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Switzerland）and samples that resulted anti－HCV  
positive were then tested fbr HCV RNA（COBAS  
Amplicore，Roche Diagnostic Systems）・Anin－depth  
retrospective virologicalanalysis was perfbrmed on  
serumSa皿plesobtainedonJune2004丘・Omallhemo－  
dialysispatientsattendingtheunit，ffomthehousehold  
contactsofthepatientswhohadshownaseroconversion  
a11d丘、Omtheonlyhealthcareworkerwhowasfound  
tobeanti－HCVpositive．   
AllserumSamPlesobtainedweretestedagainfbranti－  
HCVbyathirdgenerationenzyⅡ1eimmunoassay（Axsym  
HCV，VerSion3．0；AbbottLaboratories，AhbottPark，IL）．  
TheviralloadinpositiveserumSanpleswasdetermined  
byquantitativereversetranSCription（RT）－PCR（HCV  
Amplicor Monitor，Roche Diagnostics，Milan，Italy），  
in accordance wit，h the manuLkturer’sinstruCtions．  
HCVgenotypingwasfirstperLbrmedwithacommercial  
reverse－hybridizationlineprobeassay（INNO－LiPAHCV  
II，Bayer Diagnostics，Milan，Ita］y）based on the5’－  
noncodingregion（NCR）．TheHCVRNAwasextracted  
餌）mSerumSamplesco11ectedinJune2004usingthe  
QIAampVirdRNAkit（QIAGEN，Hilden，Germany），  
underwent．retrotranSCriptionbyrandomhexamerme，  
t，hodandwasusedtoperformmolecularanalysis．Two－  
strand direct sequencing was ca汀ied out on nested  
PCRproductsobtainedfromtheNS5Bregionandfrom  
thehypervaridbleregionl（ml）encompassinginthe  
E2gene，aBpreviouslyreported（Faustimietal・，2005］・  
SequencingwasperfbmedonABIPrism3100，uSingthe  
BigDyeTerminatorcyclesequencingkit（AppliedBio－  
SySternS，Warrington，UX）．SequencesoftheNS5regions  
obtainedwerealignedbyusingBLASTwiththe〃血nal  
C肌おrβr月わねCんwJ（切′Jゆr〃氾如花（NCBI）database  
（U．S．NationalLibrary of Medicine，Bethesda，MD，  
www．nd）i．nlm．nih．gov）andwereabletoattributetothe  
genotype2ca11the t7CVfh）m patientswhoserocon－  
verted．FortheamPli点cationoftheImlregion2type  
speCi丘c primers were chosen［Faustinietal．，2005】．  
The sequences were then a止gned with CLUSTAL  
W so氏ware（versionl．5）．The meangenetic distanCe  
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betweennucleotideseqllenCeSWaSCalculatedusinga  
Kimura2－parameterdistancematrixwithatransition／  
tranBVerSionratio of2．0．Phylogenetictreeswerecon－  
StruCted11Singtheneighborjoi山ngmethod，including  
NS5B and HVR－1rcfbrence sequences（see fi伊】∫e  
legends）andlocalepidemiologicalunrelatedHCVl，2b，  
and2cstrains．Bootstrapanalysiswith1，000replications  

WaSPerfbrmedtoassessthesigTlificanCeOfthenodes；  
Values＞85％were consideredtobesigni丘cant．A辻of  
theaigorithmsusedwereincludedinMEGAsoftware  
（version2．1）．  

RESt几TS  

InOctober2002，theanti－HCVseroprevalenceino  
HDunitwas31・2％（10／32）．BetweenApri12003and  
October2003，fbur new HCV seroconversions were  
detected；the丘rst（CT6）inApri12003，SeCOndaLndthird  
（CT2andCT4，reSpeCtively）inAngust2003andthe  
fburth（CTll）inOctober2003；thl】S，raisingthetotal  
numb占rofanti－HCVpositivepatientsto14intheHD  
unit（TableI）．  

Inallfburpatientswhoseroconvertedtheinfbction  
WaSaSymptOmatic．Inthe負rstpatientwhosllOWeda  
SerOCOnVerSion（CT6），ALTlevelsthatwerenormalon  
thedateofseroconversionandhadalwaysbeennormal  
previously，Showedanimportantincreaseonlyinthe  
fo1lowing month．In one of the two patients（CT2）  
Whowerefbundtobeant，i－HCVonAugust2003，ALT  
levels showed a moderateincrease only atthe time  
of seroconversion and they had always been normal 
Previously．Theothernewlyinfectedpatient（Cr4）who  
testedanti－HCVpositiveonAngust2003hadshownan  
importantALTlevelsincrease onMay2003，buthe  
testedanti－HCVnegativein thatdate；however，his  

ALTlevelshadalwaysbeennormaluntilApri12003・  
Inthesetwopatients anti－HCVtestwasperformed，  
andrepeatedatmonthlyintervalfbrpatientCT4，aS  
COnSequenCeOfthedetectedAlJTlevelselevation・The  
lastnewlyinfectedpatient（CTll），Whowas董bundtobe  

TABLEI．Anti－HCVTest，Results，GenotypeDeterminationandFirstDetectionofElevatedAlanineAminotransfbraseLeve15  
andofHCVRNAinHCVInLkted．PatientsR眈eivingDialysiBintheUnit・（Apri12002－October2003）  
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anti－HCVpositive on October2003（on the o∝aSion  
Oftheanti－HCVsix－mOnth）y screening），hadalways  
shoⅥm ALT norma］values before seroconversion at  
theTnOnthlyscreeningroutinebTPerforrmedintheunit  
（TableI）．Al1patientsnewlyinfectedshowedapositive  
HCVRNAtestaftertheseroconversion．   

