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701712007/ 70823 [AZIEFX |FE55EIB AT A B FEOELLIEHOHAVHRREEIERRIZE ITHMEOMEIZKETE 1
12/25 JLAZER2ME IR ERITLT=, 25%7 )L T I IFFE F60°C10R RN ELIEF - TR
= 2P213 T300~420MPa 153 EIME3H A 2 ILIZHRL . HAVHIEREIME 4R 8 TAE
EHRICENRSNT=, ValidationFRER IZE T 5k EL T, MBASHET
REREESNIKLHRE TR EHES HDKRM238ANE Y & & Z ST -, I ik EL
FlOBE TIRRICHBARELEZE AT HIHEIC (I ValidationZER IZE
TEREETISEETIDHENDH S,
70168(2007/|70810 |BEIF % |Transfusion BARF+FDRH—=25 O XT L THBsAg R U BRI X a7 HiR
12/20 2007; 47: 1162— [{AH[EMEToH>-HBV DNAGEHME 26 B (CHENTRMEHBVREEIZHIT
1171 BVAINAI—H—DENEEF -, R TEEHAR O R EIL. HBV DNA
HAERINATTTI4H . MP NATT50H . HBsAgh'42H TH o1, 268 H64 &
EREBHAILRIZREEL, 5534 TIEHBsAgh R TE4h o1=, HBV
NATIE, MPTITo1=LTH., HBsAgRE L YL R T, HBsAgI /K™
BRI DR MEBLZHRTHENTEDS,
70168(2007/|70810 |BEIF % |Transfusion HAFR+FMEEF—IZRESINTLVS1997-2004F O REFHME D
12/20 2007; 47: 1197- |2t a#KAEZTL. ID-NATOHHBVE 14 T 5 I ik H 3 0D Ifn & &l
1205 FloEim (< &k HHBVIGIE RV %EIRETLT=, HBV ID-NAT%EE L /=HBVER
& DR E Mm% 15,7214 1584& 4k (1.01%) HNEHETHo1=. RY—
Z 5 %EF YR T-HBc HAEDIE LA HILFHBY 1) 7 B E O I it &L
KZEFEET HHBVRLEE X7 (d . HBsAgHKIRFTOMP-NAT Y A K9 A
HiIZ&BEBIRIEYEH10ELL EIELY,
70168|2007/|70810 |BE!AF % [FE31EBAMAE |FRI19FEIA . BilMICkAHBVREENTEHONHEDHENFERF+FM
12/20 FEPERE [HEo2—I12hof-. ARBZROMERED-HIZEHE L 1= 2 3% i A m g &
200746108 3-5 |[FlIZAIRERAEETINATIXEE THY .. BIME EBHABEET o=, 14
=] DFRMEMNFERLI9FT1HICBRFF R EREL-EDFERAFON., FAXT
ECA, BRIMEFDHBV-DNAIZEE DTN EEEE A —ELT-, 200 —/L
NATEEE . HBVIRERAEBINATIZEM TH AN, BIME BIAEICKY
i A MR & F M S DHBVRE R AV RIS N = fEHI TH 1=,
701682007/ (70810 |BEIRF % |5 3101 B A& [20045F8 8 KUNATRY—=25 DT —)LH A XE50M520(ZHE/N 1=,
12/20 FEZSUE | KRFFRT+FORE2—CRESNI-HBV-NATISEEHI81 AZEEIC
20074108 3-5 |[T— I H A REINDBEICDNWTEFZEIT o= T—IL YA XHEINMEIZ
B —#3EE51 10008 — K&/ mLOHBV-NATIS 4 E DL ENATLLS>TNAIENDS . #E
INZEBHMBERBDEIER DN, EMAE. BRFAERVEMO@EHREIC
KO EMEEBICEYHBVIERE X v U7HASEON S ME A T—IL Y
A XBINMRIZESREBEIN TSI ENHERINT-,
80008 [2008/ |70856 [CEIFF 2 [Clin Vaccine BUHCOVHUAIE M T, FFEBT DHCV RNABH IZ &Y B EMHCVR R L2 2
01/25 Immunol W&t f=110451 D 38 B SE D I E 1 D GORFLIA R G Z i~ 1=, #1GOR
published online |lgGI& M £ 3& (£22151(20%) T, EMHECEFF % BE THIEMESER (70/110. 63.6%)
doi:10.1128 IZEEREFEITIED DTz, HOVIZEEER R D BT & B B E 12065 TIXHGOR IgG
[FeBHEIhEM o=, TIRDREBETHCVEERRAZRE TEY ., MiF
HCV RNAAEHE TELLVEE THGOR IgGRREZITIEH (X, FERLL
THREMHCVREZRIE T SFEITELYS5,
7016812007/ |70810 |EZ!RF2 |Arch Virol 2007; |HARIZEWNTHEVORTEMERREMNEML TN EFRARNB1-8. 1991- 3
12/20 152: 1623-1635 (2006 F DFKMEF D SEHEVREZE D RIREME D 8 HALT 611U/LLLED 40194
MIoEOLNF-MFRADDHHEV IgG. HIHEV IgME LTUHEV RNAZ AN
=& %, 2004-2006 4 D ER M E DHEVISTERIX1998E N FNERET
BoT=, FF-ALT 201IU/LLL E D RRIFIZDULNTH1991-1995%F , 1996-
19994F # £ 102004-2006FE THEVIGEED ZE (XRS5 ihoT-,
70168(2007/ 70810 |EZ!FF % [J Med Virol BRIZBITET7S=V7I/MSURT5—E (AL SERIE O EEE
12/20 2007; 79: 734 |[MERFRBEEDRREF Nz, BAF+FME L F—TALTSE (61-
742 476 IU/L) DERIME 67008 O MBERAZRELI=ECA, 4798 (7.1% D

M&E MHHEV 1gGiB 1 THo1= ALTZ201 IU/LEEIXHEV RNABFEMNE
ElIZEM otz DAL RIMIEZ FAEL - MEZFIZNSB/BONT-HEVLBED
AN AITBIEFRBIZHEESNT=, ALT=201 IU/LD BARADHI3%IEZHEV
MOBIERMEREEFTHENTEINT .
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70168 (2007/ 70810 [EE!AF#% |Vox Sanguinis  |20054E1 B-20064E4 A [Zit &8 TR M EF DHEV-RNAR Y J—= 5 % {T>
12/20 2007; T2, 388,119 D56, B 14334 (1/7,120) . %1224 (1/6,962) AAHEV-RNA
93(Suppl.1): P203|[5 14 T. genotype 3SHMBE TH 1=, 554 1404 LR M DHEVHURIE 4
THY. ZICEHEH LG HEVIEE B IZIZALTEA LR LI-ABWV=HE
BAEKIEE M oF=, HEV-RNAIZEK MM . RE37THMEZE SN, HEVIGTE
FRMABREDEMEZ TH-EETEZDS5L, DA EL28MNREELE=,
70168(2007/ 70810 |EE!FF 2 [AFHE 2007, HIEAMNLDVAIILAMIEDHTRE . FRRBENSLFLEFTOREEE
12/20 48(Suppl.1): O- |[BLAF-EiMBER T X 26| DEFIRETH S, 145X #im21H B IZHEV
178 RNA (genotype HD\EH SN, 448 BICE—H{EE. £516X8Mm#%38
B IZHEV RNA (genotype 3 EIES. 548 BICE—V{EFRLT=, HEV
AL AME LB AR IRERTREL ., SEIEHEEZ NS0 FIRICE—I%F
KL, TDERICAST.ALTER LM IRHEVIIAD HIRFIBIZRHT=,
70171(2007/|70823 |EE!FF# [55BI HAS A |HEVICEELE=JAEFELURBRL-4BOHEVIX, DM ILRREE 4
12/25 LRSS [PLANOVAISNS KU20NTE TREBRRUTIZETRESNT=, RIKINE
£ 2P207 RERTIE. PBSHAR CIXINEABAIA & ERHE CE TRERRUT &1
M. FIVITSUEHE T CIEAREDMELBAIAE 5 B T S =, HEV
[FEAZTBNEEZANONTULVD, FHICE > TRFENENELSETE
Mo, MEREFOCMIERIZBVWTEEICRFEDRERALATNAIE
70169 (2007/ (70811 [HIV Clin Infect Dis |V FTREMHIV-1RZERH)—=2 45 fIEE SN =HEIEEDHIV-1
12/20 2007; 45: €68-71 | T AL TCRERED W DIEBIEHRE T 5, HV-THAREDFHE R (L. FaE
BRE.EEOBRAEINEERUVYIRI IOV CETIEETHT=.
BIEFHEZ BNIEVOHIV-15 T 2L TCRELEIE, DML ADgag. pol R UWenv
BIEFDOOI/ZAEV T IZ&>THEESNT=, BEERMIIZRELIIREM DS
AIDSEREFEE THOHAMITHBH A Eot=, YT RATCHNB R T I NE
EIZH TR MELREBEEHV- 1R EDRBEDEEEIREINT-,
7016812007/ 170810 |HIV Eurosurveillance |AIDSE#FT B2 LV T, Likataviciuss [£EuroHIV surveillance network 12k
12/20 2007; 12(5): A3A—0y/ O MmMAEDHIVIEHERIZDWTDI4FERDOE=2)YT
E070524.5 2007 |T7—A%1RRLI=, ZOHHTIL. 1990-2004F DWHORR M Hhigi DT —4AHY
F5R24H HFEINTLVS, 2000-2004F D107 M D FEHHIVIG SR IS TERR.7,
IFR3.4, BRFR36.7 T o1z, 1990F LD EL TI. THEEXTE T FRT
B, ERTIERETELREABRHONT =,
70168 (2007/|70810 [HIVE: |FE31EIBAME |BAF+FHMBRBEREHEHLLEXKROIMYMBAHEREIE)RY
12/20 Z CE |BEZFLBRS |IIOVWTHET S, FRICEINSISEETOIEMICLE D EEEEMD
fF#%.B |20075108 3-5 |BFMiE L A—ITRESNI-HMmBERERRE (RLMESAIZESL) DiRE
BIRFR |B PURDOL | BULT49BITH o - BFRDREXNFEKDEHEIZKYHBY, HCVER UHIVD B
4-2 FYZRIIEFDL, REHFTE o=, LHL, HCVRUHIVE & &8 K 57
EOEMICIVERINBELEN B DR, B XEHILT 51
HDREXNEKESISHEBLCTCULDENDH S,
70168 (2007/ 70810 [r2AJLR |CDC Press KEKERFEEFHE2—(CDC) LR AERDE FEENIKEONET T
12/20 S Release 20074E8 | AT IL—YaA 9B D—FETY—ILT LT IA IV ABREEHET S LIS
A22H MOHTHILz, ¥—ILTIILT DAL R EMNOCERBICEETRIZCES
CELBVNHMBESIERIT, A9EUNAY—ILT LT IAIWRERET
BIENFEDHLN TS, SELE A>T -, COBFEHE R (XPlos ONEIZ1S
BNl COMEIF. T—ILT LTI ZADEFB/IZDOLNTKYIEAEL,
EMCHBIFERENREFB-BOSELAITHEEBEHNS,
70168(2007/ (70810 |94 JL X |J Clin Microbiol |3—0Ow/\THOHMEIXF [ZPuumala™y 1 JL X (PUUV) F1=[&Dobrava ™y A
12/20 R 2007; 45: 3008- |JLRABEXE(Z& S, KA YRR ERLower Bavaria T/\ 2™ A JL AR 31
3014 BIZOWT, BRAERAEE, RERLE. REJTOVNEICKSEHE
Tot=. EEMBEIZLDMADPUUIVEEKAME LT N TEHLVEFIA
2. 3%21=, 3B D EEZE DA HHMEMN S -PUUV RNAZRT-PCR #H
WTHEIELI=EZA, R THELI=/ AR X2 Hh 5B 1 L REEF| &
FEBEIEZTHAIZENHLMN LT,
70171(2007/ 70823 |*9 A4 JLA [Proc Natl Acad |¥L—F7MelakaT. @t R MIERIEEE(CRS TV -39 BEM DR
12/25 R Sci 2007; 104:  |%1MreovirusM D BES . Melaka virusE B DlFoht-, BEEDRKELRE

11424-11429

Lf=A, CORKITFRERMICOVE LEML T, B FEIDTIZE
U, Melaka™ 4 JL AL 19994 [Z B E Tioman &N 7 )L—Y A EY o 5Bt

SNf-PulauD ML REF R RNH S EN RSN, ABEFROMEF
RO == 5 T 10945150 1445)(13%) HAE A IILRIZIEHETH 1=,
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70168 (2007/ 70810 [*9 A JLR |ProMED-mail 20076 H228 .30 TOYVYTRERTEDHON-M&EE{FZFCDC
12/20 G 20070702.2108 |DWHARFFATRELIFER., VYT TORBADERBIEICHIAMILANERS
LW ENRENT =, YT DT I T LAD(52007F4BIZ38FY 5 A %S
ICE—2I2ZEL. BAEMGLTWSERIIHMAREDS. EIEX. BEEL
EBRIET., 4-7TB %<, 6 A29B T L. 426l BPCREIEMAHTIZL->TTH
VA NWAREEEEE SNz, FETHIF7ELN,
70168 (2007/ 70810 "9 A JLR |ProMED- A—ZLZ1) 7 Queensland | TIMAEEFREL, ORY/N—D A/ JLZAHER 5
12/20 R mail20070930.32 |LTL\%, BE (XL EBD B s TEZ TH D HY. BrisbaneFFERIZH 15
28 BEAER DB EEHIL., FEFE (20064F) BEFEAD (F1F450%TH B,
QueenslandR BRI DRRIZKD L. BEASBABICFHE SN F-EFEEEIL3
BlTHo1=,
70168|2007/|70810 |77 JL R [Neurology 2007; |[RlF&i& MEFMMARFEHE (HSCT) RIZEMXRINBZFRIN X ZFRAELI-EEO
12/20 TR |69: 156-165 % MDESEK. EEG. MRL, A5 R RBREHMHZ R -, BE L. IBTHE
= MEYARFIRBIVED S EIERE . BEECSFLBRIE. —FRIZEEG
ERARMELT-, MRITIZ., T2, FLAIR, DWIE{ZIZT. #1. RikiK. R4
IR4E. BEEENICEESEH£EE O, PCRE AL\ =¥ [EEH 3R RICSF
DIRETIEIB 6L A HHVEEETHY . B S [EHHV6EEREA $H S A]
BEMEA RIS,
70168 (2007/|70810 [T Rk |The New York |REIZHIFTEIVIRLFAILDAILAESIEIT1FFTIDOF4ETHY .. Kik
12/20 FAIL |Times 2007F 7B |1THBZEHAHEEN HEHEBMTMEEHIREL TS, BEFILKET4,269
(LR |268 EFIARESH, CODIZ(H1,495FDBENEEN ATTANTET L=,
SEFINFETI2ZZEFNRE SN, D) TAHIL=TMEFIF SN TR
1LZLD FEDRBHIL33BI DA THoT=. §EITERICREI 420 E &
VERTEAMGIH 5,
70168 (2007/ 70810 (D TR+ |F144EIBAREN |3ELVEE, BRICHEATHAIEEENHS1=6. HARE DO ERNHHF K HE
12/20 FAILY | BEEELPHMESR [ZHAVTOIRMAILOAIILRIEFE - BN EEF AR, 7THATH. EFR
AILR  [2007F9R2-48 [P A. AF VOV ITATIMIWNREIAERE . THAIH ERRDSOTH
TRMEEREL-ECH, EREBEOWICHEOVTIMILADEIENERRESN
f=o BN EAERTIX. THAITHEA, IRMMEE, EFRDOTNRBFDEA
BOARKOBRMBTIERALLETRTOTIAA12BLIAIZFETEL. 3
TLEOAMNSIFIWNY HEHENT-,
800102008/ (70861 |/ H |CDC 200841 H8|CDCEIH U F R EE (X, 2007FE8E MotAFES=DH A BEIMET 6
01/29 i B %Bundibugyotth RIZH T IHRSHMED TR I LA UE#RELT=, 2008
F1A3AETITI48AMNREL. STANTETE L, BERADBIEFHIT
IZ&Y., BERDADDIRTIAIL R ERLD, FT=HIA I A% THSH
BEEA R ENT -, EEICIETELRAIFEABETHS,
70169(2007/ 70811 |04y (20078774 |BAD AOSEH T TIEL. CIDICKAIETILBE20F L EICEYIEMEE 7
12/20 Jx)Lb: |FIEEE Poster— |[AZ7RL. 2005 (Z A A100A%1.23 A THo1=, CIDY—RASURER
a7 |20 ZICKBHAETITBESERMICNSH N TUA U REHESN T, FEFIT
(%, FNEMECID 7164, EIRETUA 7K 12841, B4 (BB 1E)CID 72
5l (ZEEEICJID 145, FEFEFBHERCID T14)) . B XU EEREE 2 TH-
1=o
70168(2007/|70810 |F5> % |Eurosurveillance |FH T = E(L2005F LIE, KIBBRITRITHAA VR EHEEIV LMD
12/20 =494 |2007; 12(9): EINTLER, INFETI—Ov/ N\ MR TOBIZ K EELEBITREL
JL R |E070906.1 TULVEMDT=, 20078 AICA R FOIIYF7-Ov—=v M5 T+ B %
HLUBEIEBIIESHORBEAXRELZRAL, BR-ELABETo1-,
MEFRRES IVPCREATF IV ZVHEEESNT-, BICERRADY
IHhHSEPCREIZKYFIUT ZN AL AD RSN T=, 20075FE9F 48
ETIZTEEHITBDEELNRESN TS,
70168(2007/|70810 |FHU >4 |Pediatr Infect | FIOUT ZNIAILRABRENKRITLIZLAZA LV EDSDDHERER
12/20 Z—94 |Dis J 2007; 26: |ERFICRIDVAINRDBFREEZRARL1=6 . ZAREDRMATEEREL
JLRREH(811-815 oo BRITHERICHMRNAD > -ARITHERNEENBIZRBE LED

ERD)—=UJ L. ERIBLEEF L, BEED22EKBE. 28
MEER (4B RTI~1BRIERLSHoT=. EIFEIRIFEE(T9%) ., &
% (100%)72E DEERZERL ., & B&K DPCR% (3244 1224 THETH-
fze BWWERRDBEEHB FoBEO RSO TREN T,
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800102008/ 70861 |[F4> 4 |PLoS Pathogens [2005~2006%EICL 1=A > EETFINTILAILI=FI0 5 =¥ HA(ILR 8
01/29 =94 |2007; 3: 1895—- [(CHIKV) B (d. ToAO—TERBIEFDEEWK (E1-A226V) A BEERL
JLRREH 11906 TW = CDZEED ., RYEAIRDELVERR DL I AIZHITBCHIKVIE
EHICK T HEEERANT, TDHR. CHKVOERR DO T AITX T D%
FEAFEITEML, I T IAANDIEBELKYTIEMIZIREEHAAS
Whetiot=, BEDRYZ—TH DL YEALINMUVEL R #i TCHIVK
MNRRITLEDIECOEENRREEZOND,
701682007/ (70810 |74 24 |ABC Newsletter |4 —XrSUT7DHIA—2V XSV RMALERIZE TS T T BTIRILAYIZ
12/20 20074E7A208 |&Y. F+FMKRHY—E RERITHISHEL- AD S ME N T- MK HA
DEREZRELCENT-, BHIBT O ILA21E3 A KIZSouth Townsville
THRFE->-A. 5148 LIE., FIREMIEEHFINTOEL, F+HFDOR
R—HRTUIC&BE, M LFIIZRE#E N - E B kD FR ek -
IMRIZIEET ZH, MIBIXFATELEDZETH S, HmEIRE. 7ok
TLAODRENERICEESNDETHREGESND,
70166 2007/ 70803 |7 >4 & |CDC/MMWR 2005 7R 2T >4 M2 (DHF)SEH1 5 A3 Texas M Brownsville D BRI
12/17 2007; 56(31): BLTHRE SN, 2005F8 B IZ[EiET AT OTamaulipas I DRELF
785-789 ETU T RIEBF 251 AR ELTNSTUTHDTIONTLAOEHREL.
M22345 (17.8%) HDHF CTHo71=, BEIRMIB L VEFEHFAEDFER . Eithig
TOTUTRTHINT LA IIZ{ESDHFFEFI D EIE (&, 2000— 20044 (T
25 BIEBI5415] 0 20451(3.7%) THY . ML TLBIEMNBAL Mo T=,
701682007/ 70810 |74 & |ProMED- 20074E9 R 308 . HE R Y /B IXFujian& Putianth TIBID T 24 BE 5l 9
12/20 mail20071001.32 |AHEESNI=ERR LTIz, AhF L TIE20074E9 A 24 B B 2 THI68000 A A
37 BEL. N60Z A FETEL L=, /A F RATIX200749 H 268 . KarachiTHif=
122261 DT J BIEFIARESNT=, ST T A)AER) TBHEETIET
VIBDBREDTINILAIMNEISTEY., 20074EIZH>TH S+
LDANRHBEEEERZ. $9200 AHFETLT=,
70171(2007/|70823 |T >4 & [Trans R Soc BARADTUYEREE (285, TME) DMIEY L T ILh TIEAR R UIE
12/25 Trop Med Hyg [BHRTTUIIMILRERBETHIEITHRMIL -, BIERT. 145K U258
2007; 101: 738- |HOMBERE D TIRT VI VAL ATUKRIERIESN=M. TUTIAMILR
739 BiInFIEBEEINGELI o=, RIERT.SHBLV14BEHDR. HOWIZ7TAE
DEBNST T IAN R BB EFIARESN -, BIEOHEDHKER
X RERUVERPDT VT I9MIRBIEFOBENELREZNA L. &
IZOMNVAEHEIOFEDEAEICHEYS5IEETRELTLNS,
70168 (2007/|70810 [T > # |[YAHOO!—21—R | BEMETT V7 BAHRITLTWS, S AR/IZLSE2007F105 138 10
12/20 20074E108 148 [ETITHHN TSI ADBREENER SN, BiET 25T CTE2DODRXT
ERBRENFEELTHY . BRZEOLNAYIIBERKRETHD, THEE
PR ALTRRELNOERIEBERRAT 558 THS.
70169 (2007/70811 [r')sX/ |ABC Newsletter |AABBIZCDCABAABBS v—H RIF/NAFE SRR YT —H&bE T
12/20 Y—IE [2007F9R 148 |B=6DELEZITTIVS, 2007F9F 138 IR, 7108 D R 1ERIGHEH
MM AT, Cruzil 23 2 AD B IMRIPASKERZ 1T o =52 . 1964 HRIPA
IS, 486 2 WNERIG T, BYITHERENTIEHTULAL, 1I3OREFHH
D —HRRYE T =D T —2EREL. 18OBREFRLRRYET—IIZT
JEALTLNS,
70169(2007/ 70811 |kJsX/  [CMAJ 2007;177: |h7 4% kY —E R[E, 2008 FE#F D MAERIFEETOLARELDORRIZ
12/20 Y —IE (242 LIBAOE LI TIEFFILO RSN BN v —HRBEORY ) —=2 5 %
192, 22BN vy—HRABRREBEENHNT I RBEDEAZEEFo>TLS,
HnmAEDKREERIL., M/MrREFIDOEEE/\T—a3—FRICUIEZ
THDELED, AXS PR TIE800H A~1,1008 AN y—HXFED
RAETHY. BF45000 AL LFETELTLNVD, HF A TIE. ChETICE
M2k BREEI2ET /S THEELT=,
7016912007/ |70811 |RUsX/ (5048 BAR |BRISHTETT T AIANDREL v—ARRFLUT7—N ORI | {1
12/20 V=V [FEFRAR DL TOREKERE LI, h—ICHK (CPDIK) Z AL\ TT.CruzifksE <) A ifl
12C-02 REACIZTI-21 HEIREFELIEE1To-ECA, IO RAAND B (ST

BOLDEEZERITEN =D, BRI ZYREEITEEMN RSN L
ML, T.CruziRIKIZIFEAE D EMEKEEE T ILFA—FBiBLIz, REDR
FIRIREY AT LI vy —H REOSHMBE LS IECE T+ THY. Xt
EORENDLETHD,
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800072008/ [70855 |/%)L7R  |J Gen Virol 2007;|EFIMEET—IL R IZEFHIRD /LRI A JLAPARVAEF D EEKTH S
01/25 4 JLR (88:2162-2167 |PARVSAFEET HIENRIETREINT=, 4R DPARVAE2¥RDPARVSMDNA
ER5IZ D HTLI=&£Z A, PARVSIZPARVAERRIZ2 DDA —T I )—T 4>
J 7L —L%EHS  PARVAEPARVS(E92%E< D XU LA FRHEREERL
= MEBXFBRELZREROHDO /24T THY. O /24T 1L2(PRVEEIF
[ENTO=ED) Mo ABPARVAEWSITI DD VA ILRBEFRTHIEFIR
£33,
70169 (2007/ 70811 |73)L7R  [Transfusion K(EDMKRE2—THRE%IZFH LV T2000-20034 0 EAR [ Z1 £ ER L 150204 12
12/20 74JLR |2007; 47: 1756- | ME HEDRFMBRAEZSEEPCRRY)—=U7FERANTN
1764 JLIR™ A JLAB19 DNAIZ DN THRELT=, B19 DNARG TSR (0.88% TdH >
T-. DNARGHERR A D £ THIGIEHE T, 23%HIgMIS 14 Th o 1=, IgMILES
TR (IDNAEEFEEIL 1=,
70171(2007/ 70823 |/8)LAR  [Transfusion 1993-19984F & 1)2001-2004E DR ICH ESI N -6 DD EVIRE FEHEF D
12/25 4JLA |2007; 47: 883- (28402 DULVT. in—house NATRIZ LY/ VLRI 4 )L RAB19 DNAZBIE
889 L. #1B19 [eGHLHE TRIELI=, TDHEE. B19 NATIER V) —=2 5 4E
MOERAELI-SEE|DB19 DNADBHEERULANILIEEMN o=, EiEH
ENERLDE, AR TH A Thof-, MIFDB19 NATRY—=Z25 (F,
RIEREZFDBI9 DNALRNIILET I, KEDFI THRHEBRUT ESHE .
BIVMGIED RV ERB LS -A[REEN H D,
800082008/ 70856 |/¥JL7R  [Transfusion B9 A )L RDAEMEAL ARE ST BFET-[LEPHICLOBIVORE | 13
01/25 4ILR |2007; 47: 1765- |HALIZHT R G RRIZEHED TIFRL, BFMEE AV HIDNAKEFHT S
1774 RAZEHT BT EICE>TRI =, DNAKBHT U RIXRBR M (EALAY,
EMMRICEE T A EIEAIRETH o 1=. ParvoviridaeD DI A JLRED
HERRER DR . HAIREETDB19V DNADZELWFAREMMNBASL M E
ot BIOVATE L B (IR IEMMELD XD f=hEEZ NS,
80002 2008/ (70844 |/8)L7R  [Vox Sanguinis (18530~ 35&FRICEE SN = EVIRE FEE|RICER LR A ILZADTE 14
01/23 Y4ILR (2007; 93: 341-  |TET AMEFRT-, 1750 YrDS55280 Y MNPARVAS —H T REEH
347 ZFOR28 YD/ B4 T B RV 2B O ANFELz. RAIMILRE
[£10"5copies/mLLLE T#H 7=, PARVASE D FEVIEFHEFI D KEBH (&
1970FE R R U 1980F R ICEESN TL V=, B19VIX1750y 700y < T
HTHo1=,
70171(2007/ 70823 |ER7RY)  [J Virol 2007; 81: |[EFRDRENDRIAZEIAILARI =0T L KIIRUA—< 1 ILRE
12/25 #A—=<r) |4130-4136 FEMIZEFTE=RHMDRIA— DA ILRERELIz, COIAILAIE,
AILR BIRFDearlyfBlE TlE D ERFORIA—I VML RIZRFERE
Eg BIIZIRBTH SN, latefBEI T, BRI DRI A —< DAL RIZH L THE
TEMDIEN (T /BRI —E30%KH) . SO AILRIE,. PCRIZEST. &
THEER 5| #4163 7451 FR 645 (1%) & {414 19245 1451 (0.5%) THRE ALY,
REUVMERATIERESN G oT=,
701712007/ (70823 |ER7R!)  |PLoS Pathogens | &Ik 38 B fE (S - BE NS DIFR S BY D IZFEET HFHEOR
12/25 A—=< |2007; 3: 595-604 | JA—T DAL RERTEL, WUDAILRERFITT=. WUD AL REEFIE
AILAR 5229bp . Polyomaviridae 7 73!) —D 4% D, RIMEERZFEM S HTH
Eg 5, ZOWUIAILRIE, BHIDETHDRIA—IIMILAEIERT->TLNS
CENBHABEES Tz, A=A T RUKE O R EFFIR SR B E
213545 435 M BEWUD A JLADS R SN, HEBRIIC AL TS T E
RSN,
70169 (2007/|70811 [¥5')7 |ABC Newsletter |FDAIL, #1&TEIESNT=KE DTS 7HRZET X, Binax NOWIS!)
12/20 20075%7A6H |[7TREOMEAZFAUL-, AREL. FEICRETHEAINEET, £M%
HETAVT AT 49122, 3EDOIFTISHRIZITEENBEONDS, BER
BOREEICIIIZEMBHEREZEAVRITAIELZSEL, KBS DT
SUTRITHIE TIT o -2 HRRRICE T, IZHEMEMBEZIELERL
TG RA N EREEILBY TR
70169(2007/ 70811 |<%5')7 |ProMED- D IADRBEICKDE, 2007F4F D14 ARIZHFHRD <) 7IEH11451
12/20 mail20070501.14 |AERESNT=, R2BIEZARD/NTE SHNBEN T HEEM TS FREIC

14

£B2HLDTHoT=, F=. 2006512 A IZRADEF D ERESNTLUE, 8
AR FEFI A T8> T-, 200784 A 1~21 HDREIZEEES N 1-88418 KD
BEOHR. MRBABEEIL0.7~1.8%THILERE T TIND, B,
Anopheles albimanus®IMYSF A 3R BB EZ RLIRO - ENFER
INFT=8 . BBEIEKREFFCEOITRHOYDFREFZTIZELTINS,
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70169 (2007/ 70811 (%517 |Vox Sanguinis |BEIZHITHAHMIZEEZISUTREEDOREIZDNVTHARL=. ¥3IT72
12/20 2007, WrEi64 AR LAR It Mm% T o=t E (&, 200545H ~20065FE8 A D=
93(Suppl.1): P239| B E<S) 7 5B H 20564 1464 (2.2%) Tdho1=, 468 DR E MRS 1R {KIZ
DULVTPCREEMEL . PCRIGMED MAE M A EFHIMMSh-2ZMEFAEL
A NBOZMEICHMICED TS PIGEHAREZESINT=, PCRIZE
K T7HERAEL. BMICkETS)7EREROEEICRID,
70169(2007/|70811 |4 yF [Jpn J Infect Dis |MMFZFH. MAEMZERIIZHEE STz BRI Z D #16 TDH I T AEHIZ R
12/20 TR 2007; 60: 241- |59 5, RBEEEDTTREMET., 200659 2HICEMETEEL. E
243 B. FRRIZCESHAHIR. 4B BIZ387CHOEE. HTEE. ESEENE
IR, FFeEEENRZE(CEITL. DIC, HEEHMICKYSABIZIETEL
o ABIZAZRILOMNH-T-, MKLYDNAZHHEL ., PCREEELI=EC
3, IS EFERFIXR. japonica&100%—E L 1=, B ARFIBIZA (S IEMERIZ3H
Y. FENBETHD,
70169(2007/|70811 |U4yF [EAfE AR 2007 |BZE TIXRAEYVYNTLUFEDEENAEL TS, 20074E8H 208 . &iF
12/20 TIE 8H21H EEAREMOFERICLDE, 20024121, 919N FEST=YYH LURDEE
HY. 045 (£4,698 N . 065 (2 (X6,420 A IZHEMILF=C &M Mo T, 1993F K
ISREGEBICIEESIN TR, BFHRIEEC25F L EEML-, VYA
LUFRIE, EICORA LUK, YA LVEICEELE-YYA LY (A ZD—7F8)
DIMBIZRIENDZEICKYRERRET S, I0ABBREDBRPERDL L. =X
SRMNRLEL, BORM. BEiE. HRRE. RBLEEDERKRNENS,
800272008/ (70934 |')on AR |N Engl J Med FA—RRSUT T— ANDRF—H o252 EE 2 (11=306 H #2HEtR4-6:87% 15
02/27 #&BEIE 26| 2008; 358 12Uz, D LA S A ETHRRERTHATH 2 =M. 26l DL P ETY
10.1056/NEJMoa [FDFEIERF E LUV B NS BON-RNAZ A FERE —I T L0 TR
073785 I BIEIZKY VN EIREHIERICREART D2HRDOTLFTIAILAN
FRETHEIENBASIELE ST, LYEIVFDE . FF. MRS SV INE
BHOLZDIA I AN ERE SN, F-RERASFZHES LU MERZRICHERR
SNtz COFEITHREARERDRANLGFERTHS,
701692007/ (70811 |E& /0 |2007F T )4 |BSERZE L HEDZLE|Z FHLNTPrPres®in vitroB % DL A 16
12/20 AYITx |HFRE Poster— |f=, BEESEErREST VA —HEKNSTVAVREICRET 55
JUk-+3|38 30KDPKIED /N R RHE SN, CO/NURIFIEREEMABIC(FXFEEL
JIE Hhvotz, iz, 95 A LI-REMBOES LB ICEEELHDHIEN
B M EL STz, ISIZ20nmD I AL ABEEIZE>TEE EEDEES
NEDTBHIEMNROSNT-,
70168(2007/ 70810 |2 #1450 [ABC newsletter |4 AT LTIV CIEEE%1To Tl DMagen David AdomlE, ZER /01y
12/20 AY7x (200745848 |Zz)Lh-¥aT%E (vCID)IZRE T A MIERAE AT EHL . 19804 LRI
JLk-473 TSVABREENAHDIADHEMEREEE LTz, 1980FEMNS10ERDSBIZA
AT FYR . TAIWTUR RILMHIVIZBIERDOH DAL, BIEHEEHmEILL
55, Ff- . BMm%EZ+- A BREF R OCCHFRBHL—MEITEATIL:
A ANBEEANTEA AEEREEZIT-A. KRREOEYICHEENT-
i AD R AR F BB =,
70168 (2007/ (70810 |E£!4 0O |Biologicals 2007; |[FA*VIZH LT, vCIDA IR BHBARIZFTHEIZDLWTERDERT—
12/20 A7z |35 79-97 AERICET IV EFTo1zECA BHME N LI GiBAVCIDEKRKIET
JLk-a BESATREM [T A o=, BIC, ZFMBRAEZHMASHRL TSmO
JIE HEHRALEIZIXFEAETELLEWLA, MEHBICIEEREEZELRIT
FEEZONT-, FDEOHRAVIZEVWTIEZMBREDRIN THESN
i YN Y
70171|2007/ 70823 |E #1450 [Biologicals 2007; |BLAART7H A XDV A ILARERZFERAL, BHAMIEETo1-AIL—
12/25 A4YIx |doi:10.1016/j.biol |E—T) A EB (PrPSc) DR ERENEFHEL -, BE RNIBIZLYRIF
JUk =¥ ]0gicals.2007.04.0 |BNHEEEIL T ALSIZFHELT-263K MFER/ (OB ELTHERALT
JIE 05 EEIL, 15nmD AEPIZPrPSchA BRI NIz, 15nmDABOH ML TDE
HTOIRALTOYNEDRE R RUTETPPScARESN S EMTR
SNtz LHL., 1EHETDI5mBEDINAFT A DEERTIE, B
PrPSc\FERSINT=,
70171|2007/ 70823 |E %400 [FDA/CBER 2006 | 2 [E 0 37 FH 3k D ZEXIE F R HF|HY, 1989-20005F (2 KE TH0R U T D EH
12/25 A4vo7x |[E11A7H IZFERASNIzEHEESIND, ETLERAWNYRIFEHEDFER. 1998FF T
JLk-473 EXIRFEFEEET S-OIZFERIN=MFET—ILD1.6%~50%H
JIE vCIDIRRIAEEA TS AREENA B o=, LHL., ThETMmIER A

D/EEZF=BEHICEWNT, R P T—HLVCIDDER| [FFHESN T
W, BLETRRICHEITAHVCIDIRE. FAE. BERBELUVERNF—
DVCIDERENIRVIZHEESZLEELGRFTHS.
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70171(2007/|70823 |E %1450 [PLoS Pathogens | AORMNXIEIEROMICRILAE—ZHRELI=/NLRF—D K EZPrPSc
12/25 A7 (2007; 3: 659-667 |AVELTET DO EFF 1=, BOEMLIz/\LRFI—TIERIERZPrPScH 1R
JLk- HEN, RIERFICZIEPPScOEENAH O, PrPScld KR ED ALMET
JIE (I HIRIRHEICBTEL . REICHITHPrPScOEE (X REEZIRASY N
BRI RTELED o fz, HREANET &R DR E~DTIA L
KW RENT =, BIZ, RILAE—ICBRBEELEEYSERHRI-ECSH. 5
BER2BED R SR AIZPrPSch B E N =,
70168 (2007/ 70810 [E#!4~ 0O |Prion 2007 198746 A M 5199859 B [T IT THAISN=5H175/ \wF D M IF R A 17
12/20 Y7z |P04.102 20074 |IC. fZICvCIDEZHISNI- 1AM DB-IMAEFEN TV A, ChoDE
JLk-a|9826-28H SIZEARLI=vCIDEF TS ETHDECAHLLERESN TULVEL, CThlddk
JIE MEREMIZ &S EBHNBVCIDREEMNMFH D EERBHTH S, MiE
HERF QR ETIRICKEZTVAVBREDREFHR=ECH, 2.7~115log
LI EDBREREN BB EMNBHLMEL ST,
70168 (2007/ 70810 [E&!4~ 0O |Prion 2007; 2007 |73 D ZMA CERIIZHEESN-vCIDD AR KEIKRDIRETH 5. B
12/20 Yoz |F9826-288 |&HIT1997F128128iM%EZ+1=-H, #Ei&IvCIDZE FIEL -t & Bk
JUk-¥3|Edinburgh P04.51 |DFRMIKEF| THoT-, BMHS6ER . RMEITRFRUETREFHK
JIE =M, HRZHBRERUVRMRILERE THoT-, Z0D6H A BIZHIEEHN
JEIRMFIREL . ETLED., MBEFPHREXEE THo=. MRITIZIREK
HRZERDIEZELESEILIRENT =, vCIDD R BB A LR LBEIR
KEX, EREARBFEMBELEIRTT 5,
70168(2007/ 70810 |E #1450 [Proc Natl Acad |7IAAREEEFT 5747 T JIZFIAMNEERF(AER)EENH A%
12/20 AV |Sci2007; 104: |FARf=. RO I+ T I IOOMHELI-7IAA(FABBEEEIT1T I E,
JLk+47221(10998-11001 ZRETIOAR =V REFRITISVRD I =IO RIEZ RN IR E
DAL LTz, AEfT, RO ELIGEIXSEFSET7IOA R DEHIL
BEHARLONT-, — A, MBETEI2EBLE T RO o1, MEIC
KYTAT I SOAEFEHRIXTZ T HERLEMN 2T, 7ESOARF— X
[HMEBHT, TVAVEERBEORE M SELT D8N H D,
70168 (2007/ 70810 |E&!~ 0O |SEAC/Position |EE{REEILSEACIZEFLAEMNEZNLI-vCIDIGRED AV EXH
12/20 A7z |Statement 2007 |MIELT=FEAREDIRICOVWTHDEIEZERDH -, FIHFE TIL. RIL
JLb-va|E6H13H BIZ&kAVCIDEBDIRIMNFRLIYE N ENTE SNz, HA4 U RI
JIE SENOEEARAREDENMETEHS L. ARFELOEE(IZD
WTOEYEBRLERE SRR IBLFEOREDNT-H. £ THHE
%5.‘:‘9&0)')7«7[:0L\r:%%mf’a#ﬁ%f:;%{iﬁéirél:ﬁaz&,igfﬁ;
701712007/ (70823 |HF % Med Mol Morphol [ALTHA E K, HCVIALBRFF R R EIMEN EME TH S MEFH 5D M
12/25 2007; 40: 23-28 [RIAF DA ILABFFVLP)EREMIZIRA LS EHA ., Ff-. 2D
VLPs&EFERR OMIC B9 AGBV-C/HGVD B FEDEFREFRT-. %
DFER. BRRILBRFPOVLPsDIRHEIL, HBEICALTLAR L LR EEE
(P<0.001) LTLN =AY, VLPsZET MEED LT 1IZH ., GBV-C/HGV RNA
IR ShiEhof-, EFBEMEB CHRROVLPsHAFER SN, TN HHIEB
JECRIFFHICERLTLA I EARIE SN T,
80007 [2008/ {70855 | &4 H%|Int J Med RAVIZEIFBER RS TEDD TOEHERET 5, BFITFEEE
01/25 Eg Microbiol 2007, | /NBRHERDF U /\ENBHEL., BERHINIZFY AD3FZEH
297: 197-204 T IYFITTHRER. BEMEANETOEVRICKBEERO =0 AL
foo REMBHEATEIROFTERFRMBRB ARSI FEZRSIN AR TIE
LHETFE SN, BabesiaF E#118S rDNA PCRIZE»THER SN =, —H Ty
ADHIZKYEUT1E99.7%DFREMEAHY  EUSER DIFoit=, FERINHE
Z A FETlZldatovaquonel LB REIAEEZELT-,
70169(2007/ |70811 |%&#% Emerg Infect Dis |5 Z3BIRMEZFI6IS5ADS553 DL LIZHititEZE R L FIMt KL L
12/20 2007; 13: 380-  |&nFEZEFIMT 4 $54% (XDR TB) &EFE &L . 20004F ~ 20044F M Supranational
387 Reference LaboratoriesD R YT —H%AELT-, 48HEMNSD
Mycobacterium tuberculosis 7 Bf#£17,690D T —A MRt h . HIME
S EERR3,5200 55, 347(9.9%) HXDR TBTHo7=,
70169 (2007/|70811 |#HE B&#|ABC Newsletter |FDAIXEIMATD M/NMrBPOMEFRERE TS5 DO THORERE 18
12/20 2007498218 |ZER5EA&SEL -, Verax Biomedical Inc & 5& MDPlatelet Pan Genera

