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demic prompted consideratユOn Of dle pOtentialfor  
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Sibility，We SurVeyed theliterature underlying thesep  
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inourbowledge．   

Ifinnuenzaweretransmissiblebytransfusion，blood  
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immunocompromised patients，might su圧erincreased  
morbidiry and mortality. In bone marrow uansplant 
populatlOnSinfluen乙alnfectiDnappearStObeas＄OCiated  
Wi血approximately25percezltmOrtality5r8ぴinLluenヱa  
wefedeernedtorepresentatransfusiontTanSmissionrisk．  
possiblescreeningmethodswo山dl比elyrelyonepide－  
miologl雪queけOrlaborat叩rSCreening・Ⅶ山肌ySCreeロー  
Ing血ereisariskorimpac血gsuf，ply．¶治血如一山eblood  
SuPplywouldalsobecomepaTticulaTlylmPOrtantifapan・  
demicweretobecau＄edbyaviruSSimilaLrtOthehigh1y  
pa血ogenicinnuenzaA（H5Nl）．InfectlOninhumamhas  
thusfaTreSultedinapproximately60percentcaLSe払tality 
ratlOWheretheviruShas♭eenisolatedoutsideofthere＄・  
piratorytract．afactornottypicanyseenwithseaspnal  
in飢1enZainfections．DetectiDnOfin仙en祖intheblood  
Of H5Nlinfected htJmanS andin animalstudies has  
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COuユdresult・TheglobalspreadofH5Nl，COntlnuingout－  
breaksinbirds．andsporadicinfectionsinhumanshave  
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aLndcauseaTlinfluenzapandemic・Thepossibilityofan  
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the donated unit of b】00d，餌nher  
endaJlgeringbloodproductavailabuity  
ata也mewhendonor＄maybesca∫Ce．  
Suchaddidonaユsou∫CeSOfstresson血e  

SyStemWOuldneedtobetakenin（OCOnT  

SidemdonwhenmodeIingthee蝕ctof  
apotentialpandemic，  

BACKGROUND  

回IuonzさOPIdemi010gy  

Seasondinfluenzarepresentsasigni貞一  
CanIcontdbutortoover劇mort山ityin  
the U－1ited States，Particularlyamong  
tho＄e65yearsandolder．Theratesof  
illnessand＄eVereCOmplicationsfrom  
SeaSOnalin飢Ienヱa Can V釘γSubstan－  
tially打omyeaTtOyear，tnyeaLrSOfhigh  

Asianpandemicinfluenヱain1957．hspiteofis0lating  
virusfromthroatwashesof60fthe＄eStudentsandantト  

bodyevidenceofinfectioninaJJ7，nOneOftheblood  
SpeCimens勇eldedpositiveres山は，d山ou少IpOOli一喝Of  
Seriallycollectedspecimen＄mayhavedilutedoutasindc  
POSitive specimen beyondtheinfectious dose for the  
ChlCk embryo．Na丘cy Minuse and Khakpou∫an tWed  
Clotted blood specimens，In contrast．Pohakova and  
COWOrkers3－isolatedin飢1en払底ms打om hemol匹ed  
bloodo‖10f63patien【s．allofwhomweredcscribedas  
having moderately severe丑1ne＄S．32Age＄Ofthese・11  
palientsrangedfrom9month＄tO67years．andvir也WaS  
isolatedmostfrequendyonDay3afteronsetofsymp－  
toms（20nDay2，50nDay3．20nDay4，10nDay5．lon  
Day6．10nDay7，and10nDay13；2patient＄hadvirtlS  
Isolatedon2diぼereEltdays）．Isolatedcasereportshave  
demonstrated viremiain hospitaliLed padents either  
Pre－Or pOStmOrtem．35朋More recendy，TsuruOka and  
associates37usedreversetranscription－P01ymeraSeChain  
rea仁山orl（RTpCR）toident坤genomici畑uenヱ8mb  
perlphe血blood mononuclear cen8（PBMNCs）t止en  

加m18childrenagedlto14years鵬dlpOSitivethroat  
SWabsforinmlen乙aduringthe1992to1993seasonin  
ねpaんTheeo仙■e18s皿IpleさWerem・pCRpo5itivo涌出  
NPand／orHAprimers（＄ubt押eH3，山econtemporむy  
CifC山adngsubtype）．聞TheNPge！leSequenCeObseⅣdh  
lpatient’spBMNCswasidenticaltothatobtainedなom  
his血matswab・d山ough山eHAsequenceof山eo仇訂2  
isolate＄di庁eredfromtheampli丘edthroatnudeicacidby  
3to9nucleotides．msl訂ge number qf nucleotide  
Changesco山dsignaユei山ersdectionor8－quおi・Spedesof  
influenzavirusthtwasnotdetectedbycuJtureDrmay  
represent contamination ofさample5．h addi也on，鴫【山  
CuJtt甘eWaSnOtattemPtedinthisstudyandthusdidnot  
a∬eS＄PreSenCe Ofviablevirus．Durhg－aninf山em00B  
Outbreakin血e1994to19955eaSOn，50f17redbloodceu  

（RBC）andwhjteb）00dcell（WBC）sa皿Ple＄打om4oEllu  
d止Idren yieldedinfluenza B wherlCOCdturedwith  
Madin－Darbycaninekidneycells．39Inthi＄＄tudyaswell．  
thelluCleoddeandaminoacid＄equenCeSVariedsubstan－  
dalIybetween viruSeSisolated＆om throatand blood  
叩eCimens・Anumberofstudie88e訂【丸山gfbrh瓜uenza  
鵬remi8a員er山e onset of山ness have鮎ed to detect  

