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90064(2008/12/01 (80762 |BE!FF#  [Clin Infect Dis [20004E1 8 A/ 52004412 B IZB AR CH=ICBRFF XX EIIEE
2008; 47: 52— |tE&to-BEERAEBLI=ETAH, 5528 1238 (4% N HBVEE T
56 {ET. 5298 A2 MHBEEF £ THo1-. BRI B X2 EBEAT
REICHR FEHBIUHBY DNAENBEICEALTELEUT
VIV E—JERIENI 1=, F-BEFEHEHDISDIOEEN
BIERFA£LEY, FET LTz, FFEEER T EIEEEIEEDA
REEIZEHIT=,
90064(2008/12/01 80762 |BE!fF# |FDA/CBER FDAIZBEFF X a7 HIRIZx 3 S AHBcA) A EHE &>
2008458 # |f-f=H(CHtMEHR o= mBEOYT M) —-7IILTY X L%E
REFHAZ V| RETEIHAF D REEHR LIz, CNWET. FiHBci AN 2E LU
A (F) LBEEGo - ME SEHRICHMEIRESN T, B4
AZ R TIF2EBIZGH S oT-1% . 8BRILLL#E>THHHBs
PR, HiHBciiAS L UEREHBY NATIZE > THBVEZR NS
ESh=HEIEHMmATaEEL S,
90078/2009/01/26 80844 |BE!FF#  |J Hepatol RO =7 T, HBsiiR[EME TinHBcH A5 % . HiHBsiAIE
2008; 48: H{fiB51%E . HBV DNAIGE DR FRMER & Frf R G MR Emm S
1022-1025 NI59mMDBEN 4y ARICEMBREIFRZERAELIz, FRL
i m;&EEREORCCOEMEZIT-THBDEELTr B&IC
HBVREE %R T-, 26l LK F—ERLESIZET BV /847
DASERZEL TULM =, BTEMBRIATF X AL RBEEE D Mi& (L
HBsHUAM GE I 5T BREMEH LT,
90068|2008/12/17 |80784 |BE!FF#  |J Med Virol 1971~2005F D 35SEMZE /FIRMRIZ KL -2 EHBVEA B
2008; 80: F1538 B L PEMHBVREL B E4277R (DL TSEREDHBY
1880-1884 CI/BAT /IO )/ BATERR =, AL BEERITIERM
LT 7= 1B R B E (L1986~ 1990ENRZR K TH-
e DT/ AT XA MR EEE LBERLEEECTRE(E L
(A, B. C%!:28.6%. 10.3%. 59.5% vs 3.0%. 12.3%. 84.5%) , I TI&
SNEDHY T/ 844TB2/Bah’ &M 3IERHNH S,
90078|2009/01/26 |80844 [BE!FF#  |Transfusion HIEZIZMEREEE THo=H . TDHHBY DNALFRHS 1
2008; 48: Ni-EMEFREXOMBEE S EFEMSINT22DRESREEEIC
1602-1608 DWTEIHRf=, ZMEEIHBVIUFUiEFEEZZ (T, HiHBsF¥!)
T TH=H. FRIMIKEMME 135 H CEAUBRFTFAERET HE
THDHBVY—h—IE 2 TIEMETH o1z, #MmEFEHBV—HT
DAN—EILI==8 ., MM ER R LR SINT-, ZlF2(LM
INREIMZ S FT=AS, BREL TN DT,
90064(2008/12/01 |80762 [BEIFF#  |Transfusion RINEFZEEZTRDHS-OIZ. B FEAF L EEFECOHBY
2008; 48: 286- |Z ST A MHRTOEREKEF /OO —ITHEREBLIZECA, &/
294 50%F /N o—E S (CID50) X R R 1008 —&#HEE SN,
RIEREEFERBLEF /U —IZEITSHBY DNA 942K
HILBIEFEATIE55-76 . B FEICTIX3I5-50H. HBs Ag
4RO HIEEEFRATIE69-978 . Bz FEICTIE50-648
T&HoT=, £=HBV DNAZ T 5 84 LATBIEFE CHAHIE
EFRAICLEXEEICEN o1,
90068/2008/12/17 [80784 |BE!FF % [Vox Sanguinis |HBV DNARS M DR E /R (HBsAg) FE A AL FHBVERZE D12 2
2008; 95: 174- |HREEZ £ (F571=6(, HBV DNAEHBsAg% R B B HET D5
180 HAEERFE LIz, Z € B T Tpoly-L-lysineCa—kL 1=

HMRE—XZFEAL. VMIILREERISFERIE . DMILREE
#ETBHAEICELY . HBV DNAEHBsAgE 1. a4~ T{EICRiES
Ni=. KAEIZEKY . EIALHBV NATO R EM EF L. HBsAg EIA
ZRAWTADILIHBVEE R EA0Z DHIB2TR2ERETHENT
=t




i

WY gmp | &% (meEen| e S
90064(2008/12/01 (80762 |BEIFF X C |ZE56[a] B A# [20074F(ZEEMEEI A D B AR FR+F 4t ER & S 1= 86 1 B8 5%
BIRF 2¢ - AR A B E DS #1245 10 A KRIRTE) THY . —HEERUVEEDRE
=% 2008 |HARICHEARBFAMERICH D, NERIEHBVAY6 1451, HCV3241. #
F4825-278 |E2445. FOHDIAIL AN THITHoT =0 T4V AR (57)
P-033 BIDFERZRICKYIRERAEZHEEL-EERF L. HBVD 1245 EHCV
D1 THo1=, HOVD 14511207 — )LNATER LA # (200448 B B3
5) MO TOREER LT ORRIMIRIZ &L EF THoT =
90072|2008/12/17 |80788 [CEUfF% | F70[a] BA EHIEBEASBHEBEMDS54FE DX T, 200756 5208 (Z#)[E] 3
MFEZEHRE |EMOHAERSN., PEIEMATRE FHCVIVAIZME, HOVaT7E
20084108 10-| BFEME T, Ho1=. 1081 B DEME . HCVa 7 EBMEHEIELT=
128 =86, MRAEFRBLz, BEICIIEMMRDOEMAHY . RE
RIADERINATIZEY , 1IRIAASHCV-RNAZIRIH L=, BHEE
BRIME DHCV Core-E1-E2fRIIDIREE NN —HLI-Z LA 5,
AE I XEMIZ K DHCVRE R TH DA HEMELBH TELY,
90064(2008/12/01 |80762 [CE!RF %  |Clin Infect Dis |75 AN KEEREDMAZREHT L=V TOHCVIGRIRYIZH
2008; 47: 627- |[TARFEFLEES LVIZEMTEDIEETORBNZETML 1=, 5
633 BRI (CHCVIB 21222 D5H 14 (X, A=y TARE
FOIRMRSEEELRLC YL REICREELTWNA I ENRHE
ERETICKYBAL I EE o1, IRIERERIKT74045 R 8245 A
ANESOEVEEH . TDAGHIHHCV RNAZE AT =, FD
BT HEFEE3T%. BEETTOERICFREETLTL
=DI%£33%TIHhHot-o
90064/2008/12/01 (80762 [CEIfF % |[Clin Infect Dis |—2—3—4~ T DEast HarlemD &y =5 h 5188 LI _E cln g 4
2008; 47: 931- [HCV PCRIGMED 5| AMEEEEHISE D STREAS LUEE|
934 [EALEANA—ZAFL, MZHEUHCV RNADFHEDH 5
EIRA Tz, BiTHRIKR280(74%), AA—35I(8NADMBA IR S
. S5 5113%) . RA—2451(5%)THCV RNADSEHI S
2o HCVO A LAD EERERBD I LR EHZ L ENRSH
1=
90064(2008/12/01 (80762 |EZ!AF 2 [Am J Trop Med| RRAUTITRIZIRELTLVAEMO1Z EREL TLVELERITE
Hyg 2008; 78: |IZHI+ZHEVRERZEDHE LR T, IHEV [eGIRARIIBRTJHT
1012-1015 (£18.8%. JERRFEF TIL41%THo1z, TRIHET HEFDIHEY
[eGRERY1E5.415(P=0.03)Th o1z, HEVRERE(IEKMEEES
DIBERELTIRSIRETH S,
90078(2009/01/26 |80844 |EZIfF %  |Transfusion 2004 9H20R 1239 A AN B oSN - MK IEALTS
2008; 48: EQ-OFFEL LN, HEVIEE TH o1z, HHRFF—DE KRR
1368-1375 EDHEERE.9A6HICHEMZTTL). HEV RNAZEH T 500/ MR
MNEMESN TV, R F—EERIZ8A14BIZT 2D ERE
BRTHEY., REUFIA14B IR REFRIEL. ERBIER %
TREL=. thIZ72 SHEVEEE TH 1=, LI ET U NI #iMm22
HEIZALTAA LR L. HEVA ST,
90075(2009/01/09 |80834 |EZIFF %  |Vox Sanguinis |20054 M FE D 4#RHi(Beijing. Urmuchi, Kunmingd KT

2008;
95(Suppl.1):
282-283

Guangzhow)|ZH T AL MBIARDHEVRE L R EART-, TOHEE.
IL—F B (HIHCV, HiHIV1/2, HBsAg., #8EH L UALTIEM
HEmE D F1%IEIHEV [gMET=IZHEV Agl51E T, HEVERE DRI
BEMEM BTz, Tz ALTROU—Z2 5 (X E OHEV R 2 M HE R
2RI DA[REE A BT,
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90078(2009/01/26 |80844 [EE!FF%  |Vox Sanguinis |BARDITEZNSRBESNI-HEVS = /24 T3FF-1Z4D48KIZDLN 5
2008; 95: 94- | TEMLE B XUV I/ E—IZKBBREDIREZRET LT, HEVIZT
100 LISV RPTE0°CoRERIMEA R B LU T, /5> T60°C
72BN EA R DR AR S =AY, PBSHT60°CHR RN EL
BEEUIET1T) /5 T8O C24RERIME L (TR H B R LL
TIZFFEILSNT =, T, 200mF/ T4V EA—ERICKYTERIZE
EEht=,
90064(2008/12/01 |80762 |ER!AF %  |FE56EI B A% |dLiEEMRICEVTRITI—ILNATRY)—=—2 5 DEREFRL
I - #HpaE S| TTagMan RT-PCRiEIZ&BHEV NATR O —=2 5 % {T>1=, [5
=% 2008 |HEBAIMESSHIZDWTEMARESLVCBRAELEEITET=,
F4825-278 |BHEERILE O ZALEYMNEREER L THEVIZREL-LEZ S
0-026 NEDFIRBELE T, GenotypelZGINZ M ot=, ZLITFEIRNIR
NEWEFRAEL BRIl . BB REERE —BHREDOR
BE=EST=,
90064(2008/12/01 |80762 [HIV ABC KEEEEAMA)IL., BERMETE&ZT>EE (MSM)OH#
Newsletter MIEEAEARRIZF A EEL TWDEIRD A ESEMICEET T HIE
2008; No.26  |&XZ T HELSFEHZEFERLIz, AMAILZ DO A EZEFDAIZE
2008 7H48 |&L. COAHEHLED ST IL—TEH LT, FDAIK1977
FLE MSMOEMEEFELELRTHIEEFMBBESICERLT
WA, TAYAMFE L A—HENLIIRFERNHINTLY
;o!)o
90068(2008/12/17 |80784 | 7 *1)A1-+ |Transfusion ARALY QAN —=vMKERTIE. SUVRIELEFIZE TS 6
1)s8/— [2008; 48: r—HRB/AY—= T st EEETL, HMEEFAT
TIE 1862-1868 Trypanosoma cruzi(T. cruzi) LD MEFZHGHEREREL -,
ZOWHE. £ARDGHEHRIL0.62%(17702 H1148) T, ZBB MR
NEM=DIFERIVET7 A THo1=(10.2%) , [FHEE11L2H14
(&, o —HRRRATHBICHERMBFELIZCEDHIRARSIY
ANTHoT=, ERITEOE) RAVEMEIZT. cruziR ) —=2%
BREZERITIVEELHD,
90064/2008/12/01 |80762 |7 A*1JH -+ |Vox Sanguinis |KETE2#tMEZEXIHRIZLI=Tripanosoma Cruzif@EMNEASIh
1)sR/v— |2008; 72200741 A30B L&, A D104 AR, HIBEDRAEZIT-
hE 95(Suppl.1): 39 [f=, BEHIMDSHELISAK TRIEBFMERREL>T=DIL
0.013%(90/651471) T, ZM5HRIPARG41£34%(28/82) T, &%
FERE(X0.0043% ThHhoT=, EH-MD R —=2 T LB AX%h
BEAVEL, A A EHME T o= RDRET MRS N
1=
90064(2008/12/01 |80762 | 1> ZJLT |Vox Sanguinis |ZREIZEFEN\TFIVIAUTIILIV O MBREIEIZXT 58
o 2008; 95(Suppl. |BH#L 22— 3> L=, 35 AR O MR M E A50%E D L1-15
1): 40 . MEESEIZHENZMEEFXEEDFEALEZFENVRLLE:
M, MEDFEREHERERICHBEL-IGE FEEIN LGB
ElFiEhot=,
90068(2008/12/17 (80784 |5 4 JL R & |BuaNews E7IVN. ANFRRATILY TI2DREZXHL=IAILRIX. & 7
g online 20084 (EMIZE T IUHDSY YA )LRIZIEL, BEFEENETLF
108 13H DAIARTHIERESNT, EREEMERREFRBEILERE

T ZOIMIWADKREN L TER SENIEET 510, [E
EOREICENGIHNEENDETHD IEOFBAETHERL
. 3B DREREHETET DICITELIRESNDLETH S,
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90064(2008/12/01 [80762 |91 JL A% |PLoS H M BEFID/NSEFRITAY. 2003412 8 £20044E1 BIZKRYE T
g Pathogens M Cochabambaf i E CREL=, 1IRTHILRAEFAFL, EE
2008; 4: MEREINSIEMAEZSEIAILRAEEBEL. FLTIMILRE
€1000047 BIELT=. RT-PCRA#7. HNIZSK UL RNAES A FERFI DR
HOEE. COIMINRIFHETIAIINRIZEEEZ THDH.
HROOIAIATHDEIENTENT =, R ZIDIMILARE
Chapare VA JLRETRB T A EFRET S,
90066(2008/12/16 |80781 [*9 A JLRREX |Proc Natl Acad |12 7L T HHREED/NEDQIER S N5, AIMILAT
7 Sci USA 2008; |/9O7LAEEZRANT, IO TERMIILTAA I/ ILREREL
105: 14124- |1z, ZRFLEEZHHTNE. ZOIAIL R [ETheilerD XN &
14129 BEXIAIILRAER(ZEL. Saffold VM ILAERLIEZ TH-T-,
F1-. BIRE R B8 Mo B =751 5D EFERIKD6RRIK
MOAITAFILIILADREEINT=,
90064 (2008/12/01 |80762 |r9 4 JL X% |ProMED- ZF—X31) 7 Brisbane DEIMIRIZD A2V ITWBIFEIEDAU RS
7 mail20080720.2 [0 A JL R ZRRE L=, BHEMI A LEE1RA . BRELI-HVIHEE
201 FREER, BRELE BRI T IR I LA 131994 F THRZE1 £
EORAENTRTEL =, R9AILANEMNENERT HEDIET
DRI KRG BREME ML,
90066(2008/12/16 |80781 |91 JL R |ProMED- 200810 A WAIZET 7UATTZLFIMINRIZKBREED T 8
B mail20081028.3 [T LA UM RIESNT=, 98 12B M 510824 H ETIZEH5HIAER
409 E3h, 5B ATETEL. 1BIIEABRD TH D, FETLT=46IT
[ERBEMNOIRTETI~12BEITHo1z, EBEEI HHTEY. 2
Z—ORIBHERTL T IMILANRERERTHAHZENBELMELS
Teo MEDECHHT=HEELER TN,
90075(2009/01/09 |80834 |91 JLRAE | Transfusion KETXHABFRIBOBELTRAARFT—10020MAETDER
g 2008; 48: JILRZ A JLAHHV) G ED A JLADNAEZFRT-PCRIZ&KYER
1180-1187 Rt=o FDHEER  HSV-1, HSV-2, VZVETHHV-8 DNAIZE D&
EhodREINIEM oz, — A EBVIET2%, HHV-7(X65%,
HHV-6(£30%. CMVIF1%IZHRHE Stz Ff= 12 DMMEMN 6.1 X
10" 7geq/mI%#B X HHHV-6 Type BRI SN =AY, BEEHIZH
H2RELSEXEEERECRERSLIIEENENER
s,
90075(2009/01/09 (80834 |1 JL R [WHO/EPR M7 I2UhET U ETHREDRADELTHIFIETLF oML
B 20081013 |RBDIAIWAMNERBH B ED . NICDE LU CDCTITHhN =%
B BOEEBALHIELE ST, SOIAIVAIZEET B M D HT AV
Hah T3, —F. 7 IVNTIXEEEREICEMLU-F
MNREEL, AP THD,
90066(2008/12/16 |80781 |™9 A JL R4 |ProMED- AVREEDIVEILTSTIUMTIMNREEZRTESETLSRER
i ¢ mail20080828.2 |BAD DA JLRIE, AV FREBEDEMRGICKY R MR R IEIZEE
697 SN, RIMDI3DHE TIL, AR IZE LZ80ANDE
ENFEELISOANTRTLIzETRESN ., ZOHIIIEMTHERL
NTWS, MRRETARBKXGEELGE I BEIL%UT TH-
Tro BARRKKETOTOIAILREDERBRLDATREMIZDINT
HEDTHD,
90068|2008/12/17 |80784 ["9 T X+ |ABC 2008F9R 2. /AT TRIEMNMSYICERD I IR FAILIAIL 9
AIL9A )L |Newsletter Z (WNV) i 2 h3 26 $R & = 1=, 151 B [LFerrarakBologna® <
2z No.38 20085 |{XL 80X DKL, 265 B [LFerraralZEL 60 BFEDEHT
108178 HoTz. £z, DY6EEEN) 1P TWNVREREA RSN Tz, WNV

BARERN 2 DIFIBI Y —RA SR TOT S L BRSN . Ziakit
HTHMEFRY)—=2F FANATAE A SN T, F1-, LigiiE
IS B ERFELI=CEDH S I E %28 B IMELR I HHEE
PANLSY, (18
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90064 (2008/12/01 |80762 [[9 TX++ [Rev Panam XBEIUERERT—IMD. FTTUTA)APHTEhEDS
AJL™94JL |Salud Publica |ZRARFAILIAILRAWNV)EZEDIRIKEFEEDHT=, WNVERE(E
A 2006; 19: 112— |20014E[ZCayman& & &Florida KeysD{E R TR 54, 2002~
117 2004 (20w A D, AX LG LRI THY OB ETHRK
ENEEIN TS, LHL, BEBREHILVEN, COFRTHE
BEEEERTOVAILABBEISMO A EEERETT 51
DIZITDEERNDBETH D,
90068(2008/12/17 |80784 [0 4*Y2x|J Neurol A=A T7DIFREENBREEEGTE DHFER TARR. 2 10
JUk %27 [Neurosurg EICEIEL., 47 ARIZFHTEL:, EFHRE TERIREIL., @
5 Psychiatry BEHEAREE RIS ZAN, REHBIEFHBRETUFA
2008; 79: 229- | FTTavIBREETIA L DiEBENR LN, CIDEZHSh
231 T-o £T-EE DPRNP[L129Met-Met THoT=, BEL22FEFET
SEARREDE RV EShGHREAREZ T THEY, ER
HURINRHONSI=0, MEEFFIECIODAIREMELEET
SELDS WHORZEIC LYREE ERMECIDE S S <,
90064 [2008/12/01 |80762 |37 - ©') |ProMED- 20084 7H7H . FJLaIMBursa. Canakkale$ LU SamsunDIFIR T
S7HMEL [mail20080709.2 [# — N KR ETHAS V)7 -aTHMEBIZKYIBHAETL.
092 ZD25 B TOHORERIKITR Lo, REEFFZISEET DL
SEHEUMN T, BENSSIERLTFTOASTIC, ERICEY
Y CEEZERMYBRNTESL, —FTHET A EEHEL
T3,
90064/2008/12/01 80762 | JLE+RS |CDC 20084E7 |CDCIXREZI4REEHB AL THEBDMTHREL-YILERSILE
AsH B b R—ILDOT IR ILLIERELTNS, £EDMIFDEER
NEREEZ SN TS, 200844 8 LI§20084E 7R 7THETIZ,
KEDHDOM, TOUbUDCELUVATF TINEZDEENEL
BIEFNNI—2OYIIERSIER U R—IVIZREELI-2E
MNEEERINT =,
90075(2009/01/09 |80834 |F4> 4 = |Transfusion  |20058E A 520074EIZ, FHU T =¥ 94 JLA(CHIKV) (ZL1=#
94U |2008; 48: VETKRIRITL., #MI1£200651 B T EFSN T, KFRITHROD
g 1333-1341 AL AMAEMBEIMDFH)ROE, 10G#Mm&HI=V132LHESh
1=, 200652 A OEFRITHIZEITHVRY(E, 105 4tMmb1-Y
1500& == CThHoT=, COHEARIH, 757000 ADERDIEHEE
312500 A DV L 1=, 2006451 A M5 A D FHETE ) X9(0.7%)
[&. CHIKV NATHREIZ kA M/MrEman') X9(0.4%)EREA—
H—T&Ho1=,
90064 (2008/12/01 |80762 | T4 % |Hong Kong Med|1998~20054E (2 FHED AN IMIRICARLET VIV EERELE
J 2008; 14: DEBEBBRELIARRITATIZHRET LT, 12645 51123451(98%)
170-177 MNTUT B QAT HMETH 1=, 15 A M= LY
BT B TH o=, 1165158 ALERF . 10451 A3 tthizh fiE 151
THoTze TUT DAL RIED R B, RIT2E 38 4R DB
THoT1=. RTEHII o =, BB BFEEL. M/MMREDEE
=RTEMBEOSHLEBICIIENZSHICT VI BEEHEE
_Gﬁéo
90075(2009/01/09 |80834 [T 4 & |Transfusion EHEDEETUTIMILR EORALT25T7ILIIVELUR
2008; 48: EI/OJ) DR EMNE TR (EEIS/—ILRHE, BA4 UK
1342-1347 03I S574— BBRE. S/DABELUIAILRADIE) BID
BRIKIZMZ . E IR TORIAILADY) TS5 X% Vero E6HRRE
EEIZHTBHTCIDS07 v A ELUPRT-PCRTHRIFELz, ZDH#E
B E2TOIBIFEL-BREICEDTHLIIENRESNT:,
90075/2009/01/09 (80834 | T4 & |[Transfusion  [20054E9820H ~12 4B DT TILMLADKEFR+FIZHITS

2008; 48:
1348-1354

FTRTOHEIM165211RFD DT 91 JLA(DENV) RNA%
TMA(transcription—mediated amplification)i&Z CRIFELT=EZ A, 12
R1K0.07%) A TMARGE TH 1=, 48R 1KIL. RT-PCR(DENV+ELO%
A28 L U3) B THoT-, RT-PCRIB 4 41E K D3R ATHA
IREIEET DENTE =, TMAGHE1 248K R 1R IR AN IgMIG T4
THo1=. 1:16IZHFRLI=IG B II5BRED A TMABETH-T=,
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90064 (2008/12/01 |80762 [/ AR 7 4E [American KEFEETIEFRLEMIC &2 EE Z DA DHBabesia microtifks
Society for EFIDHRETHZ. 61BOEMREET, FMmBkEMME. HERE
Microbiology |RZAZEFA . MIMAEDEKREFEL., FET LIz, MEBHKEARTH
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TRANSFOSION COMPLICATIONS

A probable case of hepatitis B virus transfusion transmission
revealed after a 13-month-long window period

e

Silvano Wendel, José E. Levi, Silvana Biagini, Daniel Candotti, and Jean-Pierre Allain

BACKGROUND: Transfusion-transmitted hepatifis B
virus (HBV) infection in recipients with drug-related
immunodeficiency is rarely described in endemic areas.
Hepatiiis B surface antigen (HBsAg)-negative infectious
danor blood can be identified by sensitive nucleic-acid
testing {(NAT). Two immunodeficient patients who -
received blood components from a single seronegative
blood denor subsequently found to contain HBV DNA
are described. '
MATERIALS AND METHODS: Multiple samples from
the impficated donor and the two recipients were tested .
for HBV serologic and molecular markers. HBV genome
fragments were ampllﬁed sequenced and phylogeneti-
caily analyzed.

RESULTS: The implicated donatlon had Iow-level HBV
BNA due 1o the donor being in the window period . |
before the donor's seroconversion. Recipient 1 had

" been yaccinated 1o HBV and carried-anti-HBs but |

" remained negative for all other HBV miarkers until she’
developed acute hepatitis 8 (viral load 2.7 x 10° W/mil.
and alanine aminolransferase [ALT] tevel 1744 IUAL)

13 months after transfusion of red cells. Identical HBY
sequences from both donor and recipient provided evi-
dence of transtusion-related infection. Recipient 2, who
received. platelets from the same donation white receiv-
ing major chemotherapy, remained uninfected.
CONCLUSIONS: In unusual circumstances, HBV mcu—
bation lime can be considerably prolonged. Both active
and passive neutralizing antibodies fo HBV likely
delayed, but did not prevent, acute infection when the
immune system was impaired. HBV NAT may have
interdicted the infectious unit, although the donation
viral load could not be quantified and odds of detection
calculated.
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_mong blood-borne viruses of major concern in
transfusion, hepatitis B virus (HBV) presents
the highest fesidual risk,' despite severa} sero-
logic markers available for screening. HBV DNA

testing is routinely performed in Germany® and Japan®
and, more recently, in several additional European coun-

es. HBV DNA testing is an expensive alternative to anti-
HBc in place for years in sevéral low-prevalence countries
but remains cost-prohibitive in areas of higher prevalence
10 avoid blood shortage. Genomic screening can be per-
formed on individual donations or in plasma pools
ranging between 6 and 96, although it was shown that
pooli.hg reduces significantly the yield of DNA-containing
donations.* In Brazil, despite relatively high prevalence of
the marker, anti-HBc screening is mandatory and a few
blood banks also mutinely test blood donations for both
hepatitis C virus (HCV} and human immunodeficiency

_ virus (HIV) RNA but not for HBV DNA® A fundamental

limitation of anti-HBc screening is the inability to detect

window-period, highly infectious, donations. The pre- .

seroconversion window period has been ene;xsivély
studied in serial plasma donor samples and typically

" ranges between 37 and 87 days (median, 59 days).” Post-

transfusion infection was not systematically investigated
but the early stages were assumed to be of similar or
shorter duration due to the large volume of the inoculum.
The protective effect of anti-HBs has been well established
as well as the increased susceptibility to HBV infection of

ABBREVIATIONS: BCP = basic core protnoter; PC = precore.
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A
Recipient 1
HBY vacgine
:‘:"ﬁ“’.. Cycles of meth cytosine, 6.0
cytesing arabi X vepeside, meth 4 cyclophosp + cytosine
vineristine . :
L-Asprrugine RCC
nmathecal methotrexake HBV DNA +
Transfusion y w oV lv A Y
L L 4 L L 1 L L L 1 h ] L L l L XL 1 1 1 1 ] L L 1 { 1 1 1 [ 1 1
2005 2006 2007
HBsAg - - - +
HBV DNA - L e -
Anti-HBc - - - -
Anti-HBs (mIU/mi) ' 12 - &5 - 3 -
ALT QU/L) 49 188 62 124 38 873 49 2B 115 292013 11 147 [34 573915969 1744 31132
B
- Recipient 2
I Cyclzs of dexamethasone, cyclophosphamide, Mesna, doxorubicine, vincristine I
PC
HBV .
. DNA+ . Deceased
Transfusion NIRRT
< 1 I 1 1 1 1 1 s 1 ) ]
Jan Feb Mar  Apr - May Jun  Jul Aug  Sept Oct Nov
2006
Anti-HBe ~ -- ----- - -
Anti-HBs 15 39 192 57
HBV DNA - - - --

Fig. 1. Case description. (A) Summary of Recipient 1 clinical History. The implicated
transfusion of RBCs s indicated by a full arrow. Other transfusions received are indi-
cated as open triangles. The filled triangle indicates the blood product containing
high titer of anti-HBs. Bolded ALT levels indicate values above 5 times upper normal
level. The HBV infectious component and the PLTs coniaining high anti-HBs level
_were transfused on the same day. (B} History of Recipient 2. Symbols are as in
Recipient 1 (A). This patlent received a PLY concentrate (PC). The interval between
receiving the infectious PC and the PC containing high anti- HBs was 3 days. BMT =

" bone marrow transplantation.

immunodeficient fecipients of organs from anti-HBs-
carrying donors.

Here are presented two cases of immunodeficient
recipients of blood components from a sihgle unit con-
taining very low levels of HBV DNA. One of these recipi-
ents develeped acute HBV infection 13 months afier
transfusion despite carrying vaccine-induced anti-HBs

" while the other was not infetted.

CASE REPORT

On March 6, 2007, the hospital notified
the blood center that a 9-year-old
female child suffering from a high-grade
acute lymphoblastic leukemia (Recipi-
ent 1), diagnosed in April 2005, was
experiencing a clinical episode of acute
hepatitis B. Serologic tests confirmed
this diagnosis: the presence of hepa-
titis B surface antigen (HBsAg) and anti-
HBc immunoglobulin M (IgM) and an
alanine aminotransferase (ALT) level of
1744 IU per Llater supported by an HBV
DNA load of 2.7 x 10° 1U per mL. The
patient history revealed 24 transfusions
including 13 units of red cell {(RBC) and
11 apheresis platelet (PLT) concentrates
between April 26, 2005, and August 13,
2006 (Fig. 1A). During this period, she
received chemotherapy according to the
PROPII-97 protoco! consisting of induc-
tion by daunorubicin, cytosine arabi-
nosine, vincristine, dexamethasone,
and vL-asparaginase as well as intra-
thecal methotrexate/dexamethasone/
cytosine-arabinoside. Maintenance
treatment consisied of alternate cycles
of high-dose methotrexate and cytosine
with 6-mercaptopurine, -followed by
alternate cycles of vepeésid plus meth-
otrexate and cyclophosphamide plus
cytosine.

