
Kobe University Repository : Kernel

PDF issue: 2026-08-11

Hepatitis B virus-positive blood donors in the
early stages of Hepatitis B virus infection :
Significance of nucleic acid amplification
testing

(Degree)
博士（保健学）

(Date of Degree)
2008-03-25

(Date of Publication)
2009-04-10

(Resource Type)
doctoral thesis

(Report Number)
甲4232

(URL)
https://hdl.handle.net/20.500.14094/D1004232

※ 当コンテンツは神戸大学の学術成果です。無断複製・不正使用等を禁じます。著作権法で認められている範囲内で、適切にご利用ください。

山下, 万利子



博 士 論 文

HepatitisBvirus-positiveblooddonorsintheearly

stagesofHepatitisBvirusinfbction:Significance

ofnucleicacidampli丘cationtesting

平成20年 1月18日

神戸大学大学院医学系研究科保健学専攻

山下 万利子



博士論文

HepatitisB virus-positiveblooddonorsintheearly

stagesofHepatitisBvirusinfection:Significance

ofnucleicacidamplificationtesting

平成20年 1月 18日

神戸大学大学院医学系研究科保健学専攻

山｣下 万利子

1



HepatitisB virus-positiveblooddonorsintheearly

stagesofHepatitisBvirusinfection:Significance

ofnucleicacid.amplificationtesting

MarikoYamashita,1･2HisashiMito,IShionImoto,1andKaoruNishiyama2

1 LaboratoryofHyogoRedCrossBloodCenter.

2 DepartmentofMedicalTechnology,FacultyofHealthSciences,Robe

UniversitySchoolofMedicine,

LeftpageTitle:M.Yamashitaetal.

RightpageTitle:HepatitisBnucleicacidamplificationinpositiveblood

donors

2



Abstract

Since1999,1,387,094unitsofserologicallynegativeblooddonations

totheHyogoBloodCenterhavebeenscreenedbynucleicacidamplification

testing(NAT).ThirtyhepatitisBvirus(HBV)-DNApositivedonc'rswere

identifiedfrom amongallthedonors.Twentyl0neOutOfthe30Selected

donorswerecontactedandmonitoredwiththeircourtesyandconsent.Their

HBVserologiCalmarkers,HBVcopynumber,andalaninetransaminase

(ALT)levelswereanalyzed.Theywerethenclassifiedintothreegroups

accordingtothepatternofincreaseintheirALTlevels.NinecasesinGroup

Ishowedmorethan1,000IU/LALTand9casesinGroupIIshowedslightly

higherlevels.Becausethemonitoringstartedduringtheveryearlystageof

theserologicalnegativeperiod,allthephenomena associatedwiththe

developmentoftypicalhepatitissymptomsbecameevidentinGroupsland

II.Ontheotherhand,theAI∬levelsofthreecasesinGroupIIIremained

withinthenormalrangeoronlyslightlyincreased,andthesethreewere

asymptomaticforhepatitisB.Intwocases,asinglenucleotidesubstitution,

G1896A,wasobservedintheprecorereglOnbutnotinthecorepromoter

region;thissubstitutionresultinthetryptophanco血on(TGG)being

convertedtoastopcodon(TAG).Anothercaseshowedamixedtype

mutationinvolvingthewildtypeandG1896Asubstitution.Althoughmany

reportsonfulminantorsubfulminanthepatitispatientsassociatedwith
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precore-defective HBV mutantshave been published,asymptomatic

hepatitisBpatientwithprecore･defectiveHBVmutantshavenotbeen

reported.Thus,itissuggestedthatamutationinthecorepromoter

(T1754C/Gand/orA1762T/G1764A)mightcauseanincreaseintheviral

growthrateorsuppressionforviralincrease.

Keywords: Nucleicacidampli丘cationtesting,NAT AsymptomaticB

hepatitis,HepatitisBvirus,Precore-defectiveHBVmutants
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Introduction

Approximately5% oftheglObalpopulationisinfectedwiththe

hepatitisBvirus(HBⅥ thatcausesliverdiseaseofvariabledurationand

severity.MostclinicalreportsonthetimecourseofHBVinfectionfocusedon

thelatestageoftheHBVinfection,becausethepatientscouldonlybe

identifiedwhenthesymptomshavedeveloped.Therefore,reportsfTocusing

ontheveryearlystageofinfectionoronasymptomaticcasesarefeW.