Detection Test System|EFBEDEME CERT A= DFELVETHRER
F=THD,
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70169 (2007/|70811 |#HE B3| American HBAOD=XREEREZTHSBAER KEMHIT (FRKRE10825K) (ZHULT,
12/20 Society for 20064818 ~8H 31812, B&288 D IMKIEEN SBacillus cereusHi &
Microbiology HENT=, YR FEDFERERMEHRS A DR BV EIRYFLHARET
107th Annual BDEEZONT=, —FRRIICURVEDA—RIL—TWNIEBEITLN, i
Meeting; L-004 |%#%E%L . RIEERS AV EBIZODVTHBE DK EEZ{T>-CET.B.
200745821 — |cereusfBEMiKIEEITFDERBHEINEMNoT=,
25H
70169(2007/|70811 |#HE B (Clin Infect Dis  |2005FE3H . KE T S AN DFER CERDFEZIZE T, BEHFHEH
12/20 2007; 44: 1408- |T—TILARIE—/NLTNEASH-FEC IR EEO 2 EmA
1414 Rontf, —RMFEZICDODNTABETo=ECAH, —RIMGFARELLE
HEETHT—TNARIE—NILT DFEREOBIZEELREEEAZEHS
Nnt=, MEEEZ T o=3MED/NILT DI3524. 3% LM EMHEH SN,
FICa7IS—EEMTRIRE ThHo1=, EHIARIE2—/ VLT DRI
[FTHIBEARICELIRIDBEEEZEHEIRETHD,
70169(2007/|70811 |#HE B | Transfusion T A)hFR+FT20044E3 H 1 H ~20064E5 A 31 H D HEARS 121,004,206 0D it
12/20 2007; 47: 1134- | THEEERENTHN. TOR186HIMEETH o=, BET DT
1142 TL— RM/MR293BFIDIB 1EZRST R TOEMA E RSN =, T
BliZZEAWTIERL-ISEOMBEEEGEERIL, FhAELBELTHEIC
Ehot, T, RYU—Z U FIEME O SLHIZBR 1% U - BR i fE M 86 i = A
HY2045] (SBT3 RSN =AY, MliEE AL TIERERL-ISEEDHEE
[FABERELEBRLTATETH o=
80024 (2008/ {70921 | A& t£1&[Vet Microbiol Bl f-thig D7 4 b I E SN - IEFRIADS566.2%(102/154) T 4TT
02/22 BRSE  [2004; 104: 113—  [J4{VADNAGRH STz, 7TATTOMVABIKRIZT 4 THRIZT HEE L DB E
117 [FHSNTULEWLA, thDBERAREEREL-GEITEREFEEIL ST
BEMEIEBETELRN, 7B E AL ERBHEOBR O ~DFE
NEEIhD,
80026 [2008/ (70933 |E 4> [China View, 200712 B IS I E MR CRAELE-EEMDBAV NIV RES 19
02/27 JLI2H [www.chinaview.c |& &, BETHOI-EBFEDREGTIEMICLYRELE-EDTHY. 91U
n 2008-01-10 |RDZEEEZEHLNTLVEL, LML, EFERBIEIVWVTAELETELERE
EDEMALEN =0, BFDORERLRE(FASMNZHE-TLVEL, BEFIF11A
24BI(ZFAEL. 1282812 TL. RBIL12A3BICRELI=AEELT -,
ERARIAVIIVIOHF D HOF U (FEERAERPhase IDBRBEIZH S,
70171|2007/|70823 |42 7 |Emerg Infect Dis | RRIEE AV I IV HFIAILAHNDEZSL AV TILIVHFIA(ILR
12/25 JLIUH 2007; 13: 1081- |AS, MABAREMDBEELIE TN H S, S=T— )LIZREEEEEFAL
1083 T102726l D MER F—HRAE DML - COBREBEZDRIERE L, — %
BIAV IS IVARATSA4<—IZDUVTIH804 geg/ml. 1T ILT
UHFHEN)H T2 THEM T S54<v—Tl%444 geq/mITHoT=. 12T
IVHYAIILRIZHLT, SOLIHBRI)—Z U T BENARETH A &N
Reht=,
80001 (2008/|70841 |B A7 |Emerg Infect Dis |20064E5 B I/ KA T DRATASILERTE KU20055E12 8 (k)L ER
01/11 JLIUH |2007; 13: 1348- |DRETEREINI=FIAVTILIOHHNIDOERAD, Er-EMEREIZES
1353 INEMIERENAZEZRANTAR, A OFITIEEM-EMEBEDE
HEMIETURAANRLON, EIN 20 L3R(329%, BRTAIEIER D
TRRIEX1.14THoT=. MLADBITIXEMEMEBOIET X (FBLOHN
Emot=,
80001 (2008/ |70841 |E A7 |Lancet 2007; HSNTA VD ILIV oA LRI R LB 12 8L UIERIAEZTDIRIR
01/11 JLIH|370: 1137-1145 | DEIRMERERA . MO IR EEME. RE0 LEME. U/ EDT
RS . XD MR R OB DR DN\ T LIRS R E ERE TYMIL
REEFEIEREIAREHSIN ., BHIETIEIDMILAEEFERI O HH
RSN, BRIRTIEHh. REEZMEE. FFxo077—2 & mFERI&
REMREEINT=, KMV RIEHE T THREIZREEL., ExEsT it
DHBEITHLNY ., F-faEEEBL. BEMBRICEEELSS,
70168 (2007/|70810 |H A<Bxi 2 |Epidemiol Infect |20044E11H M i52005F 2B 1M ITT. BADEIPIZHET ALEEDE
12/20 2007; 135: 974- [ A /D LMF2RAZEIRRLIz. BARBKADIAILA(JEV)IZHT S
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M DIEVREES AV ILIZE S L TLSRTBEM AR RSN T,
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Until recently, it was believed that, following Axonal injury,
the distonnec\ed axon degenerates as a cofiseduénee of 2
lack of frophic\support from the cell bodf.- The findings
in C57BL/WIK (W1d?, *Wallerian defeneration slow
mutanf) mice:s\igzest that axonal dfgéneration is an
active program o self-destruction’in fmany physiological
and patholégical seftings. WId® micd are protecied from
axonal (Wallérian) \egenerition by dveréxpression of a
fusion protein (Wid%)\ Although pleservationd“of akons is
beneficial in most caseX, delay &f Axonal degeneration can

be detrifnental in'ihfecjon witlf viruses that’ use axonal.

flow for their spread in the
[Matérials and Methdds)
We infected WId® mice and fheir parent strain C57 BL/G
(B6) mice with Tlieilér's nf¥ririe encephalomyelitis. virus
(TMEV),'a virus that can/bé, tr- énspbrted'by axonal flow.
Virus persistence and ieyropd 1ology weré examined 1, 2,
3. 5'weeks and 3and 6 onths ter infection.-

{Resulis] - Peofe Pl : :

B6 mice are l\nown o be relatively resistant to TMEV
infectioh, and a srfall percentage of micé develofied
paralysis. “In’contyast. 30 '%:2nd\60 % of WIa® miice
showed limb parhlysis during the\acute and chronic
stages of infectiof, respectively. Wd® Ynice had prolonged
inflammation And larger numbers Y viral ‘antigen
containing cefs in tiié TNS. compared with B6 mice.
Despite ‘the protection’from axonal ‘degkneration.. Wid®
mice had nelironal death (apoptosis) and Narked léss of
]\dAP'z'imaunor'eactiﬁity suggesting that Apoptosis and
dendritic - atho]ogy cannot be preveuted by th "Id"‘ gerie‘
[Discussion] . e . 2
Prolongkd survival of axons in W]ds mice’ cdpld favor
virus sbread in.the.CNS, while axonal’ degeneratlon in B6
mice /might be a° beneficial ‘self-destructive meédhanism
- that/limits the spread of virus in the CNS. Thus. nburons
segim to have two self-destruction programs: apoptosl and
ayonal degeneration, both of which can limit neurotdopic
irus propagation in the nervous system.

‘centfal nervous systern (CNS)
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5 Serum IgG Antibodies to the GOR Autoepitope are Present in Occult Hep:

- 10 Virales. Madrid, Spain..
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-significantly lower Eompared with chronic hepati

'ABSTRACT

Antibody responses to the GOR autoepitope are frequently detected among anti-hepatitis C

virus (anti-HCV)-positive patients with chronic hepatitis. GOR antibody reactivity

been investigated in sera from 110 anti-HCV-negative ﬁaticnts with occult HC

was found n 22 (20%) of them. The frequency and g

ent sera; the predictive values

s resulted significantly greater (P=0.042) in patients with occult HCV infection -
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who tested pbsitive to IgG anti-GOR. In conclusion, serum IgG anti-GOR is preseat: m .
paﬁcnts with' occult ﬂCV infection ciespitc lack of dctgactabl_e 'H(JZ_V—spcciﬁc' antibodies
u.sing commercial tests. Testing for IgG anti-GOR in'patient-s without HCV RNA detééteci B
in serum may help in identifying a subset of occult HCV infection without performing a i

liver.biopsy.

Key words: GOR antibody reactivity; apﬁ-HCV;hegaﬁve occult HCV infection; chronic

l hepatitis C; host-derived antigen GOR; cross-réactiv_ity.
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INTRODUCTION

Occult hepatitis C v1rus (HCV} infection has been described recently in patients
with persistently abnormal liver function tests of unknown- etic_)logy_':(Z). Occult HC

infection has been noted by other authors as well (4,27). Because such

potentially benefit from interferon-based therapies as reported recently (18). -

Library of hbst animals (16) which cross-reacts on i.mﬁlundas;says witﬁ sera o_f. hcpa'titis C

virus-positive patients. The human counterpart of the GOR gene prodﬁct has been isolated

recently. (8); its sequence was highly conserved compared with that of the chimpanzee.
Antibodies against another GOR epitope (tetrmed GOR1-125), which is translated in
humans, Have been de_téctcd in some inciividuals without association with HCV infection

(8). The detection -of A antibodies to the GOR47-1 autoepitope (anti-GOR) was first

. described in sera from non-A,‘ non-B hepatitis cases (16). Since then, several studies have

- 23
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The GOR (GOR47- 1) gene product is a host-derived antigen isolated from a cDNA.




1 shown that the presence of anti-GOR is almost restricted to anti-HCV-positive individuals
2 (14,15). The sequence of the GOR (GOR47-1) epitope has a partial homology with the
3  HCV-encoded core protein sequence. (17); both sequences show a high conservation of

4. residues essential for antibody binding (34). Antibodies against GOR are frequently;

5  detected among patients with overt HCV infection (6,16,21,31). Thus, anti-GOR.ap

be an antibody specifically related to HCV infection (15,16). -

2002 'Z) Jaquanaq uo Aq Blorlwse a0 Wol papBouMog

c aims of this work have been to investigate whether anti-GOR can be detected
in the sera of occult HCV-infected patients and to assess the diagnostic significance of

18, GOR-antibody assay in occult HCV infection. .
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MATERIALS AND METHODS _

Study subjects. One hundred ten patients with a diagnosis of occult HCV‘i_nfcction

were enrollcd in this study. They were serum anti-HCV-negative (Innotest-HCV Ab

- and genetic dis_orders, alcohol intake, drug foxjpity, etc.; all subjects were negative for anti-

HIV antibodies. There were no known risk factors for HCV infection; none of the patients k

referred clinical 01;' biochemical history of acute hepatitis.

Control groups mcluded 110 paucnts with chromc hcpatms C (scrum antl-HCV

) and HCV RNA—posﬂwe and abnormal transammase values; a]] with HCV genotype 1); 35

patients w1th crypto gemc hver disease (serum anti-HCV and HCV RNA—negatwe and liver

- HCV RNA~uegat1vc but abnormal transammase values); 35 patlcnts with non-viral liver

“disease: 10 with autmmmune hepatltls 10 with pnmary biliary cm‘hos1s 5 with alcohohc

hepatltls and 10 with stcatosxs or steatohepatltls (all were liver HCV RNA—ncgatwc) and

25

uruty negatwe for anti-nuclear and antl-mltochondnal anubodles ctc ), mctabohc '
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50 patients with chronic hepatitis B (all serum HBV DNA-positive: 15 hepatitis Be¢
antigcn—pt;‘rsitive and 35 antiJIBga—positive). The study was approved by the ethics
committee of the institution and was conducted according to the Declaration of Helsinki on
human experimentation. Informéd consent was obtained from the éatients.

Enzyme immuneassay fo detect IgG anti-GOR. A pentadecapepti

‘incubated for 1 h at 37 °C with shaking; then, samples were allowed to react in duplicate

with GOR-coated wells for 1h at 37 °C (100 pl/well) . Wells {x:/cre waShec_i five times as

above and incubated (1 h at 37-°C) with horseradish peroxidase-conjugated rabbit
polyclonal anti-human IgG (DakoCytomation A/S, Glostrup, Denmark) dituted 1:1000 in

blocking buffer. After washmg ’as_ above wells were reacted for 30 min. at room

temperature in the dark with 2,2’—aiinobis-[3_~éthylbenzthiazoline-6-'sulfonié .acid]-'

- diammonium salt (ABTS; Pierce, Rockford, IL) and the absorbance value measured at 405

nm with a reference at 620 nm A sample was considered reactive to IgG anti-GOR if the

26 -

b Tween 20 (Sigma Chemical Co., St. Lotis, MO)4id *

sifocked by‘incubatin'.g- for 1 h at 37 °C with PBS containing 0.05% =
0 plus 10% heat-inactivated fetal bovine serum (Sera Laboratories "Intetnaﬁbﬁal-:'_"'f

Ltd., West Sussex, UK). Serum samples were diluted 1:10 in blocking buffer ‘and pre-

£00Z '2Z1 Jsqwadag uo Aq Bio‘wse'nd oy papeoumod



1 absorbance value exceeded the mean absorbance values of 20 non-exposed, HCV—ncgaﬁve
2 healthy volunteers plus five times the standard déviation. Typical cut-off ‘valucs were
3 below 0.11 absorbance uﬂits at 405/620 nm.

4 The specificity c"f the IgG anti-GOR. antibody detection was assured By pep i

5  inhibition assay as reported previously (21), in which serum samples were pre 1

cryoglobulms was wsua]ly assesscd by the appearance of a cryoprec1p1tate by blood

17 coagulaﬂon at 37°C ccntnfugaﬁon and incubation of serum at 4°C for 24 to 72 hours .

18  Statistical analysxs. Results vrcre analyzed by non—parametnc tests usmg thc SPSS |
19 | program (version 9.0; SPSS Inc Chlcago ]L) The chl-square test (or. Fischer’s exact test -

20 'whcn apphcablc) was used to compare frcquenc1es Corrclaﬁons were done - ‘using thc _

- 21 - Spearman’s rank correlation cocfﬁc;ent. A]l P values reported are mo-mlcd.

27

s-of rheumatoid factor and C-reactive protein were assayed in serum.

sing atex -agglutination tests (Bidkit S.A., Barcelona, Spain). Presancc of
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22

' _' demonsirated by peptide inhibition assay as shown in figure l. Thus, pre-incubatig

RESULTS

Twenty-two of the 110 (20%) patienfs with occult HCV infection bad IgG anti-GOR

detectable in their serum. The specificity of the IgG anti-GOR antibody detection was

! specificity paramctérs were calculated with a threshold of detection set at 0.11 abSorbanéé‘
inﬁtg as described in Materials and Methods. The “gél(_:'l standard” to evaluate the accﬁracy

of the IgG anfi-GOR test was ‘the presencé of hepatic BCV RNA‘ that had allowed _

identifying occult . HCV infe(:tion Thus, the 1gG anti-GOR assay showed values of

specificity and sens1t1v1ty of 100% and 20%, respectively, among occult HCV-infected

) patlent sera. Slmﬂarly, the predlcuvc values (posmve PPV ncga’ave 'NPV) were 100%

and 44.3%, respectlvcly, con31dcr1ng 70 HCV RNA-negative patients with HCV-unrelated

non-viral liver disease.

28
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1 Titration of IgG anti-GOR showed a median value of 1:20 in patients with occult
2 ° .HCV infection with serum GOR antibody titres ranging from 1:10 to 1:80 (figare 2). In
3 patients with chronic hepatitis C the median IgG anti-GOR titre was 1:80 and titres ranged

from 1:40 to 1:320. Thus, GOR IgG antibody levels were significantly lower amon

rosis) tended to be greater, although not significantly, among IgG
{®I-positive patiénts with occult HCV infection (data not shown). On the other hand,

the percentage of infected hepatocytes (that is, cells positive to genomic HCV RNA by in

17  situ hybridization) resulted signiﬁcantly greater (P = 0.042) in patients with occult HCV

‘18  infection who tested positivc to IgG anti-GOR (figure 3). However, the percentage of

19 HCV-infected hepatocytes did not correlate significantly with IgG anti-GOR titres among

20 the twenty-two GOR antibody-positive patients (r; = 0.311, P = 0.19). In patients with _

21 overt chronic HCV infection the median percentage of infected hepatocytes observed by in

22 situ hybﬂdizaﬁon was 8.0 (range 2.5 — 38.6), which resulted significantly higher (P<0.001)

23 - compared with occult HCV infection (median of 4.0, range 0.1 — 18.0), in agreement with

24 aprevious report (19).

29
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With respect to rheumatoid factor, it was detec::ted in the serum from 12 of the 110

(10.9%) patients with ocoult HCV infection, including one (4.5%) of the 22 GOR

antibody—ﬁositivc individuals. Similarly, C-reactive protein was detectable in 15/110

(13.6%) patients with occult HCV infection, including 1/22 (4..5%); igG anti-GOR-positiy
individuals. Finally, cryoglobulins were found in 14/110 (12.7%) pqﬁeﬁts with occ

infection; only one of them (4.5%) had IgG anti-GOR detectable. |

30
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1 DISCUSSION

2 In this study, we have observed a 20% frequency of IgG antibody reactivity to the
3 GOR autoepitope in the serum of anti-HCV-negative patiénts with occult HCV infection.

4  Low IgG anti-GOR titres were found in most GOR antibody-positive individy;

{Cw reports “fdentified anti-HCV-

10 ,14) including blood donors (7,32);

e frequcncy.of IgG anti-GOR ip oecult HCV infection Was-signiﬁc'antly lower
comp‘z;rcd with a 63.6% GOR IgG—ahﬁbody reactivity found in'f'pati‘cnt's with - chronic
17  hepatitis C, which is similar to the frequency reported by several authors in patients with
18 overt HCV infcctioﬁ (10,12,%4,16,2 1). Also, anti-GOR ;evcls were greater in chronic
19  hepatitis C compared with 6ccp1t HCV i;fecﬁon.'Wc havc reported ;eccntly that sera from
| 20 ~ some patients w1th occult HCV infcc_':tion may defnonstratc a positi_v_(; reaction against HCV
21 gon-structu_ral }.proteins. on immm;obld; assays suggestiug '2.1 very low level of specific
22 antlbody brdcl_uctio_n (23'). In chror_ﬁt: hepatitis C, the presence of antibodies reactive to the
.23 host-derived anti gen GOR is not merely due to sequence hq;riolc;gy but to cross-reactivity

1

31 .
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| 23  Nevertheless, cqmpared with chronic hepatitis C occult HCV infection seems to be a less '_

12

{  at the molecular level becanse of conservation of residues essential for antibody binding
2  (34). Thus, de novo infection with HCV after liver transplantation produces an increase in
3 IgG anti-GOR likely due to increased viral load and replication under immunosuppresion

4  indicating that the immune response to GOR autoantibody is triggered by HCV (24).

anubodxes usually persist for decades although these may eventually d:sappear after

17  recovery from HCV infecti_on (29,30).

18 Among individuals with 'oecult .HCV infection, the subset 'of GOR IgG antibedy- ‘

19 'posmve patients did not show a different clinical background compared with their IgG

20  anti-GOR-negative counterparts (9) However, a greater number of IgG antl—GOR—pOSlthc

21 patlents had 81gns of necro-inflammation, which is similar to pat1ents ‘with chromc hepatitis

22 C,in Whom react1v1ty to GOR had been conelated with liver disease actmty @2n..

32 -

body responses to GOR and HCV may be mdependently regu]ated as'

- in chronic hepat:ltls Cc {1 1) In patients with chromc hepatitis C antl—HCV‘ '
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1  aggressive form of the discase caused by the hepatitis C virus (19); although, liver cirrhosis

2 is present in around 4% of these patients.
A

3 Finally, rheumatoid factor, C-reactive protein and/or cryoglobulins were detected in

4  the serum of 10-14% of occult HCV-infected patients. Frequencies of such factors

d thus GOR'1s unlikely a marker

10 onic HCV infection (13). Indeed,

1002 '2L Jadwaoao ue AQ Biorwse a2 Wl papeoumMoc]

R 18 ﬁot detected in patients with HCV-unnf:Iated liver disease detection of IgG ‘.

antiquics to the GOR seems to reflect cross-recognition with _v'iral. sequences during

i ‘17 -occult HCV infecﬁon, cv.en in the ab’scnce of dctectablc HCV—épeciﬁc aritibodies using
18 commércial fests. Testing for IgG anti-GOR might be use& to 'screen_HCV'rRNA-negaﬁve
19 paticnts and thus belp in idénﬁfying' at least a subset of occult HCV infection without

| 20 performing a HVc;' biopsy. Nevertheless, even after implem;entation of IgG anti-GOR

21  testing the majority -of paﬁents--’woulq still nce(i a liver biops_'y.for acc-:tn:at.e diagnosis of -

92 occult HCV infection.

33
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FIGURE LEGENDS

Fig. 1. Specificity of serum anti-GOR detection assay in occult HCV. infection. GOR

antibody detection was blocked by pre-incubation with GOR peptide but not by an irre

GOR detection tésts in serum. Outliers are represented by single circles.
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hepatos in occult HCV-infected patients with negative (n = 87) and positive (n. = 21) anti-
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" TABLE 1. Characteristics of the patients with occult HCV infection according to GOR

antibody status.
‘Anti—GOR positive Anti-GOR negative
(n=22) (n=88) | ’
-Age(yr) | 45.5 (39.9-51.1) 45.3 (42.7
Gender (M/F) s
bufaﬁog of disease (yr;) kod 6.2 (3.4-9.0)
ALT qum *
AST (UM * 41 (35-46) 0386

GGTP (UN) 94 (76-112) - 0.32

¥ 31(35) . 020
1709) 072

2 Ao.ss-

14 (16) : 079

002 '} 18quisasg uo Aq BI0WSE'IAD Wwioy; papeojumoq

" expressed as the mean (95% CI of the mean ).

“expressed as the number of casés (%).
% refers to the estimated duration of abnormal liver function tests since first alteration was

detected.
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Summary

Hepatitis E is rare in Japan but is occurring more
frequently than previously thought. To investigate
whether de novo subclinical infection of hepatitis E
‘virus (HEV) has recently increased in Japan, HEV
RNA was assayed in serum samples obtained from
4019 Japanese voluntary blood donors with alanine
aminotransferase (ALT) of >61 TU/1, who are likely
to have ongoing HEV infection, during 1991-2006.
The overall rates of IgG-class antibody to HEV (anti-
HEV IgG), anti-HEV IgM/IgA and HEV RNA
among 3185 donors in 2004-2006 were compa-
rable with those among 594 donors in 1998 (5.3 vs.
5:2%, 0.2 vs. 0.5%, and 0.2 vs. 0.3%, respectively).
Among blood donors with ALT >201 TU/1 in three

* The nucleotide sequence data reported in this study have
been assigned DDBJ/EMBL /GenBank accession numbers
AB292649-AB292659.
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groups according to the year of blood collection
{1991-1995 [n=156], 1996-1999 [r=116] and
2004-2006 [n=061]), there were no appreciable
differences in the prevalence of anti-HEV IgG (5.8,
4.3, and 6.6%, respectively), anti-HEV IgM/IgA
(1.9, 3.4, and 3.3%, respectively) and HEV RNA
(1.3, 3.4, and 3.3%, respectively). The eleven HEV
isolates obtained in the present study differed from
each other by 1.7-22.8% in the ORF2 sequence
and segregated into genotype 3 or 4. The occur-
rence rate of subclinical infection with divergent
HEV strains has essentially remained unchanged
during 1991~2006 in Japan.

Infroduction

Hepatitis E, which is caused by hepatitis E virus
(HEV), is found in many parts of the world. The dis-
ease is transmitted via the fecal-oral route through
virus-contaminated water or food in developing
countries where sanitation is suboptimal [36). HEV
infection is also endemic in industrialized coun-
tries, and 1gG-class antibodies against HEV (anti-
HEYV IgG), most likely due to past subclinical HEV
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infection, have been detected in a significant pro-
portion of healthy individuals in the United States,
European countries and Japan [8, 16, 33, 30, 40,
51]; however, only a limited number of sporadic
cases of acute hepatitis E have been reported in
industrialized countries. Increasing lines of evi-
dence indicate that hepatitis E is a zoonosis and
that there exist animal reservoirs of HEV [9, 24,
25, 31-33, 40, 48, 52, 57}.

HEYV is a single-stranded, positive-sense RNA vi-
rus without an envelope and is currently classified
as the sole member of the genus Hepevirus in the
family Hepeviridae (4]. Its genome is approximate-
ly 7.2 kilobases (kb) in length and contains three
open reading frames (ORFs: ORF1, ORF2, and
ORF3) flanked by short untranslated regions [49].
ORFI encodes nop-structural proteins that are in-
volved in virus replication and viral protein proces-
sing. ORF2 encodes the capsid protein and ORF3
encodes a small phosphorylaied protein [14, 58].
Due to the extensive genomic diversity noted among
HEV isolates, HEV sequences have been classi-
fied into four genotypes (genotypes 1-4) {39, 56].
Genotype 1 HEV was responsible for a number of
waterborne epidemics of hepatitis E in Asia and
Afiica. Although HEV of genotype 2 has been de-
tected less frequently, it was responsible for out-
breaks in Mexico in 1986-1987 [54] and has been
implicated in sporadic infections in Africa [3, 20].
On the other hand, genotypes 3 and 4 HEV cause
sporadic cases of acute hepatitis but have not been
found to be responsible for epidemics in humans;
these infections seem (o be zoonotic and both geno-
types have been detected in pigs (genotype 3 world-
wide, and genotype 4 in East Asia), which may
constitute the major reservoir of HEV genotypes
3 and 4 [B, 19, 24, 25]).

In Japan, multiple HEV strains of genotypes 3
and 4 have been recovered from patients with do-
mestically acquired hepatitis E {12, 30, 42-45], and

"HEV. has been recognized as an important causative -

agent of sporadic acute hepatitis of non-A, non-B,
non-C etiology [30, 33]. A high prevalence of anti-
HEV IgG has been reported [16, 27, 28, 50, 51],
and HEV-viremic subjects have been identified
among symptom-free blood donors with an elevat-
ed alanine aminotransferase (ALT) level [7]. How-

{
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ever, it remains unknown whether or not subclinical
HEV infection is increasing recently in Japan,
Therefore, in an attempt to investigate the changing
prevalence of de novo subclinical HEV infection in
Japan, HEV RNA was assayed in serum samples
obtained from Japanese voluntary blood donors with
an elevated ALT level of >61 IU/1, who are likely
to have ongoing HEV infection, during 1991-2006.

Materials and methods

Sertun samples

Serum samples were collected from a total of 3185 voluntary
blood donors (age: 32.5 £ 10.9 [mean £ standard deviation,
SDY] years; 2863 men and 322 women) with an elevated ALT
level of 61-967 (range: 87.9 = 41.8, mean 4= SD) 1U/] at the
Japanese Red Cross Tochigi Blood Center, Japan, between
April 2004 and December 2006. The Blocd Center is located
in Tochigi Prefecture, a prefecture in the northemn part of
mainland Honshu of Japan. Serum samples collected from
594 blood donors with an elevated ALT level of 61-2178
(100.4 & 106.9) IU/1 between February and November 1998
at the same blood center were also used in the present study.
In addition, serum samples obtained from 240 blood donors
with an elevated ALT level of >201 IU/1 at the same blood
center, from 1991-1997 and 1999, were used. Serum sam-
ples oblained from repeat donors during the study period
were excluded; that is, each sample was obtained from a
unique individual.

All 4019 serum samples were negative for hepatitis B
surface antigen, and antibodies to hepatitis C virus (HCV)
and human immunodeficiency virus (HIV) type 1. The 3198
samples obtained since 1999 were additionally negative for
hepatitis B virus DNA, HCV RNA and HIV type 1 RNA by
the nucleic acid amplification test using Roche’s Multiplex
reagent [26].

Detection of antibodies to HEV

To detect anti-HBY IgG, anti-HEV IgM and anti-HEV IgA,
enzyme-linked immunosorbent assay (ELISA) was per-
formed using purified recombinant ORF2 protein of HEV
genotype 4 that had been expressed in the pupae of silkworm
(30, as described previously [47]. In the ELISA assays for
anti-HEV 1gG, anti-HEV IgM and anti-HEV IgA, peroxi-
dase-conjugated mouse monoclonal anti-human IgG anti-
body, peroxidase-conjugated mouse monoclonal anti-human
IgM, or peroxidase-labeled mouse monoclonal anti-himan
IgA, respectively, was used. The optical densily (OD) of each
sample was read al 450nm. The cut-off value used for the
anti-HEV IpG, anti-HEV [gM, and anti-HEV IgA assays was
0.175, 0.440, and 0.642, respectively [47]. Samples with OD
values for anti-HEV IpG, IgM, or IgA equal to or greater
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than the respective cut-off value were considered to be posi-
tive for anti-HEV IgG, IgM, or IgA, respectively. The spec-
ificity of the anti-HEV assays was verified by absorption with
the same recombinant ORF2 protein that was used as the
antigen probe. Briefly, when the OD value of the tested
sample was less than 30% (anti-HEV IgG/IgA) or 50%
(anti-HEV IgM) of the original value after absorption with
the recombinant ORF2 protein, the sample was considered to
be positive for anti-HEV.

Detection of HEV RNA '
Reverse transcription (RT)-polymerase chain reaction {PCR)
was performed for detection of HEV RNA in serum samples
with anti-HEV IgM and/or anti-HEV IgA, using nested prim-
ers targeting the ORF2 region, as described previously [30].
The size of the amplification product of the first-round PCR
was 506 base pairs (bp), and that of the second-round PCR
was 457 bp, The nested RT-PCR assay that we used has the
capability of amplifying all four known genotypes of HEV
strains reported thus far [30, 46, 57). The specificity of the
RT-PCR assay was verified by sequence analysis as described
below. The sensitivity of the RT-PCR assay was assessed as
described previously [30]. For serum samples that were nega-
tive for HEV RNA when [004] of serum sample was used,
total RNA was extracted from 500 pf of serum, reverse tran-
scribed, and then subjected to nested PCR as described above,
To extract RNA from 500pl of serum, test serum diluted
2-fold in saline was centrifuged at 287,582 x g at 4°C for
2h in a TLA-100.2 rotor (Beckinan Coulter K. K., Tokyo,
Japan), and the resulting pellet was suspended in 100 pl of
saline and subjected to the RT-PCR assay. To confirm the
reproducibility, this assay was performed in duplicate.

For serum samples without anti-HEV IgM and anti-HEV
IgA, 10l each from 50 serum samples were pooled, and
each pool was tested for HEV RNA by the above-mentioned
RT-PCR. If a pool was positive for HEV RNA, the 50 serum
samples of that pool were individually tested for the presence
of HEV RNA.

Sequence analysis of PCR products

The amplification prodacts were sequenced directly on both
strands using the BigDye Terminator Cycle Sequencing
Ready Reaction Kit on an ABI PRISM 3100 Genetic
Analyzer (Applied Biosystems, Foster City, CA). Sequence
analysis was performed using Genetyx-Mac version 12,2.7
(Genetyx Corp., Tokyo, Japan) and ODEN version 1.1.1 from
the DNA Data Bank of Japan {(DDBI: National Institute of
Genetics, Mishima, Japan) [11]. Sequence alignments were
generaled by CLUSTAL W (version 1.8) [53]. Phylogenetic
trees were constructed by the neighbor-joining method [38)
based on the partial nucleotide sequence of the ORF2 region
(412 nucleotides {nt]). Bootstrap values were determined on
1000 resamplings of the data sets [6).
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Statistical analysis

Statistical analyses were performed using the Chi-Square-
test for comparison of proportions between two groups. Dif-
ferences were considered to be statistically significant at
P<(.05.

Results

Age- and sex-specific prevalence of anti-HEV
antibodies and HEV RNA during 2004-2006

A total of 3185 serum samples obtained from ap-
parently healthy blood donors with an efevated ALT
level between April 2004 and December 2006 were
tested for the presence of anti-HEV IgG. Anti-HEV
1gG was detected in 5.3% (168/3185) of the tested
population including 5.1% of the 2863 male donors
and 6.5% of the 322 female donors, the difference
not being significant (Table 1). The prevalence of
anti-HEV IgG increased with age among both
the male and female donors, and was significantly
higher among donors aged 240 years than among
those aged <40 years in total (10.9 vs. 3.4%, P<
0.0001) and in the males (11.0 vs. 3.2%, P <0.0001).
All 168 serum samples with anti-HEV IgG were
tested for anti-HEV IgM and anti-HEV IgA. Among
them, anti-HEV IgM and anti-HEV IgA were si-
multaneously detected in six samples (3.6%), of
which four samples tested positive for HEV RNA
in a sample volume of both 10 and 100 pl, and one
sample in 500 pl. As for the 3179 serum samples
without anti-HEV IgM and anti-HEV IgA, although
sixty-three 50-sample pools and one 29-sample pool
were tested for the presence of HEV RNA, none of
them had detectable HEV RNA. Consequently, 5
(0.2%) of the 3185 samples were found to be vire-
mic for HEV. As for the prevalence of HEV viremia,
there were no appreciable differences between males
and females (0.1 vs. 0.3%, P=0.4628), and be-
tween donors aged >40 years and those aged <40
years (0.4 vs. 0.1%, P =0.0700).

Prevalence of amti-HEV antibodies and HEV
RNA during 2004-2006, stratified by ALT level

In the present study, 168 donors with anti-HEV
IgG were found during 2004-2006, including 143
(5.6%) with an ALT level of 61-1001U/1, 21 (3.6%)
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HEV
RNA
1.1
1(0.3)

OO o

IgM- and/or

IgA-class

1(7.1)
1 (0.3}

32l
21 (6.5)

1gG-class

14

No. of female donors (%) with
322

No. of Ant-HEV

donors

HEV
RNA
1 (5.0
4 (0.1

IgM- and/or

IgA-class

15.09)
5(0.2)

5(25.0)
147 (5.1}

TgG-class

20

No. of male donors (%) with
2863

No.of Anti-HEV

donors

HEV
RNA
2 (5.9)
5(0.2)

IgM- and/or

IgA-class
6 (0.2)

IgG-class
168 (5.3}

No. of total donors (%) with

No. of And-HEV

donors
3185

Table 1. Age- and sex-dependent prevalence of anti-HEV antibodies and HEY RNA among voluntary blood donors with an elevated ALT level between Ap:

2004 and December 2006

Age
{yeurs)
Total
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with an ALT level of 101-200 [U/1, and 4 (6.6%)
with an ALT level of >201 IU/l (Table 2). The
prevalence of anti-HEV IgG was comparable be-
tween donors with an ALT level of >201 IU/1
and those with an ALT level of 61-200 IU/1 (6.6
vs. 5.2%). As for the prevalence of HEV RNA,
however, there was a significant difference between
donors with an ALT level of >201 1U/1 and those
with an ALT level of 61-200 LU/1 in total (3.3 vs.
0.1%, P<0.0001), in males (3.7 vs. 0.1%, P<
0.0001), but not in females, probably due to the
small number of female donors tested (0 vs. 0.3%,
P =0.8813).

Comparison of the prevalence of anti-HEV antibodies
and HEV RNA between donors with an elevated
ALT level in 1998 and those in 2004-2006

The overall rates of anti-HEV IgG, anti-HEV IgM/
IgA and HEV RNA among donors in 1998 were
comparable with those among donors in 2004—
2006 (5.2 vs. 5.3%, 0.5 vs. 0.2%, and 0.3 vs. 0.2%,
respectively) (Table 3). The prevalence of anti-HEV
IgG increased with age in the two year groups, al-
though none of the two donors in the age group of
G0-68 years in 1998 had anti-HEV IgG. As in the
year group of 2004-2006, the prevalence of HEV
RINA was significantly higher among donoss with
an ALT level of >201 IU/] than among those with
an ALT level of 61-200 IU/1 in 1998 (6.3 vs. 0%,
P <0.0001).