Records fromn the implicated
donors were examined and most were
excluded as the source of HBV infec-
tion because at least one subsequent
donation was negative for the presence
of HBsAg and anti-HBe. One donor,
however, whose RBCs were transfused
to the child on February 23, 2006, also
donated PLTs by apheresis on March 30,
2006, and subseguent testing results
indicated a seroconversion to anti-HBc,
without detectable HBsAg, ann-HBs, or
HBV-DNA.

A plateletpheresis concentrate pre-

pared from the index automatic blood donation of
February 23 (Trima, Gambro BCT, Lakewood, CO} was
transfused to a second patient (Recipient 2), a 65-year-old
fernale diagnosed with high-risk myelodysplastic syn-
drome evolving to biphenotypic leukemia. At the time of
the suspect transfusion, she was receiving Hyper-CVAD
(ondosetin, dexamethasone, cyclophosphamide, Mesné,
doxerubicine, and vincristine) plus intitathecal QT (meth-
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TABLE 1. HBV markers in samples from the implicated donor

Date of sample collection HBsAp Anii-HBec" sample OD/cut-off Anti-HBs HBY DNA
February 17, 2006 Negative Negative ND ND
Repository samples February 17, 2006 Negative Negative (0.866/0.407) ND Positive
March 31, 2006 Negative Reactive (0.142/0.382) Negative Negative

OD = optical density; NO = not done.

* Hepanostika anti-HBs Uniform, BioMerieux, Boxte!, the Nethedands. Specificity in package inzert ig 88. 85 parcent.

otrexate and aracytin). She was negative for the presence

of HBsAg and anti-HBc but had a low level of ant-HBs
{13 mUl/ml}. In September 2006, she received marrow
transplantation in another hospital where no clinical or
laboratory evidence of HBV infection was observed. She
died of sepsis in November 2006.

Unfortunately, when retrospective investigation was
initiated, the archive sample of the implicated donation
had already been discarded from the repository according
to the national policy mandating the storage of a sample
from nonreactive donations for 1 year. Two separate ali-
quots of 230 pL of plasma, however, had been archived for
" potential investigation,” allowing us to perform poly-
merase chain reaction (PCR) .amplification and DNA
sequencing for comparison with recipient data.

MATERIALS AND METHODS

Serologic testing

Anti-HBc (Abbott/Murex, Delkenheim, Germany), HBsAg
(Axsym MEIA, Abbott Laboratories, Abbott Park, IL), and
anti-HBs (Axsym MEIA, Abbott) testing was performed
according to the manufacturer’s instructions. Anti-HBs
levels are expressed in mnIU per mL.

Mglecular testing

DNA was extracted from 200 pL of serum and/or plasma
- with. a. DNA blood mini kit (QlAamp, Qiagen, Hilden,
Germany) in Brazil and either tested locally or shipped
ta the UK in dry ice. HBV DNA was detected initially by
one-step PCR using 7 yL of extract DNA submitted to a
fast PCR protacol (Applied Biosystems, Foster City, CA) in
the presence of 1 umol per L of each primer OY1 sense
(5-CAAGGTATGTTGCCCGTTTG-3) and 0Y2 antisense
(5"-AAAGCCCTGACCACTGA-37,® in a final volume of
- 25 yL. Nested PCR was performed on 12,5 uLof DNAina

25-pL reaction (final volume) as previously described.? All

PCR procedures were performed in a thermocycler (Model
9700, Applied Biosystems), Two nested PCR procedures
were used to amplify a 276-bp fragment located in the
basic core promoter (BCP) and precore (PC) regions and a
1434-bp fragment spanning the whole pre-$/S gene, as
previously described.’ Sequences of BCP/PC and pre-5/5
regions were obtained by direct sequencing of amplicons.
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" Sequences were aligned with reference HBV genotype A to

H sequences using computer software {Clustal W software
implemented in Mac Vector Verslon 7.2, Accelrys, San
Diego, CA), and the alignments were confirmed by visual
inspection. Phylogenetic analysis was performed using
computer software (PAUP 4.0b10, Sinauer Associates, Inc.,
Sunderland, MA) after exclusion of positions containing -
an aligpment gap from pairwise sequence comparisons.
Nucleotide distances were analyzed by neighbor-joining
algorithm based on Kimura two-parameter distance
estimation. To confirm the reliability of the phylogenetic
trees, bootstrap resampling was performed for each analy-
sis {1000 replicates).

‘RESULTS
Analysis of the |mpl:cated donation sample
and donor

Upon retesting, the repository sample gave the same
serologic results as in the screening {anti-HBc and HBsAg

-nonreactive) but HBV DNA was detected by two distinct

PCR methaods, both single-step and nested PCR. The first -
assay has a limit of detection of 500 It per mL and the

second of 100 IU per mL, and both showed clear ampli-

cons, suggesting that, although not properly quantified,

the viral load was -above 500 1U per mL. Viral load,

however, could not be quantified due to the limited

sample availability. Of note, the patient and the donor

samples were processed 3 weeks apart, the donory sample

first, and were kept in different freezers, lumiting consid-

erably the possibility of cross-contamination. On the

basis of phylogenetic analysis of the pre-5/S gene, the
sample was classified as genotype Al. Translation of.
the “a" region of the $ gene indicated a wild-type amino

acid sequence when compared to the genotype consen-

sus sequence. The BCP/PC region was also wild type

without mutation in either the 1762 to 1764 doublet or
the 1896 nucleotide of PC codon 18 or in it any of the start

codons foi PC or core sequences.

‘When retested from a satnple collected 6 weeks after
the index donation, the donor plasma showed clear anti-
HBc seroconversion but no HBsAg or anti-HBs detectable
(Table 1). Other HBV serologic markers such as [gM anti-
HBc could not be tested for lack of available sample

© volume.
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The donor was a 39-year-old male who denied risk
factors. He was of mixed race, partly of African origin. His
donation did not react for anti-HIV and anti-HCV.

Recipient 1 .
A summary of the Recipient 1 data is presented in Fig. 1A.
Before transfusion of the implicated component, anti-HBs
was present at low levels on two occasions as expected in
a child previously vaccinated to HBV. ALT levels were fluc-
tuating around upper normal levels except on two occa-
sions in May and October 2005 and 2006 when levels
reached 188 and 873 TU per L. In the subsequent absence
of markers of HBV infection, these high ALT levels could
be attributed to the underlying disorder and the chemo-

therapy. In the period after the transfusion of the impli- -

cated component, HBY DNA or serologic markers were
never detected until the acute HBV infection 13 months
‘later. During this period, as in the preceding year, ALT
levels fluctuated but did not exceed four times upper
normal levels. Between transfusion in February 2006 and
the acute epispde in March 2007, the patient received

seven blood components. A single dose of PLT concen- -

trate obtained from a double unit of PLTs prepared by
- apheresis containing an anti-HBs titer of greater than
1000 mIU per mL was transfused on February 23, 2006,
the same day as the implicated HBV DNA containing
RBCs. The amount of plasma transfused with the PLTs was
approximately 125 mL. :

Seven samples collected from Recipiént 1 between
February 2006 and August 2006 did not contain detectable
HBV DNA. After a perfod of 7 months without transfusion,
a sample collected on Maich, 30, 2007 contained a viral
load of 2.7 x 10° IU per mL. This strain was sequenced in
the BCP/PC and pre-5/5 regions. The latter sequence was
phylogenetically analyzed and revealed a genotype Al.
When these sequences were aligned with the correspond-
ing sequences obtained from the suspected donation, the
276- and 1202-nucleotide-long sequences, respectively,
were identical except for one ambiguity. Within the pre-
§/S region, Sarnple SL167648 (donor) showed a sequence
-ambiguity (adenosine/guanine) at nucleotide 231 starting
from the ATG of the S protein. This suggested the presence
of quasispecies in the donor while at position 231 only
guanine was detected in the recipient sequence. Phyloge-
netic analysis of the pre-5/S region showed that recipient

and donor sequences clustered with HBV genotype Al ref- -

erence sequences of African origin, supported by boot-
strap valtzes of 100 percent over 1000 replicates. On that
basis, the relationship between donor and recipient HBV
infection was clearly established. Since HBV genotype Al
in Brazil is essentially found in Brazilians with ‘African
ancestry, racial origins of donor and recipient were exam-
ined. The donor was of mixed African origin and the
recipient was Caucasian.

19

i

Recipient 2
Recipient 2 received the PIT concentrate prepared from

“the same donor and donation transfused to Recipient 1.

Follow-up sampies collected up to June 2006 (3 months
after transfusion) did not reveal the presence of any sero-
logic or molecular marker of HBV infection (Fig. 1B).
Before receiving the PLT concentrate from the suspected
blood unit, a low titer of anti-HBs was detected acquired
either from active or from passive immunity to HBV, The
elevation of anti-HBs titer 1o 192 mIU per mL observed in
April 2006 was probably related to passive immunization
since, coincidentally, the second unit of a double-
plateletpheresis concentrate collected from the same
strongly anti-HBs-reactive donation (>1000 milU/mL}
whose PLTs were transfused to Recipient 1 was transfused
to Recipient 2: This concentrate contained approximately
125 mL of plasma and was transfused 3 days after the
implicated PLT concentrate. Overal}, despite receiving PC
from an infectious biood deonation, no evidence of HBV
infection was found in this immunosuppressed adult
patient to date.

DISCUSSION

Posttransfusion viral infection hasbeen the focus of con-
siderable scrutiny after the occutence of HIV infections
related to transfusion. Although receiving considerably
less attention, reporting of HBV posttransfusion infection
has been limited by screening for specific HEV markers
such as HBsAg and anti-HBc in some low-prevalence
countries. More recently, genomic screening for HBV has
become available and was implemented in several coun-
tries either in pools of plasma from blood donations or in -
individual donations. Most anti-HBc screening countries,
however, do not feel that it is necessary to screen for HBV
DNA and hence do not address the risk of window period.
Countries where HBV infection is relatively high (Buro-
pean Mediterranean countries or Poland) as well as some
relatively affluent countries with high infection preva-
lence (Southeast Asia) started screened for DNA to avoid
deferring a number of donors that would endanger the
bleod supply to patients.

.Few studies describe the duration of the window
period in humans. Most investigate blood donors where
the origin of the infection was mostly unknown or post-
transfusion. The latter situation had the peculiarity of a
large volume of inoculum {(100-250 mL) com;ia:ed to no
more than 5 mL in the situation of intravenous drug use,
nosocomial infecticn, or vertical or sexual transmmission.
In a study conducted in the 1950s, inmates were inocu-

lated with Australian antigen-positive serum; the interval

between infection and detection of HBV antigen was 45 to
92 days (mean, 77 days) but longer when the inoculum
was diluted 1:1000-(92-130 days).!! The infectious dose
seems therefore to influence the duration of the window
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period. Other elements possibly interfering in the time
interval between viral contact and “seroconversion to
HBsAg (window period) such as the state of the immune
system of the infected individual or the presence of specific
neutralizing antibodies to HBsAg have not yet been sys-
tematically examined. Only in the situation of transplanta-
tion of organs from donors camrying anti-HBs with or
without detectable HBV DNA was evidence of infection
provided in patients receiving immunosuppressive drugs
for Yiver transplantation.'” In contrast, experiments con-
ducted in chimpanzees indicated that, in immunocompe-
tent animals, low levels of HBV in the presence of anti-HBs
were not infectious.™ It has also been well known for many
years that the risk of developing chronic HBVinfection was

inversely proportional to the immunocompetence of chil-

dren.™ In none of these circumstances, however, was the
duration of the window period or the level of preserocon-
version viral load addressed. ]

" Inthe complicated and discrepant cases presented
here, several areas of uncertainty require discussion. First
is the authentication of the donation as source of Recipi-
ent 1 infection and as a window-period donation. This
implication is based on two main elements: 1) the pres-
ence of HBV DNA in the donation and 2} the identity-of
pre-S/5 and BCP/PC sequences between donor and

recipient. The presence of HBV genome in the implicated -

donation was found in two separate iab_oratjoﬁes in Brazil
and in England using different amplification rethods and
targeted regions. These positive results are strongly sup-
ported by obtaining sequences from two such regions. The
hypothesis of laboratory contamination is . unlikely
because the prevalence of chronic hepatitis is 0.2 percent
in blood donors in the S3o Paulo blood center (limiting the
possibility of sample to sample cross-contamination) and
amplification of HBV in the donor and recipient samples
was performed 3 weeks apart from samples stored in dif-
ferent freezers. Finally, being of genotype Al in a donor of
partial African origin is the most plausible since in an
‘unpublished study of 33 strains of HBV from the same
* blood center, 52 percent of sirains were of genotype Al
(J.B Allain and M. Prempath, unpublished). This domi-
nance of genotype Al was confirmed by several other
studies in Brazil.'*'® The donor seroconversion to anti-
HB¢ 42 days after the implicated donation without anti-
HBs or HBsAg is not totally convincing (Table 1). While
HBV DNA as sole evidence of HBV recent infection
strongly suggests being in the window period, the negativ-
ity of HBV DNA, HBsAg, and anti-HBs in the second
sample is unexpected, unless the stage of infection in the
follow-up sample corresponds to the second window
period, after disappearance of HBsAg and possibly DNA
before the occurrence of anti-HBs. Unfortunately, no
further sample was obtained from this donor.

While the identical sequence of more than 1500
cumulated bases between donor and recipient HBV

1606 TRANSFUSION Volume 48, August 2008
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strains leaves little doubt about the donor being respon-
sible for the infection, once contamination of the donor
sample has been excluded, the discrepancy of the
outcome of HBV contact between the two recipients raises
multiple questions. Although both patients received
chemotherapy accompanied with assumed substantial
immunosuppressive effects and simnilar volumes of HBV
DNA—centaining plasma (110 and 180 mL for Recipients 1
and 2, respectively), only Recipient 1 developed infection.
Neither age nor volume of the inoculum could signifi-
cantly affect the ability to develop an immune response
since, at age 9, the maturity of the immune system is com-
parable to that of an adult. The presence of low levels of
anti-HBs before the implicated transfusion in both recipi-
ents might have played a protective role, particularly as
the blood component viral load was low, below 1000 to
3000 copies per mL, which is considered the limit of detec-
tion for HBsAg!'™"® Coincidentally, both recipients
received passive antibedies to HBV in the form of 125 mL
of plasma containing high-titer anti-HBs from the same
double-plateletpheresis  donation. One difference
between the two patients was that Recipient 1 received
125 mL of this plasma the day of transfusion with the
implicated product while Recipient 2 received the same

volume of plasma 3 days after being in contact with the.

implicated PLT concentrate. Since the suspected viral

strain was wild type in the S region, there is a high likeli- .

hood that anti-HBs either raised by vaccine ar passively
transmitted was neutralizing the circulating virus.

Recipient 1 did not receive any transfusion during the

7 months preceding the episode of acute hepatitis B and,
therefore, no reinforcement of her Jow level of anti-HBs.
During the same period of time, the immunosuppressive
effect of the chemotherapy accumulated and one can
speculate that at one point, the precarious protection
offered by low-level neutralizing antibodies became insuf-

ficient to contain the virus that started actively replicating.

Posttransfusion HBV infection window period typi-
cally ranges between 37 and 87 days in HBV-only infection
and between 80 and 110 days when HCV coinfection was
present.” The prolongation of the-interval between infec-
tious contact and evidence of active viral replication in
Recipient I was unexpected and remains difficult to
explain. Conflicting factors are at play. First the chemo-
therapy received by the patient to treat leukemia had likely
some immunosuppressive effect, which was expected to
shorten the window period and facilitate vira! replication.
In contrast, prior HBV vaccination and passive immuni-
zation was expected to prevent or at least delay the clinical
expression of the infection. One hypothesis to explain the
evidence is that most of the virus received by transfusion
was complexed by neutralizing antibodies either actively
acquired by vaccination or passively transmitted. Some
free virus, however, may have persisted in the liver, escap-
ing. the immune system untl the level of immunodefi-
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ciency was such that viral replication could take place,
This hypothesis is compatible with the surprising absence
of detectable HBV DNA in the middle of this long window
period in two samples collected in July and August 2006,5
and 6 months after the infectious contact. Typically, after
the eclipse period of approximately 2 weeks during which
no evidence of viral DNA is found, low levels of HBV DNA
without detectable HBsAg are detectable during the
window period.""1**® Recently a very similar case to ours
was published, reporting a 19-week window period in a
leukemija patient receiving unspecified chemotherapy
regimen and carrying anti-HBs passively transmitted by

PLT transfusion (58 m{U/mL) at the time of receiving the -

low-viral-load window-period donation.!

In view of these inconsistencies, the hypothesis of an
HBV reactivation from a previously recovered HBV infec-
tion can be formulated. Strains mutated in the antigenic

a” region of the S gene, however, are usually found
topether with anti-HBc® In this case, the absence of
detectable anti-HBc and the wild-type genotype Al
(Recipient 1 was Caucasian) of the sequenced strain are
strong argument against such hypothesis.

These two recipients in contact with a relatively low
amount of HBV illustrated that human intervention,
whether preventive such as HBV vaccination or passive

_immunization or to the contrary facilitating infection such
.as chemotherapy or immunosuppression can consider-

ably modify the variables classically defining the early

stages of a viral infection. As a result, in complicated situ-
ations, such as described here, advanced molecular
methods can be most helpful to resolve cases where trans-
fusion, reactivation, and nosocomial elements may need
to be separated.
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‘Background The risk of post-transfusion hepatitis B.virus {HBV} infection has been
-reduced after the implementation of HEV nucleic acid amplification technology

(NAT). However, the problem of HBV DNA-positive and HBV surface antigen

(HBsAg)-negative occult HBV infections remains to be solved. This is in part due to- A

the HBV DNA load being too low to detect these occult HBV infections using mini-pool

NAT. In Japan, the assay for the antibody against the HBV core antigen (anti-HBc) has

not completely excluded occult HBV infection. Fo solve this problem, we have developed

anew method of concentrating HBV DNA and HBsAg simultaneously to increase the
sensitivity of detection tests.

" ‘Methods 'Virus concentration is achieved by the enhancement of the agglutmatlon of

vinises using poly-L-lysine in the presence of a bivalent metal. Poly-L-lysine-coated

magnetic beads are used to shorten the-time of each step of the concentration. .

procedure. Seventy-seven anti-HBc-positive- and- HBsAg-negative donations were
examined. HBsAg and anti-HBc were tested by enzyme immunoassay (EIA) (AXSYM;

. Abboti) and haemagglutination inhibition test (Japauese Red Cross); respectively.
Results HBYV surface antigen and HRV DNA levels were concentrated up to four- to. -

sevenfold. Using this method, 35 of the 77 anti-HBc-positive and HBsAg—neg’at]ve
donors were HBV DNA-positive by individual NAT and a farther five donors became
HBV DNA-positive by HBV concentration. Twenty-seven of 40 occult HBV infections
became HBsAg-positive by HBsAg concentration,

.Condlusion Our new method of concentrating HBV and HBsAg increased the. sensi-

tivities of EIA and HBV NAT, and enabled us to detect 27 of 40 occult HBV. 1nfect10ns
by HBsAg EIA.

Key words: anti-HBc, concentration of HBV DNA, concenu'atwn of HBsAg, occult

_HBV mfectlon, poly-L-lysine~-coated magnetlc beads.

Introduction

most important viral infections transmitted by transfusion.
Nucleic acid amplification technology (NAT} screening has

More than 350 million people v'vor!dwide.ere chronically  widely been introduced for hepatitis C virus (HCV) -and
infected with hepatitis B virus (HBV) [1]. HBV is one of the ~ human immunodeftciency virus, and has greatly reduced the

risk of transfusion-transmitted infection by these vinuses. In
contrast, HBV NAT has not been widely Implemented in part

Correspondence: Akira Yoshikawa, Japanese Red Cross Saitama Blood due to assay sensitivity issues. HBV therefore remains a source
Center, 1370- 12 Takahagi, Hidaka-shi, Saitama-ken, 350-1213, Japan of post-transfusion infection. The risk of pgst-transfusion
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Detection of occult hepatitis B virus by a new concentration method 175

HBV NAT in Japan, and other countries reduce the risk of
transurission by using assays with increased sensitivity for
the detection of HBV surface antigen (HBsAg) {2-8]. These
approéches have reduced the window peried in the early
stage of infection. The problem of occult HBV infection,
recently defined as individuals who are HBsAg-negative and
HBV NAT-positive regardless of the presence or absence of
antibody to hepatitis B core antigen (anti-HBc) and antibody
.to hepatitis B surface antigen (anti-HBs), however, remains
to be solved. Anti-HBc screening of blood donations has

reduced the risk of occult HBV infection [9-13]. However, in_

HBV endemic areas such as Asia, anti-HBc screening is not
generally utilized, because the rate of positivity is so high that
many blood preducts would be discarded. One possible
solution to this problem is to modify the cut-off value of the

anti-HBc test and also to take into account the titre of anti-

HBs. Using-this approach, the Japanese Red Cross (JRC) has
succeeded in reducing the frequency of post-transfusion HBV
infections,” particularly post-transfusion fulminant HBV
infection [14,15). However, the problem of occult HBV infec-
* tion has mot been completely removed and cach year a
number of cases-of transfusion-associated HBV continue to
be reported [16,17]. In an attempt to address this, the cut-off
valué of anti-HBc has been decreased and the sensitivity of
HBV NAT testing increased by reducing the pool size from 50
to 20 and also increasing the input valume for the NAT assay
_ from ©-2 ml to-0-85 ml [15]. However, there are limitations
" for the strategy fromthe view.point.of cost- Aetfecuveness
We have developed a new method of conce_ntranng HBsAg
and HBV; which could improve the detection of occult HBV
<infection. The principlé of virus concentration: is to induce
the agglutination of viruses and poly-L-lysine in the
presence of a bivalent metal. Poly-L-lysine-coated magnetic
beads are used to shorten each step in the concentration
proccdure

Materials and methods

Samples

Hepatitis B virus surface antigen-positive andfor anti-HBc-
positive donations that did not meet standard JRC requirements
were collected with the cooperation of blood centres in the

eastern part of Japan from March 2003 to June 2006, None

‘of these donations were used for transfusion purposes. Two
hundred and fifty-nine donations were available. These
wére subdivided into 2:5-ml tubes and stored at -20°C. The
remaining plasma from the donation was also stored at -20°C.
Of the 259 donations, 182 were HBsAg-positive by enzyme
immunoassay (EIA) {AxSYM®; Abbott Laborateries, North
Chicago, IL, USA} and 77 were anti-HBc-positive [ 2° by
haemagglutination inhibition assay {HI), JRC in-house],
HBsAg-negative (FiA; AXSYM®) and anti-HBs-negative [< 2*

© 2008 The Author{s)

(less than 200 mIUfml)] by passi;re haemagglutination assay
(JRC in-house). Ar anti-HBc titre 2 2° by HI is equai
to = 27-2%-fold diluted sample that is positive (= 50%
inhibition} by anti-HBc EIA {AxSYM®}.

The 77 anti-HBc-positive donations were used to study the
efficacy of the HBV DNA and HBsAg concentration techniques.

Preparation of poly-L-lysine-coated magnetic beads '

COOH magnetic beads {125 mg/2-5 ml) (MMUTEX-MAG™;
Japanese Synthetic Rubber, Tokyo, Japan) were added to
0-1 M 2-morphorinoethansulphate (MES} (Wako Pure Chemical,
Tokyo, Japan) solution (final volume, 50 mi; pH 5-0) and
were incubated for 10 min. Activated magnetic beads
(25 mgfml) were suspended in a coupling buffer [5 ml of

100 mM MES (pH 5-0), 50 pl of 100 mgfmt. poly-L-lysine -

(Wako) and 1-2 ml of distilled watet] and mixed by continuous
inversion at room temperature for 15 min. Then i- 25 ml of
1- ethyl-3—{3 dymethyl-aminopropyl)-carbodiimido (Wako)
solution was added to the mixture and mixed by continucus
inversion at 10°C for 20 h. Then the solution was replaced
with 1 M cthanolamine (Wako) to block reactions at 4°C
ovemight. Poly-L-lysine-coated magnetic beads were washed
five times with phosphate-buffered saline (PBS) and stored at

.-4°C at a concentration of 50 mgfml.

H takes 3 days to prepare the poly-L-lysine-coated magnetic
beads. Initially, the poly-L-lysine-coated magnetic beads
were ‘manufactured.in house as described above. Subse-

- quently they have been purchased from JSR.

Concentration of HBsAg and HBV DNA

Poly-L-lysine-coated magneﬁc beads were added to 2 ml of
plasma at a final concentration of 1 mgfml. Then, 30 j of

1-1 M Zn(COOH), was added to the sample. The resulting -

mixture was mixed and left to stand for 5 min, The agglutinated
HBsAg/HBY DNA and magnetic beads were trapped in a
magnetic field (MagicalTrapper®, Toyobo, Tokyo, Japén)
and washed twice with PBS to remove impurities. The
concentrated HBsAg was eluted with 0-25 mi 0f 6-4 M ethy-
lenediaminetetraacetic acid.-(EDTA) solution. The whole
volume of the sample was eluted for EIA testing (AxSYM®,
Abbott) (effective eightfold concentration), HBV DNA was
eluted with 160 1 of -4 M EDTA solution and 50 pl or
100 |1 was used for individial NAT (10- or 20-fold concen-
{ration, respectively). The concentration and elution process
takes 30 min.

- HBV DNA extractionl and gquantification

Hepatitis B virus DNA was extracted using an Ex-R&D kit®
{Sumitomo Chemical, Tekyo, Japan). HBV DNA was detected
quantitatively as described previously [3]. Briefly, to quantify

Joumal compilation © 2008 Blackwell Publishing Ltd.; Vox Sanguinis (2008) 95, 174-180
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176 K. Satoh et al

the HBV DNA, nucleic acid extracts were amplified and
tirated by using a sequence-detection system (TaqMan, ABI
Prism 7700 Sequence Detector; PE Applied Biosystems,
Foster, CA, USA). Quantification of the HBV DNA was
calculated from the working curve (107, 105, 10°, 10%, 10® and
10* copies/ml) produced by domestic standard samples that
were prepared based on the international standard (NIBSC:
National Institute for-Biological Standards and Control). Cal-
culation was carried out using Sequence Detector version 1-7
{PE Applied Biosystems). The qualitative detection limit was
assumed to be 60 copies/ml (95% confidence interval) and
quantitative detection limit was assumed to be 100 copies/
. ml {95% confidence interval).

The AXSYM® HBsAg assay was used for detection of
HBsAg. Tests were carried out in accordance with the manu-
facture's instructions. A positive result is defined as a signal/
noise (s/n) ratio 2 2. Samples with different concentrations
of HBsAg were used to assess the effectiveness of HBsAg
concentration, High-titre HBsAg samples {AxSYM®; s/n ratio
266) were sequentially diluted 10-fold up to a final dilution
of 10 000-fold using normal plasma. Lower law-titre HBsAg
samples (AxSYM?®; s/n ratio 12) were diluted up to a final
dilution of 1000-fold. Samples known to have HBsAg below
the level of detection in the AXSYM assay (s/n ratio 1+ ‘7)
were diluted to a final dilution of 100-fold. The respective
diluted samples were then concentrated eightfold as described
above.

The parallel translation of linear line of dilution curves’

caused by HBsAg dilution and concentration was studied,
plotting the s/n ratio of the EIA on the vertical axis to the

_dilution fold of the samples on the horizontal ‘axis in both

. logarithm scales.

The effect of aati-HBs on HBV DNA concentration was
studied by adding anti-HBs obtained from immunized horse
.serum, The titre of purified anti-HBs was 51 200 IU/I. The

volumes of anti-HBs added to the samples were 0 ul 20 ul-

(1024 mIUf1} and 35 yt (1792 mIU/I}.

The effects of other viruses on HBsAg and HEV DNA
concentrations were studied in the presence of parvovirus
B19 {non-enveloped DNA virus) or HCV (enveloped RNA. virus).

Data shown in the tables. represent thé average of the
results of two or three experiments. '

Results

Hepatitis B virus was concentrated quantitatively by our new
method in a broad range of HBV DNA loads. However, the
efficacy of concentration varied from sample to sample. The
efficacy of concentration [measured valuefexpected value:
original X concentration times) is shown in Table 1. The
efficacy of the concentration process decreased from 476 to
0-49 as the HBV DNA load increased from 10° to 10° copiesfml
{Table 1).

[P

Table 1 Effect of the co'ncen-tmtion method on concentration of HBV DNA
samples !

Sample Original 10-fold concentration Efficacy of

ne. (copiesfm!)  {copies/ml) concentration”
1-6E+06 78E+ QB 049
42E+05 1E+06 50
90t +04 S57TE+05 63
22E404 1-6E+ 05 073
46E+03 ISE+(4 076

*Efficacy = 10-fold concentration {copies/milforiginal X 10 {copiesfml).

Table 2 Effect of hepatitis B surface antibody (HBsAG) on concentration of
HBV DNA

Original sample 10-fold cancentration

HBYDNA HBsAb HBV DNA Efficacy of
(copies{mi} (miv) (copiesfmil) concentration
0 860 . 072
120 1024 1400 117

1792 1300 108

The elﬁcé’.cy of HBsAg conccnﬁaﬁon is shown in Fig. L.
For the high-titte HBsAg samples (s/n ratic 266-03}, 100-fold -

-dilution samples were more than limit for detection (sfn.ratio

4-88) and. 1000-fold dilution samples were less than the limit
for detection (s/n ratio 1-16). Following eightfold concentra-
tion of HBsAg, the 1000-fold dilution sample was found
positive (s/n ratio 3-24). Similarly, in the low-titre sample the
undiluted sarple was above the detection limit [s/n ratio
11-91). The 10 times dilution sample (s/n ratio 1-69) was neg-
ative but became positive following eightfold concentration
(sfratio 4-36). The negative samples {s/n ratic 1-66) became
positive by eighitfold concentration {s/n ratio 3-49}. Based on
the parallel translation of linear line shown in Fig. 1, the
relative efficacy of concentration was about 0-64{5-1/8} in
high-titre samples and 0-56(4-5{8) in low-titre samples.