扇mも5uppO爪ing血enotion山atinnuenヱaⅥremiakat  
mostamreeventinthepostsymptOmaticperiodandifit  
exi専t＄isnotge－1eranySu＄tainedforlongpedods．〟Jt2   

hdirede扇denceoriれ餌enza鵬remiahasbeen8ug－  
gestedbyreportsofviraldetection（isolationorPCR）打om  
e虹rapldmonaⅣSitesincluding autop町SpeCimenきOf  
he訂t，払血印braれSpinalcord．spleen，andliverロー8  
Pregnant19TyeaETOld womanWho died as、・＆reSdt of  
A2／HongKong／8／鎚inねction．伯Fetd hea正也ssue8nd  
miotic丑山dwerealsoposi也ve．出Ⅵ那也eam山odc丑山d  
Ora24－ye町・01dwomaれWho冊rd如mb瓜uena  
A／8肌由ok（H3N2）h托血，n．んAぬ触＝げ肌tOpSleき   
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thanonehumancaseofinfectioninrecentyearsinclude  
H5Nl，鮎streportedin1997．28H9N2reportedin1999，27  
H7N7reportediI12003，2BandH7N3reportedin2004．290f  
these，H5Nlrepresents the greatest current pandemic  
threatandwillbediscussedfuTtherbelow．  

EVfDENCE FORINFLUENZAVIREM［A］N  
HUMANINFECT10N   

N8tUr81】yoccリーrIn！lhuman¢a5eSOf  
lnfluenヱaViremia  

’Relatively few studies have addressedthe question of  
扇remiacausedbyinnuenヱain鮎ction，andmostDf山ese  
datebacktothe1960saLnd1970s．The負r＄trePOr【Ofinflu－  
enza血emiawa5madeln1963byNa負cヅ＝畑ueIlm  
virus，GroupA，Type2（Asian）wasisolatedfromblood  
drawnonHospitaJDay2（5daysaf［eronsetof＄yTnptOmS）  
froma40－yearTOldphysicianillwithfever，headache，and  
malaise・mis柁pOrt b山owed previous su鍔eSdons of  
viremiabasedonisolationofin8uenzavirusfrompcrst・  
mor（emtissuesamplestakenfrompadentswhohaddied  
OfA5i弧in幻uenヱainfection・31subsequenttoN濾叩一spub・  
lication．a＄Jngle reportintheliterature describesin－  
Eluenzaviremiain a natural1yinfected．asymptOmatic  
Patient．32sampleswereprospcctivelyobtained打om29  
Clinica山yweuclosecontactsof21illpatientsinaTehran  
pnson．Of血ese21山subjects，12had血幻uenヱa血8iso－  
1atedfromtheirthroatwa＄heseitherintheorl由nalinocu・  
lationoraftertheRrstpassagelnlO・dayTOldembryonated  
Chjckeneggs・No勇n逓Wびdetectedh山ebloodspeci・  
menso一也esepa【ienb2虎ertwoblhdpassages．Tbe29  
healthyclosecontactswereclinicanyobservedfor6day＄  
aLldevaluatedbyboththroatwashesandbloodspeci・  
mens・Of5subjectswhodevelopedpositive山roatswabs．  
1hadviruSisolatedh’OmbothbIoodandthroat＄PeCimens  
COueCtedwhiIeasymptomatlC・Thisindividuajdevelopcd  
Clinica】山ness12hoursa氏er山esespecimenswerecoト  
Iected．Subsequent specimens collected at12and24  
hoursぴ【er onset of s叩IptOmS Were negative．me  
numberofsu叫ectsstudiedwassmall．andlaboratory  
COntaminationcannotbede丘nitivelyru1edout．butlof  
5sub5ectsobserved丘omthetimeofinLluenzaexpo・  
StJreWholaterdevelopeddo9umentednaturalinfluenza  
infecdonexhlbitedtranslentviremia・Seventee－1Symp－  
tomatic＄ubjecb而血山matwぉh叩eChlenSpO＄i也）nfor  
in瓜uenzahadnegativebloodc山hけeSforinfluen乙乱   

Before血e柁pOr【byNa点呼血1963，Minu紙弧dcol・  
1eague♂eⅢ∬血ed7couegestudent8ho叩it血dfor   

l防2 ¶lÅNSFUS10N VoIリー¶047．Jun82007・  
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鵠   

Pi払l・Se鮎Onalwl8加nI〔1－1仙eM旭dpneumonIamortall－yぬr122ノCltj噂．Week  

endlngMiy2l・2005・The恍C瑚mOn山1ty引雑nmOさtm∬kedyln仙e鵬爪1eror2003  

1岬叫批伽仙to仙m山dさ㈹nd叩umO山a鮎SOCia【ed  

CanpeakatmorethanlOpercentof山I  

CauSemOrtalityin（heUnitedStates（Fig．1）．7Duringthe humans，biTds，horses，Plgs，anddogs・Theprimaryreser－  

VO止ねrTypeA扇mses．however．is bkds．InfluenzaA  

VirusesaJeSubtypedbasedontheirhemagglu血inand  
neuraminidase・BothTypeAandlYpeBviruses are  
incllldedintheannualvaccineaJldcancauseinnuenza  
epidemic乱  

Du血ginLluerLZaⅥrusreplication，errOrSCanOCCur  
aLndleadtogenetic血iatlOn・Changesmadetoantigenic  
regionssuchasthehemagglutlninmoleculeaTetermed  
antigeIlicdrift．22AntigenicdriLtallowsindividualstohave  
mt山ipleinfectionswithinfluenzaviruSeSOVertheirliEe－  
timebecauseantibodymadeagainstoneinfluenzastrain  
maynotprotectagainstdistantlyrelateddrif［edstralnS．  
ALntigenicdriftisanOngOlngprOCeSSaTldnecessitates  
neaTly yearly11Pdates of the hEluenza virus stralnS  
hdudedinin幻uen乙aVaCdnes．  