Prevalence of anti-HEV antibodies and HEV RNA
among donors with an elevated ALT level of >201
LU/, stratified by the year group of blood collection

Table 4 compares various features of the blood
" donors with an elevated ALT level of >201 IU/],
who are likely to have ongoing HEV infection, in
the three year groups (1991-1995, 1996-1999 and
2004-2006) according to the year of blood collec-
tion, There were no appreciable differences in the
age distribution, gender ratio, ALT level and preva-
lence of anti-HEV IgG among the three year groups
of 1991-1995, 1996-1999 and 2004-2006. The
prevalence of anti-HEV IgM/IgA and HEV RNA,
indicative of present HEV infection, was low at 1.9
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Table 2. Prevalence of anti-HEV IgG and HEV RNA among voluntary blood donors with an elevated ALT level during 2004—
2006, stratified by ALT level

Female

ALT Total Male
au/m
Anti-HEV HEVRNA ' N Anti-HEV HEVRNA N Anti-HEV ~ HEV RNA
IgG IeG IeG
61-100 2546 143 (5.6%) 2 (0.1%) 2296 128 (5.6%) 1 (0.04%) 250 15(6.0%) 1 (04%)
101-200 578 21 (3.6%) 1 (0.2%) 513 15 (29%) 1 (0.2%) 65 692%) -0
201-967 61 4 (6.6%) 2(3.3%) 54 4 (7.4%) 2 (3.7%) 7 0 0
Total 3185 168 (5.3%) 5 (0.2%) 2863 147 (5.1%) 4 (0.1%) 322 21(6.5%) 1 (0.3%)

Table 3. Compaﬁson of the prevalence of anti-HEV antibodies and HEV RNA among blood donors with an elevated ALT

level between 1998 and 2004-2006

Feature 1998 2004-2006 i

N Anti-HEV-positive (%) HEVRNA- N Anti-HEV-positive (%) HEV RNA-

positive (%) positive (%)
IgG-class  IgM- and/or IgG-class  IgM- and/or
IgA-class IgA-class

Ape (years}
16-19 43 0 0 0 538 9(1.7) 1(0.2) 1(0.2)
20-29 216 6(28) 1 {0.5) 1(0.5) 702 192D 1(0.1) 1(0.1)
30-39 200. 11 (5.5) 0 0 1150 53 (4.6) 0 0
40-49 108 10 (9.3) 1(0.9) 0 561  55(9.8) 204 1(0.2)
50-59 25 4(16.0)- 1(4.0) 140 200 241200 O 0
60-68 2 0 0 0 34 8235 259 2(59
ALT (1U/1)
61-100 454 23 (5.1) 1(0.2) 0 2546 143 (5.6) 3 (0.1 2 (.1
101-200 108 7 (6.5) 0 0 578 21 (3.6) 1(0.2) 1(0.2)
201-2178 32 1 (3.1 2 (6.3) 2(6.3) ‘61 4(6.6) 23.3) 2(3.3)
Total 594 31(52) 3(0.5) 2(0.3) 3185 168(5.3) 6(0.2) 5(02)

Table 4. Prevalence of anti-HEV antibodies and HEV RNA among blood donors with an elevated ALT level of >201 IU/],
stratified by the year group of bloed collection

Feature

Year of blood collection

1991-1995 (n=156)

19961999 (n==116)

2004-2006 (n=061)

Age (mean £ SD, years) 26.0+9.9 264199 2761125
Male 145 (92.9%) 105 (90.5%) 54 (88.5%)
ALT (mean # SD, IU/1) 294.6 4 216.4 299.8+211.6 289.4 + 135.8
Anti-HEV IgG 9 (5.8%) 5 (4.3%) 4 (6.6%)
Anti-HEV IgM/IgA 3 (1.9%) 4 (3.4%) 2 (3.3%)
HEV RNA 2 (1.3%)*° 4 (3.4%)™° 2 (3.3%)°°
HEV genotype
Genotype 3 1 (50.0%) 2 (50.0%) 2 (100%)
Genotype 4 1 (50.0%) 2 (50.0%) 0
2 p=0.2290.
b p=0.3256.
¢ pP=0.9528.

51



1628

and 1.3%, respectively, in the year group of 1991—
1995, but the difference among the three year
groups was not statistically significant.

Genetic analysis of HEV isolates recovered
from 11 viremic donors

The 11 HEV isolates recovered from the transtently
viremic donors were named with the prefix of HE-
JTB followed by the year of isolation and the se-
quential number of the viremic samples obtained
that year (Table 5). The 412-nt sequence of ORF2
of these HEV isolates was determined and compared
with each other and with that of known HEV iso-
lates of genotypes 1—4. These 1 | HEV isolates were
markedly variable, sharing nucleotide identities
ranging from 77.2 to 98.3%, and were classifiable
into two groups differing by 18.9-22.8%. Eight

5. Fukuda et al.: Ongoing subclinical HEV infection in Japan

HEV isolates (HE-JTB95-1, HE-JTB96-1, HE-
ITB96-2, HE-JTBO5-1, HE-JTB05-2, HE-JTBO6-1,
HE-JTB06-2, and HE-JTB06-3) comprised one
group and were close to the prototype Japanese iso-
late of genotype 3 (JRA1 [accession no. AP003430])
with nucleotide identities of 83.9-93.0%, and were
only 77.9-80.3, 74.8-77.4, and 77.9-80.1% similar
to the B1 isolate (M73218) of genotype 1, MEX-14
isclate (M74506) of genotype 2, and T1 isolate
(AJ272108) of genotype 4, respectively. This finding
suggests that these 8 HEV isolates are classifiable
into genotype 3. The phylogenetic tree constructed
based on the common 412-nt sequence within the
ORF2 sequence confirmed that these 8 HEV iso-
lates obtained in the present study belonged to ge-
notype 3 and showed that they segregated into
clusters consisting of Japanese HEV strains of the
same genotype that had been recovered from hu-

Table 5, Characteristics of blood donors with an elevated ALT level who had detectable HEY RNA

Year of  Age ALT  Anti-HEV (ODys0 value) HEV RNA (ul)® HEV Isolate name
isolation (years)/sex (U/1) genotype
IgG-class IgM-class IgA-class 10 100 500

1994 . 4/M 457 >3.000(+ 2325 2137(H +° + NT® 4 HE-ITB9%4-1
1995 58/M 2598 0415 (++)  0.611 (+) L171(+) + <+ NT 3 HE-ITB95-1
1996 47/F 215 1629 (+) 1900(+) >3000(+) + + NI 3 HE-JTB96-1
1996 49/M 262 1.624 (+) 0981 (+) 1983(+) + + NT 3 HE-JTB96-2
1998 29/M 628 0.127 (—) 1272 (+) 0.146(—) -+ + NT 4 HE-JTB98-1
1998 54/M 2178 0.439 () 1.030 (+) 1265(+) + -+ NT 4 HE-JTB98-2
2005 61/M 967 1762 (+) 1967 (+) 2825(+) + + NT 3 HE-ITB05-1
20605 25/M 85 >3000(+) 2792(+) 2683(+) + + NT 3 HE-JTB05-2
2006 60/F 63 L170 (+) 0.665(+) 2928(+) + + NT 3 HE-ITB06-1
2006 17/M 138 2.278 {+) 1.804 (+) 2939 (+) -~ - + 3 HE-JTB06-2
2006 49/M 758 2866 (+) >3.000(+) 2313(+) + + NT 3 HE-JTB06-3

* HEV RNA was assayed using the indicated volume of serum samples.
L positive for HEV RNA; —, negative for HEV RNA.
¢ NT, not lested.,

[y
.

Fig. 1. Phylogenetic tree constructed by the neighbor-joining method based on the partial nucleotide sequence of the ORF2
region (412 nt) of 99 HEV isolates, using a genotype | HEV (M73218} as an oulgroup. In addition to the HE-JTB95-1, HE-
JTB96-1, HE-JTB96-2, HE-JTB0S5-1, HE-JTB05-2, HE-JTB0G-1, HE-JTB06-2, and HE-JTB0G6-3 isolates found in the
present study, which are indicated in bold type for visual clarity, 90 reported HEV isolates of genotype 3, whose common
412-nt sequence is known, are included for comparison. The reported isolates are indicated with the accession no. fellowed
by the name of the country of isolation (hon-Japanese origin only}. An asterisk denotes human or swine HEV strains that
were isolated in the same prefecture as those obtained in the present study. Boolstrap values are indicated for the major
nodes ag a percentage obtained from 1000 resamplings of the data '
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mans, swine and wild boars, supporting the in-
digenous nature of these 8 blood donor isolates
(Fig. 1). On the other hand, the remaining three
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HEV isolates obtained in the present study (HE-
- JTB94-1, HE-JTB98-1 and HE-JTB98-2) were close
to the prototype genotype 4 isolate (TI) with nu-

Samy
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cleotide identities of 84.7-87.6%, and were only
79.9-81.8, 77.7-78.4, and 79.9-81.3% similar to
the Bl isolate of genotype |, MEX-14 isolate of
genotype 2, and JRAL1 isolate of genotype 3, respec-
tively, suggesting that the HE-ITB94-1, HE-JTB98-
| and HE-JTB98-2 isolates belong to genotype
4. The phylogenetic tree constructed based on the
common 412-nt ORF2 sequence confirmed that the
3 HEV isolates obtained in the present study segre-
gated to genotype 4 (Fig. 2). Of note, the HE-
JTB94-1 and HE-JTB98-1 isolates segregated into
two distinct clusters consisting of Japanese HEV
strains, each with a bootstrap value of 100%, but
HE-JTB98-2 segregated into a cluster comprising
the Chinese HEV strains that had been recovered
from a Chinese patient with autochthonous hepati-
tis E (accession no. EF077630) and Japanese pa-
tients with hepatitis E who had traveled to China
(AB197673-AB197674), suggesting that the HE-
JTB98-2 isolate may be of China origin.

Discussion

This study examined the prevalence of ongoing
subclinical HEV infection among 4019 apparently
healthy blood donors with an elevated ALT level
of >61 IU/]1 who donated blood during the last 16
years at a Japanese Red Cross Blood Ceriter located
in the northern part of mainland Honshu of Japan.
As for the geographical distribution of hepatitis E
in Japan, it was reported that there was wide varia-
tion, with a higher prevalence in the northern part
of Japan (Hokkaido Island and the northern part of
mainland Honshn) {1, 30], suggesting that the re-
sults obtained in the present study cannot simply be
generalized for the whole country. However, our
study corroborated the previous study by Tanaka
et al. [51], who reported that, based on the age-spe-
cific distribution of anti-HEV IgG in 1974, 1984,
and 1994, exposure to HEV remained constant be-
tween 1974 and 1994 in Metropolitan Tokyo, Japan.
The prevalence of clinical HEV infection among
patients with acute hepatitis remained unchanged
during the period from 1989 to 2005 in a city hos-
pital in Aichi Prefecture, which is located in the
central part of Honshu Island of Japan [29]. There-
fore, our present study may represent the recent
trends of HEV infection, at least in the northern
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and central parts of mainland Honshu of Japan,
where hepalitis B is low-endemic [1].

The presence of anti-HEV IgG most likely re-
flects past subclinical HEV infection.. The present
study revealed that the prevalence of anti-HEV IgG
among blood donors with ALT of >61 IU/! be-
tween 2004 and 2006 was similar to that in 1998
(5.3 vs. 5.2%), and that the prevalence of anti-HEV
IgG among blood donors with ALT of >201 IU/1
was comparable among the three year groups of
1991-1995, 1996-1999 and 2004-2006 (5.8, 4.3,
and 6.6%, respectively) as well as that of 2002—
2003 (4.1% or 23/560) [7]. Longitudinal serocpide-
miological studies on transiently infected individuals
suggesied that anti-HEV IgG persisted much longer
than expected, i.e., for more than 20 years [27, 28].
Even a low titer of anti-HEV IgG may reflect past
subclinical HEV infection and has been detected
in a significant proportion of healthy individuals
not only in Japan but also in the United States and
European countries [8, 16, 33, 36, 40, 51]. There-
fore, in studies in which anti-HEV IgG is assayed at
a single time peint in each individual, it may be
hard to specify when individuals with anti-HEV
IgG contracted HEV infection and how prevalent
de novo subclinical HEV infection was during a
particular period.

In the present study, the genomic RNA of HEV
was detected in a total of 11 donors with an ALT
level of 63-2598 1U/1 among the 4019 donors
tested. When stratified by the year group of blood
collection, the prevalence of HEV viremia among
blood donors with ALT of 261 IU/] between 2004
and 2006 was comparable to thai in 1998 (0.2 vs.
0.3%), and the prevalence of HEV viremia among
blood donors with ALT of >201 IU/1 was not sta-
tistically different among the three year groups of
1991-1995, 1996-1999, and 2004-2006 (1.3, 3.4,
and 3.3%, respectively), or from that of 2002—-2003
(4.4% or 1/23) [7}, suggesting that de novo subclin-
ical HEV infection occurred at an almost constant
rate during the last 16 years in Tochigi Prefecture,
Japan. In industrialized countries including Japan,
maintenance of good hygiene of the water supply
and sewage systems made the likelihood of water-
borne infection of hepatitis A virus (HAV) extremely
low [13]. However, our observations are consistent
with the notion that transmission of HEV would not
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be prevented by only improvement of sanitary con-
ditions, despite the lower infectivity and transmis-
sibility of HEV than HAV [36].

Domestically acquired hepatitis E has been re-
ported in industrialized countries including the Unit-
ed States and European countries since 1997 [2, 5,
10, 15, 21, 34, 35, 37, 55]. However, only a limited
number of sporadic cases of acute hepatitis E have
been reported in the United States and European
couniries, and the changing profiles of clinical and
subclinical HEV infection have not been studied in
these countries. In Japan, clinical hepatitis E is rare
compared with clinical hepatitis A but is occurring
more frequently than previously thought [30, 33],
where the first case of autochthonous hepatitis E
was reported in 2001 [43], and presumably indig-
enous HEV strains have been recovered from indi-
viduals who contracted HEV infection in the 1970s
[27, 28]. It remains unknown, however, why the
prevalence of domestic HEV infection has re-
mained stable during the last few decades in Japan.
It has recently been suggested that zoonotic food-
borne transmission of HEV from domestic pigs and
" wild boars to humans plays an important role in the
occurrence of cryptic hepatitis E in Japan, where
Japanese people have distinctive habits of eating
raw fish (sushi or sashimi) and, less frequently,
uncooked or undercooked meat (including the liver
and colon/intestine of animals) [17, 23, 31, 41, 57].
Of note, we found a high prevalence of swine anti-
HEV antibodies and a high HEV viremia rate
among Japanese pigs [46, 48]. The majority of pa-
tienis with sporadic acute hepatitis E in Hokkaido
had a history of consuming grilled or undercooked
pig liver and/or intestine approximately 2—-8 weeks
prior to the onset of hepatitis E [31]. Pig liver speci-
mens from 7 (1.9%) of 363 packages sold in local
grocery stores in Hokkaido had detectable HEV
RINA [57]. These results strongly suggest that con-
sumption of undercooked pig liver/intestine is a
potential risk factor for HEV infection. Transfu-
sion-associated hepatitis E has aiso been reported
- in Japan {22, 27]. Recently, of interest, it was re-
ported that HEV RNA was detected in bivalves
called Yamato-Shijimi (Corbicula japonica) ob-
tained from Japanese rivers, indicating that HEV
contaminates river water in Japan [18]. However,
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the mode of HEV transmission in the 11 viremic
donors in the present study was unclear. Further
studies are needed to elucidate the mode(s) of clin-

“ical and subclinical HEV infection in the general

population of Japan including Tochigi Prefecture.

As the 11 viremic donors identified in the present
study had an elevated ALT level, the blood from the
11 donors was not used for transfusion, suggesting
that ALT tlesting helps prevent transfusion-trans-
mitted HEV infection. As one of the 11 infected
donors had only a slightly elevated ALT level of
63 IU/I, it seems likely that even donors with a
normal ALT level (<60 [U/1) may have detectable
HEV RNA. The prevalence of HEV RNA de-
creased with the ALT level and was significantly
less frequent among the 3000 donors with ALT of
61-100 IU/1 than among the 93 donors with ALT
of >201 IU/1 (0.067 vs. 4.3%, P <0.0001) in 1998
and 2004-2006. Although the number of donors
tested was limited, it is reasonable to speculate that
the prevalence of ongoing HEV infection among
donors with a normal ALT level may be less than
0.067% in Tochigi Prefecture. The proportion of
such donors may be very small or negligible, parti-
cularly in the southern part of Japan, where only
1.7% (9/527) of blood donors with ALT of >61
IU/1 had anti-HEV IgG [7].

Reflecting the polyphyletic nature of human and
animal HEV isolates of Japanese origin [30, 33, 44],
the HEV isolates recovered from the 11 viremic
donors in the present study differed by 1.7-22.8%
from each other and segregated into genotype 3
or 4. Ten human HEV strains of genotype 3 (HE-
J13 [AB0OB0579], HE-IBD1 [AB112743], HE-IBD2
[AB154829], HE-JBD3 [AB154830], and 6 unpub-
lished isolates) have been isolated in the same pre-
fecture as that of the 11 viremic donors and shared
identities .ranging from 80.6 to 99.8% with the
8 genotype 3 HEV isolates obtained in the present
study. As for human HEV strains of genotype 4,
two strains (HE-JI4 [AB080575] and HE-JK4
[AB099347]) isolated in the same prefecture shared
87.9-99.3% identities with the 3 genotype 4 HEV
isolates obtained in the present study. These results
further support the marked heterogeneity of the
HEV genome and its wide distribution in Japan,
even within a certain prefecture in this country.
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In conclusion, 11 blood donors with HEV vire-
mia were identified among 4019 voluntary blood
donors with an elevated ALT level at a blood center
located in the northern part of mainland Honshu of
Japan, where hepatitis E is low-endemic. In this
study, 2.4% of individuals with ALT of >201 IU/]
had ongoing subclinical infection of various HEV
strains, and the prevalence of HEV viremia was dis-
tributed nearly evenly in the year groups of 1991-
1995, 1996-1999, and 2004-2006, suggesting that
the occurrence rate: of subclinical infection with
divergent HEV strains has essentially remained un-
changed during 19912006 in Japan. Future studies
are warranted to clarify the mode(s) of HEV trans-
mission that may be responsible for the stable oc-
currence of clinical and, mostly, subclinical HEV
infections over the past several decades in humans
living in industrialized countries, where a signifi-
cant proportion of the general population have HEV
antibodies, but hepatitis E is believed to be non- or
low-endemic.
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Unusually high numbers of mosquitoes are spreading the debilitating .
Ross River virus across the state, with the number of cases soaring
by almost 300 percent.

The virus is usually more prevalent in the tropical north, but
fiqures show the number of people infected in the southern Brisbane
area in the past 4 weeks is almost 450 percent higher than in the
same period last year [2006].

Health bosses are warning people to take precautions against being

bitten and are stepping up spraying programs to tackle the problem.

They say the long dry spell and the unseasonable downpours at the end

of last month {[August 2007] have caused mosquitoes to breed 3 months early.

New figures released to The Sunday Mail by Queensland Health reveal
there were 93 reported cases of Ross River infection in the past 4
weeks, compared with an average 32 cases in the same period for each
of the past 5 years [2002-2006].

Noxth of Mackay, 30 cases were reported; 32 in the central area,

which takes in central Queensland and extends south to Brisbane,

north of the river; and 31 cases were reported in the southern area,

which runs from south of the river in Brisbane to the New South Wales border.

The southern Brisbane figures compare with just 7 in the same period
last year [2006]. Dozens more cases are believed to have gone
unrecorded or undiagnosed.

Queensland Health said the numbers were unusually high for this time
of year, with the highest numbers usually occurring in late summer
and early autumn.

Symptoms of Ross River virus include a mild fever, rash, and joint
pain, which is similar to arthritis.

Dr Michael Whitby, an infection spokesman for the Australian Medical
Association Queensland, said symptoms could vary but the disease
could often become debilitating, causing people to take months off work.

"Unfortunately there is no vaccine available, and the arthritis
treatment doesn't often do any good,”™ he said. "All people can really
do is to wait until it goes away. This can take 3 months or sometimes
even longer."” '

The infection cannot béispread from human to human but can be spread

http://www.promedmail.org/pls/promed/f?p=2400:1001:13118188367355991829::NO::F2400_P1001... 2007/11/



2/4 R—

from animals to humans via mosquitoes. It is confirmed with a blood
test taken by a GP.

Councils across the state are already spending millions in a bid to
control the mosquitoes before the summer hits. Aerial and land-based
spraying has already been carried out across the state, on tidal
drains and sites near water.

Health officers at Brisbane City Council have launched an AUD 3.4

million [USD 3 million] mosquito prevention program after receiving

about 120 complaints about mosquitces since 1 Sep 2007, with most

from residents in suburbs beside salt marsh areas from Deagon to Wynnum West.

A Brisbane City Council spokesman said: "The rain in August 2007
generated widespread hatching of Brishane's salt marsh mosguitoes
across all the tidal areas from Brighton to Tingalpa. There has also
been much activity from a range of freshwater breeding mosquito
species right across the city and socutheast Queensland.”

The spokesman urged residents to be vigilant around their homes.
"Container-breeding mosquitoes are very dctive right now after the
rain and will use any receptacle that holds water," he said. "We
advise that any drums or buckets being used to store water should be
covered, and any rubbish that holds water should be discarded.
Mosquito screens on tanks, on both inlet and overflow pipes, should
also be checked and kept in place."

On the Sunshine Coast, councils are dumping large amounts of
hormone-laced sand on mosguito breeding grounds as part of an AUD one
million [USD 885 000] outbreak prevention project.

The hormone, which stunts the growth of juvenile mosquitoces but
doesn't harm other insects, was dropped in Caloundra, Buderim,
Bli-Bli, Coolum, Noosa, Noosa's North Shoxre and Peregian Beach.

{(Byline: Hannah Davies and Lou Robson]

Communicated by:
Prc¢MED-mail <promed@promedmail.org>

[Mod. CP provided an excellent summary of the Ross River virus
situation in Australia in archive no. 20040403.0916:

"Epidemics of benign polyarthritis were recorded in Australia as
early as 1827, and the etiologic agent was isolated in 1963. Ross
River virus was shown to be a mosquito~transmitted virus belonging to
the genus Alphavirus_ of the family Togaviridae . Ross River virus
is endemic in most coastal regions of Australia and since the 19%80°'s
appears to have extended its geographical range to include most of
the island communities of the South Pacific. The animal reservoir
species are various, and humans exhibit a significant viraemia such
that some epidemics are maintained in a human-mosquite-human
transmission cycle. The mosquito vectors vary according to the local
environment. Fortunately, illness in humans -~ although occasionally
prolonged and painful -- is not fatal, and recovery is complete.”

Although recovery from Ross River wvirus infection is complete,
symptoms may persist for years. With high incidence of Ross River
virus infection early this spring [2007], one wonders whether virus
transmission will accelerate as warmer spring to summer conditions
progress. ProMED requests further information about this year's
outbreak and the effectiveness of hormone {(presumably target-specifiec
insect juvenile hormone) wetland treatment for vector mosquito
control as it becomes available,

A map of Australia showing the location of Queensland an be accessed at:
<http://www, Lib.utexas.edu/maps/australia/austxalia pol99.ipg>-
~ Mod.TY]

[see also:

2006

Ross River wirus - Australia {(02): VIC 20060204.0383 -
Ross River wvirus - AustrB¥ia: Nsw, SA 20060114.0138

Litne 7 Aunanne nenmadmail nra/nle /nramed /$70=2400:1001 :13118188367355991829::NO::F2400 P1001... 2007/11/1:
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Ross River virus - New Zealand (Waikato) ex Australia (NT) 20050120.0195

Ross River virus - Australia (QLD) 20040403.0916

Ross River virus - Australia (QLD) (02): background 28040404.0928
Ross River virus - Australia (WA) (03} 20048105.0048

Ross River wvirus - Australia (WA) (04) 20040427.1165

Ross River virus - Australia (WA) (02) 20031230.3170
Ross river wvirus - Australia (WA): alert 20031008.2529
Ross River/Barmah Forest viruses - Australia (NSW)} 20030628.1597

Ross rivex virus - Australia {Tasmania) (03) 20020821.5105
Ross River Virus - Australia (Tasmania) 20020410.3827

Ross River wvirus - Australia (South) 20016320.0560

Ross River wvirus - Australia ({North. Tegrxitory) (03) 20010225.0367
Ross River wvirus - Australia 20010116.0127 '

Ross River virus - Australia (Northern Territory) 20010108.0062

Ross River virus - Australia (South Australia): ALERT .20001229.2292
Ross River/Barmah virus - Australia (SW): alert 20000123,.0115

Newur”

Ross River virus - Australia (Tasmandia) (02) 198991222.2198
Ross River virus - Australia (West): alert 19991106.1989
Ross River virus - Australia (?asmania) 19990311.0371

Ross River virus infection - Australia 19981231.2472
Ross River wvirus ~ Australia (New South Wales) (02) 18%80112,0087
Ross River virus - Australia (New South Wales) 19980109.0067

Ross River virus, military exercises: Australia 1%970728.1587
Ross River fever -~ Australia (03) 19570605.1172

Ross River, Barmah Forest viruses - Australia 19970604.1162
Ross River fever - Australia (02) 19970604.1161

Ross River fever — Australia (Sydney) 19970602.13126]
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ProMED-mail makes every effort to verify the reports that
are posted, but the accuracy and completeness of the
information, and of any statements or opinions based
thereon, are not guaranteed. The reader assumes all risks in
using information posted or archived by ProMED-mail. ISID
and its associated service providers shall not be held
responsible for errors or omissions or held liable for any
damages incurred as a result of use or reliance upon posted
or archived material.

EXEIFI RIS SR I ATE R R A S RIS LRSS RS R A EXE AR R R AR LR LR R R X
Become a ProMED-rail Premium Subscriber at
<http://www.isid.orq/ProMEDMall Prewium,.shtml>
hkdkhkhkhkkhkhkdhhhddhkrthrdArEr AR AT d b bt bR bk kbt d b kdhhbhthak
Visit ProMED-mail's web site at <http://www.prormedmail.olg>.
Send all items for posting to: promedfpromedmail.org
(NOT to an individual moderator). If you do not give your
full name and affiliation, it may not be posted. Send
commands to subscribe/unsubscribe, get archives, help,
etc., to: majordomolpromedmail.orqg. For assistance from a
human being send mail to: - owner-promed@promedmail.org.
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. Outbreak Notice _
Updated: Ebola Outbreak in the District of Bundibugyo, Uganda
This information is current as of today, January 24, 2008 at 20:11

Updated: January 08, 2008

The U.S. CDC and the Minisfry of Health of Uganda have reported-an Ebola hemorrhagic fever outbreak in -
the Bundibugyo district located in the Western part of the country. The outbreak may have begun as early as
August 2007. As of January 3, 2008, 148 people have become ill and 37 people have died. Genetic analysis
of samples from case-patients indicated that this is a new virus strain distinct from the four known strains of
Ebola virus. However, further studies will be needed before this can be verified.

Ebola hemorrhagic fever is a rare, serious viral disease which develops suddenly, with common symptoms
of fever, headache, joint and muscle aches, sore throat, and weakness. Diarrhea, vomiting, and stomach pain
start after the first symptoms. A skin rash may develop. By the third or fourth day of illness some people
with Ebola hemorrhagic fever may develop internal and external bleeding, shock and organ failure.

Ebola is spread through direct contact with blood or othef body fluids (e.g., saliva, urine) of infected

_persons or object§ that have been contaminated with infected body fluids. People who have close contact
with a nonhuman primate infected with the virus are also at risk.

Recommendations for U.S-. Travelers
The World Health Organization (WHO) has reported that there is no need for any travel restrictions to
Uganda. Generally, the risk of contracting Ebola virus is low for travelers. CDC recommends that anyone
traveling to Uganda take the following steps to prevent Ebola virus infection:

o Avoid contact with Ebola patients and their body fluids.

» Avoid touching used needles or other medical waste.
o Avoid contact with wild animals and bushmeat, including primates.

More Information

For information about the current situation, see the WHO report at www.who.int.

For additional information on Ebola hemorrbagic fever, please see
http://www.cdc.gov/ncidod/dvrd/spb/mnpages/dispages/ebola.htm.

To learn more about traveling to areas with hemorrhagic fevers, see the Vlral Hemorrhagic Fevers section
of CDC Health Information for Internatlonal Travel 2008.

Pége Located on the Web at http://wwwn.cdc.gov/travel/contentEbolaUganda.aspx '

DEPARTMENT oF HEALTH AND HUMAN SERVIGES
CENTERS FOR DISEASE CONTHOL AND PREVENTION
SAFER~HEALTHIER«PEOPLEY 73
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A Single Mutation in Chlkungunya Virus.
Affects Vector Specificity and Epidemic Potential

Konstantin A. Tsetsarkin, Dana L. Vanlandingham, Charles E. McGee, Stephen I-Iig'gs"I
Department of I"athology, Universify of Texas Medical Branch, Galveston, Texas, United States of Americe

Chikungunya virus (CHIKV) is an emerging arbovirus associated with several recent large-scale e‘pidémig‘;s. The 2005-
2006 epidemic on Reunion island that resulted in approximately 266,000 human cases was associated with a strain of
CHIKV with a mutation in the envelope protein gene (E1-A226V). To test the. hypothesis that this mutatlon in. the
epidemic CHIKV (strain LR2006 OPY1) might influence fitness for différent vector species, .viral mfectlwty,
dissemination, and transmission of CHIKV were compared in Aedes albopictus, thie species ‘implicated.in the epidemic,
and the recognized vector Ae. gegypti. Using viral infectious clones of the Reunion strain and a West. Aftu:an strain of . .
CHIKV, into which either the E1-226 A or V mutation was engineered, we demonstrated that the E1~A226\I mutation”
was diractly responsible for a significant increase in CHIKV infectivity for Ae. albopictus, and’ led t6 more efficient: viral
dissemination into mosquito secondary organs and transmission to sucktmg mice. . This mutation caused a margma1
decrease in CHIKV Ae. aegypti midgut infectivity, had no effect on viral dissemination, and was associated with a slight
increase in transmission by Ae. aegypti to suckling mice in competition experiments, The effect of the E1-A226V
mutation on cholesterol dependence of CHIKV was also analyzed, revealing an assumatmn between cholesterol
dependerice and increased fitness of CHIKV in Ae. albopictus. Our observation that a single amino acid substitution can
influence vector specificity provides a plausible explanation of how this mutant virus caused an epidemic in a region
lacking the typical vector. This has important implications with respect to how viruses may establish a transmission
cycle when introduced into a new area. Due to the widespread distribution of Ae. albopictus, this mutation increases
the potential fd"r’?-'CHIKV to permanently extend its range into Europe and the Americas.

Citation: Tsetsarkin KA, Vanlandmgham DL, McGee CE, Higgs S {2007) A single mutation in Chikungunya virus affects vector spec:ﬁclty and epldemuc potentia1 PLoS Pathog

3(12): £201. doi;10.1371/journal ppat.0030201

Introduction

The large-scale epidemic of the mosquito-transmitted
alphavirus, Chikungunya virus (CHIKV), began in Kenya in
2004 and spread to several Indian Ocean islands including the
Comoros, Mauritius, the Seychelles, Madagascar, Mayotte and
Reunion. On Reubion island-alone there were approximately
266,000 cases (34% of the total island population) [1-6]. In
the continuing Indian epidemic there have been at least 1.4M
cases reported [7-10] with continued expansion in $ri Lanka
and Indonesiz: CHIKV had not been reported to cause
fatalities in prior outbreaks; however, during the outbreak on
Reunion island, CHIKV was associated with at least 260
deaths [11,12]. The strain of CHIKV responsible for the
Indian Ocean island epidemic has been well-characterized in
cell culture and mosquitec models {13-15); however, the
underlying genetic basis of the atypical phénotype of this
CHIEYV strain remains unknown.

CHIRV is transmitted by Aedes species mosquitoes, primar-
ily Ae. aggypti. However, the 2005-2006 CHIKV epidemic on
Reunion island was unusual because the vector responsible
for transmission between humans was apparently the Asian
tiger mosquito, Ae. albopicius [3,16]. This conclusion is based
on several factors. This species is known to be susceptible to
CHIEV infection and although infectious virus was not
jsolated from Ae. albopictus during the epidemic, CHIKV
RNA was detected (X. de Lamballerie, personal communica-
tion). Furthermore, the species is anthrdpophylic, was
abundant during the epidemic, and other potential vectors
specifically Ae. aggypti were relatively scarce with a very limited
distribution (P. Reiter, personal communication). Ae albopic-
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" tus js abundant. and widely dlstrlbuted in"drbanareas”of |
Europe and the United States of America [17-—22] CHIKV‘ o

infections have been reported in many travelers remrnmg to )
the US and Europe [12,23- 26] causmg concern that Lhe wrus

.....

[1,27,28]. In August and September of 2007 a CHIKV-A:.
albopictus transmission cycle was reported for the first time'in’
Europe, with an estimated 254 humidn cases occurring in Ifaly
(29,30). '

Alphaviruses are enveloped single stranded positive sense
BRNA viruses. Genomic RNA, of =~ 12,000 nt, encodes four
non-structural (nsl-4) and three main structural proteins
(capsid, E2 and El). At neutral pH‘, E2 and El exist as
heterodimers in which E2 forms spikes on thg virion surface
that interact with cellular receptors. The El protein lies
below E2 and mediates fusion of the viral and celllar
membranes during viral entry {31]. '

Analysis of CHIKV genome microevolution during the
2005-2006_Indian Ocean epidemic identified an alanine to
valine mutation at position 226 in the El envelope glyco-
protein (E1-A226V) among viral isolates obtained during the
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outbreak [32]. The reason for this was unclear but it was -

hypothesized that the E1-A226V mutation might influence
infectivity of CHIKV for mosquito vectors [11,32]. Interest-
ingly, earlier studies have identified that a P—3 mutation in
the same position of_the E! glycoprotein is responsible for the
modulation of Semliki Forest virus's (SFV, a member of the
alphavirus family) requirements for cholesterol in the target
membrane [33]. It also has been shown that the presence of
this mutation resuits in more efficient growth of SFV in Ae.
albopictus mosquitoés [34]. However, no evidence has been
presented to directly correlate the release from the choles-
terol dependence, associated with the E1-P2265 mutation-in
SFV, with a growth advantage in Ae. albopictus. It is unknown if
dependence on cholesterol for growth in mosquito cells is a
requirement of all alphaviruses.

To test the hypothesis that the EI-A226V mutation might
influence the fitness of CHIKV in mosquito vectors, we
compared the effect of this mutation on CHIKV mosquito
infectivity, the ability to disseminate into heads and salivary

glands, and the relative fitness- in competition assays for -

transmission by Ae. albopictus and Ae. aggypti to suckling mice.
We also analyzed the effect of the EI-A226V mutation on
CHIKV cholesterol dependence for growth in mosquito C6/36
(Ae. albopictus) cells. Here we report findings that a single
nucleotide change, which arose during the epidemic, signifi-
cantly increases fitness of the virus for Ae albopicius
mosquitoes and was associated with CHIKV dependerce on
cholesterol in the mosquito cell membrane This change likely
enhanced CHIKV transmission by an atypical vector and
contributed-to the maintenance and scale of the epidemic.

Results

Effect of ET A226V Mutation on Fitness of CHIKV in Ae,
albopictus Mosquitoes

To test the hypothesis that the E1-A226V mutation altered
CHIKV infectivity for Ae albopictus mosquitoes, CHIKV
infectious clones derived from an epidemic Reunion island

@ PLoS Pathogens | www.plospathogens.org
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human isolate were used [15), including one clone (LR-GFP-
226V) expressing enhanced green fluoréscerit protem {€GFP).
Clones were further engineéred 'to - express EI protem
containing -an alanine at position E1-226. (LR- GFP-226A)
represenung the "CHIEV geiotype’ prevalent prior; to; the,
outbreak gaining momentum (Figure §1). RNAs produced

i from boéth clones (LRGFP -226V and LR-GFP-226A) have

comparable specific infectivity values, produced similar viral
titers following transfection into BHEK-21 cells (Table S1) and
have similar growth kinetics in mosquito (C6/36) and

! mammalian (BHE-21) cells lines (anure S2A and S2B)

The relative infectivity of LR-GFP-226V arid LR-GFP-226A
viruses.was analyzed in female Ae. albopicius mosguitoes orally |
exposed to serial 10-fold dilutions of CHIKV (LR-GFP-226 V
or A). To determinie whether infection rates correlate with
blood meal titer, midlguts dissected from mosquitoes at 7 days
post-infection. (dpi} were ana.lyzed far foci of eGFP"-express-
ing cells by fluorescence microscopy {(Figure 14; Table 1), In

. two mdept:ndent expernnents LR-GFP-296V virus was found

‘to be approximately 100-fold more infectious to Ae. albopictus
than LR-GFP-226A virus (p<<0.01). To test if the infectivity

" phenotype was directly linked to thé mutation, the- comple-

mentary reverse mutation, E1-A226V, was introduced inte an

infectious clone of a West African GHIKYV strain, 37997-GEP |
(37997-GFP-226A) (Figure' 81). The Reunion and 37997“'
strains of CHIKV are distantly related, wnth only' 2}5%—

nucleotide sequence identity. The parental 37997-{3 1"‘22GA .
and the 37997-GFP-226V viruses were indistinguishablé in
cell culture experiments (Table S1; Flgure §2C.and S52D);
however, in vivo experiments in. A£ albopictus mosquitoes’ -
revealed that the E1-A226V mutation significantly decreases
the oral infectious dose 50 (OID5) value for the 37997-GFP-

- 226V virus (p<0.01) to an extent similar to that obséived for *

LR-GFP-226V virus (Figure 1B; Table. 1).. - These.: data-con-,, -
clusively démonstrate that the single E1-A226V: peint,
mutation is therefore sufficient to significantly reduce the

© OIDsg of the 37997-GFP virus (p<001l) in- Ae albopzctus

mosquitoes equivalent to that observed for the LR-GFP-226V
virus (Figure 1A; Table 1). '
To further evaluate viral fitness of the epidemic CHIKV E1~
A226V mutation in Ae albopictus, viral competition experi-
ments were performéd. Although sur CHIKV eGFP-express-
ing infectious .clones, have similar infection properties in
mosquitoes as wild-type viruses {15,35], to address potential
concerns that eGFP expression might influence OIDy, values,
we constructed LR-226A and LR-Apal-226V viruses without
eGFP and employed them in viral competition experiments
(Figures 2A and §1). LR-Apal-226V was derived from
previously described CHIK-LR ic, by the introduction of a
silent marker mutation, A6454C, in order to add an Apal
restriction site into the coding sequence. It was shown that
the AG4R4C mutation daes not affect the specific infectivity
value (Table 51), the viral titer after RNA transfection into
BHK-21 cells value {Table S1), the viral growth kinetics in
BHK-21 and C6/36 cells (Figure $3), infectivity for and viral
titers in Ae. aegypti and Ae. albopictus mosquitoes (Table 52), or
viral fitness for growth in BHK-21 and C6/36 cells as
determined by competition assay ('F:gure S4). These data
indicate that the introduced mutation is indeed silent and
does not affect the fitness of LR-Apal-226V.
. For viral competition experiments LR-Apal-226V virus
10’ Plaque-forming units (pfu)) was mixed with an equal -
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Figure 1. Effect of E1-A226V Mutation on CHIKV-GFP Viruses Ae. afbopictus and Ae. negypti Midgut Infectivity

Percent of orally infected Ae. afbopictus (A, B) and Ae. aegypti (€, D} mosquitoes presented with blood meals containing various concentration of eGFP-
expressing CHIK viruses. Serial 10-fold dilutions of viruses in the backbone of Reunion (LR-GFP-226V and LR-GFP-226A} (A, C) and 37997 (37997-GFP-
226A and 37997-GFP-226V) (B, D} strains of CHIKY were made in L-15 medium followed by mixing the samples with defibrinated sheep blood.
Mosqultoes were dissected at 7 dpi and eGFP expression in infected midguts was analyzed by fluorescence microscopy. A mosquite was considered
infected if at least one foci of eGFP-expressing cells was present in the midgut. The experiments were performed twice for each virus (I and ).

doi:10.1371/journal ppat.0030201.g001

amount of LR-226A virus. LR-Apal-226V and LR-226A
viruses are indistinguishable in-cell culture experiments
(Figure 53). Mixtures of LR-Apal-226V and LR-226A viruses
were orally presented to Ae elbopictus mosquitoes in.a blood
raeal, and midguts were examined at 7 dpi The relative
amount of RNA derived -from LR-Apal-226V in the midgut
cells increased 5.7+0.6 times as compared to the initial
relative amount of LR-Apal-226V RNA in -the blood meal
sample (Figure 2B). These data support our observation that
the E1-A226V mutation enhances infectivity of CHIKV for Ae
elbopictus mosquitoes and furthermore demonstrate that the
mutation could provide an evolutionary advantage over El-
226A viruses in an atypical vector and may have perpetuated
the outbreak in a’ region where Ae albopictus was the
predominant anthropophilic mosquito speciés.