Toeradicatepost-transfusion infection,nationwidenucleicacid

amplificationtesting(NAT)forhepatitisBvirus,hepatitisCvirus(HCV)

andhumanimmunode丘ciencyvirustype1(HIV1)ofvoluntaryblooddonors

wasimplementedinJuly1999forbothtransfusionbloodandplasma

fractionationbytheJRCbloodtransfusionservices.ThisNATsystem

consistedofastricttransportsystem,acomputerizednetworksystemand

anautomatedanalyticalsystem,aspreviouslyreportedbyMineeta1.1).with

thisNATsystem,HBV DNA･positivedonorsfrom serologiCallynegative

donorscouldbeidentifiedandexaminedattheearlypre-seroconversion

stage.Inatypicalcaseofacutehepatitis,theHBsAgappearsinserumin1

to10weeksafteranacuteexposuretoHBVandinapproximately2to6

weeksbe氏)retheonsetofhepatitissymptomsortheincreaseofala血ne

aminotransferase(ALT)level2).

Thus,Wecandeducethedevelopmentofacutehepatitis,becausethe
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HBVserologicalmarkers,HBVDNAcopynllmber,HBVgrowthrate,and

ALTlevelcanbedetermined.Moreoverthemomentandrouteofinfection

canbespeculatedonthebasisoftheHBVgrowthratefrom theblood

donationday.ThisisimportanttopreventtheHBVinfectionandimprove

thehealthcareofvoluntaryblooddonors.Indeed,fromthesamplesthatare

considerednegativebytheconventionalserologicalmethod,HBVpositive

samplesasdeterminedbyNATcanbeidentified,andfurtherexaminations

suchasthedeterminationofthesubtype,genotypeandmutationsitesin

HBVcanbecarriedout.Then,theasymptomatichepatitisちindividualwith

aprecore-defTectiveHBVmutantcouldbeidenti丘ed.Thisresearchmight

serveasanopportu.nitytosolvethecorrelationbetweenprecore/Core

promotermutationsandtheseverityofhepatitis.

6



MaterialsandMethods

SezlDlog7'caltestsfoz･donatedblood

AllbloodunitsvoluntarilydonatedtotheHyogoRedCrossBlood

CenterwerescreenedforHBsAgbyreversepassivehemagglutination,for

antibodytoHBVcoreantigen(anti-HBc)byhemagglutinationinhibition,

andforantibodytoHBsAg(anti･HBs)bythepassivehemagglutination

method3,4).Theseagglutinationtestswerecarriedoutusingtheautomatic

PK7200(OlympusCo.,Ltd.)analyzerandwereconfirmedbythespeci丘c

inhibitiontest.Theendpointofthetwo-folddilutionoftestsampleswas

expressedasanexponentof2nvs.theendtiterofthespeci丘cinhibitiontest.

SerologicallypositiveandAI∬･elevated(>60IU/L)sampleswereexcluded

fromfurtherNATscreening.

Chamctezlzatlonofposltl'vesamplesdeteTml'DedbyNAT

Bloodsamplesof5mlvolumeinEDTAwereshippedfTorNAT.Inthe

JRCCenterforNATandQuarantine,each0.1mlofserumfromserologiCally

negativesampleswasautomaticallypooledforthefirstNATscreeningfor

HBV/HCV/HIV-1(MPX).InanMPXIPOSitivepool,theHBV-positiveunitwas

identifiedusingthe HBVcontrolfromthepooledsera.Furthermore,the

subtype,genotypeandmutationsitesintheprecorereglOnOfHBVwere

determinedintheResearchLaboratoryoftheJRCCentralBloodCenter4･5･6)

TodetectHBVDNA,theprimersderivedfrom theHBsAgregionWere
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appliedaspreviouslyreported7).ThegenotypesofHBVandtheprecoreor

corepromotermutationwereidentifiedandcharacterizedaccordingtothe

methodofOkamotoandcoworkers7･8).TheHBVDNAcopynumberwas

calculatedusingtheinternalstandardsprovidedbytheNationalInstitute

tTorBiologicalStandardsandControl.Thecalculationwascarriedoutusing

theSequenceDetectorversion1.7(PEAppliedBiosystems).The HBVDNA

datarepresentstheaverageofquadruplicatetests9).

