BH3

BRENEE IS 55 RONBITONT PR 6FERSH
EELEASERSEE
(Fak16F9A17H)

1 EAERRLE#

5 R E T AERHI RO T,
(1) JCHRERE 1, TRl — R IC iR A0 PO EELE L - —ERE (BRI 228,
(2) SHOEEZRELSICHB VT, BEN O & Ot 5 55 B 8 & oo Fi L 7= (8 B35 & o
R RER R WA, ERIRNCELO - TBYYERE R OFLD | P EEEE S ICE
3 AE0FNEEN, ZHC XY, B E E RS ISR SR 3E 0RRE %
EREFRRE XD, BN O NREERSEFH O LD 2L THIATAILETAD
a -

2 BiEMGHE

(1) BEFHMEONEL, FAl, TR CGEEEEAFTHICEMTBILETEIS,
&@%ﬂgﬂﬁ@ﬂ’ﬁﬁib_\ FEBOEROMBENRN OPRNIITIZENTELX
NZF B,

O FEHRET. =X LDEELERL RO L R0 —EE L ERL .
WL TR I ARFEARL DOBEE BIEHERE2) R U Y TE IR L7
FEREEA I EHERNERL ., B3,

@ BEYWERAIE FIRE 0 , BIE T4 E ] o fu i 2 R o 12 LD REF
i, A —BSEICRE MR RE T AR EER AR —E BIEEED & F
L NEMBIEB I FBRBMERL, #4452,

@ FPIERAREF BSOS, BREENE P | Of i L LA 5E Bl B OFif i 7 b Y

C AR b D BEIEIE Bz D\ T, TR S SO T | BT 5T
L BEEFIC A AT ERMEE | TER LN T5, L, BEEEE
SEENGRFBROEGPLELEOBRHENZINLOIZ O TR, BLigEH RS
EEha B 15, .

(2) FBEE A IME | ORI IE R AERE B H - >0, BN CHERL WAy R
a2 b o, IR L BELTVED, BRERIC OV TOMMIEROAF
REETHLILONZ, LT LLBRMEREARNEZEZ ONALOb by,
7= EPEBNZ EL A~ TBE & 287 FE A2 L DO RSz, BE
EBRHDHEEZONALOERE, TOEEFRA~OFBAIZ 2T, BlEmE, Bt
2177, '

B ERHEEAR VB2V T, FRIGEIHDEBEEEZEE S LABRANICIERL, L

% EREMERYHR I DWW (HR) |ERHIE L +5 2875,




s

[ L 5F S5 B
HEHER

S EREPIRE—T [ &

=

- EfREERE

)

@m&%%¢

"""ﬁ.

18 B EE R S —

BN

R SRIE TE H R 8 - R (B USRS DR YR LY

—
|
P Li
EHETONE-XT | mams—%
F F | |
EREPRE RERSHE ||
— i
It i Ig
=

e ||

BHEREE

L

{ERAGEHISRE
(EHEESThHLO)

.

ﬁd)ﬁﬂiﬂiﬁ’é*ﬁﬁﬁﬁﬂtbt
RET S,

EL R SR HASRE T A
S R MR B

’ﬂmrMﬁ¢~ﬁ

-




7

SR E TE HASR S B E
(Egk19%F11H8148)
194468 1HZESLUE

A WTERSHE
B {ERIGEFIERETE



>



A WTERHREHE

O —EBx (RLrEiEEHE)
O RPEEEOTEMRHMSHME
O MRBPEE

MEREDELEHHFIZDINT

1 TH19%681BLECRESh-BAETHBEISEN
BHRB/E (HXF) 1COLT. BELTVEH ARV BEME
—EEEER LT,

2 BRICBLTIE, “IEIG)JEE:;:E IZEWVWTHRELIZE DR
B%O)Eﬁ'%'ﬁ?ﬁilhﬁt\f~ BERODEZICEZFBREDEIERRBED
W@%iﬁ{#bf:o







RE S GEE HIIR A DIREAR IR (2007/6/1~2007/8/31)

mx | F8| . o | BREE : . ~ . rH
DIRIE= &5 (PT) H# & k|
70058 | 2007/| 70257|AEET 2% [J Med Virol  |AEIF R/ ILR (HAV) B2 BEDMES LCEBER~OV AL

06/15 2006: 78 RESHBE B LV EE, TSZUTS/MSVATIS—E

1398-1405 |(ALT) REEEE. HAVEEFEEOBEELHAAT. 275108
HEHAV B E THAVIE S 401 B (pRE) EhIzHEsh, 3

He36H B TS BRI AOHEBAEL =, 2 A L AMIEIR
BHINENR, RETELM-(PRIE2BM) . ERRBERIO
AR ALTEABVEE ME (JLABRRE Mo, BiEFE
lakbDEE T HAVEER B LU BEEOHRICEEZIT TN

2o
DT DO [ T T —h. A, GBI ARA |
06/15 2007; 79: 356~ |2, RYT—TrBLVEET, BERAMEBHCARTRARRT
365 Lizo COABRIBTS TN LA 2 BET 2HOBETFFHEE

HEEAECH, ChoDENEERAERENSBLNIHROX
HEMSMIEE Db =B EFRIAICRY HEROIZAZ—1
ERHLTL V=, BERMICOUA S TIE R HAVERANITT
LTLVECeh s, BRI EAT—Dy/ O BERIEEER TR
|RALTWESEERY .

70059 | 2007/] 70257| BEIRT4E | Transfusion  |20044E 10 . #hZx I ok 1 I 2o A—IFEf B HBY R EE L
06/15 2006; 46: PR OIREE 21, I Y ORE CIEE0T—ILNATIER >
2028-2029  |f=icbEEh ST HERAAHBVERINATIBME Lo i EE

' ket . COHLINE 0L I HARIEIZ DL TERINAT 2172
t=&C B, BB BT, AET6H OB M#EHBYERANTE
&tz COBMEIZHHBHBY DNAD EiH50aE —/mLkiREH
5200 —/mL OB CIEH L T Mz EmETICERINATE T o
LTH. ETOHBVE VYT EHRE CERLIENTEShiz,

50059 | 2007/] 70257IBBIRT 46 |Transfusion | MR RE D21 o C BeM IR &AE o= HE B 49T R % 4D DR
06/15 CEIFT 4 [20086; 46: EF+Emikt 24— CHEL, EREEOMEY—H—ICD
1997-2003  |NTIRIBEERE L -, ZOER. I1OVAFRIATE LU
FEEEYE BRI BT AR I E R THILEIE ST
Pt T frmiE I b o T i E KU BT R v—h—B
MERGNBENEN ST, FOMDOT—H—~HLVERMIZOL
THELMREBRDEM oI,

...........
prf =t it o il o o e . i . b et o

T 500771 10957 GRIRT A | JAMA 2006: | 200445105 15 H = AT CIRATVE B s ok B 2% LY T 1D

06/15 206: 2005-  |ERERERE T ol BB 16RITHEU L BEHCOVEEE(TOLVT
2011 RF-, BEEHIEBTRBIN1DO/ 17 N OEHFIZFRS

AN TV, TOESTIX, EHEILHYY H12850FIT HOVE
SUHVIZBEL-EEOMEOHIHFES S nBKAEE{ToT
Wi, COBREMSELNLEHCVOL—ST U AE ., BEIGEHD
B LIFER— CdhoT- (FERE1E97.8%~98.5%) , £ HRBFIE
MYESHE S ELSERIT, BULEEHERETISETHS.

-----

70078 | 2007/] 70346|EBVAT# |J Med Virol  |BARI=BIT 67 5=V PR/ MU AT715—H (ALDBEHRMNED 1
07/27 2007 79: 734- BEEBMERRT A BREOEREHA . BRF+FOLEREZ 22—
742 CALTHIE (61-476 IU/L) OBt IE 67002 D ILERAERELR
Eoz 47920150 HEAZAIRHEY RGBE TH T, ALT =201
U/LIZHEY RNABREANBEICE M ol D IILAMEEFRIE
Ui s 02 S B S FHEV A BEY 4 L LB EF RS E
XMt ALT= 201 IU/LOD HA ADRIGZHEVED BRI B

EHTHENFEN,

___________________________

------ o o - frefemfenomeentioh e S papefepieppt = Bl




1
D

2
B

=

_(PD

g2

BE

i
SCHER

700869

2007/
07/18

70317

GEIFF %

Epidemiol
Mikrobiol
Irnunet 2006
55: 136-139

FIOENE CBITAEERET O (WVIORSBEQISH
2B+ AHGVIBMEEEREL . HGVIEEIZBFELIZV R IEREL

- VIGHR 5 52 & 86451 (YR 20MR (23%) A3, HGV RNARBIETH Tz,
ZOP3BICIZF SR EEOROIEEEARHLN. F2 14
[i2tgy s W E R TH 1A, VIGRERTIZBEEN TV,

VIG5 B EQHGYEERIFELAY, FESREUUBREOL
FhOKEELBEL TRV EERHTEN S,

70069

2007/
07/18

70317

Frat

ied Mol

Morphol 2007;
40. 23-28

ALTA B HOVIRIR BRI A REHRHIER THORDEN D
O IMIFRER DD AL ABRFVLP)EREMITIRA LS EH
P Ef-. TOVLPs& IR D B5IZ LT HGBY-C/HGVDIEE T &
NEGERA-, ZOHE ., BROKBEOVLPsDRHEDL, BE
[CALTL A b £ B BB (PC0.00T) LTV, VLPsE S IMED
WERizh. GBV-C/HGY RNAIZEH Ehizh iz, BFEHIE
TEROVLPsA FEREN , FALHIEBIECRFF RICEFRL TS
CEMNFRBENT,

70061

2007/
06/15

70259

HHV-8&%
5

N Engt J Med
2008; 355:
1331-1338

20004812 B /52001 108 [CEiE = (T 1= F DKampala®
EEITHOSS Mt ILARARY A L ABE (HHV-8) il
sEpEM T o - B E N FIIT DL TRIATEE T ol TDIH
43% (42541 [ HHV-8 I35 P8 14 M AV B i X 7=, 99145141412
HHV-8 00w 3= an Ao fe A, 2aawi—=oav Oy Ry
LB AR hShi-REQS A REnE#HmIN-BELVE

EizEhofz,

70070

2007/
07/24

70324

HIV

FDA/CBER
200753823
B

BT EE (MSM)A L D MICES T SFDAD S EHELT, &
22 E TADSDFHITA M E -1 9778 LRI S L L TEMEN
TG, MSMIEHIY., HBVE UMD RO A RBNNG TH
B, RERTFIZLDEMSMOHIVEREIZ—EEE D601 40
)t fnE O800fE . YE—RE I D8000FE B LY, HIVEREIZIFE
[ ERETH DA, HVIZIE B % EHVE B H TEHRL WwindowHiH
#5. FDAIZZMEFF51=0., BEHEIE T ANELNDE
T. cOFHERFET L.

70059

2007/
06/15

70257

HIV

1La‘ncetZOD':':

369: 821-623

20024 O BB LA — MoK E B R IERS &L, FE<IE#100~
2005 ADHIV/ADSEEAEY ., BEREROBESEITHHEL
F=hS. 2006 EETHOEFTEERIZPALRBLONT . BER
BOBRKETRHD, RETERLRBENELT, HV/AIDSH
(2 AT EEEIT =00, BE, #ERa L thoRERBEA
DREMN+DTCIEEM T, FETOHV/ADSHEIK/ A IRY
HiERDIZTIRETH D,

———— ——

70059

2007/
06/15

70257

HIV

__________

1L ancet 2007

369: 623-625

20065 K= Cl=B BODCI= 137028 MHIV-1/ADSEEEE R i
X F-, 2003LE LIS, HIV-1/AIDSE A FE L REL. 85D
HIV-1/AIDSEE & 21330375 A LHERISh . BED RS E(2300
FAMB3FH A 1/767) FHRE(3E AF6575 A; 1/2000&YEFLD
TR R EN T, YRVBERMTIZ DL, BEFEMERE DR
R[4 20054 1218 72.4%(2461/3300) T o, F-BERRIE
2006ERETITIVHMNEESNT .

_____

2007/
07/18

HIV

2007; 92: 113-
120

TVox Sanguinis | 206100 FL T BB 1% 19904 FIRA SLIG , SBlE CaltE S F Mg |

BESEXEFOREE2THDI~2ERICHIV-IITRELTNDE
Spppdi - MERF—LMREEE GRSV NARDE
EREEREARAEE, @5 &b, HV-19 744/ TBOEE
subcladel TEEZL TV, BETHROS+—O MEMASERESI
BERFIZEY. DidEH20H 0N RERENHV-1Y7547B
bl O bl M - [2F 4\ Yy A Y 5l

_________________________

--------




Lips g R T RIE M 8 o mE - i

n | B 17T PD R
70069 | 2007/] 70317|HIV BEIE O AR | o CEN CONV2BREMIVNT LOBSLAERBET | 5
© 107/18 spsshogn Gt S ARADOHV-2BEEGIEERLz.
‘ & ShEEE |77 BT IGETT LRI N THIERHD. 2006568 . REX
= A FHETARREAY ., ARBHVA ) ==& (ELISA) T
A2 B—p26-1|HIVIE KBS 1otz T DT, Western Bloti BT K DERREIT K
Y. HV-13 B i HIV 23K 8 1 &l o T . BIZFRRTORER.
HIV-24T7 24 FAIZBL . £rHT IL#(E0415KHR) LR BIER THo
fo
70059 | 2007/] 70257|BSE ProMED- AU BURRREL B EBSEERUE R OHFLRED
06/15 mail20070302. |HIEEREZ T, YL RUSVINI G OBARHERET T 578
0734 THD, FLLRHITR S RIE S RAOERNGRRaEHL

-t ET 510, BT 3EOBSEYRIRATF—HAN5EIC, B
BEHc B N3N TSI -V AT LEEAT S, E5FUEL R

s DEES LUBSEYRTOHIENSDBATRDY . £TH
ESFvoRBErBERiEEhD,

-
- -

70059 | 2007/] 70257| 2 0A*) |Emerg Infect |19994E4 H 75200543 A £ THADCIDY— A FVARR R 6
06/15 —zjLh- IDis 2007: 13; |B@RERTWVETIF L BRBEICOVWTHHLE, BEOT)TY
a7 [162-164 RBEESITZOSD114(1.8%) A5, SAEDFIRIY A LIAIZER
| BEHES M BRERVNTRE T A O ORREER
HFAIZF+AEREELMTHOULTORLFHBEEBERL
T BRIER, JUA RE SR RES SECT A REELND
HoLEBRHL . AL RUEIMET BELZFERITAETHL

70061 | 2007/| 70259| 714 |Vox Sang | KB CH M- AMACIDEREL B AZREL, ROFDE

i

06/15 ZxiLi- |2006; BB AT o7, 20064E2 A ETIZ, HAMCIDTREL - EMLE
waJiE [91(suppl. 3 [31BAHBICEEH S, 3848 DBOEISESN I, BEEIT
68-69 F-o D, HHRECIDABME AL CRME ITEBLI-EWS T

L Fxhihofc, ABIZRE. 19954 (2K E O XRRM LGS
2%Atﬁfﬁﬁ%ﬂﬁt>@——(ooo) |2 kY BRIR S, MR TH
70068 | 3007/ 710317 22U 7 01 |AARD Weekly [mie Vit i3 s P IBUAE (TSE) sa & 542006412 F 15H S ART
07/18 497t  {Report 2006, [BEfESh., & MEE BSEHL IR IE B F (FVID BUHI 28511 HvCJD~
Uhedrm |12044): 45 | BEIEZICET AFDADY R ZEREA 5N IR F Sk FVIIE
795 EZBHBTSES TS AML AL WNTCEHESh . SOUR
HERICHL TERES AT, MEASRE TRNIEY, ZRRR
OYRTBPEREETIRIZANV-IETURICHLTREER

BAL 7=,
So051 1 2007/] 10250\ BB ST |ABG R E v - 1% i 3 0> B VLR F BRI = b e ~DvCID

06/15 AVTr  |Newslstter |BEAEEOURSL, BHTEVNERLON D, EPHAIFHERE
JLhe 4T 120064512 B 15 |42 5 — (CBER) ®Steven AndersontdtiE, [LAL, YRZIFLD
iR H 5-6R— [TIRAL [ SEEME MR NE (TSE) SRZERSDAANEET
£Z_f-. OBERIE. 2005510331 B EE S TIRRSN =AY

Ea—RETL B E SV RIFHEOHEERLIZ B
SEBITTIE. YAYERETHIELNERIE, EETEICRTS

vCIDEZRAFOEHTHS.
70050 | 2007/| 70257| B 5T |ABC T EEDOVCIDIZ LB EIE. BT RnEFELORES | |

06/15 AV INewsletter  |EoTFEINTLM=EYLBMTELRAEASEEEOHAEN
Sk [20074E2 B 98 |#R45 L 7= Royal Society Journal Interface 5§51V IRICH B,
= -8R 2080 ETOMIMIT & ZvCIDOTE=HIE50H £ FRlEh S, Bk
4 OERICLACIDEL N HREh 80, BETEEMICED
EEAERLTRENEVETARERELTLS,

---------------------------------------------------




Mzt ) 28| oo | BRE ' £
70078 | 2007/| 703462850 |ABC AZRSTVCHEEEE{7oTlL HMagen David Adomld. EEH! 7
07/21 4977 |newsletter POV ITILE T ITREGCIDNHET A IERIEEZ R EL.

ULk (2007485 B 41 (1980 LIRSSV A BEENHHAOHMER BELLT:, 1980
PhL EPLI0EROIBISAFYR, TANTUE, RV IUSEER
DHDBAIL, BIEEEHmE LD, £, BlEZ Tz BE
A OCEFRBREE~BITEATHEA ARBEALLA,
REEREEZ A RBREOCBMICEENL T AQRMER
B ERELT=.

70078 2007/| 70346| EEI S0 |Biologicals | |RA VBT, vCIDA MR R A R IETHEIZ DV TEIROH 8
07/27 A7z |2007: 35: 79- |HT—2FEIZTEFLGEEToRECAH BMEN LGRS
ok (97 vCJDE KL T3 L34 A B IdA Ao T, BIS. RMRBREZ
T HlnASEBELTHRANORSER LIZEZFEEALTSLEN
A MEHRICE SRR EERIFTEEIONT . TOTHF
VBN TIEZNERE OB EEREINE D o=,

70060 | 2007/1 70317|EEIS0 |CDC 20064 |k E a8 OVCIDEMAEEaNTz, FoUTFIET TETN
07/18 1yrzx [11529R Bol-BERAT. 2005F%EMSKEITIEA TS, 20065811

k-3 BTAILT 7 /AP BRUBERIC KBRS, C0BE | (
TR [SEg M EAT —Dy /G, FROBESHHIDSTIETT

BSERS4 R SR EES LA FEREBLAD, COBEICTHM
FEldid ARHmE2MREICLY . REER~OGROZRRE
BlEREEN .

_______

70070 | 2007/] 70324| 2240 |Curr Opin 7 Mk EE DB = kB FTOVCIDBRERARESNTLY 0
07/24 A9  |Hematol 2007: | B, 1 oD TSEICEI T EE T, FRMERBF D REEEILIRM
Sk |14: 210-214 | BREEICERELH SO TR BELTWHAMBAPCLIEND &S
T LBEIROMO B I-BRT A EATREN . vVCIDEFHEN
FRIUER LS TERNCEAURER =S vCIDAFHELTLAED
M~ A LB AT 28 ORE I kY Bt O H HEHER
UL ENB M ELNIIL,

2

70059 | 2007/ 70257| B~ 0 |Emerg Infect vCJD:&%%Bﬁ.ﬂ:OﬁE@L%MEQ&B%)AGJ{%E&E%@H:L'CL\% 10

06/15 Ay7x  {Dis 2007: 13: |BH# %, Dynamic age-structured model® ALY T, :@}%ﬁﬂ)iﬁl
Vb7 [89-96 REBRIHLE, ChIZ, #IEOTTE). CIDDEMX IR, i
7 EOERSTRIUVZNEOREOESRHT—RIEIETL

ELTHAHTOLDTHD, BRICLYEMIBASNIVCIDD
A A e B
MED S DA RS BAS B I LY BEE RN BOE1%
EEOEPITER N AP BN,

----------

o ] e e . e e e ettt agant it

500641 20071 702811 B850 |FDA/CBER  |FDAIL. RE Tod aJ & 7= I 1M 52 ¢ 3 58 VALER (] &+ e &1
06/22 U7z |20064E10 15 | (pdFVIN) O FHZ R 3 EEHVCIDY R VAR EE ALz,
J 1 N = FOAQEMETIOERIL. RBABIUTHL 2 LTIRR
IR FDA/TSEAC |EEIZEHASH ApdFVIIERI O, vCIDEEFRY R HIEIERITELN
Meeting 2006 A%, ¥R TlEAOLAELAENTIEE THUT -, RAZTSEAC(TSE
£12B5158  |Advisory Committeed3:, pdFVIIELR: B D TSERZE OEILEEIC
DWTHIHL . TSEREL AJLIZEY, vCIDEEEY R J1EXRES
FEg A EhURENT,

50665 | 2007/] 70200 A S |FDA/CBER | |FDAIL. e Gt ml oL f= b b5 A S S VISR B R + 24
06/29 VI 12006411 H27 ) (pdFVID OIEFRICIR DB ERMVCIDU R VMAEEREZERLI.