NofurthercasesofnewHCVinfbctionweredetected  
WhentheserumSamplesdrawnonJune2004丘omall  
thepatientsreceivinghemodialysisintheullitwere  
testedforanti－HCVandHCVRNA Genbtypingper－  
fbrmedbyINNO－LiPArevealedthatallthepatientswho  
had shown a new seroconversion were infeded with 
HCVgenotype2c・SixoutofthelOdialysispatientwith  
ChronicHCVinfbctionwereinfectedwithgenotypelb，  
2withgenot”e2c（CTlandCT3），andin2patientsit  
WaSnOtPOSSibletodeterminethein鎚ctinggenotype  
（onerefusedtogiveabl00dsampleandanotherone  
deceasedbefbreJune2004）．SerumI‡CV RNAlevels  
rangedfrom7，000to488，000IU／miforthefournewly  
infectedpatientsandfrom43，000to＞500，000ItJhnlfbr  
PatientswithchromicHCVinLbction，forwhichaserum  
Sample was available．The two chromicallyinfected  
Patientshad）0ringgenotype2chadserumHCVRNA  
titresof171，000UI／ml（CTl）and＞500，000IU／ml（CT3）．  
SinceinJune2004al1newiyinfbcted patients still  
resultedH¢VRNApositive，thatismorethan6months  
a氏erthedetectionoftheirseroconversion，theymustbe  
00nSideredashaving山1developedapersistentHCV  
娘c億on．ThesepatientBCOntinuedtobeviremicwhile  
a比ending the血t，althoughtheir ALTlevels were  
COnStantbTnOrnal，andnoneofthem▲underwentaLnti－  
Ⅴ正altber8py．   

Figurel血owstheph9logenetictr恍analysisofthe  
NS5B region sequencesisolatedfiomallHCVRNA  
positive patients receiving hemodialysi8inthe uhit  
（newlyinLbctedandchronical1yinfectedpatients）．Al1  
fbur newlyinLbcted patients harbored very closeb  
relatedviralisolatesthatclusteredtogetherwiththe  
2cisolatefoundinoneofthetwo2cchronical1yinfected  
Patients，VhichisconBistentwiththehypothe8isthat  
theo－1tbreakhadasingleepidemi0logicorigin（patient  
CT3）．Phylogeneticanab，Sisalsorevealedthattheother  
patientwithdhronicinLbctionh訂boringgenobrpe2c  
（CTl）w？SnOtaBSOCiatedwiththeoutbreak．Theresults  
OfthephylogeneticanabsisintheHVRlreglOn，uSl11g  
Onbrgenotype2sequences，withthem痴0ritybeing2c  
COneCtedfrom GenBank，Were COn8istentwiththe  
丘ndh鮮血仇eNS5Bre由On（耶g．2）．   
Theresultsoftheepidemi0logicalinve＄tigationwere  
alsoconsistentwithapatient－tOiPatientmodeoftranS－  
misionoftheinfbctionduringtheoutbreakThefour  
nedyinfectedpatientshadneverr眈eivedtransfusion  
Ofbloodorbloodproduct8．Twoofthem（CT2andm）  
hadnoexpo＄uretOSurgicalormedicalinvasivepro－  
CeduresoutBidethehemodiabTSisunit，wi1ilepatient  
Cで4hadundergonedenね1e慮raction2mon払s玩払re  
his serwnversion，and patient CTllhad dialysed  
OutSidethemitonsummerholidaysUulyandAngust）．  
Noneofthenewbrinfectedpatientswerekn0wntOhave  
usedintravenous drugand none oftheir household  
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Fig．1・PhybgenetictreeofNS5Bregion．nepatientsinvoIvedin  
血eoutbreakwereindic＆tedwiththei皿itialsCTandnumberedasin  
也etabkRe食代nCegenO炒pe82b，鮎，以tdlb舵quenC那丘omG8nB釘正  
員柁hdi舶witbtbeむ8∝e∬ionnumh汀＄（ぬrHCV訟AJ291280；  
Lbr HCV2b ABO30907；forIICVlb AY267435）．Ⅰ．oc8lnotlrelated  
p且びent8eqⅥemC鴨，imdud血gpatienbwith評nO吋pe8鮎，2b，8ndlb，  
訂eal釦hdudedGemeもie血＄血脈誌払出ea鹿dbyabor血0血bar．  
¶h＝肌皿血似ち8t仇enod践 
I10deoomrredinl，000bootstrap代plic8teS；V山Ile＄騨e＆tBrthzu195％  
且reindi血．  

●J  
；       ；   

Fig，2．PbylogenetictreeofHVRLfE2region．Patientsareindicated  
出血Figml．Re魚汀eneegenO輌2c8nd2bGe山ねnk8∝e∬ion  
nu血加持訂eAF幻76498ndABO30部7，re印∝如け．k忙8lnom血bd  
patientsequence8with㌍nOtyTnS2c8nd2b8real節includedlGenetic  
di血nα誌indicatd吋aもorizon七山b8r．menumber＄虚血en∝les  
hぷ鴎由比e丘e即1en町Wi仇wbkh仏ende∝血inl，000htsけap  
rephe8t鴎；Ⅴ血eさg陀at町血山185％訂ein血ea血   
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contactswerefoundtobeanti－HCVpositive．Theonly  
healthcareworkerwhowasanti．HCVpositiveresulted  
negative when tested for HCV RNA. All patients 
inLbctedbyclosely＿relatedgenotype2cisolates（new  
andoldinfbctions：patientsCT2，CT3，CT4，CT6，and  
CTll）received dialysis onthe same days（Monday－  
Wednesday－Friday）．PatientsCT2，CT3，CT4，andCT6  
receiveddiaiysisonthemorningshift（shift1）and11Sed  
difTbrentmachines．PatientsCTllreceiveddiabrsison  
a氏ern00nShiftsbuthehadsharedinseveraloccasions  
thesamemachinewithpatientCT2．   
Thehealthcareworkersemployedintheunitdenied  
anyvi01ation ofthe standardinfbction controlpro－  
cedures．A托er theimplementation of theinfectio一一  
controIproceduresandtheuseofdedicatedmachines  
fbranti－HCVpositivepatients（butnotdedicatedrooms  
orpersonnel），nOadditionalcasesofnewHCVinfection  
wereobservedintheunit．  