A more e血‘eme version oranugen止variationin  

influenaviruSeSisantigenic shif［．v（hereby genomic  
SegmentS丘■Omdifk柁ntinfluenzavimsst∫裏nsreas＄Ort  
tocrealenewcombinatユOnSOfgenesegments．23Thenew  
viruscanacquireanovelhemagdutlninornetminidase  
gene打omtbepoolof16hemagdutinin弧d9neuramini－  
dasegenes・21AntigenicshJftresultinginastrajncapable  
OfcausingahumanpandemicisarareevenLHowever，  
仙etwomostrecentin仙emzapandemicvirusesarose  
throughreassortmentofhumaninnuenzaAwithavian  
血餌en乙aSt血n鼠Recente再dencesuggesb．howeveち也at  
the1918in幻uenzapandemicmayhaveres山ted魚・Oman  
avianlnnuenza血s血n血atacqu加d山ecapaciryto  
infecthumansbydirectmuta（ionratherthanreassort・  
ment（1もblel）．25AnumberofaviaLtinfluenzastrainshave  
CauSedisolatedinfecdonsinhuma刀S■ranghg打omcon－  
juncd扇由 toinnuenza故ei山ne55 and even death  
ExamplesofcontemporaⅣS打出ns山athavecausedmore  

Volu汀lOヰ7，Jun02007 TR▲NSFUS10 

1990s．ameanof36，080influenza－relateddeathsoccurred  

perye叫涙山more山肌90percentofdea山50CCu汀hgin  
the elderly8駄timate＄Ofannu山in幻uenzaulness can  
Wge打om5t020percent9而血山e山ghestincidence  
gene血Iyoccu汀inginc山Idrenノ…Forexample■du血ga  
19760tltbreak－orA／ⅥdOriain the Houston area，an  
18percentattackratewasdocumen（ed．withrate＄inpre－  
SCh001childrenestimatedtobemorethan30percent・  
In餌enzaattackratescanbemuchhigheriTlpOpulations  
With dose contact．with documented attack rates of  

42pe托entfor也ecrewofaUSNavyship，L5hcontrastto  
Sea50naIinmlenヱaWherehigheri山IeSSrateSOCCurinch山・  
drencompamdtoadults，ulnes＄rate＄aregeneranyhlgh  
acrossallagegroupsinapaLldemic，W旭1emeaJlillness  
rates訂e6to7percerltinhealthyad山tsinsea50ndinnい  

en祖，du血gapandemiciⅡnessIate5areeS山natedtobe  
且pPrOXimatdy30percenLl…  

Antig8nlcdr椚andsh旧さndさ∩仙onヱareSOrVOi柑  

hnuen乙aAis a slngIe・StTanded，negative－SenSe RNA  
Virus，Witheightgenomesegments，eaChcornplexed（Oa  
nucleoproteinmoleculelnthematurevirion・A加igeni－  
Ca山yimportantregi01150日九e血sinclude【hehemagか－  
tinln，reSpOnSibleforviruSbindingtosialicacidonhost  
Ce11s・andtheneuraminidase．neededtodetachnewlyrep・  
licatedviru＄fmmhostce11s．19Antibodyresponsesdirected  
again＄tthehema由1udninproteincanprotectfrominnu－  
enヱainねcuon（re勇ewedbyPotterandO血rd20），andanti・  
bodiesagainstneuraminidaselessendiseaseseverity之）  
nere礼帽IⅣOm血t沖田OrinmlenZa血ses．1沖esAand  
B・やpeB血さ腎a柁ねundpredominandyinhumans．  
TypeA vinm caninfbct mdtiple speciesincluding  
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Performedduringthe1957＾sianpandemicalsoyie】ded  
positivere＄ult＄fromspleen．1ymphnode，1iver，kldney，  
heaTt・andtonsil・3）l15systemicdisseminationofinfluer）  
viTuSissuggestedininfluenza－aSSOCiatedencephalopa－  
thy，althoughvirusisolation fromeitherbloodorcere，  
brospむ】alnuid（CSF）h’OmPatien［swlthencephaユopathy  
andinnuenzaisrare．．l1．2I吼けTlⅥSmayindicatethatthe  
PreSenCeOfvirusintheCSFisnotrequiredforthedevel－  
OpmentOfneuTOIoglCSyrnptOmS・AlternativeJyviremia  
andpossibleinfectionoftheCSFmayprecedetheonsetor  
encephalopathyhfluenzaviremiahasalsobeendetected  
inacaseofvlruS・aSSOCiatedmyocarditis，◆8  

Virem188鵬roxpor事mentathuman  
ln†】uenz8ln†ec¶on  

Experimental出血ctionhasresultedinisolatlOn OfvITllS  

fromthebloodofindividuaJsinfectedbynasaJinocula－  
tion・仰Withaceulinecoculturesystem．viruswasdetected  
innasaユsecretionsoflof15sub5ectsandwasnotdetected  

ina几ybloodsamples・Sampleswereavailableforretestlng  
打om4subjectswi山e裏stingantibodies agalnStA5ian  
innuenza・Witheachorthesuf・jectsshowingafourfoldor  
greaterincreaseintiterfoIJowingcha】）enge．Withamore  
SenSi山YeegginoculatiDnCulturesystemviremiawasseen  
inajJfouTSubjectstested・Viremiaprecedednasopharyn－  
geaJsheddingofviruSbyapproximatelylday・Theauthors  
reportedthatsymptOmSbeganonthesecondorthirdday  
afterchaDenge，Whichwas2daysaftertheinldalviremia  
andldayaf［erdemonstrationofviruSinthenasdpharynx・  
Oneofthese4patientsremainedasymPtOmadcthrough－  
O．u【theobservation period（22days）andwasviremic  
血相ugh Day3・These res山simply that viremia caれ  
precedenasophaTyngealsheddingofvlruSandcanoccur  
inasymptOmaticindividuals・Cautionininterpretingthese  
dataisurged，however．becauseothershavenotedthata  
muchlargerdoseofinEluenzaviruSi＄reqtiiTedtoeぽect  
infectionwhenlntranasalinoctllationisusedcomparedto  
maerosolroute■弧dother血vesngatorsuslnga5imilar  
ⅥruSStrainandmethodswerenotabletodetectviTemia  