The effects of anti-HBs and other viruses on HBsAg/HRV
DNA concentration were determined. The effect of anti-HBs
on HBV DNA concentration is shown in Table 2. The efficacy.
of HBV DNA concentration in the presence of anti-HBs was
superiar to that in the absence of anti-HBs. However, in the
presence of anti-HBs {antigen-antibody coexistence samples), .
anti-HBs prévex}tcd the detection of HBsAg.

The effect of the coexistence of HCV or parvovirus B19 on
the efficiency of HBsAg/HBV DNA concentration is shown in
Table 3. HCV (10° copies/ml) and parvovirus B1g (2" by
RHA: receptor-mediated haemagglutination assay) had no

- © 2008 The Authorls)

Journal compilation © 2008 Blackwdl Publishing Ltd., Vox Sanguinis (2008) 95, 174-180

26



Defection of accult hepatitis B virus by a new concentration method 177

g/n values

Fig. 1 Parallel transiation of linear line caused
- by hepatitis 8 surface antigen (HBsAg} ’ Ty
concentration. Vertical axis shows signalfnoise
_ [s/n) values of enzyme immunoassay {EIA)
indicated by logarithm, and horizontal axis shows

~&- High x
—o— High =8
—— Low x1
-t Low x8

—u- Negative x1

-0~ Negative %8

dilution fold of samples indicated by logarithm.
The linearity was observed more than two 1

[sin value). Closed circle, high titre of HBsAg 1
{1 non-concentration); open circle, eightfold

concentration of high titre of HBsAg (8:

cancentration); cosed triangle, low titre of

HBsAg (1:non-concentration); open triangle,

Dilacion times

Data for Fig.1

eightfeld concentration of low titre of HBsAg HBsAg: BIA{ AXSYM: s/n™)
[xB: concentration); closed square, negative (s/n; dilution with normal plasma
< 2} titreof HBsAg (x1: non-concentration): open ! 10 100 1000 16 000
ightfold concentration of negative titre High x1. | 26603 881 488 116 g1
square, eig g ; 8 12677 | 1895 | 324 154
of HBsAg (x8: concentration). The dotted line Low por] 1091 169 086 0
" shows two sfn values (cut-off values). Amows x§ 2828 436 115 076
show the distance of parallel translation by Negative |- %! 1-66 : ] :
HBsAg concentration. x8 349 | _093 08
Table 3 Effect of coexistence of HCV or
parvovitus B19 on efficiency of hepatitis B ASYM (5/n%)
surface antigen {i1Bshg) concentration ‘ HEsAg dilution with "10-fold concentration
Ptasma for dilution various Kinds of plasma® of diluted HBsAg plasma
Normal plasma 1-39 3-80
HCV-positive plasma® 118 ' 347,
Parvovirus B19-positive plasmat 131 377

*The original HBsAg-positive plasma titre is 6-19: EIA (AxSYM; sfn).

"More than 2 means positive,

“The titre of anti-HOV was > 27 and the lead of HCV RNA was 10° copiesfml.

Yhe titre of B19 antigen was 2" by receptor—mediated-haemagglutination assay.

effects on thé concentration of HBsAg/HBV-DNA, Although the
parvovifus B19 could not be concentrated by this method
because of its lack of envelope, HCV RNA could be concen-
trated quantitatively (data not shown). .
Seventy-sevén anti-HBc positive (2 2° by HI assay by JRC
criteria) and HBsAg-negative (B4, AXSYM®) donations were
* selected to study the efficacy of HBsAg and HBV DNA -
concentrations. Of the 77 samples, 35 were positive by
individual NAT and a further five became NAT positive

© 2008 The Author(s)

following concentration {Table 4): Of 35 salﬁptes (Fable 4;

lanes 4, €}, 16 (Table 4; lane ¢} had HBV DNA loads of 120~

1500 copies/ml and the other 19 samples (Table 4; 1ane d} had

HBV DNA loads less than the quantitative detection limit.

{< 100 copies/ml). However, the HBV DNA loads of all these
samples exceeded 100 copics/ml following concentration
{Table 4; lanes d, e). Five samples {Table 4; lanes b, ¢} that
were negative by individual NAT became positive (less than
100-510 copiesfml) following concentration.

Joumal compilation @ 2008 Blackwell Publishing Ltd., Var Sanguinis (2008) 95, 174-180
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Table 4 Detection of occuft HBV by concentration of HBV DNA and hepatitis B surface antigen {HBsAg)

HBV DNA (copiesfml)
a b c d e
QOriginai Negative Negative Negative < 100 2100
Concentration (>20) Negative < 100 2100 =100 NY
| Original Negative 34 0 ] © 8 5
Concentration {x8) Negative *
HBsAg (ASYM) 1 Originat Negative 3 1 4 n 1
Concentration (x8) Positive

NI, not tested.

Of the 40 samples (Table 4; lanes b-e¢) that were HBV
DNA-positive either before or afier. concentration, 13 were
HBsAg-negative even following HBsAg concentration. Of
these 13 samples, 5 (Table 4, lane I-¢) haid HBV DNA loads
exceeding 100 copies/m! by conventonal individual NAT,
and cight (Table 4; lane I-d} were quantitatively less than 100

 copiesfml on the non-coricentrated sample but became NAT

positive (2 100 copies/ml) following concentration. Of the 77
samples, 30 (Table 4; lane I) had detectable HBsAg following
- HBsAg concentration. Of. these 30 samples, 27, were NAT
positive but three {fane II-a] remained NAT—negatwe even
after concentration. Thirty~four of the 77 samples {Table 4;
lane [-a} remained negative for both }[BsAg and HBV DNA
following concentration for both markers.

Discussion

We have previously reparted that HBV DNA could be detected
in the HBsAg-negative phases of HBV infection {early window
period and occult HBV infections) [2-4,18]. However, the use
of HBV NAT remains limited, because the HBV viral loads
seen in HBsAg-negative infected donors (occult HBV infec-
tion) are generally low [19-22]. Although the infectivity of
occult HBV- is low-campared to that in.the window phases of
early-infection [17}, we have encountered post-transfusion
HBV infection caused by both HBsAg-and mini-pool NAT-
negative, but individual NAT-positive donations [16].

It Has previously been reported that NAT sensitivity can be
increased by reducing the number of denations in the
mini-pool [23], increasing the input volumé of serum, and
by addition of an ultracentrifugation step [24]. From the

. viewpoint of cost-effectiveness, an inexpensive and easy
method to increase sensitivity is desirable. We have previ-
ously reported a virus concentration method using poly-
ethylencimine {25]. However, HBV DNA and HBsAg were not
concentrated qualitatively by the method, because the

combination of extracted nucleic acids of viruses and
magnefic beads is difficult to dissociate in the presence of
pratein-degenerative reagents. We have solved this problem
with the use of poly-L-lysine that coagulates with viruses in
the presence of bivalent metal ions (zinc acetate).

. Owing to the low concentrations of BV DNA present in -
early acute infection when beth mini-peol NAT and HBsAg,
are non-reactive, individual NAT would be the best option
giving a much higher yield, an increased window period

-closure, and consequently greater benefit. It is also much -

debated 'whether the mast sensitive HBsAg detection method
is superior to mini-poal NAT, but inferior to individual NAT

[21,23]. If 20-paol NAT samples are concentrated 20 times,

the sensitivity.of 20- pool NAT might be equal to that.of

individual NAT.

It is important to determine whether HBV could be
concentrated in the presence of anti-HBs. In this study; HBV.
was much more efficiently concentrated in the presence of
anti-HBs than without (Table 2}. The results showihg that the
efficacy of concentration was more than 1-0 might be a result
of the easy coagulation of antigen antibody-reacted materials
with poly-L-lysine beads. However, in the case of HBsAg
concentratlon, itis difficult to measure the efficacy of HBsAg
concentration in the presence of anti-HBs, because anti-HBs
inhibits the detection of HBsAg by BIA. The coexistence of
other viruses would not affect the concentfation of HBsAgf

" HBY DNA, as shown in Table 3. Moreover, the procedure is

usefu] for concentrating coinfected enveloped viruses as
HCV, although it will be difficult to concentrate non-enveloped
viruses as parvovirus B19. HCV that is difficult to concentrate
by ultracentrifugation because of its low density is easily
concentrated quantitatively by our methad.

We succeeded in concentrating HBsAg from occult HBV
infection. The theoretical plasma HBsAg concentration was
cightfold (2 ml of plasmaf0-25 mt of elution); however, from
the paraliel translation of the linear line {vertical axis - s/n

© 2008 The Authm(sl
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and horizontal axis - dilution folds of samples), the relative
efficacies of concentration were 0-56-0-64. The reason for the
low efficacy of HBsAg concentration compared to the efficacy
of HBV DNA concentration ((-49-0-76) might be due to
HBsAg (22 nm} being smaller than HBV (45 nm) and thus the
efficacy of agglutination with poly-L-lysine being different.
In countries where NAT is not available or feasible, the use

of a highly sensitive HBsAg assay is crucial in ensuring blood
_ safety. Although individual NAT is the golden standard, at
later stages of infection, low concentrations of infectious
viruses, which may not be detectable by NAT, might be found
in some HBsAg-positive blood donations [19,20]. HBsAg
‘tests with high sensitivity are predicted to have a comparable
yield to mini-pool NAT [21]. If the sensitivity of HBsAg
detection would be increased by several tmes, NAT might not
always be necessary in late-stage HBV infection. In our study,
five samples with low-level HBsAg, detectable only after
concentration, were not detected by conventional individual

NAT (Table 4; lanes b, ¢). Twenty-seven of the 40-cases in

which HBV DNA was detected were shown to have HBsAg
after concentration. The remaining 13 cases (Table 4; lane
I-d, ¢) could not be detected by HBsAg concentration,
demonstrating the limitation of our method. .
Althougil HBsAg-negative subjects may retain a’low
infectivity and have a low risk for progressive liver damage
[17], HBV DNA testing or an HBsAg detection method with
" the highestsensitivity should be implemented to decrease the

: risk of pc'!st«ﬁaﬂ'sﬁisian HBYV infection [26;27]. Our newHBV/

HBsAg'concentration methiod could ‘contribute to increasing.
the sensitivity of HBV DNA/HBsAg detection. The concentration
method could be combined with- cither Chemeluminescent
Immuncassay (CLIA; PRISM, Abbott) or individual donation

NAT to further increase the overall sensitivity o HBV detection.

Altematively, if a high-sensitivity method such as the CLIA
was combined with our method; then it might be possible to

undertake screening using pooled samples. Our concentration

method would potentially be capable of replading individual

. NAT by mini-pool NAT, although the present efficacy of con-

. centration is not 1-0 but about 0-7 (Table 1).
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Intranasal Transmission of Hepatitis C
Virus: Virological and Clinical Evidence

Sagiv Aaron,' James M. McMahon?* Daniells Milano,” )
Leilani Torres,! Michael Clatts.” Stephame Torta! Dunna Mitdvan,*
and Malgorzata Simm’

"Meleculer Virology Division, St. Luke's-Roosevelt [n;titule for Health Sciences/

Columbia University, *National Development and Research Institutes, *Boriken
Neighbarhood Health Center, and *Division of Infectious Diseases, Beth lsraek
Medical Center, New York, and “School of Nursing, University of Rochester
Medicat Center, Rochester, New York; ®School.of Public Health, Lovisiana State
University, New Orleans; and "School of Publlic Health, Center for Global Health
Hesearch, University of Puerto’ Rico, San Juan

Intranasal transmission of hepatitis C virus (HCV) via con-
taminated drug-sniffing implements is a potential but uncon-
firmed source of viral infection. We demonstrate the virological
plausibility of jntranasal transmission by. confirming that
blood and HCV RNA are present in the'nasal secretions and
drug-sniffing implements of HCV-infected -intranasal drug
users recruited from a community health clinic in New York
Gity.

HepatltIs Cvirus (HCV) is themost common bloodbume path-
ogen in the United States. andisa major cause of hver-related
morbidity, mortality, and liver transpl_antatlon [1]. HCV is
transmitted through .contact with infected blood {2) {mostly
via shared needles and other drug injéction’paraphernalia);
however, a large proportion (up, to 20%) of HCV infections
remain uncxplained, especially among noninjection drug users

(3]: One hypothesis to account for these unexplained cases -

involves intranasal transmission of HCV via contaminated im-

plements, such as straws, used to snort cocaine, heroin, and-

other powdered drugs [4]. Implements inserted into the nasal
cavity, which has been eroded by long-term drug sniffing, might
come into contact with HCV-infected mucus or blood, which
might then be transinitted to a susceptible individual sharing
the same implement (5]. Epidemjological studies of intranasal

transmission of HCV have produced inconsistent ﬁpdings (6, -

.2008,
Reprints or comespondence: Or. James McMahan, Schaal ot Nursmg, University of Rochester

Medical Center. BOU Elmwood Ave, Rochester MY 14642 [fames_memshon@urme’

rochestereds),
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- 7], in part because of the high correlation between drug sniffing

and other risk factors for HCV infection, Here, we attem;it to
refute the intranasal transinission hypothesis by invalidating
=1 of its virological preconditions. Specifically, we address 2
pritmary research questions: (1) Does HCV RNA exist in the
nasal secretions of serum-positive drug sniffers? {2) If so, can
HCV RNA be transferred onto the sniffing implements shared
by intranasal drug users. A secondary aim was to examiné
clinical nasal pathologies that rmght facilitate intranasal HCV
transmission.

Methods. Our sample included low-income, urban intra-
nasal drug users with chronie, active HCV infection, Subjects
were primarily Hispanic and African American and were re-
cruited fram a néighborhood health clinic in East Harlem, New
York City, an area with a high prevalence of HCV infection
{up to 29%)- among nohinjectioh drug users {3]. Eligibility

_criteria included {1) age, 18 years; (2) self-reported intranasal
drug use; and (3) a positive result of a-quantitative, HCV PCR :

blood test. Overall, 38 patients enrolled in the study and pro-

vided informed consent. Study protacols were approved by3s -

institutional review boards, .

The fo]lowmg medical mformatlon was obtamed fromi sub-
jects: quantitative HCV RNA test result and vu'al load, hepauns
B antibody test results, liver enzyme levels (i.e., alanine ami-
notransferase level), and liver biopsy history. Subjects com-
pleted a brief survey, in either Spanish or Engiisi'}, that covered
demographic characteristics, sk factors for HCV infection,
injection and noninjection drug use, health status, and nasal
pathology symptormns. .

_Blood samples were collected for quanutatwe PCR. Two nasal
secretion samples (1 from each nostril} were collected with
Dacron nasal swabs and placed in (1) | mL of TRIzol reagent

" {Gibco BRL) for RNA detection or (2) 1 mL of OBTI solution

for blood detection. Similarly, 2 c-xperimental sniffing imple-
ments, which consisted of new (péckaged) soda sfraws com-
monly used by drug sniffers, were collected from cach subject.
To avoid harmful effects of sniffing powdered substances, sub-
jects were instructed to “snort air”;whﬂc.mimiddng their nor-

“mal drug-sniffing behavior,

HCV RNA was isolated from 200 ,u.L of serum by use of the
QlAamp MinElute kit (Qiagen); HCV RNA was isolated from
nasal ‘secretions and sniffing itﬁptements using the TRIzol
{Gibco BRL) on the basis of established protocols [8]. The first
strand of ¢cDNA was synthesized by ImProm-IITM Reverse
Transcription System (Promega): using gene-specific down-
streamn primers targeting the HCV. p22 core region, with minor
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Table 1. Detection of hei:atiﬂs C vires {HCV} RNA and blood
in biological spectmens obtained from 38 patients with HCV-
positive sefum specimens.

No.: %] of persons

Smffmg straws

modification of the upstream primer (410R-5-ATGTACCCCA-
TGAGGTCGGC-3). HCV ¢DNA was amplified by PCR with
40 cycles of denaturation (94°C for 30 s}, annealing (58°C for
30 s5), and ¢longation (72°C for 45 5) with primers 406F-5-
TAGACCGTGCACCATGAGC-3' and 410R. PCR products
were detected by Southern blot using *P-labeled probe (5-
AGGAAGACTTCCGAGCGGTCGTAA-3).

'HCV ¢DNA was amplified from randomly selected HCV-
positive blood samples with use of high-fidelity Pfu polymerase
(Perkin Elmer) using- 410R and 406F primers and cloned into
a TA cloning vector (Inwtrogen) The pTA_ HCV was used to
prepare standard curves ranging from 1% 10¢ to 10 copies of
HCV mRNA, which were run in ﬁa:ra.il_el to each set of samples.
‘The intensity of DNA bands wés:evalua:ed by densitometry -
using the Kodak Image Analysis System, ths HCV load for the
test sample was calculated on the basm of the numeric value -
derived from the HCV titration curve. HCV load was calculated
'as the number of copies per milliliter for blood specimens and
as the number of coi:ie.s per sample for nasal secretions and
implements.

Traces of blood in nasal secretions and sniffing nmplements
were detected by Hexagon OBTI Kit (BLUESTAR Forensic).
Titration curves -were prepared using human hemoglobin
{Sigma) in 2-fold dilutions ranging from 10 to O.I-p.gme. The
. concentration of blood in each sample ‘was established by com-
paring the OBTI intensity between the sample and the he-
moglobin titratien curve.

Nasal cavity pathology was assessed for each patient by an-
terior npasal examination, rendering diagnoses on 8§ nasal pa-
thologies. Rhinitis was diagnosed on the basis of the classic -
symptoms of mucosal and nasal s:ecrction appearance [9]. Rhi-
nosinusitis was defined by symptomatic inflammation of the
paranasal sinuses and nasal cavity:[10].- '

Samplé prevalences of HCV RNA and occult blood in nasal -
secretions and on sniffing implements were estimated. Ninety-
five percent Cls were calculated around point estimates using
the adjusted Wald methed. Descriptive statistics were calculated.
for sample descriptors and measures of nasal pathology. Our

limited sample size precluded statistical tests of significance
(e.g., associations between virological and clinical variables).
Results.  All 38 patients had chronic, active hepatitis C. The
serum HCV load ranged from 250 t0'5,000,000 copiesfmlL (me-
dian, 5000 copies/mL). Recent liver biopsies had been per-
formed for 6 patients; all indicated chronic liver disease, with
stages ranging from I to 4. Recent alanine aminotransferase
levels were available for 17 patients; the mean level { £ SD) was
46.7 +.26.7 U/L (range, 16-118 U/L}. Antibody screening re-
vealed that 34% of subjects were positive for antibodies to HIV,
and 45% were positive for antibodies to hepatitis B virus.
Trace amounts of blood were detected in 28 (74%) of 38
nasal secretion simples (range, 0.1-10 pg/mL) and on 3 (8%)
of the 38 sniffing implements (range, 0.1-2 pg/mL}. HCV RNA
was detected in 5 nasal secretion samples (13%; HCV RNA
level range, 10-100 copies/sample) and on 2 sniffing imple-
ments {5%; HCV RNA level, 56 and 100,000 copiesfsamnple).
Prevalence estimates suggest a wide discrepancy between the

- presence of blood (74%) and the presenceof HCV RNA (13%)

in the nasal secretion samples (table 1). Of the 5 HCV RNA-
positive nasal secretion samples, only 3 had traces of occult
blaod; of the 28 samples conitaining occult blood, 25 were
negative for HCV RNA {figure 1).

The prevaleace of rhinitis in this cohort was lugh (71%}
{table 2). In contrast, the prevalence of rhinosinusitis {11%) is
consistent with that of the general population. More than 40%
of subjects expenenced rhinorrhea or nasal congestion at least

once per week; 8% reportéd nose bleeds at least once per week, -

and 8% and 16% reported muqc_:sal lesions and crusting, re- -
spectively. Approximately one-half of the subjects attributed
these symptoms to intranasal drug use. Foyr persons (11%)
were observed to have nasal septal perforations; 1 (3%) had a
nasopalatal perforation; and 6 (16%) displayed symptoms of
saddlenose deformation. These pathologies have been associ-
ated with advanced nasal cavity deterioration associated with

~ chronie intranasal drug use fi1).

Discussior. Our’ findings revealed a high prevalence of
blood (749%) in the nasal secretions of HCV-positive long-term
drug sniffers. We also confirmed. that HCV RNA was present
in the nasal secretions of a s_ubstantiai ptoporf:_ionl(IS%) of this
cohort. Most significantly, this study demonstrated that both
blood and HCV particles can be transferred onto siffing im-

Gocull Blead in Nagsl

Sacretions
i’ Pos. Neg,
Pos.
HCYRNAIn 3 2 °
Hasat Secretions Wog. 25 8 33
28 BT 28

- Figure 1. Hepatitis € yirus {HCV) ANA and occult blood in nasal

secretions.
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Tahle 2. Frequency of nasal patholugy'svmptoms among intranasal drug users.

Symptom

No. {%) of
subjects
{1 = 38}

‘Has a doctor of other health care professional ever told you that the inside of your nose is
damaged in any way from sniffing drugs?”

7(18.41 .

plements (i.e., sttéws) during simulated intranasal drug use.
Studies have shown that HCV can remain viable on environ-
mental surfaces for up to 16 h, but little is know about the

quantity of virus required for transmission [12). The p;'eva-'

lences of HCV in the nasal secretions and on-sniffing straws
are likely conservative estimates. It is reasonable to assume that
HCV will be present in the nasal secretions with greater fre-
quency and quantity during eplsodes of active drug sniffing,
which may exacerbate discharge of nasal fluids and blood.

Data in table 1 contradict the assumption that, in. persons’

with HCV-positive serum specimens, dete¢tion of blood implies
the presence of HCV. This discrepancy may be explained by 2
factors. First, the 2 assays (PCR and OBTI) were not performed
on the same samples. Sécond, the OBT! assay for blood detects

immune complexes between human hemoglobin (hHb) and

monoclonal anti-hHb antibedies,. which can occur even in the.

absence of viable cells. In contrast; PCR can only detect HCV
RNA from intact particles. Therefore, the discrepancy between
the high prevalence of occult blood and relatively low detection

of HCV RNA in nasal secretions may be associated with the .

rapid deterioration of viral RNA in"the nasal environment or
the destruction of viral particles by mucosal immunity. If the
viability of HCV particles in nasé[ secretions is moderated by
nasal pathology or immunity, this might help explain conflict-

ing epidemiological findings in which these moderating factors

are not conside_red'.
This study establishes the validity of 2 primary virclogical
preconditions necessary for intranasal HCV transmission: (1)
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the presence of blood and HCV in the nasal secretions of in-
tranasal drag users, and (2} the transference of blood and HCV
from the nasal cavity onto sniffing implements, which are often
shared by intranasal drug users. Moreover, the frequency and
severity of nasal pathologies abserved in this cohort might ag-
gravate conditions that facilitate intranasal HCV transmission.
Consequently, these findings lend important virological and
clinical support to the intranasal HCV transmission hypothesis.
In addition, detection of HCV in nasal secretions advances the
debate regarding potential iatrogenic and nosocomial trans-
mission of HCV in the context of ear, nose, and throat and
related clinical practices. More research is needed to confirm
intranasal transmission as a mode of viral infection and to
determine its impact on the wider epidemic of HCV infection.
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Extent of hepatitis E virus elimination is affected by stabilizers
present in plasma products and pore size of nanofilters

M. Yunoki,'? S. Yamamoto,' H. Tanaka,’ H. Nishigaki,' Y. Tanaka,’ A. Nishida,' J. Adan-Kube,"? M, Tsujikawa,' S. Hattori,
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Vox Sa nagu BHs Background and Objective To investigate the physico-chemical properties of hepatitis
E virus {HEV) with regard to inactivationfremoval, we have studied four isolates
with respect to sensitivity to heat during I;qu:dldry—heatmg as well as removal by
nanofiltration.

Materials and Methods Hepatitis E virus in an albumin solution or phosphate-
buffered saline (PBS) was lquid-heated at 60°C for a preset time. HEV in a fieeze-
dried fibrinogen containing stabilizers was also dry-heated at 60 or 80°C for a preset -
time. In addition, to clarify the removal of HEV, the purified virus in PBS was filtered
using several types of virus-removal filter (nanofilters) that have different pore sizes.
HEV infectivity or genome equivalents before and after the treatments were assayed
by a semiquantitative cell-based infectivity -assay or quantitative polymerase chain
reaction assay, respectively.

Results Hepatitis E virus isolates in albumin solutions were inactivated slowly at
60°C for 5 h and the resultant log reduction factor (LRF) was from 1-0 to 2 2-2,
whereas the virus in PBS-was inactivated quickly to below the detection limit and the -
LRF was = 2+4 to = 3-7, The virus in a freeze dried fibrinogen containing trisodium
citrate dihydrate and L-arginine hydrochloride as stabilizers was inactivated slowly
and the LRF was 20 and 3-0, respectively, of the 72 h at 60°C but inactivated to
below the detection limit within 24 h at 80°C with an LRF of 2 4-0. The virus in PBS
was also confirmed as to be approximately 35 nm in diameter by nanofiltration.
These results are useful for evaluating viral safety against HEV contamination in
blood preducts.

Conclusion The sensitivity of HEV to heat was shown to vary greaﬂy'depending on

the heating conditions. On the other hand, the HEV particles were completely removed

_ using 20-nm nanofilters. However, each inactivation/remaval step should be carefuily .
Received: 7 February 2008, Fvaluated with respec.t to the.}-'IEV }nactlvatlonlrer.n?vai capacity, which may be
revised 26 May 2008, influenced by processing conditions such as the stabilizers used for blood prodiicts.

occepted 1 Jue 2008 " . Keywords: dry-heating, heat inactivation, HEV, lquid-heating, nanofiltration.

Introduction

Correspondence: Mikifiro Yunoki, PhD, Infectious Pathogen Research Group, Hepatitis E virus (HEV), classified in the genus Hepevirus, is
Hirakata Research Laboratory, Research & Development Division, Benesis a causative agent of tman hepatitis. The virus capsid is non-
Corporation, 2-25-1 Shodai-Ohtani, Hirakata, Osaka 573-1153, Japan enveloped and the nucleocapsid containing positive-sense
E-mail: yunoki.mikihiro@mk mt-pharma.cojp . single-stranded RNA has a diameter of 27-34 nm [1]. HEV
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is also endemic in humans, swine and several wild animals
such as deers and boars, suggesting that hepatitis E is a zoo-
nosis {2,3].

The virus has been shown to be transmitted by faecal-oral,
food-bome and blood-bome routes [1,4—7]. Four genotypes
of HEV that infect humans have been identified, three of
which, genotypes 1, 3 and 4, have also been isolated from
swine and commercial swine liver [1,8,9}. Zoonotic food-bome
transmission of HEV was shown to be one reason for the
occurrence of a severe form of hepatitis E in Hokkaido, Japan,
and HEV genotype and the presence of an underlying disease
influenced the severity of the hepatitis E infection {10]. In
addition, the prevalence of HEV RNA or anti HEV immu-
noglobulin G {IgG)-positive blood donors in Hokkaido was
0-01% {56/432,167) and 3-9%, respectively [11]. These reports
also suggested that a small but significant proportion of
blood donors in Japan with or without elevated alanine
aminotransferase {ALT) levels are viremic and are potentially
able to cause transfusion-associated hepatitis E. Note: that
anti-HEV IgG and HEV levels in pooled plasma have not been
reported yet. Thus, these data may indicate the need for pre-
cautions against the potential risk of transfusion-transmitted

"HEV infection, as previously discussed [12]. In addition to

foods, the safety of plasma-derived products with respect to
"HEV may be an important issue and each product should be
- evaluated for safety against HEV contamination.

Huang et al. reported that four HEV strains in culture
media containing 2% calf serum were inactivated and that
residual infectivity was not detected after heating at 56°C for
30 min {13). Emerson et al. repoﬁed that three HEV isolates
derived from faeces including genotypes 1 and 2 were inac-

tivated after 60 min at 56 or 60°C, but the heat-resistance -

properties differed slightly between the strains used. A strain
that was slightly more resistant to heating showed some
residual infectivity {< 1%)} after 1 h at 56°C [14). Tanaka
et al. also reported that an HEV isolate in a faecal suspension
in Tris-HCl buffer was inactivated and that residual
infectivity was not detected after heating at 70°C for
10 min, whereas residual infectivity was detected after
30 min at 56°C {15]. Unfortunately, these studies did not

evaluate the log reduction of infectivity and kinetic pattern

_ of inactivation.

There have been ne reports of HEV transmission via
plasma-derived products that contain various kinds of
proteins at high concentrations and also various types of
stabilizers. However, Investigative methods with log reduction
" andfor general information on HEV regarding the con-
tamination of blood products have been required. In this

study, we investigated the impact on the ability to inactivate *

HEV during liguid/dry-heating and viral patticle remaval
by nanofiltration in plasma protein preparations using four
HEV isolates found in Japan and belonging to genotypes
3 and 4,

© 2008 The Authorls)

Materials and methods

Viral isolates

Isolates from four different HEV clusters were used, that is,
genotype 3, [swIB-E, cluster SP (3¢}, GENBANK (in preparation
by Yamate ¢t al}], genotype 3, [swiB-M, cluster US (3a),
GENBANK {in preparation by Yamate ct aL}}, genotype 3,
[swJB-N, unclassified cluster, GENBANK {in preparation by
Tsunemistu ¢f al.}], and genotype 4 [swIB-H, cluster JP {4c),
GENBANK (in preparation by Yamate et aL)] {Table 1). These
viruses were derived from faeces of infected swine in Japan,
The origins of swJB-H, swiB-E and swIB-M were naturaily
infected swine faeces, while swJB-N was from faeces of -
experimentally infected swine (Highland strain, kindly pro-
vided by Dr Hiroshi Tsunemitsu, National Institute of Animal
Health, Japan). ’

Table 1 Details of viral isolates used

Viral fitre
Isofation HEV HEV
Genotype 1D genome® infectivity®  Used for
3ion swiB-N2 63 . 38 - Liquid-heating,
. nangfiltration
3 swiB-M5 72 &8 Nanofittration,
’ dry-teating
swiB-Mg 84. 53¢ Liquid-feating
3 swiB-E8 75 48 Dry-fieating
swiB-E10 77 58° Uiguid-heating,
. ' nano-filtration
4 swiB-H1 70 - Nanofiltration
swiB-HIHT 7074 48 Liquid-heating
swiB-H7 74 3¢ Liquid-heating
swlB-H8 - 68 38 Liquid-heating
swiB-H219 72 38 Liquid-heating

The genetypes and clusters of isSIatés were grouped as described by
Takahashi et al and Lu et of [24,25). .