DISCUSSION  

In this study，mOlecular analysis togetherwith  
epidemiologicalinvestigationprovidedstrongevidence  
fbr nosocomialpatient－tO－patient HCV tranSmission  
duringanoutbreakinahemodialysisunit・Twopotential  
routesoftranSmissionwereidentified：horizontaltranS－  
niissionvia healthcare workers and／or environmental  
cont＆mhation a皿owedbybreaksininLbction control  
proαdures；VerticaltranSmissionviathedialysisap－  
paratus．Theocctmenceofallbutonecasesofinfbction  
withdoseb，relatedsubtype2cstrainsinpatientswho  
hadreceiveddiabTSisonthesamedaysandthesame  
shift（Cr2，CT3，CT4，and CT6）suggests horizontal  
transmission during care due to breaks in infedion 
controlprocedures．Severaltypesofbreaksininfection  
controlproceduresabletofhcilitateHCVtranSmission  
inhemdialysis settinghavebeen suggested，SuCh as  
absenceorhandwashingorinconstantgloveuse［Niu  
etal．，1992】，failuretochangeglovesbetweenpatients  
【Fabrizietal．，2002】，Sharingofmultidosevialsbetween  
patients［Koknboetal．，2002】，andlackofenvironmental  
disinLbction（surfacesandinstrumentS）［Delart）Cque－  
AstagTleauetal．，2002；SavQyetal．，2005］・Althoughthe  
healthcare workers employed in the unit denied any 
violationofthestandardinfbction controlprocedures，  
oecasionalorinadvertentmistakesmighthaveoocu∫Ted  
particularlyduringbu野periodsoranetnergenqwith  
patient．InanenVironmentinwhichfrequentlyper－  
fbrmedpercutaneousproceduresmaycontrihutethrough  
blood司）illageto HCVcontaminationofsurfhcesand  
instrumentS［Carameloetal．，1999】，OCCaSionalmistakes  
COuldbeenoughtotransmittheviruSbetweenpatients，  
particular1yiftheyareimmunOCOmprOmised．lndeed，  
patientsCr2，CT3，CT4，andmhadnotalways11Sedthe  
SamemaChine，butinseveraloccasions，tWO Ofthem  
hdsharedaglVenmaChinewith36hrofdi瓜rence．  
However，VerticaltranSmissionviadiabTSismachinesin  
thisgroupofpatientshastobeconsideredveryunlikely  
fbrtwopnncipalreasons：first，a氏erthesepatientshad  
receiveddialysis，eaChmachineregular1yunderwenttwo  
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COmpletecyclesofdisinfectionduringthefouowing36hr  
（afterthe鮎t and second shiR，reSpeCtively）；SeCOnd，  
noneofpatientsreceivingdialysisinthe丘rstshi氏on  
thefo1lowingdayhadresultedtx）haveacquiredanew  
inlbctionwit，hgenotm2corothergenotypes．Onthe  
COntrary，VerticaltranSmissionviadialysisapparatus  
between patient CT2and CTllcould not be quite  
excluded．Thesetwopatientshadneverreceiveddialysis  
Onthesameshift，butinseveraloccasio11Shaveshared  
thesanemaChineinthesameday．Apartfrompatient  
CT7Z，nOneOfthe otherpatientsinfectedwithclosebT  
related2c strains hadhad any kind ofcontactwith  
patientCTll（dialysisonthesameshiftoruseofthesame  
machines）．Thus，eVenifpatient CTllhad reαived  
dialysisinanOtherunitonvacation，hehadundoubtedly  
acquiredHCVinfectionintheunitwheretheoutbreak  
OCmrred，andwithhighprobabilitypatientCT2hadbeen  
the source ofhisin鈷ction．HCV transmissionvia the  
diabTSisapparatushasbeensuggestedtooccurincaseof  
dialysersreuse【dosSantosetal．，1996；Fabrizietal．，  
2002】orbydiabTSate［Sampietroetal．，1994】，Whenthe  
dialysi5餌idcircuitwasnotdisinfbcteda氏ereachsession  
uJe Pogametal．，1998】．Transmission has akobeen  
SuggeStedtooccurincaseofpotentialcontaminationof  
internalcompnentsofthediab，Sism卑Chinenotacces－  
sibleforroutinedisinLbction．Someauthors［Niuetal．，  
1992；Delarocque－Astagneauetal．，2002；Saveyetal．，  
2005］havereportedwettingofarterialandvenousfi1ters  
due to accidentalbloodbackflow creathg a potential  
contamination oftheinternalpressure sensing port，  
whichisnotaccessible払rroudnedisinfection．Thu5，tWO  
SuCCeSSiveepisodesofbloodbackflowinthefi1ter＄Can  
contributetothetransmissionofHCVtoanotherpatient．  
Howevertherehasbeencontrover＊inliteraturedbout  
the potentialrole ofhemodialysis machinesin HCV  
transmission：SeVeral0therstudiescondudedthatthis  
rot）tePrObablyisarareoccurrence，playingaminor  
role or no role atallin the transmission ofHCVin  
hemodialysis settings Uadoulet aユ．，1998；Fdbrizi  
etal．，2002；Barri1andTraver，2003】．Intheunitwhere  
theoutbreakoccurred，dialysersandtubingsetswere  
disposableand were never reusedand disinfbction  
ofdialysismachineswereperibrmeda氏ereachshiLt・  
FurthermOreepisodesofaccidentalbloodbackflowinto  
external負1terwerenotreportedonpatientCT2medical  
chartsinthedaysinwhichhehadsharedthemachine  
withpatientCTll・However，itcBLnnOtbeexcludedthat  
someincidentscouldhavenotbeenregisteredinthecase  
thatthenurseshadconsideredtheback8ownotsufncient  
forconcern．A比ernatively，abreakininfktioncontrol  
procedurescanbesupposed，SuChasanunsatisfactory  
environmentalclean1nganddisinfbctionbetweenthe  
firstandsecondshiftthathadresultedin HCVt，ranS－  
missionfrom Cr2to CTllvia contaminated environ－  
mentalsurfaces．AreαntStudysuggeststhatHCVin  
driedplasmacancauseinfktioninexperimentalanimals  
whenleftatroomtemperaturefbr≧16hrbutnotlonger  
than4days［ⅩrawczynSkietal．，2003】・   
Sincethisinvestigationwasretrospectiveithadsome  
limitations．ItwasnotpossibletodirectbTdbservethe  
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prevalence of HCVinfbcted patientsis high，and  
COnSidering the highefRcaqY Of an earlyanti－HCV  
therapy fbr newlyinfected patients【Gursoy etal．，  
2001】，eVenthisstrategymaybenotoptimal．Assug－  