in27e叩eriment劇yinねctedpatients・帆l）  

Pot帥tねIInter8¢tlon o†h†山enzawith  

blood elements 

hmlenZa tyPical［y does not cause rnajor hematologic  
abnormalitles aside from occasiona11ymphopenia．  
usuallyinthesettlngOfanormalWBCcount．50▼52Throrn・  
bocytopeniainthesettingofinfluenzainfectlDnhasbeen  
no（edinanumbcrofcasereports，OReninthesett皿g  
Ofconcomitantantibiotictherapy，Whichcana］soa茸ect  
山eplatelet（PIJ）count．㌣風∬山thoughir爪uenzadoesnot  
appeaT tO CauSe ma50r hemato）oglC per［urbadonsin  
Patients，ithasbeenshowntointeractwithbloodele－  

menb，糾MueIIZahasbeen＄howntoadsorbtoPIJゝa刀d  

RBC with equal kinetics and ro elute from PLTs mare 
SlowlyaJldless completelythan from RBCs・5S Binding  
Oflive or deadinnuenzavirus to PLnin vltrO CauSed  

morpholog－CSlgnSOfdamagetothePtnbincIudingsweu・  
lng・balloonlng，andfragmenta（ion・Wlthapronounced  
decreasein Pulcounts．56Intravenousin餌sion orinflu■  

enzavirusinrabbitscausedtransientthrombocy－openia  
tolevels50percentornormalrorlto2days’duration．In  
Vitro experiments have shown thatanti・hemagglutinin  
antibodycauseslysis ofinnuenza－treated PIJsvia the  
ClassicalcomplementpathwaシinthepresenceofautoIo．  
goushumanserum・57AlthoughhematologicabnomlaJi－  
tiesasidefromJymphopeniaaTenOttyPic山1yobserved  
duringthecou∫SeOfinfluenzainfection，theavanabledata  
SuggeSt【hatinfluenzacaninteractwlthWBCs．RBCsand  
PLrs・IfviremiaoccurredprimarilylnPreSymPtOmaticor  
asymptomadcinfecdon，tranSientdisturbancesofhema－  
tocrit or PLT counts wou］dIikely escape detection．  
BindingtocellularcomponentswlthinthebloodintheorY  
COuldfaciユitateinfluenzaviremia．althoughevidencefDr  
thephenomenonislackinginhumans．  

ANJMALN10DELSOFINFLUENZA  
INFECTlONANDV］REMIA  

Animalmodelsmayprov－deinsightintothefrequencyof  
Vlremiaafterinnuenzainfecdon．andthemurinemod占lof  

innuenzainfectionhasbeenusedasaprototypicmodel  
OfanantlViTalimmlinereSpOnSe，de加ingwhlChsubsets  
o‖mmune云eusareimportantinprotectionfromlethaJ  
lydcviruSinfectlOn・AlthoughthemodelhasbeenwideJy  
usedforstudyoftheimmuneresponsetoviruses58rela・  
tivelyfewstud】eSmeaSureiTlnuenZaVirerniaasastudy  
OutCOme・lnmiceinfectedwlthinfluenzaintravenously．  
勇remiapersistsねrapproxlmate】ylweekinimmuno－  
COmpetent mlCe and shows rislng titers atlweekin  
gamma・irradiatedmice・59In miceintr弧aSanyinfected  
Withinnuenza，VlruSCOuユdbedetectedinRBCfractlOnS  
OnDayslthrough5butnotinPBMNCsorplasmaali・  
quots・60Ⅵrusdisseminatedwide】ytoanumbeTOforgans，  
andviremiawasblockedbytreatmentofmicewithhyper・  
immuneserumbeforeinfection・Locallungdamagemay  
Playaroleinthedevelopmentofviremia．Afterintranasal  
influenzainfectlOn・nOmicewlthhistologicanynormal  
1ungsdevelopeddetectab】eviremia，Whereas90f20mice  
with】ungcongestionhadinfluenzaRNAdetectedinblood  
byRT－PCR・6JAlthough山emurinemodeJhasbeenwidely  
usedtostudyinfluen乙ainfection．pathogenicityofinflu－  
enzaiso）atesiI一miceandmendoesnotalwaysshowa  
COrrelation・62simianmOdelsofinnuenza、infectlOngener，  
allyrenectJowerpathogenicitythaninhumans，a3IS4arld  
CynOmOlgusmacaquesshowlesssystemicdissemination  
Ofhighb，pathogenicavlaninfluenzavirusthaJlhuman  
hosts・関Amodelmimalthatmaymorecloselypara加1  
human山nuenzaiれfectionis血efe汀et．Humanln爪uenza  
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DaypostInf8⊂tlon  

Flg，2．Dl8紀mlnatiomo‖1SNlln凡uen皿Ahlemb．Vlr山loa由IllnaSdturblnate（A）．h叩（B）．and叩Ieen（C）心細eh）mnlne  

h廿訂胤血1yH5Nl（A〝Iel爪“Tl／1203／2004）h爪uen皿A・lnぬctedねrreb．Ferrebwe代モu血腫蝕dt〉nDa叩2．4．■nd6p08dn旭on．  

打Idd∬ueSWe柁Immedl8telysn8p一打oz亡n，hom叩如血d．打Idl－－OCulatedomtoemb叩Onatedhon’さ句灯さねr50p¢mntO駆hf∝・  