Vv E FOADEHAET VL OIERE, MRBAB LU 747V T TR R
TR B2 {E AN ApdFVIIELEI D, vCIDEEEY A ZIFIERE(ZEL

A EOTEELAELABNIEERRLE, ETETORE
MEBELAIZEY, vCIDBRYRIERECEET D,

== =) e ——-——— =d=

10



md | S| o | BRIE : S gan)
D | B &5 (PT) Hig ez STk |
70070 | 2007/ 70324/ E&~ 0 |FDA/CBER  |FDA. CDCH LUNIHZEE K EPublic Health Serviceld. KET
07/24 vz [200743815 BB XN - MEEEEVIRTFREAZESSNORFAB LUV
L4 la TN TS RIREE DOVCIDYAIIERBH TSN ED RER
TR ERUE, MEREEXEFEECHOMBHERRICISVCID|
JRAZFERELLUIEICDINERDND,
700701 2007,/ 70324/ EHH 0 [FDA/CBER 4. h B CabN fo MEgEA SIS AL MR BXIE F(pdFXDE 11
07/24 A7z 200743830 |SEhi=BETOVCIDYRIHELERD TS, 1989FMD
JANE =011 20004F (D A= KB TIF M50 N IZEE iR Bk QpdFXIA R SEh
TR f-o AP TCNECORFOMDEMESOEEIZENT
vCIDIF SR EENTOED, ShoOBFERGHICHIY M
B ESISERBICRESNTNAIENS, pdFXIER S SN TS
J BEETOVCIDYRYITINSWNEEZ NS,
70069 | 2007/ 70317|BES L |HPA Press |11 L 1% LT=Hic BvCIDERE A B )R, | ZHshiz, D
07/18 AY7T {Statement P 2R ITvOJDE SEL =R H—H 5 DEIME 2+ THORIF
b= |2007481 B 18 |#1ovCIDER NS 2, R ME ML OBIMIFLRTIZEESH
TR B fo 1B EEEL TV, 4B B O BB IR SCIDIZREL
AEEHE D SN TL =z, 401 B OvCIDBHEERIZ &Y | Bz
Li=EFORIIZE 1T AvCIDEEL RV DN TOBEHRESTLY
B, AEBIEE T, BROBMIZERLE-LOTHY, RS ERA
[ BBEIcEELIESESETHESh TV,
70059 | 2007/{ 70257[2# 50 [Health ZEEcApl B )i paEvCID R B GRS Z SN Tz, CDEHIE
06/15 AYJx  |Protection M2 #1745 B TvCIDERE LR+~ 5O FR B M%E =
JUh %3 [Report 1(3)  [IF. 8EFHITVCIDER LTz, ZOFF—(F35] B O#MEEVCID
75 20071 819 |FEHIADRF—THH 5. 45 B DERIFTVAERBEF DI
B R 1208 AF A =R B CH oo FLEFRTHD,
5 &
70069 | 2007/] 70317|2# %1 |J R Soc % BB EDVCID D FATD AESEAFHT-HIBETTETLY, &
07/18 A7z |Interface BIEEMNADEDEICOVWTREL . HEWETLERE
Jub- 43 |doi:10.1098/rsil L. ZEERMTT UL FEE CEMET 54, B HRNRITAECS
7% £2007.0216 |72 1£20804E £ TIZ900%I L P, 2R B Tl 2504 LA &73>
Published oo KEMA R IEDREERFIIERLFIFOTEILITSHD
online MEEHEIFEL, BhFEZFITiE FOSDRA—LavBIEEBRE
DABHEMNTANENTHS.
70059 | 2007/] 10257|BEI AT |Lancet 2006; [VOJDESRSE L= PeilE O BME S (T BEAHBEFHIEIRER
106/15 4wz (3682061~ |BL. National Prion Clinic~B& &4 vOIDELBHEISNI=ER, MRC
JLbdra (2087 PRION-1 trialj =2 sz, BEMNTELLRE, SR
7R ' BREE DABIEE R, ST Oy TP EB LU RERBILFREIC
SURETYF L OEEZ AT, BRI RYBHNERS. R
WIEOTA L BRAREN -, BREOERIL. BSED AL D
1L RE LR, EEMERZ - RMOBUAIBE SN
<t BHOERERNSHETREICT &,
70069 | 2007/] 7031 7| EIA0 |LANCET 2006;|E M B8 7R DL BRI <SR A 7= b H e D BRI E #4094 log IDBORLD
07/18 A7z |368: 2226~ |FoEDTEET I4=T4RHELISLRFREADLISALIZDNT,
: JLbe¥3 {2230 M cEAE T AREETSERAME OBERENEFMLIZ. A
TR BLAE— | E gL RA— DL MIE A ARBEEICE TR
s (D7 E SN T2, SOUC R 15PEAY M ERER A L= ol
LA, BCE L2 OEEEEEBLTEMN-RBREDEEES
NI=96IE X IE 100 (FNVFNERIELE M o1, #IBICK>TARE
HTSERZMEMBE N BRESNIENATRIN .

1



12

a2 =1 .
WH | 2 | g | BRIE | i | e =]
70059 2007/] 70257| 2840 [PLoS ONE | JUA VEBICERMN, BEMITE & T SREEHAlicon Prio
06/15 A9z |2008; 1: 671 |TrapZBIEEL. ER Y EVD, A F O FISPPSc ORI
JIV S CHAPIPCERET H LN TR, PIPCOER BITITEELRD
7R Y, EVSRILHRTug/ILvY, EMNLT R TlEng/IL U THS
= PrPCIL. B UEERBL-TRIILIRICHED LN, E#
ZEMEE L TERESPPCEERHTNMIBPLERETT
Hot-. TSEITBELI-EMO I A PrPScDEELIR LA S a] RETE
ERET 5.
70064 | 2007/] 70281|E2& 450 |PLoS iR KREAR ) == T2 0T R EIZ R HPrPresH |
08/22 4991 |Pathogens  |MIVITBLVTRR S HEERENSBSFENITVADY
JUh-A2 [2008; 2: 956- | PrPresBEMEE , I ERIFE YU OPPERETHMIVATT
7R 963 =T RITER Lz, £ TOT IR THERMEREZ2EL. X
L. Ch OBMRBEETA U OFRRTHAEN TSN,
COREKIE. BSERBRB LU YO AL IE—RIRELEIEH
5B E OhBRBERENEERU .
70069 [ 2007/ 70257{ 22703 |Proc Natl ZHLAE—22 Iz R EL - AR HREla s fUruso Y
06/15 AV 71 |Acad Sci USA | ZT/L a7 BRERICEELRE FTHCTHRIIEREINT | ~
: JUb4721 (2007; 104: EBELSim™ A VAR FER L. COMFRIEICETENE (
T 1965-1970 |FE4AHET. ABILFOYAILRHFIFAS—-LREPPREEH
LIZRIETEL. BRESMITLERR TV TPPIRETIA
LENE . RALR—L I RFARBCEMLES s DD, T
Fo Gl otz CORFILEHIPPIBEEFEHYT STSERE
EYA L THLAERENH S,
70059 | 2007/| 70257{ 2 &40, [ProMED- g5 £200741 B6H. CIDEE HICET HahiEmE L
06/15 A\ A2 |mail20070108. |32 LT, vCIDREEHICHITHIELEEE 1124 vCIDHBEIERICE
JUb472 (0081 + AT EE HHSRES I RREE) 464 T, ETEFRET
A 1588 T D, EFEHOVCIDAIEE B E L78 T. vCIDREESIE
Fo SRR Bl K658 TH D, 2006512348 O B IR ETEL
sk, F-RELRzFEibhd BEMSELE TGRS
Lz, COF—2ITEEIZBH BvCIDRATIXFHP L 2DHD
TERMBII—HT D, .
20061 | 2007/] 70259 BE S |Science 2006; |18 1E H ke (CWD) JERERE S DECWDIBTE DL AD MR, MK :
06/15 47T (314 133-136 |IKR-BICBRES S, TOHER. CWDEEBLIHBERET VT
JUk A LU IR =B ST, WD HHOBMEEI | (
JiE EETREER D, TUAVBETIHFREOERMICETIEES |
HBbhBRETHS.

..... A - _ |
50670 | 5007/] 70324| BEIAE | Transfus Clin | IR BGI=E& A BEREMIISETRON T, EIS 12
07/24 U7 (Biol 2006: 13; | &Ko TR EASZM, vCIDORSEQHAETOHEFHHRE.

JLk-473 1320328 = ORI ZBSER £ EARTLIY, FATHEAPLEH M PHES
T HAEE S Al T AR MIEEREE . ighOamn%RBRE, &
o S ERRER TOTUT Y ORELZENTHN TS,
TR/ ~NPE. TIRIAN R —2ar BEUIOTRT T4~
oD TYALEBETES, ThaF /T L EL—LavdTUF
VBERICAERRFETHS.
70061 | 2007/ 70259| E2& 7O |Vox Sanguinis |PRDT (Pathogen Removal and Diagnostics Technologies) [£. &
06/15 w7z |2006; 91(Suppl| M. RBOZ/-(+ METEE T CIEE T4 42 VBB RUTSE
JUb-4a [3): 70 B LEa ST ABRMMYN VEEESRD . AEALOL
TR A&k 2 ot —= 45 Ltz FOFEE, PRDTO—FHEEIZ IR MR
BFETCLEEEOTSERLENEREL. EREOWNBEETSER
st g |t SO %@ AL -MacoPharma P-Capt (TM)
;—fibﬁ—%m\é:a:ﬁw\ Bl (2 L BVCIDIFEIBY A VEBRIET
éo




iEs]
ID

2
B

&S

BRI
(PT)

i S

BE

i
b4

70069

2007/
07/18

70317

F IS
A7—H
SRENGE

Science 2006;
313: 1781~
1784

FINAT—IRERE . £1-13 8 -FE0AFHIBERSI 1 OF
(APP)YRBNSVADI=wITIZRMLEBETIO - ABER
O S TEE AR ST 3L, APPRS VAT 2w
Tz, BEEEEICRELEABAD S -TIOMF—VREE
NICESREERRLE, BB —TF EER AR R
BT, ST, FFABEBEICRETHLIZELT,
ETZELEELR, HAREICERSE 7O —VADRKR
Bt BILBEMEOMEIEREFL:.

70059

2007/
06/15

70257

Science 2007;
315: 650659

19184 TN I F T AN RADATT NFU R/ AREE LD
S THHTRICEY., DA NADEBENETHOEMTS
hiz 20O FE/BERIZE>T. EhD @26 T NEBEHLI D
0 -23 T LEEAEERT B L, DLy TR RN KIS R O™
RERCIHNY A LR EL ST, EBIT, @-265& U a-23WA
RO H D198 /N A IKBBEAUEN STz, AT AT
LR EEEREEN, WALECE T3V IV AFERICRED
REBERLT .

70058

2007/
06/15

70257

Canadian

Biood
Services 2006
F12H18H

2006412 5 18 B . A4 My —¢ Rl&EfE A gtnar(cqa
ATEHHMEBEOEDEIFIC—SMEEEZMAD hFFTRERD
ERiTRY., ERUSOBEE(YL, EE, FunRvD—  THhTY
b, BHOEFOIA-OCER) OB EHEMICETIEREE
MUz HLaskkS LA (SFV T AR s - ERE
EATOD. HOEACOEBRISTROIEERZBSEBR
[ MELLS S, FEFCEEEFIOAN BER. SERK
HEDN TR RELDIEDD, .

70064

2007/
06/22

70281

AILA

J Infect Dis
2006; 194
1276-1282

E:Ffﬁi:l’b41b2£§%®¥§$E‘Jﬁﬂ?4—)ba‘34:tﬁﬁfz‘iﬂ’~]#%%ﬁ?&§fﬂ
KRB, 2EBFREOPREOENNIY A NAEREL. BN
£ 95 B S R ER SRSV (respiratory Synoytial virus), /X542 2L T
YL ILA(1-3E) AV TV IFABKUB, BRITT T/ 4
LR A T H-T-4254 th 224 (5.2%) PCRTERRAD AL R
Bt Thl . BERTH =068 CIXBEEIXENTH T D
SESEAR . 2D D ELDEEEMS RN,

70059

2007/
06/15

70257

AR
A

ProMED-
mail20061223,
3593

BATC/O91 LRIz bR BB RAEINLTNS, COER
[EFEEEhBELINTERLS . BEOEADILEOEBERIC
EBEL =5 M 15% LML, BEOHER PN, HHL
(EY AN ABEENTLCEMOERICMHET HTETHEMITE
g R ol RNE L, SU—X0 /O 94N AFRITIEECER—ER
Bz ERENTHY . ERICKBHEEIANABOTRTEER
5D, 20064511 B278 0512 A3AETOMIC, £EDOH30000
EERE 565,638 DR BE I EINT .

2007/
06/15

70257

AR

ProMED—
mail20070106,
0058

20084212 B 230 . 7 —F GarissaD R IRIRICARLEEFER
DEFIMD., VIRAL—EOERTOT NI A OB THER
Ente, MR UPCRICKVIERRE SN, FHhE TORRE
(. 19/10F AT, BREELRAISBENR Dho1=Shanta Abak
0129/10F N ThH B, 200781 BSHIRFETI88ITEL. 55684
MEET=Lf=, 2007481 B4R . 5 =Yt E#Dlara K TY T8
L—E#OiIR RO HsHiAERsh=.

2007/
06/15

70257

LAILR

ProMED-
mail20070216.
0586

______

AR L51)7 e 5 . EKimberley RPilbaratBls CI{AY

BT DA ILADTERM R DM sT-&L T B —ANYT AL
- B REANEEEROA LI, WISEETSLOMUMIT

oo AA—ARNSUT KEREET B —_R(SATOT I LIC
EoT. SEDFEIZMHTHIVD LI AN RSN, 72
S LRI I KA TERASND A ILAT, IL—Ab—

#(MVE) 9 ILALRICT L—TITET B,

- — -

o i

13



14

-------------------------------------------------------------------

m | BB | e | BRBIE | i
o = ks 55 i HE - HE
70059 | 2007/[ 702572 A /LR |ProMED- | X)L—DHAREBEE &, CuzcolkLa Convencion® TR
06/15 B mail20070216. | BFETHFA S E LI LS LT, CuzeoDREEBICRSE. T
0596 D55 15 IMatoriatot K THRELEDETH A, BRIT, La
ConvencionEZHAMS AL BERBRELE-BERODHFURE
FeLR—VESUREERENEORELREL .
70067 { 2007/] 70314{7 ( JL A |PraMED- F—ZAFSUT DVicteria T, — ADRF—MOBSFZIET RT3 13
07/10 R mail20070423. |BIASFE =LA, RHMDTAINADBRETH oI SOV AILRMR
1325 Yo ARG BRIR S0 A WA &TE TH -1, BIfFOR D) —=
: LS kTR I A of=, 454 Life SciencesIZ& o THEILEN
T RES ~P T 5 Filii & Greene Laboratory[Z k2 TERFESH
FRAF A2 I T4ORT TYX LICE>THERESN =,
70075 | 2007/] 703369 A JLX |Transfusion B =Y . ¥ Lfoamy D 4 LA (SFVIBEARIHNET AT Y
07/26 i 2007; 47: 162- | WE RV TERA T, BEFNLOMEEZFEREVIVICEMLLD
170 %, Bah -t OmEA,S8EEITT a7 LADNANRHE
. FOUEREICEOI /A A—Daw Aot MLEIPISHE
HIBER FEOSFVARE EhT-, F-RF20E B (IIERPIZSFY
R e, B KYSPVA BT Ao ia b TRE . | (
70058 | 2007/| 70257{*"9 X |GDC/MMWR [ID-NATZRLV=58{E R 71 —= 5 BRsE LU, #OTHETF AL
06/15 I |2007; 56(4): AN ABIEREREGIA RSS2, 20065 [CRET L BE 24
AR |76-79 A8, B R —1{5] (@ MBS OMP-NATOFE R (L) HEQ Wi
B RERE XN -1k AR EREEEEEREL,
OBIED-NATEERESN TELS ., D-NATHIH—FRETHE
NEETHD.
70059 2007/170257|"9 T {ProMED- 20064 . HEH-BTFAYTRNF AL (L RBERZOEMERIT43
06/15 S A7 |mail20061214. [ ADA0E2BIA R & EH . 55 13964 T A OREIR X% F4E, 5T
A4ILR {3510 Tl 146B1E o=, Fz, 9T, MBSO I LR HAER
: HEN TS,
70059 | 2007/ 70257\ TR~ |Transfusion "2 TR I ILo A LA (WNV) BSBIILES T S DRI LY, K
08/15 J JL7 |2006; 46: E&h+4 TlED 4 L ARNAIZE T B4t B OBREHANREICEA
AILZ [2036-2037  |Ehie. RO THIOBELEBADRSEN LiEREN
Ty, Custerblf, S=7— LB L~ BEAMREERASHE (
FREORBREL., ERTHEGEVNSIBEEENOICEEE | -
DBIRTHHELTS, —Hlorveshid. REORIFZERBLT
W5, BEOMEEEESHERSH D WNVRH - T ET
SHOBFEPLNHERFATHELEETHS.
70069 | 2007/] 70317| 202 M) [YOMIURI FEEOIBT L EEE 53228, REROOFREDRE
07/18 ey LB |ONLINE (2007 |4, EIzAEOBRSORALSNAIFBER (ITREL, KTl
24 EoB20H BILEBHELMILI. ANDBESBESNORERICHL. I
STETED EEEIHENAREASEMIOERRICAY. FANERY HTRE
HIEREIES, B AT TREEFITACRREELENE
WSO ETCOEBE >l BLLBRBRERALIENS
FZOERBEIELTIN,
70082 | 2007,/| 70350| ZA R M |4 F (Biadh | TFEE DB ERT2—$225 . 200652 3 [THAdh. 3L
07/27 Sy 8 (B 200782 (EULEREROIROSEN L RIEEE MR HSHh f2£20075F
4 B23H 2H22 R Lz, ANOBESREShEORPDHTTHS.




SN

N

i
D

g

&5

(PT)

i

7

70059

2007/
06/15

70257

FIT
=oq
LR

Emerg Infect
Dis 2007; 13:
147-148

BTl —CF Tl IEERE SN TOEDN I FIL T =94
WABEABELR, S8 NLADS / LEFIE, 1998FE0T
PRI A28 DMalaysian 8 A LA DET EQORRARLE
Mote, COBRZOERIT. o R EERICEITDRTEILE
B, TL—L TREOF LT R R SR E
LTINS,

14

- e i i o

70059

2007/
08/15

70257

FHoG |
=
JUR RS

A=
200741 A 24
B

TH248. BEEFBELR)S b RELE30EADZIEM,
FHLT PRI BEL TNV ERR U, BERTARADERREA
HRIN DTN TTH D, TEIT2006E 1 Arpf, RUSVH
TERAL, B TFIVT ZVEHNFo I REBEENT, T
TTEREEEL. BETHARYSVAZESTWS, BFHEIC
kAL, FH T R R OB, BEREOEHHT. L
BB TIEN WENLTREL, ADDANOBERITEL,

ot

70059

2007/
06/15

70257

[SIYAVS
J—ThE

AABB Weekly
Report 2008;
12(43): 1-2

FOAR D v—H R OBRIER S — =V T ERAREND TR
ALEOEST, RELERTHS (AABB) [F, FMERARE
EALZOBEREL, RLEEZOEOTFD—TVIORD
DALV RAERET ORI D&, MR AHHH06-08%127
14BIzE U, BRSNS, HREL, #RAE. B
B I L THRVE LIS BB Lo T B A O A RAILF O5R
. HMIELMEE. B, RRER, fhEOEZMFHEDH
OHMELGEDERSAREYRAEN TS,

70069

2007/
07/18

70317

kss/
J—E

FDA News

P06-198 2006
F128138

EEFDAIX20064 12 A 138, EE B DBEOFERERED
Lo HRRE B SR MESERITON TR F—ER 57—
ST AHULNMVEEER AL, COFERIZORTHO T, eruzi
ELISA Test System&MEIEH. trypanosoma cruzififAZ 4R 54
O, COESHBRETEUOTIDAICERRENZEDTHD. D
BEx. *nOEMEORYY—=VFITRAT, B, #REV
MR — SO MmBRUEMEER Y~ 7T HOIZALLN
69 i

70059

2007/
06/15

70257

Y
) —ThE

Reuters
AlertNet 2007
F48138

WHOIC kA& . B O# T ERIZFET-T A REELHOTLER

., Se—HRBEM. TEYEILER ) —=— I HREETITY
FAYHMDRESI—Ows SITHRAL TLAD, WHOIZ/ S T)L4E
OEEEZIFT, S0MNIREOME | &> v —A AR
HO-HOBEEFHRLTNS, Sr—HRRITHRELTHD AL
900F Nz DIFEBERLN., TOHELITFITUT ABOERMMOF
ELThd. B CIERBEGBROSETHKRE, AR DO
B s EA TS,

15

70059

2007/
06/15

70257

1TV
=i

Transfusion
2007; 47. 540~
544

PEEEERE (T S0ERELSREOX RSB0 MR

Ry BUEIE 5414 1=1% . Trypanosoma cruzilZ& B4 v—H AR
FEWah s, BEn Ao HnE OmREBERELREC
2z, MEEIE 1 AT, cruzitifk B TH S EMNHBALL, Bk
ENEE. RVEFTEBTHY ., I TEFITREICHBEL . BER
EREICRELTLVEN, REFIZ, KE-HFE TOEMICLD
Le—HRAFEBRLEOIFIBORETHD. yy—HARAII—=2
TRENBETHHIEFTLTND,

76060

2007/
07/18

70317

INILAR
AR

------- ————

Transfusion
2007: 47, 883-
889

1993—1998 % 2 120012004 FE MR AL E S 6 D D EME FiE
D 2840w M DLVT, in-house NATEIZ&Y /UL LA
B19 DNAFAIZEL. $iB19 kGLHFFETHELz. TOHER. B19
NATIER Y —=2 4 Migh LIS - RIF DB19 DNADBEE
BULANLITEN oM, BEFENELDE, B TRAT
Hot-. MEOBI9 NATROY—=0 &, RiEEL R P DB19 DNA
LANLETH., KEOH TREBRUTELESE . BIHUEEOURY
ERMDOEEAEELDH D,

16

15



% | T8 | o | BRERIE 2]
70069 ] 2007/| 70317|ERARY |J Virol 2007, |EFDEED D DBEAEE DA LA AP == T L. KIRUF—<7 17
07/18 F—T {81; 41304136 | LR EESE IR =R AORF—T 7N RAEREL .,