gestedbyother authors［Savey et al．，2005；Hmaied  
etal．，2006LitseemsappropriatetotestforHCVRNA  
anypatientshowing，atthemonthlyscreeningfbrALT，  
a sigmificant enZymelevelincrease（atleast twice  
thebaseline）evelofthepatient）butanegativeanti－  
HCVtestandeachnewpatientwhoentertheunit．To  
thatend，itisnecessarytoarChivemonth1yatleastat  
－20OC，justforabrieftimeperiod，aSerumSamplefor  
determinationofHCVRNAincaseofALTelevation．  
However，fortwoofthenewlyinfectedpatients（CT6  
aLndCTll），mOnthlyALTscreeningdidnothelpthe  
detectionoftheinLbctions，SincetheirAIJTlevelshad  
beennormaluntilafterseroconversion・Indeed，Patient  
CTllhaddialysedoutside theumitfbr2monthson  
Summerholidays（JulyandAngust2003）andnodata  
abouthisAl・Tlevelswere avaihbleforthatperiod・  
Onthe contrary，for the two other newlyin鈷cted  
patients（CT2andCT4）thedetectionofincreasedALT  
OnmOnthb，SCreeminghelpedthediagposisbyinducing 
toperfbrmandthentorepeatatmonthlyinterval（払r  
patientCT4）theanti－HCVtest．Ifontheoccasionofthe  
detectionofanALTlevelsincreaseinpatientCT4（May  
2003）thedetectionofHCVmhadbeenperfbrmed，  
thediagnosisofHCVinLbctionprobablycouldhavebeen  
made3－4monthse8dy．Whilethesefhctsunderline  
uncertaintyindepictingthechainoftransmissionin  
thisoutbreak，theyalsostresstheimportanCeOftesting  
tbrHCVRNAwhenever＼aSignificantAlRincrease  

OCCu∫S．   

Aftertheimplementation of thein鮎ction control  
procedure8andtheuseofdedicatedmachinesfbranti－  
HCVpositiv色patients（sinceJanuary2004），nOaddi－  
tionalcaLSeSOfnewHCVinfbctionwereobservedinthe  