Uousdose（Ell）帥）determhallomto鮎＄eSSdr8‖oadh山号8peCIRedtls甲倒・呵Data8h。W¶叩ー郎ent血em珊nⅥdloadhtl別田  

homlhreモkmbpert】mモp0lnt．  

transmission to humans remalnS rafe，and human－tO－  
human transmission has ordy DCCu∬edlnisolated  
CaSeS．即OTropismofthehema罷1u血inmoleculeforits  
Sialicacidreceptormayinfluencetheeaseofinfection  
andsubsequenttransmissionofthisavlanlnfluenzavirus  
inhumans．A勇弧h8uenzahemagglu血inbhdstosialic  
acidlinkedtogalactosebyanα2．31inkage（SAcL2．3Gal），  
Whereashumanin爪uenzahemagdu血inたⅣOr8aSl；山c  
acid－galactosecL2，61inkage（SAa2．6Gal）．7l・72upperairway  
epithelialceusin hu皿anS COntaln predominantly  
SAcL2，6Gal．whereasSAα2．3Galcanb8foundinbronchj－  
01a∫and aルeolarcells．乃心血ough d血icali皿托ction of  
humanswithH5NIvirusrarelyoccurs，upt010percent  
Ofpoultryworkersin Hong Kong developed antibody  
responses to H5．impl戸ngthatsubclinicalorabortive  
infectionmightoccurinhighlyexposedsubjects・7．Expo・  
SuretOlivepo山叩WaS山eo山ysign脆ca爪dskねctorfDr  
け弧Smission orH5Nldisea5e reCO許Iized山山e1997  
HongKongH5Nloutbreak・75Mutationsal［owinguseof  
theSAcL2，6Galreceptorwould比eIybeneeded，in8ddi・  
tion（00thergene也cchangeS．tOtranSformthecumndy  
Circ山a血g avian H5Nl出血uen姐勇msinto ahum8n・  
けOpic＄け血刀－   

Astrainswith di丘eren【ialpathogenicityshowed simuar  
dif托rentialpathogenicityinferrets，yetCauSednonpatho－  
genicinfectioninmice，66althoughferretsmaybemore  
SuSCePtibJetoinfluen乙athaJlhumans．67Ferretsappearto  
besuscep也bletohighlypathogenicavianhEluenヱaH5Nl  
virus．developingsevere symPtOmS Wi山isola【es from  
both fataland mud human CaSeS．68Multiple organ  
invoIvementisalsoobservedintheferTCtmOdelofhighly  
pathogenica扇aniれ蝕ユenZaH5Nlinfection．Representa－  
tiveDriginaldatafromferretchauengeexperimentswLth  
H5Nlinfluenzavirusareincluded．revealingwidespread  
productiveviralreplicatlOninthebraln，Spleen．andupper  
andlower respiratory tract（Fig．2）．Ferret叩eriments  
Were Performed at the Southern Research tnstitute  
（Birmingham，AL）andweresupportedbytheCanadiaJl  
lns山utesofHealthReseaTCh．  

H］GHLY PATHOGEN［CAV［AN  
削FLUENZAA（H5Nl）  

CharacteristicさOltransmi＄8lon  

liighlypathogenicavlaninLluenヱaA（H5Nl）hasinfected  
bird flocksinan almost worldwide distribution，yet  
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Dl＄08＄Om即日8さt8t】onslnhum8n＄  

A勇aninmlen乙a H5Nlinfectionin human5 CauSeS  

increa＄edmorbidityandmortalitycomparedtoseasonal  
innuenzainEectionsin reportedcases．H5Nlinfluenza  
inEbctioninhumansmanifestsasIowerre＄PlratOrytraCt  
disease・COnSistentwiththeexpressionpatternofrecep－  
tors飯山evirus・乙乃・7＆打Ini也dsymptomsむeSimilarto  
typicalinnuenzalikeiJlness．withfever（usua”y＞380C），  
COugh・anddyspneacommon・2177GastrointestinaJsymp－  
tomsalsoappearprominentinmanycaseseries，Withone  
documented subject presenting with diarrhea but no 
hitiオresplratOry叩mptOmS．乃AnoutbreaよorH7N7飢夷m  
州uenzawa5nOtablefbrconJunCtivitisasapre5endng  
SymPtOmZ8althoughthi＄hasnotbeennotedin H5Nl  
inmlenZa ulness・NthoughinitialsymptOmSpredomi・  
nantlyinY01vetherespiratorysystem，multipleextrapuト  
monaⅣ也sue＄訂e a鮎∝ed by H5Nlavianin丑uenza，  

including the gastrointestinal tract and prominent 
invoIvemento一山eliverand払血eys・Z・7叩Encephalitis  
WithvirusisolatedたomtheCSFhasbeenreportedina  
ChildwithnoearlypulmonarylnVOIvement，7e HematoT  

logicabnormaJitiesarealsoprominent■Withlymphopenia  
aLndtbombocytopeniaflequentlyreported乙76andpanCy－  
topenianotedinonecase＄erle5．叩Ma∫rOWStudiesreveaj  

hypoplasdc maJTOW With a reactive hemophagocytic  
Syndrome・76ThehvoIvementofmultipleorgansystemsin  
H5Nlhig山y pa山ogenic aviaれin瓜uen乙ainfecdonin  

humanssugge＄tSthatsubjectsmightshowevidenceof  
Viremia・hEact・intwopubIishedstudiesmeasunng、血s  
htheplasmaorserum，再mswa5isolated．hthe釦stca5e  

OnDaylOofulness（viralIoadnotreported）．andinthe  
＄eCOnd a鵬ー山Ioadof85■000RNAcopleSpermLwas  
detected・即，More recen叫delong and℃OWOrkers坤  
TepOrted丘ndingH5NIviralRNAinthebloodof90f16  