AL A B ZOYA(ILRIL. BIEFDearyiBETIE, BOBREOR)A—
g TYANRICRBBEEENITERTHHD. letefBRTIT, 5D
YA =TI A LRIFTLTHREEADEL (T2 /BRE —1E30%R
Y COYALAIE. PCRIZ &> T, BIRSERS#163761 706451
(1%) EEH K1 92515141 (0.5%) TR S A, RBEIRIRHE |
ClEBEInE, o1z,
70069 | 2007/] 70317|ERA")  [PLoS S R R BT BB D DOMER SR CFET S 18
07/18 F—7r7 |Pathogens HEORF—T AN REREL. WU A LR ER S Tz WU
AR |2007: 3: 595 |4 L RBIETFI£5229p G, Polyomaviridae 773 —DHFEEFF
@ 604 C o, RESRERWAT AL, 2OWS A ARIE, BHOETOR
Ygd—TH A LA EITBE>TNSIERBEREG T, A —A 3
T RV R E O SR, 25 R 5 E 2 1 355 4B LWU I 4 b
ZHBHEA BB S HLTOWATENRRSN .,
25656 | 2007/1 70257157 |[Eurosurveiilan | 200648 A I/ EC=HEAR ST HESINBMENT. 77
06/15 ce 2006411 |V RAHER HOSIHBIT, 2006F RIZFIL L ADRILES _
: H168 ATV BRI T RTHREAQERETEN -T2, 7 (
BRZANICEREOHZZHAMTS)TRENTRFIOHICER
RoEELTEY . IO NTISHITEH>TP. vivaxBBERIE |
BT EETEL TS,
AL, oM THE SIS T OHEIEREO19724F
LIEADEHTH 5.
700681 2007/] 70257\ S U7  |Eurosurveillan | B A RRRIEH—~A SURCET AI—0w Sy b T~~~ D3R
06/15 ce weekly gpi- kAL 20064511 B FHAILE, 1K, IT7HA~OEMEIC
2 release 2007: (BT, BVSETS T EEAEBMLTWS, | BIOBETIS. B
12(1): 070111 [VTodl, Frw—oTafl. RT—F T2, A8 BEHIRE
é;hvf:o
70078 | 2007/| 70346|<3')F |ProMED- ST AHEREICKDE . 2007FE4B D17 BBICHROT ST 19
07/27 mail20070501. [FEE 1 BIARES NI, R2BliL, ARDGNATHSHHENT DR
1414 TS T ERIZKDEDTH o, £f=. 2006FE12BIZRAD
REBIAERE SN TRLE. A BRERN TG>T, 2007F4R1 -
~21 A DEIZEEn -84 A DRE DR, MEREEIER
(307~ 1 B4 TRV EEEITTL S, 38 . Anophsles albimanusBAS
TSFAVEBRFICIEERURO I EAERIN 2D, R ,
HAREHC T BHITRDY ORRAZEL TS, (
70069 | 2007/(70317|L-24FEk |ProMED- EEORFEZILET A)HTHHTHRE SN /- Streptococeus suis
07/18 RS  mail20070223. |BEIE & O MEEBIERRLE, BETHOLIRNBIERIR
06638 EEASBEERTARRL., S suis@E LML/ S. suis|Z 7R TE
EERCT IS LBERETHY., TAERIBEDABEESD
BHthb, BELBEEFALERMOBROBENIELENELT
Wb, :
70059 | 2007/] 70257} &k Blood 2006 10.2mM S-303 (7 S S UAL &) 5 KT20mM 7 L EF A AGSH)
06/15 108: Abstract |% FAL V=2 BS-303LE %% Ly, RBCAHDHEH LU AR

#4144

FELOBNEEIMEL -, BICEET RS LBERB LU
53 LBEMEE. Vesicular stomatis™ 4 JL R Adenovirus 5, HIVE &
U A L AETEYAILAHCVOETL) DWThLH RS-
303MB LY BB MICFER SN,

———

16




e

17

oyt | FE | e | BEE | ¥
D | 8 57| (D A ﬁﬁ%g ik
70059 | 2007/] 70257\3F K% |ProMED- 2006511 170, RAH O EER S, RAHOBROAEM
06/15 mail20061118. | ZAVELTRITHEN  IBEHICERREFEL TRTLIER
3303 =L, BEEEickde, BAASERTIERREFEL=DIE36
ESYTHD, BHECEDHE, BEEIEVFEROS AR
BaXcAEh, 11A18CBELE. IBICRRO LITGEIRT
HEHAORRES DLz TO%. IEER, KOREHNDI
SR GEEOERERELR. BIBRLERERARAATES
%, BlEQEBRISERF AN BHER .
70069 | 2007/{ 70317[#5%% NIKKEI NET RO BBEMNZEACHNG , EREEEEWHO) A ERE
07/18 NENERE |FRETOATRSFIRE IOEZEN . BRTHARRED
: 90061285 [05%MBIRHINIIEN, BHEFRHFORE CHLMIIEoT,
=] 2002456 B Ari 11 BIAv I CEINDEZ SRR OAREE
3122 ADVD IR = E ST LR THE, A D3
figwﬁﬁﬁfﬁﬁaﬁmotztwa o BEh s RELI-ERE
AEL)
70059 | 2007/} 70257 | #E B |ABC 00AMEE b 2006FE B o T TAER GIER &R (FDA) ITHE . 20
06/15 Newsletter  |&NMI-BjMEIEEIERI- LA I-EHR THD. SEHD AR
9007448 13 |21961T. FERILTRALISS (39.3%) . & D4 ORIV A (ABOT i
A 21— SUAOBLRS. BhiEEdaan, SRR 71745+
S,—71 ) 6741 (30.6%) , HAREIREE204 (9.1%) , ABOTESIZkD
S R 51500 (6.8%) . Bl A ERTHOAEENEETEEL
FEFI3 148 (14.2%) £ 2 TLVD,
70078 | 2007/| 70346/ HAE R |American AAD= REBRBS Cihd B A ER AR (AR B10825) 12 21
07/27 |Society for  |&SLAT, 200624 B 18 ~8 A 31 AIC, BE28E QIREEND
Microbiology |Bacillus cereusttRiisi=, 1) RHEQE LK HEBRT D
107th Annual | B ERYVIRLAERTHIEEZ LN . — B FED
Meeting L~ | —hoL—T B0, SBSERBL, KRR EE
004 2007485 Iz oL\ TH B DEBE 572 &T. B. cereusiBiE M E RIS T
A21-258 |O#‘EHENGH .
20078 | 2007/] 70346 W & B2 5= |Clin Infect Dis | 200648 H . SR+ 5 AP M DRI CRELDAEICH LT, e 29
07/27 2007: 44: . |EETATF—TILORSS— LT B A S =B RIS IR O
1408-1414  |&ErrEmARSh -, — ROFBLICOVTHEZT12LD
7 — Y i LA T T TIOR8 — LT OERE
ORIz ERLEEEASBRO LN, MEEEEF 31D AN
T M54 MEMRREEh, ZCaT7Io—-ERETRY
BETHol=. Ea R 2— AT OFEICITH IS EARIRE
BUZIDEREEDHINETHS,
70050 ) 2007/1 71025718 A7 |Eurosurveillan 20062115298 IS & CHENT B R J A 7L T HFo LA R
06/15 LI |ce 2006; #2684 AWHOIZHR &34, 50AEELE TRIBTORRARES
11(12): 061221 hTHBY. 55108E TR EEAC MEEREDRBRRLGH>TY
%, EUTIE. BOALAREBICRBERERLTHELY . 200655
F(= A ELHI5NETHEOBENERSNA, EMNERES
ESELTVAL, BEOBREFHARML, BREFSHOHTE
B EESh ., HERAOBENBENTVARILNL, ENEHNE
SHEANELBHER AT LEBRETOMLENHD.
70059 | 2007/| 70257| &7 {ProMED- WHO L. HENTBAS TN IO HFIAIWRIZEYHEET, NT
06/15 LT |mail20061201, |3y I~ EENIRHERHICT HOIT HINIBAV LT
3304 . HOEMEFEAED=OOT RS ERR U 14X—C 0T 4
RSqvlk, BEOMS. Bl ChOEFEERT aILICiDiE
EOHEE, ch—ErEROFALHAOBIBER AT HHDT—
AR SBNDHITRE, REHOBEMGREERO TS AMF
SAUTIE, BBEABOREAHAMNCENEFNOREZITIC
) N J _____ 4?%3%1.«(“%0 ) 3 .



I
1D

28

=|

&% o7

Higd

#z=

i
CHR

70059

2007/
06/15

BALD
LI

70257

ProMED-
mail20070120.
0260

20071 F18H . BM/KELIL. ERRDEBIGTRELKMNA
VIONIFIEEREE YL AIZEBED =L ML
f=. BEREESTRELEEASERLE-S /LAY T ILE
BELTREEABVN LD THACEEFEZEL = HNIEID AL A
DFTIZ. EERERTOANBENEEREBTRLEL.ID2H
BBELEMSH1DTIHORDOEAFEEL =,

70059

2007/
06/15

102575

Transfusion
2007; 47 452—
459

MFHFOEERCEREDNEV NI EELLE, BB,
EFPATEIUDOERERE. BERAES DT (VIG)DSDALE,
BVIEFA EE 2= AN R SRR OFES M., RUVIG
DBEpHA L F2_”A—2 30 M HINTA 2 I ToF o4 L AT EIE
ICEHMEERBEREE TR, TOHER, HINIA I
IVWYAINRIE, ToAD—~To (LA LRFEOERZRL, Ch
SN A WA FLNEBIC > THRMIZFRFLESN =,

e,

70070

2007/
07/24

70324

Vox Sanguinis
2007; 92: 121-
i24

NN OEL B IRV EL DD ER-T-HERE CE R
LS AL ILABI9%MNA, 60°CTI0RRELIBL -, Bliof=BiE ]
OBI19TME DR~ B2 AF—2 % T L, NThTaEY

MR ERTIIEOMITEREL, pbo EVRERDTIRER
B R EEIE TH o . BN HBEE B -LRIOMETIE
BIOILRREICTEEILSh . SEOFFRILOE AR LT KES

Biof-  BIOORBRZH L BERRITKEUERET D,

70059

2007/
06/16

70257

Lancet 2007,
369; 132-138

PEOERLEEY—_ A5V AT LR UBERYT M Ry —
IMEDEFERE F—ZIE LML, REICSITIHRESN
=SOSR AIFEEIL, 19934F(C1£100,000 A HF-Y0.26|T
Hot=h%, 20055E(Z 1T, E—H RO E Z #AHESEITT100,000AH
Y TEITH T, ARSI EOR LT, 19915F1%100,0004
OHAERBI-VO0IERTH-T=H%, 20054 Z1F100,0005 D H &
R&HT-U19.68GEHE T, FLHTIND B S TAREE ML,

et — ey

70059

2007/
06/15

70257

332

asahi.com
200744818
H

RESPARRZEFRBATEILANRGFLTOELS B
MREREMABRPERR L I—DELOHIE SHETHM
oo BIFELVHRATIER ADBBHIERITESERICHITTES
ICEASIEMAFREINSEL T A I—FRARBHREHLTE
BERUMNMTTNSG, Bl Z—(zkdl, HlE, ILAOFKES
AHRICBND, SEORTITIORFTE L KNS L DL FHE

Y=

e

18




61

'Mﬁsmﬁﬁﬂ

M E % S E L7z Rl & 04 25/ ONCHEY 7 REY AV ARE TR S, 85.6~98, 5%@-—&&73%0 AT Y
F T L= b 200412-R 7 LA FREFIZ RIS B ABEAEHEVER JRADEDIEREINEIEST.3~93.9% Tdh-ofz, ARERIL.
ALTZ 201 IU/LOD B AADRIMISES SAHEVIRO MEREBREA TIILERL TS, | |

AR 21 | o N e No. 17
CL ' EXR TIRHE HEREE N
| T ®E&R | B-HASE | FERASORS |[BRLEN
3] « 38 4 [ | =id :
AT - M N : - 2007.5.15 | @MU -
— BT | AR AR Gotanda Y, lwste A, Obnama H, | AVIRME
. _ Yoshikawa A, Mizoguchi H, Endo
AR BRI AR (B ARty | DV O DRI K, Takahashi M, Okamoto H. . |
) . e rol: T . )

RFEL (EHKE) ﬁwamm&s&ﬁﬁ%ram(mﬁ++ Sl a0t o B |
OFRREBIBT =0 7 M0 AT =5 P B E DR R R RO BT ' &H L@Eﬁiﬂﬁﬁfﬁﬂ-
BELFF 8 A VA (HEV)D SERIEBIORRITTBEITITRES L TRV FRERTIE, H$3ﬁ+-?—ﬂu¥ﬁ-tz//}'~'c‘7’7—— 2D EERE
TIPSR T 2T (ALT) B H (61-476 IU/L) 2R L2 ILE ORTF L T4 7671004 1O MIBRELIRERL, ELISA 28 - '
WTHIHEY [gG. IgM. [gADH % 38~ nested RT-PCR %8\ THEV RNAZRZEL:, RLLT, 4794 (7. 100 mE ¢ | B IBRBRERMERT B 3R
FRHEY 1gGHb M ThY . 205584 IZHHEV 1gMBBHE , 72 IZHHEY IgABM Th o7, HHEV [gM BRONEAD HiMey  |FRHE B MARRERMERT AR |
AL AR DL 64 ICHEV RNAASRHIE N2, V66914 H 0B MK LMD I=7 L TEBITHEY RNARTR~ | .

72 E 7%, 34 HSHEV RNABM: Thorz (OB 14 ITHHEY [gGIAME) , ALTIECTRALLAE & ALTZ201 IU/LOMmFE109 [MiKESTEVANA,
& OHEY RNAD S ZRIT . ALT 61~200 1U/LO#kM % 65914 Lt THBICHE 222 72(2.8% vs. 0.1%, P < 0.0001), A/ [FAE. RS OMY -

VCIDEDEBOYAY

BECEOER - ‘ - SRONG

ALT=201 IU/LD BAEADKRISEXFAHEVEROEERE | B ARFR--F1hTIE, Eéﬁfméﬁ%H%mﬁmwj‘bEdAﬁ&w
MR A AT AL EASRANELOBRETHD, HAR+FELL (BB T BRI+ AR LIERIL T, ﬁm%‘h.ﬁ&%klﬁv _
Tit, BRILMIEDPALTREZIT, 61 IU/LJALwﬂR?&’&'ﬁFIS? B DOBERELRIToTCNS, LHREICRITAMDHEVRSEY |
L,-cws 2t BB IR E TR RNATR TR Y R 2 e i

;\;;50 ?ﬁ%HEVJEEEEOD%Eﬁkﬂrﬁ?‘éﬁﬁ&@l&ﬁﬂcvﬁ%ﬁﬁk
A




20



JRC2007T-035

Journal of Medical Virelogy 39:734-742 (2007)
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SN

Ongoing subclinical infection of hepatitis E virus -
. {HEV} has not been fuily studied. In the present "

study, serum samples were colliected from 6700
voluntary blood donors with an elevated alanine
aminotransferase (ALT) level of 61-476 U/l at a
Japanese Red Cross Blood Center, and were
tested for the presence of lgG, IgM and IgA
classes of antibodies to HEV {anti-HEV) by in-
house ELISA and HEV RNA by nested RT-PCR.
Overall, 479 blood donors {7.1%} were positive
for anti-HEV IgG, including 8 donors with anti-
HEV IgM and 7 donors with anti-HEV [gA, Among
the nine danors with anti-HEV' IgM and/or anti-
HEV IgA, six had detectable HEV RNA. The
presence of HEV RNA was further tested in 10-
sample minipools of sera from the remaining
6691 donors, and three donors including ane
without anti-HEVY 1gG were found 1o.be positive
for HEV BRNA. When stratified by ALT level, the
prevalence of HEV RNA was significantly higher
among the 109 donors with ALT >201 IU/l than
among the 65691 donors with ALT of 61-200 {U/|
(2.8% vs. 0.1%, P<0.0001). The HEV isolates
obtained from the nine viremic donors segre-
gated into genotype 3; shared a wide range of
identities of 85.6-98.5% and were 87.3-93.9%
similar to the Japan-indigenous HEV strain
{JRATY, in the 412-nucleotide sequence of open
reading frame 2. This study suggests that
approximately 3% of Japanese individuals with
ALT >201 1UAl have ohgoing subclinical infection
with various HEV strains. J. Med. Virol. 79:
734-742, 2007, © 2007 Wiley-Liss, Inc.

KEY WORDS: hepatitis E virus; subclinical
infection; PCR; genotype; phy-
logenetic analysis:
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INTRODUCTION

Hepatitis E is an acute disease that is endemic in
many developing countries of Asia and Africa where
sanitation is suboptimal, and is also endemic in many
industrialized countries including the United States,
European countries and Japan [Harrison, 1999; Purcell
and Emerson, 2001; Smith, 2001; Emerson and Purcell,
2003; Okamoto et al., 2003]. Hepatitis E virus (HEV),
the causative agent of hepatitis E, is a positive-sense
RNA virus without an envelope and is classified as the
sole member of the genus Hepevirus in the family
Hepeviridae [Emerson et al., 2004]. Its genome is
approximately 7.2 kilobases in length and contains
three open reading frames (ORFs: ORF1, ORF2 and
ORF3) flanked by short untranslated regions [Tam
et al., 1991]. ORF1 isthelargest of the three and encodes
viral non-structural proteins. ORF2 encodes the capsid
protein and ORF3 encodes a small protein that under-
goes phosphorylation {Kognin et al., 1992; Zafrullah'
et al., 1997], Extensive genomic diversity has been noted
among HEV isolates ‘and HEV sequences have been
classified into four genotypes (genotypes 1—4) [Schlau-
der and Mushahwar, 20061]. Genotype 1 HEV has been
responsible for a number of waterborne epidemics of

The nucleotide sequence data reported in this study have been
assigned DDBJ/EMBL/GenBank accession numbers AB288357—
AD288365.
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hepatitis B in Asia and Africa. Although HEV of
genotype 2 has been detected less frequently, it was
responsible for outbreaks in Mexico in 19861987
[Velazquez et al, 1990] and has been implicated in
sporadic infections in Africa [Buisson et al., 2000]. On

the other hand, genotypes 3 and 4 HEV cause sporadic '

cases of acute hepatitis but have not been found to be
. responsible for epidemics in humans; these infections

seem to be zoonotic and both genotypes have been.

detected in pigs (genotype 3 worldwide, and genotype 4

in Asia), which may constitute the major reservoir of
" genotypes 3 and 4 {Harrison, 1999; Meng, 2005;Lu et al.,
26086].

Polyphy_letlc HEV strains of genotypes 3 and 4 are
cirenlating in Japan [Takahashi et al., 2001, 2002;
Mizuo et al., 2002; Inoue et al., 2006 and HEVhas been
recognized as an important causatlve agent of sporadic
acute hepatitis of non-A, non-B, non-C etiology in this
country [Mizuo et al., 2002; Okamoto et al., 2003]. it has
heen reported that food-borne transmission of HEV may
occur through ingestion of raw or undercooked meat
including liver and intestine from infected swine, deer or
boar [Matsuda et al., 2003; Tei et al., 2003; Yazaki et al,
2003]. Imported hepatitis E and transfusion-trans-
mitted HEV infection have also heen documented
[Koizumi et al., 2004; Matsubayashi ef al., 2004; Mitsui
et al., 2004). Furthermore, a high prevalence of IgG class
antibodies to HEV (anti-HEV Ig(i} among healthy
individuals, most likely due. to past subclinical HEV
infection, has been reported in some regions in. Japan {Li
et al., 2000; Tanaka et al., 2001, 2005; Mitsui et al., 2004,
2005], and HEV-viremic subjects have been identified
among symptom-free blood donors with an elevated
alanine aminotransferase {ALT) level {Fukuda et al,,
2004]. However, it remains unknown whether and, if so,
how frequently recent subclinical HEV infection is
oceurring in Japan, Therefore, in an attempt to estimate
the prevalence of recent subclinical HEV infection in
Japan stratified by ALT level, anti-HEV antibodies and
HEV RNA were assayed in serum samples obtained
from Japanese voluntary blood denors with an elevated
ALT level of >61 IU/l who are likely {0 have ongoing
HEV infection. '

MA‘I‘ERIALS AND METHODS
Serum Samples

Approximately 2.1% of voluntary bleod donors had an
elevated ALT level of 61 IU/] or greater at the Japanése
Red Cross Saitama Blood Center, Japan, between April
2003 and March 2006. During this period, serum
samples were collected from a total of 6700 voluntary
blood donors (age, 35.7 £ 10.6 [mean * standard devia-
tion, SD] years; 6051 men and 649 women) with an
elevated ALT level of 61-476 (range; 88.9* 34.6,
mean + SD) IU/. The Bleod Center is located in Saitama
Prefecture, a prefecture in the central part of mainland
Honshu of Japan.

All 6700 donors were negative for hepatitis B surface
antigen and antibodies to hepatitis C virus (HCV),

. . 735
human immunodeficiency virus (HIV) types 1 and 2, and
human T-lymphotropic virus type 1, as well as hepatitis
B virug DNA, HCVRNAandHIVtype 1 BENA by the

-nucleic acid amplification test using Roche's Multiplex

reagent [Mine et al., 2003]. Serum samples obtained
from repeat donors during the study period were
excluded: that is, each sample was obtamed from a
unique individual.

Detection of Antibodies to HEV

To detect anti-HEV IgG, anti-HEV IgM and anti-HEV
IgA, enzyme-linked immunosorbent assay (ELISA) was
performed using purified recombinant ORF2 protein of
HEV genotype 4 that had been expressed in the pupae of
silkworm [Mizuo et al., 2002], as described previpusly
[Tzkshashi et al., 2005]. The aptical density (OD}of each
sample was read at 450 nm. The cut-off value used for
the anti-HEV IgG, anti-HEV IgM, and anti-HEV IgA
assays was 0,175, 0.440, and 0.642, respectively [Taka-
hashi et al., 2005). Samples with OT} values for anti-

.HEV 1gG, IgM, or IgA equal to or greater than the
respective cut-off value were considered to be positive
for anti-HEV IgQ@, IgM, or IgA, respectively. The

specificity of the anti-HEV assays was verified by

absorption with the same recombinant ORF2 protein
that was used as the antigen probe. Briefly, if the OD
value of the tested sample was less than 30% of the
original value after absorption with the recombinani
ORF2 protein, the sample was considered to be positive
for anti-HEV.

Detection of HEV RNA

In serum samples with anti-HEV IgM andfor anti-
HEV IgA, reverse transcription (RT)-pelymerase chain
reaction (PCR) was performed for detection of HEVRNA
using nested- primers targeting the ORF2 reglon as
described previously [Mizuo et al., 2002). The size of the
amphﬁcanon product of the ﬁrst round PCR was 506
base pairs (bp), and that of the second-round PCR was
457 bp. The nested RT-PCR assay that we used is
capable of amplifying all four known genotypes of HEV
strains reported thus far [Mizuo et al., 2002; Takahashi
et al,, 2003b; Yazaki et al., 2003]. The spec1ﬁc1ty of the
RT-PCR assay was venﬁed by sequence analysis as
described below. The sensitivity of the RT-PCR assay
was assessed as described previously [Mizuo et al,

20021. For serum samples that were negative for HEV "

RNA when 100 pl of serum samples was used, total RNA
was extracted from 500 pl of serum, reverse transcribed,
and then subjected to the nested PCR as described
abave. Ta extract RNA from 530 pl of serum, test serum
diluted two-fold in saline was centrifuged at 287,682 x g
at 4°C for 2 br in a TLA-100.2 rotor (Beckman Coulter
K.K., Tokyo, Japan), and the resulting pellel was
suspended in 100 pl of saline and subjected to the RT-
PCR assay. To confirm the reproduclhlhty, this assay
was performed in duplicate.

As for serum samples without anti-HEV IgM and anti-
HEVIgA, 10 pleach from 10 serum samples were pooled,

oJ. Med, Viral. DOI 10.1002/imv
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and each pool was tested for HEV RNA by the above-
mentioned RT-PCR assay. ¥ a pool was positive for HEV
RNA, the 10 serumn samples of that pool were individu-
ally tested for the presence of HEV RNA. This RT-PCR
assay was performed using both 10 and 100 ! of each
serum sample, and reproducibility was confirmed.