unit，．Thedecisionofusingdedicatemachinesfbranti－  

HCV positive patients，that became operativefrom  
January2004，WaS taken by the hospitalmanagers  
a∝Ordingtopubhshedguide址nes［Barri1etal．，2004】．  
IsolationpoliqrofHCVinLbctedpatientsonmainte－  
nancehemod叫ysi8byrooms，maChines，andpersonnel，－ミ  
iscontroversial．Atpresent，TheCentersforDisease  
ControlandPreventiondoesT10treCOmmendtheuseof  
dedicatedmachinesorpatientisolation【AnonymOuS，  
2001】，howeverinsomeEuropeancountries，including  
Italy，a gOOd proportion ofthe hemodiabrsis units，  
parti00larlythosewith highprevalence ofinfection，  
Currently adoptisola七ion strategyfor HCVin鈷cted  
patient8（EBPGEGH and ERA，2002；Fabrizietal・，  
2002；Barri1andTraver，2003；Barriletal．，2004；Di  
Napolietal．，2006］．Notwithstandingthehighpreva－  
1enceofinLbction，beforetheoutbreako∝urredinthe  
uhit，nOisolation measures were adopted‘fbr HCV  
positivepatients・恥iswasduetothelackofroomfor  
patientsandtotheunavai1abilityoffurtherhospital  
personnel．¶lereareCOnvincingargumentssuppotting  
apoliqYOfisolationofHCVinLbctedpatients・Some  
prospectivestudieshavedearlyshowedanimportant   
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health careperSOnnelemployedin the unit during  
theirday－tO－dayworkingin theperiodtheoutbreak  
occurred．Consequently，itwasnotallowedtoverifyif  
inthatperiodtherewereevidentbreaksinllniversal  
standard precautions during task＄and procedures  
perfbmedbypersonnelduringthecareOfthepatients  
and／orin environmentalcontrolprocedul・eS；thusit  
wasnecessarytorelyonhealthcareworkersinterview  
andmedicalchart review．Both twolatter sources of  
information could have nimimi2：ed the recognition  
andtheimpact ofsome events able to enhance the  
probability of HCV transmission. On the basis of 
theseroconversiondat．aandepidemiologicalfindings，  
assummg there were TLO Substantialdelaysinthe  
8erOCOnVerSiontimes，thepossiblechainoftranSmission  
oftheinfectionamongthehemodialysispatientharbor－  
ingcloselyrelatedHCV2cshouldhavebeendepictedas  
thatreportedinFigure3．Indeed，itiswellkn0wnthat  
uremicpatientsreceivinghemodialysismaysuffbr a  
degreeofiTnmunOSuPpreSSionandmayhaveadelayed  
ordi8turbedHCVantibodyresponse，Whichresultsina  
prolonged seroneg＆tivewindowphase aLterinfection  
［bPoga皿etal・，1998；Saveyetal・，2005］・Sinceserum  
Samples obtained．丘om the patient8attendingthe  
unitatvarioustimepointswerenotstoredandthus  
werenolongeravailablbforHCVRNAdetection，itwas  
impossibletodeterminethetimeinwhicheadlpatient  
invokedintheoutbteakcouldbeconsideredactual1y  
inLbcted BLnd able to transmit theinfbction．In other  
WOrdB，ittwasimpossible to establishwith certainty  
WhichpatientamongCT2，CT4，andCT6wasinfected  
firstand‘conseque咄whenpatientCT2transmitted  
thelihLktion to patient CTll．Nevertheless，rOutine  
momitoringofHCVinfectionaswasperformedinthe  
unit，thatis screenmgALT7nOnthb，plus anti－HCV  
testingu‡氾ntheadmission，thenevery6monthsandin  
CaSeOfALTincrease，hadpemittedthedetectionofthe  
Outbreak，However，becauseofthehighriskofHCV  
tranSmissioninhemodialysisllnitseventhroughunrec－  
Ognized case＄，partic111arlyinthoseumiwhere the  

Bre8kきinin一色eゼoneon廿01  
PrOCOdureさ？  

9h  

EnvironmenbI  
contもmin8伽n？   

Fig．3．Sdl¢皿e O一 也e possible dlain and m∝b血ms or  
HCV血n皿1鹿ion8mO甲野口O初婚鮎i血edp鵬ent8inⅦhd  
h也e ou仏陀と血．8Sざummg血ere were mo餌bst8n塩山delaysin  
引牙ひ∝mⅣ勧帽ion岨me8．   
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decreaseinthe incidence of HCVinfbctions by a  
COmpleteisolation of theinfbcted patients［Saxena  
etal．，2003］．0therstudiesrepbrtedareducednumber  
ofseroconversionsinunitinwhichal1patientshada  
dedicatedmachineorsomemachinewerededicatedfor  
且CVinfectedpatients［Shamshirsazetal・，2004】．The  
use ofdedicated machine fbr HCVinfectedpatients，  
couldbeusefu1inunitswithhighprevalenceofHCV  
inLbctionandwithalowpatient－perSOnnelratio［BarTil  
andTraver，2003】．Ontheotherhand，SeVeralconsid－  
erationsoppsetotheneedtoisolateHCVinLbcted  
patients．HCVin触tivityislowerthanthatoftIBV・  
Anefrbctiveisoladon poliq wouldinclude reliable  
diagnostic methods to detect HCVinfkted patients；  
thismeansthatitwouldbenecessarytoroutinelytest  
al1patient5forHCVRNA－Furthermore，SeVeralinvesti－  
gatorshavebeenabletosignificantb，reducethenumber  
ofsercwnversionbyonlyreihLbrcingin良ctioncontrol  
measureS［JadouletaJ．，1998】．Final1y，Othersauthors  
showedtheIICVtransmissioncanoccurdespitetheuse  
of dedicated machine because of breaksininfection  
controIFOCedures【Hmaiedetal．，2006】．Evenifthe  
debateovertheneedfbrisolationpolicyisnotresoIved，  
thereisaconsensl】Sthatusingdedicatedmachinesfor  
HCVinLbctedpatientsdoesnotexcludereinfbrcementof  
universalprecautions［Delarocque－Astagneau et al・，  
2qO2；BarrilandTraver，2003】．   
hcond11亘On，mOlecularanabrsisandepidemiological  
investigation＄uggeStedapatient－tかpatient且CVtrans－  
nissioninthis outbreak mainly due to breaksin  
infbctioncontrolproceduresevenifarel且ted－maChine  
trans血issioncannott＊quiteexdudedinonecase．   
Umiversalinfectioncontrolprecautionsremainthe  
keystoneinthepreventionofnos∝0miaiHCVtrans－  
misioninhemodiabfSisuhits．TheyincludeavoidanCe  
Of sharing equlpment and devices，丘equently hand  
WaShingandproperglovesu＄e，Cleanlnganddisinfec－  
tionwithviruCidalagentsofal1theunit（instrumentS，  
machine．且00r，Surfaces）．Al1these meas11reSrequire  
COntinuouseducation，WrittenprocedureSandadequate  
patient－perSOnnelratio．  
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○サウスハンプシヤーにおける急性E型肝炎国内感染率の予想外の高さ：ルーチン検査を行う時期か？  