Ⅵetnamesepatientsinfectedwithavlaninnuenza．These  

res山旭Su床彷t山atviremiacanoccu∫atreaSOnablyhigh  
levelsaTLdforpro】ongedperiodsinpeoplewithsymPtOm－  
adcH5Nlin餌enzalnfecdon．8asedonllmiteddata．it  

appeamthatsymptOmaticH5Nlinnuenzainfectionand  

infectionwith○thernewpaTIdemicstrainsinhumanS  
maybemorelikely山ancurrendycircl血tlnginfluenzaA  
＄trains（Ore＄uJtinviremia・7J・BOTheriskofviremiaduring  

theincubationperiodofH5NlinfectionorasymPtOmatic  
infecdonwi山0血erin瓜uenzaA勇一usesnoveItohl皿amS  

isunbowれ．  

SIGN肝ICANCEANDSUMMARY  
Withtheadventofroutinetestingformultiplepathogens，  
theUSbloodsuppJyha＄becomeincreasinglysafe・Many  
adverseeventsassociatedwithtransfusionarenotrelated  

tptran＄hsion・tranSmitteddiseases．butratherimmtmD・  

lo由C e蝕c也（【∫弧血はion－related aculelunginju叩  
A80mkmatch）orhemodyれamlc e鮎cts（けa関山sion・  
a朗OCiatedc血atoⅣ○Verload），Fu血ermore．山eblood  

banksandtestmanufacturershavedemonstrated山atthey  
CaLnrapidlyrespondtointerdictnewlyintTOducedinfecT  
血u5agentS，aS止asseenin山erespomset州屯stNilevirus  
introducdontotheUS・81NotaユIpathogensthatirl托ct  
blooddonors，however，aJeSuCCeSSfu11yscreened，With  
unhownimpactonreclplentS・Onepotentiallyunrecog・  
nizedpathogeninthebloodstlPPlyisinfluenzavirus，The  
incidenceofviremiainbJooddonorsisthoughttobelovY，  
particularly foT SeaSOnalinfluenza，btlt has not been  

adequatelystudied・01derstudiesofinfluenzaAexperi・  
mentaiinfectionandonereportofanaturallyinfected  
PerSOnSuggeStthatviremiacanoccurbeforesymPtOm  
OnSet．EveI】ifinfluezILaVlremiaoccurs，theincidenceis  

likelyJowdtuingseasonalinf山enzaoutbreaksandwould  
notposea】argerisktothesa鮎Ⅳ0仙ebloodsupply．  

Re5ea∫ChproJeCt5訂e OngOingto addresswhe血er  
vinlSCanbedetectedinbJoodcollectedduringperiodsof  
打弧Smis＄im涙血in山ecom∫nun吋AspanDftheRetro－  
viruS Epidemiology DonorStudyII（REDSI［），We aTe  
examiningtheincidenceofinfll】enZaviremiainaretroT  

SPeCtive cohortofb】ood donors・theREDSAllogeneic  

Donorand Recipient（RADAR）repository，The RADAR  
repositorycontain＄mOrethaT1120．000whole－bloodand  

plasmaspecimensthata陀1inkedtodonorzIPCOdeand  
date ofbloDd donation・but delinked h・Om PerSOnaJ  
donoridenti鮎TS・Accessto血erepositorywillanowiden－  
tincationofsampIescouectedduringperiodsofwide－  
SPreadinf山enzaactiviⅣinthecornmunity，Detectionof  
lnnuenzainthebloodpresentsachalLengeduetothe  
lowervira1loadsfoundinbloodcomparedtonasopha－  
rymgealsecretit｝nS：RBC or PIJfractions maycontain  
moreintluenza thaJlplasma orWBC打actions due to  
interactionwiththehemagglutininmoietyofinfluenza・57  

Wewill丘rstdeteminetheblood打actionthatcontains  

thehighestlevelofvirus・Oncetheappropriateblood  
hctionsareidentified・SamPles危・OmRADARrepository  
Obtaineddu＾ngperiodsofknownepidemicinfluenzaA  
Outbreak・andsamplesobtairIedduringperlOdsofvery  
lowihfluenzaactivitywiubetestedforthepresenceof  
influenzaARNんThisongoingprojectwirEquantifythe  
riskofoccultinfluenzaviremiainb）ooddonorsduring  
Periodsofhigh－leveltransmissionofirlflueTtZainthe  
COmmunitytfviremiaisdetecteddlentheissueofiatTO－  

genlctransmissionofinnuenzabytrans餌sionwuneed  
tobereas＄eSSed・Inaddition，如rtherstudiesofpeopleiu  
WithseasonalandavianH5NlviTusinfectionareneeded  

toevaJuatethepresenceofviremiabo山bynucleicacid  
ampli丘cationandviraJcultureincompa＾sontovlraliso－  
Jatesobtained魚・Omtherespiratorytmcttounderstand  
POSSiblestrain－SpeCihcaLld geneticfeaturesoFviruSeS  
is01atedfrombothsites．   

Becausepandemicinfluenzamightbemorelikelyto  
∽uSeViremiaandhavehigherpathogenicity山肌＄ea－  
＄OnaJinnuenza・thcriskofviremiaduringcirculatlOnOfa  
newpandemicstrainofin餌1enZalsmoreworrisomcthan  

Vo山m047，Jun02007 TRANSFUS10N lO85  

br possible transhsion－aSSOCiatedinfection with cur・  
rendycirculatinginfluenza，Par（icularlygivenhighrates  
inthepop血tionofantibodytocurrentstrains．Moredata  
isclearlyneededtounderstandstrainTSPeCincchaLraCter・  
isticsthatmaypredisposetoviremiaininfectedpersons．  
Basedonlimitedavailabledata，itappeam血atH5NIvirus  
infectionandinfectionwithnewlycirculatingpandemic  
viruSeSinhumansmaybemorelikelythancirculating  
SeaSOnalhumaninfluenzaviruSeS tO CaⅡSe a Viremic  

phase・Itisu爪C】ea∫howoftenas叩ptOma此in托ction  
OCCurSin avlaninnuenza，althoughthis mayalso be  
StraiT卜SpeCi丘casstudiesofhumaninfectjonwithearlier  
H5NIstralnSfoundmoremi1dorasymptOmaticinfec・  
dons山anstudiesofmorerecentH5NIstr由ns．7l・82【fand  