Ta determine if the enlanced midgut infectivity associated
with the E1-A226V mutation may result in more efficient viral
dissemination into secondary tissues, the kinetics of viral
dissemination by LR-GFP-226V and LR-GFP-226A into
salivary glands, and competition between LR-Apal-226V
and LR-226A for ‘dissemination into mosquito heads were
analyzed (Figure 3A and 3B). LR-GFP-226V virus dissemi-
nated more rapidly into Ae albopictus salivary glands at all
time points, with a significant difference at 7 dpi (p=0.044,
Fisher's exact test), Similarly, in three of four replicates of
competition experiments, RNA from LR- ApaI 226V virus was
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dramatically more abundant in the heads of Ae albopictus
mosquitoes as compared to RNA from LR-296A (Figure 3B,
lines 1, 3, 4), although in one replica LR-Apal-226V RNA was
only slightly more abundant as compared to the initial viral
RNA ratio (Figure 3B, line 2). This variability of the results
may be due to random pooling of mosquito heads. Thus,
replicate two may have included more heads negative for LR-

Table 1. Log,0!Dse/ml for CHIK\{ in Ae. afbopictus- Mosquitoes

Backbone Exp® Virus Mosquitoes Lodio p
"Analyzed® OIDso*Clys® Value
CHIK Rediian 1 .1 LRGFPLZ AP iy
ERR . 35 =
) R-GFP-2264 93 548023
CHIR37857 . 11~ - 37997%GFD:228A 031 -~ - SE0RRE ¢ p<0T
37997-GFP-226V 138 3314042
2 37997GER2I6A 129-. | 450£025: - <00
37997-GFP-226V 136 3.062032

0Dy, values and confidence intervals were calculated using PriProbit (version 1.63).
Experiment number. '
" Number of mosquitnes used to estimate Log, 4010Dse/mk.

“95% confidence intervals.

doi:10.1371/journal,ppat.0030201.5001
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Figure'2, Schematic Representatlon of Competition Experiments (A) and Competition between LR-Apal-226V and LR 226A V‘ruses for Co|omzatmn of

Midgut cells of Ae. albopictis(B) and Ae. aegypti {C) Mosquitoes

107 pfu of LR-Apal-226V and LR-226A were mixed and orally presented to Ae. albopictus (B) and Ae. aegyptr (C). Viral RNAs were extra:ted fram four
pools of eight to ten mldguts at 7 dpi. RT-PCR products were digested with Apai, sepamted in 2% agarose gel, and gels were stained using ethidium

bromide.. .

BM - initial r'atub .of LR- Apat 226V and LR-226A in b!ood meal samples. 1-4 ratio of LR-Apal-226V and LR- 226A RNA in four mdependent repllcas of the

eight to-ten-midguts per.replica.

Relative fitness {RF,) of LR-Apa-226V to LR-226A was calculated as a fatio.between 226V and 226A bands in the sample, dw:ded by the control ratlo »

between 226V and:226A in the blood meal.

Relative fitness (RF;) of LR-226A to LR-Apa-226V was calculated as a mtio between 2264 ard 226V bands in the sample, divided. to the control ratlo '

between 226A and 226V in the blood meal.

Results expressed as the average of four replicas * standard deviation (SD).

doi:10.1371fjournal.ppat.0030201.g002

Apal-226V relative to heads positive for LR-226A RNA.
Another possibility is that at some point during viral
dissemination from the midguts into mosquito heads, LR-
226A may replicate more rapidly than LR-Apal-226V. To
further investigate this relationship, Ae. albopi&tus mosquitoes
were orally presented with either LR-Apal-226V or LR-226A
and whole mosquito body viral titers were compared at
_different time -points pi. Surprisingly, no significant differ-
ences between viral titers were found, with the exception of 1
dpi, where the LR-Apal-226V titer, was 0.5 Log)g tissues
culture infectious dose 50 percent end point titer (Log;e
TCIDsg/mosquito) higher than of the IR-226A titer (Figure
4A) This may be due to more efficient colopization of Ae
albopictus midguts by LR-Apal-226V. The absence of signifi-
cant differences in viral titers at later time points may be due
to variation in viral titers among individual miosquitoes. -
Competition between LR-Apal-226V. and LR-226A was
analyzed at different time points in order to investigate the
relationship between replication of LR-Apal-226V and LR-
226A viruses in Ae albopictus mosquitoes (Figure 4B). As
expected, the viral RNA from LR-Apal-226V was predom-
inant at the early time points of 1 and 3 dpi. Interestingly,
between 3 and 5 dpi the viral RNA ratio shifted toward LR-
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226A virus indicating that at these time points, LR-226A
replicates more efficiently in some mosquito tissues (Figure -
4B). This short period of time may have a slight effect onthe’
overall oitcome of competition for dissemination into
salivary glands because there is a reverse shift in the RNA
ratio between days 5 and 7 toward LR-Apal:226V virus, which
continues through 14 dpi These data indicate that the El-
A226V mutation not only increases midgut infectivity but-
also is associated with more efficient viral dissemination from -
the midgut into secondary organs, suggesting that the E1--
A226V mutation would increase transmissibility of CHIKV by
Ae. albopictus mosquitoes.

.. A competition assay between LR-Apal-226V and LR-226A
viruses was used to examine transmission by Ae albopictus to
suckling mice to assess the potential for the E1-A226V
mutation to influence virus transmission. Ae. albopictus
mosquitoes ‘were orally presented with a mixture of LR-
Apal-226V and LR-226A viruses and at 14 dpi were allowed to
feed on suckling mice. Mice were sacrificed and bled.on day 3 '
following exposure and the presence of CHIKV RNA in the
blood was analyzed by RT-PCR followed by restriction’
digestion with Apal (Figure 5B). Blood obtained from 100%
of experimental mice contained detectible amounts of viral
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Figure 3. Effect of E1-A226V Mutation on CHIKY' Disseminatiqn' into Salivary Glands and Heads of Ae. albopictus and Ae. &egypn‘ Mosquitoes

Ae. albopictus (A)-and Ae. aegypti {C) mosqiitoes were orally infected with LR-GFP-226V and LR-GFP-226A. At the indicated time points, 16-21
mosquitoes were dissected and salivary glands were analyzed for eGFP expression. Percent of dissemination was estimated as a ratio of the number of
mosquitoes with eGFP-positive salivary glands to the number of mosquitoes with eGFP-positivé midguts, For Ae. afbopictus, infectious biood.meal titers-
were 5.95 and 6.52 Log;oTCIDsy/m! for LR-GFP-226V and LR-GFP-226A, respectively. For Ae. gegypti, the infectious biood meal. titer ‘'was 6.95
Log,oTCIDsnlmI for both LR-GFP-226V and LR-GFP-226A viruses. Dissemination rates were compared statistically by Flsher's exact test usmg SPSS N
version 115, Asterisk indicates p < 0.05.

{8 and 0} Competition hetween LR-Apal 226V and LR-226A for dissemination into heads of Ae. albopictiss and-Ae; aegypti mcsquttoes 10’ pfu of LR-
Apal-226V and LR-226A were mixed and orally presérited to Ae. albopictus (B} and Ae. gegypti (D); Viral RNAs weére éxtracted frormi four'poolsiofifive
heads collected at 12 dpi. RT-PCR products were digested with Apal, separated i 2% agarose gel, and gels were stained using ethidium bromide.

BM - initial ratio of LR-Apal-226V and LR-226A in blood meal samples. 1-4 ratio of LR-Apal-226V and LR-226A RNA in four mdependent replicas of the

five pooled heads per replica. .
dai:10. 13?1/‘ ournal ppat.0030201 -goo3,

RNA, inaicating that vi!rus. was transmitted by Ae albopictus
mosquitoes to suckling mice. More importantly, in all six mice
analyzed, RNA derived from‘LR—ApﬁI_—226V was the predom-
inant viral RNA species, indicating that under the conditions
of competition for transmission, the E1-A226V mutation
directly increases CHIKV transmission by Ae. albopictus
mosquitoes. Interestingly, in the control experiment in which
mice were subcutaneously inoculated with ~ 50 pfu of 1:1
mixtere of LR-Apal-226V and LR-226A viruses, RNAs from
both viruses were readily detected and no difference. was
observed in the viral RNA ratio 3 dpi (Figure 5A) indicating
that at least in mice, E1-A226V is not associated with changes
in viral fitness.

Effect of E1 A226V Mutation on Fitness of CHIKY in
Ae. aegypti Mosquitoes

Since the E1;A226V mutation confers a fitness advantage in
Ae. albopictus, it is unknown why this mutation had not been
observed previously. It is possible that this change might have
a deleterious effect on viral fitness in the vertebrate host,
although our data of direct competition of LR-Apal-226V
and LR-226A vxruses in suckling mice (Figure 5A) and analysis
of CHIRV. cellular tropism of four clinical isolates from
Reunion (which have eithier A or V at position E1-226) [14],

suggest that this is unlikely. An alternative hypothesis is that
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the E1-A226V mutation might compromise the fitness of
CHIKYV or have neutral fitness effects in the mosquito species
which served as 2 vector for CHIKV prior to its emergence on
Rennion island. Since Ae. aegypti has generally been regarded
as the main vector for CHIKV prior to the emergence on
Reunion island, we analyzed the effect of the El1-A226V
mutation on fitness of CHIKV in Ae. aegypti. '

In contrast to the rtesults obtained in Ae albopictus
mosquitoes, OIDs, values of viruses containing the E1-226V
in the backbone of the Reunion and 37997 strains of CHIRKV
were approximately 0.5 Log;gOIDs/ml higher than the OIDs,
values of E1-226A viruses in all experiments using Ae. aegypti.
These differences were statistically significant for one out of
two replicates for each virus pair (Figure 1C and 1D; Table 2). - -
A competition assay examining LR-Apal-226V and LR-226A
virus infection in Ae. gegypti midguts, demonstrated that LR-
296A virus out-competed LR-Apal-226V virus at 7 dpi in all
four replicates using ten midguts per replicate and that the
amount of LR-226A RNA increased on average 3.1 times as
compared to the initial blood meal RNA ratio (Figure 2C).
These data suggest that the E1-A226V mutation has 2 slight
negative effect on CHIKV infectivity of Ae. zegypti midguts.

The effect of the EI-A226V mutation on the ability of

' CHIKV to disseminate into Ae. aggypti secondary organs was

also analyzed (Figure 3C and 3D}. LR-GFP-226V and LR-GFP-
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Figure 4. Effect of E1- A226V Mutation on CHIRV Kinetics of Viral Growth in Bodies of Ae. albopictus Mosquitoes

{A) Virus production in orally infected Ae. albopictus mosquitoes. Infected mosquitoes were sampled at0,1,2,3,5, 7, and 14 dpi and titrated on Vero
cells to.estimate avérage titer + standard deviation.of eight whole mosquitoes. Differences in viral titers were analyzed by pamwse t~tests Asterisk

indicates p < 0.05.

(8} Kinetics of competition between. LB Apal-zzﬁv and LR-226A In bodies of Ae. albopictus mosquitoes. 1()7 pfu of LR-Apal-226V, and LR 2264 were,
mixed and orally presented to Ae. aibopictus. Infected mosguitoes were sampled at 1, 3,5, 7, and 14 dp! For each time pomt. viral RNA-was. extracted

fram two pools of ten mosquitogs.
BM - initial Tatio of LR-Apal-226V and LR-226A in blood meal samples

RF - relative fitness of LR- Apa—zzﬁv to LR-226A was calculated as a ratio between 226V and 226A bands-in the sample, dwnded to th: o
between 226V and-226A i the blood meal. Results expressed as average of two replicas * standard. dewatlon e

doi:10,1371/journal, ppat.0030201 9004

296A viruses both have similar kinetics of dissemination into
salivary glands following oral infection using titers 1-2
LongCIDso higher than their OIDg, value in Ae aggypti
(Figure 3C) In a competition assay, both LR-Apal-226V and
LR-226A. viruses disseminated similarly into the heads of Ae
aegypti. In two. of four replicas, there was a slight increase in
the relative amount of LR- 226A RNA {Figure 3D, lines 1, 4);
whereas the other two replicas showed a decrease in LR-226A
RNA (Fi lgure D, lines 2, 3), relative 1o the initial ratio of the
RNA of LR-Apal-226V and -LR-226A viruses in the blood
meal. A competition of LR-Apal-226V and LR-226A viruses
for transmission by Ae aegypti to suckling mice was’ also
analyzed (Figure 5C). In contrast to transmission by Ae.
albopictus mosquitoes, five out of six mice fed upon by Ae.
aegypti contained comparable amounts of RNA ‘derived from
both viruses and only one out of six mice contained RNA
derived exclusively from ER-Apal-226V.

E1-A226V Mutation Modulates Cholesterol- Dependence
of CHIKV

It has been previously shown that a P—8 mutation in the
same E1-226 position of SFV releases cholesterol dependence
of the virus in C6/36 cells [33] and results in significantly more
rapid growth of SFV in Ae albopictus mosquitoes- after
intrathoracic inoculation [34). To determine if a requirement

for cholesterol in the cell membrane is important for CHIKV,’

we analyzed cholesterol dependence of CHIKV E1-226A and

@ PLoS Pathogens | www.plospathogens.org

LI

+

E1-226V viruses (Fi 1gurc 6). Growth curves of Eli 25A‘ and Ei' - 3
226V viruses in the background of Indian Ocean and West

African strains of CHIKV were almost mdlstmgulshable when

grown in C6/36. cells maintained in L-15 supplled w1th N

standard 10% FBS (Figure 6A). However, when the’ cells were_ o

depleted of cholesterol, LR-226A. and 37997-226A vmlses
replicated significantly more rapidly than ER-226V° and
37997-226V viruses, reaching 3 Log:oTCIDsgfml h:gher titer
at 1, 2 and 3 dpi (Figure 6B). These data indicate that -
adaptation of CHIKV to Ae. albopictus mosqpitoes coincides
with CHIEV dependence on, cholesterol m the target cell
membrane.

Discussion

The CHIXV outbreak in Reunion is unique because it is the
first well-documenied report of an alphavirus outbreak for
which Ae. albopictus was the main vector. Interestingly, this was
also the first Chikungunya epidemic - during which fatal
infections were reported. Our data clearly indicate that an
E1-A226V mutation in CHIKV results in incréased fitness of
CHIKV in Ae. albopictus mosquitoes with respect to midgut
infectivity, dissemination to the salivary glands, and trans-
mission to a vertebrate species, These data demonstrate thata
single E1-A226V' mutation is sufficient to dramatically
increase the ability of different strains of CHIKV to infect
Ae. albopictus mosquitoes and that this substitution requires no

1900 December 2007 | Volume 3 | Issue 12 | €207

86 .



2
)
s

Chikungunya Mutation Affects Vector Specificity

Figure 5, Effect of E1-A226V Mutation on CHIKV Transmission by Ae. albopictus and Ae. aegypti Mosquitoes
(A} Six 2- to 3-day-old suckling mice {Swiss Webster) were subcutaneously infected with a 20-ul mixture of =~ 25 pfu LR-Apa-226V and = 25 pfu of LR-

226A viruses.

(B-and Cj Ae. aegypti and Ae, albopictus mosquttoe: were presented with a bload meal containing 107 pfu/m] of LR-Apa-226V and 107 pfu/ml of LR-226A
- viruses. At 13 dpi, ten to 15 mosquitoes were placed in separate paper cartons and starved for 24 h. The next day, the mosquitoes in each carton were

presented with a 2- to 3-day-old suckling.mouse (Swiss Webster)-

Mice were returned 1o their cage and sacrificed on day 3 post-exposure. Blood from each individual mouse (= 50 pl) was co[!ected and mmedlately

mixed with 450 pl of TRIzol reagent for RNA extraction.

BM and inoc. - initial ratio of LR-ApaI -226V and LR-226A in blood meaf samples and inoculum for subcutaneous |nfect|on 1—6 ratlo of LR Apal—zzs\f and

LR-226A RNA in six individual mice.
doi10.1371/jourmnal.ppat.0030201.9005

additional adaptive routations to gain intermolecular com-
patibility. These complimentary experimental data demon-
strate that a single mutation is sufficient to meodify viral
infectivity for a specific vector species and as a consequence,
can fuel an epidemic in a region that lacks the typical vector.
These observations provide the basis for an explanation of
the observed rapid shift among CHIKY genotypes to viruses
containing the E1-A226V mutation during the Reunion
outbreak [32].

Interestingly, our data and data from previous studies
[36,37] indicate that prior to acquiring the E1-A226V
mutation, CHIKV is capable of producing high enough
viremia in humans to efficiently infect Ae. albopictus mosqui-
toes. One explanation of the evolutionary force which
allowed CHIKV to be selected so rapidly into a CHIKV strain
which is adapted to Ae albopictus, is that the increased
infectivity (lower OlDzp) of CHIKV E1-A226V mutants for Ae
albopictus means that the human viremic thresholds required
for Ae. albopictus infection would likely occur earlier and be
sustained for longer. Several recent studies indicate that
during the course of human viremia, which last up to 6 days,

CHIKV loads can reach up to $.3x10° RNA copies per ml of .

the blood {58,39], which corresponds to 6-7 Log;TCIDse/ml
{39]. Earlier studies that utilized a suckling' mouse brain
" titration protocol, which is more sensitive than titration on
Vero cells, also found that human viremia often exceeded 6
LogoSMICLDso/0.02 ml [40]. Based on viremia studies in
rhesus monkeys that can develop up to 7.5 Log/m] if assayed
by suckling mice brain t‘itmtion {41] and a maximum viremia
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of only 5.5 Logg/ml based on -Vzr;) céll \ti‘t-mtio\rr. {42], we

believe that viremias in lnimans ‘would correlate fo 67"
LongCleo!mI From these data we calculale that :he
maximum virus load which can be achieved in hurhan blood
is 1-2 Log;oTCIDyg/ml higher than the Log;o01Ds/ml for E1-°
226A viruses but 3-4 Log;¢TCIDso/m! higher tham the
Logy9OIDse/ml for E1-226V viruses. During the course of
viremia there should therefore be a substantial time frame in
which CHIKV blood load is high enough for E1-226V viruses
to infect Ae. albopictus but below the threshold for infection

Table 2. Log,OIDse/ml for CHIKV in Ae. aegypti Mosquitoes

Backhone Mosqui.toes Logio

Analyzeéd®  OIDg % cugs

Exp® Virus
Value

CHIK Rgunion” 1% " ERGE

cHix 3707

*§769TCEP226A 36T
37997-GFP-226V 137

[ -5 B3030 x0T PR
634029

0IDyq values and confidence intervals were caleulated using PrProbit (version 1.63).
. *Experiment number. .
“PNumber of mosquitaes used to estimate Log,gOtDgs/mil.”

“95% confidence intervals.

doi:10.1371/journal.ppat.4030201.1002 -
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Figure-6, Effect of E1-A226V Mutation on Jn Vitro Growth of CHIKV in
Standard (A) and CholesteroH Dep!eted (B} C6/36 Cells

Cholesterol-depleted C6/36 cells were produced by five passages in L-15 .

medium containing 10% FBS treated with 2% CAB-O-5il for 12 h atroom
temperature as previousiy described [52]. Confluent monolayers of
standard (A) and cholesterol-depleted (B} C6/36 cells were infected with
LR-Apal-226V, LR-226A, 37997-226A and 37997-226V viruses-at an MOl
of 1.0 (A)-and an'MOI of 0:1 (B). Cells were washed three times with L-15
medium, and 5.5.m! of fresh L-15 supplied with 10% of standard or CAB-
O-Sil-treated FBS were added to the flask. Cells were maintained at 28 °C.
At the indicated times post-infection, 0.5 ml of medium was removed
and stored at —80 °C for later titration on Vero cells. Viral titers are
estimated as average Log,oTCIDs/ml * standard deviation of two
independent experiments, '

hpi - hours post-infection.

doi10.1371/journal.ppat.0030201.9006 .

with EI-226A viruses. This increased opportunity for Ae
albopictus infection, would perpetuate the selection and
transmission of the mutant virus.

During transmission competition assays, only E1-226V
virus was transmitted to suckling mice by Ae albopictus,
although in these experiments, titers of E1-226V and E1-226A
viruses were of a high enough magnitude to allow both of
these viruses to efficiently infect this mosquitoes species. This
indicates that there are additional mechanisms that could
ensure evolutional success of the E1-A226V viruses_trans-
mitted by Ae albopictus. Tt is possible that one of these
mechanisms is associated with more efficient dissemination
of the E1-226V as compared with E1-226A viruses. This could
shorten the extrinsic incubation period (EIP)—the time from
mosquito infection to transmission—and could have con-
tributed to the evolutionary success of CHIKV during the
Reunion outbreak because vectors infected with the LR-226V

virus would transmit it more quickiy than those infected with -

LR-226A. viruses. Additionally, with relatively short-lived
vectors such as mosquitoes [43], longer EIPs reduce trans-
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mission efficiency simply because fewer mosquitoes survive
long enough to transmit the virus. .

Our current studies do not provide data to determine if
dissemination -efficiency of the E1-226V viruses into the
salivary glands is a consequence of more efficient midgut.
infectivity or if these two- phenomena are independent. In
this regard, it will be of particular interest to investigate the
effect of the E1-A226V mutdition on CHIKV transmission by
orally or intrathoracically infected Ae. albopictus mosquitoes.

Although the CHIKV E1-A226V mutation gives a selective
advantage in Ae. albopictus, there was not a corresponding
advantage in Ae. aegypti. The OIDs; and midgut competition
assay data indicate that E1-226V viruses werfe slightly less
infectious for midgut cells of Ae. asgypii mosquitoes (Figures
1C, 1D, and 2C; Table 2). Additionally, in contrast to Ae.
atbopictus, E1-226V viruses do not have a detectable advantage
for dissemination into salivary glands and heads of Ae. aegypti.
In.transmission competition experiments from Ae aggypti to
suckling mice, EI-226V conferred a slight competitive
advantage over E1-226A (Figure 5C). However, five out of
six mice exposed to CHIKV infected Ae aggypti hiad equivalent
amounts of both E1-226A and E1-226V viral RNAs. These
results are markedly different compared to the results
obtained in similar experiments using Ae. albopictus mosqui-
toes and further support the hypothesis that this E1-A226V
was specifically selected as a result of adaptation of CHIKV to
Ae. albopictus mosquitoes. To explain the small fitness
advantage associated with the E1-A226V mutation which
was observed' in transmission experiments, we hypothesize
that, similarly to Ae. albopictus, E1-226A. and E1-226V viruses
colonize different A4 aggypti organs at different efﬁc;encnes
E1-226A appears to colonize midgut cells of Ae asgypti better
than E1-226V viruses; however, following dissemination into
salivary glands, the E1-226V virus gains an advantage for
‘transmission to vertebrates.

The E1-A226V mutation was found to have a slightly
negative effect on infectivity, a negligible effect on dissem-
ination, but a- slight positive effect on transmissibility of .
CHIKV by Ae. aegypti in the competition experiment. We
suggest that these small (as compared with Ae albopictus)
differences associated with the E1-A226V mutation would not’
be sufficient to have a significant effect on the evolution of
CHIKV transmitted by Ae aggypti and would not result in
accumulation of this mutation in the regions where Ae aggypii
serves as a primary vector for CHIKV. This may explain the
lack of emergence of the E1-226V genotype in previous
outbreaks and the predominance of E1-226A viruses during
the 2006 CHIKV epidemic in India, in which Ae. aegypti is
considered to be the main vector species [44). Adaptation of
African strains of CHIKV from forest dwelling mosquitoes
species to Ae. aggypti has never been shown to be associated
with any particular mutations, therefore we helieve that the
same negative impact of E1-A226V would be seen in African
mosquito vectors which were responsible for transmission of
CHIKV strains ancestral to Reunion isolates. :

Our data does not exclude the possibility that the El-
A226V mutation might have a negative effect on the
evolution of CHIKV transmitted by Ae aegypti. Since our
dissemination and transmission studies were performed using
blood meal titers that were 1-2 LogyoTCIDse/ml higher than
Logy¢OIDse/ml values we suggest that the negative effect of

decreased midgut infectivity of EI-A226V on virus trans-
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missibility” would be almost completely missed, simply
because, undér this condition, almost 100% of mosquitoes
could become infected. In general, CHIKV requires signifi-
cantly higher blood meal titers for infection of Ae asgypti

compared to Ae albopictus [36,87) (Tables 1 and 2), whiclk’

suggests that the slight decrease in midgut infectivity of E1-
226V viruses would have a more profound effect on the
evolution of CHIKV transmitted by Ae. aggypti, compared to
the effect of a small advantage in the ability to compete with
EI-226A viruses for transmission to suckling mice. Therefore,
if the E1-A226V mutation occurred in CHIKV transmitted by
Ae. aegypti, it would have a weak negative effect on viral fitness
and would most likely not be preferentially selected. Addi-
tional experiments are required to evaluate this hypothesis.
Available data cannot exclude the possibility that E1-2264
viruses may have an unknown beneficial effect on the fitness
of CHIKV in vertebrate hosts over E1-226V viruses, and that
the minor negative effect of E1-226A observed in trans-
mission experiments by Ae. aggypti can be compensated for by
more efficient viral replication in the vertebrate host, leading
to an overall more efficient adaptation to the transmission

cycle. However, comparison of the different effectsof Aor V. -

residues at position E1-226 on CHIKV infectivity for, and
transmission by Ae. asgyptz and Ae. albopictus mosquitoes clearly

suggests that polymorphisms at this position may determine

the host range of the alphaviruses and may play an important

role in adaptation of the viruses to a particular mosquito
vector.

An interesting observation, which should be studied in
more detail, was that adaptation of CHIKV to Ae albopictus
mosquitoes coincided with the acquisition of CHIKV depend-

ence on cholesterol in’ the target membrane. It has been’

previously shown that various mutations in the same region
of the E1 protein of SFV and Sindbis virus can modulate the
cholesterol deperidence of these viruses [33,45] and that SFV
independence from cholesterol coincides with more rapid
growth of the virus in Ae. albopictus {34]. Although there is an
apparent association, it is currently unknown if cholesterol
dependence ‘of alphaviruses is directly responsible for
modulation of fitness of alphaviruses in mosquito vectors. A
possible explanation for the opposite effects of the choles-
‘terol-dependent phenoiype of SFV and CHIKV on fitness in
Ae. albopictus may reflect the use of different techniques for
mosquito infection, In our study, mosquitoes were orally
infected via cholesterol rich blood meals, whereas in the
previcus study SFV was intrathoracically inoculated into the
masquito [34]. It is also possible that cholesterol-dependent
and -independent viruses would replicate differently in
different mosquito organs. As such, our data indicate that
more efficient colenization of Ae. albopictus midgut cells by
cholesterol-dependent LR-Apal-226V is followed by relatively

more rapid growth .of cholesterol-independent LR —226A

virus in mosquito bodies between 3 and 5 dpi (Figure 4B).
Three to 5 dpi coincidées with virus escape from the mosquito
midgut,

‘Alignment of amino acid sequences that constitute the i
loop of El protein from different members of the alphavi-
ruses genus revealed that position E1-226 is not conserved
{[33] and data not shown) and can vary even between
different strains of the same virus. In this regard, it would
be reasonable to determine the cholesterol requirement of
other clinically important alphaviruses, especially Venezuelan
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equine encephalitis virus (VEEV) and eastern equine ence-
phalitis viris (EEEV), which show significant intra-strain
variation at position E1-226 among natural isolates of these
viruses, and determine mutations which can modulate their
cholesterol dependence. In recent studies by Kolokoltsov et
al. [46], it was suggested that VEEV, a New world alphavirus,
might bé cholesterol independent, although the use of Vero
cells instead of G636 cells, and the use of different protocols
for cell membrane cholesterol depletion, make it difficult to
compare the results of this study with our findings. Also-it
would be of interest to determine possible relationships
between mutations which modulate cholesterol dependence
of alphaviruses other than CHIKV and on their infectivity for
Ae. aegypti and Ae. albopictus mosquitoes and perhaps other
epidemiologically important mosquito vectors.

The molecular mechanisms responsible for the association
between host range and cholesterol dependence of CHIKV
are unknown [47]. It has been proposed that upon exposure
to low pH, the El protein of cholesterol-dependent viruses
senses the target membrane lipid composition and goes
through a cholesterol-dependent priming recognition reac-
tion [48] which is not required for chiolesterol-indépendént
viruses. It is possible that CHIKV infects Ae. asgypti and Ae
albopictus midgut cells using different endocytic pathways,
which targets virus to cellular compartments with differént
lipid contents in which fusion occurs. Specific lipids such as
cholesterol may differentially: affect. fusion of cholesterol-
dependent and cholesterol-independent CHIKV strains in
these compartments and therefore deﬁne the outcome of
infection. Although our observations are suggestwe, more

" comprehensive studies should be complefed to detérming’ the
exact molecular mechanisms responsible for penetranon of S
E1-226A and E1-226V viruses into Ae. aegyptz andde. albupwius' -

cells.

Although previous laboratory studies have demonstrated_'
susceptibility-of Ae. albopictus to CHIKV infection [36,37), our
data demonstrate that the E1-A226V mutation promoted -
infection and accelerated dissemination of CHIKV in Ae
albopictus mosquitoes and conferred a selective advantage
over infection of Ae aegjpti Whilst the mutation did not
intrease the maximum viral titer atiainable in the mosqui-
toes, the synergistic effects of increased infectivity and faster
dissemination of the E1-A226V virus in Ae albopictus would
accelerate virus transmission to a naive human population

. which would have contributed to initiating and sustaining the

' 2005-2006 CHIKV epidemic on Reunion island. That a single
aminc acid change can act through multiple phenotypic
effects to create an epidemic situation has implications for
other arthropod-transmitted viruses and the evolutlon of
human irfectious diseases {49].

Methods

Viruses and plasmids. The viruses and plasmids encoding. full-
length infectious clones of the LR2006 OPY1 strain CHIK-LR ic
(GenBank accession number EU224268; hutp:ihwww.ncbinlm.nih.gov/
Genbank/index.html) and GFP-expressing full-length clone LR-GFP-
226V (CHIK-LR 5'GFP, GenBank dccession number EU224268). have.
been previously described [15,35). The plasmids $7997-226A (pCHIK-
37997ic, GenBank accession number EU224270) encoding full-léength
infectious clones of the West African strain of CHIKV 37997 and a

‘ GFP-expressing full-length clone 37997-GFP-226A (pCHIK-37997-
BGEFP, GenBank ac¢ession number EU224271) were derived from
previously described plasmids pCHIKic and 5'CHIK EGFP {35] by
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introducing CHIKV encoding ¢DNA into a modified pSinRep5

(Invitrogen) at positions B055-9930, Vinises derived from 37997-
926A and 37997-GFP-226A are identical to viruses derived form
pCHIKic and 5'CHIK. EGFP. To facilitate rapid screening of viruses
in mosquitoes, the gene encoding enhance green fluorescent protein
{eGFP), that is known not to. compromise GHIKV phenotype in
mosquitoes [15], was incorporated into clones as previously described
[15]. Plasmids were constructed and propagated uding conventional
PCR-based cloning methods [60]. The entire PCR-generated regions
of all constructs weére verified by sequente analysis. The maps,
sequences-and detailed description of the clones are available from
the authors upon request. For studjes comparing the refative fitness
of the mutant (E1-226V) virus and the pre-epidemic genotype (El-
226A), z silent mutation (6454C) was introduced into the CHIK-LR ic,
to add an Apal restriction site into the cading sequence of CHIK-LR
ic. The resultant plasmid was designated LR, Apal-226V The El-

V226A mutation was introduced into CHIK-LR ic and LR- CFP-226V -

to generate plasmids designated as LR-226A and LR-GFP-226A,
tespectively. The mutation E1-A226V was also introduced into
plasmids §7997-226A. and 37997-GFP-226A. The resuited plasmids
were designated 37997-226V and’ 37997-GFP-226V.

All plasmids were purified by centrifugation in CsGl gradients,
linearized -with Notl and én vitro transcribed from the minimal SP6
promoteér using the mMESSAGE mMACHINE kit (Ambion) following
the manufacturer’s instructions: The yield and integrity of synthe-
sized RNA were analyzed by agarose gel electrophoresis in the
presence of 0.25 pg_{'ml of ethidiwm bromide. RNA (10 pg) was
transfected inta 1x14" BHK-21 cells by electroporation as previausly
described [15]. Cells were transferred to 25 cm® tissue culture flasks
with 10 ml of Leibovitz L-15 (L-15) medium, and supernatants were
collected at 24 and 48 h post-electroporation asid stored at—80 °C. In
parallel, 1x10° elecr.ropomted BHK-2} cells were serially 10-fold
diluted and seeded in six-well plates for infectious centers assay as
previously described [15].

Cells and mosq\ntoes BHK-21 (baby hamster kidney) cells were
maintained at 37 °C in L-15 medium supplemented with 10% Fetal
bovine serum (FBS), 100 U pemcn!lm, and 100 pgiml strepromycin, C6/
36 cells {Ae. albopictus) were grown in the same medium ar 28 °C, Ae,
aegypti {(white-cyed Higgs variant of the Rexville D strain) and Ae.
albopictus (Galveston strain) were reared at 27 °C and 80% relative

. humidity under a 16h lighe: 8h dark photoperiod, as previously

described [35). Adults were kept in paper cartons supplied with 10%°

sucrose on cotton balls, To promote egg prodiction females were fed
on znaesthetized hamsters once per week,

Rexville D strain of Ae. aggypti mosquitoes were originally selected
for susceptibility to flavivirus infection [51]. Since there are no known
consequences of this original.selection with respect to susceptibility
to CHIKV, a white ¢yed variant of the strain that Facilitates detection
of GFP was used in onr experiraents.

In vitro virus growth of CHIKV in standard and cholesterol-
depleted C6/36 cells. To investigate if the mutation influenced
cholesteral dependence of the virus, cholesterol-depleted C6136 cells
were prepared by five passages in L-15 medium containing 10% FBS
treated with 2% CAB-O-Sil (Acros Organics) for 12 h at room
temperature as previously describéd [52]. CHIKV growth curves were
determined by infecting cholesterol-depleted. and normal C6/36 cells
at 2 multiplicity of infection (MOI) of 0.1-and 1.0, respectively, by
rocking for 1 h at 25 °C, The cells were washed three times with L-15
medium and 65 ml of fresh L-15 supplied with 10% of standard or
CAB-0O-5il treated FBS was added to the flask. At the indicated times
post-infection, 0.5 ml of medinm was removed and stored at ~80 °C
nntil titrated. The volume of medinm was then restored by adding 0.5
ml of appropriate medium,

Titrations. Viral titers from mosquito samples and from tissue
culture supernatant were determined using Vero cells and expressed
as tissue culture infectious dose 50 percent endpoint titers
(Log;pTCIRsy) as previously .described [53] Additionally, for wiral
competition experiments, titers of LR-Apa-226V LR-226A viruses
were determined using standard plaque assay on™Vero cells as
previously described [54).

Oral infection of mosquitoes. Ae. aggypli and Ae. albopictus were
infected in an Arthropod Containment Level 3 insectary as described
previously [35,55]. To make infectious blood meals for the viruses.
lacking eGFP, viral stocks derived from electroporated BHK-21 cells
were mixed with an equal volume of defibrinated sheep blood and
supplemented with 3 mM ATP as a phago-stimulant. To produce
infectious blood meals for the eGFP-expressing viruses, the viruses
were additionally passed on BHK-21 cells. The cells were infected at a
MOT = 1.0 with virus derived from electroporation. At 2 dpi, cell
culture supemnatants- were mixed with an equal volume of defibri-
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nated sheep blood and presented to 4- to 5-day-old female
mosquitoes that had been starved for 24 h, using a Hemotek
membrane féeding system (Discovery Workshops) and hamister skin
membrane. Mosquitoes were allowed to feed for 45 min, and
engorged mosqmtoes (stage >3+ [56]) were sorted and returned- to
a cage for maintenance. Blood meals and three te four masquitoes
were dmmediately removed for titration andlor RNA extraction.
Depending on the purpose of the experiments, mosquitoes were
collected at different days.post-infection and either titrated to
determine viral titer, dissected for analysis of eGFP expression in the
midguts or salivary glands [15], or used for RNA extraction in
competition experiments.

To estimate the Oral Infectious Dose 50% values (O1Dg), serial 10-
fold dilutions of viruses.were made in L-15 medium followed by mixing
the samples with defibrinated sheep blood. Mosquitoes were dissected
at 7 dpi and eGFP expression in infected midguts was analyzed by
fluorescence microscopy. A mosquito was considered infected if-at least
one foci of eGFP-expressing cells was present in the midgut. The
.experiments were performed twice for'éach virus, OIDs, values and
confidence intervals were calculated using PriPrebit (version 1.63).