先進国特有のE型肝炎とは、流行地域への渡航歴のない者に発現したE型肝炎である。近年、英国を含む経済的に発展した多  
使用上の注意記載状況・  

くの国に新興する疾病と認識されている。しかし、E型肝炎は現在も稀な疾患と考えられており、E型肝炎のルーチンな臨床検査  
その他参考事項等  

合成血「日赤」  

研  

究  

報  

い豚肉製品を食べたり、ブタと密接な接触を持った記憶のある患者はいなかった。これに対して、同一期間中、A型肝炎の診断   
ムヒ  
のl  

概  
要   

vcJD等の伝播のリスク   

報告企業の意見  今後の対応   

英国サウスハンプシヤーの単一施設において2005年6月から    日本赤十字社では、厚生労働科学研究「E型肝炎の感染経路・宿主   

13ケ月の期間にE型肺炎13例が発生し、同一期間中A型肝炎は    域・遺伝的多様性・感染防止・診断・治療に関する研究班」と共同し   
2例、B型肝炎は4例であったことから、原因不明の急性肝疾患    て、献血者におけるHEV感染の疫学調査を行っている。北海道にお   
を発症し、関連する渡航歴のない患者全員にルーチンのE型肝    ける輸血HEV感染報告を受け、試験的に北海道では研究的NATを行   
炎検査を実施することの重要性が示されるとの報告である。  うなど安全対策を実施している。また、輸血による肝炎ウイルス感染防  

止のため、血液中のALT値61IU／L以上の血液を輸血用から排除して  

いる。今後もHEV感染の実態に関する情報の収集及び安全対策に努  

める。   
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UnexpectedlyHighIncidenceofIndigenousAcute  
HepatitisEWithinSouthHampshire：  
TimeforRoutineTesting？  

y鼠Mu仙，㌧血P・Iredde，2Nid【Sb椚n，1s血imL馳血0，l  

β0打続αmpね几仇ねerざi砂助甲iぬJ〃ガ苫7ナα5ちβ0比fたαJT甲fo花，び打  

i  

Withnotrave＝1istorytQhighlYendemicareas．1t  
has been recognized recent］y as an emerging  
Clinicalentityinasignificantnumberofeconomi－  
CallydeveIopedcountri甲includingUK・However，  
itisstiLlしPerCeivedasararediseaseandroutine  
taboratorYteStingforhepatitisEisnotperformed．  
Aseriesof13casesofhepatitisEIDC．diagnosed  
in a13－mOnth period fromJune2005within  
a sIngle centerin South Hampshire，UK．is  
PreSented．ThesePatients wereidentified after  
impIementing a noveI－SCreenIng algorithm that  
introducedroutine，hepatitisEserologLCaIinves－  
tigations．Patientswer畠middIeaged orelderly  
andmaleswereafFectedmorecommon竃y．Four  
Patients（31％）required hospitaIadmission．A”  
reversetranscriptase－PO（ymerasechain reaction  
（RT－PCR）confirmedcasescarriedhepatitisEvirus  
（HEV）genotype－3，Which bore c10Se SequenCe  
homoIogYtOHEVcirculatinginUKpigs．Noneof  
thesepatientsrecaHedeating undercookedpork  
PrOductsorc（osecontactvvith、Pigs during the  
2monthsprecedingtheonsetofacutehepatitis．ln  
COmParison．duringthesame period．onlYtWO  
CaSeS Of hepatitis A and five cases of acute  
hepatitis8werediagnosed．Thesedatai（tustrate  
theimportanceofintroducingroutinehepatitisE  
testingIna］IpatientsvvithunexpIainedacute暮iver  
disease and absence ofrelev畠nttraveIhistory．  
RoutinetestingcancIarifYhepatitisEepidemio－  
IogywhilstimprovingthecIinicalmanagementof  
Patientswithacuteliverdisease．｝．Med伽L  

80こ283－2乳20仏臥 ⑳2（粕7Wn町⊥i㍊，hc．  

EEYWORDS：nOn－traVelassociated hepatitis  
E；SerOJogy；RT－PCR  

mODUCTION   

HepatitisEviruS（nEV）isa smal1non－enVeloped  
viruS，withasingle－StrandedRNAgenomeofpositive  
POlarity．First documented as the cause ofl10n－A，  
non－Benterica11ytransmittedhepatitisintheeighties  
［Gandhietal．，1982；Balayanetal．，1983；Bradleyand  
Maymard，1986］，HEVwasclonedandsequencedinthe 
earlydneties［Reyesetal．，1990；Tametal．，1991】and  
Classifiedasthesolememberofthegenus軸uIT・uS，  
fhmi】y鞄euiriche，in2004【Emersonetal．，2004】．In  
developingcountries，Whetesa血i也止ionispoor，HEVcan  
CallSeepidemicsofacutehepatitisEwhenthewater  
Supplyis fbcal1y contaminated tTsega etal．，1991；  
Naik et al．，1992；Rab etal．，1997】．In this setting  
hepatitisEisgeneralb，amilddiseaseofyoungadults；  
however，pregnant WOmen may Suf艶r signi丘cant  
morbidityandmortality（Hussaimietal．，1997；Kumar  
etal．，2004；Bocciaetal．，2006］．Indevelopedcountries，  
bycontrast，hepatitisEisasporadicdiseaseidentified  

no travelhistory to highb endemic areas hasbeen  

“  

でbisformappearStOafrbctpredominan也yelderlymales  
【Sainoknmietal．，2004；萄a2：etal．，2005】．   
Geno伽ping of HEV hasgiveninsightsintothe  
epidemiology ofthisinfection．恥ere arefour main  
genotypesofHEV．HepatitisEindevelopingcountriesis   