YGenome amount is indicated by fog mbies per mk For swJB-M, specific
primer sets and probes (sense primer F2; 5"-TCGTGTACAAACCGAGATTC-3,

-anti-sense primer R2: 5-GCCCGGCAATATTGTTCTA-3, Probe Flu2:
" 5'-GATGCAACCCCGGCAGITGGT TTTC-FITC-3" and Probe LC2:

5"-LCRed64Q-GCCCTGAGGTACTCTGGAATCATCCIATCC-37 were designed
and used. For the other isolates, the primer set and probe (HERS, HES7 and
FAMlabeled probe FHEEB) designed by Jothikumar et of., [26] were used. -
'!ﬁfectiviti( titre is given as log dilution non-detectable end-poiat per ml.
9Mean titse of two I‘three-} independent cxperiments,

Mixture of H1 and H7 used.

9This isolate is derived from faeces of an experimentally infected piglet.

Joumal compilation © 2008 Blackwell Publishing Ltd., Vor Senguinis (2008} 95, 94-100
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Isolation and purification of virus

Faecal samples (10 g) were resuspended-with 100 ml of
phosphate-buffered saline (PBS) and centrifuged at 1600 g
for 10 min and the supernatant retained. Pellets were
resuspended in 50 ml of PBS and the suspension was cen-
trifuged again under the same conditions. Resultant pellets
were resuspended with 25 m! of PBS and the suspension was
centrifuged again. All these three supernatants were pooled
and were filtered using an AP filter (AP2504700, Millipore,
Billerica, MA, USA). After centrifugation at 10000 g for
30 min, the supernatant was filtered through four sequential
filters (5-0 pm; SMWP04700, 1-2 jtm; RAWP04700, 0-8 pm;
AAWP04700, and finally 0-45 pm; HAWP04700, Millipore).
Then polyethylene glycol (PEG) 6000 (Wako Pure Chemical
Industries, Osaka, Japan) and sodium chloride up to final
concentrations of 8% {w/v) and 2-4% f{w/v), respectively,
were added to tite final filtrate. The solution was stirred for
10 min and incubated overnight at 4°C. The solution was
centrifuged at 10 000 g for 30 min and the precipitate was
resuspended with one-tenth the volume of the original solution
of PBS prior to the addition of PEG. The solution was
sonicated and centrifuged at 4000 g for 15 min at 4°C. The
resultant supernatant was filtered in two steps (0-45 pm;
SLHVO33RS and 0-22 pm; SLGVO33RS, Millipore), and the
filtrate was aliquoted and stored at -80°C as HEV stock.
Isolated HEV samples were allocated an isolation ID and
preparation lot number.

Hepatitis E virus stocks were further purified for filtration
‘experiments. The viral stocks in PBS were treated with 1%
(vfv} Tween-80 (Wako Pure Chemic}_al Industries) and 0-3%

_ {v/v) Tri-n-butyl Phosphate {INBF, Sigma, St. Louis, MO,
USA) for 1 hat 30°Cand then the solutions were ultracentrifuged
at 150 000 g for 3 h at 4°C. The precipitates were resus-
pended in PBS and subsequently sonicated and centrifuged
at 4000 g for 15 min at 4°C. The supematants were filtered by
‘sequential 0-22 and 0-1 pm filtration {SLGVO33RS (0-22 jrm)
and SLVV033RS {0-} pm); Millipore] and the filtrate was
aliquoted and stored at —80°C as purified HEV stoick. In ‘addition,

HEV Genotype 3, derived from the culture media of infected -

A549 cells was treated with detergent alone, "as described
above, and subsequently used for filtration experiments.

Quantitative HEV RNA assay for each isolate

The total HEV RNA in each sample was extracted using the
RNeasy Mini Kit (cat. 74104; Qiagen GmbH, Hilden, Germany)
and then quantified by polymerase chain reaction (PCR)
using specific primers. The copy number of swJB-M was
quantified using specified primers and probes set from the
light cycler (LC) RNA Amplification Kit Hybridization Probes
(Roche Diagnostics, Basel, Switzerland) and LC guick system
3505 (Roche Diagnostic). The assay conditions were as

.

follows: reagents; 4-0 pl of 5x LC reverse transcription (RT}-
PCR Mix HybProbe (Roche Diagnostic), 3-2 pl of 25 ram MgCl,,
2:0 ul of 5 pmolfjs! primer F+R, 2-0 14 of 2 pmolfi! probe
Flu+LC, 3-4 pl of water, 0-4 pl of LC RT-PCR enzyme mix and
5-0 ul of template (total 20 pl), and reaction; 55°C 10 min,
95°C 30 second, 45 cycles of 95°C 5 second, 60°C 15 second,
72°C 13 second and subsequently 40°C 30 second. The copy
number of ORF3 for swJB-N, swIB-E and swiB-H {genotypes
3 3gp and 45) was also quantified using a QuantiTect
Probe RT-PCR Kit (Qiagen) and Applied Biosystems 7500
(Applied Biosystems, Foster City, CA, USA). The assay condi-
tions were as follows: reagents; 25 jul of 2x QuantiTect Probe
RT-PCR Master Mix (Qiagen GmbH}, 1-0 ! of 20 um primeér
Mix, 05 pl of 10 pm Probe, 0-5 1 of QuantiTect RT Mix,
13-0 yl of water and 10 11l of template (total 50 1), and reaction;
50°C 30 min, 85°C 15 min, 45 cycles of 95°C 15 second and
60°C 35 second.

Infectivity assay for HEV

Infectivity of HEV was assayed according to Huang ef al {13) .
with minor modifications. A549 cells (kindly provided by Dr
Takaaki Nakaya, Research Institute for Microbial Diseases,
Osaka University) were cultured in DMEM (cat. 11995-065,
Invitrogen, Carlshad, CA, USA) containing 10% fetal bovine
serum {cat. SH30071-03; Hyclone, Logan, UT, USA), 100 Ufm!
penicillin, 100 gfm] streptomycin (cat. 15140-122, Invitrogen)
and Insulin-Transferrin-Selenium-X (ITS-X) supplement
{cat. 51500-056, Invitrogen) at 37°C in 5% €O, in air. The
composition of the medium used for the vira! assay was
Dulbecco’s modified Eagle's medium (DMEM]) containing 2%
fetal bovine serum, 100 Ufml penicillin, 100 pg/mi strepto-
raycin, ITS-X supplement and 30 mM MgCl, (cat. 135-00165,
Wako Pure Chemical Indusiries} at 37°C in 5% CO, in air. For
the infectivity assay, A549 cells were seeded in a 12-well
microplate (3-6 x 10° cellsfml, 2 mifwell). After an overnight
culture, the cells were inoculated with serial 10-fold dilutions
of the virus stock solution (0-3 ml/well). On day 7 of culture,
HEV RNA i cultured cells was assayed using the HEV RNA
assay method deseribed above. The infectivity of each stock
of isolate used was determined from the dilution end-paint
where no RNA was detected.

Heat sensitivity of HEV during liquid- and
dry-heating

Hepatitis E virus isolates were ultracentrifuged at 150 000 g
for 3 h at 4°C. The resultant pellets were resuspended with
PBS or a 25% albumin solution that was collected just before
the heating step in the manufacture of Kenketsu Albumin-Wf
{Benesis, Osaka, Japan) as a stabilizer. These samples were
aliquoted at 05 ml per tube and incubated in a water bath at
60°C for preset times (0, 0-5, 1, 2 and 5 h]. After quickly

© 2008 The Authors}
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cooling, the residual infectivity of the sample was determined
as described above.

The HEV precipitates described above were also resuspended -

with a Fibrinogen solution containing 1-3% (wfv} trisodium
citrate dihydrate and 2-0% {w{v) L-arginine hydrochloride as
a stabilizer that was collected just before the dry~heating step
in the manufacture of Fibrinogen HT-Wf (Benesis), The HEV
solutions were aliquoted at 20 mifvial and freeze-dried
using an optimized freeze drying cyde (programme) for this
product (freeze dry systems cat. 7948020 and 7934024,
Labconco, Kansas City, MO, USA). The freeze-dried samples
in the vials were closed under vacuum. The vials were then
heated at 60 or 80°C in a drying oven (cat. DK43; Yamato
Scientific, Tokyo, Japan} for 72 h. The heated samples were
cooled quickly and stored at 4°C until the assaying, Residual
infectivity was assayed as described above. In addition, the
residual water content of mock-infected samples prepared
using the same freeze drier programme and conditions with~
out spiking with HEV were assayed using the loss on drying
test method described previously {16]. -

Removal of HEV by nanofiliration

Hepatitis E virus stocks that were detergent-treated, as described
above, were thawed, cohcentm{ed. if required, sonicated and
filtered using 0-22 pm {0-22 ym; SLGV033RS, Millipore) and
Bemberg Microporous Membrane (BMM] filter (Planova®-75N
(72 £ 4 nm, 0-001 m?); Asahi Kasei Medical, Tokyo, Japan)
" immediately prior to nancfiltration. The viral -samplts were
subjected to nanofiltration using BMM -35N (35 £ 2 nm), -20N
{19 £ 2 nm) and -15N (15 + 2 nm; Asahi Kasei Medical) under
conditions where 2-ml samples were applied to 10°° n® filters
with 50 kPz and dead end filtration. The quantities of HEV
RNA before and after filtration were measured using the
quanttative HEV RNA assay described above. i

Genotype 3 . 8

Results

Viral preparations

Isolates from four different clusters including two genotypes
- were prepared and each isolate was evaluated regarding
genome and infectious titre in the stocks.

We evaluated the appropriateness of the method to determine
the HEV infectious titre by semiquantitative PCR (data not
shown). The levels of HEV RNA in the infected cells were
Thigher at 3 and 7 days post-infection {dp}) than at G dpi. The
titres obtained were mot consistent on 3 dpi whereas the
results were consistent on 7-dpi. Therefore, we decided that
the titre of HEV should be determined on 7 dpi. According to
our data, about 1000 copies of the genome per infectious unit.
were observed in our system. The infectious titres in the HEV
stocks of the viruses are summarized in Table 1.

Heat sensitivity of HEV.

The heat-inactivation kinetics of HEV isolates from four
clusters including two genotypes during liquid-heating using
25% albumin and PBS at 60°C for 5 h was evaluated. Alliso-
Tates in PBS were inactivated below the detectable infectivity
Yimit within 30 min at 60°C and showed a rapid inactivation.
The log reduction factor (LRF) of genotype 355, 35p, 3y and
4pwas2 27,237,237 aﬁd 2 2-4, respectively. In contrast,
all HEV isolates in the 25% albumin solution showed. heat
resistance, and residual infectivity was detected even in the

_ samples heated for 5 h and the LRF was 2-0, 2-0, 1-0 and
222, respectively (Fig. 1).

The heat-inactivation kinetics of Genotype 3,5 and 3, in
fibrinogen during dry-heating was also evaluated. The water
content of freeze-dried samples containing the two HEVs was
< 0-3%, Residual infectivity was not detected with the LRF

[ Genotype 3us

Nan-dstectable end-point (log/ml}

Fig. T Inactivation kinetics of the four HEV
isoates during fiquid-heating. Solid fines: HEVin -
25% albumin. Broken lines: HEV in P8S. Arrow:
infectious virus was not detected. Genotype
4pia=3. ‘

© 2008 The Author(s) .
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81 Genolype 2ug

Non-detactable andpolnt
{Log/ml)

Fig- 2 Inactivation kinetics of the two HEV
isolates during dry-heating. Solid lines: at 80°C.
Broken lines: at 60°C. Arrow: infectious virus not

detected.
Table 2 Viral removal by nanofiltration using filtres of various pore sizes
HEV?
BMM filtre 3, [swIB-N2) 3, (swIB-M5} 35, (swIB-E10} 3, (cultured HEVY) 4, (swJB-H1).
BMM-25N (35+ 2 nm) (6-1/4-8°13° (69/< 33} 236 {6-4/3-8) 26 (60/<32) > 28 {5-6/4-5) 11
BMM-20N {19+ 2 nm) [61/<23)2 38 (69/<33) =36 (64{<3-2) =32 60/« 32} =228 {56/ 30) 226
BMM-15N (15 £ 2 nm) (6-1/< 23238 69/<33)236 (54/<32)232 BOj<32)228 {s6/<30)226

*{EV is in PBS.

YGenome amount is indicated as total log copies. Left: before filtration; right: after filtration.
“Log reduction factor. Log reduction factor was caleulated from the genome amount in the samples before and after filtration.

“Derived from cultured media of HEV-infected AS49 ceffs.

> 4-0 after treatment at 80°C for 24 h in any samples.

However, although the infectivity of HEV was reduced at an
1RF of 2-0 and 3-0, respectively, residual infectivity was
detected in all samples that were treated at 60°C for 72 h
[Fig. 2). These results indicated that the heat sensitjvity is
different not by genotype or cluster, but by the composition
of the sample. - ' :

Filtration of HEV
The putative particle sizé was also evaluated using Planova
filtres. All purified HEV isolates were removed to below the

detection Iimit using Planova-15N and -20N,-whereas
significant amounts of HEV were detected after filtration

using Planova-35N. In particular, the removability by

Planova-35N was variable for the HEV isolates (Table 2), The
result also showed a similar log reduction of viral removal
between viruses derived from faeces and cell cultures of
genotype 3gp, and suggested that the diameter of viral particles
in the purified sample derived from faeces.was not affected
by contaminants derived from faeces. These results may
suggest that the particle size of HEV is around 35 nm, as
previously reported {1).

Discussion

Several reports suggested that some industrial swine farms
and commercial swine Hvers in industrial as well as developing

countries could be contaminated by HEV [4,9]. Yazaki et al.
detected HEV genomes in commercial swine livers that had
been caten by a2 hepatitis E-infected patient, as shown by the
identical sequences of HEV in the liver and patient’s sample

- by genome analysis. They reported that the patient became

infected by eating uncooked fiver [4]. Our infection studies
using piglets demonstrated that HEV was mainly detected in
liver, intestines, serum and faeces, but not detected in
muscles [17]. Current epidemiological studies revealed that
the prevalence of HEV RNA or anti-HEV IgG-positive blood

- donors in Hokkaido and Tokyo was 0-01% (56/432,167} of

RNA and 3-9% of IgG, and 0-01% (3/44,322) of RNA and
8-6% of 1gG, respectively. In addition, the prevalence of
anti-HEV IgG in Japan varies according to locality, 1-0- 8-6%
[11]. These results also suggest that although the possibility
of transmission is not considered to be high at the moment,
some patients who have HEV in their blood may donate blood
and this could lead to a transfusion-transmitted infection.
Consequently, a monitoring study for donated blood has
been initiated in Hokkaido, Japan.

" Huang et al,, Emerson et al,, and Takahasi et al. re;ioned
on the heat sensitivity of HEV {13-15]. Several strains heated
at 56°C for 1 h were sensitive. Some strains were inactivated
to below the detection limit whereas in others, ~< 1% of the
virus was still infectious. Unfortunately, these results were

- not shown with log reduction, time kinetics and effect by

stabilizer at 60°C. Furthermore, there has been no report of
heat inactivation of freeze-dried samples containing HEV. In

. © 2008 The Authorfs)
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this study, we investigated the heat sensitivity in liquid and
dry conditions over longer periods of time using several HEV
isolates belonging to genotypes 3 and 4, The results suggest
that the inactivation could be greatly influenced by the con-
ditions. In addition, HEV was inactivated gradually at 60°C
' during dry-heating, whereas it was inactivated to below the
detection limit within 24 h at 80°C. This result suggests
dry-heating at 80°C to be effective for the inactivation of
HEV [18]. The inactivation patterns of HEV at 60°C with
albumin and fibrinogen were similar to those of canine
parvovirus, which is used as 2 model of heat-resistant viruses
(data not shown). This result suggests that HEV is a heat-
resistant virus, . :
We also evaluated particle size using nanofilters that have
a nominal pore size of 15, 19 and 35 nm using isolates from
infected swine facces and from medium cultured with the
infected cejls. The viral particle size is consistent with a
diameter of around 35 nm as reported previously in an
clectronic microscopic analysis [1].
We reported that the heat sensitivity of parvovirus B19 is
_also influenced and subsequently varied its inactivation
patterns, using different compositions of the inactivation
" matrix [19]. Tn addition, although the mechanism of viral
particte removal by naneofiltration is size-exclusion, the
removal capabilities of these virus-removal filters are also
influenced by viral load and the condition/composition of
the filtre {20-23). Therefore, a safety evaluation for HEV con-
taminants, especially inactivation by heating and rémoval
using, for example, nanofilters, should be performed using
validated manufacturing conditions.
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BLOOD DONORS AND BLOOD COLLECTION

Seroprevalence of Trypanosoma cruzi infection in at-risk blood .
donors in Catalonia (Spain)

_ Maria Piron, Mireia Vergés, José Mufioz, Natalia Casamitjana, Sergi Sanz, Rosa Maria Maymd,
José Manuel Herndndez, Lluis Puig, Montserrat Portis, Joaquim Gascén, and Stlvia Sauleda

BACKGROUND: The increasing arrival of Latin Ameri-

cans to Europe and, paﬂicu!arty, ta Spain has led o the

appearance of new pathologles. such as Chagas
diseass, a zoonotic Infection endemic to rural areas of
Central and South America. In the absence of the triato-
mid vector, one of the main modes of fransmission of
Chagas disease in nonendemic regions is through
blood transfusion.
STUDY DESIGN AND METHODS: The Catalenian
Blood Bank has implemented'a séreening program for
Chagas disease in at-risk blood donars and has per-
formed a study to determine the seropravalence of 7ry-
panosoma ciuzi infection in the donor population. The
" two commercial tesls used in al. samples were the
ID-PaGIA Chagas antibody test (DiaMed) and the
bioelisa Chagas assay (Biokit).
RESULTS: Overall sei’oprévalehce_was"o.62 percent,
with 11 donors confirmed positive among the 1770
at-risk donors sludled; the highest rate (10.2%) was in
Bolivian donors. Interestingly, 1 of the 11 positive
donors was a Spaniard who had resided various years
in a Chagas disease endemic area. Furthermore, 1 of
the positive donors presented detectable parasitemnia.
CONCLUSION: The resulls of this study emphasize the
need for T. cruzi screening in at-risk blood donors in
nonendemic countries. An important finding is the rel-
evance of including in the at-risk calegory persons who
have resided in, but were not necessarily bom in, an
endemic region. If T. cruzi scréening is not routinely
performed in all donations, It remains highly dependent
on proper identification of at-+isk donors during the pre-
donation interview.
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merican trypancsomiasis or Chagas disedse is a
zaonotic infection endemic to Latin America.
In endemic countries, approximately 8 million
people are carriers of the disease, approxi-
mately 50,000 new cases are diagnosed every year, and

-fatal cdses are estimated at 14,000 per year.!

Trypanosoma cruzi, the causal agent of Chagas ‘
disease, can be detected in bload during the initial acute

phase, which lasts from 6 ta 8 weeks. Mast patients are

asymptomatic or oligosymptomatic, but when symptoms
manifest, the acute stage of the illness may be character-
ized by fever, lymphadenopathy, mild splenomegaly, and :
edema, sometimes involving the myocardial tissue ‘and
producing acute myocarditis or encephalomyelitis, If they

" remain untreated, 5 to 10 percent of these patxents die?’

After this phase, the infection usually progresses to the
chronic stage, in which the parasne is rarely detected in
blood. When it is clinically silent, the chronic’ phase is
called the indeterminate form of the- dzsease Many
pattents remain in this clinical situation for the rest of
their lives, but 15 to 30 percent will progressively develop
symptomatic disease.” Cardiologic manifestations are
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the hallmark of the chronic stage. The most threatening
complications are heart failure and excitability and con-
ductivity disorders leading to cardiac arrhythmia and
sudden death. These conditions often require recurrent
hospitalization, surgery, or more expensive cardiologic
procedures such as pacemakers, implantable automatic

_ defibrillators, and even heart transplants.> Less fre-

quently, Chagas disease involves the digestive tract.?®
In endemic areas, Chagas disease is commonly
transmitted by a triatomid vector that releases ‘parasite-
infected excreta into lacerated skin or mucosa. Congenital
and transfusion-related transmission are the other princi-
pal modes of acquiring T.-cruzi infection.?® Transmission
of Chagas disease via blood transfusion has been recog-
nized since 1952,° but it was only with the advent of the
HIV pandémic in the 1980s that blood control programs
began to be implemented.in most Latin American coun-
trdes. Legislation requiring blood transfusion screening
has decreased the incidence of transfusion-related Chagas
disease. There are varying degrees of success, however, in
implementing these control measures in some endemic
regions.” :
In countries where it is not enderic, such as Spain,
‘Chagas disease is considered an emerging infection

because of the i mcreasmg number of immigtants coming

. from Latin América. Spain houses approximately 4 million

immigrants, and 1.5 million of them were born in a-

country ¢ endemic for. Chagas disease.®

'Ikansmlssmn of T criezi in countries where the vector’

does not exnst occurs mainly through maternal-fetal trans-
mission, organ transplantatlon, and blood transfusion.?
Despite this knowledge and confirmed reports of T. cruzi
infection through congenital transmission**" and blood
transfusion in nonendernic countries, little attention has
been paid to assuring optimal screening and control
measires. '

Since September 2005, Spanish regulatory. law
requires that all at-risk donors be screened for Chagas
disease or.otherwise be excluded from donation.” Donors
considered at risk by the Spanish- Ministry ‘of Health
include persons born in an endemic area, those born of a
meother native to an endernic area, and those who have
undergone fransfusion in an endemic area. The 1main
objective of this article is to estimate the prevalence of T.
cruzi infection in blood donors in Catalonia through
* implementation of a T. cruzi antibody screening test in
donors considered at risk by the Spanish Ministry of
Health, as well as all residents for more than 1 monthinan
endemic area.

MATERIALS AND METHODS

Doneor selection and study design

Individuals included in the study belonged to one of the
following risk groups: Group 1, donors born or ransfused

in an endemic area; Group 2, donors born of a mother
native (0 an endemnic area; and Group 3, residents in an
endemic area for more than 1 month. For the first group,
which was expected to contain the largest number of indi-
viduals, we calculated a sample size of 1500 subjects for an
estimated prevalence of 0.6 percent of T. cruzi infection
{95% CI, 0.2%-1%). Blood donation was accepted if there
was no other reason for rejection (e.g., malada). In
patients who had grounds for rejection, a blood sample
was requested only for T cruzi determination.

Bach donor answered an epidemiologic question-
naire to obtain information on age, sex, birth place, date
of arrival in Spain, visits to endemic regions in Latin
America, and living conditions in the endernic area (rural
environment, adobe house). The donors signed an
informed consent form and the study design was
approved by the Ethics Committee for Research of our
center, Clinical assessment and follow—up was offered to
all positive donors.

Detection methods

Serum samples from at-risk donars were processed for the
presence of T, cruzi antibodies by two EC-approved tests,

- according to the manufacturer’s instructions. Each of

these tests claimed 100 percent sensitivity based on
various performance evaluation studies presented in the
insert. Screening was performed with' a commercla]]y

-available Chagas antibody test’ (D= PaGIA, DiaMed,
Cressier sur Morat, swltzerland), aparticle geli immurioas-

say that.contains twa recombinant antigens: Ag2 and TcE,

.All blood donations with an mmally reactive result in‘the

screening test were rejected. It should be noted that inde-
pendently of the result of Chagas determination, platelet
concerntrates were not made from at-risk donors.

The second test used in all samples was the Chagas
bioelisa assay (Biokit, Llicd d'Amunt, Spain), which also
contains a recombinant- antigen, TcF antigen {I° cruzi

-fusion protein), and consists of a linear assembly of four

serologically active peptides PEP-II, TcD, TcE, and
TcLoEl.2. When a positive result was obtained in at least
one of these tests, a conventional in-house enzyme-linked
immunosorbent assay (ELISA) test utilizing whole T, cruzi
antigens from Maracay strain epimastigotes was also per-
formed. Samples were confirmed positive when at ieast
two tests gave a positive result (Fig. 1).

All initially positive samples by ID-PaGIA Chagas
antibody test and/or Chagas bioelisa assay were retro-
spectively tested with the T cruzi ELISA test system
(Ortho-Clinical Diagnostics, Raritan, NJ), which was FDA-
and EC-approved after the beginning of this study. This

* last test uses epimastigote lysate antigens.

Furthermore, all initially positive samples were
assessed for the presence of parasite DNA in blood, using
in-house real-time polymerase chain reaction {PCR).}*
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1D-PaGIA (DiaMed) +
bioelisa Chagas (Biokit)

In-house native ELISA

1 Tes Sysiem ELISA {Ortho-
H {Clinicat Diagnosics)

YES NO

Result: Resutt Result:
POSITIVE NEGATIVE NEGATIVE

Flg. 1. Algorithm f;)r T. cruzi serology interpretation.

The PCR techrique is designed to amplify a highly repre-
sented fragment of 166 bp in the satellite DNA of T cruzi,
it contains an internal control for DNA extraction and
amplification (human RNase P gene), and has an esti-
mated sensitivity of 2 parasites per mL {95% positive hit
rate).

RESULTS
Epidemiotogic data

Between September 2005 and ‘Septernber 2006, a total of
1770 donors were enzolled in the prevalence study and
were screened for T. cruzi antibodies. These individuals -
accounted for 1.1 percent of ail blood donors in the first 3
months of the study (Table 1).

' Sex distribution (51% meh) was similar to that of the
general Catalonian donor population (53% mén), whereas
the mean age was [ower than that of the general donor
population {35 + 11 years ¥s. 42 * 12 years). Approdi-
mately half the donors included in the study armived to
Spain after 2000, 5 years before the beginning of recruit-
ment for the study. _

According to risk groups, 1524 (86.1%) individuals
were born in an endemic area (Group 1), 37 (2.1%) were
born of a mether'from an endemic area (Group 2), and 209
{11.8%) were temparary tesxdents inan endermic couniry
(Group 3;.Table 1). 'I‘wanty-one donors (1.2%) stated that
they had undergone transfusion in a country endemic for
Chagas disease. Only 20.7 percent of donors born inan
endemic area stated that they had lived in a rural environ- .
ment and only 8 percent declared to have lived in an
adobe house, For temporary residents, the proportions
were G6.5 and 22 percent, respectively (Table 2,

The most highly represented: country of origin was
Colombia, accounting for 22,3 percent of at-risk donors
included in the study, followed by Argentina and Bcuador,
accounting for 19.5 and 14.6 percent, respectively
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(Table 3). The majority of mothers -of the 37 denors in
Group 2 came.from Argentina (10), followed by Colombia
(7), Chile (7}, and Peru {3). Most donors from Group 3
{n=209) had visited various endemic countries during
one or several trips.

Prevalence of T. cruzi infection in blood donors
in Catalonia

. Inthe serologic screening, 21 donors presented an initially

reactive result by ID-PaGIA Chagas and 25 by bioelisa
Chagas. Samples showing faint agglutination with the use
of ID-PaGIA or an inconclusive result with bioelisa (ratio
absorbance;cutofi between 0.9 and 1) were considered ini-
tially reactive. Only 11 donors were reactive in both tests.
The tlsird test (in-house ELISA) was only positive in the 11
serutn samples that resulted positive by the two commer-
cial tests used in the screening {Table 4). The results
obtained with the 7. eruzi ELISA test system (Ortho-
Clinical Diagnostics) agreed with those obtained with the

- in-house ELISA (35/35), also based on whole -parasite”

lysate antigens. In addition, 1 of the 11 ddnors had detect-
ahle. parasitermia by PCR analysis.
Overall prevalence was 0.62 percent in the at-risk ..

" population. Ten of the eleven positive donors were from

Group 1 (0.66%), and one was from Group 3 (0.48%)
(Table 5). The countries of origin of positive donors weére
Rolivia (6 cases}, Argeritina (2), Ecuador (1), and Paraguay
{1}, and there was one Spaniard who had been living'in
Venezuela for 27 years. We should emphasize that the’
number of positive subjects among Bolivians (6 out of 59
Bolivian donors) represents a prevalence of 10.2 percent
for this country. None of the 37 donors born of a mother
native to an endemic area and none of the donors trans-
fused in an endemic area {n = 21) were positive for T, cruzi
antibodies. Only 3 of the 11 positive donors declared that
they had been living in a rural area or an adobe house
(Table 5).