Viral competition experiments. To test the hypothesis that the E1-
A226V mutation might be associated with a competitive advantage in
mosquito vectors, competition assays were designed similar to those
described previously in mice [57), with minor medifications (Figure
2A). Both Ae., aegyptiand Ae. albopu:m mosquitoes were presented with
a blood meal containing ] 107 piaquc-fonmng units (pfu)fml of LR-Apa-
226V and 167 pfu/ml of LR-226A viruses. It had been previously found
that for these twa viruses the ratio of viral RNAs corresponds to the
ratio of viral titers (data not shown). Midguts were collected at 7 dpi
and analyzed in pools of eight to ten, and heads were collected at 12
dpi and analyzed in pools of five. RNA was extracted from the tissue
pools using TRIzol reagent (Invitrogen) followed by additional
purification using a Viral RNA mini kit (QIAGEN). RNAs from blood
meal samples were extracted using Viral RNA Mini Kit followed by
treatment with DNAse (Ambion) to destroy any residual plasmid DNA
contaminant in the viral safples. RNA was reversed transcribed from
random hexamer primers using Superscript IIf (Invitrogen) according

- to the manufacturer’s instructions. cDNA was amplified from

41855n5-F5 (5'- ATATCTAGACATGGTGGAC) and 41B56ns-R1 (5~
TATCAAAGGAGGCTATGTC) primers using Taq DNA polymerase
(New England Biolabs). PCR products were purified using Zymo ¢lean
columns (Zymo Research) and were quantified by spectrophotometry.
Equal amount of PCR products were digested with Apal, separated in
2% agarose gels that were stained using éthidium bromide. Thus the -
LR-Apa-226V and LR-226A viruses could be distinguished by size on
an agarose gel (Figure 2A). Gel images were analyzed using TolaLab
(version 2.01). Relative fitness of LR-Apa-226V and LR-226A viruses
was calculated as a ratio between 226V and 226A’'bands in the-sample,
divided by the control ratio of 226V and 226A in the blood meal.
Vitus competﬂtmn in an animal transmission model. Ae. asgyptiand
Ae. albopictus mosquitoes were presented with a blood meal containing
107 pfufml of LR-Apa'226V and 107 pfwml of LR- 226A viruses. At 13
dpi, ten to 15 mosquitoes were placed in separate paper cartons and
starved for 24 h. The next day the mosquitoes in each carton were
presented with individoal 2- to 3-day-old suckling mouse (Swiss
Webster), Feeding continued until 2-3 mosquitoes per carton were
fully engorged (stage >3+{56)). In a parallel experiment six 2- to 3-
day-old suckling mice-were subcutaneously infected with 20 pl of
mixture containing =~ 25 pfu of LR-Apa-226V and ~ 25 pfu of LR-
226A viruses. Mice were returned to their cage and sacrificed on day 3
post-exposure. Blood from each individual mouse (= 50 pl) was
collected and immediately mixed with 450 pl of TRIzol reagent for
RNA, extraction. The RNA was processed as described above, All
animal ‘'manipulations were conducted in accordance with federal
laws, regulations, and in compliance with National Institutes of
Health and University of Texas Medical Branch Institutional Animal
Care and IJse Cammittee guidelines and with the Association for
Assessment and Accreditation of Laboratory Animal Care standards.

Supporting Information

Figure $1..Schematic Representation of the Viruses Used in This
Study

Found at doi:10. IS'?]ﬁournal ppat.0030201.sg001 (917 KB PDF).
Figure S2. Growth of the eGFP-Fxpressing Viruses in BHK-21{A, C)
and C6/36 (B, I}) Cells

Confluent monolayers of BHK-21 and C6/36 cells in T25 tissue
culture flacks were infected with LR-GFP-226V and LR-GFP-226A (A,
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B} or 37997-GFP-226A and 37997-GFP-226V viruses derived from
electroporation at a MOT of 0.1. At the indicated times post-infection,
0.5 ml.of medium was removed and stored at—80 °C for later titration
on Vero cells, Viral titers are expressed as Log, o TCHD 5o/ml.

Found at doi:10.1371ﬁoumal.ppat.0030201.55002 (372 KB PDF).

Figure 83. Growth of the CHIK-LR i¢, LR- ApaI—226V and LP-226A
Viruses in BHK-21{A) and C6/36 (B) Cells

Confluent monolayers of BHK-21 and C6/36 cells in T25 tissue
culture flacks were infected with LR-GFP-226V and LR-GFP-226A (A,
B) or 37997-GFP-226A and 37997-GFP-226V viruses derived from
electroparation ata MOI of 1.0. At the indicated times post-infection,
0.5 ml of medjum was removed and stored at 80 °C until titrated on
Vero cells. Viral titers are expressed as LogjaTCIDsy/m! = standard
deviation of three independent experiments.

hpi - hours post-infection.

Found at doi:10.1571fjournal. ppat.0030201.sg003 (177 KB PDF).

Figure 54. Competition between CHIK-LR ic and LR- Apa.{-226V for
Growth in BHK-21 and C6/36 Cells

Cells were infected with 2 1:1 mixture of both viruses at a MOI of

0.001. 2 dpi, cell culture supernatant was collected and sampies
proceeded as described. The experiment was repeated three times for
each of the cell ypes.
inoc - initial ratio of CHIK-LR ic and LR-Apal-226V in the 1noculum
used for infection of cells.
Relative fitness (RF) of CHIK-LR ic and LR-Apal-226V was ca]culated
as an average ratio between CHIK-LR ic and LR-Apal-226V bands in
the supernatant obtained from BHK-21 cells (RF,) and -C6/36 cells
{RFy), divided by the control ratio between CHIK-LR ic and LR-. Apa.l-
226V iri’the inoculum.

Found at doi:10.13715 fjournal.ppat.0630201.55004 (3.6 MB PD¥).’

Table S1. Speciﬁc Infectivity and Virus Titers after Electroporation

a - amino acids at position of E1-226.

b - Specific infectivity of i it transcribed RNA. 107 BHK-21 cells
were transfected with 10 pg of RNA. Electroporated BHK-21 cells
were 10-fold serially diluted, seeded in 6-well tissue culture plates
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In this update:

[1] china (Fujian)

[2] Viet Nam =
[3] Pakistan ({Karachi) . .
[4] Latin America

"

dok ok ok ok ok
{1} China ~{Fujian)

Date:; Sun 30 Sep 2007

Source: China Daily, Xinhua News Agency report [edited]
<http://www.chinadaily.com.cn/qhina/2007—09/30/content 6149071.htm>

o

On Sunday [30 Sep 20071, health authorities said 39 dengue fever
cases have been confirmed in Putian City of east China's Fujian
Province. Thus far, 26 of the 39 patients in Hanjiang District of
Putian City have been cured and the others are in stable condition,
said the provincial health department.

The city has adopted “"comprehensive prevention and control measures"
to curb the spread of the disease, said the department. All medical
and health institutions in the province have also strengthened
monitoring on the disease, it added.

The department reminded citizens of household sanitation and the
prevention of proliferation of mosquitoes, which transmit the disease [+ ﬁs]

Communicated by:
ProMED-mail Rapporteur Brent Barrett

(Putian City is situated in the central part of the coastal area of
Fujian Province. Putian neighbors Fuzhou in the northeast and
Quanzhou in the socutheast, and is separated from Taiwan by the Taiwan Strait.

[A zoomable map of Fujian Province showing the location of Putian
¢ity can be accessed at
<http;//encarta.msn.com/map 701510630/Fujian.html>. - Mod.T¥]

ok dkode ke k

{2] Viet Nam

Date: Wed 26 Sep 2007

Source: VietNamNet Bridge [edited]
<http://english.vietnamnet.wn/social/2007/03/745035%/>

The incidence of dengue fever in Viet Nam has risen by almost 50
percent this year [2007] against last year [2006], reports the Health Minista

A medical worker instructs Dao ethnic minorities in the northexn
mountainous province of9%en Bai's Quang Minh Commune to dip mosquito

http://www.promedmail.org/pls/promed/f?p=2400:1 001 :13118188367355991829::NO::F2400_P1001... 200-7/ 11/
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nets in chemicals to prevent dengue fever.

About 68 000 people had been stricken with the mosquito-borne
disease, Preventative Health Department director Nguyen Huy Nga said
on Monday [24 Sep 2007)]; 60 had died.

Most infections had occurred in southern Dong Thap, An Giang, Tien
Giang, and Ben Tre provinces and the total increase was about 48
pexcent, he said. :

Ho Chi Minh [HCM] City-based Pasteur Institute Naticnal Dengue Fever
Programme representative Luong Chan Quang said more than 58 000
people had been infected in the Cuu Long (Mekong} Delta provinces by
the end of August [2007]. Deaths were put at 54-40 percent more than
last year [2006].

Infections in Tien Giang Province totalled 9800 with 9 deaths, Dong
Thap 8700 with 9 deaths, and An Giang 6000 with & deaths.
J

In HCM city, almost, 5400 people had been stricken with dengue fever
-- 40 percent more than last year [2006 -— and 6 had died.

Quang warned that another serious outbreak was likely in the southern
delta before the end of the year [2007] if effective preventive
neasures were not taken because people regularly stored water to
prepare for the dry season.

The _Aedes_ mosquito, which carries dengue fever, breeds in still or
stagnant water.

HCM City Preventive Health Department deputy director Nguyen Dac Tho
said about 350 people were being admitted to hospital each week with
dengue fever -- 50 more than last year [2006].

Inner city distriets 8, 10, 11, Binh Thanh, and Binh Tan were the
worst affected. People in densely populated precincts stored more
water for their own use than others as did construction projects, said Dr Tho.

Dengue fever is most common among children under 10 but the number of
afflicted adults has increased this year [2007].

HCM City Tropical Diseases Hospital figures show that of about 150
people admitted te the hospital with dengue fever each week, more
than 100 were adults.

There are 4 types of the dengue fever virus that often result in
similar symptoms. This year [2007], the transmitted virus was usually
type 1 or type 2.

Co Haemorrhagic fever is a severe, often fatal, complication of dengue fever.

The HCM City People's Committee has mobilised measures to prevent
dengue fever across the city. Citizens are encouraged to clean around
their residences every Sunday and spray mosquito killer [insecticides].

Communicated by:
ProMED-mail
<promecd@premedmail.org>

[A map of Viet Nam can be accessed at
<http://www.lib.utexas.edu/maps/middle east and asia/vietnam admin0l.ipg>.
- Mod.TY]
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[3] Pakistan (Karachi)

Date: Thu 27 Sep 2007

Source: Daily Times [edited]
<http://www.dailvtimes.com.pk/default.asp?prage=2007%5C0985C2735Cstoxry 27-9-206"

The Sindh Health Department's Dengue Fever Surveillance Cell reported
22 fresh cases of the disease in select hospitals across Karachi on
Wednesday [26 Sep 2007].
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Additional health secretary and in-charge of the surveillance cell,
Pr Shakil Malik, giving details of these cases, told APP [Associated
Press of Pakistan] that 20 of the patients are positive and they are
waiting for the report on the other 2.

The hospitals that dispatched reports include Liaquat National
Hospital, Ziauddin Hospital, Bismillah Taqee Hospital, and Zainab
Panjwani Hospital. "Since we just reactivated the cell on Tuesday [25
Sep 2007], it will take time before we make contact with all the
hospitals scattered across the city,™ he said. To a question, he said
that around 170 suspected cases of dengue fever have been reported
from across the city this year -- from January [2007] to date. He
also referred to the report the provincial health department received
from a local laboratory (Mid Citi Lab) that tested 24 OPD [out
patient department] patients between August [2007] and now. Of these
individuals, 12 came out positive.

Communicated by:
ProMEDP Rapporteur Brent Barrett

[Karachi is located on the Arabian Sea. A map of Pakistan can be
accessed at
<http://www.lib.utexas.edu/maps/middle east and asia/pakistan pol 2002.9pg>.

- Mod.TY]
E X L 8 X \
[4} Latin America ?_}

Date: Sat 29 Sep 2007
Source: Associated Press [edited]
<http://ap.google.comfaxticle/ALegM5i86GenUASVIENEL 9bBYcqngijdSQDERVALE04>

Dengue fever is spreading across Latin America and the Caribbean in
one of the worst outbreaks in decades, causing agonizing jeoint pain
for hundreds of thousands of people and killing mearly 200 so far
this year [2007].

The mosquitoes that carry dengue are thriving in expanded urban slums
scattered with water-collecting trash and old tires. Experts say
dengue is approaching record levels this year [2007] as many
countries enter their wettest months.

"If we do not slow it down, it will intensify and take a greater
social and economic toll on these countries,”™ said Dr. Jose Luis San
Martin, head of anti-dengue efforts for the Pan American Health
Organization (PAHO), a regional public health agency..

The US Centers for Disease Control and Prevention (CDC) in Atlanta
has posted advisories this year [2007] for people visiting Latin oG
American and Caribbean destinations to use mosgquito repellant and

stay inside screened areas whenever possible.

"The danger is that the doctors at home don't recognize the dengue,"
said Dr. Wellington Sun, the chief of the CDC's dengue branch in San
Juan, [Puerto Rico] "The doctors need to raise their level of
suspicion for any traveler who returns with a fever.”

Dengue has already damaged the economies of countries across the
region by driving away tourists, according to a document prepared for
a PAHO conference beginning Monday (1 Oct 2007] in Washington.

Some countries have focused mosquito eradication efforts on areas
popular with tourists. Mexico sent hundreds of workers to the resorts
of Puerto Vallarta, Cancun, and Acapulco this year [2007] to try to
avert outbreaks.

Health ministers from across the region meet at the PAHO conference
and San Martin said he will urge them to devote more. resources to dengue feve

The tropical virus was once thought to have been nearly eliminated
from Latin America, but it has steadily gained strength since the
early 1980s. Now, officials fear it could emexge as a pandemic
similar to one that became a leading killer of children in Southeast
Asia following World Wagstl.
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Officials say the virus is likely to grow deadlier in part because
tourism and migration are circulating 4 different strains across the
region. A person exposed to one strain may develop immunity to that
strain -- but subsequent exposure to another strain makes it more
likely the person will develop the hemorrhagic form.

"The main concern is what's happening in the Americas will
recapitulate what has happened in Southeast Asia, and we will start -
seeing more and more severe types of cases of dengue as time
‘progresses,™ Sun said.

So far this year [2007], 630 356 dengue cases have been reported in

the Americas -- most in Brazil, Venezuela, or Colombia -- with 12 147

cases of hemorrhagic fever and 183 deaths, according to the Pan

American Health Organization. With the spread expected to accelerate

during the upcoming rainy season in many countries, cases this year

[2007] could exceed the 1 015 000 reported in 2002, according to San Martin.

In Puerto Rico, where 5592 suspected cases and 3 deaths. have been
reported, some lawmakers called this week for the health secretary to resign.

In the Dominican Republic, which has reported 25 deaths this year
[2007], the health department announced Thursday [27 Sep 2007] that
it weuld train 2.5 million public school students to encourage
parents and neighbors to eliminate standing water,

Regsearchers have not yet developed a vaccine against dengue and Sun
said that for now, the only way to stop the virus is teo contain the
mosquito population -- a task that relies of countless, relentless
individual efforts including installing screen doors and making sure
mosquitoes are not breeding in garbage.

"It's like telling people to stop smoking, "™ he said. "They may do it
for a while, but they don't do it on a consistent basis and without
doing that, it's not effective."”

While dengue is increasing around the developing world, the problem
is most dramatic in the Americas, according to the CDC,

Health officials believe the resurgence of the malaria-like illness
is due partly teo a premature easing of eradication programs in the 1970s.

Migration and tourism alsc have carried new strains of the virus
across national borders, even into the United States, which had
largely wiped out the. disease after a 1922 outbreak that infected a
half-million pecple.

Mexico has been struggling with an alarming increase in the deadly
hemorrhagic form of dengue, which now accounts for roughly one in 4
cases. The government has confirmed 3249 cases of hemorrhagic dengue
for the year through 15 Sep [2007], up from 1924 last year [2006].

The CDC says there is no drug to treat hemorrhagic dengue, but proper
treatment, including rest, fluids, and pain relief, can reduce death
rates to about one percent. '

San Martin said he use the meetings starting Monday [1 Oct 2007] to
urge enforcement of trash disposal regulations, more investment in
mosquito control and new incentives for communities to participate.
"It is a battle of every government, every community and every
individual,” he said.

[Byline: Michael Melia]

Communicated by:
ProMED-mail
<promed@preomedmail.org>

The WHO (World Health Organisation) description of dengue fever and
the more deadly dengue hemorrhagic fever [DHF] can be found in
ProMED-mail's "Dengue/DHF update 20070514.1541%., ProMED-mail thanks
the contributors to this update and encourages others to contribute
reports also. - Mod.TY] g7
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[see also:

. bengue/DHF update 2007 (36) 20070924.3185
Dengue/DHF update 2007 (35) 20070518.3103
Dengue/DHF update 2007 (34) 20070908.2964
Dengue/DHF update 2007 (33) 20070821.2726¢
Dengue/DHF update 2007 (32) 20070816.2675
Dengue/DHF update 2007 (31) 20070806.2555
Dengue/DHF update 2007 (30) 20070730.,2440
Dengue/DHF update 2007 (20} 20070514.1541
Dengue/DHF update 2007 (10} 20070225.0683
Dengue/DHF update 2007 {01) 20070103.0030]
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and its associated service providers shall not be held
responsible for errors or omissions or. held liable for any
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or archived material.
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TRANSFUSION COMPLICATIONS

Prevalence and quantitation of parvovirus B19 DNA levels in
blood donors with a sensitive polymerase chain reaction
screening assay

Steven H. Kleinman, Simone A. Glynn, Tzong-Hae Lee, Leslie Tobler, Leilani Montalvo,
Deborah Todd, Joseph E. Kiss, Venkatakrishna Shyamala, and Michael P Busch for the National
Heart, Lung, and Blood Institute Retrovirus Epidemiology Donor Study (REDS-II)

BACKGROUND: Blood donor parvovirus B19 DNA
prevalence with sensitive nucleic acid test assays has
recently been demonstrated to be higher than that
found with assays designed te detect high viral titers in
the plasma manufacturing sector.

STUDY DESIGN AND METHODS: Stored plasma ali-
quots from 5020 donations collected between 2000 and
2003 at seven US blood centers were tested. Testing
was petformed with a real-time B19 DNA polymerase
chalin reaction (PCR; TagMan, Applied Biosystems)
assay with a 50 percent limit of detection (LOD) of

1.6 IU per mL {85% confidence interval [CI], 1.2-2.1 IU/
mL) and a 95 percent LOD of 16,5 [U per mL. (95% Cl,
10.6-33.9 IU/mL). Confirmation and quantitation of B19
DNA was accomplished by retesting of two additional
subaliquots. Confirmed-positive specimens were tested
for the presence of anti-B19 immunoglobulin M (IgM}
and lgG with FDA-licensed assays. '
RESULTS: B19 DNA prevalence was 0.88 percent
{95% Cl, 0.64%-1.2%). Among the 23 donations with
B19 DNA titers of at least 20 IU per mL, the median
DNA concentration was 105 U per mL with an inter-
quartile range of 42 to 481 tU per mL; the highest value
was 1869 IU per mL. All B18 DNA-positive donations
were positive for the presence of 1gG and 10 (23%)
were also positive for the presence of IghM; IgM serop-
ositivity was associated with increasing DNA levels

{p = 6.0013).

CONCLUSION: Low-level B19 DNA was detected in
nearly 1 percent of donations. The 23 percent of DNA-
positive donations with both 1gM and 1gG B19 antibody
mast likely represent acute resolving infection, whereas
those with 1gG but no IgM are most consistent with a
more chronic and possibly persistent phase of 819
infection.

1756 TRANSFUSION Volume 47, October 2007
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arvovirus B19 infection (also Jnown as human
erythrovirus and referred to as B19in this report)
has been well documented to be transmitted by
transfusion of plasma derivatives."* There are
only rare case reports, however, of B19 transmission by
transfusion of blood components, and two small studies
that attempted to assess such transmission systematically
did not demonstrate any symptomatic infection.*® To
date, there have been no large-scale linked transfusion
transmission studies with sufficient statistical power to
allow for a systematic calculation of the per unit or per
recipient risk of acquiring asymptomatic or sympto-
matic infection after transfusion of a B19-viremic blood
component.
In the plasma derivative setdng, B19 transfusion
transmission has not been reported when the plasma B19
DNA concentration was less than 10° international units

ABBREVIATIONS: Cr = cycle threshold; LOD) = timit of
detection.

From Westat, Rockville, Maryland; Blood Systems Research
Institute, San Francisco, California; the Institute for Transfusion
Medicine, Pittsburgh, Pennsylvania; Chiron Corp., Emeryville,
California; Digene Corp., Gaithersburg, Maryland; and the
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(IU) per mL.! It is unknown if recipients of pooled plasma
products with low B19 viral titers are protected due to the
neutralizing effect of B19 antibody from other units in the
plasma pool, the low B19 viral titer, or a combination of
both.!® Although it has been assumed that single-unit
blood components with low B19 DNA tters should, simi-
larly, be noninfecticus, this remains speculative because
the mechanism of protection in the pooled plasma setting
has not been established and may not apply to single-unit
transfusions.

Newer information suggests that the potential for
recipients to be expesed to low titers of B19 DNA from
bloed component transfusion is greater than previously
thought. Through the use of sensitive nucleic acid test
(NAT) assays, two sets of investigators have found that the
prevalence of Bi9 DNA in donor plasma ranges from 0.5 to
0.9 percent.!"? Furthermore, it is now known that B19
DNA may persist in plasma at low concentration for
several years in healthy individuals who could make
repeat blood donations during this viremic interval.!3-16

From 2000 through 2003, NHLBI and CDC established
the Retrovirus Epidemiology Donor Study Allogeneic
Donor and Recipient (RADAR) repository as a powerful
tool to investigate possible transfusion-transmitted infec-
tions." Qur primary aim with regard to B19infection was to
use this linked donor and recipient repository to evaluaie
whether donations with low B19 DNA levels transinitinfec-
tion. Such a transfusion transmission study would only be
feasible, however, if a B19 NAT assay with appropriate per-
formance characteristics (e.g., sensitivity, specificity,
throughput) was available and if the prevalence of plasma
B19 DNA in the donor population and the number of sus-
ceptiblerecipients were of sufficient magnitude to allowfor
significant conclusions to be drawn.

The primary aim of thisreport is to present the results
of these initial investigations, which include development
of a highly sensitive polymerase chain reaction (PCR)
screening assay and estimation of the prevalence of
plasma B19$ DNA in donations represented in the RADAR
repository. Our secondary aims were to evaluate the asso-
ciation of quantitative DNA levels with immunoglobu-
lin M (IgM) and IgG antibody status and determine the
demographic characteristics of B19 DNA-paositive donors.

- MATERIALS AND METHODS

Selection of repository specimens

The RADAR repository was established from 2000 through
2003 through participation of blood centers and selected
hospitals at seven geographically dispersed locations
throughout the United States.' This donor and recipient
repository contains pretransfiision (or peritransfusion)
specimens and follow-up specimens (collected at an inster-
val of 6-12 months) from 3,575 enrolled recipients. The
repository also contains 13,201 donation specimens given
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by 12,408 distinct donors that were transfused to these
RADAR recipients. This portion of the repositoryis referred
to as the linked donor-recipient repository. In addition,
there is a supplementary repository of 99,906 donation
specimens (contributed by 84,332 donors) from donations
that were not transfused to enrolled RADAR recipients,

As previously reported, transfusion transmission

. studies with the RADAR-linked repository should usually

only be considered if the donor prevalence of an agent is at
least 0.05 percent.!” For this study, based on some of the
conservative estimates of donor B19 viremia in the litera-
ture, we determined that testing of approximately 5,000
specimens would allow us to be 95 percent confident that
the prevalence of viremia in the donor population was at
least 0.05 percent. Thus, 5,200 specimens (allowing for
failed runs) were selected from the repository of unfinked
community whole-blood and apheresis donations for B19

DNA PCR testing. A stratified sampling procedure was
used to select these specimens so that they would have

similar demographic, temporal, and geographic charac-
teristics to the 13,198 community whole-blood and aph-
eresis donation samples in the linked repository, thereby
allowing for later extrapolation of the prevalence results to
donations in the linked repository. The sampling scheme
controlled for frequency of donations per donor, blood
center where donation was given, and year and month of
donation, in that order. This stratification also ensured
that the distributions of other important variables, for
example, age at time of donation, first-time or repeat
status, and race/ethnicity were similar between the 5,200
sampled unlinked donations and the 13,198 donation
samples in the linked repository. The similarity of the
sampled supplementary repository subset and the linked
donations was verified after the sample was selected.

A 1.75-mLfrozen plasma tube for each selected dona-
tion was accessed from the repository by personnel at the

long-term storage facility (SeraCare BioServices, Gaithers- :

burg, MD), Each specimen was aliquoted into three 0.5-mL
subaliquots {one for B19 DNA screening and two for B19
DNA confirmation anid quantitation) and one 0.25-mL

aliquot {for antibody testing) with rigorous precautions to

minimize the possibility of cross-sample contamination.

PCR assay development, validation, and
performance characteristics

The B19 DNA assay used in this study was originally devel-
oped by Chiron Corp. (Emeryville, CA) and subsequently
refined through a collaboration between Chiron and
Blood Systems Research Institute (San Francisco, CA}'™
The assay format includes a magnetic-bead B19 DNA
capture step followed by a real-time PCR assay that targets
the VP1 region of the B19 genome. An internal control,

sharing homologous primer region sequences but with a |

different internal probe binding sequence as the viral
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target, is included in each assay tube. B19 DNA target and
the internal control nucleic acid are amplified by the same
primer pair but detected and distinguished by
fluorophore-tagged sequence-specific probes. Five-
hundred microliters of frozen plasma, thawed at room
temperature, was vortexed and centrifuged briefly before
the additionr of lysis buffer, poly(T}-coupled magnetic
beads (Seradyn, Indianapolis, IN), four viral capture
primers (VSCP1, VSCP4, VSCP5, and VSCP7) with poly{A)
tail, and 20 copies of internal conirol. The preparation was
vortexed for 10 seconds and incubated in a 60°C water
bath for 20 minutes, followed by incubation at room tem-
perature for 15 minutes. The tubes were placed on a mag-
netic base for 10 minutes before the liquid was vacuum-
aspirated. The beads were washed once with 1 mL of wash
buffer (Procleix, Gen-Probe, San Diego, CA) and twice with
angther wash buffer (Chiron Novartis, Emeryville, CA).
All captured target DNA from the 0.5-mL input
plasma and captured spiked internal control were sub-
jected to amplification’ in a single PCR procedure and
amplification and detection occurred in a 96-well optical
" plate with dual-plexed TagMan PCR technology. TagMan
1000 Rxx: PCR core reagents were purchased from Applied
Bigsystems (Foster City, CA). The PCR mix was prepared
by mixing 10 pL of Buffer A; 1 pL of the enzyme uracil-N-
glycosylase (Amperase [Roche Diagnostics, Indianapolis,
IN], which reduces contamination by degrading dUTP-
containing amplicons from prior ampliftcation reactions);
20 uL of MgCls; 10 uL of dATE dCTP dGTP, and dUTP;
0.5 puL of AmpliTaq Gold; 56 pL of steril-

con products with no subsequent manipulation of reac-
tion wells; use of dUTP and UNG in each assay to destroy
previous B19 amplicons before amplification; and single-
use disposable reaction tubes and plates. Segregated labo-
ratories were used for sample accessioning and
prepar:ition, preamplification target-capture, and real-
time PCR.

Preliminary assay development work used a series of
dilutions of the CBER parvovirus B19 DNA standard to
determine where to set the assay cutoff as well as to esti-
mate the resultant assay analytic sensitivity. Figure 1
shows box and whisker plots of testing results for 30 rep-
licates at each of four dilutions {30, 15, 7.5, and 3.75 1U/
mL). Based on these studies, the assay cutoffi was
established as follows:; a specimen was classified as reac-
tive if a signal was detected at not more than 40 cycles
(cycle threshold [Cq] = 40}, indeterminate if Cr was more
than 40 but not more than 45, and negative if there was no
signal detected or if a Cr was more than 45. An apparent
negative result was interpreted as invalid if the Cr of the
internal control was more than 45.

Because the chosen assay cutoff was designed to
maximize assay sensitivity, an algorithm was developed
for final test interpretation so as to avoid classifying non-
specific reactivity on a single assay run as a confirmed-
positive result (see Fig. 2). All initially positive, initially
indeterminate, and invalid specimens were retested in
duplicate with two separate 0.5-mL subaliquots on plates
that included quantitative run standards. This testing

ized water; 0.9 uL each of two amplifica- 40
tion primers at 100 pmol per pL {VSCP8,
VSCP9); and 0,25 pL of each of the two
probes at 100 pmol per pL (VSCPLO, 3 .
VB-TAM) per sample. One-hundred a7 4 °
microliters of the mix was added to each 1
.sample instead of the manufacturer-
suggested 50 ul. per sample. PCR was 35
performed with 50 cycles of 95°C for ]
15 seconds and 60°C for 1 minute, after

391

C;

36

34 4

the initial Amperase (50°C for 2 min) k
and AmpliTaq Gold activation (95°C for
10 min). The DNA was amplified and
detected with a real-time PCR system
{ABI 7500, Applied Biosystems).
Features of the assay system that
minimize risk of specimen-to-specimen
cross-contamination of plasma or
“carryover” amplicon contamination
include single-tube magnetic bead
target-capture and DNA purification
with the Chiron/Gen-Probe-enhanced
semiautormnated system, single-tube
amplification, and real-time monitoring
of fluorescent probe binding to ampli-

30

36.30 Cr.
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Fig. 1. Assay validation and selection of assay cutoff hased on replicate testing of
dilutions of the CBER parvovirus B19 DNA standard. The Input per amplification was
0.5 mL. Twofold dilutions of CBER-validated B19 DNA standard were run with 30
replicates at each concentration. The standard was diluted with pooled plasma nega-
tive for B19 DNA and B19 antibody. The y-axis represents PCR Cr. The x-axis repre-
sents B19 DNA concentration per milliliter of plasma. The top and bottom whiskers
on the hox plot represent the 90th and 10th percentiles, respectively. The top of the
box represents the 75th percentile and the bottom of the hox represents the

25th percentile. The line inside the box represents the median. Negative plasma ali-
quots were also tested (data not shown). Of 204 B19-negative plasma aliquots, 203
yielded negative assay results (Cr > 40). One negative control sample amplified at



B19PCR
_ Cy>45 40<C;=45 C;=40
NEGATIVE INDETERMINATE REACTIVE
{
Internal Control
C,=45 C, > 45,
Undetected
NEGATIVE [NVALID

CONFIRMATORY QUANTITATIVE TESTING,
in duplicate

Fig. 2. B19 DNA testing algorithm,

served both as confirmation and as quantitation. The final
interpretation of the qualitative PCR assay was based on
the results of the three individual assays (i.e., the initial
screening assay and the duplicate repeat assays). Speci-
mens were classified as B19 DNA-positive if atleast two of
three tests showed reactivity at a Cr of not more than 40

-cycles and indeterminate if at least two tests showed reac-
tivity ac a Gy of not more than 45, with one or both of these
Cr values more than 490, and negative if both of the dupli-
cate repeat assays were negative,

For determining DNA concentration, quantitative run
standards were placed on each plate in duplicate. Far con-
firmation and quantitation of initially reactive specimens,
standards from 1000 to 31.25 IU per mL were tested in
twofold dilutions. For repeat testing of indeterminate and
invalid specimens, standards from 125 to 31.25 IU per mL
were tested in twofold dilutions to prevent any cross-
contamination of the specimens from high-titer stan-
dards. Quantitative results were determined by comparing
the Cr of the specimen to the Cr of the known standards on
the same test run. The assigned quantitative value for each
specimen was the average of the two duplicate quantita-
tive assays (including zero for a negative test result). Speci-
mens with low G (Cr < 30) were diluted 1:10 and 1:100 and
then run in triplicate at each diluticn, and the quantitative
result was the mean of the three test results at the most
appropriate dilution.

Analysis of additional replicates of the CBER standard
(30-60 replicates performed on twofold serial dilutions
with concentrations of 30, 15, 7.5, 3.75, 1.88, and 0.94 IU/
mL) established that the 50 percent limit of detection
(LOD) of the assay was 1.6 IU per mL (95% confidence
intervat [Cl], 1.2-2.1 IU/mL}, and the 95 percent LOD was

16.5 IU per mL (95% CI, 10.6-33.9 IU/mL). To allow for the-

possibility that quantitation might not be precise at the
lower limits of detection, we categorized all specimens
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with quantitative values of 0 to less than 20 TU per mL as
having a value of iess than 20 IUJ per mL.

PCR testing of study specimens

Initial B19 DNA testing was performed in singlicate with
one 0.5-mL plasma aliquot. Testing was performed in
96-well microtiter plates. Each plate contained two known
positive, two blinded negative, and two blinded positive
controls as well as up to 90 study specimens. All positive
controls were prepared by the testing laboratory (BSRI)
from the CBER parvovirus B19 DNA standard and were
diluted to comntain 100 iU per mL B19 DNA, The known
controls were introduced into each test batch by the
testing laboratory whereas the blinded controls were
introduced into each specimen batch by the repository
facility. Runs were considered valid if at least one of the

two known positive and one of the two known negative :
controls gave a valid, expected result. Figure 3 shows the

high consistency of assay performance on the known and
blinded positive control specimens for 56 screening test
runs based on Cr; the Cy for the known controls (Fig. 3A)
was 33.36 + 2.96 and the Cr for the blinded controls at the
same concentration was 34.09 + 2,71 (Fig. 3B). All posi-
tive controls reacted with the exception of 5 of 112 known
positive controls with invalid results and 1 of 112 blinded
positive controls with a false-negative result. In addition,
110 of 112 negative controis were negative, 1 gave an
invalid result, and 1 gave an indeterminate result.

Allinitially positive, indeterminate, and invalid speci-
mens were rerun in duplicate with two separate subali-
quots on plates that included quantitative run standards.
Because of limitations of specimen volume, this testing
served both as confirmation and as quantitation (see
above).

B19 antibody testing

All confirmed B19 DNA-positive and indeterminate dona-
tions were tested for the presence of B19 IgG and igM
antibodies against a recombinant VP2 protein with FDA-

licensed test kits {Biotrin, Dublin, Ireland). Testing was

performed in singlicate with the 0.25-mL subaliquot. If
results fell into the equivocal zone, the assay was repeated
in singlicate and the repeat result was taken as the overall
final result for the specimen.

Additionally, to determine IgG and IgM prevalence in
B19 DNA-negative donations, we first randomly selected a
subset of 520 donation specimens from the 5200 dona-
tions that had been selected for PCR testing (see abave).
This sampling occurred before obtaining the PCR results
on the 5200 donations. IgG antibody testing was per-
formed on 505 of the 520 donations, 501 of which were
subsequently found to be B19 DNA-negative. For IgM
antibody, due to kit availability issues, a random subset of
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A 20 to <10% 10? o <10% and 10°* to

20 <108 IU/mL) by conducting a Fisher's

40 exact test (SAS/STAT 9.1, 2004, SAS Insti-

;:ﬁ tute, Inc.). We determined the 50 and

o 35?00 ) . ST N, N, - Mean+28D g5 percent LOD of our PCR assay with

- ) Mean  associated 95 pércent (Il by probit
R 1 SRRSO IUUSRIONS. SIOUIOTRUTU SO ... Mean-28D  analysis with PC SAS Version 8.2,

& We compared the distribution of

i e _ demographic characteristics between

DS R BAS NE 0N H 06NN E QS WS 60 donation groups {i.e., DNA-positive and

DNA-negative. donations) with chi-

B o sguare s‘t_ati-stics or, for small cell sizes,

oy L PO, | RO OO USRI Mean:{-st elthef the FIS.!IEI',S exact test {SAS{STAT

_ Mean 9.1, SAS Institute, Inc.) or the Flsh_er-

S am Freeman-Halton test (StatXact Version

E Hw Mean-2SD 6, 2004, Cytel Software Corp., Cam-

0 bridge, MA). This Iatter test is a generali-

a0 zation of the Fisher's exact test for 2 by

2, to an r-by-c contingency table.

Fig. 3. (A) Control chart: 100 [U per mL knewn controls. Two known positive controls

.00 —
05 0 15205 %0 %5 £ 45 555 6058 W0 7 680 85 % 05 100105 10 115 120

RESULTS

were Included per run. The data plotted were controls for 56 plates, which includes

107 valid results and excludes 5 invalid results (Cr mean * 25D = 33.36 + 2.96). (B)
Control chaxt: 100 IU per mL blinded controls. Two blinded pesitive controls were

Of the 5200 specimens originally
selected for DNA testing, screening
results were obtained for 5020. Resulis

included per run along with two blinded negative ronirols (data not shown), The

data plotted were positive controls for 56 plates, which includes 111 valid results and

- one false-negative result (Cr mean + 25D = 34,09 * 2.71).

194 of 366 of these specimens identified as IgG-positive
were tested.

Demographics

The following information was available for each donation
in the RADAR repository: donor identification numher,
age at time of donation (categorized as =25, 26-35, 36-45,
46-55, 56-65, =66), sex, race/ethnicity (Asian, black non-
Hispanic, Hispanic, white non-Hispanic, other non-
Hispanic), ficst-time or repeat donor status, education
level (<high school, high school degree, some college edu-
cation, college degree, graduate or professional degree),
history of transfusion, the center at which the donation
was collected, and date of donation (categorized by calen-
dar year of donation or by season, i.e., occurring in the
winter, spring, summer, and fall).

Statistical analysis

We calculated the proportion of donations that were con-
firmed positive by PCR with associated 95 percent CI as
well as the prevalence of IgM and IgG (and their 95% CI) in
DNA-positive and DNA-negative donations. We evaluated
whether the prevalence of IgM in DNA-positive donations
varied as a function of B19 DNA level (categorized as <20,
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were not obtained for 180 specimens
that were part of two runs which failed
due to equipment problems. There were
113 initially reactive specimens (2.25%},
26 initially indeterminate specimens (0.52%), 56 initially
invalid specimens (1.12%), and 4825 negative specimens.
After retesting, 43 of the initially reactive specimens con-
firmed as positive, 2 were reclassified as indeterminate,
and 68 were reclassified as negative. For the indeterminate
specimens, 1 was reclassified as positive, 22 remained
indeterminate, and 3 became negative, All initially invalid
specimens retested as negative.

- Summarizing the screening and retesting resulis, we
found that 44 specimens (0.88%) were DNA-positive, 5
(0.10%) were indeterminate, and 4971 (99.02%) were
negative. In 35 (80%) of the confirmed-positive speci-
mens, all three tested replicates reacted in the PCR assay.
DNA prevalence was 0.88 percent with a 95 percent CI of
0.64 to 1.2 percent.

Figure 4 shows that the percentage of confirmed-
positive specimens was inversely related to the Cr value
obtained on the initial screening test run. Specimens that
initially reacted at a Cr value of less than 37 were con-
firmed as positive 86 percent of the time, whereas speci-
mens with a Cyr value of between 37 and 40 were confirmed
16 percent of the time.