●Com甲Ondence b：Dr．Em8mela Pelo5i，Department or  
Mi血血iologyandⅥmlo訂，SoutbLabor8bⅣBlock，Sou仇8コIpbn  
UnNeTSi吋Ho印i七山NHSでmもTremon8R札Sou仏8mpbnSO16  
6YDtJK駐mail：emanuela．pelosi＠訊止It．6WeSt．nhs．uk   
A∝ep鹿d20September2007   
DO110．1002βmv．21062   
h止1i＄bdomhneinWi】eyhterScknce  
（wwv．j血kr虻ience．wiley．com）  
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DeSilvaetal．  

hepatitisEmChadbeendetectedinUXin1999［Mc  
Cruddenetal．，2000】，ispartofanenl1anCedsurveuanCe  
programfbrthisinfbction，inEnglandandWales．  

HEVSerology   

HEVIgMandIgG serology was performed using  
theGeneLabELISAassays，tWOimmuneenzymatic  
COnmerCial tests based on recombinant antigens  
fromHEVgenotypesland2（GenelabsDiagnostics，  
Singapore）．Bothlaboratory test resu）ts wereinter－  
pretedaccordingtothedirectionsgivenbythemanu－  
fhcturer：al1sampleswithanOpticaldensibTgreater  
thanthe cut－Ofrwas considered positive．Apositive  
HEVserologywascon丘rmedbyadditionallyt七Stinga  
fonow－upSample．   

ⅡEVReverseTranscriptase－PolymeraseChain   
ReactionAssay（RT－PCR）andGenotypizlg   

Samples reactive by the HEVIgM and／orIgG  
assayswereadditional1ytestedfbrHEVRT－PCRand  
genotyped，ifHEV－RNAwasdetected，attheCenterfbr  
InLbctions，HPA，Lendon［tiazetal．，2005］．  

ClinicalFeaturesandLaboratoryResults   

Fifteen cases ofacute hepatitis E wereidentified  
between May2005andJune2006．Two cases were  
diagnosedinpatients ofIndo－Pakistaniorigin who  
hadtraveledtothelndian subcontinentint．herecent  
past．ThirteenpatientswereBritishofwhiteEuropean  
ethnicity，reSidentinthreeurbanareaSwithinalO－mile  
radiusofSouthampton，Ha皿p＄hire，UX（Fig．1）andhad  
nottraveledtohigh1yendemicareasin．the2mont．hs  
prior toidentification ofraised serumALT．Eight of  
the13patients（62％）returned the contact－traCing  
questionnaire、Twopatientsatesheufishandthreeate  
liverpateofunspecifiedanimal0rigininthe2months  
priortothedetectionofacutehepatitis．Itisnotkn0wn  
Whetherthiscons11mptionwasoccasionalorhabitual．  
During the same period no patient had consumed 
undercookedporkmeat orhadbeenin contactwith  
Jaundicedindividualsorfhrmamimals，includingpigs．  
Fivepatients（38％）weredogownerS，butnodiseasewas  
reportedintheirpets，   
TableIsummarizesthepatients’clinicaldetailsand  
laboratoryresultsofhepatitisErDCcases・Themedian  
agewas71years（rangeof46－85years）with6（46％）  
being75years ofage or older；11（85％）weremale．  
Twelve of the13imitialsamples were collected at  
thepeakoftheALTvalueandthe13thwascollected  
2weeksaftertheonsetofjaundice，WhentheAIJTvalue  
hadnomalized．HEVRNAgenotype3wasdetectedin  
8／12（67％）patientsintheacutephaseofthedisease・  
TwoHEVRNApositivepatientshadatypicalserological  
PrOfiles：One had only a detectableIgM re戸POnSe，  
withoutameasurableanti－HEVIgGrespohselnSpite  
ofrepeatanalysesseveralweekslater，Whiletheother  
PatienthadonbrdetectableIgG．   
Thedinicalpresentationsweresimi1arinmostcases・  
Typicalたatureswerea2－3weeksprodromeofmalaise，   

284  

causedbygeno吋pesland2．However，hepatitisE18Cis  
causedbygenotype3inmostcountriesandbygenotypes  
3and4inJapan［Lu et al．，2006；Okamoto，2007】．  
Genotype4c？uSeShepatitisEinChinawhereitappears  

tobeincreaslnglycommoncomparedtogenotypel［Li  
etal．，2006】．Critica11y，HEVgenotypes3and4are  
knowntoinfbctarangeofanimals［Wangetal．，2002；  

Michitakaetal．，2007】，Particularlypigs【Banksetal．，  
2004；Zheng et al．，2006；HerremanS et al・，2007］，  
suggestingthatexposuretoanimalsorzulimalproducts  
may bethe source ofinfbctionin humanS・Indeed  
acquisitionofhepatitisEIDCbydietaryconsumptionof  
wi1dboar，deer，andpigmeatorviscera，COntaminated  
withHEV，hasbeendocumentedinJapan【Teietal．，  
2003；Yazakietal．，2003；Takahashietal．，2004；Masu血  
etal．，2005］．   

HepatitisEIDCwas丘rstreportedasaclinicalentity  
intheUnitedKingdom（UK）7yearsago，fbllowinga  
report offbur cases［McCrudden etal・，2000］・Sub－  
sequentinvestigations of stored serum Samples，  
togetherwith enhanced prospective surveillancein  
severalUXcenters，haveshownthathepatitisEIDCis  
indeedanunder－diagnoseddiseaseinUK［tjazet■al．，  
2005；Lewis et al．，2006；Dalton etal．，2007】．Tbe  
relativelylowsensitivity［Zhangetal．，2002；Mansuy  
et al．，2004；Myint etal．，2006】and highcosts of  
currently available diagnostic tests have meant that 
they are not used routinelyinthe diagnosis ofun－  
explainedabnormalhverfunctiontests．Therefbre，t・O  
date，SyStematictestingLbrhepatitisEisnotroutinely  
per鮎rTnedinUXdiagnosticlaboratories，andthetrue  
incidenceandtheclinicalimpactofthisdiseaseremain  
tobefunyclarified．  
Inordertoaddressthis，anOVeldiagnosticalgorithm，  
introducingroutinetestingforantibodiestoHEV，WaS  
de且nedandimplemented，Theexperienceofasingle  
diagnosticcenterinHampshire，UK，ispresented．  