Sequence Analysis of PCR Products

The amplification products were sequenced directly.
on both strands-using the BigDye Terminator Cycle
Sequencing Ready Reaction Kit on an ABI PRISM 3100
Genetic Analyzer (Applied Biosystems, Foster City, CA).
Sequence analysis was performed using Genetyx-Mac
Version- 12.2.7 (Genetyx Corp,, Tokyo, Japan) and
ODEN Version 1.1.1 from the DNA Data Bank of Japan -
(DDBJ: National Institute of Genetics, Mishima, Japan)
[Ina, 1994]. Sequence alignments were generated by
CLUSTAL W (version 1.8) [Thompson et al., 1994]. A
phylogenetic tree was constructed by the neighbor-
joining method [Saiton and Nei, 1987] based on the
partial nucleotide sequence of the ORF2 region (412
nucleotides {nt]). Bootstrap values were determined on
1000 resamplings of the dafa sets [Feleenstein, 1985].

Statistical Analysm

Statlstlcal analyses were performed using the y2-test
for comparison of proportions between fwo groups.
Differences were considered to be statlstmally signifi-
cant at P < 0.05.

RESULTS

Age- and- Sex-Spec:ﬁc Prevalence of Anti-HEV
Antibodies

A total of 6700 serum samples ohtained from appar-
ently healthy blood denors with an elevated ALT level
were tested for the presence of antl-HEV IgG. Anti-HEV
IgG was detected in 7.1% (479/6700) of the tested
population including 7.0% of the 6051 male donors and
8.6% of the 649 female donors, the differsnce not being
significant (Table I). The prevalence of anti-HEV IgG
generally increased with age among both the male and
female donors, and was significantly higher among
donors aged >30 yearsthan amongthose aged <30 years
in total (8.8% vs. 2.9%, P <0.0001), in the males (8.6%
vs. 2.9%, P < 0.0001) and in the females (10.7% vs. 2.5%,
P=0.0013). The 479 serum samples with anti-HEV IgG
were tested for anti-HEV IgM and anti-HEV IgA.
Among them, anti-HEV IgM was detected in eight
samples (1.7%) and anti-HEV IgA in seven samples
(1.5%}. In total, nine samples were positive for anti-HEV
IgM and/or anti-HEV IgA (Table II).

Detection of HEV RNA Among All 6700 Blood
Donors

Among the nine serum samples with anti-HEV IgM
andfor anti-HEV IgA, five samples tested positive for
HEV RNA when RT-PCR was performed with a sample

. Med. Virel DOI 10.1002{jmv
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volume of both 10 and 100 uyl, and one sample was
positive for HEV RNA with a sample volume of 500 yd
{Group A in Table II). Among 661 10-sample pools and
nine 3-sample pools, three 10-sample pools were positive
for HEV RNA. The 30 serum samples of the 3 pools that
had been positive for HEV RNA were tested individually
for the presence of HEV RNA, and 3 samples (nos. 5503,
8177 and 7369 in Groups B and Cin Table IT) were found
to be positive for HEV RNA in two distinct volumes of 10

"and 100 pl. Consequently, 9 {0.1%) of the 6700 samples

were found to be viremic for HEV in the present study.
‘When stratified by the presence of anti-HEV antibedies,
HEV RNA was detectable in 6 (66.7%) of the 9 donors
with anti-HEV IgM andfor anti-HEV IgA, 2 (0.4%) of the
470 donors with anti-HEV IgG but without anti-HEV
TgM or anti-HEV IgA, and 1 (0.02%) of the 6221 donors
without any serological markers of HEV infection.

Prevalence of Anti-HEV and HEV RNA, Stratified
by ALT Level ’ .

In the present study, 479 donors with anti-HEV IgG
were found, including 371 (7.2%) with an ALT level of

" 61100 IUA, 96 (6.6%) with an ALT level of 101—200 TU/

1, and 12 (11.0%) with an ALT level of >201 I/
(’I‘able ). The prevalence of anti-HEV IgG was higher
among donors with an ALT level of >201 TUA than
among those with an ALT level of §1-200 IU/, although
the difference was not statistically significant (11.0%vs.

7.1%, P=0.1148). As for the prevalence of HEV RNA,
there was a significant difference between donors with
an ALT level of >201 TU/l and those with an ALT level of
61—2001U/1 in total (2.8% vs. 0.1%, P < 0.0001), in males
(2.1% vs. 0.1%, P < 0.0001) and in fernales (8.3% vs. 0%,

P <0.0001).

Genetlc Analysis of HEV Isolates Recovered from
Nine Viremic Donors

The nine HEV isolates recovered from the transiently
viremic donors were named HE-JSB1217, HE-JSB1564,
HE-JSB1582, HE-JSB4175, HE-JSB5503, HE-
JSB6151, HE-JSB7017, HE-JSB7369, and HE-
JSB8177, respectively, with the prefix of HE-JSB
followed by the ID no. of each sample. The 412-nt
sequence of ORF2 of these HEV isolates were detei-
mined and compared with each other and with that of
known HEV isolates of genotypes 1—4. These nine HEV
isolates were markedly variable, sharing nucleotide
identities ranging from 85.6% to 98.5%. However, they
were all close to the prototype Japanese isolate of
genatype 3 (JRAL Jaccession no. AP003430} with
nucleotide identities of 87.3—93.9%, and were only
78.1-80.7%, 75.2—76.6%, and 78.2-80.5% similar io
the B1 isolate (M73218) of genotype 1, MEX-14 isolate
(M'74506) of genotype 2, and T1 isolate (AJ272108) of
genotype 4, respectively. When the nine HEV isolates
obtained in the present study were compared with 412
other reported genotype 3 isolates whose common 299-
ta-412-nt ORF2 sequence is available as of December
2006, each of them was closest to a human or swine HEV
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‘TABLE I. Age- and Sex-Dependent Prevalence of Anti-HEV Antibodies

Tatal Male Female
Anti-HEV Anti-HEV Anti-HEV
" _ : IgM- and/or . . IgM- and/or
Age (years) N IgG-class IgM- and/or IgA-class . N IgG-class . Igh-class N IgQ-class IgA-class
16-19 439 13 (3.0%) 0 397 11 (2.8%) -0 42 2 (4.8%) 0
20-29 1414 40 (2.8%) 0 1294 38 (2.9%) 0 120 2 (1.7%) 0
30-30 2736 183 (6.7%) . 4 (0.1%) 2541 164 (6.5%) 3 (0.1%) 195 © 19 (9.7%) 1 (0.5%)
40-49 1319 126 (9.6%) 3 (0.2%) 1202 114 (9.5%) 3 (0.2%) 117 12 (10.3%) .0
50-59 851 93 (14,39%%) 1 (0.2} 520 77 (14.8%) 1 (0.2%) 1831 16 (12.29%) |
60-70 141 24 (17.0%). 1 (0.7%) 97 19 (19.6%) = 1(1.0%) 44 5 (11.4%) 0
Total 6700 479 (7.19%) 90.19%) 6061 423 (7.0%) 8(0.1%) 649 56 {8.6%) . 10.2%)
TABLE II. Detection of HEV RNA Among Three Categories of Blood Donors With Elevated ALT Level
© Anti-HEV (0D 50 velue) HEV RNA®
Age (years)/ ’

1D no. sex ALT (IU/ AST (IU/) v-GTP (IU/D IgG-class IgM-class . IgA-class 10X 1001 -500
Group A (n =9) with anti-HEV IgG with anti-HEV IgM and/or anti-HEV IgA -

1217 ) 34/M 94 37 149 2.583 (+) 1.818 (4) 1.676 (+) +P — NT*

1664 48/M 61 a2 | 86 2.343 (4) . 1709 (4 2.648 (+} + + NT

1682 51/M 101 62 89 2.404 (+) 0.917 {+) 1.310 (+) + + NT .
4175 68/M 261 145 154 1.709 (+) -2.666 (+) 1.130 (+) + + NT

6151 49/M 128 41 607 1.384 (1) 2.237 (1 2.442 () - - NT

7017 36/F 224 95 362 1.401 (+) 1313 (4) 0.348 (-} - .= +

1304 38/M 181 67 104 >3.000 () >3.000 (+) 0.825 (-+) - - -

3243 35/M 170 78 334 0.404 (+) 0.470 (++) 0.017 (~) - - -

7667 T 4T 66 . a7 L4500 0.350 {+) 0.044 (-} 0.868 (+) - - -
Group B (n =470) with anti-HEV IgG but without anti-HEV IsM nor anti-HEV IzA .

5503 34/M 77 65 20 0.394 (1 0.081 (—) 0.138 () + + NT

8177 41M 82 53 197 0.193 (4} 0.042 (=) ' 0.061 (-) + + NT
Group C (n = 6421) without anti-HEV IgG

7369 48/M 2176 210 219 0.006 (-} 0.016 () 0.011 () + NT

"HEV RNA was assayed using the ipdicated volume of serum sample.
I, positive for HEV BNA; —, negative for HEV RNA.

“NT, not tested.
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isolate of Japan origin. That is, HE-J8B1564, HE-
JSB5503, and HE-JSB8177 had the highest identity of
99.0%, 98.5% and 98.3%, respectively, with HE-JBDZ
(AB154829). The HE-JSB4175 isolate was closest to HE-
JA9 (AB082565, 7.8%), HE-JSB1217 and HE-JSB 1582
to HE-JHD1988 (AB175485, 94.9% and 93.7%, respec-’
tively), HE-JSB7369 to HE-JA21 (AB115542, 94.2%),
HE-JSB6151 to G3-4531-Swine (DQO79632, 94.4%),
and HE-JSB7017 to HE-JHD1980 (AB175484, 93.4%).

The phylogenetic tree constructed based on the
common 412-nt sequence within the ORF2 sequence
eonfirmed that the nine HEV isolates obtained in the
present study belonged to genotype 3, and that they
segregated into the clusters consisting of Japanese HEV
strains of the same genotype that had been recovered
from humans, swine and wild boars, supporting the
indigenous nature of these nine blood donor isolates
{Fig. 1).

DISCUSSION

Recent studies have documented that sporadic acute
‘hepatitis E does oceur among individuals in industria-
lized countries with no history of travel to areas endemic
for HEV {Kwo et al., 1997; Harrison, 1999; Mansuy et al.,
2004; Jjaz et al., 2005; Waar et al,, 2005; Amon et al,,
20086; Preiss et al., 2006; Sadler et al.,, 2006]. In Japan,

" hepatitis E is rare compared with hepatitis A, but is

gcourring more frequently than previously thought
[Mizuo et al., 2002; Okarmoto et al., 2003]. ‘As for the
geographical distribution of hepatitis E in Japan, it was
reported that there was-wide variation with a higher
prevalence in the northern part of Japan {Hokkaido
Island and northern part of mainland Honshu) [Mizuo
et al., 2002; Abe et al., 2006]. The Japanese Red Cross
Saitama Blood Center is located in Saitama Prefecture,
which is north of and adjacent to Metropolitan Tokyo.
Only six cases of locally acquired sporadic acute
hepatitis ¥ have thus far been reported in this
prefecture, in contrast with more than 100 cases in
Hokkaido and 23 cases in Tokyo {Abe et al., 2006).

In the present study, 7.0% (468/6700) of the study
population had anti-HEV 1gG in the absence of 1gM/IgA
class anti-HEV and HEV RNA, which is much higher
than expected. This finding suggests the presence of
frequent past HEV infection amongindividuals living in
the central part of Japan, most of which seem to be
subclinical. HEV RNA was assayed in serum samples
obtained from all 6700 donors, and the prevalence of
ongoing subelinical HEV infection in three distinct
groups of the study population according to the presence -
of class-specific HEV antibodies, was investigated.
Among the nine donors with IgM and/or IgA class anti-
HEV, six donors (66.7%) were found to be viremic for
HEV. Furthermore, among the 6691 donors without
anti-HEV IgM and anti-HEV IgA, three HEV-viremic
donors with no signs or symploms of hepatitis were
found. In an attempt to detect HEV RNA in a large
sample size, we first screened for present HEV infection -
by testing 10-sample minipools (each pool contained
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Fig. 1. Phylogenetic tree comstructed by the neighborjoining
method based on the partial mucleotide sequence of the ORF2 region
(412 nt) of §4 HEV isolates, using a chicken HEV (AY535004) as an
outgroup. In addition to the HE-J8B1217, HE-JSB1564, HE-JEB1582,
HE-JSB4175, HE-JSB5503, HE-JSB6151, HE-JSB7017, HE-
JEB7369, and HE-JSB8177 isolates found in the present study which

10 pl of serum from each of 10 subjects); then, for pools
that were positive for HEV RNA, the individual serum
samples were tested for the presence of HEV RNA.
Despite the limited amount of serum from each sample
that was tested, current subclinical HEV infection was
recognized molecularly in three donors in this study.

HE-JA4 (ABDB2550)

are indicated in bold type, 75 reported HEV isolates of genotypes 1—4
whose common 412-nt sequence is knoewn are included for comparison
and their accession nos. are shown in parentheses. Swine and wild boar
HEV isolates are indicated with asterisks {* and *4, respectively).
Bootsirap values are indicated for the major nodes as a pereentage
obtained from 1000 resamplings of the data.

Two viremic donors {0.4%) were found among the 470
donors with anti-HEV IgG but without anti-HEV IgM
nor anti-HEV IgA. Since serial serum samples were not
available from these two viremie donors during the HEV
infection, it is unclear whether they could not elicit
acute antibodies of anti-HEV IgM and anti-HEV IgA.
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However, the observation that HEV RNA is detectable
in serum despite the absence of anti-HEV IgM and anti-
HEVIgA isin agreement with our previous observations
that two hemodialysis patients and one hospital
employee who contracted subclinical HEV infection in
1979, 1980, or 2003, respectively, exhibited only anti-
HEV IgG, although fransient HEV viremia was
observed [Mitsui et .al., 2004, 2005). Patients with -
HEV infection without an acute antibody response have
also been reported [Caud:ll et al., 1994; Clayson et al
1995). .
Of particular note, one danor (0.02%) was found to
have HEV RNA among the 6221 donors without
serological markers of HEV infection in the present
study, The precise reason why the viremic donor did not
show an antibody response against HEV despite
significant elevations of ALT (276 TUA) and AST (210 TUA)
levels is unknown, However, 4 months before the blood
sampling, he had elevated ALT (81 IU/)) and AST (165
TUN) levels in the absence of HEV ENA in serum,
suggesting that he contracted subclinical HEV infection
on the background of an unexplained chronic liver
disease. It was reported that neither anti-HEV IgG nor
anti-HEV IgM was detectable in four symptom-free
persons with evidence of HEV viremia who came into
contact with patients with acute hepatitis E during an
outbreak of hepatitis E (Nicand et al., 2001). Aggarwal
et al. [2001] conducted experitnental studies on sub-
clinical HEV infection in cynomeolgns macaques, and
reported that subclinical HEV infection in some animials
was associated with failure of the development of an
immune response, compared with animals with clinical
HEV infection.

In Japan, approximately 200 patients w1th clinical
HEV infection and 80 patients with subclinical HEV
infection who contracted the infection between 2001
and 2005 have been reported {Okamoto et al., 2003;
Fukuda et al., 2004; Abe et al,, 2006; Inoue et al., 2006].
However, the exact ratio of the number of cases of
clinical HEV infection to that of subclinical HEV
infection remains unknown, At the Japanese Red
Cross Saitama Blood Center, 2.1% of voluntary blood
donors had an elevated ALT level of 61 TU/] or greater
during the period from April 2003 to March 2006. The
population size of individuals >20 ‘years of age in
Saitama Prefecture was reported {o be 5.68 million on
January 1, 2005 (hitp:/ferww.pref.saitamalgjp/). In
the present study, 9 (0.13%) of 6700 individuals with
an elevated ALT level of >61 TG/l had HEV viremia.
Assuming that HEV viremia is detectable by RT-PCR
for 1 month during acute HEV infectiori [Takahashi
et al., 2003a, 2005], the annual number of cases of
subelinical HEV infection in Saitama Prefecture is
estimated to be approximately 2000. Although we
cannot rule out the possibility that the number of cases
with clinical HEV infection isunderestimated, only one
or two patients with hepatitis E have been reported per
year in this prefecture. Therefore, it is assumed that
less than 0.1% of HEV-infected cases exhibit clinical
manifestation of the infection.

of. Med. Virol. DOI 10.1002/jmv

27

¢  Gotanda et al.

As the nine viremic donors identified in the present
study had an elevated ALT level, the blood from thenine
donors was not used for transfusion, suggesting’ that
ALT testing may help prevent transfusion-transmiited
HEV infection. As one of ihe nine infected donors
had only a slightly elevated ALT level of 61 TU/, it
seems likely that even donors with a normal ALT level
(<60 IU/1) may have detectable HEV RNA. However, the
prevalence of HEV RNA decreased with ALT level, and
was significantly lower among the 5131 donors with
ALT level of 61100 IU/1 than among the 109 donors
with AUT of >201 TUA(0.078% vs. 2.8%, P < 0.0001). It is
reasonable to speculate that the prevalence of ongoing
HEV infection among donors with a nermal ALT level
may be less than 0.078% in Saitama Prefecture. The
proportion of such donors may be mg‘mﬁcanﬂy smail or
neghgﬂale, according to the geographic region. Reflect~
ingthe high prevalence of clinical HEV infection, atleast
three cases of transfusion-transmitted. hepatms Ehave
been reported in Hokkaido and one case in Tokyo -
[Matsubayash; et al., 2004; Abe et al.,, 2006], but none
in Saitamsa Prefecture up fo the present As donors with
normal ALT level were not tested for HEV viremia in the
present study, we cannot conclude that the serum ALT
level can be used to exclude blood donors with ongoing
HEV infection. Based on theé current study, however, we

would consider that ALT testing is at least useful inpart

for exclusion of denors with HEV viremia with the aim of
preventing transfusion-associated hepatitis E, although
alcohol consumption and obesity should he taken into
congideration as the major contributing factors to an
elevated ALT level in blood donors.

Multiple HEV strains of genotype 3 or 4 have been
isolated from Japanese patients with sporadic acute or
fulminant hepatitis E as well as from farm pigs, wild
boars, a wild deer and a mongoose in Japan [Mizuo et al.,
2002; Takzhashi et al., 2003a,b, 2004; Inoue et al., 2006;
Nakamura et al., 2006]. Reflecting the polyphyletic
nature of human and animal HEV isolates of Japan
origin, the HEV isolates recovered from nine viremic
donors in the present study, differed by 1.5—-14.4% from
each other, although they belonged o the same genotype
(genotype 3) with the highest nucleotide sequence
identity of 87.3-93.9% with the JRA1 isolate. that is
believed to be indigenous to Japan [Takahashi et al,,
2001]. A human HEV strain of genotype 4 (JAK-Sai
[ABQ74815]) has been isolated [Takahashi et al., 2602]
in the same prefecture as that of the nine viremic donors,
and it shares only 78.6—~81.3% identities with the nine
HEYV isclates obtained from the viremic donors in the
present study. These results further support the marked
heterogeneity of the HEV genome and its wide distribu-
tion in Japan, even within a certain prefecture in this
country.

In conelusion, nine blood donors with HEV viremia
were identified among 6700 voluntary blood donors with
an elevated ALT level at a blood center located in the
central part of mainland Honshu of Japan where
hepatitis E is low-endemic. This study indicates that
approximately 0.1% of individuals with an elevated ALT
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level and 3% of individuals with an ALT level of >201 IU/
1 have ongoing subclinical infection of varicus HEV
strains, suggesting the frequent cecurrence of subelini-
cal HEV infection, although clinical HEV infection is
rarely reported. A large study of individuals who do not
have an elevated ALT level is needed to assess the exact
frequency of subclinical HEV infection, taking into
consideration the geographic region in Japan.
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Abstract GB virus C{GBV-C}and hepatitis G virus (HGV).
have been proposed as new viruses etiologically implicated
in non-B, non-C hepatitis, but the morphology of these
particular virus particles is still unknown, and most cases of
non-A to E hepatitis do not relate to their infections. We
tried to visualize virus-like particles (VLPs) in plasma sam-
ples from hepatitis B surface antigen- and antibody to hepa-
titis C virus (HCV)-negative blood donors with elevated

. alanine aminotransferase (ALT), and examined the associ-

ation of the virus-like particles and the genomes of paren-
terally transmissible GBV-C/HGV. Twenty-three plasma
samples, 13 with elevated ALT levels and 10 with normal
ALT values, from blood donors without infections of hepa-

“titis B virus (HBV) and HCV, were subjected to a 20%-

60% sucrose density gradient centrifugation, and virus-like
particles were observed by electron microscopy. GBV-C/

.. HGV RNAs in the plasinas were tested. Virus-like particles

were found in the fractions with densities of 1.15-1.16g/ml
from 12 of 13 (92.3%) plasmas with elevated ALT levels
and 1 of 10 (10%) normal controls. The ultrastructural mor-

A‘ phology of visualized VLPs was pleomorphic in size and

appearance; the majority of the VLPs were 50- to 80-nm
spherical particles with a 35- to 45-nm inner core and 9- to
12-nm-long surface spikelike projections.’ Rodlike VLPs
50-70nm in diameter with a length of 110-160nm were also
observed in the same samples. The incidence of detection
of the circulating VLPs was significantly (P < 0.001) related
to elevated ALT levels, but GBV-C/HGV RNAs were
detected in none of the plasmas containing the virus-like
particles. Spherical VLPs are detected in HBV- and HCV-
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negative plasmas significantly correlated with the elevation -
of ALT, suggesting that they are implicated in non-B,
non-C hepatitis.

Key words Non-B, non-C hepatitis - Virus-like particle -
Hepatitis C virus - GB virus C - Electron microscopy

Introduction

The genomes of hepatitis C virus (HCV), GB virus C
(GBV-C), and hepatitis G virus (HGV) have been success-
fully cloned without isolation of the virus particles.”” The
causative role of HCV in bloodborne acute and chromic
hepatitis has been well established. Although GBV-CHGV
can be transmitted parenterally, most of their infections are
not associated with acute and chronic non-B, non-C hepa-
titis, and there is some doubt whether GBV-C/HGV repli-
cates in the liver and causes hepatitis.** During immunogold
electron microscopy®” of HBV and HCV particles, we have
noticed that some plasma samples from blood donors with’
elevated alanine aminotransferase (ALT) levels contained
virus-like particles {VLPs) that did not react positively with
antibodies specific to the HCV envelope protein. The VLPs,
thus immurologically distinguished from HCV virion, were
also different in morphology from the latter, and their
etiological implications were not clear. In this article, we
have iried to visualize VLPs in hepatitis B surface antigen
{HBsAg)- and anti-HCV-negative plasmas and evaluated
whether the circulating VLPs were detected with or without
a relationship to elevated plasma ALT levels or to
GBV-C/HGYVY RNAs.

