmultiplytransfused  
thalassemiapatientsareatamuchgreaterriskofbeing  
infbcted bynewandmorepathogenic genotypes？r  
strains than blood donors．In the UAE thalassemla  
Patientsaverageover15transfusionperyear，Where  
overonethirdofblooddonorscarrytheviru＄．Itwouldbe  
expected that tranSfusion dependent thalassemia  

J．肋d．Viroヱ．DOIlO．1002βmv  

10＋脚一丁r－Tr  
ユー5  6－10  Jトニリ  コト53卜し・こlr、I  

Fig．2．AbnormalityrateofAST（＿）andALT（◆）atdit7brentagesin  
Trvrpositivethalassemiapatients 

allowedustoassesstheprevalenceofvariousgenotypes  
indiffbrentagegroupsofthalassemiapatients．Figure3  
showsthatthepositivityratefbrt・hegenotypeSdetected  
byNGprimersincreasedsigni丘cantlywithagef王om  
younger（2－10years）tooldergroupsofpatients（ages  
llp20yearSaSWellas21－53yearS）withdetBCtionrates  
or81．8％，45／55；96．2％，50／52；andlOO．0％，30／30，  

respectively（trend test P＜0．0001）．In contrast，the  
detectionfrequencyfbrthemostprevalentgenotypes  
that are detectable by RDrrT6／7／8／9 primers（i．e．，  
genotypesト10and14－16）declinedsignificantlyfrom  
younger to older groups．The TTV－pOSitive rate was  
71．0％，27／38；61．5％，32／52；and53．6％，30／56；brthe  
youngerandt，hetwooldergroupsofpatients，reSpeC－  
tively（trendtestP＜0．001）・Thegenotypesofamplified  
TTVviruSeSWere・COnfirmedbyclone－basedsequencing  
（seeMaterialsandMethodsSect，ion，datanotshown）．  

The shifting ofpredominant m genotypes over a  
patient’slifetimesuggeststhatyoungerpatientshavea  
greatersusceptibilitytothemostprevalentgenotypes  
relativetoolderpatients．Presumablythisisduetothe  
factthatsomeoftheolderpatientsmaybecomeimmune  
due to prlOr eXPOSure and subsequent clearance of  
infection．Asaresult，thesepatientsareprotectedfrom  
re－in飴ctionbysomegenotypessuchasthegenotypeS  
detectablebyRD／IT6／7／8／9primers．However，inaddi－  
tiontobeingexposedtomoreTrvgenotypes，theolder  
patientshavealsobeenexposedtolessprevalentm  
genotypesovertimebecauseofincreasedexposuredue  
torepeatedtranshlSions．Overa11，theTⅣviremiarate  
ishigherinolderpatients．Thegenotypeshiftingduring  
apatient’sli長一timeprovidesstrongevidencetoindicate  
thatbothself－1imit，edandchronicTrvinhctionsexist  

and that persistence of theviruS（atleast certain  
genotypes）maynotbelife－longinthalassemiapatient＄．  
Thedecliningprevalence ofsomegenotypesinolder  
patients was paralleled by a decreaseinthe ALT  
abnormalityrate（seeFigs．2and3）．Thissuggeststhat  
themostprevalentgenotypessuchasl，2and3mayplay  
amoreimportantroleinthedevelopmentofliverdisease  
inthalassemiapatient8．However，theexactgenotype（s）  
responsiblefbrtheelevationoffbrritin，ASTandALT  
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patientscouldbeinfbctedbymatleastsixtimes  
peryearor60timesduringthe＆rstlOyearSOfblood  
transfusion therapy【AIMoslih et al．，2004】．Thus，  
patientswithalOTyeartranSfusionhistorycouldhave  
beeninfectedorre－infectedbyal1genotypesexistingin  
theUA且Inaddition，t・heextentofviruSreplicationin  
thalassemiapatientsmaybehigherduetothelarge  
viralinoculaiI毎ected、directlyinto thebloodstream  
throughtransfusion．ThisisobviouslydiI艶rentfromthe  
SmallamountofviruSaCquiredthroughin良ctionviathe  
oralrouteinnomalblooddonors．  

Itwasnotpossibletoconclude thatminfect，ion  
enhancestheseverityofliverdiseaseinHCVinfected  
patientsbecauseveIツfbwpatientsinfbctedwithHCV  
alonewereavai1ablefbrcomparisonwithpatientsco－  
infect．ed with TⅣand HCV．Iti＄Obvious t，hat，HCV  
playsamoreimportantrolethanminthedevelop－  
mentofsevereliverdisease．  

ItiswellknownthatminfbctionsareperSistent．  
Consequently，thepresenceofTTV－negativethalasseT  
miapat，ientswasunexpected．Wedonot，yethavean  
explanation fbr this observation．Perhaps m host．  
dependent genetic fhctors play animportant rOlein  
determiningt，heresistanceoroutcomeofγrVinfection  
amongpatients．   

Follow－uPStudiesofrrvinfectionandclearancein  
m－negativeandTⅣ，pOSitive thalassemiapatient8  
ヤdlleventuany provide clues to understanding the  
naturalhistory and pathogenesis of Trv．Ofequal  
importance，athoroughunderstandingoftheimmune  
responsetoTrvinfection，includingviralpersist，enCe，  
quasIPeCleS eVOlution，andviralimmune escape，is  
neededtocharacterizethediseasecauslngpOtentialof  
thisnewgroupofviruSeS． 
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