Table 1 presents the quantitative DNA levels grouped
into four categories as well as the antibody status of the 44
B19 DNA confirmed-positive donations. The median DNA
level for all of our confirmed-positive donors was 22,75 [U



per mL. Twenty-one of 44 specimens had DNA levels of
less than 20 JU per ml. (conservatively determined to be
the lower limit of quantitation of the assay), and if we
consider only those donors who had DNA levels of more
than 20 IU per mL, then the median DNA level for these 23
donors was 105 IU per mL (interquartile range, 42-481 IU/
mL), with the highest value being 1869 IU per mL. Speci-
mens with reactivity on two of the three replicates had
lower DNA levels than specimens reactive on all three rep-
licates (data not shown). -

All Bi19 DNA confirmed-positive donations had
detectable B19 IgG antibody, whereas in the control group
of 501 PCR-negative donors, IgG was present in 73 percent
(95% CI, 68%-77%). IgM antibody was detected in 10 B19
DNA confirmed-positive donations and was assigned an
equivocal status in 2 additional cases. IgM seropositivity
was associated with increasing DNA concentration
(p=0.0013). The median DNA level for the 10 IgM-
positive donations was 297 IU per mL, and all three
donors with B19 DNA titers of more than 10° IUJ per mL
were IgM-positive. JgsM was not detected in any of 194
DNA-negative, I[gG-positive donors (35% ClI, 0.00%-
1.88%). i

Donors who were not more than 45 years old were
more likely to be viremic than donors older than 45 years:

20121

1004

[=-]
(=]
1

60 -

220

Confirmed positive (%)

=35 >35-36 >36-37 >37-38 >38-39 >39-40 >4042

inttial Cy value

Fig. 4. Confirmation of B19 DNA reactivity relative to the Cr
obtained on initial PCR screening. Confirmation of all 136 ini-
tially reactive specimens. There were no initially reactive
specimens with Cr between 42 and 45 cycles. All 4884 speci-
mens with a C; value of more than 45 on the initial test run
were classified as negative.
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1.24, 1.30, and 1.41 percent of donors not more than 25, 26
to 35, and 36 to 45 years, respectively, were viremic com-
pared to 0.23, 0.37, and 0.00 percent of donors 46 to 55, 56
to 65, and more than 65 years old {p =0.0008}). Further,
1.85 percent of first-time donors were viremic compared
to 0.66 percent of repeat donors (p=0.007). Although
DNA prevalence estitnates appeared to be higher for
spring (1.14%) and summer (1.18%) donations than for fall
{0.44%) and winter (0.67%) donations, these differences
did not achieve significance {p = 0.09). There was no sig-
nificant association with geographic region (based on
center where the donation was given), calendar year of
donation, sex, race/ethnicity, education level, or ransfu-
sion history.

DISCUSSION

In this study we applied a highly sensitive B19 DNA assay «__7
to 5020 individual donations to determine the prevalence
of plasma B19 DNA in donors from seven different geo-
graphic areas of the United States using specimens col-
lected over a 4-year interval. We believe this to be the
largest such study performed on individual donations
rather than on large pools of donations, as isroutine in the
plasma manufacturing sector.

We found that the prevalence of B19 DNA in plasma
was 0.88 percent with a 95 percent CI of 0.64 to
1.2 percent. Qur data can be compared with several recent
European studies that used somewhat less sensitive B19
DNA assays. Thomas and coworkers!! tested 16,859
Belgian blood donars in pools of 60 donatons with an
assay with 95 percent LOD of 96.6 IU per mL and found a
B19 DNA prevalence of 0.16 percent. Candotti and col-
leagues®? tested 1,000 UK whole-blood and platelet donors
in minipools of 10 donation specimens and found a preva-
lence of 0.9 percent with a nested PCR with a 95 percent
LOD of 25 IU per mL; this prevalence was very similar to”~
that found in our study. Plentz and colleagues® found a
0.7 percent prevalence with an assay with a 50 percent
LOD of 60 to 80 copies per mL when retrospectively
testing 1,806 blood products transfused in a hematology
ward, In contrast, studies reported in the plasma manu-
facturing sector have reported much lower prevalence,
ranging from 0.008 to 0.04 percent; it is notable that these

TABLE 1. Quantitative PCR and antibody results on confirmed-positive speciméns*

Viral load Number of confirmed-positive IgM-positive and IgM-equivocal and

(IU/mL) specimens lgG-positive lgG-positive lgG-positive only
<20 ' 21 1{5) 1(5) 18 (90)

20 to <107 11 2 (18) 0 (0) 9 (82)

10 1o <10° 9 4 {44) 1 (1) 4 (44)

10° to <10° 3 3 {100) 0(0) 0 {0)

Total 44 32 (73)

* Data are reported as number {%).

10(23) . 2 (4)
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studies used NAT assays that were designed to lack sensi-
tivity so-as to enly detect units from donors in the stage of
acute viremia with DNA concentrations of more than 10°
or 10° [U per mL,'#2

The generally accepted understanding of the natural
history of B19 infection in immunocompetent individuals
such as blood donors states that viremia cccurs approxi-
mately 1 week after infection and persists in high titer for
approximately 5 days. With the development of IgM anti-
body at approximately 12 days after infection (followed
within days by IgG antibody), viremia levels drop precipi-
tously and viremia usually disappears within weeks. 2
IgM antibody becomes undetectable after several months
(although this precise duration is unknown) but IgG per-
sists long term and is thought to convey immunity to rein-
fection. As a variation of this usual natural history, plasma
viremia may persist for more than 6 months to several
years in some cases, and recent data suggest that B19 may
persist in other tissue sites {e.g., skin, synovia) for a much
longer period of time in a significant percentage of
individuals,'*'%*

The antibody findings in our study can be used to
assess the stage of viremia that we detected in our B19
DNA-positive donors. We did not detect any B19 DNA-
positive donors who lacked both IgM and IgG antibody
nor did we detect any donors with a DNA concentration at
or above 10° or 10° IU per mL, which would be character-
istic of the several-day interval after infection. Given the
low rate of detection of high-titer DNA in previous studies,
it is not surprising that with the testing of 5020 donations
in this study, we did not detect any such donations. We
also did not detect any donors in the shott window period
where IgM antibody is present but IgG is absent. We
detected 10 donors who were positive for the presence of
IgM and IgG (23% of the 44 B19 DNA—positive donors} and
an additional 2 who were IgM-equivocal. These donors
were probably in a relatively early stage of infection, that
is, within the first several months of acquiring infection.
Consistent with the known natural history of B19 infec-
tion, the IgM-positive, DNA-positive donors had higher
DNA levels than the IgM-negative, DNA-positive donors,
We detected 32 DNA-positive donors who were IgG-
positive only: 28 of these had DNA levels ofless than 107 1U
per mL; the median DNA level in these donors (as for all 44
DNA-positive donars) was lower than that previously
reported by other investigators. We believe either that
these DNA-positive, IgG-positive donors were at the tail
end of resolving their B12 viremia or that some of these
donors may have had very-low-titer B19 DNA that per-
sisted for longer than predicted by the standard natural
history model. Future longitudinal studies will be needed
to distinguish these possibilities. The 73 percent preva-
lence of B19 IgG seropositivity and the lack of IgM anti-
body in our B19 DNA-negative control donors were
consistent with reports in other donor cohorts.!!%23
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B19 infections are known to occur with a spring and
summer preponderance and to vary in annual frequency
in cycles that span several years.® In our study, the B19
DNA prevalence was higher in spring and summer dona-
tionts, but did not achieve significance. This may be due
to limitations in sample size or alternatively to our use of
a highly sensitive NAT assay that may have allowed us to
detect B19 DNA-positive donors for a relatively long
period of time after acquisition of infection, thereby
masking the expected temporal findings. The significant
association with younger age {<age 46) may correlate
with an increased likelihood of possible B19 exposure in
young adults from contact with young children or with a
lower degree of susceptibility among previously infected
older adults. First-time donors showed higher prevalence
of viremia than repeat donors, which may in part reflect
the younger age distribution of first-time donors or
may be due to other unexplained factors as has been
seen with other infectious agents {e.g., human immu-
nodeficiency virus, hepatitis C virus) in the donor
population.®

The real-time B19 TagMan PCR assay used in this
study gave reproducible results on known standards,
had a low failed run rate, gave a low rate of invalid speci-
mens due to internal control failure, and showed no evi-
dence of sample cross-contamination, Furthermore, the
assay had a high analytic sensitivity at the chosen cutoff
(50% LOD, 1.6 IU/mL; 95% LOD, 16.5IU/mL}. Although
owr choice of a relatively high C; cutoff introduced
nonspecificity on initial testing (presumably due to non-
specific probe binding), our confirmatory algorithm
minimized false-positive results by requiring a reactive
result on a second aliquot subjected to the full extraction,
amplification, and detection procedure before designat-
ing the donation as confirmed positive for the presence
of B19 DNA. .

At present, interventions for preventing B19 transfu-
sion from blood components have not been imple-
mented in the vast majority of developed countries, due
in part to the prevailing view that bleod components with
low levels of B19 DNA will not transmit B19 infection.
Recently several authors have cited the need for studies
to verify this hypothesis."'* The results of the study
reported in this article have established that there is suf-
ficient statistical power to carry out such a B19 transfu-
sion transmission study with the real-time B19 TagMan
PCR assay to test specimens in the RADAR repository.
This conclusion is based on the demonsirated donor B19
DNA prevalence of 0.88 percent combined with a suffi-
cient number of B1§-susceptible recipients in the RADAR
repository; that is, we observed that 22 percent of tested
RADAR recipients were B19 IgG-negative on their pre-
transfusion specimen (data not shown), which was
similar to the 27 percent prevalence of IgG seronegativity
in tested donors. We are now actively engaged in per-



forming a linked B19 transfusion transmission study
using the RADAR repository.

ACKNOWLEDGMENTS

The authoers thank the staff at all six participating blood centers.
Without their help, this study would not have been possible,
The Retrovirus Bpidemiology Donor Study—IT (REDS-II Study
Group) was the responsibility of the following persons:

Blood Centers:

American Red Cross Blood Services, New England Region: R.
Cable, J. Rios, R. Benjamin

American Red Cross Blood Services, Southern Region/
Department of Pathology and Laboratory Medicing, Emory Uni-
versity School of Medicine: C.D. Hillyer, K.L. Hillyer, .D. Roback

Hoxworth Bleod Center, University of Cincinnati Academic
Health Center: R.A. Sacher, S.L. Wilkinson, PM. Carey

Regents of the University of Califoruia: E.L. Murphy (University of
Califarnia San Franciscol, M. Busch (Blood Systems Research
Institute) .

The Institute for Transfusion Medicine: D. Triulzi, R. Kakaiya,
1. Kiss

BloodCenter of Wisconsin: J. Gottschall, A, Mast

Coordinating center;

Westat, Inc.: G.B. Schreiber, M. King

National Heart, Lung, and Bleod Institute, NIH:

G.]. Nemo, T. Mondoro

Central laboratory:

Blood Systems Research Institute: M. Busch, P. Norris

REFERENCES

1. Wu CG, Mason B, JongJ, et al. Parvovirus B19 transmission
by & high-purity factor VIII concentrate, Transfusion 2005;
45:1003-10.

2. Mortimer PP. Transmission of serum parvovirus-like virus
by clotting-factor concentrates. Lancet 1983; 482-4.

3. Azzi A, Ciappi 5, Zakvizewska K, Motfini M, Mariani G,

.Mannuceci PM. Human parvovirus B19 infection in
hemophiliacs first infused with two high-purity, virally
attenuated factor VIIl concentrates. Am J Hematol 1992;39:
228-30. '

4. YotoY, Kudoh T, Haseyama K, et al. Incidence of human
parvovirus B19 DNA detection in blood donors. Br ] Hae-
matol 1995;91:1017-8.

5. Zanella A, Rossi F, Cesana C, et al, Transfusion-transmitted
human parvovirus B19 infection in a thalassemic patient.
Transfusion 1995;35:769-72.

6. Cohen BJ, Beard S, Knowles WA, et al. Chronic anemia due
to patvovirus B19 infection in a bone marrow transplant
patient after platelet transfusion. Transfusion 1997;37:947-
52.

7. Tordan JA, Tiangco B, Kiss J, Koch W, Prevalence of human
parvovirus B19 DNA in a blood donor population. Vox
Sang 1998;75:97-102.

112

PARVOVIRUS 819 DNA LEVELS IN BLOOD DONORS

10,

11.

13.

i4.

15.

16.

17.

18.

19.

20,

21.

22,

Plentz A, Hahn }, Knoll A, Holler E, Jilg W, Medrow S. Expo-
sure of hematologic patients to parvovirus B19 as a con-
taminant of blood cell preparations and blood products.
Transfusion 2005;45:1811-5,

Parsyan A, Adde-Yobo E, Owusu-Ofori S, Akpene H,
Sarkodie F, Allain }P. Effects of transfusion on human eryth-
rovirus B19-susceptible or infected pediatric recipients in a
genotype 3-endemic area. Transfusion 2006;46:1593-600,
Doyle S, Corcoran A. The immune response te parvovirus
BI19 exposure in previously seronegative and seropositive
individuals. ] Inf Dis 2008;194:154-8.

Thomas I, Di Giambattista M, Gerard C, et al. Prevalence of
ltuman erythrovirus B19 DNA in healiby Belgian blood
donors and correlation with specific antibodies against
structural and non-structural viral proteins. Vox Sang 2003;
84:300-7.

Candotti D, Etiz N, Parsyan A, Allain JP. Identification

and characterization of persistent human erythrovirus
infection in blood donor samples, | Virol 2004;78:12169-
78.

Hitzler WE, Runkel S. Prevalence of human parvovirus B19
in blood donors as determined by a haemagglutination
assay and verified by the polymerase chain reaction. Vox
Sang 2002;82:18-23.

Musiani M, Manaresi E, Gallinella G, Cricca M, Zethini M.
Recurrent erythema in patients with long-term parvovirus
B19 infection. Clin Infect Dis 2005;40:117-9,

Cassinotii P, Siegl G. Quantitative evidence for persistence
of humnan parvovirus B19 DNA in an immunocompetent
individual. Eur ] Clin Microbiol Infect Dis 2000;19:886-7.
LeFrere J], Servant-Delmas A, Candotd D, et al. Persistent
B19 infection in immunocompetent individuals: implica-
tions for transfusion safety. Blood 2005;106:2890-5.
Kleinman SH, Glynn SA, Higgins M, et al. The RADAR
repository: a resource for studies of infectious agents and
their transmissibility by transfusion. Transfusion
2005;45:1073-83.

Shyamala V, Madriaga D, Cotrell J, Pichuantes S, Chien D,
Phelps B. Development of a parvovirus B19 nucleic acid
quantitative confirmatory assay for use in blood donor
screening {abstract], Transfusion 2002;425:908.
Application of nucleic acid testing to blood bome pathe-
gens and emerging technologies. OBRR/CBER/FDA Work-
shop [menograph on the Internet}; Rockville (MD): U.S.
Food and Drug Administration, Center for Biologics
Evaluation and Research (CBER), Food and Drug
Administration; 2001. Available fram: http://www.fda. gow’
cber/minutes/nuclacd1205p2.pdf

Stramer SL, Dodd RY, Smith RI. Parvovirus B19 and HAV
screening of whole blood donations [abstract]. Transfusion
2001;413:288.

PeT

Koppelman MH, Cuypers HT, Emrich T, Zaaijer HL. Quan-

litative real-time detection of parvevirus B19 DNA in
plasma, Transfusion 2004;44:97-103,
Anderson MJ, Higgins PG, Davis LR, et al. Experimental

Volume 47, October 2007 TRANSFUSION 1763



KLEINMAN ET AL.

24.

parvovirus infection in humans. } Infect Dis 1985;187:
257-63. ’
Corcoran A, Doyle 8. Advances in the biology, diagnosis
and host-pathogen interactions of parvovirus B19, | Med
Microbiol 2004;53:459-75.

Norja P, Hokynar K, Aaltonen LM, et al, Bioportfolio: life-
long persistence of variant and prototypic erythrovirus '
DNA genomes in human tissue. Proc Natl Acad SciU S A
2006;103:7450-3.

/1764 TRANSFUSION Valume 47, October 2007

113

25.

26.

Zaaifer HL, Koppleman MH, Farrington CP. Parvovirus B19
viraemia io Dutch blood donors. Epidemiol Infect 2004;
132:1161-6.

Stramer SL, Glynn SA, Kleinman SH, et al. Detection of
HIV-1 and HCV infections among antibody negative blood
donors by nucleic acid amplification testing, N Eng) | Med
2004;351:760-8. O



AN?



@
o
[ " @5l

B[ e 2/ (1480 EKRGH
‘WY BEONSHERIISHYN
MR TR BRI N
@ 610 XAV oAl A a P2
BHOBy " AU LTS E
CERMTIEROLYE] 7oL
HECONSHCURNHKT BT
R CRIEEOT MBI Y Y
S @ OTM [E S L SRR KR
HoEHOo~SMYEE WH W
Y2 LRI
BOREH DLOUTRLEBD
HEOHE OO TR

GNP LI
s VNG 619 A0 - QAN S A G T 21 BB R
WAONG TSI E LW

AL W R P L
WRAESAN T VLA S N0 25
O UNLNE— £ LR 087
N TR A 22 YN WAL

=

M @YU RLMWEYT 26 A A CPVLNERD (¥ @ TEET - PHA) 2P T8 01 - O.094
wﬁwﬁmwﬁﬁxmm WE S SR OIRTEOMIGRSHTS LB 618 YA LGN ARRBS | LAC @ 618 YA L askAry/ A
TR OB OB SR { 1 WKOBS YEOET S
TReLE
BT s e | y QU R HhY
—06Y] eRnryoreq) | TWER LRI GYU] AL LPIVING AMBTI R S RBA T L 2NN HEE WA CGEWYRI 2CLRLO%
| WOAREEFLEE | T WAO W Q@GN ALK > URLMEO ] AL LDER NG “EIEFAVEL A61 &P 21 HO MRS RN
eﬁﬁf&m&@%@mﬂ@ CUNILNE—R & — LK QU EAEHHEN BRI HEREO
S e mm g e | XA LG 2R UNWMILHY T TEE T - THO) 0P T 0T - D.00) 2MCIMY R AGTE RO By | 2
B G LAl basatrrd T B *G RIIERY O P IWKEIC IR OAD CHA EURILR HAF “WRIOOoNES | 3 ¢
FORAIIEEY - pesvara . | PISCERWIER) AG1Y U RLFPE > SORMHMENEG VE YA S QUEQERIYA L LAy | @ o
[ %% G RGREREOHI S m
TTETRIABLIUMECA | PUMMELYY G0 CALRLARTALNHERRHOLN L LG ROFERINLT 2LCL220% | ¥
B e s | AXNHEIEZ T 2R YN AGTT AL WS RYEEL 2 1] L ACON £ L MY SE < | i
smamEo 6 gy by | ALON AL TG LAOLZEBHRE I LDLBGHTME IS LALHWM A EMFER X 0P 1A
NEY wmeamﬁaw.ﬁwm. 8 U R NI ABTY QN —LHWORY 2 ¢ L FW2F I ,@E@gwﬁﬁpgﬁemuﬂ:?%w@
: OHHEY A
EHEZEN0O> PAL UG SRR 0 WABWTIER S S MBI EENE G R O P YA L1 OE AG1T *S U
EMERETOTHE | QT LR HBESMAITE 0P WEH 3 WG RRE > SRR W616) 619 XA AN A
FElK \ - (BET) LW
. | swyrey
pL-50L1d (0T) LY ;Es;z.ﬁs:ﬁa TOISRISURIL | - me.mmm
EHEw : — | wem—
BT LR TERL HEVE—% B TR S8 SRIEE

ETHEE Tl TEI

T — 7 S Sy



911



NIHONSEIYAKU
2005-047

TRANSFUSTION COMPLICATIONS

Molecular mechanism underlying B19 virus inactivation and
comparison to other parvoviruses

Bernhard Mani, Marco Gerber, Patricia Lieby, Nicola Boscherti, Christoph Kempf, and Carlos Ros

BACKGROUND: B19 virus (B19V) is a human patho-
gen frequently present in blood specimens. Transmis-
sion of the virus occurs mainly via the respiratory route,
but # has also been shown to occur through the admin-
istration of contaminated plasma-derived prodtots.
Parvoviridae are highly resislant to physicochemical
freatments; however, B19V is more vulnerable than the

“rast of parvoviruses. The molecular mechanism govern-

ing the Inactivation of B15V and e reason for its
higher vulnerability remain unknown, '

STUDY DESIGN AND METHODS: After Inactivation of
B19V by wet heat and low pH, the integrity of the viral

capsid was ‘examined by mmunoprecipitation with two -

manocienal antihodies directed to the N-terminal of VP1
and to a conformational epitope in VP2. The accessibil-
ity of the viral DNA was quanﬁlah\re!y anatyzed by

a hybridization-extension assay and by nuclease
trealment.

RESULTS: The mtegrity of lhe vital parﬁcles was main-

" tained during the inactivation procedure; however, the

capsids became fotally depleled of viral DNA. The
DNA-depleted capsnds although nol infeclious, were
able 1o attach to targeét cells. Comparison studies with
other members of the Parvowndae family revealed &
remarkable inslab'ilty of 819\! DNA in its encapsidated
state.

CONCLUSION: inactivation of B 9V by heat or low pH
is not mediated by capsid dl;integrahm but by the con-
varsion of the infectious visions into DNA-depleted
capsids. The high instabliity of the viral DNA in its
encapsidated state is an exdlusive feature of B19V,
which explains its lower resm‘tanoa to Inachvatlon
treatments.

" 19 virus (B19V) is the only well documented
human pathogen of the Parvoviridae family.
The virus belongs to the genus Erythrovirus. In
most cases, the infection is either asymptom-
atic or acconipanied by mild nonspecific symptoms. The
most common syndrome caused by B19V is'an erythema-
tous rash illness named erythema infectiosum affecting
children. B19V is also the causative agent for transient
aplastic crisis, which may have severe effects on patients
suffering from sickle cell disease and other anemic -
nesses. Chronic infections accompanied by pure red cell
aplasia and anemia affect immunocompromised patients.
Furthermore, B19V may cause fetal death, autoimmune .
diseases, and arthropathies.!

B19V is a widespread pathogen. The serologic evi-
dence of a past Infection is 49 to 60 percent for young
adults and 80 to 100 percent for elder people.t? Owing to
its high prevalence, blood donations ate frequently con-
taminated with B19V, The measured incidence of con-
tamination depends oh the sensitivity of the detection
method and ranges from 0.003 percent (immunodiffir-

sion) to 1.2 percent (polymerase chain reaction [PCR]) of~ -

blood donations examined 37 Because plasma pools aré
constituted of hundreds of donations, B19V DNA is found
in the majority of plasma pouls as determined by FCR.*1? -
The contamination of plasma-derived products, such as
coagulation factors VII and IX, human serum albumin, °
infravenous immune globulin, intramuscularly injected

A

ABBREVIATIONS: B19V =B19 virus; MVM = minute virus of
mice; PBSA = phosphate-buffered saline containing 1 percent
bovine serum albumin; PLA, = phospbolipase A2.
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immune globulin, prothrombin complex concentrate and

antithrombin I has been reported 212 Thersfore, there

is a risk of transmitting B19V through the administration
* of plasma-derived products. In these studies however, the
contamination was demonstrated with the presence of
B19V DNA with PCR, which does not necessarily prove the
presence of infectious vires. Nevertheless, direct evidence
of B19V wansmission through the administration of
plasma-derived products has also been shown in several
casé studies!**® Morepver, patients that receive such
medication on a regular basis show a higher prevalence of
B19V-specific antibodies than control groups.” Alto-
gether, the contamination of plasma-derived products
indicates a potential risk 0f a B19V infecrion for the treated

patient with potentially severe consequences for pregnant’

women and anemic and immunocompromised patients.
Ta achieve maximal safety for plasma-derived clinical
products, pathogen safefy guidelines have been estab-
lished, as a result of which manufactirers must demon-

. strate the effective elimination of viral agents during the
manufacturing process of their products. Virus elisnina-
ton, is demonstrated either with the relevant pathogen
itself or with one or several closely related model viruses.
To-date, there is no convenient cell culture infectivity test
for BI9V. For this reason, animal parvoviruses such as
bovine parvovirus, canine parvovirus, porcine parvovirus,

- or minute virus of mice (MVM) are often used for valida-
tion studies regarding the inactivation of B19V, Parvovi-
ruses are among the most stable viruses and have been
shown to resist many commaon physicochemical inactiva-
tion procedures. B19V inactivation can be achieved with
dry ar wet heat,!*? as wall as with low or high pH, =B UVC
irradiation,?* or photochemical reactions.® Interestingly;
B19V has been found to be mare readily inactivated than
other parvoviruses. Whereas B19V is inactivated beyond
the detection limit after 10 minutes at 60°C or after 2 hours
at pH 4, canine parvovirus,? MVM,¥ and porcine parvovi-
rus'® can withstand 1 hour-at 66°C without cansiderable
inactivation. Similarly, the treatment of MVM at pH 4 for

_ Bhours onrly moderately reduces its infectivity®™ The
reason why B19V is more sensitive to inactivation than
other parvoviruses is not known. Although different inac-
tivation conditions for B19V have been described, the

- underlying nechanism of B19V inactivation has not yet - l
been elucidated, It is generafly assumed that the inactiva- -

tion occurs through -capsid disintegration because the
viral gename becomes accessible to DNases.!%* We lave
shown in a recent study, however, that after rmld heat

treatments, the DNA fiom BI19V and MVM cgm be ren-

dered accessible without capsid disintegration.”

In this study we have analyzed the B19V capsid rear-’

rangéments-occuiring during-the {nactivation process.
The results revealed a sequence of structural tansitions
preceding capsid disintegration. The critical transition,
which resulted in full virus inactivation, was the dissocia-

1766 TRANSFUSION Volume 47, October 2007

tion of the viral DNA from the still intact capsid. Compari-
son studies revealed that the DNA release from intact
capsids is a common feature among parvoviruses but
occurs much more prematurely in B19V, explaining its
lower resistance to inactivation procedures.

MATERIALS AND METHODS

Cells and viruses

Human UT7/EPO cells were propagated in RPMI 1640
supplemented with 5 percent fetal calf serum (FCS) and
2V per mL recombinant human erythropoietin (EPO;
Janssen-Cilag, Midrand, South -Afriea) at 37°C and
5 percent CO». UT7 cells were provided by A. Griner (CSL
Behring, Marbwrg, - Germany}. Two BI9V-containing
plasma samples (Genotype 1) were obtained from two
infected individeals (S-1 and.S-2) and did not contain
B19V-specific immunoglobulin M or immunoglobulin G
(1gG) antibodies. B19V was concentrated from infected
serum by ultracentrifugation through 20 percent sucrose.
The viral pellet was washed and resuspended in
phosphate-buffered- saline (PBS). All other parvoviruses.
were detived from cell culture supernatant, H-1 parvovi-
rus was provided by C. Dinsart (Gerrhan Cancer Resea:ch

- Center, Heidelberg, Germany). Porcine paxvovims was
* provided by'l‘. Novak (CSL Behnng. Marburg. Germany)

Exposure of viral particles to mactwatmn .

. conditions
" Viral suspensions in PBS were heat-treated in tlun»-wall

tubes for 3 or 10 minutes in a preheated thermoblocl:. A
probe was used ta mionitor the temperature of the suspen-.
sion. After the temperature treatment, the samples were
rapidly cooled on ice and immediately used for sub5e~
qguent reactions, For pH treatments, the viral suspensions
were acidified by adding MES-buffered saline unti! the
desired pH was achieved and incubated for 2 hours at
37°C. Afier the treatment, the pH of the viral suspension
was neutralized by dilation (1:100) into PBS or in PBS con-
taining 1 percent BSA (PBSA). Additionally, the heat sen~’
sitivity of B1SV in citrate buffer, which has been recently. .

" reported to corfer heat resistance to B19V® was exam-

ined. The viral suspension was diluted in citrate buffer
(0.5 mol/L trisadium citrate, 0.1 mol/L NaCl, pH7) or in
PRS and exposed to heat as specified above.

Infectivity assay
Titration of B19V was petformed by limited dilution in
quadiuplicate, UT7 cells were seeded on 96-well plates

" (3 % 10* per well) in RPMI, contaiting 2 U per mL recom-

birvant human EPO and 5 percent FCS. Virus was diluted
geometrically by the factor 10 in RPML. An equal volume of
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. globuting was added (1:50 dilution,

extended probe was purified witha PCR | H-1

Velencia, CA) and quantified by real-

diluted virus was added to each welland incubated ar37°C
in 5 percent CO.. After 4 days, the cell culture volume was
carefully removed and cells were fixed with a solution of
ice-cold methanclacetone (1:1, v/¢} for 1 hour at 20°C.
After fixation, the cells were air-dried, washed with PBSA,
and incubated with a mouse antibody against B19V (1:40
diluted in PBSA, clone R92F6 IgG,, Novocastra, Newcastle
upon Tyne, UK for 1 hour at room temperatuxe, The cells
were washed with PBSA, and as secondary antibody, a
conjugated F(ab), fragment of goat anti-mouse immune-
DakaCytomation,
Glostrup, Denmark) for 1 hour at room temperatute, After
final washings with PBSA, the cells were overlaid with

50 pL of glycerin:PBS solution (1:1) and examined under
fluorescence microscope. The infectivity titer was caleu-

lated with the Spaerman-Kirber method.®

Assessment of B19V capsid integrity

.After exposure to heat or low pH, the integrity of the viral

capsid was examined by immunoprecipitation with two
different antibodies. One. antibody is directed to a VP2

" conformational epitope {(monoclonal antibody [MoAbj
860-55D)), which exclusively recognizes capsids and not -

denatured proteins. Another antibody recognizes an
epitope in the N-terminal of VP1 (MoAb 1418).3 The
immunoprecipitation was performed overnight at 4°C in
the presence of 20 pl. of protein G PLUS-agarose (Santa
Cruz Biotechnology, Santa Cruz, CA) and 0.5 to 1 ug anti-
body in a total volume of 120 pL, PBSA. The supernatant
was carefully removed, and the beads were washed three

- times with PBSA. Immunoprecipitated viral capsids were
- resolved -by sodium dodecyl sulfate (SDS)-10 percent

polyacrylamide gel electrophoresis (PAGE). After the

Aransfer to a polyvinylidene flucride membrane, the blot

was probed with a mouse anti-B19 VPs (1:500, US Biologi-

‘cals, Swampscott, MA), followed by z horseradish

peroxidase—conjugated secondary antibody (1:20,000
dilution). The viral structural proteins were visualized
with a chemilurninescefice system (Pierce, Rockford, IL),

 Assessment of B19V DNA accessibility

Subsequent to the temperature or pH treatments, the
presence of exterpalized viral DNA was examined by a
hybridization-extension assay as previ- - .

MOLECULAR MECHANISM OF B19V INACTIVATION

time PCR. Alternatively, the presence of externalized viral
DNA was examined by the treatment of the viral suspen-
_sions with DNase I (10 U, Amersham Biosciences, Piscat-
away, NJ) overnight at room temperature in PRS
containing 6 mmel per L MgCl.. The viral DNA was puri-

. fied and quantified as specified below.

Quanhtatrve PCR

The viral DNA was quantified with & real-time PCR system
{LightCycler, Roche Diagnostics, Rotkreuz, Switzetland).
PCR was carried out with the FastStart DNA SYBR Green
kit {Roche Diagnostics) following the manufacturer's
instructions, For the detection and quantification of
probe-extended DNA generated from the hybridization-
extension reaction, a forward primer specific for the 5
virus-unrelated tail of the probe and a downstrearn virus-
specific reverse primer were used. All probes and primers
-used are shown in Tables 1 through 3.

Assessment of the viral DNA-capsid association

To verify whether the exposed viral DNA is still associated
1o the capsid or otherwise dissaciated, the B1SV capsids
were immunoprecipitated with MoAb 860-55D as indi-
cated above. The amount of viral capsid protein and viral
DNA present in the immunoprecipitated and supernatant
fractions was analyzed by SDS-PAGE and quantitative
PCR, respectively.

FACS analysis

The presence of BISV on the cell surface was quammh
tively analyzed by flow cytometry. UT7/EPO cells were
infected with either intact or heat-inactivated B1SV {100
copies/cell) under conditions allowing the binding but
not the internalization of the virus (4°C). The cells were
washed three times and incubated with an anti-B19V
capsid MoAb (5 pg/mL, 8293, Chemicon International,

| Temecula, CA} ‘at 4°C for 1hour in PBS containing
- 2 percent FCS, followed by an incubation with flucrescein

isothiocyanate (FITC)-conjugated rat ant-mouse IgG
(5 pg/ml, AB5-1, BD Biosciences, San Jase, CA) at £°C for
1 hour. The cells were analyzed by flow cytometry with 2
flow cytometer (FACScan, Becton Dickinson, San Jose,

ously described®® Briefly, a probe con-
sisting of a virus-specific 3-end and a -

TABLE 1. Probes used forthe hybrldizaﬂon-extension assay

viras-untelated 5-end was hybridized -

to the target viral DNA and subse-
quently extended with sequenase | gpy
(3.25, USB, Cleveland, OH). The CPv .'

purification kit {QlAquick, Qiagen, | ppy

§” virus-unrelated F virus-specific
Virus sequence sequenca
B9V - CGATCCEACTCACACCTEEACC . v v auw & - CCGCOTTATGCARATE
GGGCGAMSAACGGTGGATTAN . v v v v e s - & CEAGEACAGRTEGACC
GEGCEAAGARCOGTEEATTAR .« ¢ canaae GCGGTTTGTCTETTITA
CCACAGAGGTCCAAGCACGCA . - - ... - - AGCCGTTCAGAGAGTT
MVM GEGGATGLGEGEAGTETACGGEC . v v ay < n GATAAGCGGTTCAGGE
AGCCGCTTCATCGETCCATAG . « - v uin v GTTGCTTACTTCACTY
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assay

TABLE 2. Primers used for PCR after the hybrid‘zaﬂon-extenswn

. treannents did not cause capsid dlsas—
sembly (Fig. 14). The capsid integrity

was also examined with an antibody

Virus Forward primer Reverse primer . . . e
specific to N-VP1. A

819V CGATCCGACTCACACCTGRACC CCCEGGTAAGGTCAAGGTTAGAAGC agt on VP. As shown in Fig. 14,
BPV  GGGCGAAGAACGGTAGATTAA COCCCACATAGTTCATAGAAGCCT er heat inactivation of BISV, VP2
CPVY  GGGCGAAGAACGGTGGATTAA TCCATTGCTGTITGTGCTCCTGTA . could be immunoprecipitated with the
H1  CCACAGAGGTCCAAGCACGCA CCGCOCCTCGTTGTAGAGACTTC antibody directed to M- id dis-
MVM  GGGGATGCGGGGAGTGTACGEGC  CCAACCATCTGATCCAGTAAACAT . ¥ directe ;;)N':P L. C;?md dis
PPV AGGCGGTTCATGRATEGATAG CCGTTTTGTGAGGCTCTCGATT integration was only cbserved increas-

ing the incubation times at 60°C

TABLE 3. Primers used for B19Y genome
detection

Forward primer Reverse primer
TGEAGCAGCATGTGTTAAA  CACAGGTACTCCAGGCACAG

TABLE 4. Effect of temperature and low-pH ‘
treatnients on B19V {nfeckivity

S - §e
Slock , 275t &
pH 7.4% 485 535
pH 4 =248 =2.375 =2.48 22,87
arc . 4.1 51 :
50°C =248 =1.62 =2AB 22,62

* S and S-2 are senum samples of two Wiecied individuals,

1 Titers are given in fog TCIDs per ml.

t pH and lemperature treatments for 2 hours and 10 minutes,
respeclively. .

§ Reductlon oi fnlechvrty

. CA). Data acquisition and analysis were conducted with

software {CellQuest Pro, BD Biosciences). The percentage
of cells having B19V on their surface is indicated in the
upper right quadrant of each panel. '

RESULTS

" B19V inactivation by heat and low-pH trestments
Two different conditions, 60°C for 10 minutes and pH 4 for -

2 hours, were evaluated for their capacity to inactivate
B19V. After these treatmenits, an immunofiuorescence

infectivity assay was perforrned as described above. The,
- applied heat or low-pH treatmnents resulted in the reduc-

tion of the virus infectivity beyond the detéction limit

(Table 4). These results are consistent with previous data
on the inactivation of B19V/182i23

-

B13V inactivation by heat or low PH Is not caused

_ by capsid disintegration

Subsequent to the inactivation treatments by heatandlow
pH, the integrity of the viral capsid was examined. Viruses,

were immunoprecipitated with MoAb 860-55D against
a VP2 conformational epitope, which recognizes only
capsids® The results showed that the inactivating heat

lf!?BB TRANSFUSION Volume 47, Oclober 2007

{Fig. 1B} -or increasing the temperature
above GD°C (Fig. 1C). As expected, treatments at 85°C
resulted in the complete destruction of the viral capsids.

Similarly ta the temperature treatment, inactivation
of B19V by low-pH treatment was not caused by capsid
disintegration. As .shown in Fig 1D, viral capsids
remained assembled after exposure for 2 hours at pH 4.
Moreover, exposure to moye severe acidic conditions
{pH 3) did not cause capsid disintegration.

B19V inactivation by heat or low pH is due {o the
release of the viral DNA

After the heat and low-pH Inactwauon treatments, the

accessibility of the viral DMA was examined with a

hybridization-extension assay, as described above. The

results showed. that while the vival capsid remained.
assembled, the viral genome, however, became fully

accessible. The amount of accessible viral DNA . was

similar to that detected after complete disintegration of
the viral capsids at 85°C {Figs, 24, 2B).

To determine whether the DNA that had become
accessible by the inactivation treatments was still associ-
ated with thevirus capsid or otherwise dissociated, viruses
were mmunopredpxtated with the MoAb against capsids,
and the DNA content in the supernatant and immunopre-
cipitated fractions was determined with quantitative PCR. .

. As expected, in the untreated virus samples, all the viral
DLNAwasimmunoprecipitated and only a minor amount of
DNA was detectable in the supernatant, Exposure of -
viruses to the temperature of 60°C or higher, however, '
resulted in total release of the viral DNA from the capsids
(Fig. 2C}. The same results were obtained after inactivation
at pH 4 for 2 hours (Fig. 2D}, indicating that the inactiva-
tion mechanism of B19V by heat orlow-pH treatments was -

" similarly caused by the conversion of the infectious DNA-

containing virions into noninfectious empty capsids,

B19V DNA is not externalized and the infectivity is
preserved when using cifrate as thermostabilizer

It has been recently reported that in the presence of .
citrate, B19V becomnes resistant to inactivation by pasteusi-
zation. Citrate is used as a protein stabilizer in the
preparation of some plasma-derived products?® The
mechanism by which the presence of citrate considerably
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Fig. 1. Effect of inactivation by heat or fow pH on BISV capsid.integrity. After the
exposure of B19V to different conditions, the intact capsids were immunoprecipi-
tated and analyzed by Western blot, The immunoprecipitation was performed with
an antibody dizected to a VP2 conformational epitope (MoAb 850-55D), except for -
the right section in A, where an antibody recognizing an epitope in the N-terminal of
VP1 (MoAb 1418) was used." The immunoprecipitations were performed after expo-
sure to {4} 60°C for 10 minutes, (B} increasing incubation times at 60°C, (C) increas-
Ing incubation temperatures, and (D} after exposure to low pH,
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increases the heat resistance of B19V
remains unknown. We have examined
and compared the beat sensitivity of
B19V in PBS and in a buffer containing
citrate, as specified under Materials and
Methods. The results confirmed that
although the virus was fully inactivated
in PBS, the presence of citrate conferred
heat resistance and the virus could
not be inactivated (data not shown). As
expected, the viral DNA became fully
accessible after the heat treatment of
B19V in PBS but was not externalized in
the presence of citrate (Fig. 3).

The inactivaied DNA-depleted
capsids preserve their capacity to-
bind cells

The capacity ‘'of the heat-inactvated
BI9V particles to bind the target cells
was tested, The same amount of inacti-
vated and infectious B19V was added to
UT7 cells under conditions that allowed
only virdl binding and not internaliza-
tion (4°C). Subsequently, flow cytometry
analysis was performed with a B19V
capsid proteins antibedy as described
above. The results revealed that the
heat-inactivated and the infectious
B19V bound to UT7 cells with a similar
efficiency (Fig. 4).