Materials and methods

Twenty-three blood donor plasma samples were the sub-
jects in this study. Clinical characteristics of the blood
donors are summarized in Table 1. These samples were
negative for HBsAg {AUSRIA I1-125; Dainabot, Tokyo,
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and anti-HCV

¢

Table 1. Summarized data of detection of virus-like particies and nucleic acids of known hepatms viruses in plasma samples pegative for HBsAg

Piasma no. ALT (IUD) Virus-like particles® HBV DNA® Hcv RNA® GBV-C RNA® HGV RNA‘
Spherical ‘Rod-like
1 91 - - - - - -
2 81 - 2+ - - - ND . ND-
3 87 24 - - - - -
4 70 3+ 2+ - - - -
5 8 ’ 3+ . 2+ - - - -
6 103 3+ T+ - - - -
1 121 3+ . 34 - - - -
8 67 24+ 1+ - - - -
S 117 2+ - - - - -
10 72 2+ 1+ - - - -
11 103 2+ - - - - -
12 78 3+ 1+ - - ND ND
13 77 1+ - - - - -
14 4 1+ - - - - -
15 28 - - - - - -
16 6 - - - - -
17 10 - - - - - -
18 -7 - - - - - -
19 11 - - - - - -
20 4 — - - - - -
21 6 - - - - - -
22 6 - - - - - -
23 - 8. - b - - - -

ALT, alanine aminotransferase (normal < 35TU/L); ND; not dated

* Clrculaung virus-like particles (VLPs) in a 5-square section of a 300-mesh gnd was photographed under electron microscopy. The mean numbers
of VLPs in one square was indicated as — (negative), 1+ (0 < + < 10), 2+ (10 = 2+ < 100), and 3+ (100 = 3+)

*HBV DNA, was tested usmg a Quantiplex HBV-DNA assay kit
“HCV RNA was tested using an Amplicor HCV kit
*GBV-C and ‘HGV RNAs were assayed as described in the text

Japan), antibody to HBV core antipen (CORAB; Daina-
bot), HBV DNA’ (Quantiplex HBV-DNA. - Assay; Chiron,
Emeryville, CA, TUSA), anti-HCV (Ortho HCV Ab IRMA
Test I1I; Ortho-Clinical Diagnostics, Tokyo, Japan), HCV
RNA {Amplicor HCV; Roche Molecular Systems, Branch-
burg, NJ, USA), and antibodies 1o human T-cell leukemia
virus. type 1 (Determiner HTLV-I Antibody; Kyowa
Medex, Tokyo, Japan} and human immunodeficiency virus
(GENELAVIA MIXT;Sanofi Diagnostics Pasteur, Marnes
la Coquette, France). Thirteen samples were elevated in
alapine aminotransferase {ALT) levels (F351UA), and 10
samples were within a normal level in ALT (<351U/). Total
cholesterol and triglyceride levels were normal in all plasma
samples.

Oue hundred milliliters of each plasma sample was di-
Tuted with two volumes of TEN {100mM Tris-HCI, pH 8.0,
1mM ethylenediaminetetraacetic acid (EDTA), 100mM
NaCl] and centrifuged at 75000g for 6h at 4°C. A suspen-
sion of the peliet in TEN was centrifuged again at 150000 g
for 2.5h at 4°C. An approximately 1000-fold-concentrated
suspension of the sample in TEN was layered on a 20%—
66% (W/IW) linear sucrose density gradient in TE (100 mM
Tris-HCI, pH 8.0, 1 mM EDTA) and centrifuged at 100000 g
for 16h at 4°C, which was followed by fractionation from
the bottom of the tube. After measurement of the sucrose
concentration of every fraction, cach sucrose fraction was

diluted in phosphate-buffered saline (PBS, pH 7.4) and
then centrifuged at 150000g for 2.5h at 4°C. The resulting
pellet was suspended in 100ml PBS, equivalent to 1:1000
of the original plasma volume, for observing VLPs, and
stored at —80°C until use. Two to three microliters of the
concentrated specimen was mounted on a Formvar-coated
and carbon-vaporized copper grid and examined under a
Hitachi H-800 electron microscope operated at 100kV after
staining with 2% phosphotungstic acid (pH 6.5). To observe
the nucleic acid-containing virus core structure, the speci-
men was subjected to repeated freezing and thawing several
times, and then Stained with 0.2% uranyl acetate (pH 4.4).

The GBV-Cgenome was assayed by reversetranscription-
nested polymerase chain -reaction (PCR) using primers
derived from the NS3/helicase region of GBV-C genome
reported by Simons et al.? and this assay was performed as
described elsewhere.® The genome of HGV, provisionally
designated by Linnen et al.,” was assayed by using the kit
of Boehringer Mannheim (Mannheim, Germany), which
contained one primer pair for the NS5A region and a sec-
ond primer pair for the 5-untranslated region as well as the
corresponding capture probes, accordlng to the manufac-
turer’s instructions.

Fisher’s exact probability test was used t6 assess the sig-
nificance of differences between the sample groups with or
without elevated ALT levels.
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Results

Spherical VLPs were detected in 12 of 13 (92.3%) plasma
samples with elevated ALT levels and 1 of 10 (10%) plasma
samples with normal ALT wvalues. The incidence of
detection of the virus-like particles was significantly
(P < 0.001) related to the elevation of plasma ALT levels
{see Table 1).

Most the visualized VLPs were spherical particles 50-
80nm in diameter with 9- to 12-nm-long surface spikelike
projections (Fig. 1a,b). Some VLPs have a large diameter,
more than 100nm (Fig, 1a). In some specimens were de-
tected more than a moderate number of VLPs, and rodlike
VLPs 50-60nm in diameter with a length of 110-160nm
were also detected that had surface projections similar to
those of the 50- to 80-nm spherical particles (Fig. 2). The

‘diamietér of the rodlike VEPs was 50-70nm and their length
was 110-160nm. In addition, a 33- to 45-nm corelike struc-
ture containing the electron-dense material within a spheri-
cal VLP (Fig. 3a,b) and two inner cores of a rodlike VLP
(Fig. 3¢) were visualized by positive staining with uranyl
acetate. These VLPs were found to be constantly banded
in a sucrose density gradient at around 1.15-1.16 g/ml {(range,
1.12-1.18 g/mi). GBV-C/HGV RNAs were not detected in
any of the plasma samples (see Table 1).

Discussion

We found VLPs in ALT-elevated plasma samples from
blood donors without infections of HBV and HCV that
were consistently banded at around 1.15-1.16g/ml by
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Fig, 2. Negatively stained )
electrop micrograph of rodlike
VLPs presented in,plasnia ' .
containing a moderate nuinber.:
of the spherical VLPs. Rodlike -
VLPs from sample no. 7 (8) and"-
sample no: 5 (b) are shown. .
B ar 100 nm “ll - -

sucrose density gradient centrifugation. The majority were
50- to 80-nm sphefical particles with 9- to 12-nm-long sur-
face projections (see Fig. 1), and were, if anything, morpho-
logically resembling togaviruses or coronaviruses. Positive
staining revealed that the electrop-dense material combined
with urandum existed in 2 35- to 45-nm internal core struc-
ture of the spherical virus-like particle, and indicated that
the spherical particles had the nucleic acid therein (see Fig,
3). In addition, rodiike VLPs (Fig. 2} were observed con-
comitantly in the specimens conizining many spherical
VLPs, and the surface spikelike projections of rodlike forms
Tooked similar to those of the spherical particles. Interest-
ingly, two internal cores (Fig. 3c) were detected in a rodlike
form, suggesting that this form could be a diploid particle

of the virus. Thus, we might consider that both the spherical
and the rodlike virus-like particles belong to the same virus
species,

In the past three decades, togavirus-like particles have
been detected in acute-phase serum from a hemodialysed
patient with non-A, non-B hepatitis and in the acute-phase
urine of two icteric non-A, non-B hepatitis cases,’! or in the
liver of a patient with sporadic non-A, non-B fulminant
hepatitis,” but the number of those objects was too small,
and thus the etiological implications were not developed.
Circulating VLPs, as presented here, were highly prevalent
{92.3%) in ALT-elevated plasma samples, and were rela-
tively easy to visnalize by conventional electron microscopy,
whereas in only one of ten normal controls were a few
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Fig. 3. Electron micrographs of positively stained VLPs showing inter-
nal corelike structoves. Sphetical VLPs from sample no. 6 (a) and
sample no. 3 (b} and rodlike VLPs from sample no. 7 (c) are shown. a
A 65-nm spherical VLP with a 35-nm inner core and surface spikelike
projections; b 80-nm spherical VIP with a 45-nm core; ¢ rodlike VLP
130nm in the major axis and 70nm in the minor axis containing

. two corelike structures {arrows) within an outer coat 10nm thick.
., Bar100nm :

spherical VLPs barely detectable despite careful observa-
tion. Thus, although the presence of the virus-like particles
in the blood was significantly (P < 0.001) associated with the
elevation of plasma ALT levels, indicating that these virus-
like particles do cause liver cell necrosis, the nucleic acids
of parenterally transmissible known hepatitis viruses were
not detected in any tested plasma samples.

A novel DNA virus, which was desipnated TT wvitus
(TTV), has been successfully cloned from serum of a pa-
tient with. posttransfusion hepatitis of unknown etiology.”
TTV particles are 30- to 32-nm spherical particles with a
density of 1.31-1.35g/ml in cesium chloride.” The morphol-
ogy and buoyant density of TTV were quite different from
the VL.Ps described in this ariicle. Recently, a novel single-
stranded DNA virus, which was named NV-F, has also been
successfully cloned from the serum of a patient with non-
A-E hepalitis without isolation of the virus particles.” NV-

¢ 27

F DNA was detected in 17 (24.6%) of 69 patients with .
non-A-E and in 5 (2.8%)} of 180 healthy individuals. There-

fore, further morphological study and genomic study of

NV-F should be carried out to evaluate whether the circu- .
lating VLPs were closely related to NV-F.-

In conclusion, the presented VLPs, which morphologi— '

cally resembled togaviruses or coronaviruses, may be a-
causative candidate virus of bloodborne non-A-G hepatitis,
and details of the etiological implications should be further
elucidated.
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| _-IEDA'PbliCY'oh Blood Donations from ;Men' Who Have Sex with
Other Men | | "

What is FDA's policy.on blood do.nations from men who have sex with other men {MSM)?

Men who have had sex with other men, at any fime since 1977 (the beginning of the AIDS epidemic in the United States)
are currently deferred as blood donors. This is because MSM are, as a group, at incréased risk for HIV, hepatitis B and
certain other infections that can be transmitted by transfusion. .

The policy is not unigue to the United States. Many European counfries have recently reexamined both the science and

-ethics of the lifetime MSM deferral, and have retained it (See the franscripf of the "FDA Workshop on Behavior-Based

mals In the NA (8 at Dprwww ida.oo es/natl30806Ehim#T fo [{0e )
decision is also consistent with the prevailing inferpretation of the European Union Directive 2004/33/EC article 2.1 on
donor deferrals. .

Why doesn't FDA allow men who have had sex with men to donate blood?

A history of male-to-male sex is associated with an increased risk for the presence of and transr_nissibn of certain infectious
diseases, including HIV, the virus that causes AIDS. FDA's policy is infended to protect all people who receive blood
transfusions from an increased risk of exposure.to potentiafly infected blood and blood products.

" The deferral for men who have had sex with men is based on the following considerations regarding risk of HIV:

= Men who have had sex with men since 1977 have an HIV prevalence (the total number of cases of a disease that are
present in a population at a specific point in fime) 60 times higher than the general population, 800 times higher than
first time blood donors and B00O times higher than repeat blood donors (American Red Cross). Even taking into
account that 75% of HiV infected men who have sex with men already know they are HIV posfiive and would be
unlikely 1o donate blood, the HIV: prevalence in potential donors with history of male, sex with males is 200 times
higher than first fime blood donors and 2000 times higher than repeat bicod donors.

+ Men who have had sex with men account for the fargest singte group of blood donors who are found HIV positive by
blood donor testing.

* Biood donor {esting using current advanced technologies has greatly reduced the risk of HIV transmission but carinot
yet detect all infected donors or prevent all transmission by transfusions. While teday's highly sensitive tests fail to
detect less than one in a million HIV infected donors, it is important to remember that in the US there are over 20
million transfusions of blood, red cell concentrates, plasma or platelets every year. Therefore, even a failure rate of 1
In a million can be significant if there is an increased risk of undetected HIV in the blood donor population.

* Detection of HIV infection is particularly challenging when very low levels of virus are present in the blood for
example during the so-called *window period™. The "window period” is the time between being infected with HIV and
the ability of an HIV fest to detect HIV in an infected person.

« FDA's MSM policy reduces the likelihood that a person would unknowingly donate blood during the "window period”
of infection. This is important because the rate of new infections in MSM is higher than in the general population and
current blood donors.

* Caollection of blood from persons with an increased risk of HIV infection also presents an added risk if blood were to
be accidentally given fo a patient in error either before testing is completed or following a positive test, Such medical
errars oceur very rarely, but given that there are over 20 million transfusions every year, in the USA, they can occur.
That is one more reason why FDA and other regulatory authorities work lo assure that there are multiple safeguards,
not just testing. .

* Several scientific models show there would be a smalt but definite increased risk 1o people who receive blood
transfusions if FDA's MSM policy were changed and that preventable transfusion transmission of HIV could occur as
a result, :

= No alternate set of doner eligibility criteria (even including practice of safe sex or a low number of lifelime partners)
has yet been found to refiably identify MSM who are not at increased risk for HIV or certain other transfusion
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transmissible infections.

s Today, the risk of getting HIV from a transfusuon or a blood preduct has been nearly ellminated in the United States.
. . Improved pmcedures, donor screening for risk of injection and laboratory testing for evidence of HIV infection have
made the United States blood supply safer than ever. While appreciative and supportive of the desire of pefential -
blood donors to contribute 1o the heatth of others, FDA's first obligation is to assure the safety of the blood supply and
protect the health of blood recipients.

= Men who have sex with men also have an increased risk of having other infections that can be fransmitted to ofhers
by blood transfusion. For exarmple, infection with the Hepatitis B virus is about 5-6 times more common and Hepatitis
C virus infections are about 2 times more common in men who have sex with other men than in the general
population, Additionally, men who have sex with men have an increased incidence and prevalence of Human Herpes
Virus-8 (HHV-8). HHV-8 causes a cancer called Kaposi's sarcoma in immunocompromised individuals.

What is self-deferral?

Seli-deferral is a process in which individuals elect not fo donate because they identify themselves as having
characteristics that place them at potentially higher risk of canying a transfusion transmissible disease. FDA uses
selfi-déferral as part of a system fo protect thé blodd supply. This system-starts by informing donors about the risk of
transmitting infectious diseases. Then, potential donors are asked questions about their health and certain behaviors and
other factors (like travel and past transfusions) that increase their risk of infection. Screening questions help people, even
those who feel well, to identify themselves as potentially at higher risk for transmitting infectious diseases. Screening
questions allow individuals fo self defer, rather than unknowingly donating blood that may be infected.

1s FDA's policy of excluding MSM blood donors discriminatory?

FDA's deferral policy is based on the documented increased risk of certain transfusion transmissible infections, such as
HIV,-associated with male-to-male sex and is not based on any judgment concerning the donor's sexual orientation,

Male lo male sex has been associated with an increased risk of HIV infection af least since 1977. Surveillance data from
the Centers for Disease Confrol and Prevention indicate that men who have sex with men and would be likely to donate
have a HIV prevalence that is af present over 15 fold higher than the general population, and over 2000 fold higher than .
current repeat blood donors (i.e., those who have been negatively screened and tested) in the USA. MSM confinue to - -
account for the largest number of people newly infected with HIV.

Men who have sex with men also have an increased risk of having other infections that can be fransmitted to others by
blood transfusion.

What about men who have had a low number of partners, practice safe sex, or who are currently in monogamous.
reiationships?

Having had a low number of partners is known to decrease the risk of HIV infection. However, to date, no donor eligibility
questions have been shown to refiably identify a subset of MSM (e.g., based on monogarmy or safe sexual practices) who
do not still have a substantially increased rate of HIV infection compared to the general population or currently accepted
bleod denors. In the future, improved questionnaires may be helpful to befter select safe donors, but this cannot be
assumed without evidence.

Are there other donors who have increased risks of HIV or other infections who, as a result, are alse excluded from donating
blood?

Intravenous drug abusers are excluded from giving blood because they have prevalence rates of HIV, HBV, HCV and
HTLYV that are much higher than the general population. Pecple who have received transplants of animal tissue or organs
are excluded from giving blood because of the still largely unknown risks of transmitting unknown or emerging pathogens
harbored by the animal donors. People who have recently traveled fo or lived abroad in certain countries may be excluded
because they are at risk for transmitling agents such as malaria or variant Creutzfeldt-Jakob Disease (vCJD}. People who
have engaged in sex in retum for money or drugs are also excluded because they are at increased risk for transmitting HIV
and other blood-borne infections.

Why are'some people, such as heterésexuals with multiple partners, aliowed to donate blood despite increased risk for
transmitting HIV and hepatitis?

Current scientific data from the U.S. Centers for Disease Control and Prevention {CDC) indicate that, as a group, men who
have sex with other men are at a higher risk for transmitting infectious diseases or HIV than are individuals in other risk
categories. Whife statistics indicate a rising infection rate among young heterosexual women, their overall rate of HIV
infection remains much fower than in men who have sex with other men. For information on HiV-refated statistics and

trends, go to CDC's HW/AIDS Stafistics and Surveillance web page.
Isn't the HIV test accurate enough to identify all HIV positive blood donors?

are highly accurate, but stilf cannof detect HIV 100% of the time. it is estimated that the HIV risk
from a unit of bload has been reduced to about 1 per 2 million in the USA, almost exclusively from so cailed "window
period" donations. The “window period” exists very early after infection, where even current HIV lesting methods cannot
detect alf infections. During this time, a person is infected with HIV, but may not have made enough virus or developed
enough antibodies fo be defecied by available tests. For this reason, a person could iest negative, even when they are
actually HIV positive and infectious. Therefore, blood donors are not only tested but are also asked questions about
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behaviors that increase their risk of HV infection.

Collection of blood from persons with an increased risk of HIV infection also presents an added risk fo fransfusion
recipients due to the possibility that blood may be accidentally given to a patient in error either before testing is-completed
or following a positive test. Such medical erors occur very rarely, but given that there are over 20 million transfusions
every year, in the USA, they can occur. For these reasons, FDA uses a muliHayered approach to blood safety including
pre-donation deferral of poteatial donors based on risk behaviors and then screening of the donated bigod with sensitive
{ests for infectious agents such as HiV-1, BIV-2, HCV, HBV and HTLV-IAl,

How tong has FDA had this MSM policy?

FDA's policies on donor deferral for history of male sex with males date back to 1983, when the risk of AIDS from
transfusnon was first recognized. Our current policy has been in place since 1992,

FDA has modified its blood donor policy as new scientific data and mare accurate tests for HIV and hepatitis became
available. Today, the risk of getting HIV from a blood transfusion has been reduced fo abouf one per two million units of
blood {ransfused. The sisk of hepatitis C is about the-same as for HIV, while the risk of hepatitis B is somewhat higher, ~—— ~ =

Doesn't the policy eliminate healthy donors at a time when more donors are needed because of blood éhortages?

FDA realizes that fhis policy will defer many healthy donors. However, FDA's MSM policy minimizes even the small risk of .
getting infectious diseases such as HIV or hepatifis through a blood transfusion.

Waould FDA ever consider changing the policy?

FDA scientists continue to menitor the scientific literature and to consulf with experts in CDC, NIH and other agencies. FDA
will continue to publlc!y revisit the cument deferral policy as new information becomnes available.

. On March 8, 2006, FDA conducted a workshop ehtitled "Behavior-based donor deferrals in the Nucleic Acid Test (NAT)
C : era”. The warkshop addressed scientific challenges, opportunities, and risk based donor deferral policies relevant to the
protection of the blood supply from transfusion transmissible diseases, seeking input on this topic. Participants were given
the opporiunity to provide scientific data that could support revising FDA's MSM defetral. The workshop provided a very
active, open and broad-based scientific dialogue conceming current behavior-based deferrals and explored other options
that may be considered and the data needed to evaiuate them.

FDA's primary responsibility is to enhance blood safety and protect blood recipients. Therefore FDA would change this
policy only if supported by scientific data showing that a change in policy would not present a significant and preventable
tisk to blood recipients. Scientific evidence has not yet been provided to FDA that shows that blood donated by MSMora-
subgroup of these potential donors, is a5 safe as blood from currently accepted donors.

FOA remains willing to consider new approaches to donor screening and testing, provided those approaches assure that
blood recipients are not placed at an increased risk of HIV or other fransfusion transmitted diseases.
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/YT{IV—l‘ in Taiwan

Taiwan is entering a2 new and dangerous phase
of its HIV-1/AIDS epidemic. By the end of 2006,
13702 individvals (induding 599 foreigners) had been
reported as infected with HIV-1 to the Centers for Disease
Control of Taiwan.* In 2003, HIV-1 rates in first-time

‘blood danars, mi!i_téry cansceipts, and pregnant women

were measured at 5-2, 57-0, and 12.0 per 100000,
respectively.! Data from that year indicated HIV-1 rates

.of 0.09% for intravenous drug users, 02% for female

sex workers, 1-9% for patients with sexually transmitted
infections, and 6-7% for men who have sex with men
in saunas or bath houses? Since then, the number of
people living with HIV-1/AIDS in Taiwan has jumped
sharply, from an 11% increase in 2003 to a 77% increase
in 2004 and a 123% increase in 2005 (figure 1).!

However, after the implementation of a harm- -

reduction programme, a 10% decrease was seen in
2006 {figure 1). The current estimated number of
HIV-17AIDS cases in Taiwan is about 30000, which
suggests that the infection rate there could be greater
than that in Chima: 30000 per 23 million (1/767)
compared with 650 000 per 1-3 billion {1/2000).