Follow-upstudyofHBVDNA-posI'tl'T,edonws

HBVDNA･positivedonorswerecontactedandamedicaldoctorhada

talkwiththem.Twenty･oneoutof30donorswereinformedofthefollow･up

studyand.gavetheirconsent,Atthesametime,bloodwastakenfromthe

donorsandplacedin5mlPETtubescontaningEDTA.Then,thesamples

weretestedforALTactivityandHBVDNAcopynumbers,followedbytests

forHBsAgbyovernightenzymeimmunoassayusingAuszymeII(Abbott

Lab.,U.S.A.),andforlgM typeantiHBcAb(IgMAb)usingCorzyme-M

(AbbottLab.)attheHyogoBloodCenterortheResearchLaboratoryofthe

JRCCentralBloodCenter.Thedonorsweremonitoredwiththeircourtesy

andconsentthroughacollaborationbetweentheJRCandthemedical

institutions.

EstI'matL'oDOfHBVgTOWthate

ThelogtimeofHBVgrowth(10-foldincrease)wascalculatedfromthe

slopeoftheexponentialphaseofHBVDNAaccumulation.
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Estl'matedduz:atl'on

Theestimateddurationwasde丘nedastheperiodbetweenthe

momentofinfectionandtheHBVDNApeak.Themomentofinfectionwas

calculatedfromtheviralloadsintheHBV･positivesampleandthelogtime

ofHBVDNAgrowth.
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Results

ARerthepreliminaryserologicalscreeningtest,DNAsampleswere

collectedfrom 1,387,094hepatitis-negativedonorsoftheHyogoRedCross

BloodCentersince1999.First,NATbytheJRCCenterforNATand

Quarantinewasperformedforeachofthecombinedspecimensof500,50and

20,respectively,asaminl･POOl.Therateofpositivesampleswasnot

slgni丘Cantcomparedwiththetheir

pooledsamplesasshowninTable1.Amongthem,30HBVDNA･positive

donors,2HCVRNA-positivedonorsand2HIVRNA･positivedonorswere

identified.HBVDNAIPOSitivedonorsdidnotdoublyinfectofHCVorHIV.

Whenthese30HBVDNA･positivedonorswereexamined according

togenotype,thegenotypesA,BandCwere3,2and25units,respectively,as

showninTable1.GenotypeAhasappearedsince2005.AsshowninTable2,

thesubtypesof HBVDNA,namelyadr,adw,anddr,were丘Iundin22,7

and1units,respectively.Amongthe30HBVDNA･positivedonors,25were

wildtype,4Wereprecoremutantsand1wasmixedtype(wildtype/precore

mutant).

Finally,the21donorsassummarizedinTable3Weremoniterdwith

theircourtesyandconsentthrough acollaborationbetweentheJRCandthe

medicalinstitutions.TheAIJTlevel,HBVDNAcopynumberandvarious

serologicalindexesweremonitoredapproximatelyonceevery2weeks.On
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thebasisoftheincreaseinAI∬level,the21donorswereclassi丘edintothree

groups.IngroupI,theirALTlevelsincreasedtomorethanapproximately

1,000IUm,ingroupII,Onlyaslightincreasewasobserved,andingroupIII,

nochangewithinthenormalrangeoronlyasmallincreaseinALTlevelwas

found,asshowninTable3.Thenumbersofdonorsineachgroupwere9

(43%),9(43%)and3(14%),respectively.

Onthedonationday,theHBV DNA copynumberwaslO2･105

copleS/ml.Theintervalbetweenthedonationdayandthepeakingofthe

HBVDNAcopynumberwaslO･40days(averageof25.7days)ingroupland

14･47days(average of29.4days)ingroupII.IngroupsIandII,the

maximumcopynumberwasin therangeoflO5･108copies/ml(averageof

approximately106copies/ml).ThelogtimerequiredfortheHBVgrowthto

increaselO･foldwas6.6128.0days(averageof12.2days)ingroupIand

8.0･19.0days(averageof12.8days)ingroupII.Therewere4CasesingroupI

and1caseingroupIIwhoselogtimeofHBVgrowthwasapproximately6

days.TheintervalbetweenthemomentofviralinfectionandHBVDNA

peak(estimatedduration)ofgroupIwas53-168days(averageof77.3days),

andthatofgroupIIwas39-95days(averageof74.9days).

Ontheotherhand,2cases(#2and#11)ingroupIIIshowed102･103

copleS/mlonthedonationday.Theirmaximum copynumberwas104

copies/mlandtheirlogtimewas38.5-74days.TIleintervalbetweenthe

momentofviralinfectionandHBVDNApeak(estimatedduration)was
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154･296days.ThelogtimeofHBVgrowthandtheestimateddurationwere

longerthanthoseofgroupsIandII.TheydidnotshowslgnSOfhepatitis.