DISCUSSION

In endemic countries, blood transfusion is the second
most important way to acquire Chagas disease. Screening
coverage in blood banks has reached 100 percentinmany .
countries, and this has reduced the risk of transmitting -
the infection by transfusion.’® Nevertheless, cases of T
cruzi transmission. by blood transfusion have been
recently described in Mexico where screening coverage,
which is not mandatory at this time, is one of the lowest of
all Chagas disease endemic countries. 116

In nonendemic countries, blood transfusion is one of

., the main modes of acquiring the infection, and cases

of transmission. before screening for T. cruzi infection
became mandatory in blood donors have beenreported in .
Spain.!’'® Buropean legislation requires permanent rejec-
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. - . f
TABLE 1. Epidemiologic data of donors included in the study .
: : Defomred
f risk .
Bonors included by group of dsl Transfused in Sex before
Group Number (%)  endemic area* Male™ Femals” donation®  Age (years}t
1. Bom in an endemic area 1524 (86.1) 21 (1.4) 758 (49.7) 766 (50.3} 95 (6.2) 35 (10.7)
2. Bom of a mother native to an endemic area 37 (2.1) 0 18 (48.6) 19 (51.4) 1{2.7) 28 (10.0
3. Temparary resident in an endemic area 209 (11.8) 0 119 (56.9) 90 (43.1) 19 (9.0} 38 (10.7)
Total . 1770 21 (1.2) 895 (50.6) 875 (49.4) 115 (6.5) 35 (10.8)
* Data are reported as number (%). '
% Data are reported as mean (SDY.
TABLE 2. Living ¢onditions in endemic area
. Group 1: donors born in endemic region _ Group 3: resident in endemic region

Has lived in rurat area Has iived in adobe house Has lived In rural area Has lived in adobe house
31511524 (20.7%) 137/1524 (9.0%) 139/209 {66.5%} . 46/209 (22.0%) \

TABLE 3. Distribution of donors born in an endemic region and of positive donors by country of origin,

’ . . Percentage of official immigrant Anti-T. cruzi-positive donors
- Gounfry Tested for anti-T. cruz" population in Catalonia . Number Rate by country (%)
Golombia , 340 (22.3) : © 138 . : : -,
Afgentina 298 (19.5) 1 B 2 . 2298 (0.67)
Ecuador 223 (14.6) 29.2 1 1/223 (0.45)
Uruguay 127 (8.3) ) . 44 .
Peru 123 (8.1) 8.9 ,
Brazil. 113 (7.4) 39
Venszuela - 86 (5.6) . 2.4
Ghile . L 1) I . . 42 . . .
" Bolivia . 59 (3.9) ' 8 -6 - T 659 (10.2)
Mexico - : 40 (2.8) 26 ’ - .
Paraguay 15 {1.0) 1.1 - 1 115 {6.7)
Honduras 1¢ (0.7) ' 1.3 B
El Salvador & {0.4) . 04
"Nicaragua 3(0.2) 0.1
Costa Rica . 2{04) . 0.1
Guatemala 1(<0.1) . 0.1
Panarna 1 {<0.1) : 0.1

“Total ' 1524 10
* Data are reported as number (%}. )

tion of persons with a history of Chagas disease for-blood ] _ : ]
donation.’® Nevertheless, most'people do not present any TABLE 4. Dislr_ibution of results obtained with
health problem until many years after acquiring the infec- th.e two commercial kits ID-PaGlA (DialMed) am;l -

R £ the i e . bioelisa Chagas (Biokit)*
tion. Because of the increasing number of people from nitial rosult with

Latin America residing in- Europe; ‘and European people . - ) the bioelisa Chagas.
who reside for a time in an endemic area, implementation Initial result with ID-PaGIA Positive Negative
" of screening programs for this disease in at-risk donors Positive Y 10%
may be advisable in all European blood banks. Negative L 1735
* . The Catalonian Blood Bank implemented a‘screening . * Altinitially reactive results were confirmed as positive or
. ) A negalive by in-house native ELISA. Cohen's kappa index,
program for Chagas disease in all at-risk donors and 04713
simuitaneously initated a study to determine. the sero- t in-house native ELISA result positive.

prevalence of T. cruzi infection in its blood doner popula- - # In-house rative ELISA result negative.

tion. The countries of origin of the largest percentages
of at-risk donors in the present study were Colombia,
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Argentina, and Ecuador, and these were also the countries
of origin of the largest percentages of immigrants in
Catalonia in 2005 (Table 3).2

Overall seroprevalence was (.62 percent in the 1770
at-risk donors included, and paositive donors were mainly
from Bolivia, with a 10.2 percent prevalence among
donors from this country. The seroprevalence of T cruzi
infection in Bolivian donors is very high and is in keeping
with the 9.9 percent reported in 2001 in that country
(86.1% screening coverage at the time of the study), which
is the most highly affected by Chagas disease.”> The
remaining positive donors born in endemic. areas were
from Argentina, Paraguay, and Ecuador. The seropreva-
lence of T. eruzi infection in blood donors reported in 2601
or 2002 for these countries was 4.5 perceint {second most
highly affected country), 2.8 percent (third most highly
affected country), and 0.4 percent, respectively.

One important finding of this stedy is the relevance of
including persons who have resided in, but were not
necessatily born in, an endemic area as an at-risk donor.
group for T. cruzi infection, This population is not consid-
ered atrisk in the current Spanish regulations.” One of the
11 pasitive donors described herein was born in Spain and
had resided for many years in Venezuela.

Various studies have reported. seroprevalence data in
the immigrant population and in blood donors.in coun-
tries that are not endemic for Chagas disease. In Canada
and -Germany, for example, seroprevalences of 1 ah_d 2
percent have been 'dgscﬁbed,‘respecﬁvely, in cohorts.of -
asymptomatic immigrants coming from Latin America.?*?!

As to blood donors, two recent surveys in the United
States reported a seroprevalence of 0.02 to 0.03 percent
among all donors in blood centers in California, Arizona,?

" and Texas.® A previous study carried out-in Los Angeles
and Miami blood centers identified 7.3 and 14.3 percent of
donors as at risk for Chagas disease, with a.0.2 and 0.1 -
percent seroprevalence of T cruzi infection, respectively,
in these at-risk populations.

In Spain, some blood banks have implemented
Chagas’ - disease screening in at-risk donors and sero-
prevalence data have been described, alth(mgﬁ some of
the results are preliminary. T. eruzi infection seropreva-
lence varies' from 0.05 to 1.38 percent i the available

studies.*% A mean seroprevalence of 0.65 percent can
be calculated from data proceeding from all. Spanish
hlood centers that have performed (or initiated) a survey,
including, as a whole, 10,388 blood donors at-risk for T,

_ cruzi infection. The results obtained in Catalonia are con-
sistent with these data. .

The epidemiologic questionnaire provided some

“interesting information. First, the mean age of the at-risk
donors proceeding from an endemic area (Group 1

) donors) is lower than the general no-risk population (35

FNOY NN RO O - years vs. 42 years), as would be expected in immigrants

who generally come to Spain to work and improve their

In an endemic
country
No
No
No
No
No
No
No
No
No
No

Transtusion

to your country?
Yas
Mo
No
Yos
No
No
No
No
No
Yas

Have you
returned recently

Date of
arrjval
in Spain
2000
2002
2002
2005
2004 -
2003
2003
2003
2003
1988
1878

Bom
In Spain
No
No
No
No
No
No
Yos
No
No
No
No

Yos
Yes

Did you
No
No
No
No
No
No
Yos
No

live In an
adobe house?

liveina

rural area?
No
Yes
Yes
No
Neo
No
Yes
No
No
No
N

Did you

Town, State
Machala, El Cro
Cochabamba, Cochabamba
San Estanlslas, San Pedro

Cochabamba, San Benito
Santa Cruz, Santa Cruz
Santa Cruz, Santa Cruz
Santa Cruz, Santa Cruz
Caracas

Santa Cruz

-8an Juan

TABLE 5. Epidemiologie data of the 11 positive doners.
Guaymallen, Mendoza

Gountry
Eeuador
Bollvia
Argentina -
Baolivla
Bolivia
Balivia
Venezusla
Bollvia
Bolivia
Argentina
Paraguay

Age at
donation
(years)

34

34

42

36

38

45

a

36

40

49

51

[T TR TH=- "R TR TR =3 1

Sex
{male/female)

Positive donor

number
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living conditions. Half the population included arrived in
Spain after 2000, a fact that illustrates the increasing
immigration rates from Latin America chserved over the
past years. Another interesting result from the question-
naire was that the information obtained ahout living con-
ditions in the Chagas disease endemic area (rural area,
adobe house) did not comelate with the presence or
absence of antibodies to 7. cruzi. People born in endemic
regions (7 of 11 positive donors) generally declared that

they had never lived in a rural environment or an adobe

house (Table 2}, as is commonly assumed. Hence, this
question is not useful for differentiation purposes. Inter-
estingly, the sarne conclusion was drawn from the Berlin
study, in which 95 of 100 immigrants declared that they
came from an wban area, including the 5 cases of con-
firmed Chagas disease.?!

The two serologic assays used in this study were
chosen because at the beginning of-the study they were

commercially available and EC-marketed. Both are based.

on recombinant antigens, whereas the third conventional
in-house ELISA is based on whole parasite lysate, All
samples confirmed as positive had been inilially reactive
with both recombinant antigens assays, and all samples

initially reactive with only ene assay presented a nonreac-

tive result in the in-house ELISA and were considered
. false-positive samples: It is worth-noting that many dis-
crepant results observed between both assays corre-

sponded to low 0.9 to 1 signal-to-cutoff rates for bioelisa-

Chagas (Biokit) or doubtful reactions with ID-PaGIA
(DiaMed); which were all considered as initially reactive in
this study. Additionally, it should be mentioned that the T,
cruzi ELISA test system performed on all initially reactive
samples (with one or two tests) confirmed the results
obtained with the conventionat in-house ELISA. The high
rate of inconclusive or false-positive results obtained
when one diagnostic test is used underscorss the need to
confirm all initially positive results with a second serclogic
technique. In any case, there is still a need for a real con-
firmatory test to overcome the issues of discrepancies and
false results (positive or negative). The 1D-PaGIA assay
allows testing of a small number of samples at a time.
Although this system has the drawback of rather subjec-
tive reading, it could be useful in blood centers with a
" small volume of donations and is now even more reliable
since a third antigen has been recently added to increase
the sensitivity of the test. The ELISA format, which allows
for automation and objective reading, should be indi-
cated in other blood centers. An even more appropriate
- strategy would be the use of two screening tests, one
based on recombinant antigens dﬁd the other on crude
antigens®
In summary, this study reports a seroprevalence of T
cruzi infection of 0.62 percent ainong at-risk donors in
Catalonia and emphasizes the need to include individuals
who have resided in, but were not necessatily born in

52

endemic areas as at-risk donors. The difficulty of this type

of selective screening is proper identification of the risk
population, which essentially depends on the predona-
tion interview. Latin Americans accounted for more than 1
percent of the total of donors in our study, and this sub-
stantial contribution underscores the need to accept them
as donors.

In the future, techniques to inactivate or reduce the
parasite load, which are currently under development or
evaluation,®3® might be applicable to blood components:
At this tirne; however, detection of T cruzi infection is'the
only prevennve measure available to accept at-risk blood
donors.
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Date: 13 Oct 2008 . : Search Sean
Title: Unknown illness identified as Arenavirus : keywords :
— ' . e
By Luyanda Makapela : - _ ‘ dd/mimfy
date from -
Johannesburg - The virus which has caused the death of three people has been provrsronalty identified"as the rodent- =
borne Arenavurus . fo
maczmiy
The Arenavirus, related to the Lassa Fever Virus of West Africa, causes chronic infections in muliimammate 1 mice. j Search g Reset , WY
Infected mice's excretion contains theivirus which can cortaminate human food or house dust. : > )
A joint stalement by the National institute for Caniriunicable Disease (NICD)and the Depariment of Health explained 'Subscribe
that the Arenavirus is a disease spread from human o human through the-contact of body ﬂurds . j
Comments
"Special precautions are required in nursing pattents a statement said. About us -
The finding follows blood samples belng sentto Atlanta in the United States to determine the cause of the deaths of o . .
three péople who had been suspected of- eontraetmg Viral Haemorthagic Fever. ‘ Contact directoties -
"The virus is simitar to Lassa Fever, the department said. It has prevrously been found in rodents elsewhere in Africa, Press releases on GO'

but has not been found to cause d;seafée m humans other than ir West Afnca

Further {ests are needed to confim the dragnosm by growmg the wrus in culture

"It needs to be detemined whether rt is a.previously unrecognrsed member of the Areavrruses, and what |ts distribution .

is. There is no indication as yet that Arerravrruses which cause disease in humans are preserit in South African ) RSS...RSS ..RSS.....
rodents,” the NICD said. . What is RSS feed?
| Click Here o find out

The first victim, who had to be flown in from.Zambia in a critical condrtron was admitted.to the Mornmgsrde Medx-Ctrmc
in mid September She died two.days later. \

About two weeks Iater the paramedic who had flown in with the first victim, was admitted at the same clinic presenting
the same symploms.

iy
it

A nurse, Gladys Mthembu died shortty aﬂelwards Aceordlng to certain reports Ms Mthembu's. family has been givena . . Vo
go—ahead to continue with the funeral artangemenis as her bedroom had been cordoned off by heallh officials

'Mana Mokubung, a cleaner at the Mommgsrde Medr~Cltnrc who also dled last weekend has sincé been ruled out as a
possible victim of the virus .

Meanwhile the Gauteng Health Department has confimmed that the three-other pattents,- including nurse's ferriale
supervisor, who had been under obsewatif:‘m for showing symptoms of the virus hzve been discharged..

They had been in contact with the nurse who dred

However, departmental spokesperson Phumetele Kaunda said there were two contacts that were still under active
surveillance after being admitted for-observation:

The one patient is a paramedic wha had contact with the first patient and developed fever and fli-like symploms. He
- was admitted initially in Flora Clinic and then:transferred to Momingside Medi-Clinic with a diagnosis of kidney stones.

The other patient is 2 nurse who attended to the second patient and developed signs and symptoms similar to the first
fhree patients. She is being treated in isolation-and received the anti-virat medication, ribavirin. The patient is presently
stable.

Gauteng Hezlth MEC Brian Htongu\.ra‘meanv_.{hile has sent condolences o the families of those that were killed by the
viral infection, particularly families of Realth professionals who died in the fine of duty.

N

-"This illustrates the dedication of our heatth profeésiona!s and the need to society to respect and honour the work that
they do,” said MEC Hiongwa.
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1

He also thanked the NICD, the National Health Laboratory Sevice, Centre for Disease Contro! in Atlanta and the
World Health Organisation for ensuring that the results were made available soon. - BuaNews

BuaNews user policy: Government Communications [GCIS) established BuaNews to enable cammunity radio stations, newspapers and other media, local
internationally, to have easy and fast access to fresh goveriiment information, news and current affairs at no cost.
While BuaNews is a public service inifiative, the use of any informatian should he credited fo BuaNews.
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This updates all previous reports and includes available data as of
24 Oct 2008. An cutbreak of infection due to an arenavirus was
identified in South Africa in early October 2008. A total of 5 cases
has been reported for the period 12 Sep to 24 Oct 2008. '

About ProMED—mail

. The primary case {case 1} had onset of illness on 2 Sep 2008. An
. - . additional 3 secondary cases (case 2,3and 4) and 1 tertiary case
‘{case 5) have been confirmed to have an arenavirus inféction hy
. laboratory testing. The primary case 'and 3 secondary cases have died.
" The tertiary case is currently hospitalized. Ages of cases ranged. - -
’ . . from.33 to 47 years. 4 cases were femalo and 1 male. The source of =~
infection is, as yet, unknown for the primary case. The other 4 cases
all had potential -exposure to blood and/or body fluids of a primary
or secondary case in the hea[th-care settlng ’

The r:m'mary'r case was a safari booking agen@: resident in Zambia. The
patient was flown to South Africa for medical care in a critically

ill condition on 12 Sep 2008, and died on 14 Sep 2008, Case 2 wasa
paramedic whe cared for case 1, during the transfer from Zambia on 12 )

" Sep 2008 and case 3 was a nurse who cared for case 1 in the intensive
care unit from 12-14 Sep 2008, Case 2 was admmitted on 27 Sep 2008 and_
died on 2 Oct 2008 and case 3 was admitted on 30 Sep 2008 and died on
5'0ct 2008. On 14 Sep 2008, case 4 performed terminal cleaning of the ~
room in which case 1 was hospitalized. The. 5th patienl; is a nurse who .
cared for case 2 from 27 Sep 2008 to 2 Oct 2008. Shebecame ilf on 9

. Oct 2008 and is currently critical but stable. Ribavirin has been
used for treatment in this case based on good evidence of efficacy in
‘patients with Lassa fever (an arenavirus infection). The estimated

"ingubation period {interval from exposure to symptom onset) in
secondary and tertiary cases ranges from 7 to 13 days. In 4 patients
who died, the interval from onset oflllness to death ranged from 9
to 12 days (Figure 1).

Only Iimited clinical data are currently available for case 4; who

presented late in the course of illness with bleeding and confusion

and died soon thereafter. Clinical features of the remaining 4 cases,

for which more clinical data were available, are presented. All

patients presented initially with a non—specific flu-like illness

with symptoms of fever,.headaghe and myalgia, The illness increasedin

severity over 7 days with all 4 patients developing dizacrhoga and o
- pharyngitis during the course of iliness, A morbiliform rash on ‘the

face and trunk was reported in 4 cases on day § — 8 of illness.

Facial swelling oceurred in 3 patients. There appeared to be an

initial clinical improvement after hospital admission in 3 patients,

followed by clinical deterioration. Sudden and rapid deterioration
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with respiratory distress, neurological signs and circulatory

-collapse were terminal features in all patients who died. Bleeding
was not a prominent feature. However, one patient had a petechial
rash and another had oozing of blood from venepuncture sites, Chest
pain was reported in case 1.

At the time of admission all patients had thrombocytopenia (range:
42-104 X109/0). Liver transaminases (AST and ALT) were available for
4 of 5 cases and were variable at the time of admission, however all
4 patients had raised AST and ALT during the course of their illness.
Leucopenia was present on admission in 2 patiénts and 3 patients had
a narmal white blood cell count on admission. 4 patients subsequently
developed leucocytosis during the course of hospitalisation. All

" contacts (Family members, friends and healthcare staff) are being
monitored with twice daily temperature measurements for a period of
21 days after the last exposure to a known case. In addition, safe
burial of the deceased has been supervised by environmental health
officers. Full personal protestive equipment (PPE} and isolation
precautions as per VHF protocols have been instituted.

The causative agent in this cutbreak was initially identified as an
0ld World arenavirus by immunohistochemical tests performed at the
Infectious Diseases Pathology Branch of the Centers for Disease

_ Control and Prevention in Atlanta, USA, and on autopsy liver and skin
samples taken with biopsy needles and skin punches in the Special
Pathagens Unit of the Nationa! Institute for Communicable Diseases,
National Health Laboratery Service, Sandringham (SPU-NICD/ NHLS),
South Africa, from cases 2 and 3 on 9 Oct 2008 under biosafety level
4 laboratory conditions. Subsequently, infection with an Old World
arenavirus has been confirmed in all § cases by positive PCR results

. and virus isolation by SPUNICD/ NHLS and CDC. Analysis of sequencing
data generated at SPU-NICD/NHLS, Columbia University, New York, and
CDC, Atlanta appears to indicate that the cumrent outbreak is calised
by a unique Old World arenavirus.

There are currently no additional suspected cases, The outbreak
appears to be contairied and has been confined to individuals with
very c!ose tontact in a health—care setling. Monitoring of contacts,

" active case finding and mves'agahon and management of suspected
cases will continue as needed. Further characterization of the ]
causative agant is under way and mveshgatlon into the source of
infection in the primary case is reqmred Addltlonal studies to
detenmne whether' mild/ asymptomatic mfectmn occurred amongst clpse
contacts and other exposed-individuals would be éssential in better
characterizing the extent of this qutbreak and clinical spectrum of disease.

Arenaviruses are a family of enveloped negative sense single—stranded
RNA viruses. Members of the family are parasites of rodents, in which
they establish chrenic renal infection. High titres of virus are
present in rodent urine, which can contaminate human food or house
dust. Exposed humans may become infected as accidental hosts, The
prototype of the family is lymphocytic choriomeningitis (LCM) virus
and infection of humans with this virus may presant as an
_influenza-ike illness, aseptic meningitis or severe . ]
meﬁingo—-enc'epha'lon{yeliﬁs Arenaviruses which cause a haemorrhagic
fever syndrome ara well docuriented in South America (New World
arenaviruses, lncludmg Junin, Machupo, Sabia and Guanarito viruses). '
. The so~called Gid World arenaviruses include LCM which in fact has a
worldwide distribution, and Lassa fever virus which affects up to 500
000 peopte annually in West Africa, specifically in Nigeria, Sierh
Lecne, Liberia and Guinea, but the virus is suspected to be more
widely distributed in that region.

The clinical spectrum of Lassa fever virus infection ranges from
inapparent, through mild febrile iliness to fulminant haemarrhagic
disease, and martality rates \fary fram 1-2 parcent among cases in the
community at large, through 20 percent among hospitalized patients,
to >40 percent in nosocomial outhreaks. The multimammate mouse
( Mastomys natalensis_), which is the most important haost of Lassa

" fever virus, has a distribution extending from West Africa across to
East Africa and from there southwards to the northeastermcamer of
South Africa. Its distribution overlaps with that of other Mastomys
species, and arenaviruses have been found in sauthém African rodents
in the past, but there has been no previous association of these
viruses with human disease despitg éus_tained monitoring, Preliminary



testing indicates that the virus associated with the present
nosocomial disease outbreak is a distinct new member of the family.

Communicated by:

Or Irene Lai MB BS

Deputy Medical Director

intl. SOS Online and Corporate Medical R&D
Internationat SO05

Leve!l 5 Chalfis House 4 Markin Place
Sydney NSW 2000 Australia
<13022@intemationaisos.com>

[This update provides a definitive account of the recent outbreak of
arenavirus—associated disease in South Africa. A primary case (case
1) had onset of iliness on 2 Sep 2008. An additional 3 secondary

cases (case 2, 3 and 4) and 1 ferfiary case {case 5) have been
confirmed to have an arenavirus infection by faboratory testing. Case
5 {not previously reported) is a nurse who cared for case 2 from 27
Sep 2008 to 2 Oct 2008. She became ill on 9 Oct 2008 and is currently
critical but stable, Cases 1, 2, 3 and 4 did not survive infection.

Infection with an Old World arenavirus has been confirmed in all §
cases by positive PCR results and virus isolation by SPUNICD/ NHLS
and CDC. Analysis of sequencing data generated at SPU-NICD/NHLS,
Golumbia University, New York, and CDC, Atlanta, appears to indicate
that the current outbreak is caused by a unique Old World arenavirus.

There are currently no additional suspected cases. The outbreak
appears to be contained and has been confined to-individuals with -
very ‘close contact in a health—care setting. Moritoring of contacts,
active case finding and investigation and management of suspected
cases are continuirig. Further characterization of the causative agent
is under way, as is investigation into the source of infection in the
pnmary case,

L= Mod GP]
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ProMED-mall 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 assimes all risks in
using information posted or archived by ProMED-mail. 1SID

‘and its associated service' providers shall notbe held

responsible for errors or omissions or held liable for any
damages incurréd as a result of use 'or reliance upon posted -
ar archived matejial. '

Become a ProMED-mail Préf;\ium Subscriber  at

“¢httpy/ Swww isid.org/ProMEDMail Premium.shtmt>

Visit ProMED-mail's web site at it ferenw.promedmailorgd.
Send all items for posting fo: promed@promedmail.org

(NOT te an individual moderator). K you do not give your
fult name and affiliation, it may not be posted. Send
commands to subscribe/unsubscribe, get archives, help,
ate. tor majordomo®promedmait.arg  For assistance #rom a
human being send mail to: owner-promed@promedmail.org.
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ABC Newsletter : . -9- October 17, 2008

WNV Case in Italy is First There in Many Years

Two human cases of West Nile Virus (WNV) encephalitis have been reporfed in Italy in the last month,
the first human cases in that country in many years.

On September 20, the laboratory of the Regional Reference Center for Mlcrobwloglcal Emergencies in
Bologna, Ita.ly, reported the detection of specific IgM and IgG antibodies against WNV in the serum of a
_female patient in her 80s-who- lives in a rural area between Ferrara and Bologna.

Six confirmed cases of WNVdisease in horses have recently been reported in this area, and 13 birds {six
crows and seven magpies) have been identified as positive for WNV. Subsequently, an active surveillance
program for posmble ‘human cases of WNV meningoencephalitis began.

Nucleic acid; amphﬁcatlon testing has been introduced for blood donor screening in the
provinces of Bologna and Ferrara. The Italian National Blood Center also has instructed
all blood centers to defer for 28 days denors who have been for at least one night in the
subject areas. .

No Travel Reported. The pailent Had fever and repeat vomiting eplsodes on September 5. A first diagno-

sis of suspected urinary. tract-infection was made and thie patient was. given medication, but the symptoms. -

remained and the patiérit was -admitted to an Imola hospital on Séptember. 19 with high fever, vomiting,
impaired conscioustiess; and’ hallucmatmns The patient went.into convulsions in the emergency room.

" She has regained consclousness and has almost completely recovered, though she remains hospltallzed as
a safety precautxon - :

Serum samples- were tested for WNV-specific antlbodles usmg an enzyme-hnked immuno-sorbent assay,

which indicated an acute WNYV infection. W"NV-specxﬁc antibodies-wete further confirmed by-additional
serological tests -on:the ‘first: samples The samples were tested for Japanese encephahtls virus (JEV) and
_ tick-borne encepha]|t151 virus* (TBEV). “Results clearly demonstrated-that the: antibody response was
mainly directed. agamst WNV thus corroborating .the hypothesis of a WNV neuroinvasive -infection,”
according to the- Eurosurvezllance Report (10/9/08).

The patient’s relatwes reported that she had not traveled outside the small village where she has lived. for |

the past two years. The patient’s Home is located within a few kilometers from a-large swamp that is home
to a sizeable population of dlﬂ'erent bird species and is infested by- mosqultoes (both Culex and Aedes
albopictus).

A second human case: of WNV neuroinvasive disease was.identified in Bologna on October.3 — a man in
his late 60s who lived'in the province of Ferrara where WNV-positive horses and birds have recently been

identified. The patient:suffered from symptoms of acute meningoencephalitis with high fever. Serum and

cerebrospinal fluid; samples of this patient have tested positive for IgG and IgM antibodies against WNV
and two different RT-PCRs performed on the serum were positive, though confirmatory Taboratory testing
was still pending.

WNYV has been reported.“fn Eul‘op‘e, the Mi&dle East, Africa, India, parts of_:Asia., and Australia. Human -

WNYV disease has been réported-in the Mediterranean Basin: in Algeria in 1994, Morocco in 1996, Tuni-
sia in 1997 and 2003, Romania in 1996 through 2000, the Czech Republic in 1997, Israel in 1999 and

2000, Russia in 1999 through 2001, and France in 2003. Enzootics involving horses were. reported in

Morocco in 1996 and 2003, Italy in 1998, Israel in 2000, and southern France in 2000, 2003, and 2004.
(Sources: Eurosurveillance Report, 10/9/08; European Commission response to European Blood Alliance
query, 10/6/08) 4
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A novel mutation

{c.64 65delGGinsAACC
[p.G21fsX66)) in the GTP
cyclohydrolase 1 gene that
causes Segawa disease

DYT5 dystonia (Segawa disease) is an
autosomal-dominant inherited progressive
dystonia that is evoked by mutations/dele-
tions of the GTP cyelolvdrolase 4 (GCHY)
gene,"™ which codes for the rate-limiting
enzyme of tetrahydroblopterm (BH.) synth-
esis. Segawa disease is a rare disorder with
an estimated prevalence of 0.5 per million.
We report a clinical course caused by a'novel
mutation of the GCH gene in a 25-year-ald
Caucasian female presenting in our out-
patient clinic. The patient was born to
healthy parents with no history or signs of
neurological diseases. She described the
development of a gait disturbance beginning
at the age of 5 years. She wag increasingly
unable to walk at her soles, but was only
walking at the outer edges of her feet (pedes
equinovarus), causing a monstrous. callus,
within years. The feet cramped after only a
feww steps, which was relieved after some
rest. Several stays in hospital did not: reveal

the final diagnosis, so that the gair dis- :

turbance’ was initially classified as a psycho-
. genic disorder. The patient was then
introduced to our movement disorder out-
-patient clinic just before an operation of the
feet abnormalities. r
showed focal crampi of both feet with
relevant relief only by inactivity. The feet
were severely adducted and suppinated.
Neurophysiclogical examinations, including
somatosensory and magnetic-evoked poten-
tials, were normal. A magnetic resonance
imaging scan of the cervical and thoracic
spine revealed only a short hydromyelia
with no signs of inflammation or neo-
plasma. Analyses of the biogenic amines
* and pterins in the cerebrospinal fluid,
according-to the methods of Curtius and
Hyland,"* revealed highly decreased dopa-
mine (homovanillic acid 48 nmol/l; normal
values: 115-455) and serotonine metabolites
(5-hydroxyindoleacetic acid 20 nmol/l; nor-
mal values: 51-204). Similarly, all pterines
were markedly reduced (tetrahydrobiop-
terin: below detection level {normal value:
18-53 nmol/l); total neopterin: 6 nmol/!
[normal value: 10-31]). Folate metabolites

were notmal. To confirm’ the diagnosis of
CTP-cylcohydrolase [

Segawa disease,
(CTPCH) enzyme activity was determined
in skin fibroblasts according to Bonafé et of.,*
which showed only 34% activity (0.99 pU/
mg protein) compared with healthy controls
. (reference value: 2.6+0.53 nli/mg protein).
Treatment with low doses of levodopa was
capable of resclving the symptoms comple-
tely. Sequencing of exons 1-6 of the GCHY
gene revealed a heterozygous deletion of two
guanines at positions 64 and 65 and an
insertion of 4 bases (AACC; fig 1), leading to

J Newrol Neurasurg Psychialry Feuary 2008 Vol 78 Ne 2

Clinical - examination.

a frameshift from amino acid 21 and
subsequent termination of the protein after
amino acid 66 within exon 1 (c
64_65delCGinsAACC [p.G21EsX66]).
Multiplex ligation-dependent probe amplifi-
cation (MRC, Amsterdam, The
Netherlands) of the whole GCH? did not
detect any further deletions. The clinically
unaffected parents did not show any muta-
tion in the GCH1 gene (fig 1}, confirming
that the mutation in the patients represents
a de novo mutation. This novel combined
deletion-insertion mutation leading to pro-
tein truncation within exon 1 has not been
reported before, despite up to more than 100
abnormalities of the GCH7 gene being
reported—including exon (start point
change, missense, nonsense and frameshift
mutations) and intron mutations, and dele-
tions.
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Wild ('ype [father}

S%GCA.ATGGGTTCCCCGZ)

¢. 64-65DelGGINsAACET
AGCAATGCGHNHNNNENECCHRN

W’ld rype (molher}
AGCARATGGEGG
57

Figure 1 Genomic sequences of the index
patignt {mitdie panel} and both parents (father:
upper panel; mother: lower panel), revealing a
heterozygous deletion of two guanines at
positions 64 and 65 and an insertion of the four

_ bases AACC in the index patients, but wild-type

sequences in both :parents. The sequence
abnormalities lead to a frame shift from amino
acid 21 and subsequent termination of the
protein after amino acid 66 within exon 1.