A risk-factor analysis of reported cases showed that
the proportion of intravenous drug users infected with
HIV-1 increased from 17% (13/772) in 2002, to 81%
(70/362) in 2003, to 413% (628/1520) in 2004, to
72-4% (2461/3399} in 2005, and dropped to 68-6%
(2017/2974) in 2006 {figure 2)." The most important risk
factor for Taiwanese intravenous drug users is needle-
sharing, followed by the sharing of heroin diluents? A
miolecular epidemiological study showed that more than
95% of intravenous drug users with newly diagnosed
HIV-1 in 2004 and 2005 were infected with CRFO7_BC,
a dreulating recombinant form of subtypes B' and (.*

Previously, several studies suggested that CRFO7_BC

www.thelancet.com Vol 369 February 24, 2007

11 QuS, Sun X, Zheng X, Shen ), National sentinel survelllance of HIV

Infection in China from 1995 1o 2001 YV International AIDS
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originated in China’s Yunnan province as a mix of subtype  seeEditorial page 616
B’ from Thailand and subtype C from India. The subtype SccComment page 621
is believed to have moved to Xinjiang province in China's
northwest along a major heroin-trafficking route.®
Of the 60000-100000 intravenous drug users in
Taiwan, 10-15% may be infected with CRFO7_BC.
If so, they probably represent the largest group of
such intravenous drug users in northeast Asia. The
dreulating recombinant form might have followed a
separate drug-trafficking route to Taiwan from Yunnari

4000
EE) HIV-1
M AIDS

3500 1399

3000 —

2500
g
3
[=3
_-.E 2000
E
=3
=z

1500 -

1060 —

500+

I ‘Wi
o B : : 5 1
i hg‘o'\‘t-taa D ) b o R N N S o)
FEFLS PSSP F LS PP
Year
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via southeast China, Guangxi province, and Hong
Kong?*® There have been enormous increases in' the
amount of heroin smuggled into Taiwan and in the
number of intravenous drug users since 2002, when
five intravenous drug users from southern Taiwan were
diagnosed as the countiy’s first HIV-1 seropositive cases
infected with CRFO7_BC. Even though the Hong Kong
authorities identified three cases of CRF07_BC infection
in 2001, a serious outbrezk in that city's population of
intravenous drug users is believed to have been blocked
by a methadone maintenance programime.?
Clearly, close monitoring of emerging HIV-1 subtypes
related to intravenous drug use and implementing
- harm-reduction progratames are vital to preventing
similar outbreaks in other populations of intravenous
drug users in neighbouring countries. In 2005, Alex
Wodak, lerry Stimson, and other harm-reduction
experts were invited to Taiwan to share their experiences
with government officials, medical field-workers, and
public-health professionals. After careful study of
harm-reduction programmes in place in Hong Kong
and Australia, a pilot programme was started in four of
Taiwan's 23 administrative areas in September, 2005.
This programme has since been expanded nationally,
and consists of 427 service sites for syringe exchange
plus centres for methadone maintenance therapy. Free
methadone is provided to HIV-1-infected intravenous
drug users while HIV-1 seronegative intravenous drug

50

users have to pay about US$1600 a year. The Taiwan
Centers for Disease Control plans to provide methadone
maintenance to intravencus drug.users in prisons,
and the country’s Bureau of Controlled Drugs will start
producing methadone to assist in the govemment's
commitment to providing methadone maintenance to
30000 intravenous drug users by 2009,

All parts of Asia are reporting: rising numbers of
HIV-positive and AIDS patients in male homosexuals
and bisexuals. In Taiwan, HIV-1 infection rates in men

_ who have sex with men in gay saunas in different
cities currently range from 5-2% to 15-8%.°* The

same population has high rates of syphilis, 8-1-13-8%,
depending on the city.**" Taiwanese male homosexual
and bisexval HIV-1/AIDS patients have also been
diagniosed with significantly higher rates of syphilis
than have heterosexual patients® Furthermore, the

" percentage of homosexval or bisexual HIV-1/AIDS

patients under the age of 20 years is significantly higher
than that of heterosexual patients, 3-0% versus 1.7%.%
In addition to the stigmatisation of homosexuality in
Taiwanese society, the lack of accurate information on
homosexuality in sex education and on risk factors in
AIDS education increases the risk of contracting HIV
and other sexually transmitted infections within the
country’s population of men who have sex with men.
Whilst a community-based prevention programme for
such_men has been developed by a group of academic

and grass-roots non-governmental organisations,
a current chaflenge is the implementation of this .=

programme into a national programme, and making it
a priority. ' _

Taiwan's dinical spectrum of AIDS patients is similac
to those reported in other developed countries, but
significant differences have been noted in indidences
of opportunistic infections. For example, the incidence
of tuberculosis in patients with advanced illness is
high in Taiwan (24-6%) and the rate of endemic fungal
(Penicillium marmeffei) infections is increasing.®* On the
positive side, the effort b)'r the Taiwanese Government
since April, 1997, todistribute highly-active antiretroviral
therapy for free® has resulted in dramati¢ decreases in
morbidity and mortality from HIV-1 infection.™

Because of their high background prevalence,
HBY and HCV coinfections with HIV are particularly
important in Asian countries in terms of HIV
transmission via injecting drug use.” In a survey of

www.thelancet com Vol 369 February 24, 2007
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459 jntravenous drug users infected with HIV-1, oﬁe
of us (Y-MAC) found that 456 (99-6%} also'had anti-
HCV antibodies and 77 {16-8%) were seroposmve for

HBsAg. The long-term impact of hepatitis coinfections

en HIV and. on morbidity and mortality from liver

" disease requires monitoring.

By the end of 2006, 19 confirmed cases of vertical
HIV-1 transmission have been reported to the Taiwan
Centers for Disease Control* tn Janvary, 2005, the

- agency " started a national ‘programme focused on .

prevention of mother-to-child transmission, and five
cases of vertical transmission were reported in 2005.
By June, 2006, the screening rate had reached 97-4%,

"and 47 of 338452 preghant women (13-9 per 100 000)

tested in Taiwan have been identified as having HIV-1
infections and have received antiretroviral therapy to
prevent mother-to-child transmission. To increase the

participation rate, there is discussion of changing the

voluntary counsefling and testmg strategy from-opt in
to opt out.

Several positive respanses to the HIV/AIDS epidemic
in Taiwan should be mentioned. In 1990 an AIDS
Preverition and Control Law was passed to protect the
rights of people with HIV/AIDS for treatment, education,

" and employment. Since 1992, 16 non-governmental

oraanisations registered or established in Taiwan have
provided shelter, care, counselling, anonymous testing,
and AIDS education. One in particular, the Peaple Living
with HIV/AIDS Rights’ Advocacy Assodiation, has been
addressing human rights issues related .to HIV/AIDS
since 1997, However, most such organisations have

their headquarters and facilities in northern Taiwan, and:

two-thirds of the country’s intravenous drug users live
in central and southern parts. In addition, many social
workers é_mployed by non-governmental organisations
are still unfamiliar with issuesrelated to drug.abuse and
inexperienced ininteracting with intravenous drug users.
There is a clear and immediate need for counselling

-workshops for medical staff and social workers.

As the Hiv-1infection threat intreases, there are many
signs of persistent denial and resurgent drscnm:nation in
Taiwan. Several important issues need to be addressed:
sentinel susveillance of fernale sex workers, sociat wel-
fare institutions and housing for homeless people with
HIV/AIDS, financial support .for non-governmental
organisations, training and re-education programmes
aimed at changing the attitudes of medical staff toward

www.thelancel.corn Vol 369 February 24, 20607

people with HIV/AIDS, and rﬁore_fun'ding for_.AlDS re-
search, esp‘ecially vacciné development.

*Yi-Ming Arthur Chen, Steve Hsu-Sung. Kuo-

- AIDS Prevention and Reszarch Centérand Institute of Public

Health, National Yang-Ming University, 112 Taipei, Taiwan,
(Y-MAC); and Centers for Disease Contral, Taipel, Taiwan (SH—SK)
Arthur@ym.edu v
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DISPATCHES

Ophthalmic
Surgery in Prion

Dlseases -

Tsuyoshi Hamaguchi,*1"

Moeko Noguchi-Sh'inohara,*
Yosikazu Nakamura,{? Takeshi Sato 32
Tetsuyuki Kitamoto,§? Hidehiro Mizusawa,{j2

- and Masahito Yamada*?

Eleven (1.8%) of 557 patients underwent ophthalmic
surgery within 1 month before the onset of prion disease or
after the onset. All ophthatmologists reused surgical instru-
ments that had been incompletely sterilized to eliminate
infecfious prion protein. Ophthalmologists should be aware
of prion diseases as a possible cause of visual symptoms
and use disposable instruments whenever possible.

isual impairment occurs in 10% to 20% of patients

with sporadic Creutzfeldt-Jakob disease (sCJD} dur-
ing an early stage of the disease (Heidephain variant) (7,2).
Some patients with prion diseases may visit ophthalmolo-
gists with visual impairment due to prion diseases or with
coexisting age-related eye discases (3,4).

Infectious prion protein (PrPS¢) was identified in the
retina and optic nerve in patients with variant CJD (vCID)
and sCID (5,6), and CJD has been transmitted by comeal
transplantation (7,8). In the World Health Organization
(WHO) guidelines, cyes were classified as highly infec-
tious tissues (9). : ‘

Secondary transmission of PrPSe through ophthalmic
surgery could possibly be prevented around the onset of
prion diseases, although swgery that is performed long
before the onset of prion diseases would not have that
potential. It i5 important to understand the current status of
ophthalmic surgery for patients with prion diseases and to
clarify the clinical features of the patients with prion dis-
eases who undergo ophthalmic surgery. Here; we describe
the relevant data from CJD surveillance in Japan.

The Study

We analyzed the patients with prion diseases who had
been registered by the CJD Surveillance Committee in
Japan from April 1999 through March 2005. We prospec-
tively investigated each patient with a surveillance proto-

*Kanazawa University Graduate School of Medical Science,
Kanazawa, Japan; t.Jichi Medical University, Shimotsuke, Japan
INationai Center for Neurology and Psychiatry, ichikawa, Japan;
§Tohoku University Graduate School of Medicine, Sendai, Japan;
and ffTokyo Medical and Dental University, Tokyo, Japan

f .
col that assembled information about lifé history, previous

medical history, clinical history, laboratory data, and .

results of molecular genetic and pathologic anaIyses
Written consent, approved by the Institutional Ethics
Committee, was obtained from all the patients’ families;

members of the Surveillance Commitice examined the

patients and collected the data.

We classified the patients into 4 categories: -sCID,

infectious prion diseases, inherited prion -diseases, and
unclassified prion diseases. sCJD was diagnosed according
fo the classical criteria established by Masters et al. (J0),
Infectious prion diseases included CID associated with
cadaveric dura mater graft (dCJD) or other iatrogenic
opportunities for prion infection, in which the criteria for
sCJD were applied for the diagnosis, and vCJID, in which
the diagnosis was based on WHO criteria (2001) (7).

Regarding the accuracy of the diagnosis of inherited prion
diseases, cases verified by pathology report were defined
as definite, and cases with mutations in the prion protein
gene and neuropsychiatric manifestations compatible with
prion diseases were defined as probable. -

Among patients with a history of ophthalmic surgery,
we directed special attention to the patients who had a his-
tory of eye surgery within 1 month before the obvious onset
of prion disease or after the onset. Because the onset of
prion discases often overlaps with various kinds of prodro-
mal symptoms, determining the precise time point of onset
is. difficuit; therefore, we included the period of | month
before the obvious onset. To gather information about the
ophthalmic surgery, we mailed questionnaires to the oph-
thalmologists who operated on these patients, requesting
the following information: diagnosis of ophthalmologic
diseases, surgical procedures perforined, changes in the
symptoms after the surgery, whether the instruments were
reused, and methods of cleaning reused instruments.

To ascertain the clinical features of prion diseases, we
analyzed the patient’s age at onset and duration of disease
course, which was calculated as the interval between the
onset and the appearance of the akinetic mutism state or
deatti in the patients who died without akinetic mutism.
Among early clinical manifestations of prion diseases,
dementia and visual disturbance are major determinants
that wonld influence the indication for ophthalmic surgery,
so we grouped the patients according to whether they had

dementia or visual impairment within 2 months after onset.

of symptoms:
The sex distribution of the patients who had oph-
thalmic surgery around the time of onset of clinical symp-

Current affiliation: ishikawa Prefacture Central Hospital,

Kanazawa, Japan
zMember, Creutzfeldt-Jakob Disease Surveillance Committee,
Japan
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toms and those who did not was compared by Fisher exact
tests, and differences in age at onset and disease duration
were compared by Mann-Whitney U tests. We used 2
tests to compare the distribution of the patients with or.
without dementia or visual impairment within 2 months of

. dnset, Statistical significance was defined as p<0.05.

We found 597 patients with definite or probable diag-
nosis of prion diséases: 468 (78.4%) with sCID; 78
(13.1%) with inherited prion diseases; 48 (8.0%) with
infectious prion diseases, including 47 cases of dCJD; and
1 patient with vCJD and 3 patients with unclassified CJD.

Thirty-seven patients (6.2%) had a history of oph-~
thalmic surgery at some time in their lives. Among them,
11 patients (1.8%) underwent ophthalmic surgery within 1

- month before the obvious onset of prion disease or after

the onset. Except for 1 patient with Gerstmann-Striussier-
Scheinker disease, all of these patients had sCID. There
have been no reports of the development of prion diseases
in patients who underwent ophthalmic surgery after the
ophthalmic surgery of patients with prion diseases.

Ten patients with sCJD underwent ophthaimic surgery
within 14 months of symptorn onset, and 8 of them had
ophthalmic surgery within 4 months of symptom onset
(Table 1). At clinical onset, 4 -patients exhibited visual

"symptoms, 5 had dementia, and 1 patient had a gait distur-

bance. All patients underwent surgery for cataracts, €éxcept
for | patient who underwent surgery for a detached retina.
According to the reports on the surgical outcome by the
ophthahmologists of 7 patients, visual disturbance was
unchanged in 2 patients, deteriorated in 1, and improved to
some extent in 4 after surgery. All ophthalmologists reused
some surgical instruments and cleaned instruments by
either autoclaving or the ethylene oxide gas method, which
have been reported to incompletely sterilize PrPSe (9,/2).

Ophthalmic Surgery in Prion Diseases

¢

Clinical features were compared between sCID
patients who did and did not have ophthalmic surgery .
(Table 2). The patients who had ophthalmic surgery had a
significantly longer disease duration than those without
(p=0.0004). Regarding early clinical symptoms within 2
months after onset, the subgroup with visnal symptoms
without dementia was significantly overrepresented
among the patients who had ophthalmic surgery compared
with those who did not have swrgery (p= 0.0004).

Conclusions .

Qur study showed that, in 1.8% of the patients with
prion diseases, eye tissues were operated on within |
month before the obvious onset of prion disease or afiter
the onset. In addition, the sCID patients who underwent
surgery had a significantly longer duration of the disease

- course as well as significant overrepresentation of visual

symptoms without dementia in the early phase, compared
with patients who did niot have ophthalmic surgery.

The prevalence of ophthalmic surgery around the fime
of clinical onset of prion diseases in our study is similar to
that (2.0%) in a report from the United Kingdom (/3). In
the UK study (/3), patients with Heidenhain variant cases
constituted 40% of sCJD patients who had ophthalmic sur-
gery. Barly visual impairment (due to prion diseases)
would prompt ophthalmologists to perform surgery.

Currently, cataract surgery is recommended to
improve physical or cognitive function in elderly patients
(74,15). It should be noted that, after performing eye sur-

" gery on patients with prion disease, all ophthalmologists

reused surgical instruments that were sterilized with proce-
dures that are incomplete for the sterilization of Prpse,
although the WHO infection control guidelines for prion
diseases (9) strongly recomimend single-use surgical

Table 1. Characteristics of sCJD patients and ophthalnic surgery”

- Disease Visual .
Patient Sewxfage, duration, Symptom at Cphthalmic Interval, symptoms Reused
no. ¥t meg sCJD onsel disease mo§ after surgery  instruments  Cleaning method
1 M/gt - 8 Visual Cataract 4 . NA NA NA
2 . MF61 15 Demenfia Cataract 0 Improved Yes Autoclave
’ i {135°C for 9 min})
3 Fis4 20 Visual Cataract 14 Not changed Yes EOG
4 F/5g 3 Dementla - Detached retina -1 Improved Yes EOG
5 Fi57 10 Dementia Cataract 10 NA NA ) NA
8 Frrs 5 Dementia Cataract - -1 Improved Yes - Seles
7 W74 16 Visual Cataract 3 Improved Yes Auteclave {132°C
for 10 min), EOG
8 F/g3 5 Visual Cataract 1 Deteriorated Yes Aufoclave
{132°C for 10 min)
9 Mf79 6 Gait disturbance Cataract 2 Not changed Yes Autoclave
. {121°C for 60 min)
10 F/68 3 Dementia Calaract 1 NA NA NA
*sCJD, sporadic Creutzfeldi-Jakob disease; visual, visual impairment; NA, not availabile; EOG, ethylene oxide gas.
At sCJD onsel.
1Disease duration, the duration from onsef {0 akinetic mutism state or death il the patients rever displayed akinetic mutism.
§Between surgery and sCJD symptoms,
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Table 2. Clinical symptoms of sCJD within 2 mo after disease onset* f
) Ophthalmic surgery -

Characteristic " No,n=458 Yes, n=10 Total p value -
Female/male - ‘ ) 263195 . 64 269199 0.57
Age al onset, y; mean+SD . : 66.8+9.9 " 68.3%9.1 66899 074
Disease duration, T mean £ SD 42+48 8.1+6.0 43+ 49 0.0004
Clinical symptoms (%) )

Dementia (+)/visual impafrment (+) 153 (34.2) 4 (40.0} 157 (34.3)

Dementia {+)/visual impairment {-) . 239 (53.3) 3(30.0) 242 (52.8) 0.0004

Dementia (~)/visual impairment (+) 16(3.6) + 3(30.0 19(4.1)

Dementia (—)}/visual impairment {-) 40-(8.9} 0 40(8.7)

*sCJID, sporadic Creutzfeldt-Jakab disease; SD, standard deviation; +, with; -, without,
‘tDisease duration, the duralion from onset to akinelic mutism or death if patients never d:splayed akinetic mutism.

instruments for procedures involving highly infective tis-
sues. The fact that no secondary iatrogenic cases that could

5.

be attributed to surgical procedures were found during our ; .

investigation does not diminish the need for ophthalmolo-
gists to be aware of CJD as a cause of visual symptoms
(including symptoms mimicking those of cataracts) and
highilight the importance of using disposable instruments
whenever possible to avoid cross-contamination.
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ABC Newsletter T S , May 4, 2007
- - - o . H

’ On the Difference between What People Say and Wl]_at They Do About Risk

. “If you ask me based on findings, (if people are) afraid of food recalls, the answer is no. So
- people aren’t really concerned or scared, but the funny thing is that sales are still down.” :

~ Dr. .S)rivain Charlebois, of the University of Regina, on a study he helped conduct
of the Canadian food safety system. The study sought to understand the consumer’s
perception of food recalls. According to Dr. Charlebois, people are loath to admit
they are scared, and the numbers bear that out. Canadian Leader-Post, 4/12/07

Strike at Southem California Red Crogs (continued from page 5) .
The job action was not expected to threaten the local blood supply Southern California already imports .
about 40 percent, and Red Cross officials said it was possible more might be shipped in as a result of the
walkout :

" Both Red Cross and union oﬂ’iclals called for the public to continue donating blood. The union distributed . .
lists of‘local hospitals where people could give blood, and the Red Cross directed people to the national -
.Red Cross blood donation Web site, www.givelife.org (Sources: Associated Press, 4/30/07; Los Angéles

Times, 5/3/07) 4

Israel Changes Blood Donor Deferral Criteria for vCJD, Hepatitis

Israel’s national blood service Magen David Adom (MDA) has changed its variant Creutzfeldt-Jakob
disease (vCJD) donor deferral criteria to allow anyone who lived in France from 1980 to become a blood
donor in Israel. Those whe lived in England, Ireland 'a_md Portugal for a decade after 1980, when Eng-

_land’s bovine spongiform encephalopathy (“mad cow”) epidemic began, are still barred from donating

blood in Israel and Europe.

MDA blood services director Eilat Shinar, MD told The Jerusalem Post last month (4/16/07) that the

 prevalence of vCID is around 600 per miltion in England and between 17 and 20 per million in Ireland
‘and Portugal, but only 1.7 per million in France and thus too small to be a risk factor. For this reason, the

European authorities and subsequently MDA (with Health Ministry approval) decided to liberalize the
policy foT French immigrants and tourists, Dr. Shinar said.

In addiﬁon, MDA shortened the deferral period from one year to six months for people who received a
blood transfusion, lived with a patient who had hepatitis B or C, had a tattoo done or underwent an endo-
scopic examination including a biopsy of the stomach or small intestine. (Deferral for endoscopic

examinations is based on the fact that the reuse of endoscopes used for biopsy theoretically can transmit

viral mfectlons or vCID if not thoroughly sterilized).

Finally, anyone who was bitten by an unidentified and untested ani}nai now can donate bleod in Israel
two months after the bite instead of the previous 12 month deferral. &
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Abstract

Variant Creutzfeldt—Jakob disease (vCID)is an at present inevitably letha] neurodegenerative disease which can only be diagnosed definitely post
mortem. The majority of the approximately 200 victims to date have resided in the UK where most contaminated beef materials entered the food chain.
Three cases in the UK demonstrated that vCID can be transmitted by blood transfusion. Since BSE and vCID have spread to several countries outside
the UK, it appears advisable that specific risk assessments be carried out in different countries and geographic areas. This review explains the approach
adopted by Germany in assessing the risk and considering precautionary measures. A fundamental premise is that the feeding chain of caitle and the
food chain have been successfully and permanently cleared from contaminated material. This raises the question of whether transmissions via blood
transfusions could have the potential o perpetuate vCID in mankind. A mode} calculation based on actual poputation data showed, however, that this
would not be the case. Moreover, an exclusion of transfusion recipients from blood donation would add very litle to the safety of blood transfusions,
but would have 2 considérable impact on blood supply. Therefore, an exclusion of transfusion recipients was not recommended in Germary.
© 2007 The International Association for Biologicals. Published by Elsevier Ltd. All rights reserved.