Whenanewpandemicappears．弧d血ecausadvesけ扇n  
becomesevldent・aSSuringthesaLetyofthebloodsupply  
throughstudyofdonorviremiawouldbeanirnportant  
SteP・WidespreaduInessassociatedwithaJlinfluenzapan．  
demicamongbothdonorsaJldbJoodbanksta茸would  
StretChtheabi）ityofbloodbankstoprovldeasafeaTLd  
adequateblood supply，andbroad andindiscriminate  
SCreeningbasedonexposufewou】donJyworsenpotential  
PrOduct＄hortages・Aspar（Ofpandemicplanning．the  
resourcestorapidlyevaluateLandimplementscreenlng  
measuTeS forinEluenzaviTemia shotiLdbe developed，  
allowingarapidresponsetothispotentialthreattoblood  
S曲Wandavauability  
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Summ訓γ   
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therecentemcrgcnceofaviaTLH5NlinfluerLZainhumansaswellasthethreatofanewpandcmic，   
Uncomplicatedhumaninfluenzavirusinfectioncausestransienttracheo－bronchitis，COrreSPOnding   
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SeVerepneumOnia・Cornpl‡cationsinextra－reSP．ratOTytissuessuchasencephalopathy，myOCaTditis，   
抑dmyopa山yoccurocca5ionally、Sensitiv¢mQlec山訂郷dimmunologi仏ItechniquらSallowusto   
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1nadditiontotheabovealveolarchanges，thebronchiolesshowanecrotizingbronchioIiris，  
ChaTaCterizedbyepithelialnecrosis，thefbmationofhyalinemembTaneS，ar．dinfiltrationby  
Variablenumbersofneutrophils．ChangestothetracheaandbronchiaresimilaTtOthoseof  
uncompIICatedinf］uenza・Chronicchangesofinf］uenzapneumoniamaylnCludesquamous  
metapla5iaandinten；titialfibrosisr25】．  

Innuenzavira】pneumoniao氏enoccurstogetherwith，Oristb‖owedby，bacterialpneumonia．  
Priorinfluenz且VirusinftctionmaypredisposetheresplratOrytraCttObacte雨）infもctionby  
differentmechanismsand，Viceversa，bacterialinfbctionmayenhanceinf）uenzavirusEnfection  
【26］・ThebacterialinfectionTeSuItsinadifferenttypeofinflaTnmationthanthatcausedby  
influenzavirus｝W仙amoreprominentintlItrationofneutrophi）sandpTOductionofpus：  
SuPPurativebronchopneumonia（Fig・3）・Arecentreviewofover8，000publishedautopsycase  
resu】ts鮎7Tlthe1918pandemicfbundthatthemqiorityofdeaths（96％）1ikdyresulted鮎m  
SeCOndarybacteriaIpneumonia（MorensD．M．，Taubenberger，，．K．，Fauci，A．S．，unPublished  
data）・Asin1918，mOStdeathsinthe1957pandemicwereduetosecondarybaclerial  
PneumOnh・aJthoughnegativeautopsy（ungculturesweremorecommonthanin1918，POSSib）y  
duetothewidespreadadministrationofantibiotics［27；28】・InoleStudyofthe1957pandemic，  
111／148（75％）ofcon幻medfataIcaseヲOfinnucnzahadbacter10logica］andhistological  
evidenceofabacteria］pneumonia，maInIyduetoStqp4y［ococcusaure揖OrPneumOCOCCi  
【29］．Inthesamestudy，30／148（20％）offatalcaseswere00nSideredduetoinfluenz且Viral  

PneumOnia．  

CompIicationsoutsidetherespiratorytract  

HumaninfluenzavirusprlmarilyinfectsandcausesdiseaseintherespiratorytracL＝owcver，  
humar．innuenzavirusinfectionatsoisassociatedwithdiseaseinotherorgans，albeittoalesser  
extent・Giventherecentr印OrtSOfextra－reSPiratorydiseasefiomhighlypathogenicavian  
influenzaH5NIvirusinfection（Seebdow），itisimpo血1ttOreYisitthcsecomplicatjonsof  
humaninfluenzavirusin托cdon，  

Ingeneral，山ere訂etWOeXplanationsfbrthepathogenesisorinfluen弘一鮎餌Ciated¢X血－  
respiratorycomplications・ThefiTStisthatinfluenzavirusspreadsviab）00dtothcsetissues  
andreplicatesthere・AlikelyrouteforinfluenzaviruStOrCaChbIoodisbycrossingthealvcolaT－  
CaPl11arybarrierdamagedbyinflucnzaviralpneumonia．ItremainscontTOVerSialwhedler  
Viremiaroutinelyoccursduringpandemicor5eaSOna‖nnuenzainftction・AsreccntIyrcvicwed  
【30］，Vir8miahasbeenpreviousIyreportedininnuenzaviruSh丘ctionofhumans［3ト35】．  
However，SeVerdotherstudies［36－38】failedtodetectviremiaafteronsetofi11ness，SuggeSthlg  
thatintluenz8ViremiaisrareafteronsetofsymPtOmSand，ifitoccurs，isnotsustainedforlong  
Periods【30】，  

EvidenceforrepllCationorinfluenzavirusinextra－reSpiratorytissuesusualZycomcsfrom  
detectionofviruSinthesetissuesbyvhsisoIationorful］y－neStedRTィPCR．However，these  
methodsdonotexcludethepossibilitythatdetectedviruSOnglnatedEromb－ood・Theonly  
PrOOfisinsi（udetectionofviruSbydirectimmunofIuorescence，immunohistochcmistry，OrEn  
Si（uhybridisationinthetjssueconcemed・SuchreportsaTerare（e．g．，brain：f39；40］；heart：  
【41】）andfu血erconfirmationoftheabilityofhumaninfluenzavirustorepFicateincxtTa・  
res印rat叩・humantis5ue5f〃γ血isbad】yneeded・  