66

TTCCCCG:

JRCZ008T-065

J Neurof Neurosurg Psychiatry 2008;79:229.
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latrogenic Creutzfeldt-—Jakab
disease 22 years after human -

growth hormone therapy: clinical -

and radiological features
Creutzfeldt-Jakob disease (CJD) is a human

transmissible spongiform encephalopathy or @
prion disease. Although CJD is most fre-

quently sporadic, numerous acquired or

iatrogenic CJD (iCJD) cases have been |

.reported, about half of which are attribata<

ble to prion-contaminated human growth -

hormone (hGH) preparations.! Cadaveric

hGH was provided by public and commer- .

cial sources up to 1983, when recombinant
GH became available. Incubation periods of

hGH-CJD peak at a median of 12 (range 5~ *. =

30) years after exposure.’

We report the first Austrian case of hGH-
associated autopsy-proven iCJD and discuss
clinical features and serial magnetic reso-
nance imaging (MRI) findings.

CASE REPORT

Clinical history

A 39-year-old man presented with nght-
sided clumsiness and dysaesthesia, which
had started in-his leg 3 dweeks prior to

" admission and had spread to his right arm.

No impairment of cognitive function and no
involuntary movements were present. There
was no family history of neurological
disease. The patient had been healthy until
the age of 11 years, when progressive obesity
and growth impairment had been noticed
and a diagnosis of Cushing syndrome had
been made. The patient moved to Austria at
the age of 15 years (1582) and was subse-
quently diagnosed with a hormone-produ-
cing pituitary adenoma, which was removed
by Lranssphenoldal hypophysectomy. The
frontal skull base defect was covered with
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autologous connective tissue (fascia lata).
Due to persistent Cushing syndrome symyp-
toms, bilateral adrenalectomy was per-
formed. To promote body growth (height
<3 percentile}, he received commercially
manufactured cadaveric hGH (Crescormon®,
Kabi Pharma, now discontinued) from
Septemnber 1984 (2 U IM three times per
week, which was later reduced to 2 U IM
twice a weeld). The treatment was contin-
ued until November 1985 and resulted in an
increase of body height of 13.5 cm.

In 2003, a recurrency of the pituitary
adenoma causing Cushing symptoms was
diagnosed and transsphenoidal resection was
performed, again with an autologous fascia
lata graft.

On admission, the patient’s neurological
exam showed coarse bilateral gaze nystag-
mus, vertical gaze palsy and mild right-sided
hemiparesis. Tendon reflexes in both lower
extremities were exaggerated, whereas pyr-
amidal signs were negative. Gait was para-
spastic, with a deviation tendency to the
right, but unaided walking was still possible.

Cesebellar tests revealed bilateral ataxia in-

the upper and lower limbs and dysdiadecho-
kinesia of both hands. Testing for infectious,
parainfectious, as well as neoplastic or
paraneoplastic neurclogical diseases, was
negative, as was metabolic screening.

Serial cerebral MRI was performed in
months 1, 2 and 3 (Fg 1)
Electroencephalographic recordings (EEGs)
in months 1 and 2 showed diffuse slawing
with generalized delta activity and inter-
mittent rhythmic delta-theta runs with a
right fronto-central accentuation. EEG in

month 3 revealed further slowing and some

non-periodic bilateral sharp/slow wave com-
plexes.

. Cerebrospinal fluid (CSF) examinations in,

week 1-and week 6 after admission exhibited
divergent results. In the first sample, 14:3-3
protein was undetectable; protein content,

as well as cytology, were normal. Tn the

second CSF sample, a strong signal in the
molecular weight range of the 14-3-3 protein
was detected. .
Neuropsychological examination 3 weeks
after admission. showed reduction of atten-
tive functions; whereas memory was unim-
paired: Over 3 months of hospitalization,
the patients condition rapidly deteriorated:
Myaclonus of both arms and legs emerged;
the patient became bedridden after- about

6-weeks. Speech was increasingly dysarthric, ©

and severe dysphagia ensued. Hypostatic
pneumonia required antibiotic ' treatment:
Despite intensive:physiotherapy and ‘speech
therapy, the patient’s condition continued
to worsen.- The patient died after an overaf]
disease course of 4 months.

Nesropathology ,

Histology showed the characteristic trad of
spongiform change, neuronal loss and gliosis.
Immunohistechermistry revealed characteris-
tic prion protein deposits in cerebral and
cerebellar cortices, confirmiing the diagnosis of
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CID. Due to the recognised iatrogenic risk
{hGH), the disease was classified as definite

iCJD according to World Health Organization.

(WHO) criteria.' Western-blot analysis of
proteinase K restistant PrP was not performed
due to lack of adequate material,

Genetic analysis

Sequencing of the entire coding region of the
prion protein gene (PRNF) performed after
isolation of genomic DNA from peripheral
blood showed no known mutations. The
patient was methionine homozygous at
cadon 129 of the PRNP.

DISCUSSION

This case of definite iatrogenic CjD 22 years
after hGH medication exhibits several note-
worthy features.

MRI studies I, 2 and 3 months after
manifestation of disease revealed early bilat-
eral cortical involvement of the mesial
Erontal lobes. Diffusion-weighted imaging
{DWT) hyperintensities progressed to adja-
cent cortical areas and to the striatum, in
line with clinical deterioration (fig.1). DWI
has been recommended as the most sensitive
test for early diagnosis of CJD,® but is not
suggestive of a specific form of disease.
HGH-iICJD cases have exhibited DWI

hyperintensities mainly in the basal gémglia.

"Cerebellar malfunction is one of the most

common early signs of iCJD after hGH
treatment' and was one of the main clinical
disturbances at disease onset in our patient.
However, no corresponding MRI abnormal-
ities were detected in the cerebellum. To our
knowledge, no other hGH-iC]D case has
been documented with early frontomesial
DWI changes and progressive bilateral stri-
ate hyperintensities.

CSF 14-3-3 protein was negative on first
testing and turned positive 4 weeks later. Of
interest, DWI changes preceded CSF 14-3-3
protein conversion by weeks and had spread
from the cortical distribution shown in
figure 1A/B to a striatal DWI pattern that
is commonly associated with sporadic CJD
(fig 1B). It has been speculated that these.
changes on serial imaging indicate spongi-
form degeneration, but that the neurons are
still viable in the early disease stages, and
that a subsequent DWI pseudonormaliza-
tion is related to progressive cell death.®

The clinical presentation, with paraspastic
gait as one of the frst striking features, also
requires attention. This correlates well with
the imaging Ffindings and represents a
bilateral parietal edge syndrome—that is,
first motoneuron dysfunction in the leg
areas of both precentral gyri.

Figure 1 Magnetic resonance imaging, {MRI} 1 month {pansls A and 8}, 2 months {C, D} and
3 months {E, F} after onset. Diffusion weighted imaging {DWI) 1 month after enset revealed
bilateral frontomestal hyperintensities (A}, and- moderate DWI signal increases in the medial portion
of both caudate heads {B). Two months after onset, the hifronlal hyperintensities showed slight
enlargement (C}, and DWI signals were elevated in both caudate heads, the adjacent putamina and
insular cortices {D}. On follow-up MBI 1 month later, there was increased DW! signal in the
frentomesial and frontopolar cortex {E,F) and marked DWI hyperintensity in both caudate heads,
both putamina with accentuation ia their rostral parts, and bath insular ribbons (F}. ADC maps and
FLAIR images were incenspicuous {data nat shown).
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Occurrence of CJD 22 years after hCH
administration is in line with the peak dsk
approximately 20 years after exposure cal-
culated from a lazge hGH-iCJD series in the
UK, whereas the mean incubation period in
French hGH recipients was considerably
shorter at 9-10 years.* Differences of infec-
tivity in hormone Iots have been suggested
as an explanation for this finding.

Some unusual circumstances and clinical
features also deserve comment. First, iCJD
associated with hGH has, so far, only been
reported after administration of non-com-

mercial hormone, The reports available,

however, have excluded patients treated
with commercially prepared hormone;

hence, there are insufficient data on the

CJD rate in these. patients®* Second, the
administration period of hGH and disease
duration were both short for iCJD patients
even though comparable cases have been
reported in previous literature?

In summary, this is the frst CJD case
from Awustria in a patient having received
hCH and only the third iatrogenic case
detected in this countty, The recognised
iatrogenic risk (cadaveric hGH 22 vears
before onset) and the neurepathological
confirmation of CJD meet the WHO criteria
for definite iCJD, although the, possibility of
2 sporadic methionine-homocygous juvenile
CJD case without causal relation to hGH
treatment cannot be definitely ruled out.
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APPENDIX

Histopathological examination

The total fixed brain weight was 1408 g.
Macroscopically, mederate diffuse cerebral and cerebel
lar atrophy was observed. In addition, there were signs
of diffuse oedema. On coronal sections. the cortical
ribbon of the insular and parietal cortices was rarrowed.
Histolegy showed chamcteristic spongfform change,
moderate neuronal foss and gliosis in cerebral cortex
and basal ganglia (see Supplementary figure). The

" cerebellar cortex was severely affected with marked

spangiform change of the molecular layer and neuronal
lass of the granule cell layer {see Supplementary figure].
The Purkinje cells and brain stem nuclei were
comparatively better preserved. Jmmunohistochemistry
wsing the antibody 12F10 {Cayman, Ann Arbor, Michigan,
USA) revealed strong pathological prion protein (PP}
deposits in cerebral and cerebellar cortices, and basal
ganglia in a diffuse synaptic pattem {see Supplementary
figurel. [r the brain stem nuclef only diserete PiP=
deposits were demonstrable. There were no PiP=
plagues neither in the cerebellum nor in the cersbral
cortex or white matter. These featuras confirmed the

diagnosis of Creutzfeldt—Jakob disease {CJD). Due 10 lhe‘.

“recognised- fatrogenic risk- {due ~to -hilw
hormone). . the- disease was:" classifi edy as deflrpte

Hea[th Organtsatlun criteria. -

Skin reactions after. intramuscular.
injection of Botulinum toxin- A: a
rare side effect

The use of Botulinum toxin (BT X) has:been
constantly increasing over the past years,
not least on account of obtaining the-ticense

-for the- treatment of facial fines: It has

" proven a safe drug with only a. few adverse.

. .effects. Local irritations at the injection. site’
.are not uncommon,. wheteas:more- wide:’

" spread and generalised exanthemas were
_first described in 1992.' One dramatic. case.

documents: a Jethal outcome-due to -treat-

- ment with a mixture of BOTOX® (BTX-A)

and lidecaine.? In accordance with databases

- from the companies Allergan and Ipsen (SPC

BOTOX®, Allergan, December- 2005; SEC,

" DYSPORT, Ipsen Pharma, April 2006); skin

reactions seem to be a rare phenomenon
with a frequency of less than 1:1,000. The
Fpsen database (January 2007) mentions 5
cases of local and 4 cases of more widéspread

redness, bulging and pruritus-in Germany, as-

well as 11 cases abroad. Here, we repart on
two further cases of rapid-onset skin reac-
tions after injection of two different BTX-A
products.
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CASE 1

A 49-yeav-old woman developed a left-sided

spastic hemiparzesis after cavernoma exstir-

pation in 1997. Suceessful treatment of the

spastic arm muscles was carried out with

BOTOX® for about 5 years and with

DYSPORT" for the last 4 years. She did

not receive any other medication, Injection

intervais ranged from 3 to 9 months. During

the treatment session in April 2006, we

applied a total dose of 1,000 Units

DYSPORT" {250 MU into the left biceps

musde, 290 MU into the lefr Bexor pollicis

longus and extensor carpi radialis muscles,

500 MU into the left flexor digitorum super-

ficialis muscle). Within 6 hours after intra-

muscular injection of BTX-A, a segmental or

"pseudosegmental” fine-spotted pruriginous

exanthema emerged in the region of the
entire left shoulder, arm and left breast.

Fever or other additional symptoms did not

occur. Allergological tests, - such as prick

tests, and an intracutaneous test were

normal. Treatment with DYSPORT® was
repeated 3 months later with a dose reduc-
tion of 50% without any adverse effects. At

a later visit, she received 1,000 Units

DYSPORT", which was well tolerated.

CASE 2 .
A 63yearold man presented with right-
sided limb spasticity due to a stroke 7 years
ago. The patient received a stable medica-
tion consisting of gabapentine, tramadole,
tetrazepam, clopidogrel and atorvastatin.
From 2003, he was successfully treated with ~
injections of $00-1,100 Units DYSPORT® at
regular intervals of 3 months. In 2006, the

.therapy was changed to.BOTOX". Within

-

Figure 1 Photograph of the skin reaction as
described in Case 2 about 1 hour after injection
inta the right brachial muscle, Informed consent
was cbtained for publication of this figure.
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CASE REPORT

Parvovirus B19 Infection after Plasma Exchange for

Myasthenia Gravis

¥
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ABSTRACT A
We describe a case of purc red cell aplasia caused by a
- B19 parvovirus infection in a female myasthenic patient
treated with plasma.exchange, corticosteroids, and
cholinesterase inhibitors. Two weeks after albumin infu-
sion, she devéloped anemia with an absence of reticulo-
cytes. A bone marrow aspirate was performed, showing 2
markedly hypoplastic erythroid- series with numerous giant

pronormoblasts. Anemia with severe reticulocytopenia-and

mortphology of bone marrow suggested a diagnosis of pure
erythroblastopenia due to parvovirus B19 infection, which
was confirmed by posmve immunoglobulin (Ig)M and IgG
anti-B19 virus. The patient succassﬁxlly responded to TVIG
treatment with 2 complete remission. In. this case, we could
not confirm whether an albumin-derived infection com-
bined with a concomitant m:munocompromlscd condition
due to myasthenia and immunosuppressive treatment was
respounsible for the diseasc. Although bhuman B19 DNA
content does not reflect infectivity, it is not possible to
exclude that blood derivates, such as albumin, dot factors,
and immune globulin may be infectious. Actually, blood
component B19 infection is’still an unresolved problem.
Many strategies-such as pew methods for viral inacrivation
and discarding positive B19 units may help to increase
blood product safety. Lab Hemarol 2007:1334-38.

' KEYWORDS Parvovirus B19

INTRODUCTION

Pure red cell
aplasia + Albumin * Myasthenia
gravis * Plasma exchange .

-

“Parvovirus B19 is a single-stranded DNA virus, forming
small capsxdcs and lackmg 2 lipid envelope. Its genome
encodes 3 major viral proteins, VP1 and VP2, the viral cap-
sid proteins, which lead to sclf—assembly of viral particles, -
and N51, a nonseructural protein, which is responsible for
cytotoxicity. It has a peculiar tropism for-human erythroid
progenitors, with inhibition of erythroid colony growth and
cytopathic effect {1-2]. o

B19 parvovirus is a common mfccuon in humans, and
about 50% of adults have immunoglobulin (Ig)G antibodies
against the virus. Parvovitus infection is common in childhood
and continues at 2 low rate throughout adult fife. Most cases -
of parvovirus infection are asymptomatic. The most common

- clinical presentation is fifth disease of childhood, characterized

by typical exanthema, fever, 2nd flu-like symptoms. -Acute or

* chronic arthropathy due to deposition of immune complexes

may occur in adults. In padents with chronic hemolytic ane-

_mia, such as hereditary spheracytosis and sickle cell disedse,

Correspondence: Maria Bianchi, MD, Catholic University, Universi-

tary Policlinic “A. Gemelli" Blood Transfusion Sesvice, Largo’ A
Gemelli, 8 00168 Rome, Iraly; 39-06-3051757 or 30154514; fax: 39-
06-30154723 (e-mail: maria.biznchi@rm.unicatit). |
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acute parvovirus B19 infection can cause an abrupe cessation
of red cell p:dduction, with tansient aplastic crisis. In patients
with immunodeficiency states, such as congcnital immunode-
ficiencies or AIDS and pat[ents receiving cytotoxic- chemo-
therapy or immunosuppressive drugs, such as administered
after an organ transplantation, there can be a failure to pro-
duce neurralizing antibodies. In these cases, pure red cell apla-
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sia can develop, with an absence of circuladng reticulocytes
and giant pronormoblasts in the bone marrow, without masur-
ing normoblasts. Hydrops fetlis from transplacental infection
and usually transitory hemophagocyrtic syndrome are other
clinical disorders caused by B19 {3].

Parvovirus B19 wansmission by blood producis and
plasma derivates, such as albumin, dotting factor concen-
trates, and intravenous immunoglobulin (IVIG) has been
repeatedly demonstrated [4]. Transmissibility in coagulation
products has occurred among patients who received heat-
treated, pasteurized, monoclonally purified and solvent
detergent—treated concentrates [5]. Infection with B19 due
to transfusion with cellular blood products is a rare event,
but it has been reported twice with red blood cells and once
with platelets [6-8). We report a case of a myasthenic patient
with pure red cell aplasia due 10 a parvovirus B19 infection.

CLINICAL CASE DESCRIPTION

In 1997, a 29-year-old woman complained of intermit-
tent speaking difficulcy (dysarthria). In April 1998, 10
" days before the full-term delivery of her second healthy
baby, more severe symproms appeared, such as facial nerve
and oro-pharyngeal deficir and weakness of the arms and
legs. Ten days after delivery, the patient was admitted to a
hospltal for a rypical myasthenic crisis with severe weak-
ening of respiratory muscles, requiring a respirator to
assist venrilation. Treatment was started with 4 consecu-
tive plasma exchanges and administration of corticos-
teroids and cholinesterase inhibitors (pyridostigmine bro-
mide) with marked clinical improvement. In August
1998, the patient withdrew from medical therapy, which

led to a wossening of symptoms and a new hospitalization

Diagnosié of B19 Infection
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in 2 different’institution. There she was treated with 5
therapeutic plasma exchanges using albumin as replace-
ment fluid. Medical treatment was started again. On
August 31, she had a deep vein thrombosis, treated with
IV heparin. On September 3, she was admirted to the
Neurology Department of our hospital. At admission, the
patient had normochromic-normocytic ancmia (hemoglo-
bin [Hgbi, 97 ¢fL), with normal plateler and white blood
cell counts.

Two weeks later, anemia worsened and was associated
with thrombocytopenia (Hgb, 81 g/L; platelets, 57 x 10°/1)
(Figure 1). Schistocytes were absent. A diagnosis of heparin-
induced thrombocytopenia was made. Heparin tapering was
started, and the platelet count improved. A few days later,

- since anemia was still severe (Hgb, 80 g/L) and of an aregen-

erative type with an absence of reticulocytes, a bone marrow
aspirate was performed. This showed many moderate hyper-
celtular marrow particles and an increased number of mega-
karyocytes. An erythroid series was matkedly hypoplastic
with complete maturative arrest. The only visible erythroid
pIecursors were giant pronorr'noblasls with vacuolated deep
basophlhc cytopiasm, sometimes grouped in clusters simulat-
ing metastatic cells (Figures 2 and 3). Anemia with severe
reticulocytopenia and morphology of bone marrow sug-
gcsted a diagnosis of pure erychroblastopenia duve to par-
vovirus B19 inifection, which was confirmed by positive tests
for IgM and IgG anti-B19 virus. Increased megakaryocytes
tended to confirm that thrombocytopenia was heparin-
induced. The patient was treated with immune globulin (0.4
g/kg for 4 days). Reticulocytosis appeared on September 30
{202 % 10°/L; normal values, 30-90 X 10°/L). Anemia recov-
ered slowly (Hgb, 92 /L at discharge), and thrombocytope-
nia completely regressed. The patient was admitted again to

350 4 T 120

3004
,,i:l 250 ’ \&h—g/‘!\ /é_"‘.i/z( '\\a/‘ﬂ, N %
2 3
‘>_<- 200 ¢ 2
g 2
_i%i 150 N _-3--
1] . -
& 100 1 ﬁ IVIG therapy 09

50 - 720

Heparin tapering
0 . -0
September 4 October 12

HIGURE ). Hematological values and dlinical course of the patient from admission {September 4, 1998) to discharge (Oczober, 12 1998).

Triangle indicates plateler count; square, hemoglobin concentration.
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HIGHRE 2. Basophlltc glant pronozmoblast with pseudopedia

or “dog ears.”

the hospitai in May 1999 for surgical resection of a thy-
moma. Ar that time, her full blood count was normal, IgM
anti-B19 was negative, and IgG ant-B19 was still positive.

DISCUSSION
We dcscribéc_l a case of pure red cell aplasia caused by pat-

vovirus B19 in a patient with myasthenia gravis treated with
plasma exchanges using zlbumin, cortlcostcrmds, and
cholinesterase inhibitors. _ A
’ Parvovirus B19 has a particular tropism for erythroid pro-
- genitors. The ceflular receptor for B19 is -erythrocyte P anti-
gen, a globoside that consists of a long-chain fatty acid on a
ceramide back-bone structure with 4 sugar residues ending
with terminal N-acetyl galactosamine. The P antigen is a
common erythrocyte and erythroblast ancigen, and ic is
expressed in almost all subjects. People who lack the P antigen
are resistant to infection [1]. In this case, the patient had P,
phenotype, which is the most common phenotype among
Caucastans {79%) and Africans (94%). P, phenotype is more

common among Asian people, such as Cambodians and Viet-

mamese. [9].

P antigen is also expressed on megakaryocytes, endothe-
lial cells, synovium, villous trophoblast cells of placental 1is-
sues, feral liver, and heart cells. B19 infection may also be
responsible for thrombocytopenia, and megakaryocytes may
be lysed by restricted expression of viral proteins in the

‘absence of viral propagation [10]. In this case, thrombocy-
topenia was heparin-induced, confirmed by an-increase of
the peripheral platelet count when heparin tapering was
started (Figure 1). Heparin-induced thrombocytopenia is
more often reported zfter orthopedic, cardiac, or vascular
surgery, but it may develap in any patient exposed o
unfractionated heparin or low malecular weight heparin
[11]. Furthermore, the patient’s bone macrow showed
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FIGURE 3. A cluster of pronormablases with macurative arest.

increased megakaryocytes, which tended to confirm thac
thrombocytopenia was heparin induced.

After binding with P antigen, the virus enters the targeted
cells, probably because of the VP1 phospholipase activity, and
starts to synthesize viral components. It has been demon-
strated that B19 is 2 potent inhibitor of erythroid cell differ-
endation, and it is cytotoxic for erythroid precursors. It acis
by inducing apoptosis through the activation of the caspase
pathway or direct lytic-effect on erythroid cells. Apoprosis is
mediated by NS1 expression, which induces activation of cas-
pase-3, caspa‘se—G ‘and caspase-8 in a cellular model {12,13).

The viras is also rcsponst’olc for a cytopathic effect on
cells causing a maturative arrest in the erythroid cell line. In

_ smears from bone marrow aspirate, the pathognomonic cell

for B19 infection is the giant proerythroblast, which is a
large cell, from 25 vo 32 m in diameter, with a high
nucleo-cytoplasmic ratio; the nucleus is round and ic has a
fine and uncondensed chromatin pactern with irregular,
indistinee purple-colored inclusions. A giant proerythroblase
has a dark blue vacuolated cytoplasm with small broad-
based cytoplasmic pseudopodia, named “dog-ear” projec-
tions. Sometimes they ate grouped in clusters simulating
metastatic cells [14). As shown in Figures 2 and 3, the
patient’s bone marrow was characterized by the presence of
large numbers of these immature erythroid cells. This
accounts for anemia with severe reticulocytopenia, some-
times requiring red blood cell transfusions. -
In pacients with chronic hemolytic disorders, such as

. sickle cell disease and spherocytosis, B19 may cause transient

aplastic crisis characterized by aregenerative acute anemia,
sometimes associated with pancytopenia. Persisting B19
infection can occur in a wide vatiety of conditions, including
congenital immunodehciencies, HIV infection, lymphopro- .
liferative disorders, and transplantation. In these cases,
patients may have chronic pure red cell aplasia and more
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rarely pancytopenia [15]. In pregnant women, parvovirus
B19 may be transmitted ro the ferus and may lead to miscar-
riage ot hydrops feralis [16].

Although the presence of giant procrythroblasts is sug-
gestive of B19 infecdon, the diagnosis should be made by
serological detection of ancibodies or molecular detection
of viral components. Serological determination of antibod-
ies may be performed by enzyme-linked immunosorbent
assays that are able to identify IgM and IgG aatibodies.
IgM antibodies remain detectable for 2 or 3 months follow-
ing the infection, as opposed to IgG antibodies which
appear 2 weeks after the infection burt persist for life.
Immunocompromised patdents sometimes are not able to
produce IgM, and in these cases molecular tests, such as
direct hybridization and gene-amplification metheds, may
. be helpful 1o confirm a clinical suspicion [2].For our
patient, tests gave positive results for IgG and IgM ar the
tine of the diagnosis. Some months later; because of a fur-

ther admission, her test results for IgM anti-B19 were nega- -

tive, while those for IgG anti-B19 were still positive. At
that time, molecular tests were not performed.

" In children and immunocompetent adults, B19 infection
does not require any treatment. In patiencs wich immunodefi-
ciencies or pure red cell aplasia, weatment with IVIG rmay be
helpful and should be associated with discontinuing immuno-
suppressive drugs. Generally a 5- or 10-day course of IVIG (0.4
gk of body weight) causes a rapid virus climination associated
with reticulocytosis and elevation of Hgb concentration [17].

B19 may be transmitted by respiratory droplets, but sec-
ondary infection among households and nosocomial infec-
tion have been described [18,19]. B19 transmission by blood

" products and derivates, such as IVIG [20], solvent-deter-
gent—treated pooled plasma [21], and clotting factor concen-
trates [5] has been repeatedly demonstrated, even afccr viral
inactivarion methods.

Bl9isan cnvclopc—frcc virus and therefore resistant 1o
solvent-detergent treatment. This treatment is effective
for clearance of HBV, HCV, and HIV, but it is not effec-
tive for HAV and B19, both of which lack the envelope.
B19 resistance to heat is controversial. The virus is rela-
tively heat stable [21], but Blimel et al [22] showed that
pasteunization for 10 hours at 60°C rapidly. inactivares
B19. Although human B19 DNA content does not

“reflect infectivity, we cannot exclude the possibility that
blood derivares, such as albumin, clot factors, and
immune globulin may be infectious. In our patient, we
could not confirm whether an albumin-derived infection
combined with 2 concomitant immunocompromised
condition due to. myasthenia and immunosuppressive
treatment was responsible for the disease. Blood compo-
nent B19 infection is still an untesolved problem. Many
strategies such as new methods for vifal inactivation and

discarding positive-B19 unics {23-25] may help to

increase blood product safery.
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DISPATCHES

Monkey Malaria

in a European
Traveler Returning
from Malaysia

Anu Kantele, Hanspeter Marﬁ,llngrid Feiger,
Dania Miiller, and T. Sakari Jokiranta

in 2007, a Finnish traveler was infected in Peninsular
Malaysia with Plasmodiuni knowlesi, a parasite that usually
causes malaria in monkeys. P. knowlesi has established it-
self as the fifth Plasmodium species that can cause human
malaria. The disease is potentially life-threatening in hu-
mans, clinicians and labaratary persannel should become
more aware of this pathogeri in travelers,

raditionaily, only 4 Pla.s'madmm species have been

knowt to cause malaria i in‘humans: P. falciparum, P.
vivax, P. ovale, ‘and P’ malarige, lthough >26 Plasmodi-
um species are known 10 circulate ahong primate popula-
tions (/). Some of these specles have been implicated in
symptomaiic- human malana after. expenmental ot acciden-
tal infection (2)-. Only a few reports of naturally acquired
monkey malariai in humans 4re. currently available (/,3-9).
The fack of data-may:be becausc light microscopy has been
used as the sole dmgnosuc tnefhod and an atymca{ Plasmo-
dium species may.have been misidentificd as ‘one of the 4
traditional Plasmodium species.causing human malaria.

P. knowlesi was first described in 1931 in a long-tailed
macague imported from Singapore to Indig; in 1932, F.
knowlesi was axpenmentally shown to be infectious to
tumans (10) The first fiatural infection of P. knowlesi in
humans was reported in 1965 in a man returning to the
United States after a visit to Peninsular Malaysia (/). Sub-
sequently, in 1971, there was a report of a presumed natu-
ral infection in 2 citizen of Malaysia (6). Despite extensive
studies in Malaysia in the 1960s (2), no other reports were
published on naturally acquired P. knowlesi infections in
humans unti! 2004, when Singh et al. studied PCR-negalive
P. malariae cases in the Kapit division'in Sarawak, Malay-
sia (3). A different PCR analysis showed that P. knowlesi
caused 58% of the 208 malaria cases studied. Further cases
reported from China (4), Thailand (5), Philippines (&), and
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Singapore (/2) show that P, knowlesi infections in bumans
are not found exclusively in Malaysia, Recently, Cox-Singh
ct al. reported that P, knowlesi is widely dlsmbuted among
inhabitants of Malaysia (7) .