Keywords: Bovine spongiform encephalopathy; Variant Creutzfeldi—Jakob discase; Blood supply; Risk assessment

Abbreviations: AFSSAPS, Agence Frangaise de Sécurité Sanitaire des Produits de Santé (French medicinal products authority); BSE, bovine spoagiform en-
cephalopathy (degenerative neurological disease in cattle caused by prions); CID, Creutzfeldt—Jakob disease (T'SE disease in hurnans, transmissible via medicinal
products (iatrogenic) or occurring sporadically); FFF, **fresh frozen plasma”(plasma for transfusion). GBR, “geographical BSE risk™: classification of countries
inte one of four tisk classes (GBR 1-IV) by the Scientific Steering Committee of the European Commission; (G8S, Gerstmann-Stedussler-Scheinker syndrome
(a human TSE); HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, human immunodeficiency virus (agent of AIDS); i.c., intracerebral; IU, infectious unit; -
i.v., inravenous; M, methionine; PMCA, protein misfolding cyclic amplification (method for amplification of PrP* in vitro); PP, prion protein; Pre, cellular,
physiological form of the prion protein {c = cellular); Prp¥, patho[ogical form of the prion protein {Sc = Scrapie); RBCC, red blood cell concentrate; SCMPMD,
Scientific Committes on Medicinal Products and Medical Devices of the European Commission; SRM, specified risk material (bovine materials in which the BSE
agent can be detected in high concentrations (brain, spina! cord etc.)); $5C, Scientific Steering Committee of the Furopean Comumission; TSE, transmissible spon-
giform encephalopathy (discase of the brain, generic term for neu}ulogical disorders caused by prions); UK, United Kingdom (Great Britain and Northern Ireland):
V, valine; vCID, variant Creutzfeldt—Jakob disease (buman TSE cansed by the BSE agent, first described in 1996).
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1. Introduction

A working group was formed in 2001 by request of the
- German Federal Ministry of Health that consisted of staffs
from the Paul-Ehrlich-Institut, the Roberi-Koch-Institut and
the Federal Ministry of Health, as well as external experts.
The task of this working group has been to assess the risks
for the blood supply in Germany with regard to vCID and to
prepare reporis outlining a strategy. The spread of bovine
spongiform encephalopathy (BSE) among cattle is belicved
to be the origin of the problem, followed by the transition to
‘humans via the food chain. Siice the epidemical course shows
geographical differences, every-country needs to assess its

specific vCJD risk as a condition for developing a reasonable .

naticnal-blood supply strategy. The group published rcpoﬂsl'in
2001 and in 2006 [1]. This review summarizes the cuirent
view of the group of the impact of vCJD on blood supply.

2. The Occurrence of BSE

Feeding of ruminant material to cattle has most probably’

caused the occurrence of BSE, a disease of cattle that was first
diagnosed in the UK in 1986 {2]. Technological changes (pres-
sure and temperature conditions) in the manufacture of meat
and bone meal and other products are considered to be the
-cause for the occurrence of BSE in the UK beginning in
1985, since the inactivation of the BSE pathogen was no lon-
ger sufficiently effective [3]. This assumption is confirmed by
the course of the epidemic in the UK where a decline in the
number of cases was observed durng the mid-1990s with
a time lag representing the incubation time of 4—35 years for
BSE following the ban on the feeding- of meat and bone
meal and the regulations on the disposal of BSE-infected ani-
mal carcasses [4] (Table 1). While in the first few years it was
assumed that there was only one strain of BSE in cattle, sev-
eral authors have desciibed atypical BSE cases in the past
few years [5—~7]. These cases do not represent a uniform sirain
and are characterized by an altered molecular weight of the ac-
cumulated PrP°, a different anatomical distribution pattern of
the pathological changes and the PrP°° deposits, and partly by
. the occurrence of amyloid plaques. All cases of atypical BSE
described so far have been found in animals older than 8§ years.
The cases described in France show a biochemical similarity
with the cases of scrapie in sheep. Therefore, the possibility
that these might be scrapie infections in cattle 1s discussed.
Through animal trade and trade of feeding stuff compo-
nents produced from animal carcasses and slaughtering by-
products (bone meal, fats for milk replacers, grieves efc.),
BSE spread from the UK to other European countries and
countries outside Europe (e.g. Canada, Japan, Israel). First
" Ireland (1989), then Switzerland (1990) and France {1991} re-
ported cases of BSE. During the mid-1990s, Portugal (1994),
the Netherlands (1997}, Belgium (1997), Luxemburg (1997},

' The reports published by this group in German language in the years 2001
and 2006 can be found in the interner: http:/fwww.pei.de.

and Liachtenstein (1998) reporied cases. Tgward the end of

the 1990s, it became clear that almost all countries with exten-
sive exchange of goods within the European single market
during the previous decade were affected by BSE. It was,
therefore, not surprising that BSE was diagnosed in some cattle

of Denmark, Germany, and Spain in the year 2000 and also in’
Austria, the Czech Republic, Finland, Greece, Italy, Slovakia,

and Slovenia in 2001: Since 2002, BSE has also been diag-
nosed in Polish cattle. Cases of BSE in cattle imported from
the UK were reported as early as the early 1990s by several
European countries (Portugal 1990, Germany- 1992, Denmark
1992, Italy 1994), Three BSE cases have so far occurred in the
United States, of which one animal had been imported from
Canada, The two indigenous cases were of the atypical BSE
type of which the origin is still unknown. '

In addition to animal trade and trade with animal products,
however, intrinsic national factors influenced the occurrence
and spread of BSE. Since by the 1980s most EU member
states had changed their animal carcass disposal methods
and processed side products from abattoirs without the re-
moval of risk materials under pressure and temperature condi-
tions that were not sufficient for the inactivation of the BSE
pathogen, this pathogen was continuously spread, thus increas-
ing the number of BSE cases. Moreover, only passive monitor-
ing systems based on the reporting of clinical symptoms were
in place; BSE rapid tests were not yet available.

Organs and tissues of BSE infected cattle in which the path-
ogen has been detected are called “specified risk materials™
{SRM). SRM of naturally infected animals may, especially
toward the end of the incubation period and during the devel-
opment of clinical BSE symptoms, contain the pathogen in
very high concenatrations. Using biological detection systems
for the BSE pathogen, which include a species barrier, e.g. in-
tracerebral infection into mice, 10° infectious units/g SRM
(brain) were determined, while a 1000-fold increased infectiv-
ity titer is assumed for transmissions within a species [8—10].
The Scientific Steering Committee (SSC) of the European
Commission set up an SRM list for catile (e.g. skull including
brain and eyes, tonsils, spinal cord) (SSC 19982), which served
as a basis for various European policies for the exclusion of
SRM in the food and feed chains. Since the spread of the
BSE crisis in Euyope, the definition of Sp;ciﬁed risk materials

has been revised several times (a comprehensive overview of

the European legislation can be found in Table 2 of [1]). Ac-
cording to the latest amendment, the tissues designated as
SRM must be subjected to safe removal and must not enter
the food chain. The following tissues are designated as
SRM: “The skull excluding the mandible and including the
brain and eyes, the vertebral column excluding the veriebrae
of the tail, the spinous and transverse processes of the cervical,
thoracic and lumbar vertebrae and the wings of the sacrum, but
including the dorsal root ganglia, and the spinal cord of

* Scientific Steering Committee (SSC), 1998. Listing of Specified Risk
Maredals: a scheme for assessing relative risks (o man—Opinion of the SSC
adopted on 9 December 1997 (Re-edited version adopted by the S5C during
its Third Plenary Session of 22—23 January 1998}
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H
Table 1 .
Number of BSE cases reported
Country 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 -2002 2003 2004 2005°
Austria 0 ] 0 "0 ¢ 0 0 0 0 0 0 0 1 0 0 0 1
Belgium 0 0 -0, 0 i) 0 0 0 1 6 3 9 46 38 15 1 1
" Canada 0. 0 0 0 1% o 0 il 0 ] 0 0" 0 0 2 1 1.
Czech Repubiic: 0 0 0 0 0 0 0 0 a 0 0 0 2 2 4 7 3 .
Denmark 0 0 0 1* 0 0 0 0 o ] 0 1 6 3 2 1 nd.
Einland 0 0 0 0 0 0 0 ] 0 ] 0 0 1 60 0 0 nd
France 0 0 5 0 1 4 3 12 6 18 31 161 274 232 137 54 nd
Germany 0 ] 0 1* ] 3 0 o 2+ o 0 .7 125 106 54 65 32
Greece 0 0 0 0 0 0 0 0 0 0 0 o] 1 0 0 0 nd
Ireland 15 14 17 18 16 19 16 73 80 83 91 149 246 333 183 126 &9
Israel o 0 0 ] 0 0 0 0 0 0 0 0 ] 1 0 0 1]
Ttaly o 0 - 0 0 ] 2% 0 0 0 o 0 0 48 38 .29 7 3
Japan ] 0 0 0 0 ] 0 v 0 0 ] 6 .3 2 4 5 7
Liechtenstein 0 0 "0 o 0 ] 0 0 0 2 0 0 ] 0 0 0 nd
Luxembourg 0 ] a o 0 0 0 0 1 a0 -0 v} 0 1 a 0 1
The Netherlands 0 0 0 0 0 0 0 0 2 2 2 2 20 24 19 6 nd
Poland 0 0 0 0 0 0 0 0 0 0 0 0 0 4 5 1 18
Portugal 0 1* 1* 1% 3* 12 15 31 30 127 159 149 1i0 .86 133 92 37
Slovakia 0 o 0 o 0 0 0 0 0 0 0 0 5 6 2 7 nd
Slovenia 0 0’ 0 ] 0 0 a0 0 0 o 0 1 1 i 2 1
Spain 0 0 0 0 .0 0 o 0 ] 0 0 2 82 127 167 137 75
USA 0 6 0 0 0 0 v 0 0 ] 0 0 0 0 0 0 1
Switzerland ¢ 2 8 15 26 64 68 - 45 38 4 350 33 42 24 21 3 3
United Kingdom 7228 14407 25350 37280 35000 24438 14562 8149 4393 3235 2301 1443 1202 1144 611 343  }5]

Soutce and information on up-to-date statistics: Office International des Epizooties, as of 9 January 2006 (www.oie.int). *Cases in imported animals.

* Data for 2005 still incomplete. n.d., not done.

bovines aged over 12 months, and the tonsils, the intestines

from the duodenum to the recium: and the mesentery of
bovines of all ages; the skull ‘including the brain and eyes,
the tonsils and the spinal cord of ovine and caprine animals
aged over 12 months or which have a permanent incisor erup-
ted throngh the gum, and the spleen of ovine and caprine
animals of all ages.” Because of the significant decrease in
the number of BSE cases in the European Union, the age limit
- for the collection and safe removal of SRM for the spinal cord
of bovine animals was rajsed to 24 months and a raise of the
test age. is being discussed.’

The SSC has developed a procedurc by which the geo-
graphical BSE risk (GBR) in a member state or non-European
country gan be evaluated. In its opinion, published in July

2000,* it taid down the following criteria for classifying one

of four risk levels:

— Structure and dynamics of the bovine population,

— BSE surveiliance,

— Cullings in connection with BSE cases,
— Imports of bovine animals and meat and bone meal
(MBM),

— Feeding, .

— Ban on the fecdmg of meat and bone meal (MBM bans),

3 See the “BSE road map™ for more details, http:/levropa.eu.int/commm/food/
foad/biosafetyfbse/roadmap_en.pedf

* Final Opinion of the Scientific Steering Committee on the Geographical
Risk of Bovine Spongiform Encephalopathy (GBR). Adopted on 6 July 2000,
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— Regulations concerning specified risk material (SRM bans),
— Removal of animal carcasses.

The risk levels are defined in Table 2.

At that point in time (2000), Argentina, Australia, Chile,
Norway, New Zealand, and Paraguay were classified as GBR
level I, Austria, Finland, Sweden, Canada, and the United
States as GBR level I, whereas the UK and Portugal were
classified as GBR level IV. All other countries, including Ger-
many, were classified as GBR level III. Germany’s classifica-
tion as GBR level II caused heated discussions in Germany,
since up to that time the country had been considered to be ab-
solutely BSE free. In actuality, all countries rated into BSE
level I indeed identified BSE cases in their own countries
within the following months.

Since 2001, the GBR has been assessed for various other
countries, e.g. candidate countries for accession io the EU.
Almost all countries were classified as GBR level IIL, since
insufficient monitoring had been camried out to guarantee
satisfactory statistical safety. A number of countries evaluated
in 2000 were later re-evaluated, which led to the classification
of Austria, Canada, USA, Mexico and South Africa to GBR-
level TIL In March 2003, Canada’s second BSE case was dis-
covered (the first case was-diagnosed in 1993), and in June
2005, the first BSE case was confirmed in the USA®

5 The results and opinions of the Scientific Steering Committee (SSC) and
the European Food Safety Authority (EFSA) can be found in hup/
europa.eu.intfcomm/food/fsisc/ssc/outcome _enhiml and hutp:/fwwwefsacn.
int respectively.
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Table 2

GBR levels as defined by the SSC

GBR level Presence of one or more catde clinically or pre-clinically
infected with the BSE agent in a geographical region/country

I Highly ualikely

o . Unlikely but not excluded

i Likely but ot confirmed or confinmed, at a Jower level

v Confirmed, at 2 higher Tevel

The member states and third countries were also classified
into five BSE statos cafacgt)ries.‘5 The classification in statis
‘ categories was based on criteria similar to those of the SSC.

However, in this context the number of diagnosed BSE cases

served as an important additional factor. Consequently, other
points of combating BSE laid down in this EU regulation refer
to the status category of the appropriate country, such-as the
required extent of the safe retrieval and removal of SRM.
Following the steady decrease of BSE cases in the UK in
the past few years, the number of BSE cases reported per
one mhillion bovine animals older than 30 months has failen
below 1,000, enabling a re-evaluation of the UK. The applica-
tion was given a favorable opinion by the European Food
Safety Authority (EFSA), and it was suggested that the UK
be classified as BSE risk status III. A change in the BSE
risk status represents a significant relief for the UK regarding
international trade of bovines and bovine animal products.

3. BSE in Germany

Passive BSE surveillance has been performed in Germany
for years, i.e. all bovine animals that died or became clinically
sick due to disorders of the central nervous system and were
suspected to have suffered from BSE were examined. The
brains of such animals were subjected to histopathological
examination, and any samples with abnormal -results were
also examined for plaques of PeP*® by immunohistochemical
examination and/or scrapie associated fibril (SAF) exfraction
with subsequent immunoblot. These examinations did not re-
veal any BSE cases in German cattle.

The first BSE rapid test, the Prionics Check Western blot

developed by Prionics (Switzerland), became available in
mid-1999. Even though the test had not yet been approved,
it was already used in some European countries. A series of
examinations using this BSE test for 5,000 beef cattle was
carried out between March and May 1999 in North Rhine-
Westphalia, Germany. All these animals showed negative 1e-
sults, reinforcing the hope of a BSE-free Germany.

In preparation for transposing the Commission Decision
2000/374/EC, which established random BSE monitoring of
bovine animals, a few voluntary BSE examinations were car-
ried out in cattle samples starting in mid-November of 2000.

& Regulation (EC) No 999/2001 of the European Parfiament and the Council
of 22 May 2001 (Official Journal of the Eurcpean Communities of 31 May
2001, L147, p. 1) laying down rules on prevention, control and eradication
of certain transmissible spongiform encephalopathies.

-These examinations revealed.the first inéigenous- Geoman

BSE case in Schleswig-Holstein confirmed by the National
Reference Laboratory on 26 November 2000. This was fol-
lowed by the introduction of rapid test examinations throughout
Germany within a short period of time. After the extensive
introduction of BSE rapid tests in December 2000 for all
slaughtered cattle as well as for fallen stock (first over 30,
then over 24 months old; since June 2006 again over 30 months
old), 390 BSE cases were identified in following years (refer-
ence date: 16 January 2006) (Table 1). The number of cases
reported annually is steadily declining, despite a slight increase
from 2003 to 2004.

Altogether, these data indicate that the BSE “epidemic” in
Germany may have already exceeded its peak before the first
case was even diagnosed. Simultaneous to the introduction of
the BSE rapid test, a total ban on feeding protein-containing
products and fats derived from warm-blooded land animals
to ruminants throughout Europe was imposed in the year
2000, In Germany, this ban was extended to the feeding of

" all productive livestock as defined in the Futtermittelgesetz

{Act on Feeding-Stuffs).

While during the first two years of BSE monitoring in
Germany the disease was predominantly diagnosed in animals
born in 1995 and 1996, BSE has been increasingly identified
in animals born in later years (pariicularly in 1998/99) since
2004, This suggests that after a significant entry of BSE infec-
tivity into the feeding-stuff chain in 1995/96, a reduction must
have occurred, followed by a second increase in the pathogen
content around 1998/99. It is still unknown what caused these
two BSE waves. Until the end of 2004, BSE was diagnosed in
ten bovine animals bom in 2000. Then, in April 2005, BSE

was diagnosed for ‘the first time in a bovine born in May

2001, i.e. after the implementation of the total feed ban of
MBM from warm-blooded land animals to productive live-
stock in Germany. A second case followed in June 2005
when 2 BSE infection was diagnosed in an animal bom in
March 2001. It must be assumed that these two cases were
caused by a contamination with the pathogen beyond the
feed ban. In this context, it must be mentioned that in the
UK, 95 cases born after the reinforced feed ban of August
1996 (so-called BARB-BSE cases) were diagnosed up fo April
2005 (source: DEFRA-statistics). Two explanations must be
considered as.the cause for the occurrence of such cases:

1. The routes of infection have not yet been fully identified,
and a transmission cannot be excluded 100% despite
a strict adherence to the feed ban.

2. In isolated cases, MBM was fed to animals even after the
feed ban came into force. This is very difficult to prove
after so many years, and would imply that the control
mechanisms might have to be made even more restrictive.

4. BSE in small ruminanis

The theoretical risk of transmission of the BSE pathogen to
small ruminants has been scientifically discussed for some
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time, resulting in the introduction of an active TSE surveil-

lance of these species by rapid BSE test pursuant to Reguila-

tion (EC) 999/2001. After the introduction of this intensive
monitoring, the number of reported TSE cases in small rumi-
nants markedly increased in nearly all member states.

- In Germany, 0—3 cases of scrapie had been diagnosed for
many vears; the figure has risen to 31—119 individual animals
with altogether 68 outbreaks of classical and atypical scrapie
per year since 2002. In some cases, the disease could be de-
tected in up to 56 animals of the same herd. In Germany, no
TSE infection has been diagnosed thus far in any of the

12,000 goats tested since the beginning of the intensified mon-

itoring. Regulation (EC) 999/2001 also.laid down that each
TSE case in small ruminanis was 1o be tested by means of
biochemical methods or animal experiments (“‘strain typing™).

This measure serves to guarantee that a possible BSE infection®

in these small ruminant species would not remsin undetected.

- Since the animal experimental methods used up to now mainly
for scientific interest [11,12] are very time-conSuming and -

costly, the samples are usually first tested by means of bio-
chemical methods (analysis of the molecular weight, the
glycosylation profile; and the antibody binding affinity of the
accumulated pathological prion protein) [13—171. So far, evi-
dence of BSE infection in sheep has not been found in any of

the 37 classical scrapie outhreaks in Germany [17], nor during.

the relevant tests performed in other member states. The cases
of atypical scrapie were excluded from the strain typing, since
this TSE type is clearly distinct from BSE [18]. Active surveil-
Iance in France, however, and subsequent strain typing tests
gave clear evidence of a BSE infection in a goat that had
been diagnosed with a TSE infection in 2002.

This first evidence that the BSE pathogen can cross the
species barrier between cattle and small ruminants gave
rise to special concemn in expert circles; in small muminants,
the TSE pathogenesis clearly differs from that in cattle. In
cattle, pathological prion protein and BSE infectivity remain
strictly limited 1o the central nervous system and only be-
come dctectal_ﬂc immediately before the occurrence of clini-
cal symptoms [19]. The combination of rapid testing of all
beef cattle above a certain age (30 months in the EU, first
24 months which_was raised to 30 months in Jone 2006 in
Germany), in combination with the safe removal of SRM,
thus presents- an effective consumer protection measure.

" The situation is different in sheep, where the pathogen can

be detected in various organ systems very soon after the in-
fection, above all in the nervous and lymphatic systems
{20—22). It is therefore well possible that an animal testing
negative in the rapid test of the brain stem has already accu-
mulated disease-related prion protein and infectivity in other

*- organs. Since, however, TSE pathogenesis in sheep depends

on various factors, e.g. the PrP*° genotype of the affected

apimal and the TSE strain, no uniform testing concept far

this animal species would guarantee TSE detection at the ear-
liest possible point in time after infection. Any BSE infection
in small ruminants thus- presents a potentially enhanced risk
for the consumer as compared to the occurrence of the
same disease in cattle.

71

Table 3 f
Patients with vCiD ‘'worldwide and duration of stay in the UK
Country Total number Cases with cumulative
. of cases ‘residence in UK > 6 months
(number alive} during the period 1980—1996
UK 162 (6)* . 162
France 203) . 1t
Republic of Ireland 4D 2
The Netherlands 2(1) 0
USA - 2(0) 2
Canada 10 1
Ttaly 1(0) 0
Japan ()] 0
Portugal 1N 1)
Saudi Arabia 1(1) ¢
Spain 100y L)

* As of 7 August 2006 (http: ffwww.cid ed.ac.uk).
b The persen from France had traveled regularly 0 UK over more than
10 years since 1987.
¢ The person from Japan had resided in the UK for 24 days in the penod
1980-1996.

5. The occurrence of vCJD

First described in the UK in 1996, vCID can be distin-
guished from the classical forms of CJD both by its clinical
and neuropathological characteristics {23~25]. The numbers
of cases observed world-wide are shown in Table 3.

Out of the 162 confirmed or probable cases diagnosed in
the UK, 156 patienis have died, and in 112 cases the diagnosis
was neuropathologically confirmed. One Chinese patient who
died in Hong Kong had stayed in the UK for several years and
is included in the UK cases. The number of vCID deaths in the
UK reached iis peak in 2000 with 28 cases; then, the number
of deaths due to v€CID dropped sharply through 2005. This de-
velopment currently supports the hope that the epidemic has
surpassed its peak in the UK. This assumption, however, is still
unsafe due to the lack of knowledge about the disease, dura-
tion of the incubation period, and frequency of manifestation
dependent on the genotype at codon 129 of the prion protein
gene. '

As of 28 July 2006, 20 cases have been diagnosed in
France. The number of probable and confired ¥CID cases
in France has not shown any decline; 3 cases were diaghosed
in 2004 and 6 cases in 2005.7 Seventeen individuals in France
have died of vCID. The number of persons who died of prob-
able or confirmed vCJID in the UK and in France up to 2005 is
shown in Fig. 1 {status of the data UK: 3 March 2006, France:
28 February 2006).

It is assumed that vCID is cauged by the same pathogen as
BSE in cattle. This is based on the geographic occurrence of
BSE and vCID, the biochemical similarity between BSE and
vCJD associated prion proteins [26,27], the non-distinguish-
ability of the pathogen sirain typing (incubation periods in dif-
ferent mouse strains, lesion pattems in the brain) [28.29],
induction of neuropathological changes in macaques after

T hup:fwww.invs.sante. fr/surveillance
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Deaths of vCJD

1995 1996 1997 1998 1998 2000 2001 2002 2003 2004 2005 .

Year

Fig. 1. Deaths caused by probable and confirmed vCID in the UX and France
from 1995 to 2005, .

infection with BSE matcnal very similar to those in vCID pa-
tients [30], identical biological characteristics during transmis-
sion of BSE and vCID material to transgenic mice [31], and
comparable pathogen characteristics (e.g. lesion patterns,
PrP> protein patterns) [32].