Thesecondexp）anationforthepathogenesisofinf］ucnza－aSSOCiatedextra・reSPlratOry  
COmPJicationsissuggestedbythelinkbetweenacutere5Pira（Orydistresssyndrorne（ARDS）  
andmuIti－Organdysfunctionsyndrome（MODS）・＾RDS，Whichm8ybecausedbyavarietyof  
insultstothelungs，incJudinginf］uenzavirusinftction，COmmOn（yprogressestoMODS［42］．  
Thehepatic，renal，Centralnervous・gaStrOintestinal，hematologic，andcardiacsystemsaremost  
COmmOn］yaffected【43］・TtlepathogenesisofMODShasnotbeenelucidated，butisthought  
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Ofrluidacrossthealveo）ar－CaPi11arybarrier，andtypellpneurnocytesbothresorbfluidfrom  
thealveolarlumenandproduceIunBSUrfhctantthatisimpo血ntforreducingalveolarsurface  
tension．Therefore，damagetothesece］1sallowsf）uidfromthealveolarcapI＝ariestof】00dinto  
theaLveolarlumina．Thiscausessevere，andinsornecasesfataL，reSPiratorydysfunction［15】．   

Riskfactorsforthedevelopmentofinf）uenzaviraIpncurr10niaincludelackofprevious  
exposuretoinfluenzaviruswithrelatcdsurfacegIycoproteins，agegreaterthan65years，  
pulmonarydisease，CardiovascuIaTdisease，andpregnancy【l】．lndividualswhohavenotbeen  
PreViousJyexposedtoanantigenical】yreIatedinf）uenzavimslacktheprotectionofthelung  
agalnStViralinfectionconftrTedbyspecificlgG，Whichreachesthealveo）arliningfluidby  
tratlSudationfromtheserum［16，18］．1mportantchronicunderlyingpulmonaTydis盲asesthat  
PredisposeinfIuenzapatientstohospitalizationarechronicobstmctivepulmonaIγdisease，  
asthlT．a・andpulrnonarynbrosis【19］，WhichinvoIveemOdelingofaiTWaySOrdistal】ung  
parenchymaandthusreducepulmonarydefenseaiatnstinfectiouspathogens［20］．Thereare  
nocleaTeXPlanationsfbrtheincreasedriskofinfluenzaviraJpneunlOnia丘omcaTdiovascular  
diseaseorpregnancy．IthasbeenspeculatedthatpuEmonaryhyperten5ionsecondaTytO  
CardiovasculardiseaseorfTOrntheincreasedbloodvolumeinpregnancymaypredisposethe  

lungtopuImonaryoedemawhenthealveolarseptaaredamagedbythevirus【21〕T   

Basedonattachmentstudies【5】，theprirnaTytargetCellsorhumaninfIuenzaYirusinthelower  
resplratOrytraCtareサPeIpneumocytesar．dciliatedbronchio】arepithe】iaIceLIs，atthough  
attachmentdoesoccurlessfiequentlytononTeiliatedbronchiolarepithelialce11s，tyPeII  

PneumOCyteS，andalveolarmacrophages（Fig．1）．ThiscoTTeSPOndswithexvivoinftctionof  
alveolarepithelialcc）1sbyhumaninfIuenzavirus【4】，］nvjvodescriptionsofthetargetcellsof  
influen乙aVhsinfataIpneumoniafromanyofthethrecinfluenzapandemicsofthelastcentury  
areveryrare．SpecはcfluorescencewasvisibleinaIveoIarepithelialcellsandalveolar  
macrophagesin］ungtissueoftwoadultwomenwhodiedwithhumaninfluenznviruSH2N2  
PneumOniaduringorjusta氏erthe1957pandemic［22；23］，Fluorescence－POSitiveinterstitial  
macrophagesweredetectedintheinterstitiumandalveolarexudateof70f29lungsfrompeople  
whodiedofinf］uenzainBostonduringthe1957pandemic［24］，   

ThepathologlCalchangestotheLungfrominnuenzaviralpneumoniahavebeenmost  
COmmOnlydescribedduringpandemicsaTldhavebeenrecentlybeenreviewed［25］．Theacute  
a14eolarirdury（difRISealveolardamage）causedbyinfIuenzav叫Sinftctionissimilartothat  
CauSedbymanyo血eragentsthatarenoxjousforalveo］i・lntheearlystage，thereisnecrosis  
Ofalveo】arcpithe（ium，Characterizedbydenudationofthealveolarseptumandthepresence  
OfdesquamatedpneumocytesintheaJveo）arlumen・nLeSedesquamatedcellsareshrunken  
andshowpyknosisorkaryorrhexisandcytop）asmicvacuolationorhypcrcosinophilia・The  
8lveoIarluminaarefloodedbyedemaf］uidwithvariableadmixtureoffibrinanderythrocytes  
（intra－alveolarhemorrhage）（Fig，2A），Insomea］veDlarlumina，therearemaJlyalveolar  
macropha8eS・Characteristica11y，alveoliandalvcolarductsarelinedbyhyalinemembranes，  
COnSistingQf爪brin－richedemafluidmixedwiththecytoplasmicandlipidremnantsofnecrotjc  
epithelialcells（FigT2B）・ThealveolaTSePtaaTeWidenedduetohyperemiaofalveolar  
CaP‖aries，interstitialedema，andleukocyteinfiltration，mainlyneutrophi】saswellasafew  
eosinophils・TlleSeleukocytesaIsomaybepresentinalveoIarlumina・Fibrinousthrombimay  
bepreselltinthecapiltatiesofalveolaTSePtaandalveolarducts，aSWe11asinsmalIpulmonaJT  
bloodvessels（Fig．2C）．Possrblyasaresultofthesethrombi，alveolarseptamaybenecTOtic・  
Thelatestageofinnuenzaviralpneumoniaischaracterizedbyre－ePithelizationofthealveoli  
bytypelTpneumocyte5（typeIIpneumocytehyp叩Iasia），intcrstitialfibrosisofalveolarsepta，  
andinfiltrationbymononuclearLeukocytes，PredominantIylymPhocytesandplasrnacelts（Fig・  
2D）．  
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