B19V shows a unique DNA
externalization pattern among
parvoviruses

B19V is more readily inactivated than
other parvoviruses. To understand the
reason for this difference, the external-
ization of the B19V DNA was compared
to that of other parvovimuses. B19V,
bovine parvovirus, canine parvovirus,
H1, MVM, and porcine parvovirus were
exposed to increasing temperatures for
3 mimuites, and the amount of accessible
DNA was determined with the
hybridization-extension assay. The rate
-of extermalization was remarkably
similar among all the examined viruses
except for B19V (Fig.5). At 50°C,
approximately 40 percent of the BigV
~virions externalized their DNA, whereas
barely any externalized DNA could be
detected in the case of the other par-

Volume 47, October 2007 TRANSFUSION 1769
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voviruses. Although 60°C treatment leads to the external-
ization of nearly all the B19V genm_ne_,s,' the externalization
in the rest of the tested viruses was at approximately
20 percent and in the range of 40 to 80 percent at 70°C.
These results imply that the reason for the faster inactiva-
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Fig, 2, Effect of inactivation by heat or low pH on B13V DNA
accessibility and release. (4, B} Effect of inactivation on B19V
DNA accessibility. The externalized DNA {%) refers to the
amoumt detected at 85°C. {C, D) Effect of inactivation on B19V
DNA release (dissociation from the capsid). Viral DNA (%) in
refation to the input is shown.
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Fig. 3. Sensitivity of B19V DNA to DNase I after heat treatment
II}PBS orin citrate buffec.

tiont of B19V is due to the hxgher mstabihty ofi 1ts DNAin
the encapsxdated state.

-

' ' DISCUSSION - -
To date, the lack of an appropriate cell culture to propa-

_gate B19V has complicated the experimental work with
-this vitus. In contrast, optimal cell systems are available

for many animal parvoviruses. For this reason, they are
commonly used in validation studies as models for B19V,
For an unknown reason, however, B19V hasbeen shown to
be more easily inactivated than the ather members of the
Parvoviridae family?2® Therefore, the animal parvovi-

ruses do not mimic the effect of inactivation procedures
on B19V3? Although different inactivation conditions for
B19V have been described, the underlymg mechanism of

* the inactivation and the Teason for its ‘higher vulner-

ability to physicochemical conditions have nqt yet been
elucidated,
In thiis study we have exammed the structural capsid

' rearrangements occurring during the i inactivation of B19V,

For this purpose, we have applied wwo different proce-
dures previously shown to efficiently inactivate B1gV18a2
One is'the exposure of the virus to heat (60°C for 10 min)
and the other is the exposure to acidic conditions (pH 4
for2 ). Our results demonstrated that the first steuctural
transition determining B19V inactivation is not the disin-
tegration of the capsid, which remained intact (Fig. 1), but
the loss of the viral DNA (Fig. 2). Interestingly, the heat
sensitivity of B19V largely depends on the composition of
the buffer. In a recent report, it was shown that a solution -

_containing citrate conferred heat resistance to B19V?
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Fig. 5. DNA externalization pattern of different parvoviruses

in response to increasing temperatures for 3 minutes. The

" amount of externalized DNA was guantified with the

" hybridization-extension assay. Values of DNA (%} refer to the
total amount detected after 85°C treatment, which was in the
range of 10° to 10° molecules per micraliter for all viruses. (W)
BL9V; (@) bovine parvovirus; (#) canine parvovirus; (&) H1

" parvovirus; 09 MVM; (K) porcine parvovirus,

In our studies, we have confirmed this observation and
found that in the presence of citrate, the viral DNA
, remains encapsidated (Fig. 3).

The release of the viral DNA in response to heat treat-
ment was also detected in other parvoviruses (Fig. 5).
* Quantitative studies revealed that the kinetics of DNA
externalization were surprisingly similar in all tested
viruses with the exception of B9V, where it occurred pre-
maturely (Fig. 5). The remarkable instability of the viral
DNA in its encapsidated conformation explains the lower

resistance of BISV to inactivation treatments. o
The mechanism by which the intracellular environ-

* ment destabilizes the parvovirus particles resulting in the
release of the viral DNA is not fully understood. Growing

evidence, however, indicates that parvovirus uncoating is
performed without the need to disassemble the highly
rigid capsid 2% A serjes of capsid transitions triggered

_ by the low endosomal pH seems to play 2 critical role by

rendexing the capsid flexible enough to allow the release
of the viral DN¥A.* Among these transitions is the exposure
of N-VPL. Increasing experimental evidence suggests that
the conformational change leading to N-VP1 externaliza-
tion leads also to DNA externalization.® Sustaining this
noticn is the ebservation that under mild acidification

(pH 5), B19V externalizes N-VP1 sequences, and the viral

DiNA becomes accessible although mostly associated with
the capsid.®® In contrast, low pH treatment of MVM
externalizes neither the N-VP1® nor the viral DNA.2
Figure 6 represents schematically the progressive capsid
rearrangement steps occiuring during the inactivation of
B19V.

As a result of the inactivation conditions applied in
the present study, two major viral components were gen-
erated, ernpty capsids and free viml DNA, which might
still have certain biclogic activity. It has been recently
shown that free penomic Kilham rat virus DNA induces
innate fmmune activation and auvtoimmune diabetes
through the TLR9 pathway;¥ however, whether B19V DNA
or capsid proteins stimulate the innate immune system is
not nown. It-hds been increasingly acknowledged that-
pathogenic manifestations of B19V can also be elicited by
the virus capsid proteins alone without infection. For
instance, it has been shown that VP2 proteins are able to
block hematopoiesis in vitro and in vivo.* The phospho-
lipase A2 (PLA,) activity of B19V is thought to contribute to
inflammatory and anteimmune manifestations®™* and is
suspected to be résponsible for the arthropathies caused
by B19V aswell.*! Althaugh internal in native capsids, the
VP1-PLA; motif becomes accessible upon exposure to

* Volume 47, Ogtober 2007 TRANSFUSION 1771
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during inactivation

A

) rmcapsid  am- NP1
(O empty capsia Z’l DHA

Fig. 6. Schematic representation of the B19V cap'sid_ structural

transitions during inactivation. The first structural rearrange- -

ments observed after mild heat or low-pH treatments of B19V
is the externalization of N-VPX sequences, including the
PLA; motif and the accessibility of the viral DNA” At higher
temperatures or more acidic cond.ltions, theviral DNAis
dissociated from the upﬁd F‘mally, the viral parﬁcle s . .
d:sintegrated. .

_heat or low pH * Therefore, although not infectious, the

inactivated capsids are enzymatically active. The bmdmg
of the PLA,-active capsids to cells (Fig. 4), whethier specnﬁc
or not, mighe still have certain biologic effect_ Itseems very

1772 TRANSFUSION Volume 47, October 2007

unlikely, however, that such effects could be elicited
through the administzation of plasma-derived products -
containing inactivated Bi9V intact capsids. First, there
may not be any intact capsids present in plasma-derived
producis due to the application of procedures of virus
removal and/or inactivation, which are by far stronger
than the.ones applied in the present studies. Second, to
elicit biclogic activities other than virus replication, alarge
amount of B19V capsids or genomic viral DNA would be

" required. Synoviocyte migration for instance has been
" shown only to aceur at a concentration of 10 virions per

mL.* Also, Norbeck and colleagues® use 10* protein mol-
ecules per mL in an assay that showed the inhibition of
hematopoiesis by VP2, Such high concentrations are
slmply not passible in plasrea-dérived products.

In summary, the molecular mechanism wnderlying
the inactivation of B19V has been elucidated. The first
structural transition determining B19V inactivation is not
the disintegration of the capsid but the release of the viral
DNA. Comparison studies revealed that although the DNA
release from intact capsids seems to be a common feature
within the Parvoviridae family, it occurs much more
promptly and to a higher extent in B19V, explaining its
lower resistance to inactivation treaiments.
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Background and Objectives Parvoviruses are small non-enveloped DNA viruses,
relatively resistant to. virus inactivation procedures, The recently identified human
parvovires PARV4, including a related genotype 2 virus (also termed PARVS), has
been found to be a contaminant of pooled plasma used in the manufacture of plasma-
derived products, This report describes an investigation to determine whether PARV4
s present in clotting factor concentrates,

Materials and Methods Factor VIII concentrates manufactured in the past 30-
35 years were screened for PARV4 and human parvovirus B19 (B19V) sequences,
Viral loads in products testing positive for PARV4 were quantified using a consensus
TagMan assay designed to a highly conserved region. DNA sequence analysis was
performed to confirm the genotypes present.

Results From a total of 175 lots of factor VIII concentrate, 28 of these contamed
PARV4 sequences, and in two lots both genotypes 1 and 2 were found to be present.
The highest viral loads observed exceéded 10° copies per ml. The majority of factor

VII concentrates - testing. positive for PARV4 were manufactured in the 1970s and |

1980s. Human B19V was also a frequent contaminant of these products,
Conclusions PARV4 was detected in 16% of factor VI concentrates, particularly in

-older batches from the 1970s and 1980s. The significance in terms of the viral safety

and potential transmission to recipients of these products is nat yet known.
Key wards: factor VIII, 'genotype, PARV4, PARVS, parvovirus, virus contamination.

Introduction

infectiosum, aplastic crisis, arthropathy and hydrops fetalis
f2]. B19V is normally transmitted via the respiratory route;

PARV4 was originally identified in plasma from a patient with
symptoms of acute virus infection following high-risk behaviour
for human immunodeficiency virus 1 (HIV-1) transmission,
_but subsequently confirmed to be HIV-1 negative {1). This
patient was an intravenous drug user, infected with hepatitis
B virus (HBV), with a range of symptbms including fatigue,
vomiting and diarthoes, sore throat, neck stiffness and Jjoint
pains. Phylogenetic analysis showed that PARV4 did not closely
resemble other known human or animal parvovinuses [1].
Parvovirus B19 (B 19V) is the prototype human parvovirus,
infecting erythroid progenitor cells leading to erythema

Correspondence: . A. Baylis, Division of Virology, Nationat nstitute for
Biological Standards and Control, Blanche Lane, South Mimms, Potters Bar,
Hertfordshire ENG 30G, UK

E-mail: shaylis@nibsc.ac.uk

however, transmission also occurs through the administration
of contaminated blood products and solvent/detergent-treated
plasma and can result in clinically apparent infection [3-6].
Since 2004, European regulations have required that manu-
facturers of certain plasma derivatives, including anti-D
immunoglobulin and plasma pooled and treated for virus
inactivation, screen pooled plasma for B19V by nucleic acid
amplification technigues {NAT), and this has led to a reduction
in the levels of B19V present in manufacturing start pools [7].
NAT screening for B19V has now been widely implemented
by manufacturers.

We have recently demonstrated the presence of PARV4
and a related variant virus (termed PARVS), in pooled plasma
used in the manufacture of plasma-derived medicinal products
[8]: These viruses are frequently detected in 4-5% of these
pools with viral loads of up to 10° copies per ml of plasma.
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In the case of blood donors, PARV4 and PARVS have heen
found in approximately 2% of individuals and at a higher
frequency in febrile patients [9). Sequence analysis shows
that PARV4 and PARVS share ~920% nucleotide identity over
a 4860-bp region [10), similar to the level observed between
B19V genotypes 1-3 [11), to which PARV4 shares ~45% nucle-
otide identity. At the amino acid level, PARV4 and PARVsS
sequences are more conserved, and this is especially the case
for the second open reading frame (ORF2), encoding the viral
capsid-like protein, such that PARV4 and PARVS are likely
to represent a single serotype [10). This sequence analysis has
led to the proposal that PARV4 and PARVS should be referred
to by a singlé virus name, PARV4, comprising genotypes 1
and 2 (previously PARVS). In this study, we have investigated
the presence of PARV4 genotypes 1 and 2 in clotting factor
VII concenfrates, manufactured over the past 30-35 years.
We have also examined these products for the presence
of B19V.,

Materials and methods

Factor VIII concentrates

Coagulation factor VIII concentrate products received at the
National Institute for Biological Standards and Control (NIBSC)
wete stored at 4 to -20 °Cuntil analysis. A total of 175 lots of
12 factor VIII concentrate products, from 10 manufacturers
{named A-J), were investigated. Products were manufactured
over a 30- to 35-year period, with expiry dates ranging
between 1974 and 2005, Factor VIH product details are further
described in Table 1.

Table 1 Detection of PARV4 and B19Y in factor Vill concentrates

Nucleic acid extraction

Factor VI concentrates were reconstiuted in sterile distilled
water according to the manufacturer's instructions. Total
nucleic acid was extracted from 1 ml of reconstituted
concentrate using the MagNA Pure LC instrument (Roche
Applied Science, Mannheim, Germany) and was eluted in
5@ pl as previously described [7].

Screening for PARV4 in factor VI concentrates

Factor VI concentrates were initially screened for the
presence of PARV4 genotype | and 2 sequences using a
gel-based polymerase chain reaction (PCR), using primers
specific to ORF2 of PARV4 [9]. We have previously confimed
the specificity and sensitivity of these primers ta be ane to 10
copies of PARV4 sequences. The presence of PARV4 in factor
VIII concentrates was confirmed by DNA sequence analysis
of amplification products. Amplicons were purified using
the QIAEX Gel Extraction kit (Qiagen, Hilden, Germany]).
Sequencing was performed using the BigDye Terminator v1-1
Cycle Sequencing Kit (Applied Biosystems, Wairington, UK),
using the T7 promoter primer and the pUC/M13 reverse primer.
Fallowing removal of dye terminators, using the DyeEx 20
Spin Kit (Qiagen), sequencing reactions were run on an ABI
3130XL Genetic Analyser (Applied Biosystems).

Quantification of PARV4 in factor VIII concentrates

Following the initial screening of factor VIII concentrates for
PARV4, viral loads in samples testing positive for these

Product/ Number of

Number of
positive lots by PCR

manufacturer Expiry date lotstested  Purification process Virus inactivation PARV4  B1gV

1A 1974-1978 37 Precipitation Nene 3 23

218 1976-1977 2 Precipitation None 1 2

3jc 1976-1978 & Precipitation None 3 5

4D 1977-1978 2 Precipitation None 1 2

5/E 1977-1980 55 Precipitation ., None 14 9

§iC 1985 1 Precipitation Dry heat (68 °C, 72 h) 1 1

4F .o 1985 Precipitation and adsorption Wet heat {heptane) (60 °C, 20 h} 1 1

7fE 1985-1987 8 Precipitation and adsorption Dry heat (68 °C, 72 h} 0 5

B/A 1986 4 Precipitation fplus further purification)  Steam treatment (60 °C, 10 b 3 4

9fEGH 1997-2004 1§ Monoclonal antibody Pasteurization (50 °C, 10h) 4 2

o 1998-2002 13 Monoclonal antibady Solvent{detergent 0 7

i " 1998-2003 13 Precipitation Dry heat (80 °C, 72 1) 1 7

1211 2001-2005° 18 Affinity chromatography Solventfdetergent, dry heat (80°C, 720) 0 . . 2_“‘: .

- Total number of positive latsfnumber /175 = 700175~

of lots fested K
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viruses were determined using a real-time PCR assay designed
to a highly conserved region of PARV4 as previously described
[9,10]. The primers used in this assay are directed towards a
region of ORF2 of PARV4 that is highly conserved between
the two genotypes. A standard curve was generated from
plasmid DNA containing the 103-bp ORF2 PCR product.

Detection of B19V DNA in factor VIII concentrates

Coagulation factor concentrates were additionally tested for the
levels of B19V DNA using an in—hou_se PCR assay as previously
described [7]. This assay detects B19V genotypes 1-3.

DNA. sequence analysis of a variable region of
ORF1 of PARV4

Using a multiple sequence alignment of near full-length PARV4
genomes (GenBank accession no. DO873386-51) [10}, primers
were designed to a variable region of the PARV4 genome.
Primers PARV35F (5" TTCCTACTGGATTTCTCTCCAACC 3)
and PARVS96R (5" GGTAAGGCAATAGCACCITGAGG 37
were used to amplify a 562-bp region of ORF1 of PARV4
(corresponding to nucleotides 317-878 of PARV4 genotype
1, GenBank accession no. AY622243, and nucleotides 151-712
of PARV4 genotype 2, GenBank accession no. DQB73390),
from extracted factor VIII samples. Amplification reactions
were performed using the proof-reading enzyme Phusion™

Hot Start DNA Polymerase (Finnzymes Y, Espoo, Finland}

as described previously [8]. For thermal cyclitig, aT3 thermal
cycler [Biometra, Géttingen, Germany} was used with the
following cycling conditions: 98 °C for 3¢ seconds, followed by
45 cycles of 98 °C for 10 seconds, 59 °C for 30 seconds and
72 °C for 20 seconds. Amplicons were analysed by agarose

gel electrophoresis and compared with known size markers.

Amplification products were purified as before, and cloned
into the pT7 Blue vector according to the manufacturer's
instructions (Novagen, Darmstadt, Germany), Sequencing

was performed as previously described and was analysed -

using the GCG software package, version 10-2 (University of

Wisconsin, Madison, WI, TSA). Sequences were aligned -

using Clustal W [12], and a neighbour-joining tree {nucleotide
distance with Jukes—Cantor correction, pairwise gap deletion)
with bootstrap resampling (100 replicates), was constructed
using MEGA3 software {13].

Results
Contamination of factor VIII concentrates with
human parvoviruses

A total of 175 lots of 12 factor VIII concentrate products,
from 10 manufacturers, were examined for the presence of
PARV4 and B19V DNA by PCR. The expiry dates on these lots

® 2007 The Author(s)
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Fig. T Prevalence of parvoviruses PARV4 and B18V in factor Viil
concentrates manufactured over the past 30-35 years. The number
of lots testing positive for PARV4 ([1), 819V (E227), both PARV4 and
B19V (i223), and those testing negative for these viruses [}
are shown,

ranged from 1974 to 2005. As shown in Table 1, 169% (28/
175) of lots tested positive for PARV4, while 400% {70/175] of

* lots tested positive for B19V DNA. The majority of factor VIII

products testing positive for PARV4 DNA had an expiry date |
of pre-1990 [23% (27/115) of lots expiring 1974-1989 tested
positive for PARVY, while only 2% (1/60) of lots expiring
1990-2005 tested pesitive for PARV4 DNA] (Fig. 1). In
contrast, there was no significant difference in the prevalence

" of B19V in factor VI products expiring pre- and post-1990

[45% (52{115) of lots expiring 19741989 tested positive for
B19V, while 30% {18/60) of lots expiring 1990-2005 tested
positive for B19V DNA] (Fig. 1).

PARV4 ORF2 PCR products amplified by the gel-based
assay were sequenced, and the majority determined to be of
PARV4 genotype 2 (Table 2). In twa factor VIII products both
PARV4. genotype 1 and 2 sequences were amplified and
sequenced. Viral loads of PARV4 in factor VIII products were
determined by a consensus sequence real-time PCR assay [9],
designed to detect a highly conserved region of ORF2 of
PARV4. Viral loads ranged from < 100 to more than 3 x 10°
copies per ml of product {Table 2), with the majority of
contaminiated lots containing 4-5 log,, PARV4 copies per m!
of product (Fig. 2). The levels of B19V were as high as
2-5 x 10° [Ufml of product (Fable 2). ' o

Manufacturing plasma poals relating to these factor VIII
products were only availabile for the most recent factor VI

* products. Factor VII product number 28 (Table 2) had an

expiry date of 2003, and was manufactured from two plasma -
pools 284 and 28B. Plasma pool 28A tested positive for PARV4
genotype 1 DNA by PCR with 2 viral load of 3-3 X 10° copies
per ml of plasma, while pool 28B tested negative for both
PARV4 genotypes. S

" Joumal compilation © 2007 Blackwell Publishing Ltd., Vox .S‘angiainis {20]37} 93. 341 —347
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Table 2 Levels of PARV4 and 819V in factor VIl concentrates testing positive for PARVS DNA

818V viral load

Product/ PARVA PARV4 vira! load
Factor VIit manufacturer Expiry date genotype® (log,, genome copies per mil praduct) {log,, WU/ml producd)
1 1/A 1976 2 < 200° 840
2 1977 1 183 571
3 1977 182" 171 764
4 2{8 1977 2 3t : 2.59
3 3fc . 1978 2 182 491
6 1977 2 328 . i 533
7 1978 1 186 : 275
8 4{D 1977 2 248 222
9 sfE 1977 2 175 -
10 1977 2 410 2-39
n 1977 2 482 505
12 1978 2 415 -
13 . 1978 2 436 -
14 1979 2 266 ’ -
15 . © 1980 1 431 644
16 1980 182 301 -
17 1980 2 439 _
18 1980 2 549 -
19 : 1980 2 503 -
20 1980 2 237 -
21 1980 2 430 -
22 1980 2 200 -
23 afF 1985 1 <2:00° 457
24 siC " 1985 1 132 579
25 . Bl 1986 1 408 7415
2 . 1986 2 381 585
o 1986 2 453 436
n il - 2003 1 232 -

*Determined by sequencing of ORF2 ampiification products.

0RF2 amplification products were determined to be PARV4 genotype 1 sequences, while the ampiified variable ORFT region was determined to be PARV4

genotype 2.

Factor VI {ot tested positive for PARVA DNA by qualitative PCR but the vural load was below the level of guantification by real-time PCR, and was therefore

given an arbitrary viral load of < 2 log,, genome copies per mf product.
-, product tested negative for B19V DNA,

Analysis"of PARV4 sequencés

Previous analysis of PARV4 sequences showed that ORF1
was slightly less conserved than ORF2 [10]. We therefore
amplified and sequenced a 562-bp variable region at the 5
end of ORF1 from 26/28 factor VII concentrates testing
positive for PARV4 sequences. It had not been possible to
amplify the 562-bp variable ORF1 region of PARV4 from factor
VIII products 7 and 9. (Table 2}. Both PARV4 genotype I and
- 2 sequences were amplified from factor VII product number
16 {Table 2). Phylogenetic analysis of these PARV4 sequences
shows that they fall into two distinct geneétic clusters, repre-
senting genotypes 1 and 2 (Pig. 3). Across the two genotypes,
PARV4 nucleotide sequences amplified from factor VII
products differ from each other by greater than 11% over the

Journal compilation © Q@ PBlackwell Publishing Lid., Var, Saf

region sequenced. Within each genotype, all PARV4 sequences
amplified from factor VI concentrates were greater than
99% homologous {at the nucleotide level, over the 515-bp
region sequenced), despite products being manufactured over
a 30: to 35-year period. In fact, several PARV4 genolype 1

and 2 sequences amplified from factor VIII products

manufactured as eariy as the mid-1970s were 100% identical
at the nucleotide level, over the 515-bp region sequenced, to
the recently identified respective strains BR10749 {genotype

1) and BR10627 (genotype 2) [10].

Discussion

)

o
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Percentage of contaminated factor VI (ot
&
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na 1 2 3 4 s
Viral joad (log,, genome eopies/ml)

Fig. 2 Viral DNA loads of PARV4 {log,, genome copies per mi) in

“contaminated factor Vil concentrates. nqg, not quantifiable.

virus {previously termed PARVS) in manufacturing plasma
pools, with these viruses detected in approximately 5% of
pools [8,9]. In this present study, we have detected PARV4
viruses in preducts derived from such plasma pools, specifi-
cally in coagulation factor VIII products, manufactured over
. the past 30-35 years, Information regarding the source of
plasma used in the manufacture of products examined in this
study was difficult to obtain as it is not provided with the
products. These details could only be obtained for the most
recent factor VI product testing positive for PARV4 DNA.
This factor VI concentrate had an expiry date of October
2003, and was manufactured from two plasma pools in
September 2000. Donations relating to these plasma pools
were collected in or after July 1998 from paid donors from
the USA. This suggests that viruses detected in these factor
VI products may date from up to-5 years prior to the expiry
date on the. product. Details from other manufacturers of
recent factor VI concentrates (testing negative for PARV4}
also indicate that donations relating fo these products were
sourced up to 5 years prior to the expiry date.-

The prevalence of PARV4 in factor VII concentrates was
found to be greater in products expiring pre-1990 than in
those with an expiry date of post-1990. This difference in the
prevalence of PARV4 in factor VIII products over time may
reflect the introduction of blood safety measures from the
mid-1980s in response to the HIV epidemic, in particular, the
introduction of screening tests for HIV and hepatitis C virus
{HCV) (in 1986 and 1991, respectively), and virus inactiva-
tion of manufacturing plasma pools (intraduced in the mid-
1980s). The screening of blood donations for HIV and HCV
identified ‘high-risk’ donor groups, such as homosexual
males and individuals with a history of intravenous drug use
{IVDU}, and these groups were subsequently excluded from
donating blood [14]. Factor VI products tested in this study

© 2007 The Authoris)

factor VI 20 (1980)
Factor VIl 5 (1978)
Factor VIll 27 (1986)
BR10627-5 {2005)
Factor VUL 1 (1976)
Factor VIl 4 {1977)
Factor VIl 17 (1980}
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Factor VIil 8 (1977)
15} Factor Vill 6 (1977)
Factor ViIl 21 (1980)
Factor Vi 18 (1980)
Factor VIil 26 {1986}
7| Factor viil 14 (1979)
2| Factor VIll 12 (1978) -
Factor Vil 13 (1878)
"} c25-5 (1990-3)
of Factor Vill 10 (1677)
Factor VIil 16b {1980)

[-Facgor Vil 11 {1977)
Factor VIl 3 (1977)
9| Factor Vill 22 (1980)
gg A23-4 (1691-2)
BR11955-4 (2005)
C51-4 (1990-3)
Factor Vill 26 (1986)
Factor Vill 23 {1985)
Factar VI 24 (1985)
58| Factor Vit 2 {(1977)
Factor Vill 26 (2003)
46| BR10749-4 (2005)
Factor Vill 15 (1980)
Factor VIH 16a (1980)
PARV4 original (2004)
PPV-2
B19V-Au
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Fig. 3 Phylogenetic analysis of asl 5-bp region of ORF1 of PARV4 amplified
from factor VIll copcentrates. Sequences are named according to factor VI

- number and expiry of ot (Table 2), The alignment includés ather recently

sequenced strains of PARVA genotype 1; PARYV4 original (GenBank aceession
no. AY622943), BR10749-4 {GenBank accession no. DOB?BSSS] BR11955-4

" [GenBank accession no. DOB73388), A23-4 (GenBank accession no. DOB73389)

and C51-4 [GenBank accession no. G873387); and PARV4 genotype 2,
BR10627-5 (GenBank accession no. DOB73380} and (25-5 (GenBank accession
no. DG873391). The PARV4 ariginal strain was spurced from the index case
patient in 2004 [1], Strains BR10749-4 and BR10627-5 were identified in our
preliminary study of plasma pools [8], while the ather strains were identified
in further sereening studies of manufacturing plasma pools [9) Strains
BR10748-4, BR11955-4 and BR1G527-5 were from plasma samples recelved
at NIBSC between 2004 and 2005, while A23-4, C51-4 and C25-5 were
received at NIBSC 1880-1983. The alignment also includes the corresponding
niucleotide sequences of porcine parvovirus 2 (PPV-2) {GenBank accession
no. ABO76669) and BT9V-Au genotype 1 virus [GenBank accession o,
M13178) as outgroups. Genetic distance and bootstrap values are indicated.
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with an expiry date of past-1990 are likely to originate from
plasma sourced from screened ‘low-risk’ blood donors.
Therefore, the reduced prevalence of PARV4 in more recently
* manufactured factor VIII products may be a result of the
removal of specific ‘high-tisk’ donor popuwlations.

Virus inactivation using a variety of heat treatments was
introduced into the manufacturing process of existing
coagulation factor products in the mid-1980s, béfore the
implementation of HIV and HCV screening. The effective-
ness of these treatments, for HCV parficularly, varied greatly,
depending on the duration and temperature of heating and
whether the product is in liquid form or lyophilized (15,18].
Other virus inactivation procedures include solvent/detergent
treatment, which is effective against enveloped viruses [17,18].
Animal parvoviruses, such as canine, bovine and porcine
parvoviruses, and minute virus of mice, were used to inves-
tigate the effectiveness of virus inactivation of plasma prior
to the development of cell culture-based assays for B19V. By
virtue of their small size and absence of viral envelope,
arimal parvoviruses ave relatively resistant to inactivation
by a range of heat and chemgical agents [19]. Based on studies
using these model parvoviruses, B19V was also expected to
be resistant to these virus inactivation strategies and uniikely
to be effectively eliminated by dry heat and pasteurization
{5]. However, recent studies using B19V cultures suggest that
it is more susceptible to heat and low pH treatments than
other animal parveviruses [20-23). Results here show that
there was not a significant reduction in the prevatence of
B19V DNA in factor VIl products manufactured after the
introduction of virus inactivation procedures (B19V DNA
was detected in 41% of products manufactured without virus
inactivation measures vs. 39% of products manufactured
using virus inactivation steps). However, it must be noted
that virus inactivation procedures such as heat and low pH
treatments do not physically remove viral DNA, which may
still be detectable by NAT. The effect of virus inactivation
procedures on PARV4 temains to be determined; however,
the reduced prevalence of PARV4 in factor VII products
manufactured with virus inactivation (8% in virus inactivated
products vs. 22% in products manufactured without virus
inactivation) may suggest that these viruses are susceptible
to virus inactivation treatents. The increased prevalence of
PARV4 in factor VI concentrates expiring in the late $1970s
and mid~1980s may also result from epidemics of infection as
.has been observed for B19V [2]. Qur investigation of recent and
archived manufacruring plasma pools for PARV4 identified
an increased prevalence of these viruses in plasma pools
received from one manufacturer between 1991 and 1992, which
may be the result of seasonal and/for epidemic variation [9].

PARV4 viral loads in these factor VI concentrates were as
high as 5 log,, per m! of product, while the levels of B19V
were as high as 8 log,, per m! of product. The higher levels
of contaminating PARV4 and B19V viruses were confined to

the older factor VIIl concentrates (expiring pre-1990).
Considering that downstream purification and processing of
manufacturing plasma pools will alter the viral loads present
in subsequent plasma-derived products, viral loads in these
factor VI concentrates correlate well, albeit being approxi-
mately 1 log,, lower, with the levels of PARV4 and B9V
detected in recent and archived plasma pools [8,5]. In these
manufacturing plasma pools, the viral loads of these viruses

typically range up to 6 log,, per ml of plasma for PARVA4, and

up to 9 log,, per ml of plasma for B15V.

In manufacturing plasma pool samples previously examined
for the presence of PARV4, we found that genotypes 1 and
2 were detected in approximately equal proportions [8,9).
These samples were received at NIBSC for plasma pool testing
between 2005 and 2006, but also included archived samples
received between 1990 and 1993. In this present study, we
detected a greater prevalence of PARV4 genotype 2 over
genotype 1 in factor VI concentrates manufactured in the
past 30-35 years {21 products testing positive for PARV4
genotype 2 sequences vs. nine products testing positive
for PARV4 genotype 1 sequences), As the majority of these
PARV4-positive factor VIII products had expiry dates of
pre-1990 and were likely to have been manufactured from
blood donations collected before the mid-1980s, these results
suggest a temporal change in the prevalence of PARV4 geno-

types aver the past 30-35 years. A similar temporal change in *
parvovirus genoprevalence has been suggested in the case of

B19V genotypes 1 and 2, where both genotypes were equally
detected in the tissues of individuals born in the 1950s or

earlier, while genotype 1 viruses were predominantly detected

in'the tissues of individuals born in the 1960s and later [24].
Further evidence for a temporal succession of infection
with PARV4 genotype 1 over genotype 2 has recently been
reported in HIV infected patients {25].

Although positive PCR results do not necessarily reflect
infectivity, the detection of PARV4 DNA in coagulation
factor VII concentrates in this study raises questions as to
whether PARV4 has been transmitted parenferally to the
recipients of such products. PARV4 was ariginally identified
in an individual who was a daily injecting drug user and it is
possible that he acquired the virus through this route [1]. In
addition, we have identified an increased incidence in the
detection of PARV4 in febrile patients, including IVDUs and
homosexual men [9], and in individuals infected with HCV
(including IVDUs) {26]. An increased prevalence of PARV4 in

H[V—mfected 1ndmduals has also recently been reported [25] :

HBV make it imposgsible tg
a role in his symptoms [1].
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may cause subclinical infections. and the implications for the
safety of blood and plasma-derived products such as factor
VII are still not known.
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Mike Catton, M.D,, and W. tan Lipkin, M.D.

ABSTRACT

BACKGROUND

Three patients who recewed visceral-organ transplants from a single donor on the
same day died of a febrile iliness 4 to 6 weeks after transplantation. Culture, poly-
merase-chain-reaction (PCR) and serologic assays, and oligonucleotide mlcroarray
analysis: for a wide range of mfecuous agents were not informative,

M ETHO [+1:3

We eyaluated RNA obtained from the liver and kidney transplants in two recipients.
Unbiased high-throughput sequencing was used to identify microbial sequences
not found by means of other methods. The specificity of sequences for a new can-
didate pathogen was confirmed by means of culture and by means of PCR, immu-
nohistochemical, and serologic analyses

n

RESULTS
High- throughput sequenang ylelded 103 632 sequences, of which 14 represented
an Old World arenavirus. Addluonal_sequence analysis showed that this new arena-
virus was related to lymphocytic choriomeningitis viruses. Specific PCR assays
based on a unique sequence confirmed the presence of the virus in the kidneys,

liver, blood, and cerebrospinal fluid of the recipients. Immunohistochemical analy-

sis revealed arenavirus antigen in the liver and kidney transplants in the recipients.
IgM and IgG antiviral antibodies were detected in the serum of the donor. Serocon-

version was evident in serum specimens obtained from one recipient at two time

points.

CONCLUSIONS _ : o

Unbiased high-throughput sequencing is-a powerful tool for the discovery of patho-
gens. The use of this method during an outbreak of disease facilitated the identifi-
cation of a new arenavirus transmitted through solid-organ transplantation.

N ENGL ] MED  10.1056/NE)Moa073785
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¥ ETHODS OF CLONING NUCLEIC ACIDS
. of microbial agents directly from clini-
: +- cal specimens offer new opportunities
for the surveillance and discovery of pathogens.

Molecular techniques have been used successfuily
in the identification of infectious agents such as
the Borna disease virus, hepatitis C virus, Sin Nom-
bre virus, human herpesviruses 6 and 8, Bartonella
henselae, Tropheryma whipplei, West Nile virus, and
~ the coronavirus associated with severe acute re-

spiratory syndrome.* :

The arenaviruses are enveloped, negative-strand
RNA viruses in rodents; these viruses are most
frequently transmitted to humans through expo-
sure to infected urine. Infection with the proto-
type virus, lymphocytic choriomeningitis virus
(LCMV), is typically asymptomatic or associated
with mild, rransient illness; however, LCMV has
also been implicated in aseptic meningitis.2
Human-to-human transmission of LCMV during
pregnancy has been reported, and infection dur-
ing the gestational period can result in fetal death,
neurologic sequelae, and chorioretinopathy.? Fa-
tal outbreaks of disease associated with human-
to-human transimission of LCMV in recipients of
solid-organ transplants have also been described.*

- We report the use of unbiased DNA sequencing in
the discovery of 2 new LCMV-related arenavirus
that caused fatal disease in three recipients of or-
gans from a single donor.

B

METHODS

PATIENTS AND CLINICAL COURSE
Three women in Australia who were 63 years of
age (Recipient 1), 64 years of age (Recipient 2),
and 44 years of age (Recipient 3) received a liver

transplant (Recipient 2) or kidney transplants

(Recipients 1 and 3) from one male donor who
was 57 years of age. The donor died of cerebral
hemorrhage 10 days after returning to Australia
from a 3-month visit to the former Yugoslavia,
where he had traveled in rural areas. The immedi-
ate post-transplantation course in the three trans-
plant recipients was unremarkable; however, febrile
illnesses with varying degrees of encephalopathy
developed in all three, and they died 4 to 6 weeks
after transplantation (Table 1). Bacterial and viral
cultires; polymerase-chain-reaction (PCR) assays
for herpesviruses 1 through 8, lyssavirus, influ-
enza A and B viruses, respiratory syncytial virus,

picornavirus, adenovirus, human parainfluenza
virus, flavivirus, alphavirus, hantavirus, polyoma-
virus, Crimean—Congo hemorrhagic fever virus,
Rift Valley fever virus, toxoplasma, Mycobacterium
tuberculosis, and Mycoplasma pneumoniae; and viral
and panmicrobial oligonucleotide microarray
analysis* revealed no candidate pathogens.

UNBIASED HIGH-THROUGHPUT SEQUENCING

RNA was extracted from the brain, cerebrospinal
fluid, serum, kidney, and liver of Recipient 1,
who had received a kidney transplant, and from
the cerebrospinal fluid and serum of Recipient 2,
who had received a liver transplant. As shown in
Figure 1, after digestion with DNase I to eliminate
human chromosomal DNA, RNA preparations
were amplified by means of reverse-transcriptase
PCR, (RT-PCR) with the use of random primers.>®
Amplification products were pooled and se-
quenced with the use of the GSL FLX platform
(454 Life Sciences), bit DNA fragmentation was
omitted.” After trimming to remove sequences
derived from the amplification primer and after
filtration to eliminate highly repetitive sequences,
the data set was analyzed by subtracting fragiments
that matched human sequences, clustering non- -
redundant sequences,® and assembling them into
contiguous sequences® for difect compatison with
the GenBank databases of mucleic acids and pro-
teins with the use of BLASTN and BLASTX soft-
ware.X® We analyzed the resilting aligriments and
assigned them to nodes in thé National Center
for Biotechnology Information taxonomy database,
using a custom software application written in-Perl
(BioPerl version 5.8.5).

PCR QUANTITATION OF THE ARENAVIRUS BURDEN
RNA obtained from tissues, plasma, serum, and
cerebrospinal fluid was reverse transcribed with
the use of random hexamers. PCR was per-
formed with the use of a SYBR Greeri assay {Ap-
plied Biosystems). The following cycling condi-
tions were used: 50°C for 2 minutes and 95°C
for 10 minutes, followed by 45 cycles at 95°C for

-15 seconds and 60°C for 1 minute. Real-time

PCR assays were performed with the following
primer set: S%GTGCYTGCACAACAICGTTTB' A
fforward) and 5'CAATGCCCAGCYTGACAAT3’
(reverse). Thermal cycling was performed with
the use of an ABI 7500 real-time PCR system
(Applied Biosystems).

N ENGL ] MED  10.1056/NEJM02073785
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-:‘féblgi.cﬁéﬁ&gyi#j — Tre———y 3
Interval between
Recipient Organ Transplantation
Ne. Age Diagnosis Transplanted Clinical Course and Death
yr days
1 63 'End-stage renal failure due to Kidney  Fever, sepsis, encephalopathy, 36
polycystic kidney disease acute tubular necrosis, praft re-
Jection, radiographic evidence
of chest infiltrates
2 64 Decompensated cirrhosis and Liver Fever, confusion, encephalgpathy 30
hepatocellular cancer due with myodlonus, chest infil-
to Kepatitis C infection trates
3 44  End-stage reria] failure due to Kidney - Fever, graft rejection, intraabdom- 29
polycystic kidney disease inal hematornas and effusion,
T transplant nephrectomy, en:
¢ephalopathic lness

VIRAL ISOLATION AND ANALYSES

Kidney tissue from Recipient 1 was homogenized
in phosphate-buffered saline, centrifuged to pel-
let cellular debris, filtered, and used to inoculate
Vero E6 cells. The cells were monitored daily by
means-of dight microscopy for cytopathic effect
and by means.of RT-PCR for the presence of are-
navirus nucleie acid in supernatant. Monolayers
of cells showing cytopathic effects that were also
positive for arenavirus nucleic acid were fixed
with buffered 4% paraformaldehyde for indirect
immunofluorescence and immunohistochemical
microscopy and with buffered 2.5% glutaralde-
hyde for thin-section electron microscopy. Rabbit
polyclonal antiserum against Old World arenavi-
ruses, including LCMV, was used as the source of
primary antibodies for immunohistochemical
analysis. Secondary antibodies were alkaline phos-
phatase-conjugated goat antibodies against rab-
bit IgG.* Immunohistochemical assays were also
performed with the use of formalin-fixed, paraf-
fin-embedded tissue sections obtained from the
liver and kidoey of Recipient 1.