The Study

A 53-year-old Finnish man was admitted to a local
hospital in Fintand in March 2007 with fever afier 4 weeks
of travel in Peninsular Malaysia. He had not taken any an-
timalarial prophylaxis. In Malaysia, he spent 2 weeks in
Kuala Lumpur and made a few day irips to surrounding ru-
ral areas. Thereafier, he traveled by car to the northwestern
coast and stayed for 5 days in the jungle ~80 km' south of
Tpoh. While in this area, he slept in a house without mos- -
quito screens or nets and did not use any repellents; he did
not report any mosquito bites, The last week of his travel
was spent in the-Langkawi Beach area where he stayed at
a high-quality hotel. During his tip he occasmnally had .
some minor abdomindl problems, but these symptoriis sub-
sided spontaneously after his return to Finland. High fe-
ver (38.8°C axillary témperature) occurred 3 days afier his
returil to leand but abated quickly. On the fourth day, -

the fover rélurned and he sought medical care'at’a local -

hospital.. Laboratory tests showed the following results: -
C-reactive protein 2.0. mp/dL (normal range <1.0. mg,/dL), S
heémoglobin 15.2 g/dL (normal range 13.4-16.7 L), leu- -
kocyte count 2.6 X 10%L (nofinal sange 3 A3 2 % 10°%L),
and thrombocytes 143 % 10%L (normal range 150-360 x
1077L), Blood smear was posxtwe for Plasmadmm argat-
isms, and the causative agent was ideritified ds=p. falci-
parum with levels of parasucmla <1.0%. The patient was
admitted to the hospital and given mtravenous (IV) quinine

-dihydrochloride and ‘oral doxycycline.

On duy 2 of the patlcm s hospital stay, fever returned
and he was transferred to the Helsinki University Central
Hospital (Department of Tnfectious Diseases at Aurora .
Hospital}, Blood smears obtained there showed Plasmodi-
um parasites that were considered atypical, and thetabora-
tory reported suspicion of a co-infection (P. Jalciparum and
P. malariae) (Figure). The IV quinine dihydrochloride was
replaced with oral quinine hydrochloride, and doxycycline
was continued. During treatment, ‘the patient. experienced

.an attack of hypoglyceriia (electrocardiogram and blood
“pressure was normal during this-attack), transient mild vi-

sual and heating Joss, and transient lymphopenia {a low
of 0.46 .x 10%L). He received quinirie h}'(ll()bhlorldb and
doxycycline for a total of 10 days.

Because identification of the Plasmodium species was
difficult, a blood sample was drawn for PCR analysis'on
day 2 of hospitalization. First, a nested PCR was performed
according to a standard protocol with rOval and rPLU2
primers (template DNA purified in Basel from 200 uL of
erythrocytes by QlAamp DNA Mioi Blood Kit (QIAGEN,
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Figure. Microscapic findings in the thin blood smears-of a patient -

with Plasmodium knawlesi maldria. Eary ring-forms . ace shawn
in the first row, later {rophozoites in the second and third rows,
trophozoites resembling band forms in the fourth row, and putative
early garnetocytes or schizonts in the fitth row; Skze of the infected
erythrocytes is normal. Antimalatia! medications, given 8 hours
bhefore the biecd shown I the smear was drawn, could have
affected maorphology. (Original magmf catlon x1,000.)
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Heisinki, Finland) {/3,/4}, but the reaction did not yield
any amplification product. Nested PCR was repeated with
an altemative primer pair (fPLUG and rPLU2} (/4) derived
from a conserved region of the [RS fRNA marker gene, and
an amplicon was obtained. Failure of PCR amplification has
been reported for some P. ovale isolates (15); therefore, a
P. ovale infection was suspected, and the patient was given
primaquine phosphate for 14 days as an outpatient to eradi-
cate possible liver hypnozoites. The PCR product was sub-
jeoted to direct nucleotide sequencing (GenBank accession
no, FJ009511) and found to be identical to 2 P. Jnowlesi se-
quences previously submitted to GenBank, I human isolate
from Malaysian Borneo (AY327556) and a Macaca mu-
latta isolate from Columbia (U72542). Six other published
P. knowlesi sequences differ from our sequence only by 1
nucleotide (99% identity). In contrast, a number of differ-
ences were seen belween.our sequence and the P. ovale
sequences (13). The sequence from our case showed onty
50% identity to the ovale primer; therefore, we concluded
that our patient was infected with P, knowlesi. During the
12-ménth follow-up period, the patient showed no s:gns of

- relapse.

Conclusions
We suggest thal P, knowlesi mfcctmn should be con-

* sidered in malaiia patients who have a history of a travel to

forested arcas in Southeast Asia, especially if P. malariae
malarta is diagnosed or atypical plasmodia are seen with,
microscopy. The asexual stages.of various species of P.
knenwlesi can easily be misidentified as P. malariae in light
microscopic examination (Figure) (3,7, 70). Because most
laboratories diagnose malaria by light microscope exami- -

‘nation only, numerous cases of P. knowlesi malaria’may
"have been misdiagnosed as ordinary P, malariae malaria;

monkey malaria may be more w:deSprcad among humans
than was previously thought. As the disease is potcntmlly
dangerous, a proper identification of the malarm species is
crucial. If PCR assays for malaria detection are used, PCR
primers specific for P, knowlesi {3) should be included to
provide valuable diagnostic information; .

P. knowlesi has established itself ag thé fiflh spemcs of
Plasmodium that catises human malafia (3,7,12). Because
the diseasc s potentially l[fe-threatemng in hunians, labora-
tory cllmc1ans and physicians (especially those taking care
of travelers) should become more aware of this disease; itis
easily mlsdldgnosed as a less severe form of maland. '
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Abstract

The emergence of variant Creutzfeld-Jakob discase (vCID), following on from the
bovine spongiform encephalopathy (BSE) epidemic, led to concerns about the
potential risk of iatrogenic transmission of disease by blood transfusion and the
introduction of costly control measures to protect blood supplies. We previously
reported preliminary data demonstratirig the transmission of BSE and natural scrapie
by blood transfusion in sheep. The final results of this experiment, reported here, give
. unexpectedly high transmission rates by transfusion of 36% for BSE and 43% for
scrapie. A proportion of BSE-infected tranfusion recipients (3/8) survived forup to 7
years without showing clinical signs of disease. The majority of transmissions
resulted from blood collected from donors at >50% of the estimated incubation
period. The high transmission rates and relatively short and consistent incubation
periods in clinically positive recipients suggest that infectivity titres in blood were
substantial and/or that blood transfusion is an efficient method of transmission. This
- experiment has established the value of using sheep as a model for studymg
transmission of vCJD by blood products in humans,

Intreduction

Transmissible spongiform encephalopathies (TSEs) are neurodegenerative diseases,
which include Creutzfeld-Jakob disease (CID) in man, scrapie in sheep and bovine
spongiform encephalopathy (BSE) in cattle. A new variant of CID (termed vCID)
was recognised in the United ngdom in the mid-1990s, apparently as a result of
transmission of BSE to humans To date, there have been 166 cases of vCID
recorded in the UK, as well as several cases in other countries. Human TSEs are
characterised by long-asymptomatic incubation periods (usually several years), and
there is no reliable test for detecting infection before the onset of clinical disease. It is
not known how many people in the UK harbour vCJID, although estimates based on
screening of tonsil and appendix samples suggest there could be up to 4000%. These
infected individuals pose a risk of human-to-human transmission via biood
transfuston or contaminated surgical instruments.

In patients with vCJD there is widespread replication of the infectious agent and
deposition of PrP*° (disease-associated form of prion protein) in lymphoréticular
tissues such as the tonsil, spleen and lym 3ph nodes, in contrast to sCJD, where
lymphoreticular invelvement is minimal’. The fact that lymphocytes contmually
recirculate between blood and lymphoreticular tissues strongly suggests that the blood
of vCJD patients is likely to be infectious. Data from rodent TSE models had shown
that the highest levels of infectivity in blood were associated with leukocytes and, to a
lesser extent, plasma®. As a result, costly control measures such as leucodepletion

. (filtration of blood and blood products to remove leukocytes) and importation of
plasma were introduced to protect UK blood supplies, despite the limited data that
were then available to judge the size of the risk and the efficacy of the control
measures. , :

- The potential for using sheep as a model for studying the risks of vCID transmission -
by blood transfusion was highlighted by the similarity between the distribution of
infectivity and PeP* in sheep infected with TSEs and humans infected with vCID*.
One factor limiting the successful transmission of TSEs by blood in rodent models
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was the smail volumes of blood that could be injected. In contrast, the relative
similarity in size of sheep and humans means that volumes of blood comparable to
those used in human transfusion practice can be collected from and transfused into
sheep. Using this mode), we previously reported preliminary results showing that both
BSE and natural scrapie could be transmitted between sheep by blood transfusion®’.
Although scrapie is not thought to be transmissible to humans, it was included as a
representative of infection acquired under field conditions, which may give different
results to those obtained from experimentally infected animals. Our blood transfusion
experiment in sheep is complete afier nine years, and this paper presents the full data
from the study. The overall transmission rates for both scrapic and BSE are’
surprisingly high when factors such as the stage of infection and genetic background
are taken into dccount, suggesting that blood transfusion represents an efficient route -
of transmission.

Matierials and Methods
Donor and recipient sﬁeep

. The animal work was reviewed and approved by internal Ethical Review procedures’
at the Institute for Animal Health, UK, and carried out under the authority of Homc
Office Proj ect Licences.

PP gcnotypes of all sheep were confirmed by sequencing the coding regmn of the
PrP gene'”, and are‘ represented by single letter amino acid code for codons 136, 154
and 171, whxch have been linked to scrapie susceptlbzhty {e.g. ARQ represents
alanine, argmme and glutamme rcspectwcly at codons 136, 154. and 171)

All donor shecp were from thé Edmburgh NPU Cheviot flock, which has endemic’
natural scrapie. The recipient sheep (including scrapie negative control donors) were
Cheviots.derived from the DEFRA scrapie-free (DEFRA/SF) flock of New Zealand
origin, Transfusion recipients, positive and negative controls were housed in a
purpose—bullt isolation unit on a different site to the donors, with strict procedures in
place to minimise the risk of cross-contamination between groups, as described’. The
sheep were scored at weekly intervais for clinical signs of TSEs, and killed when they
reached humane end points agreed with the Home Office. For experimentally
inoculated animals (BSE doners, positive controls and transfusion recipients), the
incubation period (IP) in clinically positive sheep was defined as the period between
the date of inoculation and the date of death. For scrapie-exposed donors, the IP in
clinically positive sheep was defined as the age at death (i.. they were assumed to
have become infected 1mmedxately after birth). :

Blood collection and transfusmn

"Procedures-for blood collectlonftransﬁjsmn were'as previously described’. Bneﬂy,
venous blood (450-500m] = 1 unit) was collectéd into sterile collection bags (NBPI-
Fresenius, Emmer-Compascuum, NL) containing citrate phosphate dextrose adenine
solution as anticoagulant. From donors that were about to be euthanased, 2 units were
collected just before post-mortem, while from donors that were to be left alive, .
separate collections of T unit were made at least 28 days apart. However, for practical
reasons it was not always possible to collect 2 units of blood from every donor sheep.
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In most cases where 2 units of blood were obtained, one was transfused as whole
blood (without leucodepletion) and the other was used to prepare a buffy coat
fraction.

BSE bload transfusions

Fifteen sheep experimentally inoculated either orally (14) or intracerebrally (1) with
Sg'or 0.05g respectively of BSE-infected cattle brain homogenate were used as blood
donors. The donor PrP genotypés were ARQ/ARQ (n=3), ARQ/AHQ (n=15) or
AHQ/AHQ (n=7), which are resistant to natural scrapie in the NPU flock, but
produce the shortest IPs after inoculation with BSE. Two sheep previously repotted as
donors® were excluded from the study (along with their recipients) when re-
genotyping showed them to be ARQ/ARR and VRQ/AHQ respectively, genotypes
“which result in relative resistance to oral infection with BSE.

Eleven donor sheep provided blood for transfusion at the preclinical stage of 7
infection. Eight of these were culled at the time of donation as part of a separate time
course pathogenesis experiment. The remaining three pre-clinical donors went on to
develop clinical signs of BSE, with respective IPs of 629, 761 and 2131 days post
infection. Four sheep were used as blood donors once they had developed clinical
signs-of BSE at 561-671 days post infection. PP deposits in brain and/er in
peripheral tissues were confirmed. in all clinically affected donors by
1mmunohlstochetmstty (IHC). In two donors culled at the pre-clinical stage, sparse

_ PrP* deposits were found in only one tissue in each sheep: Peyer’s patch (58x81} and
dorsal root ganglion (60x49). However, a negative result was obtained when the same

 tissues were immunostained in another laboratory. There were 15 ARQIARQ
recipients of whole blood and 7 ARQ/ARQ recipients of buffy coat from BSE-
infected donors, Figure 1 gives a summary of the expsnmental design, wh1lc details

" of the donor and recipient sheep are in Table 1. :

Scrapie hlood transfusions

The donors for this experiment were ten VRQ/VRQ and one VRQ/ARQ Cheviot
sheep from the Bdinburgh NPU flock, where sheep.of these genotypes show a disease

. incidence approaching 100%. Epidemiological and- pathologlcal ewdence suggests
that infection occurs around the time of birth. Blood collections were made from

_ animals in 3 different age groups (200-250 days, 450-500 days, 700-850 days) to
represent donors at different pre-clinical stages of disease, as well as from-one clinical

_case.'Seven donors were culled after developing clinical signs of scrapie at ages

ranging from 1081 to 1556 days, and were confirmed posmve by histopathology and
IHC. Two donots were culled before the onset of clinical signs at 1197 and 1350 days
of age respectively, but PrP> was detected in their tissues by IHC. Two donors died
prematurely at 349 and 974 days of age: one.was IHC negative, in the other, the
tissues were too decomposed to allow analysis. There. were 21 recipients (all
VRQ/VRQ PP genotype) of blood from scrapie-exposed donors; eleven were
transfused with buffy coat and ten with whole blood. See Figure 1 fora summary of
the experimental design, and Table 2 for details of donor and recipient sheep.

Positive and negative controls ' .
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Seven ARQ/AHQ and three ARQ/ARQ sheep were infected intravenously with 0.2g
of the same BSE-infected cattle brain homogenate as given orally to the blood donors,
and served as positive controls. No positive controls were used in the scrapie
transfusion experiment. As negative controls for the BSE transfusion experiment, 12
ARQ/ARQ recipients were given transfusions of whole blood (6) or buffy coat (6)
from 7 uninfected donors (6 ARQ/AHQ, 1 ARQ/ARR), Two recipients died at 633
days and 1181 days post transfusion respectively, and the remaining 10 recipients
were culled between 2462 and 2586 days post transfusion. As negative controls for
the scrapie experiment, 16 VRQ/VRQ sheep received either whole blood (8) or buffy
coat (8) collected from 8 uninfected VRQ/VRQ donors. There were two intercurrent
deaths at 397 days and 464 days post transfusion, and the other 14 animals were
culled between 2052 and 2409 days post transfusion, None of the riegative controls
for the BSE or scrap1e expcnments showed clinical signs of TSEs and all were IHC
negatm: for PrP

PrPS"_ detection by immunohistochemistry (THC)

Tissue samples from the brain, spleen, meseénteric lymph node and palatine tonsil of
the sheep-under study were fixed in formaldehyde and processed according to

standard procedures. Sections were immunolabelied for PrPS° detection by THC with
prlmary antibody R145, which recognizes the 222-226 aminc acid sequence of ovine

. PrP", as described prevaously“‘ 13

Results -
1) BSE transfusmn experlment

A total of five transfusxon rcc:plcnts showed c]m1cal sngns of TSEs, and were
confirmed positive by THC and/or Western blot (see Table 1 & Figuré 2). These
included two (F19 and D505) out of twelve sheep transfused with whole blood from
donors in the pre-clinical phase of mfectlon (at 45% and 50% of estimated IP, -
respectively), ds rcpmted previously®®, Two out of three recipients of whole blood
and one out of two recipients of buffy coat from donors clinically affected by BSE
developed clinical BSE. The IPs in the five clinically positive recipient sheep ranged
from 531 to 610 days post transfusion (mean + SD = 565 + 35 days), and there was no
obvious dlfference in the IPs of those that recewed blood from pre-clinical or clinical
dcmors

One remplent (D452) of whole blood from a pre-chmcaﬁ donor died of unrelated *
causes at 1139 days post transfusion, but had PrP**-positive THC Iabel]mg iti brain and
other tissues. One of three recipients of whole blood (G92) and oné of two recipients
of buffy coat (G61) from clinical donors showed weak PrP> deposition in the brain
and lymphoid tissues after being culled at 2003 and 2497 days post transfusion
respectively, in the absence of clinical signs: Full sequencing of the PrP gene of these
sheep revealed that they carried an additional proline (P) to leucine (L) substitution at
codon 168™'%, which appears to be associated with the - prolonged survival of these
infecied shecp The polymorphism was also identified in two recipients of blood from
a pre-clinical BSE-challenged donor, neither of which showed evidence of infection.
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Taking the results for ali 22 reciplents of blood from BSE-exposed donors, five
clinical cases and three sheep showing evidence of infection in the absence of clinical
signs were identified, giving an overall transmission rate of 36%.

One recipient was culled for health reasons at 1444 days post transfusion, two were
culled with suspected TSE clinical signs at 2480 and 2160 days post transfusion
respectively, and the remaining clinically negative sheep were culled between 2239
and 3068 days post transfusion. With one exception, examination of the tissues by
IHC did not find evidence of infection. The exception (D337) was culled at 3018 days
post transfusion and showed positive PrP° labelling in the brain, but with a pattern

~ distinet from that observed in other BSE-mfectcd sheep The brain PrP* distribution
involvihg major white matter tracts and sparing the dorsal motor nucleus of the vagus
was similar to that of Nor98 (or “atypical” sheep scrapie) and therefore unlikely to be
trapsfusion-related. No other sheep in the present study showed evidence of being
infected with atypical scrapie.

Out of the ten sheep that were infected mtravenously with BSE as positive controls
eight developed clinical signs confirmed by THC, with an average IP of 702 days (&
61 days standard deviation). The remaining two animals were culled at 2591 days post
infection and, although not demonstrably clinically affected, IHC showed Prp™ )
deposition in the brains and lymphoid tissues of both animals. These two sheep were
heterozygous (PLjgg) for the PrP polymiorphism P168L (see above), while the other
,elght were homozygous (PP;ﬁs)

The PrP*° profile obtained by IHC from BSE posxtwe remplents was the same as that
found in the orally inoculated donors and in the positive controls'®. In addition,
characteristic BSE glycoform patteriis were obtained by Wcstern blot analysis of
P1P*° positive donor and recipient sheep (data not shown se€ %), and inoculation of
brain homogenates from infected donors and recipients into a panel of inbred mouse
strains produced IPs and lésion proﬁ]es characteristic of BSE (data not shown). Taken
together, these results conﬁrm that the strain charactenstlcs were not altered following -
transmission via blood. '

2) Scraple transfusmn experiment

Four out of ten rempwnts of whole blood and four out of ten recipieats of buffy coat
from donors in the pre-clinical phase of scrapie infection developed clinical signs of -
scrapie, which were confirmed by positive THC results. One sheep transfused with
buffy coat from the single clinical donor was also clinically affected and IHC positive
(sec Table 2 & Figure 2). Four. of these cases (F144, F153, F141 & F143) were .
reported previously’, There were four intercurrent deaths at 354, 753, 1237 and 1615
days post transfusion respectively, and the eight remaining recipients were culled -
between 2329 and 2484 days post transfusion. These twelve animals were clinicalty
negative at the time of death, and showed no detectable Br2 by THC, Thus, nine out
of 21 recipients of blood from scrapie-cxposed sheep developed clinical scrapxe

- giving an overall transmission rate of 43%.

The majonty of confirmed scraple cases in recipients {n = 7} occurred in the groups

that received transfusions from donors in the late prc-chmcal (>50% of estimated IP)
or clinical phase of infection. Only 2 out of 9 recipients in these groups remained free
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of infection. The other two positive recipients were in the group of 6 sheep that -
received transfusions from donors at 28-37% of estimated IP, and their IPs were much
longer than the rest (1101 and 1138 days post transfusion compared to a range of 575-
853 days in recipients of blood from donors at >50% of estimated IP). No disease was
confinmed in the 6 recipients that received blood from donors at €20% of estimated
~IP. : '

The PrP* profile obtained from brains of donors and recipients highlighted some
differences in terms of presence of vascular plaques or glia-associated PrP% in
donors but not in recipients, or vice versa (unpublished data). Such discrepancies weré
interpreted as presence of more than one natural scrapie strain in the flock of origin.

Discussion

The outcome of the blood transfusion experiments showed thattwo different TSE
agents, scrapie and BSE, could be efficiently transtmitted between sheep by blood
transfusion, using volumes similar to those employed in human transfisions. The
overall transmission rates (percentage of all recipients that became infected) were
36% for BSE and 43% for scrapie. For BSE, the figure was much higher than
anticipated because three of the eight BSE-infected recipients survived for long
periods without showing clinical signs, whereas all the scrapie-infected recipients
identified by [HC were also clinically pasitive. The greater probability of sub- clinical
infection in recipients of blood from BSE-exposed dorors is largely dué to variability
in'the genetic susceptibility to infection among sheép used i the RSE experiment,
which will be discussed below. The results are conslstcnt with the known facts about
transmission of vCJD by blood transfusion in humans'”. Sixty-six individuals known
to have received labile bload products from 18 donors. who subsequently developed
vCID were followed up in an on'-gomg study. Three of these recipiehts have been
confirmed chmcally and pathologically as vCID cases, with intervals between -
transfusion and the development of clinical signs ranging from approximately 6%
years to 8% ycarsm'zo Another individual, who died of unrelated causes 5 years post -
transfusion, showed PrP* deposits in lymphoid tissues but rot bram at post mortein,
and is thought to represent pre-clinical or sub-clinical infection®’. These four
individuals represent 6% of the total recipients, or 12.5% of recipients survwmg
longer than 5 years.

Various factors influence the transmission rate by transfusion in both sheep and
humans, including: (i) the interval between blood donation and the onset of clinicat
signs in the donors, (ii) genetic variation in susceptibility of donors and rec:plents
and (iii) the blood component txansfused '

1) Stage of incubation period of the donors at the time of blood donation.

The effect of the stage of incubation can best be deduced from the results of the
scrapie transfusion experiment, since the PrP genotype of the sheep used (VRQNRQ)
renders them almost 100% susceptlble to natural and experimental infection®?, The
stage of incubation of the donor has a strong influence on the probability of
transmission to the recipient (Figure 2). When donations were made at <20% of the .
estimated I, ther':? was no disease transmission, while donations made at >50% of the
estimated IP produced an 80% transmission rate, with a mean IP of 729 days (SD +
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99} in the recipients. Blood collected at 28-37% of the estimated IP transmitted
infection at a lower rate of approximately 33%, and with longer TPs in the recipients
of >1000 days. The data are consistent with a gradual increase in infectivity in the
blood, from approximately 30-50% of IP until the clinical phase.

In the BSE transfusion experiment, the correlation between stage of infection and
transmission is not clear-cut, but shows the same general trend of increasing
probability of transmission to recipients as infection progresses in the donors (Figure
2}. Possible explanations for the lower transmission rates from pre-clinical BSE-
infected blood donors compared to pre-clinical scrapie-infected donors include:
a) Variation in susceptibility to infection of both donor and recipient sheep. This
will be discussed below.
b) Differences in the pathogenesis of natural scrapie and experimental BSE.
VRQ/VRQ sheep naturally infected with scrapie have detectable PrP>
-deposits in lymphoid tissues early after infection (i.e. <50% estimated IP)>2*,
Time course studies of ARQ/ARQ sheep orally infected with BSE showed that
PrP® was not consistently detected in lymphoid tissues before at lsast 65% of
the average P If infectivity in blood correlates with its presence in lymphoid -
tissues, this could explain the differences observed in the two transfusion
expenments

The probability of transmission from pre-clinical donors is of greatest relévance to the

~ human situation. In thé case of the four transfusion-related transmissions of vCID, the
donors developed clinical signs between 17—42 months after donation. The mean IP

for vCID has been estimated to beé 16.7 years with a lower 95% confidence interval

. of approximately 12.4 years”. Therefore, it is likely that the transfusion-related vCID

cases resulted from. donations made at least half-way through the IP, which js.in’

agreement with the data from the. sheep experlmems In vCID cases, the timing of

detectable Iymphoxd rephcataon in.the pre-clinical stages of disease is unknown;

- therefore it is not clear whether the penpheral pathogenesis more closely resembles

BSE or natural scrapie in sheep. . S

2) Effect of genetic vanatton in suscephbihty

A small pl'OpOI'thl’l of sheep with A|36Q,1|!A136Q;11 PP genotypes do not succurnb to
infection following natural or expenmeutal exposure to scrapic and BSE, or have very
prolonged incubation periods® ™, The reasons for this variability in response are not .
clearly understood, but it.can be predmted to reduce infection rates in both.donor and
recipient sheep in the BSE transfusion experiment. The majority of pre-clinical donor
sheep (8/11) in the BSE transfusion experiment were killed at, or shortly after, the
time of donation, and none showed conclusive evidence of infection, aIthough twod
transmitted infection to their respective transfusion recipients. It is potentially
significant that donors that failed to transmit infection were heterozygous ‘at PrP
codon 154, while those that did transmit infection were homozygous. Thus, variable
susceptibility to infection among the donor sheep may be the result of a protective

. effect of codon 154 heterozygosity to oral challenge with BSE, although more data

are required to confirm this association.

A novel polymorp.hism,‘ resulting in a proline to leucine substitution at codon 168 of
the PrP gene, was identified in four BSE transfusion recipients and two positive
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control sheep inoculated intravenously with BSE™. All six survived >2000 days
without developmg clinical signs of BSE, but on post mortem examination four’
showed PrP™ deposition in brain and lymphoid tissues, This suggests that the P168L
polymorphism can protect against clinical disease, but does not prevent infection by
the intravenous route. This polymorphismi has not been identified in the Edinburgh
NPU Cheviots used as donors in the BSE experiment, nor in sheep with the
VRQ/VRQ genotype.

" Although the genetic basis of susceptibility to BSE infection in sheep and humans is
not directly compiarable, the variability in response to BSE found in ARQ/ARQ sheep
provides a more realistic reflection of the situation with vCID in the human
population than the very uniform susceptibility of VRQ/VRQ sheep to scrapie
infection. In"addition, the survival of BSE-infected transfusion recipients for up to 7
years without clinical signs demonstrates that prolonged secondary incubation periods-
and/or a sub-clinical/“carrier” state are possible following transfusion in sheep. The
existence of such sub-clinical or prolonged pre-clinical infection states in humans is
recognised as one of the important factors influencing the probablllty of onward
transmission, and thus the potential size of the vCID epidemic®. Susceptibility to
human TSEs has:been linked to codon 129 of the PrP gene, which can encode either
methionine (M) or valine (V). Until recently, all clinical cases of vCID (including the
3 transfiision-related cases) that have been tested have been homozygous for
methionine at 129 (129MM). Interestingly, the “pre-clinical” indmdual believed to
have been infected by transfusion was heterozygous (129MV) . There is
accumulating evidence to suggest that all human 129 genotypes may be susceptlblo to
vCID infection, with apparently greater 11kellhood of sub-clinical infection in 129MV
and 129VV mdw:duals 3032 .

3) Effect of biood component. .

The four transfusion-related vCID infections occurred in mdnv:duals who recclved
transfusions of red cells that had not been leucodepleted. Leucodepletion was
introduced in the UK in 1999 to control the risk of transmission of vCID by blood o
transfusion, because previous studies in rodents had shown that infectivity appeared to
be concentrated in the buffy coat, which contains most of the blood loukocytcs
Subsequently, leucodepletion of blood from scrapie-infected hamsters was shown to
remove up to 72% of infectivity®>**, In the sheep experiments, only whole blood and.
buffy coat were transfused, because we were seeking to establish proof of principle of .
transmission of TSEs by blood transfusion, and assessing whether infectivity =~ -
appeared to be concentrated in the buffy coat. The effect of leucodepletion was not
investigated, but is being addressed in a follow-up study, along with estimates of the
distribution of infectivity among other blood components including plasma, platelets
and red cells.

In our expen'ments transmission rates did not appear to be significantly different in
recipients receiving whole blood compared to recspsonts transfused with buffy coat.
The pumber of sheep transfused with buffy coat in the BSE experiment was too small
to allow statistical analysis. In the scrapie experiment, five of the positive recipients -
were transfused with buffy coat, and four with whole blood. The similarity in
transrmission rates for both components suggests that they contam approxnmatcly
equivalent amounts of infectivity. :
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We have shown that, for sheep infected with scrapie and BSE, high transmissiod rates
- can be achieved using blood transfusion, particularly when donors are at >50% of
incubation period. The results also revealed the possibility of prolonged incubation
periods and/or sub-clinical infections in some recipients of BSE-infected blood, which
is at least partly due to genetic variation in the sheep PrP gene. The sugge'stion of
relatively high titres of infectivity in blood is perhaps surprising in view of the need
for ultra-sensitive methods of detection for PrP*® in blood**, It may be that, in
blood, infectivity is not closely correlated with levels of protease-resmtant PrP, but
comparative titrations of brain and blocd-bome infectivity in sheep will be requlred to
further define the relationship. The resuits of our sheep transfision experiments are
consistent with what is known about transfusion-associated vCJD - transmission in
man, and support the use of sheep as an experimental mode! in which to study the
risks associated with different blood products, the effectiveness of control measures
and the development of d1agnostxc and screenmg tests.
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Figure 1. Overview of experimental design,

Figure 2, Qutcome of transfusions as a function of the stage of disease incubation
in the donor. A. BSE-infected donors. B. Scrapie-infected donors. For each stage of
infection in the donor sheep, the number of uninfected (open bars), clinically positive/
IHC positive (solid bars) and clinically negative/IHC positive (cross-hatched bars)
recipients are shown. -
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Table 1. Outcome of ﬁansfusions from BSE-exposed donor sheep.