】ⅧETIIODS  

Patients and Samples 

ThisworkwasperformedatSouthamptonUniversity  
HospitalNHS Tmst．Between May2005andJune  
2006，139（70fbmales，69males）serumSamplesreceived  
at the HealthProtection Agenqr（HPA）South East  
Regional1aboratoryofSouthaLmptOn，Whichwereneg－  
ativefbrmarkersofacuteinfectionbyhepatitisviruSeS  
A，B，C，Epstein－Barrvirus（EBV），andcytotnegal0viruS  
（CMV），andwithanALTlevelgreaterthan300IU几  
（normalrangeoflO－40IUnJ），WereteStedfbrHEVIgM  
andIgG．   
Au patientswith1alx）ratX）ry data consistentwith  
acutehepatitisEwereinvestigatedfortravelhistoryto  
highbTendemicareasinthe2monthspreceding野mptOnlS  
OnSet．Whenevertravelhistorywas negative，pa丘ents  
WereaSkedtocompleteaquestionnaire，WhidlaSSeSSed  
COntaCtSwithanimals，including pigs，dietaTy habits，  
andexpswetootherjaundicedindividuals．Thequestion－  
naire，developed bythe CenterforI血ons，trPA，  
Lendon（www．hpa．org．uk），a氏ertheinitialcases of  
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Fig．1．SouthH叫旭hire．Proportionofpeopleabovest＆tePen8iorLage（65year＄formenmd60ye且rBLbr  
WOmen）且∝Ordil堵b2001pqnlla血αnSu8血h：Sou也ampbm16．5％，Bas也ei由17．1％，帥g叫nNew  
Fore或25．6乳End且nda皿dWde＄1乱4％）．  

fever，andanoremi・beforepre9en血gtotheirgeneral  
practitioner．Ten ofl亭patient8（77％）complained of  
jaundice and dafk urine，Su鮮Stive ofliver disease，  
Whiht3（23％）hadabdominalpain．Scvenpatientswere  
血bhospihland氏〉ur（31％）werea血由触d．M  
levelsvariedbetween3008nd6，777ItJ几（normalrange  
OflO－40IU几）．Liver野ntheticfunction，aSdeten血ed  
byinteruationa）normalizcdra也0（INR）estima也on，WaS  
impairedin two individuals（a third patientwith  
raisedINRwason00nCOmitantWarfarintherawsince  
theimplantationofaprostheticheartValve）．Tbeseverity  
Ofthei山ICSSCSmayhavcban（カntributedtDbytheco－  
morbiditie8thata柁PreWalentintheelderbrpqpulation．  
FourindividualshadtypeⅡdiabetesmellitus，threehad  
hypertenSion，andonedrankalcoholtolevelsabmethe  
UKDepartmentofI‡edthrec皿mehdatio7W（www．dh．  
gt）V．uk／en／pohwandgtddanoenleahhandsocialcaretOpics／  
d00hdmisus；Ⅵ∋指im or 7．06．2007）．Twdve out or  
13patient8madea00m由eterwerya鱒erabmt2wedks，  
butonepa塩entdied2monthsa氏erdleaCuteⅢn鰯from  
ridhtlowerkhepneummia．恥deathwasmostlikebT  
unrelatedtohisHEVinfection．  
Ins11mmary，bytheuseofanovel－teStingalgoritlm，  
15casesofacutehepatitisE，Ofwbich13werenottravel  
associated，havebeenidenti＆edina13－mOnthperiod．  
Bycomparison，duringthesameperiodonlytwocasesof   

acutehepatitisAandfivecasesofacutehepatitisBwere  
identi魚ed，1eadingtotheinferencethathepatitisEIDCis  
Signi舌candyunderdiagnosed．  

DISCUSSION  

Ina13－mOnthperiodacutehepatitisEmChasbeen  
identifiedin13individualsresidentintkeetownsof  
COaStalHampshire，UX，with a totalpopulation of  
about340，000inhabitant＄（Fig．1）．1ntheeightcases  
diagnosedduringtheviraemicphaseofthedisease，  
HEVgenotype3wasdetectedCrableI）．Thisgenotype，  
COmmOnlycirmlatinginpigs【声anksetal・，2004；Teo，  
2006】，ha8abobeenrβCOgnizedintheotherc＆SeSOf  
hepatitisEIDCreportedinUX，SuⅡ皿arizedinTableII・  
ApossibleriskfactorforacqhiringhepatitisETDCwas  
identi鱒edintwopatientswhoateshe11fish【Medlnik  
etal．，2001；Ibizumietal．，2004；tiazetal．，2005】during  
仇e2mon払spre成ng仇畠山ness．   
Themqiorityofthesepatientswereelderbrmale＄  
（88％，TableI）．Itisnotcl甲∬ifgen9tyPe3isattenuated  
in pathogenicity，thus causing preferential1シovert  

diseasein more su5αptible hostslike elderbrindi－  
viduals，Orifolderpeople，particularlymal飴，havea  
greaterriBkofexposuretOHEVduetobehavioralor  
environmehtalriskfhctors．ThispeCuliarandpuzzling  
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