Virus-infected and neninfected (control} Vero
EG cells were fixed with methanol: Serum speci-
mens from the donor, from the recipients, and
from 100 randomly chosen contfol recipients of
solid-organ transplants were applied to the fixed
cells followed by fluorescein-labeled aptihuman
1gG or IgM secondary antibodies.

COMWMPLETE GENOME SEQUENCING
AND PHYLOGENETIC ANALYSES

RNA extracted from the liver in Recipient 1 was
used as a template to clone and sequence the Land

S segments of the virus. The gene fragments ob-
tained by means of pyrosequencing were used to
design specific PCR primers; thereafter, consen-
sus primers were designed on the basis of align-
meuts of ather arenavirus sequences with the use
of the SCPrimer program.*

The L and 8 segments were assembled and se-
quenced as a series of overlapping genetic frag-
meits. Evolutionary distances between the assem-
bled segments were computed with the use of the
Poisson correction method and expressed in units
of amino acid substitutions per site in relation-
ship to arenavirus L, glycoprotein precursor, and
nucleoprotein amino acid segments in the Gen-
Bank database with the use of the MEGA pro-
gram.** The percentage of replicate trees in which
taxa clustered together in the bootstrap test (1000
replicates) is shown pext to the branches. All posi-
tions containing alignment gaps and missing data
were eliminated only in pairwise sequence com-
parisons (see Fig. 1a, 1b, and 1c of the Supple-
meritary Appendix, available with the full text of
this article at www.nejm.org). The nucleotide and
amino acid homologies of each of the arenavirus
genes (Z, L, GPC, and NP) to LCMV (the closest
completely sequenced relative) are shown in Ta-
ble 2. The sequences are deposited in GenBank
(accession numbers EU136038 and EU136039).

RESULTS

RNA from tissue from Recipient 2, who had re-
cejved a liver, and Recipient 1, who had received
a kidney, was pooled and amplified for unbiased
high-throughput sequencing,” yielding 103,632 se-

N ENGL) MED 10.1056[NEJM03073?85
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- Reverse transcription

Random-primer PCR

sumﬁnﬁ% 3" :

Adapter ligation

amplification

PCRin dil-water emulsian (emPCR), resulting in clonal
amplification of a single bead-bound target sequence

. Amplified DNA
bound to a single
bead is sequenced
with the use’ofa
chemiluminescence
redction {pyro- .
sequencing)

PN

i

Reads dusterad into ,
nonredundant sets

Raw reads trimmed
of primers

Sequehces identified 'wit"lil

Contiguous sequences ]
BLASTN and BLASTX.

assembled with the CAP3
algorithm

quence fragments; The sequences recovered ranged
in size from 45 to 337 nucleotides, with a mean
length of 162. Sequences derived from the ampli-
fication primer and highly repetitive sequences
were eliminated, yielding a net of 94,043 sequenc-
es. These sequerices were processed with thesuse
of algorithms that subtract vertebrate ‘sequences,
- assemble contiguous sequences, and compare the
residual nucleotide and deduced amino acid se-
quences in all six potential open reading frames
with motifs represented in databases of microbes.

At the nucleotide level, sequence data were
uninformative; however, BLASTX analysis of the
deduced protein sequence revealed 14 fragments
that were consistent with Old World arenaviruses

(12 S-segment and 2 L-segment fragments) shar-
ing the closest relationship to LCMV.
Primers were designed for RI-PCR experiments
to detect viral RNA in clinical specimens, assess
the similarity of viral sequences among individual
organs and recipients, and extend the viral se-
quence needed to facilitate characterization. Viral
RNA was present in a total of 22 of 30 speci-
mens of tissue, blood, or cerebrospinal fluid from
all three transplant recipients (Table 3). The se-
quence was identical in all specimens, a finding’
that was consistent with the introduction of a sin-
gle virus into all the recipients. '
Fresh-frozen kidney tissue from Recipient 1 was
homogenized and used to inoculate cultures of

N ENGL] MED 10.1056/NEJMoa073785
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Vero E6 cells. A cytopathic effect was observed only
in the first passages; thereafter, morphologic char-
acteristics did not differ between infected and
control cells. Indirect immunofluorescence assays
with the use of polyclonal antibodies against
arenaviruses and LCMV showed cytoplasmic dis-
tribution of viral antigen. Immunostaining of vi-
ral aptigens was also seen in infected cells by
means of an indirect immunoalkaline phosphatase
technique (Fig. 24). Quantitative RT-PCR assays
showed increasing concentrations of viral nucleic
acid with serial passage. Exarnination of infected
Vero EG cells by means of thin-section electron
microscopy revealed extracellular particles with
morphologic features that are characteristic of
arenaviruses (Fig. 2B).

Immunofluorescence assays for serum antibod-
ies that are reactive with infected Vero E6 cells
revealed virus-specific IgM and IgG antibodies
in the domor that were consistent with acute in-
fection. Plasma and serum specimens from Re-
cipient 2 that had been collected at two time points
19 days apart (11 days and 30 days after trans-
plantation) were available for analysis. Virus-spe-
cific IgG and IgM antibodies were detectable only
at the second time point, consistent with sero-
" conversion. ‘

Immunochistochemical analysis of specimens
of the liver (Fig. 3A) and kidney (Fig. 3B) obtained
from Recipient 1 showed focal immunostaining
of arenavirus antigens. PCR, surveys of 100 ar-
chived serum or plasma specimens from solid-
organ transplant recipients who were not linked
to the cluster and who had undergone transplan-
tation in the same city and during the same time
petiod revealed no evidence of infection with this
pathogen. :

The 3301-nucleotide S-segment and 7215-nu-
cleotide L-segment sequences were cloned from
the kidney of Recipient 1 by means of PCR_and
sequenced. Phylogenetic characterization was lim-
ited by the paucity of available sequences deposited
in public databases; nonetheless, L- and S-segment
analyses were consistent with the presence of a
new arenavirus, Whereas sequences in the nucleo-
protein and glycoprotein genes on the $ segment
were closest to the LCMV strain LE* and M1
and M2 isolates* (Table 2, and Fig. 1b and 1c of
- the Supplementary Appendix), the L-segment se-
quence indicated a closer relationship to Kodoke
virus. Strain LE was isclated in France from an
infected fetus. M1 and M2 were isolated in Japan

pesidvinas” .
Genie  Accession No.  LCMV Strain Homology
Amino Acid Nuclectide
percent

GPC AB261950 M2 94 86
NP AB261990 M2 97 87

DQ286932. Marsellle 12 82 73

DQ236932 Marseille 12 79 72

* LCMV denotes [ymphocytic choriomeningitis virus.’

from wild. mice. Kodoko virus was recently isolated
in Africa from wild mice (Fig. 1z of the Supple-
mentary Appendix).’> Reassortment is well de-
scribed in arenaviruses and could account for
differences in phylogeneti¢ relationships based on
L- and S-segment sequences. However, reassort-
ment cannot be implicated without a complete
genomic sequence for the viruses used in these
phylogenetic analyses.

DISCUSSION

Two clusters of transmission of arenavirus
through solid-organ ttansplantation have been
reported.# In each cluster, recipients linked to a
single donor died of an unexplained infections
disease 9 to 76 days after transplantation. In néi-

‘ther cluster did the donor have a history of acute

infectious disease or evidence of infection by PCR.
or serologic analysis; however, in one cluster, a

pet hamster that had recently been introduced

into the donor’s household was found to be in-
fected with the same virus that was detected in
the recipients. LCMV was implicated after the re-
sults of viral culture and electron microscopy
triggered specific immunohistochemical and mio-
lecular tests for arenaviruses.

In our cluster, a new arenavirus was first de-
tected through unbiased high-throughput sequenc-
ing. Thereafter, the infection was confirmed by
‘means of culture, electron microscopy, and spe-
cific immunohistochemical and serologic tests.
As in the other two reported clusters of trans-

plant-associated transmission, we detected no viral

nucleic acids in the donor and found no history
of acute infectious disease; however, the presence
of IgG and IgM antibodies confirmed recent in-
fection. We were also unable to obtain any infor-

N ENGL) MED 1Q.1056fNE| Moavy378%
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Specimen and Collection of Specimens Viral RNA Antibo.dy Titer
' days copiesfel of RINA extract
Donor )
Serum o - ND 1:80 1gG, 1:20 IgM
Spleen . - 0 ND NA
Pantreas 0 ND : NA
Recipient 1 (kidney fransplant)
Plasma . 0 ND <1:10 IgG, <1:10 IgM
Plasma 27 889,200 . NP
Plasma : 33 614,900 "NP
Cerebrospinal fluid .3 5,500 NP
Plasria _ : 35¢ 1,000,000 NP
Urine ‘ 351 88,000,000 ‘ NA
Heart 354 33200 .. NA
Spleen 35F 52,600 NA
Liver oo 35% 2,362,800 NA
Lung BT 498,600 NA
Cerebrospinal fluid 357 63,700 NP
Serum 355 1,440,400 <1110 1gG, <1:10 IgM
Brain 359 16,600 . NA
Rectal swab ) 5% 623,200 NA
Nasal swab 357 55,400 NA
Axillary swab : 357 ND " NA
Kidney 357 ' 85,900 " NA
‘Recipient 2 (Iivér transplant) ) . l )
Plasma .12 121,900 © <1:104gG, <1:101gM
Mouth swab 24 ‘ 457,000 NA :
Bronchoalveolar lavage 19 ‘ 1,163,400 ‘NA
Cerebrospinal fluid 24 ND NP
Plasma ' ‘24 346,200 NP
Serum ] . 3L : 347,600 1:401gG, 1:20 IgM
' Recipient.B {kidney transplant) } ‘ . ' .
Serum : . -235 ’ ND <1:10 1gG, <1:10 1gM
Serum : 0 ND NP
Serum ' . 24 - 415,500 NP
Serum g 28 565,100 " <1:10 1gG, <1:10 IgM

* NA denotes not applicable, ND not detected, and NP not performed.
T Specimens were obtained after death. .

mation indicating that the donor had been exposed where such exposure mdy have occurred in a -
to rodents; however, his history of recent travel rural area. '

suggests that he may have been infected before Although we have not fulfilled Koch’s postu-
returning to Australia- from southern Europe, lates, evidence implicating this new virus in-the

N ENGLJ MED  10.1056/NEJM0a073785
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ontbreak of infection among patients who received
transplants is compelling. All three recipients re-
ceived organs from the same donor and died
within days of one another after febrile illness.
Identical viral sequences were obtained from all
the recipients. The virus is new and was not de-
tected in 100 organ recipients who were not linked
to this cluster. The resuits of serologic analysis of
specimens obtained from the donor were consis-
tent with recent infection, and seroconversion was
- observed in one recipient.

Unbiased high-througliput sequencing has been
used to characterize complex mixiures of micro-
flora in environmental contexts*S; we have shown
that this strategy can be used to address a sus-
pected ohtbreak of infectious disease. Its use in
the context of investigating a cluster of cases of

acute disease associated with organ transplanta-
tion facilitated the rapid implication of 2 new
arenavirus not detected by other methods. This
technique may prove useful as a2 new tool in the
identification and surveillance of pathogens in
chronic as well as acute disease.
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(US4AI57158, to the Northeast Biodefense Center—Lipking
U01AI070411; AT062705; and HLO83850).

Drs. Du, Simons, and Egholm report being employees of 454
Life Sciences, Dr. Lipkin reports being a member of the scien-
tific advisory board of 454 Life Sciences during a portion of the
time the work reported here was pursued. Drs. Du, Simions,
Egholm, and Lipkin report holding stock options in 454 Life
Sciences before it was purchased by Roche Diagnostics in May
2007. No other potential conflict of interest relevant to this ar-
ticle was reported.

We thank Pavid Riches for skillful technical assistance.

N ENGL) MED  10.1056/NEjM0a073785

Downloaded from www.nejm.org on February 6, 2008 . For i:ersona] use cnly. No other uses without permissidn.

Copyright © 2008 Massachusetts ical Society. All rights reserved.
5°



The NEW ENGLAND JOURNAL of MEDICINE

REFERENCES

L. Lipkin WI, Briese T. Emerging tools for
microbial diagnosis, surveillance and dis-
covery. In: Lemon SM, Hamburg M4, Spar-

ling PF, Choffnes ER, Mack A, eds. Global.

infectious disease surveillance and detec-
tion: assessing the challenges — finding
solutions: workshop summary. Washing-
ton, DC: Institute of Medicine, 2007:177.

2. Buchmeier M, de la Torre J-C, Petets
CJ. Arenaviridae: the viruses and their
rephication. In: Knipe DM, Howley PM,
eds, Fields virology. 5th ed. Philadelphia:
LippincortWilliams & Wilkins, 2007 1791-
828.

3. Jamieson DJ, Kourtis AP, Bell M, Ras-
mussen SA. Lymiphocytic choriomeningi-
tis virus: an emerging obstetric pathogen?
AmJ Obstet Gynecol 20065194:1532-6.
4. Fischer SA, Graham MB, Kuehnert
M]J, et al. Transmission of lymphocytic
choriomeningitis virus by organ trans-
plantation. N Engl J Med 200'6-354':2235-
49. .

5. Palacios G, Quan PL, Jabado OJ, et al
Panmicrobial oligonucleotide array for
diagnosis of.infectious diseases. Emerg
Infect Dis 2007;13:73-81.

6. Bohlander SK, Espinosa R III, Le Beau

MM, Rowley JD, Diaz MO. A method for
the rapid sequence-independent ariplifi-
cation of microdissected chromosomal
material, Genomics 1992;13:1322-4.

7. Margulies M, Egholm M, Altman WE,
et al. Genomne sequencing in microfabri-
cated high-density picolitre reactors. Na-
ture 2005;437:376-80.

8, Li W, Godzik A. Cd-hit: a fast pro-

gram for clustering and comparing large

sets of protein or nucleotide sequences.
Bloinformatics 2006;22:1658-9.

9, Huang X, Madan A. CAP%: 2 DNA se-
quence assembly program. Genome Res
1999;9:868-77.

- 10." Altschul SE, Madden TL, Schaffer AA,

et al, Gapped BLAST and PSI-BLAST: a
fiew generation of protein database search
programs. Nucleic Acids Res 1997;25:
3389402,

11. Jabado O, Palacios G, Kapoer V, etal,

Greene SCPrimer: a rapid comprehensive -
tool for designing degenerate primers-

fiom multiple sequence alignments. Nu-
cleje Acids Res 2006;34:6605-11.
12; Rumar §, Tamura K, Nei M. MEGA3:

" integrated software for Molecular Evolu-

tionary Genetics Analysis and sequence

N £NGL | MED 10.1056/NEjM0an7 3785

alignment. Brief Bioinform 2004;5:150-
63,

13. Meritet JF, Lewin F, Krivine A, et al.
Human fetal lymphocytic choriomeningi-
tis virus infection with a new genomic
variant. Bethesda, MD: National Center
for Biotechnology Information, 2006.
(Accessed January 31, 2008, at heeps)
www.ncbi.nlm.nih.govientrezjviewer.
&gl’db‘nuccsud-l20971516 )

14. Tke B, Bourgade F, Chsawa K, et al,
Lymphocytic choriomeningitis infection
undetected by dirty-bedding sentinel
monitoring and revealed after embryo
transfer of an inbred strain derived from
wild mice. Comp Med 2007;57:272-81.

15, Lecompte E, ter Meulen }, Emonet S,
Daffis §, Charrel RN. Genetic identifica-
tion of Kodoko virus, a novel arenavirns
of the Aftican pigny mouse (Mus Nan-
nomys minuccides) in " West Africa. Virol-
ogy 2007;364:178-83,

16. Venter JC, Remington K, Heidelberg
JF, et al. Environmental genome shotgun

* sequencing of the Sargasso Sea. Science

“2004;304:66-74.

Copyright © 2008 Mastachusetts Medical Socikty,

Downloaded from www.nejm.org on February 6, 2008 . For personal use only No other uses without permission.

Copyright © 2008 Massachusetts Medical Society All nghts reserved.

146



PO0L48A /VHAPW

‘@D

EHOIYUIRBUT LS RED QRT B YT
NMFEH LAY LQUUQE TR TR CH I T U H
_ ‘o | BT EHOBBAER YN H 46 27U R

S B NCOME M0 WM B T/ SIE S B2 A K (L RUR |6 P S | B OURRFONA W, LN SR O B2 L3 #Esd

UEOBS BEEOXIT S
UG Y N T AR QIS SO U D RGTE T — 43 DN PR o A T U ERY * Qe DR B I B
ROEHEY e ¥ (el D PR S P U RIS ] O TRHINd O OI0E Y S £ WX 2 P U (LU SRR P RRER R IO P ASH M 5
YNGR 2L TR ZE
0 CTDHFULA Y4 VGO TTRER D VH BT ¢ 27 Y DR T R0 VB R YAS GOUT IR "HINCIE|
S0 SR UL OELOTHINIATHPIOS "¢ 22U RSFIUMBAL LU T EHOUMMEL WL 6 208 " (4229 &
X (COFHZ O ALOA| RZLHELRMETT~00H. PR AUSHED BT "33 8 HED. T NIMSERIREOTBRER A <2 Oy g QT AI0E "Sp-<bf T
MO (ERy| ¥ FERRBEBREEHE 0D VUSRS ORI WYY AL (LU TN T DO T A > —F (LK BN 2| T
LAY L 6L .wnmwdm YN PEE GBI AB ZHFE YW w1 L0002 Bk
_ 3 ‘2GR Y CIURE T o d'd RRAPE IR SRR 2T REOUBMEL R YR Y UREL SN Y| 2g
o [ O Yo L TN — £ BV 018 “T0/3 7 (IR S A ZEWR Pad™d UNEIH B d L7 1oy
P - AR TP | (am) R40 £ 44w = G160 G ee 100 S D W B I BT 3 AR B O N W 2 IR R O3 B A LRPES 8 R
[ 5 N T-ME W e °Q 5 R WD QUYL RO YERFEONA UG, 1) N ZIEER OB ALAFEISE T ¥ B2 2Y "CRUETL LU "¢
ENMEZFEHOT DY ) sond D ERGCTOR N B RW DR QUL ONTELZBWE 7 YELNEI O N CRL U REY LM HREETH SRR
BB E T B YRTBHOWRTEY 1¢1 " DAL CIBRY Y B BHS ZOMBRT Y@ S RIEEE LS LIRS BI472 EReRaloA Y T TN i
- : BM 02 R TR OEREGIONIA U)K ([ LA HASAO
(Bl B ) T8 B -3 S T bl .
*H = (Fd-hex ) gD vl pmgeTy | (FRY) FHET
Sy xa WNFET, OSBRI
LFL002 "SR TENY S ]| DT =N
E %7 : ALY 20—
NHER 22 0T "L00Z -
lml _ |
wEwwE SRoswEze | BEYB—% o5 REZ8- SRR
SFHERE FEXR TES
9% "°N : -2 RV TR




JRC2007T-080

‘Poster-3 8

BSEFEEZ U A4 ® in vitro BUEZROFET & F O
O BEZEEB. KEEETF ESTRUULGERRF ST MR - MR

(BAY) #imic X2 v CJD (variant Creutzfelt Jacob Disease) RIS EE T 4
P SN, HEREE S IEE O E S ERES EARREIC 2o TS, L
2L, BREFMOXSR & /e 2 RECHREDREZ M T IEL R FENRLRVOPERT
Hb, MATMEERNGLE L TWE7), XHITMERICED L 9 AT PrP™h
FETHON, ALNCTINERD D, +Z THxi, BSE FW“'? TR AEFLA]
ZRWT PP @ in vitro BRR OB Z AT O THRET 5,

(CFiE) BSE @it o v HEOMAAZ -7 AL UE Flﬂ%@*ﬁﬂ%‘mfﬂiﬂﬂ% paeyiikicy
SRk L, MARLRB LR v X5 T ey bE (LLFWB) %
T PrP™ OFEABRI Uiz, PrP™ X, BpllS B\ - MR AER £ P K 20pe/ml,
37°C. 1 BRRIMBERE. A& /) ALBIC Ko THHE L, 9957 ) A odfEs A
WBIZ T Ui, £z, SR LRROREE EE# BREFIR L., SERRMRIC
Y X1, PrP* BEESILAMRH L7z, 51, 200nmD v A AV ABREESE Hu
T PrP™s (ORREA FTEEDIRE LT,

(3R & FHERS ) &~ FEakD S 30K d 135 PK fiftE TH T Y A iR UG
45 2 KONy BRI ENE, Z0Ry FIRFEREMIRIIIFEE LMo, 30
K dfHEo 2 Ro 0 Fid@det 10 BRitg»bWBIZ L > THRHTEEICZ2Y . 148
EECHRHENE JEBEC Lo T 20~25 BEFE CRETAZLHTER), Fi.
9 4 HAE(S U7 Rl DX LiE 4 R HIIRIC Rk X En & 2 A, 30K d iz
PK MittED 2 ARD 3y RSB SN, BEENHD I EBPELMITRoT, 51T 20
nm®D VA NARERERNTEBELFELZER LA A, EABZHE U TREE
iZ #slog AL, VA NAKRERIZEL » TREREELSBOT I 2 ERRBHLRI
(3%5) BSE 3D Pri™ %l S 7= MiED bH T Y A4 L HUEIC ST 54 30K D
P Kk D /2 Fod Shiz, 828 EFIC X > TR N RAFERR M =
IR b, WMALKI»ORHEEINS Prpe Lt/ I\@/\ﬁ’ /#iﬁtté’b@@
in vitro (23T BSE MEREMNEI L EE X bV,

148



-POOLIRA 1/ YHAPEW

S

G AL MR TR QDY

YR TUNF SCBEQ LI VR LG E RS o "

B T T L MM T M VA 2 2R SMOTZRLH TN

YR EEANTEE LY RO G5 B O TR ey 2 -EOLHNB TG OOWGLTURC- R D T2 "Lk

WOWATDNETEH Ly B B " RENFMOBHIDE Gtz 20| 2 NFHETNGIFAOALBB DN "¢ =0 2RSSR

D URTRLRPRIAMOA T A e T ER RO N FEGE | OF BETIOY TTYURGERAMDANF T2 E O

R ENGE O YURTFH N EEL BT IR O UKL 8% | BEFTAUSEIHEY FI362 (¢ He:866T9¢ H 97,861
. YOS HEQEISH

: TS AT YAR0IGTT

DATLACL NS0T LD A A X QI E! T 14801890 L0 £5% “T 139017 9 € (1LY £ "BOI8' 82 A

o “BO[) g KT B I XTSE Qo M b “801L 2 [ St - A S O FH R [l oh 2N YT RIBEEH 0L "RIEQ

QU UNREEHZH LS AL UDNNH IEGE O R LW v A— 4 T AL Ao QU LR OFY KL

IAALN TR 2R QAR D B E YU E RN QAT R U C@RIRAEE O KA L2 W7 (€)

SECRAEREIIST e PO ORISR OB T 5 " UOLRIRRERO A KL 2 IR YN (2)

. NTLEFHRERI O A KL RIS T (1)

AL U R M ORI DAAC AR DA DY e BT S U M T 2 R B L B T

4 (OB OEEA[OA *G @ GBI 2 TH D

S SEST)TERC | 258°8 587/ “dyC O T s g IF £ 2 FITE [u QEFZ QMDA T 2RTING “EIR 202 "X F BRI A DAZ T

LXER T bz DUEG QUL " LGl G YN B S0 I WG QI " A UG SER 2O AT AR S 2 E oS

LEPIS 2 P O-LANGLTYURIE T D L0:¢2] H 6586612 H 95861 "¢ T 03K H BETRH O Y TIS URIGEAlDANF

[ H )4 ML0 £33 sSaHY HRLURSY PR GCE TR CQUREG LY 2L Y #Q U Ao —EQ FEIK-CTSHN

FE B 5 4022 42 1B

EHEESHO SRS ST YA U "L UR 2] 866 Ts¢ AT ch B QWG BB T < ¢ N (o2K B B WA QO3 "2 7 B
MR B " QAR B E 2 G QISR 2. <202 (SHN) & P B 78 (=1 3¢ 2 I8 YT ISIE "3 O Y U RIGIE1afoA
MMEEHOTHE 1353 503 & YO YNEET D P ERE TYARAMAQ

3 (R
ek N— _ k) e | Kinggysany | (FFS) FHH
dag 1007 1007 nowd g svsou| Hf V7 O BERE it ‘

SE | AGLnAEYSIHY | R —

NHRE 02 ‘6 *L002 - -
EEE| CHOSWEDE | BEVE— BSE | RESE- SR

| ETHEE SHEN WES
lLoN . |-CE WY




Epidemiology, Risk Assessment and Transmission
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Development of a Standardised Approach to A the Effecti
and Yew Decontamination Technologies against TSE Agents
HespAJR; Kirby, E; Dickinson, J; Dennis, M; Cornwall, M; Raven, NDH; Sutton, JM
Health¥Protection Agency, Research, UK

of Current

Backgroknd: The development of inactivation methods for Transmissible spongifor

encephafgpathies {TSEs) is an urgent requirement in relation to the potential for
iatrogenic Yansmission of variant Creutzfaldt Jakob Disease CJD). The avaluatiaf of
the effectiviiness of such methodologles requires a highly sensitive and specific say
or a combingtion of assays, With current cellular and bicchemical based assays£till in
developmentithe bioassay remains the accepted approach to assess effectigoness;
howaver, careill matching between the TSE strain and host species is requiredfio help
ensure that th *1 isks are appropriately evaluated with regard to vCJD transmijgsion.

Aims: The pro] aims to develop a robust system to assess prosed TSE
inactivation techry ologies focusing on a model using the TSE strain,f/BSE-301Y,
designed to mimicithe key features of possible vCJD transmission via gbnteminated
surgical Instrumentsy The dynamic range of the mode) was determined ufing a titration
sories of infectivity Yhich in the first instance was ‘tested’ using # conventional
auteclave based prockss

Methods. BSE-301V infécted mouse brain homogenate, previcusly tiirated to x107 D,
per gram, was dried &nlo the surface of surgical steel sutyfle wires using a
standardised process. Wjres were implanted Lo, into VM micefand monitored for
clinical symptoms for up l-" 550 days.

Results: For the wire-based &tration series clinfcal symptoms wfre observed in animals

from groups across a 6-14g dilution range, however, dilutions below 1072

transmission rates fell below §Q%, suggesting that the usefifl range is around 4-logs.

Data will be presented comparing the surface bound fitration results with the

equivalent In-solution titration series. The ongoing resul om the decontamination
studies wilt also be presented in% 1a‘tion 1o the titration dgta generated.

Gonclusions: Methods have been eptablished to ensure & consistent exposure of wires
to the decontarnination process with no further manfpulations of the carriers post
processing. Using this protocol a titkation series hasfeen established for BSE-301V
wn surgical steel that potentially covdps a 4-log rangh. The use of these protocols to
evaluate novel prion decontamination % elhods will pe discussed.

P04.103

Femtograms-Detection of PrRSc j
Synthesized RNA-Aptamer
Nagata, T Yokoyama, T%; Seldya, 5%,
'National Veterinary Assay Laboratq
Japan; *Naticnal Institute of Advancgd Industrial Scie

Biologjcal Samples using Chemically

ishikawa, S% Noda, K'
; Japan; *Natignal Institute for Animal Health,
e and Technology (AIST), Japan

For the safety of biclogical produggs, 1t is one of our majijr concerns to reduce the TSE-
risk of cattle-blood derived matéfials such as serum ang plasma. For the detection of
possibly contaminated abnormial isoform of prion protdin (PrPSe) in the biological
samples, It Is indispensable t¢ develop a highly sensitie P detection procedure.
Here, we have developed ary aptamer-beads PrP-concenigation procedure by using
RbA-aptamer 650-3 which bigds to recombinant mouse Fri With high affinity (Kd = 5.6
nhj ().

The RMNA-aptamer 60-3 was chemically synthesized employinga novel RNA synthetic
method with a 2'-O-(f-cyancethoxymethyl) protecting groep (2), with 2°0Me-
pyrimidine modificationfor BNase resistance, and conjugated wita biotin, The aptamer
was then bound te sjfeptavidin-coated magnetic beads {60-3 §ptamer-beads) and
used for pull-down agbays. The pulled-down PrPSc was analyzed ky Westem blofting.

The 60-3 aptamer-peads demonstrated the enrichment of PrPSc fjom the 20-milion
times diluted ple-infected mouse braln (50m| of 50ng brain} equivalent /mi).
Comparing to phhsphotungstic acid (PTA) concentration method, thy 60-3 aptamer-
beads revealed fmore than 100 times effisiency in concentrating PAPSc splked in
bovine serum, Yoreover, the 60-3 aptamer-beads showed binding abiky to PrPSc in
highly diluted BSE-infected bovine brain.

The present Aptamer-beads pull-down procedure enabies us to.\perform a
femtegramg-detection of PrR, The procedure was also proven to be applicalje to BSE-
PrPSc. The present aptamer-beads system could serve as a rasource Ipr prion-
rernoval golumn and serum prion assays, and potentially achieve the safely of the
biood dérived biological products,
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Has vCJD been Transmitied by Human Blood Plasma Products? 20 Years and
Counting

Foster, P
Scottish National Blood Transfusion Service, Protein Fractionation Centre, UK

150

The diagnosis of vGJD in a patient whoss plasma had previously been used in the
preparation of blood plasma produsts by the NHS led to the decision in 1998 that the
preparation of plasma dervatives from UK-donor plasma should cease as a
precautionary measure. Since then, plasma products have either been manufactured
by the NHS, using plasma purchased from the USA and Europe, or purchased directly
from commercial companies.

It is now known that donations from 11 individuals, later diagnosed with vCJD, had
been included in the preparation of a total of 175 batches of different plasa products
that were releasad for use betwesn June 1987 and September 1998. No cases of vCJD
have been associated with these products, although 20 years have slapsed sinca the

JIVLZUU {1 TUDD

first implicated batches were released for use. This contrasts with 3 instances of -

probable transmission of vCJD by red cells in which symptoms of vOJD developsd in
razipients 6.5 years, 7.8 years and B.3 years after transfusion.

There are & number of possible exp!anatmns for the apparent absence of transmision
by plasma products.

(1) Prion infectivity was not present in the donated plasma,

(2} Prion infectivity was present in the donated plasma bt not in the manufactured
products, due to dilution or removal of infectivity by the manufacturing process.

(3) Prion infectivity was present in manufactured product(s) but has not resulted in
clinical symptoms of vCJD because of either a prolonged incubation period or a lack
of suceptibility in recipients.

The methods used for the rnanufacture of blood plasma products by the Scott.
National Blood Transfusion Service have been examined to determine the axteni\_
which removal of prions might have ocourred. These experiments indicate a possible
overall prion reduction of 2.7 logs for intermediate-purity factor VIl concentrata (Z8),
3.0 logs for interrnediate-purity factor 1X concentrale (DEFIX), 5.8 logs for thrombin,
6.2 logs for fibrinogen, 26.5 logs for immunoglobulin, 7.4 logs for high-purity factor IX
cangenirate and 211.5 logs for albumin.

ber de Motes, G Torres, JM% Pumaroia, M, Girones, R?
£ B of Barcelona, Spain; *Centra de Investigacién en Sanidad

imal, Spair;

possible route of
sting Disease (CWD).
is difficult to prove and
3 rent methodojogies hav~
been developed to €%
environmental matrices.

Different slaughterhouse and U
of elther scraple or BSE agents\a
periods of time. Aliquots of evey
concentrated according to a methodd

Sansitivity of the methods developed Wy
PrPres was finaliy detected by weste
pictures, signal intensities were quar

cessaries for 90% end 99%
estimated as about 50 and
e effect of the matrix was

reduction of Prres leve
22 days for scrapie
clearly observed in

g approximated the
R slaughterhouse
. i.%., two-log reduction was observed for both agents afte!
. Data on infectivity will be confirmed by & series of bioassay d¢peri
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FDA Approves Rapid Bacterial Detection Device for Platelets

The Food and Drug Administration has cleared for marketing the first rapid test to
detect bacterial contamination in blood platelets prior to transfusion. The Platelet
Pan Genera Detection {(PGD) Test System, manufactured by Verax Biomedical
Inc. of Worcester, Mass., is a disposable test strip device for use in a hospital
transfusion setting. It is not a release test but can supplement current quality con-
trol testing methods for platelets collected with an automated instrument.

The package insert motes that “Users considering such release
should first consult [the Center for Biologics Education and Re-
search] for the appropriate clinical studies. [The performance of the
PGD] to detect bacteria in whole blood-derived platelets or non-
leukocyte reduced platelets is not known... [T]esting alone should -
not be used to extend the shelf life of plateletfs.”

Two studies supported the determination of substantial equivalence of the Platelet
PGD Test system to BacT/ALERT testing and demonstrated the value of the PGD
' Test system as an adjunct QC
test following culture testing,
FDA said in a summary repott.
Testing at 72 hours using the
PGD Test System was found to

“] am excited about the potential
of this new test.”

— Kevin Land, MD, be substantially equivalent to
Bonfils Blood Center testing by BacT/ALERT at 24

and 48 hours post collection.

: The PDG Test System was able
to detect bacterial contamination when an early culture was unable to detect bacte-
ria due to sampling errors.

A 500uL platelet sample is insert in a sample well, and in about 20 minutes, a pink
colored bar will appear in one of the two windows if either Gram-positive or
Gram-negative bacteria are detected. Procedural controls at each end of the test
cartridge change from yellow to blue violet when the appropriate volume of
sample has been added to the cartridge and the test has run to completion.

“The clearance of a rapid test is a significant step in the detection of bacterial con-
tamination of platelets for transfusion,” said Jesse L. Goodman, MD, director of
FDA’s Center for Biologics Evaluation and Research.

(continued on page 2)
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Rapid Platelet Test (continued from page 1)

Patients who are transfused with platelets contaminated with bacteria are at risk of developing a serious
and potentially life-threatening infection of the blood stream. Bacterial contamination of platelets is the
leading infectious cause of transfusion-related patient fatalities. The risk of a patient receiving a transfu-
sion contaminated with bacteria is 1 in 5,000 — far greater than the risk of transmitting thé hepatitis C
virus (I in 1.6 million) or HIV (1 in 1.9 million), the FDA said in a press release.

To reduce the risk of transfusing contaminated piatelets, blood cen-
ters do culture-based testing of platelet samples 24 hours after the
donation. The culfure is read in the next 24 hours (within 48 hours
of the donation), and contaminated units are discarded. However,
the number of bacteria present at the time of culture may be so low
that bacteria is not detected due to sampling limitations. Blood
communify professionals agreed that the test is more of a transfu-
sion-end product but that it is better than other non-culture-based
methods used by some blood centers and transfusion centers.

Kevin Land, MD, chief scientific and medical officer at Denver-based Bonfils Blood Center, told the ABC
Newsletter that because the device is licensed to supplement current methodologies, “I don’t see this test
being widely implemented at this time due to the additional cost and time.”

But, he added, “I am excited about the potential of this new test as it delays sampling of the product until
it is being issued. The longer the delay prior to sampling, the more sensitive it should be to the presence
of bacteria in the platelet component, even if the limit of detection is higher than current methodologies. It
should definitely be an improvement over surrogate tests such as swirling and dipstick methods. Hope-
fully, the time between sampling and reading will decrease as the technology matures, as it likely
represents a barrier fo widespread use at this time.”

Although the test system is less sensitive than standard cultures, testing is done later. in storage when bac-
teria, if present, have multiplied, and thus are easier to detect, the FDA notes.

A prototype Platelet PGD test was tested against numerous bacterial species implicated in transfusion
reactions. In an in-house study, Verax detected four contaminated platelet units in a mixed population of
7,389 apheresis and whole blood derived platelets. All four units were confirmed as contaminated by
culture testing. (Sources: FDA press release, 9/18/07; Verax Web site) ¢ :
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China's latest human case of bird flu infected through
close contact with ill son

www.chinaview.cn  2008-01-10 12:05:53 v i) Print

BEMING, Jan. 10 (Xinhua) -- Health authorities confirmed here on Thursday that
the latest human case of bird flu in the eastern province of Jiangsu, which involved a
52-year-old father, came from close contact with his infected son and not a viral
mutatlon

The World Health Organization has warned that the virus that causes the illness --
if given sufficient opportunity - would mutate into a form that is highly infectious and
easily transmissible from person to person. Such a change could start a global
outbreak.

" However, this case --although it involved the disease apparently passing from one
person to another - does not exactly fit the profile of an infectious human-to-human
outbreak, and it has remained something of a puzzle.

“It has no biological features for human-to-human transmission," said Mao Qun'an,
Health Ministry spokesman. An epidemiological investigation showed the father was
- infected through close contact with his son, he said.

The cases took place in the provincial capital, Nanjing. The son, 24, and the first to
be infected, died on Dec. 2. The father was later confirmed to be mfected with the
H5N1 virus, which causes bird flu.

At the time, the ministry said experts had found that the virus that infected the son
had originated with poultry and had not mutated. But it remained unclear how the son
was infected in the first place; as neither man had any known contact with dead
pouliry -- the primary known source of the ailment for humans.

The young man, surnamed Lu, developed fever, chills and other symptoms on
Nov. 24 and was hospitalized on Nov. 27 after being diagnosed with lower left lobe:
pneumonia. His father developed a fever and was hospitalized for lower lobe
pneumonia on Dec. 3, the day after his son's death.

"The father has recovered,” Mao said, adding that the cases have been effectively
contained. '

Local authorities had kept 83 people who had close contact with either man under
close observation but none had shown unusual syriptoms so far, according to the

ministry.
3-1



The case of the Lu family, although unusual, is not the only one of its kmd Reuters
reported Iast month that a SImllar case 'occurred-in Pakistan. '

" The latest casés brlng the number of confi rmed human mfectrons of bll’d ﬂu |n
China to 27 since 2003, with 17 deaths.

A human-use bird flu vaccine has been in the second phase of clinical fests in
Beijing by the Beijing-based vaccine producer Sinovac Biotech and the Chinese
Center for Disease Control and Prevention.

- Mext b

Editor: An Lu
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It has proved "séfe“ and "effective” in the test, said Sinovac Biotech in _late last
month. ‘

The major index of the vaccine all reached international standard and performed
well in human body. None of the test takers were found with serious negative
reaction, which proved that the vaccine was safe, it said. '

Bird-flu, or Avian influenza, is a contagious disease of animal origin caused by
viruses that normally infect only birds and, less commonly, pigs. :

China's Ministry of Agriculture said in early December that the possibilities of
regional bird flu outbreaks were "very high" in the winter and coming spring.

Xinjiéng in northwest China has reported an outbreak of bird flu since late
December, leading to the death of more than 35,000 poultry.

The local government said the situation has been under control and no human
infection has been found yet.

A4 Previous,

Editor: An Lu
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