TheincreaseinHBV DNA copynumber,AI∬ levelandsome

serologlCaldataofgroupsI,ⅠIandIIIaresllOWninFigures1,2and3,

respectively.InFigllre1,atypicalcase(#21:C,adw,wildtype)ingroupI

showedacutehepatitisB.TheHBVDNAcopynumberondonationdaywas

1.2Ⅹ103copies/ml.HBsAgwasdetecteda洗er2weeksbytheEIAmethod,and

thenHBeAgwasdetectedaftermore2weeks.Duringthefollow･up

observationperiod,HBcAb,HBsAb,andHBeAg/Abweredetected.TheHBV

DNAcopynumberbecame5.6Ⅹ108copies/ml.Then,theserumAI∬ level

increasedto6,942IU/L5daysa洗erthepeakingoftheHBVDNAcopy.

HBsAbwasdetected6weeksa氏erthedonationdayand#21donorshoweda

recovery.InFigure2,acase(#27:C,adr,wildtype)presentedwithmild

hepatitisB.HisHBVDNAcopynumberwas1.8Ⅹ103copies/mlonthe

donationday;HBsAgwasdetectedbyEIAa洗er2weeks.However,his

serumALTlevelincreasedto132IU/Laftermorethan2weeks,Thus,his

HBVDNAcopynumberbecame5.8xlO6copies/ml.HBeAgseroconversion

wasobserved.After8weeksfromthedonationdate,hisALTlevelbecame

abnormalandherecovered.InFigure3,acase(#2:C,adr,mutanttype)

presentedwithasymptomatichepatitisB.HisHBV DNAcopynumber

showedaslightincreaseandnochangeinAIJTlevelwasobserved.Moreover,

HBsAg,HBsAbandHBeAg/AbcouldnotbedetectedbyordinaryEIA
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methodsduringthefollow-upperiod,andHBcAbwasdetected15weeks

a洗erblooddonation,Y･GTPvalueswereobservedwithintherangeof81･99

IU/LThiscasepresentedwithmildhepaticdisorder.

ThenucleotidesequencesoftheHBVcorepromoter(Nt.1699･1780)

andtheprecore(Nt.1885･1919)ingroupIIIdonorsareshowninFigure4.

Twocases(#2and#11)ingroupIIIhadapointmutationfromguanineto

adenine(G1896A),whichconvertedcodon28fromtryptophan(TGG)toa

stopcodon(TAG).However,otherreportedmutationssuchasT1753A/C,

T1754C/G,A1762TandG1764Awerenotrecognizedinthecorepromoter

site.Anothercase(#12)ingroupIIIwasofmixedtype(wildtype/G1896A).
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Discussion

ThenumberofsamplesforNATdecreasedin500,50or20unitsin

chronologicalorder.ItwasexpectedthattheNAT sensitivitywould

graduallyincreaseaSthesamplesizewasdecreased.However,theHBV

DNApositivityrateremainedunchanged.Foreightyearsfrom1999,ofthe

1,387,094so-CalledHBVnegativedonorswhodonatedbloodasdetermined

bytheusualserologicalmethod,30HBV DNA positivedonorswere

identi丘edbyNAT.Twenty･丘Veofthe30casescarriedtheHBVgenotypeC.

TheHBVgenotypeAinNorthernEuropeandNorthAmericawascon丘rmed

primarilyfrom2005.ThesametrendwasobservedinthedataoftheJRC

CenterforNATandQuarantinelO).Inthenearfuture,thegenotypesAandD

inblooddonorsmayIncreasell).Mayerateta1.12)reportedtheprevalenceof

genotypeAinacutehepatitis,andJoheta1.13･)reportedthatacutehepatitis

BwithgenotypeAincreasedintheTbkyoarea.

TWenty-oneHBV DNA-positivedonorsweremonitoredtoobserve

someveryearlyaspectsofHBVinfection,laterprogressofthehepatitis

onsetandtherecoveryphase.Becausetheadvanceddegreeofhepatitisis

indicatedbytheAI∬level,theirAI∬levelsweremonitored,andthedonors

wereclassi丘edintothreegroupsinthisstudy.Asatypicalresult,thelog

timefora10-foldincreaseinHBVgrowthwasashortperiodof6-7days.The

seriouscasesclassi丘edundergroupIwereexempli丘edin4casesandtheir
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estimateddurationbecameshorter.Fromthesedata,itwouldappearthat

theincreaseintheALTlevelisdependentonHBVgrowthrate.Therefore,

thefollow･upintervalwas6･7days,andthesedonorsshouldbereferredtoa

medicalinstitution.Thus,itwasspeclllatedthattheestimatedduration

calculateduslngthelogtimeofGroupsIandIIwere77.3and74.9days,

respectively.Moreover,forthedonor(#12)withamixedtypeinGroupIII,it

was75days.Theseresultsagreedwiththe72dayspreviouslyreportedby

YoshikawaetB1.14).Becausethemomentofviralinfectioncanbespeculated

usingtheslopeoftheexponentialphase,theinfectionpathwaycanbe

clarified.Itwassuggestedthatthequickreferraltoamedicalinstitutionis

extremelyimportant.