Donor sheep details

. Recipient sheep details .
Donor Donor Clinical % actual | Clinical InC Incubation | Component | Recipient | Recipient | Clinical THC .| Incubation
sheep genotype status at § or average | outcome | result period transfused | sheepID | PrP168 | outcome | result period
iDp donation . | incubation ) (days) codon : (days)
period at genotype
donation® , :
58x51 ARQ/ARQ | Preclinical 12 + + 2131 WB D529 PP +° - -
60x49 | ARQ/ARQ | Preclinical 22 - +/- - WB D433 PL - - -
' ‘ 44 (DRG) WB F14 PL - - -
- 12747 | ARQ/AHQ | ‘Preclinical 42° - - - BC F182 eP - - -
. 44 WB Fi81 PP - - -
61x24 | ARQ/AHQ | Preclinical 42 - - - BC F238 PP +° - -
Preclinical 43 WB T F234 PP - - -
J2746 | AHQ/AHQ | Preclinical 45 - - - WH F19 PP + + 536
J2559 | AHQ/AHQ | Preclinical 51 + + 629 WB D505 PP + + 610
58281 | ARQ/AHQ | Preclinical 61 - +- , - BC D358 PP - - -
(IPP)
58x28 | ARQ/AHQ | Preclinical 61 - - - WB D421 PP - - -
L 61 BC D384 PP - - -
58x27 | AHQ/AHQ | Preclinical 61 - - - WB D452 PP - -+ -
: ) 61 BC D318 PP - - -
- 5839 | ARQ/AHQ | Preclinical 62 - - - WB D337 PP - +° -
’ 62 . WB D386 PP - - -
12499 | AHQ/AHQ | Preclinical 86 + + 761 WB D341 PP - - -
J2771 | AHQ/AHQ Cligical 100 + + 561 BC G61 PL - + -
12770 | AHQ/AHQ Clinical 100 + -+ 589 WB G74 PP + + 504
60x69 | AHQ/AHQ Clinical 100 + + 660 . W8 G78 PP + + 556
. ) BC G4% PP + + 531
D383 - | ARQ/ARQ -| ---Clinical 100 + + 671 WB G92 PL - + -

‘ Key: WB = whole blocd, BC = buffy coat, DRG dorsal root ganglion, TPP = ileal Peyer’s patch

® Calculated-from the days post-infection at the time of donation, as a percentage either of the final incubation period (in sheep kept alive until the development of clu:ucal
signs), or of the average incubation period in orally-infected donors (640 days), excluding the out-lymg incubation period 6f2131 days for 58x51.
bThese tissues were initially scored weakly positive by IHC, but the results were not reproducible in two-laboratories and can therefore be considered as inconclusive. -
*No evidence of infection was found on post mortem exarnination of tissues from these clinical suspects; therefore it is most likely they were clinically misdiagnosed.

“This sheep died of unrelated causes (i.e. without showing clinical signs of BSE) at 1139 days post transfusion, but was positive by IHC,
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*This apparently healthy sheep was culled 3018 days post transfusion and found to be positive by IHC; however further analysis suggested this was a case of “atypical”
scrapie, and therefore unlikely to be transfision related (see text for details).
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Table 2: Qutcome-of transfusions from scrapie-exposed donor sheep

: Donor sheep details Recipient sheep details
~ Donor Donor Clinical % actual Clinieal IHC result | Incubation | Component | Recipient Clinical IHC result | Incubation
sheep ID genotype status at | or average | ‘outcome period transfused sheep ID ounfcome . period
. donation | incubation (days). ' (days)
' period at
.. ‘donation" .
67x42 VRQ/VRQ | Preclinical 17. + + 1274 BC G247 - - . -
19 WB G230 - - -
66x45 VRQ/VRQ | Preclinical 17 - - - WB G267 - - -
) - 19° BC - G263 - - -
67x23 VRQ/VRQ | Preclinical 18 + + 1207 BC G241 - - -
- : - 20 WB ‘G228 - - -
65x13 VYRQ/VRQ | Preclinical 28 + + 1556 WB F275 - - -
' 30 ) BC F273 - - -
65x02 VRQ/VRQ | Preclinical 34 - + - WB F310 - - -
37 - BC F309 + + 1101
65x03 VRQ/VRQ | Preclinical 34 - + - WB- F277 + + 1138
- . . .37 ‘ BC F276 + - -
61x75 VRQ/ARQ | Preclinical 33 + + 1324 BC F145 + + 782
) 57 . WB Fl44 + + 672
61x68 VRQ/VRQ | Preclinical 64 + +. 1113 BC F152 + + 853
69 WB F153 + + 660
61x66 VRQ/VRQ | Preclinical 62 - ND - WB F286 - - -
' 64 : BC F284 - - -
5927 VRQ/VRQ | Preclinical | 73 + + 1137 BC F126 + + . 826
N 77 WB F141 + + 575
59x28 VRQ/VRQ Clinical 100 + + 1081 BC F143 + + 737

*Calculated from the age at the time of donation, as a percentage either of the final incubation penod (for sheep that survived until the development of clinical signs), orof ~
the average incubation period (1296 days) for sheep that died or were culled before developing clinical signs.

o

" ®No evidence of infection was found on post mortem examination of tissues from this clinical suspect; therefore it is most likely it was clinically misdiagnosed.
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Pseudomonas aeruginosa infection
due to acupunctural ear stapling
To the Editor:

Bilateral ear stapling is widely advertised in the me-
dia (including the Internet) as a popular and successful
weight reduction strategy. Acupuncture providers per-
forming the technique place staples into ear cartilage
“reflex points” to decrease craving.! Many insurance
carriers now provide covérage for most acupuncture
treatments.

A 16-year-old female with no medical history pre-
sented with a complaint of external ear pain. Two

weeks earlier, she visited an acupuncture parlor, where .

she underwent bilateral ear stapling of her upper ear
cartilage to induce weight loss. Examination revealed
erythema and tenderness around the. left ear staple.

The staple was removed, and the patient was placed .

on oral amoxicillin/clavulanic acid. One week later,
the erythema and tenderness had progressed, and an
abscess was present. The lesion was drained, and a

specimen of the drainage was sent for culture and sen- -

sitivity testing. At this time, the staple ont the other ear
was removed, and pus drainage was identified and col-
lected. The patierit. was placed on oral trimethoprim/

sulfamethoxazole (TMP/SMX) pending cuiture and sen- .

sitivity results.

Labgratory evaluation subsequent[y revéaled heavy
growth of Pseudomonas deruginosa on both ears. The -

patient was placed on oral ciprofloxacin. Complete res-
olution occurred after 21 days of treatment. '

The cartilage of the external ear is particularly vul-
nerable to infection dile to its limited blood supply. [n
addition, disruption of the surrounding perichondrium
due to stapling can damage ear cartilage integrity. The

most common infectious agents in auricular chondritis.

are ‘Staphylococcus aureus and P aeruginosa.® In this
‘case, the patient failed a 1-week course of amoxicil-
lin/clavulanic acid, which is highly effective against
methicillin-sensitive S aureus. Due to the-high preva-
lence of methicillin-resistant § aureus skin infections,”
the patient was started on TMP/SMX before-laboratory
testing confirmed the P aeruginosa infection. P aerugi-
nosa can be particularly difficult to treat because of its
high resistance to oral antibiotic regirr,lens.4 In addition,
auricular chondritis due to this organism- can cause:

o I 96 6553I$34 00
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severe infection, necessitating prolonged hospitaliza-
tion and reconstructive surgery.”

Studies on ear stapling have demonstrated that pa-
tienis who strictly monitor their daily food consump-
tion experienced comparable weight loss to those
who undergo ear stapling.® Another study requiring pa-
tients to wear a simple wrist device to remind them of
their dietary restrictions found comparable weighit loss
to ear stapling.® These studies indicate that-the pres-
ence of an ear staple may have a placebo effect and
that the increased attention to daily food consurmption,
possibly through daily logging, is actually responsible
for the enhanced weight loss.

Ear stapling for weight loss is becoming-an increas-
ingly popular modality. The possibility of a placebo ef-
fect and the risk of infection should be.consideredin a -
patienit’s decision to receive the treatrment: Most impor-
tantly, physicians should be aware that-acupunctural
ear stapling can cause dangerous P aeruginosa
infection. '

Alexander E. Motgan, MD :
Department of Emergency Medicine .
Lima Memorial Hospital
Lima, OH

Referen‘c'es

" 1. Richards D, Marley ), Stimutation f auricular aéupﬁncture polnts in

welght loss. Aust Fam Phys 1998.27:573-7.

2 Keene WE, Markum AC, Samadpour M. Qutbreak of Pseudomenas aer-‘ .

uginosa infactions caused by commemal plercmg of upper car aru!age
" JAMA 2004:291:981-5.

3. King MD, Humphrey. B}, Wang YE Kourbatova EV, Ray SM, Blumberg
.HM. Emergence of.a community-acquired methicullin-resusmnt Staphylo-
coccus aureus USA 300 dane as the predommant cause of skin and
soft-tissue infections. Ann Intern Med 12006:44:305-317.

* 4, Fisher CG, Kacica MA, Bennett NM. Risk factors for cartilage infections

_of the ear. Am| Prev Med 2005;29:204-9.

S. Shiraishi T, Onoe M, Kofima TA, et al. Effects of bilateral auricular acu-
puncture stimulation on body welght in healthy volunteers and mildly
obese patients. Exp Biol Med 2003;228:(201-7.

6. Allison DB, Kreibich K, Heshka S, Heymsfield SB. A randomised place-
bo-tantrolled clinical trial of-an acupressure device for weight loss. Int ]
Obes Relat Metab Disord 1995;19:653-8.

doi:10.1016/).2jic.2007.07.014

Hand hygiene in Iranian health

- care workers

'To the Editor:

Hand hygiene (HH) remains the single most impor-
tant measure to prevent nosocomial infections.' De-
spite universal awareness of HH role in.reducing
nosocomial infection, compliance among heslth care
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Anaplasma phagocyfophllum Transmitted Through Blood Transfus:on -
Minnesota, 2007

mpla.fma pbagacytapbzlum, a gram-negative, obligate
intracellular bacterium of neutrophils, causes human ana-
~ plasmosis, a tickborne rickerrsial disease formerly known as
"human granulocytic ehrlichiosis (7). In November 2007,
the Minnesota Department of Health was contacted about

A, phagocytophilum infection in a hospitalized Minnesota resi-:

dencwho had rccendy undergone multiple blood transﬁ.tsmns
- Subsequent investigation indicated the-infectign likely was

acquired througha transfusion of red b!ood cells. This report -

describes the patxents linical history and. the ep1dcmloioglc
and laboratory investigations. Mthou.gh a previous case of
_ tra.nsﬁlsxon-tmnsmu:ted auaplasmosw was rcportcd (), this
is the firsc published Teport in which transfusion transmis-
‘sion Cof A. pbagocyrapbzlum was confitmed by testing of the
recipient and 2 donor. Although polymerase chain reaction
(PCR) assays provided reliable evidence of transmission in this
- case, no cost-effective method for screening blood donors for
A phagacytopbtlum exists, Screening donors for a recent hiscory
of tick bite is not likely to be sensitive or specific because such
expasures are common and.often not recalled by persons with

* - anaplasmosis {3). Physicians should consider the possibilicy of .-
. anaplasmosis in patients who develop posttransﬁmon acute
darombocytopcma, especially if accompamcd by fevet, and

should report suspected transﬁmon-assoc;ated cases to health
authoriies.

.Case Report ,
" The patient, a inale aged 68 yea,rs with a medical hlstory
of chronic renal insufficiency, psotiatic arthritis, ankylosing
- spondylitis, and corricosteroid therapy, underwent elective
knee arthroplasty and synovectomy on October 12, 2007.
Thiee weeks before his hospitalization, the parient had traveled
‘to an area where blacklegged ticks (Leodes spp.) were endemic,
but he did not spend time outdoors and had no known tick

: plasma (FFP), and 7 units of cryopi

bites. Several hours after the procedure, the paucnt devclo ped
bleeding at the surgical site'and. ‘associated Coagulopathy,
indicated by elevated mtcrnauona.l norrnahmd ratio {INR) and
partial thromboplastin time (PTT) and by decreased fibrinogen
and platelet counts. The extensive hemorrhage required two
surgical evacuations of hematoma from the knee, popliteal

artery cmbohzauon, and transﬁxswn oPmuInplc blood com-
‘porients. During Ocrober 12-21;"the patierit- rccclvcd 34

units of nonleukoreduced red. Bl"od:'ffé:[ls (RBC), 4 umts of
leukocyte-reduced apheresis plat 14 units of Erc;sh frozen
pitate. The componcnts
came from 59 individual bloo "donofs; - a.ll donatlons were
collected by Memorial Blood Ceiiters’ (St Paul; Minnesota).

On Ocrober 19, the patient. developcd sepsis and multisystem
failure. He was treated empirically with aniribiotics {cefazolin;
piperacillin/cazobaéram, vancomycin, and levofloxicin): Blood

cultures were negative on Qctober 18; 20, and 31, and urine .

cultures were negative on October 19 and 25.°

On October 31, the patient was found to havcworscnmg throm-.
bocyropenia. His platelet. count ‘dediined.from. 178,000/mm? on-
October 31 to 54,000/mm?3 on November 5. On November
1, he developed hypotcnsnon and-fevet attributed to  urinary

_ tract infection. He was treated, w1th levoloxaci and sulfame-
- thoxazole/trimiethoprim and was afcbnle by November 3.0n
* November 3, 22 days after admiission; a peripheral blood smear

from the patient demomtratcd mclusmns companblc with
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A. phagocytaphilum morulae in neutrophils. Reuospective
review of an October 15 blood smear from the patient
showed no evidence of intracellular morulae. Whole blood
specimens from November 3~5 wete positive for 4. phagocy-
tophilum DNA by PCR assays conducted at the Mayo Medical
Labotatory, Minnesota Deparument of Health, and CDC. Serum
from November 3—5 was tested at CDC and found to be weakly
positive by indirect immunofluorescence assay (1EA) {titer 1:64)°
for immunoglobulin G (IgG) antibodies to A. phagocytophilum.

- Doxycycline treacment was begun on November 5. The

patient’s platelet count steadily improved and rerurned to a
normatlevel of 163,000/mm? on November 10. Pretransfusion
blood samples and serum from the patient’s convalescence
period were not available for further testing. The patient

", improved clinically and was transferred to a rehabilitation

unic on November 13, After rehabilitation, the patient was

.-dischargcd on-December 3, 2007.

Epldemlologn: cmd I.uboratory
Investigation

T eacly November, Memorial Blood Ceitters bcgan an
investigation to identify whether any of the 59 blood donors
associated with the 34 RBC, 4 platelet, 14 FFD, and 7 eryo- .
precipitate units had evidence of A phagoqmpbzlum infection.
Paired whole blood specimens from the ériginal donations had
been rerained from all 34 RBC donors’ and Clght of 14 FFP
doriors and were available for PCR) tcstmg Durmg November
2007—March 2008; Memorial- Blood Cencers ‘also collected

_postdonation blosd samples for serologic testing :{nd informa-

tion on recent illness history and potential tick exposui'c from
53 of the 59 donors. In addition, plasma components from
two FEP donors and two cryoprecipitate doriors who donated.
again during December 2007 Januacy 2008 were reétained for
serologic testing. The whole bload specimens retamed from .
initial donation were tested by PCR, followed by.: scqucnang
of the PCR amplicons at CDC. Serum and plasma specimens
were tested by IFA for IgG antibodies to A. phagocytophilum.
PCR and IFA tests on samples from a female RBC.donor
aged 64 years weie positive for A. p/mgocytaphtlum infection
(T abic) A. phagocytophilum DNA was found in an RBC prod-’
uct donated by this woman on September 28 and transfused
to the patient on October 13. IgG IFA titérs 10 A. phagocyto-
philum were 1:512 and 1:256, respectively, in subsequent sera
collected November 17 and December 18. The donor did not
recall being bitten bl}" a tick, but had spent time in wooded sireas
of northeast Minnesota where anaplasmosis is endemic within
the month before her donation. She reported no history of
fever during the month before or after her donation. No other
patients received blood components from her donation.
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TABLE. Polymerasachainreaction{PCR}and immunofluorescence
assay (IFA) results* for Anaplasma phagocytophilum testing of
transfusion blood products from 59 donors — Minnesota, 2007

No. of

Blood product PCR  IFA donors
Red blood cells (n = 34) + 1512t 1
- 1:64 2
) - <132 31
Apheresis platelets {n = 4} NAF <132 4
Fresh frozen plasma (n = 14) - - <1:32 - &
' ' - NA 2
) NA <1:32 6
Cryoprecipitate (n=7) ) NA <1:32 7

* Resuits from PCA testing by CDC of 42 whole bload segments ratained
from the original donations and IFA testing of 57 serum or plasma speci-
mens submitted after the onglnal donation,

YIFA fiters 1:64 and higher were considered positive.

§Test restilts not available.

No whole blood samples from other tested donors were PCR
positive forfi phagoiytophiluni. Sera from two RBC donors
wege weakly positive by IFA (titer 1:64), but their réspective

" - whole blood samples from the original transfused units were
_PCR negative. These two' donors did not live on wooded prop-

erty and reportéd ¢hey had no dck expdsure of illriess dunng
the 2 months before donauon Av:nlabie postdonatlon seruin
" samples frodothet donors wcrc ncganve for A. pbagaqtopb:—
luin by IFA (tu:er <l: 32)

Reported biy: M. [Qmperman, AJPH DNmzeL MS Mnma:aDeptqf
Health; K Jenser, | Gorlini, MDD, E Periyy MD; MemamlBload Cénters.
Saint Paul- TMjm:f, MD TMley, ‘MD, Park Mcal[et Methodise”

" Hospital, Saint Louis Park, Minnesota. | M::Qm:ton, DVM, ME

 Eremeeva, MD, PhD, ScD, W Nicholson, PhD, [ Singleton, National .

Center for Zoonotic, Vector-Borne, and Enteric Diseases; J Acéremmn,
PhD, EIS Oﬁm; cDC.

Editorial Note: 4. pbagocj/tophdum, the. causative agcnt of

anaplasmosis, typlcally is transmitted to humans by infected .

. Ixodes spp- ticks. In wooded areas of the United States, A.
Phagocytophilum is cransmitted by the blackleggcd tick (Zeodes
scapularis) in the Northease and _upper Midwest and” by the
western blacklegged tick (b:ade: pacificus) on the West Coast.

In infected persons who are symptomatic; illness onsef occurs -

5-21 days after a bite from an infected tick. Initial presentation
typlcally includes sudden onsct of fever, headache, malaxsc_, and
myalgia, often accompamed by thrombocytopcma, Icukoperua,
and elevated liver transzminases. Severe mfecuons can mc[ude
prolonged fever, shock, conﬁmon, selzures, pneumomus, "réhal
failure, hcmorrhags, opportunistic mfecuons, and dcnth (1}
Anaplasmosis and other tickborne diseases, anlud.mg human
ehrlichiosis, Rocky Mountain spotted fever, and babesiosis, caused
by Ebrlichia chaffeensis or Ehrlichia ewmgu, Rickettsia ricketssii, and
Babesia spp., respectively, represent a potential risk for transmis-
- sion via blood eransfusion in the United States (2-6).

The case described in this reporc provides strong presump-
tive evidence that A. phagocytophilum infection in this patient
was acquired through blood transfusion. Pretransfusion blood

. samples and convalescent serum from the transfusion recipient -

were not available for PCR or serologic testing to demonstrate
conclusively that the patient was free of A phagocyrophilum
infection before his hospitalization on October 12. However,
the patient reported limited outdoor exposure that mighe
include potential tick contact during the 3 weeks before hos-
pitalizarion, and a blood smear collected 3 days after hospital

“admission showed no evidence of intracellular morulae. The

timing of events and the expected incubation period for ana-

.~ plasmosis (5-21 days) suggest that the patienc’s exposure most
. likely occurred during hospitalization. A. phagocyrophifum

DNA was found in a retained sample from the implicated RBC
product that was transfused.to the recipient, providing strong

 evidence that this was the likely route of disease transmission

to the blood transfusion recipient. A

..Some blood transfusion recipients (1 e., those who ate
imrune compromlsed) likely are at increased risk for devel-
oping severe.complications associated with tickborne diseases.
Both A phagocytophilum and E. cbaﬁemar can survive in refrig-
crated RBCs, and possible transfusion-transmission cases have

been reported for anapldsmosis (Minncsota Department of

Health, unpubllshed dara, 1998) (2,3,5,6). However, because

. of the ririty of transfusion-associated cases, coricerns regarding

the spcc1ﬁc1ty of avmlablc tests, {none of which are approved
by the Food and Drug Administration), and the economic
costs associated with implemerication, the U.S.-blood supply
isnot rouunciy screened for tickborne disease using laboratory

" methads {7).

Asamethod to reduce the risk for certain pathogc:ns inblood -
products, blood banks often defer donations if the potential
donor is ill at the time of donation. However, persons infected
with tickborne disease might experience mild illness or have
asympromatic infection, as wasthe case with the implicated
donor in this report (1,3). Screening donots for a recenc history
of tick bite is unlikely to identify high-risk donors; because this
type of exposure frcquently is not recalled by persons with aha-
plasmosis (3). In this case, the implicated donor did not recall 2
tick bite, a.lthough she did report.contact with wooded habitac
in an anaplasmosw—cndcmlc area. Nearly 75% of the other
blood donors in this 1 mvcscxgauon reported similar ourdoor
contact, making the screéning of blood donors for tick-related
exposures poarly predictive for possible infection. Because
Ebrlichia and Anaplasma are associated with white blood cells,

leukoreduction téchniques would be expected ro reduce the

risk for Ebrlichia and Anaplasma transfusion-transmission’
through RBC components (5,8). In the absence of effective
screening tools o identify donors or producrs infecred with
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the organisms, physicians should weigh the benefits of using
leukoreduced blood components, to potentially reduce che risk
for Ehrlichia and Anaplasma transissions.

" Although transfusion-associated transmission of A. pl:agogrﬁpbzlum
appears to be rare, reported incidences of anaplasmosis and
other tickborne diseases are increasing in the United States (1).
A record 322 cases of anaplasmosis were reported in Minnesota
in 2007 (6.2 cases per 100,000 population) (9). As the inci-
dence of tickborne diseases increases, physician vigilance for
possible transmission of these agents via transfusions also
should increase. In addition o other more commion etiologies,
physicians should suspect possible nckettsml infection if trans-

fusion recipients develop acitte thrombocytopenia posttransfu--

sion, especially if accompanied by fever. Such signs should lead

to rapid assessment for rickettsial agents and empiric treatment

with doxycycline (7). Although insensitive, blood smear can
. provide timely support for a presumptive: diagnosis of ana-
plasmosis, followed by IFA or PCK to confirm-the diagnosis
{1). Similacly, babesiosis should be: suspectcd in-patients who
develop hemolytic ariemia and fever posttransfusion (3 4).
Anap[asmosxs and elirliciosis are nationally notifiable. dis-
- eases: Suspected cases of tickborne rickettsial diseases should
be reported promptly t6 the state-or local hicalth dcpa.rtment
and suspccted transfision-associated- transmlssxon shotild: be
- repoitéd to the supplymg blood centes and appmpnatc public
’ hea.{th authonucs
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.Progress in introduction of
Pneumococcal Conjugate Vaccine
— Worldwide, 2000-2008

Pneumococcal disease i is a leading cause of childhood mor-
bidity and mortality globally causing an estimated 0.7-1.0

' miflion deaths annually among children aged <5 years (1), A

pneimococcal corjugate vaccine (PCV) thar includes seven
pneumococcal serotypes (PCV7) first became available in
2000. Studies in the United Srates have demonstrated that

"’ introduction of universal vaccination with PCV7 resulted ina
T7% decr&se in invasive pneumococcal discase among children

aged <5 ycm's and 4 39% decrease in hospltal admissions for
pncumonia among childsen. aged <2 years (2,3). Asimilar vac-
cine with two adc[ltlonal serotypes was highly efficacious against
pncumoma ,and invasive disease in chmcul teials in Africa and, inr
one trial, teduced aﬂ-czuse mor;ahty among children by 16% (4).
Low-income countries, w{uch account for >97% of pneumonia

cases it children aged <5 years 673 mll bcncﬁt most from intro-

 duction.of PCYV. This report summatizes the progress madein’

mtroducmg PCV7 worldw:de As ofAugust 2008, 26 countries
offered PCV7 to all childrenvas part of national immunization
programs or had PCV7 in widespread use (i.e., with estimated
national coverage >509%); hoiwever, none of these countries is
a Jow-income or lower-middle income couutry The World
Health Organization (WHQ)-and UNICEF have recognized -
the safety and effectiveness of PCVs and recommend that these
vaccines for young children be included in narional immu-
nization programms (1). Overcommg the challenges to global
introduction remairis an rgent pisblic health priority.
WHO recoimmends mcludmg PCV in national immuniza-
tion programs (i.e., routine viccination of all young children
with PCV), particularly in couritries where all-cause mortality
among children aged <5 years is >50"per 1,000 live births or
where 550,000 childfen die annually from any cause (7). In
addition, because pérsons infected with human immunode-
ficiency virus (HIV) are tp to 300 times-more likely to have
pneumococcal disease than those. who are HIV negative (6),

" WHO récommends that countries with a high prevalence of

HIV infection make the intrdduction of PCV a priority.

Ouly one PCV, the 7-valent formulation (PCV7), is cur- -
reatly licensed for use worldwide; rew formulations of PCV
{10-valent or 13-valent) are scheduled to become available
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Tamiflu [oseltamivir] resistant forms of the "ordinary" seasonal

influenza are rapidly spreading and the drug may be. ineffective in

fighting the dominant flu strain in South Africa this winter

[2008-200%9) . World Health Organisation (WHO) data show tests-on 107

people in South Africa with the HIN1 strain, one of the 3 most common -

flu viruses in’ humans, found all had a mutant {virus] resistant to D
Tamiflu. Only one patient was taklng Tamlflu at thn tlme. :

'Tests on 788 samples taken from HIN1 flu patients in 12 countries,
. mostly in the southern hemisphere, frow 1 Apr to 20 Rug 2008 found

that 242, or 31 percent, had the H274Y mutation. {in the neuraminidase
protein -gene] associated with Tamiflu resistance, the WHO said.
Southern hemisphere incidence of the mutatlon in tésts on the HIN1

compared with a résistance rate of 16 percent found in 7528 samples
tested_from the last quarter of 2007 to (31 Mar 2008] in 34
countries, mostly in the northerg hemisphere.

"What .we're seeing is the [spread] of the resistance gene and the
distribution of it throughout the world," said Lance Jennings, a
clinical virologist with the Canterbury District Health Board [New
Zealand}, who is chairman of the Asia-Pacific Advisory Committee on
Influenza. "We have a Lot to learn about the molecular epidemiology
of influenza viruses.® The Tamiflu-resistant form of f£lu has been
reported in 40 countries in Europe, North and South America, Africa,
Asia, and Australia since widespread resistance to the {drug] was
first reported to the WHO by -Norway in January [2007].

Until bird flu vaccines are developed for the specific pandemic
influenza virus once it evolwves and starts spreading, work likely to
take 3 months or more, Tamiflu and another retroviral treatment,
Relenza, are the main medical weapons to battle pandemic flu. Tamiflu
is being stockpiled by the WHO and governments around the world for
use in the event of a pandemic, and to treat the HSKl avian flu
strain that has infected humans in 15 of the 60 countries to which it
has spread.

Last year [2007), Swedish researchers warned that sewage systems do
not break down Tamiflu, and that the drug was being discharged in
rivers and streams used by the waterfowl thought to be the main
carriers of avian flu. They urged doctors not to over~prescribe
Tamiflu to-avoid creating resistance in avian flu carried by ducks.
If those viruses combined with other wviruses that made humans sick
they could mutate into strains resistant te Tamiflu, they said early
in 2007.
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Heaith‘Minister pavid Cunliffe said this year [2008] that 103 of the’

1229 treatment courses of Tamiflu the Government had bought at a cos
of [USD} 300 000 had reached their expiry dates.

Communicated by:
ProMED-mail Rapporteur Mary Marshall

[Oseltawnivir {(brand name Tamiflu) is d medication that decreases the
spread of influenza A-and B viruses. Neuraminidase is an enzyme that
enables the influenza virus to spread from infected cells to healthy
cells, Oseltamivir blocks the action of neuraminidase (that is,
Tamiflu is a neuraminidase inhibitor} thereby reducing the spread of
inflienza. By preventing the spread of virus from cell to cell, the
symptoms and duration of influenza infection are reduced. On average
oseltamivir reduces the duration of symptoms by one and a half days
if treatment is started within 48 hours after symptoms begin.
Thereafter it becomes less effective.

As far as is known Tamiflu-resistant influenza A virus does not
exhlblt any enhanced. or decreased virulence.

The final paragraph of the report above reveals a weakness inherent
in the strategy of .maintaining stockpiles of Tamiflu to combat

! seasonal and ‘avian influenza; namely, the drug has.a limited shelf
life. ~ Mod.CP]

. [see also: .
Influenza A (HIN1) virus, oseltamivir resistance (05): China (HK)
20080203.0438

t

I
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Avian influenza, himan (162): oseltamivir resistance 20061010.2907
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Influenza viruses, drug resistance (06} 20051016,3021

Influenza viruses, drug resistance (05) 20051015.3014

Influenza viruses, drug resistance (04) .20051015.2999
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Influenza viruses, drug resistance ({02): RFI 20051001.2878
Influenza viruses, drug resistance 20050930.2863
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Avian influenza A (H5N1) virus, drug resistance ({02) 20040127.0316
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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
resp0n51ble for errors or omissicns or held liable for any
damages incurred as.a result of use or reliance upon 'posted
or archived material.
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<ht£p://www.isid.orq/ProMEDMail Prémium, shtml>

*****1\-***‘&**************************:k*&***********}k***?*****

Visit ProMED-mail’s web site at <http://www.promedmail.org>.

Send all items for posting to: promed@promedmail. 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:r majordomclpromedmail.ory. For assistance from a
human being send mail to: owner-promed@promedmail .org.
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