AllthecasesingroupsIandIIcarriedthewildtypeHBVbut3Cases

ingroupIIIpresentedwithasymptomatichepatitisBandcarriedtwo

variantsandamixedtype.Althoughtherearepreviousreports15･19)showing

that precore･defective mutants are associated with fulminant or

subfulminanthepatitisB,recentreportshaveshownthatthemutationsin

theprecore(G1896Acausedterminationasastopcodon)andcorepromoter

(T1753AノCand/orT1754C/Gand/orA1762T/G1764A)areassociatedwith

fulminanthepatitis.ThispredominantG1896Amutationleadstopremature

terminationoftheprecore/coreprotein,thus,preventingtheproductionof

HBeAg.HBeAgmightbeexpressedonthehepatocytemembraneandmay

serveasatargetforimmuneattack.RecentstudiessuggestthattheG1896A
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mutationmayalsobepreferredbecauseofitsabilitytoenhanceHBV

replication20･21)

Sainokamieta1.22,23)reportedthatmutationinthecorepromoter

(T1753A/Cand/orT1754C/G and/orA1762で/G1764A)isassociatedwith

fulminanthepatitis.Dixiteta1.24)reportedacaseofonlyasymptomatic

chronichepatitisBwithoutreferencetothevirus.Furthermore,Suzukieta1.

25)andFangeta1.26)reportedtheclinicalknowledgeofasymptomatic

carriersofhepatitisBvirus,However,asymptomatichepatitisBpatients

withprecore-defectiveHBVmutantshavenotbeenreported.Astopcodonat

codon28wasfoundindonor#2and#11,buttheirALTlevelsremained

withinthenormalrangeorslightlyincrease;moreover,onlyHBcAb(total)

wasdetected.Indeed,othermutationssuchasT1753A/C,T1754C/G,A1762T

andG1764Awerenotrecognizedinthecorepromotersite.

Inthecaseofamixedtypeofmutationsuchasthatfoundindonor#12,

anobstructionofthehepatitisonsetwasobserved.Itwasimportantthatthe

HBVcopynumberincreasedto5.6Ⅹ106andthattheAI∬levelremained

unchanged.AmodelexperimentonthesedifferencesbetweenHBVgrowth

andALTlevelwasconductedusingtransgenicmice.Uponinfectionwith

HBV,thecytotoxicTcellsrecognizedtheinfectedhepatocytesandkilled

them,andtheHBVwerecon丘nedandinactivatedbysomecytokines27).Itis

importanttodeterminethepresenceofbothprecoreandcorepromoter

mutationsinHBVDNA-positiveblooddonors.Ourstudycon丘rmedthatthe
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NATsystem couldpreventthetransfusionofthebloodandinplasma

derivativesofadonorwithaspeci丘cmutationtype.

Thisstudywasabletoshowthatinformationonthemomentofviral

infection andinfection pathway,and thesubsequentmonitoringare

absolutely importantinthehealthcareofablooddonor.
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LegendsforFigures

Figure1,Clinicalcourseofdonor#21.Thedonor#2lwasagenotype,a

subtypeandamutationatprecoreregion(A,adw,wild)inTable3.A

schematicdepictionoftheimmuneresponseinacuteinfectionwithwildtype

HBV,followedbyclinicalrecovery,isshown.

Figure2,Clinicalcourseofdonor#27(C,ad丁,wild)asshowninTable3and

Figure1.

Figure3,Clinicalcourseofdonor#2(C,ad丁mutant)asshowninTable3.

Figure4,ThenucleotidesequencesofHBV corepromoter(nucleotides

1699･1780)andprecore(nucleotidesl885･1919)regionsofdonors#2,#11

and#12inGroupIII.TheHBVofallthedonorswereofgenotypeCsubtype

adr.Donors#2and#llhaveaprecoremutation(nucleotide1896,precore

co血on28).Donor#12hasamixtureofAandGnucleotide1896.
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