It is assumed that infection of humans occurs via the food
chain by contaminated beef. It is highly likely that for food
production, tissue of infected animals with high pathegen con-
tent, especially brain and/or spinal cord tissue, was used con-
sciously or unconsciously. The route of infection from uptake
of the pathogen in the pastro-intestinal duct via the' N. vagus
and the N, splanchnicus into the central nervous system could
be shown experimentally [33]. A possible transmission of
pathological prion by medicinal products, medical devices,
and cosmetics containing bovine material seems to play at
best a subordinate role, since the analysis of the vCID cases
up to now for possible risk factors did not reveal any
SUSplClOn -

Concerning human to human transmission, there is cur-

rently no evidence for transmission of vCJD by transplants
or other medicinal products derived from human material,
e.g. plasma derivatives, albeit transmission by this route can-
not be excluded in principle. However, three vCJD cases are
seriously suspected to have been caused by blood transfusions
{cf. Section 7).

Apart from this, there are no reports on iatrogenic vCID

infections worldwide, c—om.rary to classical CJD, which was-

transmitted in more than 100 cases by pituitary (growth hor-
mone, follicle stimulating hormone) and dura mater products.
In isolated cases, infection by corneal transplantation and by
reused surgical instruments (intracerebral electrodes) was
reported [34]. The transmission risk was minimized by suit-
able measures (e.g. replacement of the pituitary extracts by re-
combinant products, critical selection of dura mater and
cornea donors, treatment of the dura mater with sodium hy-
droxide solution, use of disposable instruments).

In contrast to the classical forms of CJD, however, vCJD
patients have measurable pathogen content pot only in the

* ® The National Creutzfeldi—Jakeb Disease Surveillance Unit (UK): www.
cjd.ed.ac.uk N

central nervous system but also in periphéral tissues [35],
especially in lymphatic tissues (tonsil, appendix, spleen). It
is therefore conceivable that infection is possible in principle
by reuse of instruments in general surgery, including flexible
endoscopes. Recommendations for  minimizing iatrogenic
vCID transmissions were put forth in April 2002 [36], with
notes on the validation of decontamination [37], and the test-
ing of new, instrument-compatible methods [38].

6. Estimation of the extent of the spread of vCID

Mathematical models have been developed to assess the
extent of the vCID epidemic. Estimates would require suffi-
cienty reliable information on relevant parameters, €.g. mini-
mum infectious dose in the event of oral route of transmission,
extent of consumption of contaminated beef, distribution of
the incubation periods, and information on-the susceptibility
of the exposed population. These basic parameters are still
pot sufficiently known, and every model calculation is there-
fore inevitably fraught with uncertainties. As a rule, the models
take into account the uptake of the pathogen via contaminated
beef ‘only. Since human to human transmission might add to
the epidemic, infectivity of parenteral administration of the
pathogen needs to be known. No estimates have so far been
published on the portion of possible vCID cases that follows
this infection route.’

Models developed to assess the vCID epidemic in the UK

initially assumed that only a portion of the population can con--

tract the disease, based on the observation that clinical vCID
has developed omly in individuals who are homozygous for
methionine (M/M) at codon 129 of the prion protein gene.
This applies to approx. 40% of the Caucasian population
(Table 4) [39—43].

In each model, different incubation periods for vCID (up to
60 years) and differing age-reldted susceptibilities were taken
into account, The models improved with the increase of data
on the actual progression of the epidemic. The estimated num-
ber of future vCID cases in the UK caused by food of up to
several million {44] could be revised first-to 136,000 {45]
and later to 7,000 [46].

Currently, the incubation period and degrer;: of susceptibil-
ity of the exposed population are still uncertain. Above all, the
polymaorphism at codon 129 seems to play a role in individual
susceptibility. While up to now all vCID patients were homo-
zygous M/M, in the year 2004 a transfusion recipient who was

" heterozygous at codon 129 (methionine/valine, M/V) was

Table 4
Polymorphism of the prion protein gene in l.he general population, in CID and
vCID patients

Individuals tested MM MV NI
General population 39—48% 42—-50% 10~-13%
Sporadic CID 69—78% 12-15% 10-16%
vCID* 100% 0% 0%

M: methionine, V: valine.
? Clinical vCID cases.
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diagnosed with pathological prion in the Jymphatic tissue. He
died of rupturing aortic aneurysm 5 years after the transfusion
without any evidence of a. neurodegenerative disorder, This
case suggests that individuals not homozygous for methionine
at codon 129 can be infected. It remains unclear whether those
heterozygous individuals would stay as a potential asymptom-
atic vCID carrier, ot develop the disease only with delay.

The existence of a possible “carrier status™ is supported by
a retrospective serial analysis of appendix and tonsil material
in the UK, where 3 of 12,674 appendices tested revealed path-
ological prion [47,48]. Recently, the genotype of two of these
individuals who had not developed vCID at the time of the ex-
amination was sequenced (the third sample was not available
for analysis) and found to be homozygous for valine at codon
129 of the prion protein gene [49). Tmmunohistochemical ex-
aminations revealed a different prion distibution in two out of
the three cases from that found in the lymphatic tissue of vCID
patients. It is currently unclear whether this might be indi-
cative of the outcome of the disease. Methodological problems
in the evaluation with regard to sensitivity and specificity
might play a role, In addition, it must be borne in mind that
the studied patients were not representative of the general pop-
ulation due to age distribution. If this random sample of histo-
logical examinations is used as a basis, and 100% sensitivity
and specificity of the test used is assumed, the estimated prev-
alence of undetected vCID infections per 1 million inhabitants
in the UK would amount to 235 (49—692). This would mean
a higher prevalence of vCID than previously estimated on the
basis of the decreasing figures of clinical cases.

The mathematical models were adapted to these new find-
ings; wider genetic susceptibility and a possible carrier status
were assumed for the disease. Taking into account the remain-
ing uncertainties on the length' of the incubation period, the
estimated number of clinica] vCID cases by the year 2080 is 70
(10—190) based on the existing calculation mode] and a model
for a carrier status [{50], as opposed to 363 cases (no confidence
interval indicated), based on a more pessimistic assumption, If
the data on the examinations of the appendices [48] are taken

" into account, the estimation is 133 (32—3,780) cases [50].

The model published by Clarke and Ghani in 2005 provides
estimates for the number of individuals with subclinical and
preclinical infectidn with the vCID pathogen [50]. The histo-
logical data of the appendices were taken into account in this
assessment, and 50% sensitivity of the tests for subclinical
infection was assumed. Based on these assumptions, a far
greater number of individuals infected but without clinical
manifestation (1,130—13,440) can be assumed. The number
of these carriers and the question of whether they would be in-
fective are important for possible iatrogenic transmission and
may markedly influence the absolute number of future vCID
cases. Besides transmission by biood products, incomplete dis-
infection of surgical instruments might also play a part.

The above mode] calculations refer to the UK. For coun-
tries without or ‘with only a small number of vCID cases,
the estimate is even more uncertain. The decisive parameter
is the extent of exposure to food stuffs produced from infected
beef. A synopsis of the peak incidence of the BSE epidemic in
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various countries, as well as the assumtgd period of exposure 1o
BSE (2001 report, endnote 1) clearly show that the extent of
the BSE epidemic in the UK is a muliiple of that of other
countries, even if differences in the reporting criteria are taken
into account. A risk of exposure for countdes with no or only
few BSE cases can only be estimated by the extent of imports
of beef caitle from the UK within the relevant period of time.
Fig. 2 shows imports of beef from the UK between 1990 and
1995,

‘The mathematical models from the UK on esnmatmg the
vCJID epidemic were used in Ireland and France, taking info
account the actual siration in these countries. In Ireland,
where four cases of vCID have occurred up to now (two of
them were residents of the UK for a considerable period of

time), an estimation was performed on the basis of the model . -

developed in the UK with adaptations for conditions in Ireland
[51]. The estimation considers potentially contaminatéd Irish
cattle, cattle imports from the UK, and the consumption of
British beef during visits to the UK. This model, too, takes
into account only the group of individuals who are homozy-
gous for methionine at codon 129. It was estimated that 12
{0—46) more clinical cases of vCJD would occur in Ireland.
Apart from the above limitations, the adapted model is suitable
for performing estimation for countries with few or no cases of
vCID if the basic data are known. In France, 20 vCID cases
have been reported so far. In a current model calculation,
also based on the epidemiological data from the UK, it was es-

fimated that after 2004, another 33 vCID cases (12 of them in

2004 and 2005) would occur {52]. The model calculation takes
into account imports of British beef to France, beef consump-
tion and travel to the UK. The estimate of the case numbers for
France has decreased by two thirds compared with the previ-

- ous forecasts from 2000 {53).
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No case of vCID has so far been diagnosed in Germany,
Since the epidemiological situation in Germany is hence
markedly different from that in the UK, and, in addition, the
extent of exposure to potentially BSE contaminated beef
cannot be accurately quantified, no primary data are available,
allowing a valid use of models for estimating the incidence of
primary vCID cases in Germany. Based on estimates for
France and Ireland, where only a few vCID cases have been
diagnosed, it can be assumed on the basis of the current state

90,000
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Beef expott in tons

Country

Fig. 2. Beef imports from the UK in tons.
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of knowledge that only isolated cases of vCJD will occur in
Germany. :

7. Risk of vCJD transmission through blood
{secondary infections)

Various approaches, such as animal experiments and epide-
miological and case control siudies, as well as the observation
of individual cases, address the question of whether blood and
blood products constitute a risk of vCID transmission.

A pumber of experiments explore the possibility of prion
transmission by blood and its components, with great variety
of combinations of TSE agents and animal species [42,54,55].
Many results, however, must be interpreted with a number of
restrictions. The investigational material of the donor animals
(blood, serum, cells etc.) was usually given to the indicator
animals by i.c. administration. This permits a more sensitive
detection of the pathogen, but conclusions regarding .i.v. ad-
ministration ‘are difficult. Secondly, many experiments were
performed with animals infected in a “non-natural” manner,
which makes the extrapolation of the comesponding results
more difficult. In addition, the tests often involve a species
barrier, which means a decrease in sensitivity.

Despite many contradictory results, the following can be
concluded from small rodent experiments:

— In principle, infectivity can be detected in the blood of

experimentally infected animals.

— Titers of infectious TSE agent in the blood of artificially
infected animals were found to be very low (1—100 infec-
tious units/ml) in sensitive detection systems. The question
arises in some experiments as to what extent the detected
infectivity really reflects replicated agent and not just re-
sidual inoculum.

- — While in various experiments i.v. application has led more
rarely to infection of the indicator animal than j.c. inocu-
lation, in a recent experiment using mice infected with
either mouse. adapted strains of GSS, a special familial
form of CID, or vCID, no major difference was found
between i.v. and i.c. inoculation. Infectivity of approx.
20—30IU/ml was found in the preclinical and the symp-
tomatic phases 17 and 23 weeks after inoculation in both
the buffy coat of the blood and in the plasma [56].

A tansfusion experiment, where blood for transfusion was
drawn from sheep in two series of experiments, pointed to

a potential transmissibility of prion diseases by blood {57].

The donor sheep had been either orally infected by brain ma-
terial from BSE infected cows or were sheep with particular
genetic susceptibility for scrapie. After transfusion of whole
blood or buffy coat of those donor animals that later died of
the orally induced “BSE™ or scrapie, definite TSE developed
in a number of recipient animals. The identification of the
pathogen confirmed transmission. in this experiment. It must
be noted that the recipient animals were genetically sensitive
to TSE.

Formal retrospective epidemiologic sfidies and case
control studies did not reveal any evidence of transmission
of human TSEs by blood or blood products. In contrast to
a number of viruses (HIV, HCV, HBV), no suspected case of
transmission of classical CID to a hemophilia patient has be-
come known [58). Since this disease can barely-be overlooked
in this well monitored group of patients, this is reassuring.

However, three case reports published in the UK. demon-
strate the possibility of vCJD transmission by transfusions.
No available diagnostic system could prove or exclude vCID
transmission in any individual case. Joint consideration of
the published cases, however, does not permit any other
conclusion than transmissibility of the vCID agent by blood
transfusion. A monitoring system, the National CJD Surveil-
lance Unit, was established in the UK in 1990, which, among
other things, was designed to identify blood donors among
vCID patients and locate their donations. Thie recipients of
these donations were observed, and in the event of their death
appropriate tests including an autopsy with histopathological
identification of the vCJD agent were performed. 15 of the
vCID patients who were diagnosed up to December 2003
had donated blood. They had donated a tofal of 55 labilé blood
products of which 48 had been transfused. At that time 17 Liv-
ing recipients were identified and manitored. This surveillance
system has so far identified three cases: In 1996, a then 62-
year-old patient received a total of 5 RBCC within one

operation. One of these concentrates (non-leukocyte reduced) .

originated from a donation of a 24-year old individual who

was healthy at the time of donation but died of confirmed

vCID in 2000 (3.5 years afier the donation). The recipient
developed symptoms 6.5 years after the transfusion and died
of vC¥D 13 months later; the diagnosis was confirmed by

a post riortem {39]. Since the recipient lived in the UK, thus

also exposed to a msk for contraction of vCID via the food
chain, transmission by transfusion couid not be proven but

was highly likely considering the low statistical probability -

of coincidence, i.e. an infection via the food chain not related
to the transfusion, rated as 1:15,000—1:30,000. The second
case was anoiher elderly patient who received a non-levkocyte
reduced RBCC from a donation of an individual who devel-
oped symptoms 18 months later and died of confirmed vCID
in 2001 [60]. The recipient died of a non-related cause (ruptur-
ing aortic aneurysm) 5 years after the transfusion without any
signs of a neurologic-psychiatric disorder. Within the above-
described surveillance, a post mortem was carried out. The
v(CID agent was found by histopathological examination in
the spleen and neck iymph nodes. The agent was obviously
transmitted; however, an involvement of the CNS was not
detectable—neither clinicaily nor histopathologically. In contrast
to all previously identified vCID patients, this patient was het-
erozygous M/V at codon 129. The infection was subclinical at
the time of death; whether vCID would have developed in this
case must remain open. A third patient in the UK was reported
in 2006 who developed symptoms of vCJD after receiving
non-leukocyte depleted RBCC 7 years and 10 months before.
The patient is a M/M homozygote at codon 129. The donor of
the concentrate developed vCID 21 months after the donation
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(61,62). A fourth probable case was announced in January
2007 (hutp://iwww.hpa.org.uk/hpa/news/articles/press_releases/
2007/070118_vCJD.htm). .

As-long as a blood test for vCID does not exist, assess-
ment of cases of suspected transmission would be possible
only to a limited extent; this applies either if the individual
affected by vCID donated blood or had received ransfusions
of bleod components. Recommendation 33 of the AK Blut
(National Advisory Committee ‘Blood’), 2006, provides
guidance in this context {63]. A detailed. statement regarding
the safety of blood products in view of vCID has recently
been published by the Scientific Committee on Emerging
and Newly Identified Health Risks. of the EU Commission,
SCENIHR {64].

Of crucial importance for the vCID risk from transfusion is
the number of individuals within a given population’ who are
infected and may carry the agent in their blood. Histological

y evidence of prions in appendices [48} indicates a-higher

frequency of infection than previously estimated based on
the occurrence of vCJD. As described above, one would
now hypothesize that all individuals are susceptible to the
vCID agent, not only those homozygous for MM, who repre-
sent 40% of the population. In another human TSE, Kuru,
cases with extremely long incubation periods of up to 56 years
have been reported, and all whose PrP gene could be analyzed
were not M/M homozygotes [65]. Thus a higher number {max-

"imally double) of infected individuals should be assumed than

up to now. If this was, conceivable for the British population,
we would have to expect one subclinical case in roughly
4,000 people. '

8. Reduction of TSE in the manufacfure of blood products

In view of the limited knowledge, in assessing the effective-
ness of methods the following partly speculative and pessimis-
tic assumptions and remarks of reservation have to be made:

— The amount of infectivity in blood is estimated on the
basis of data from animal experiments. The French au-
. thority AFSSAPS [66] had previously assumed as worst
case scenario, that infectivity in whole blood is 100 IU
i.c/ml (infectious. units/ml in case of intracerebral ad-
ministration), and lower for intravenous inoculation at
101U i.v./ml (infectious units/ml in the case of infrave-
nous administration). However, in primates survival rates
after i.v. and i.c. inoculation were similar [22,67]. In ad-
- dition, in recent comprehensive studies, 13.6 IU i.c./ml
were measured in the blood of scrapie infected hamsters
[68], and approx. 20IU i.c/ml in the plasma of mice .
infected with adapted vCJID or GSS pathogens [56,69].
AFSSAPS now assumes an infectivity of 20 I i.v./ml
in the blood based on this new data. For leukocyte de--
pleted plasma, a pathogen reduction by 50% is assumed,
thus 10IU i.v/ml in lenkocyte depleted plasma instead
of previously 1IU iv/m! plasma [66]. A smudy per-
formed for the British Health Ministry (DNV-Consul-
ting, 2003) [70] assumes a pathogen content of 10U
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jic/ml in the plasma and a S-fgld reduced infectivity
in the case of i.v. inoculation, thus 2 IU iv./ml.

— This is extrapolated to vCID cases even though no infec-
tivity has been found in their blood so far [71,72]:

. — There are no accurate data during which times infectivity-

could be present in the blood of individvals during the in-
cubation period and the course of disease.

— The form of infectious prions (association with cells,
monomers, multimers, aggregate, fibrils) in the blood of
“naturally” infected creatures is unknown. Based on ani- -
mal experiments [73], it had been assumed that 90% of the
infectivity of whole blood would be present in the cellular
fraction and 10% in the plasma. More recent studies [56],
however, point to an approx. equal distribution of the
amount of pathogen in the plasma and in the lenkocyte
fraction. '

9. Blood components for transfusion, leukocyte depletion

Leukocyte depletion (LD) became compulsory (among
other reasons) as a precautionary measure against a possible
transmission of vCJD by blood components in various countries,
including Germany. Treatment of whole blood (2.5 x 10°
leukocytes/ml) results in a reduction of leukocytes by 3~—4 log
steps with residnal numbers limited to 10° leukocytes per
blood component. An experimental study has been conducted
into the capacity of LD to remove the TSE pathogen using
300 ml blood of scrapie infected hamsters [74]. The concen-
tration was redoced from 13.1 IUsp/mi in whole blood to .
7.6 IUsp/ml, ie, 42% of the pathogen were removed during
leukocyte depletion. Since the actual pathogen concentration
in human blood is unknown, it is difficult to assess to what
extent this reduction would represent a gain in safety. No LD
of RBCC was carried out in either of the three transmission
cases. However, no conclusion may be drawn that such treat-
ment of the components would have prevented transmission.

9.1. Red blood cell concentrates (RBCC)

In Germany, RBCC predominantly originate from' whole
blood donations. Before LD was enforced (October 2001),
buffy coat-free RBCC were the standard preparations which,
in an average volume of 250 ml, may contain up to 1.2 x 10°
leukocytes, according to the applicable national guideline
{75] and the Council of Europe Recommendations. Even after
the LD has become mandatory, a potential transmission risk of
REBCC must be assumed.

9.2. Plateler concentrates (PC)

Eighty percent of the PC in Germany is manufactured from
whole blood donations (WB-PC, eg. buffy coat, 'usually
pooled from 4—6 donations) and approx. 20% from apheresis
(A-PC). Titers of approx. 10 IU/ml [56] were measured in the
thrombocyte fraction of mice. Residual infectivity must be
assumed even after 42% pathogen reduction by LD of the
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whole blood. A preference for A-PC is not justified at present.
Assessment of a residual infectivity is difficult since in apher-
esis high blood volume is processed and the behavior of vCID
infectivity in the apheresis system is difficult to predict.

9.3.. Plasma for transfusion (' Fresh Frozen
Plasma, FFP’’)

In Germany, quarantined plasma (Q-P) and solvent/deter-
gent treated plasma (SD-P) are currently available. The market
share of SD-P is approx. 10%. SD-P is manufactured by pool-
ing approx. 700—1,200 individual donations. The volume for
2 unit of Q-P in Germany is approx. 230280 ml, and for
SD-P it is 200 ml.

In a previous assessment (2001 report, footnote 1), the con-
tent in cell free plasma had been estimated to be 1 IU L.v./ml;
250 ml of quarantined plasma would contain 250 YU i.v. cell

. free plasma. Two calculations had been made for SD-P:

(a) Based on the assumption that infectivity is distributed
homogenously in the pool, 200 ml individual plasma con-
taining approx. 200 IU iv. (residual cells neglected, see
above)} would enter a pool; assuming a low number of
500 donations this would result in the dilution to 04 T
i.v. per plasma bag in the SD-P separated after treatment.

(b) Based on the assumption that infectivity is in principle not
evenly distributéd in portions <I IU iv., an infectious
donation containing 200U i.v. could be disuibuted to
a maximum of 200 plasma bags, i.e. 200 of 500 SD-P
would be infectious. Assuming 1 out of 120,000 donations
were infections (AFSSAPS, 2000) and a pool size of 500
donations, the risk would be 1. out of 240 SD-P batches.
The risk of an infectious SD-P would thus be approx. 1
in 600 (240 times 2.5), which would be less favorable
cornpared with 1:120,000 for Q-P from an individual
donation.

Assuming 10 IU i.v./inl instead of previously 1 IU i.v./ml in
the contaminated plasma donation [66), the risk becomes
higher to the disadvantage of the pooled plasma, Based on

. this assumption, the above calculation (a) for a pool of 500 do-
nations and 2,000 ITJ in a donation would result in an average
burden of 4 IU.in all plasma bags of a baich. If it was assumed

that infectivity in principle is not distributed in units <1 IU i.v. .

- (b}, an infectious donation would contain 2,000 IU iv. in 500
donations so that all 500 plasma bags from a pool of SD-P
could be infectious, However, since these calculations contain
many unknowns (e.g. reduction effects) and are based on un-
proven hypotheses, no recommendations are given here as to
the preferred type of plasma.

-Another question is whether infectivity in the plasma can
be reduced by further measures. It has been considered to
prepare plasma cell free to the greatest possible extent and
to ‘remove cell fragments by filtration through a membrane
with appropriately small pores, an approach pursued in France.
No experimental evidence is available on whether this could
effectively reduce the infectivity of plasma. Furthermore, it

is not clear whether the quality of the plasmpa {e.g. activation
of coagulation factors, neoantigen formation) might be im-
paired. Therefore, a decision in favor of introducing. such
membrane filtration seems currently premature.

10. Industrial products from pool piasma, nanofiltration .

The evaluation of individual fractionation and inactivation
steps in the manufacture of plasma derivatives (e.g. factor
concentrates, immunoglobulins, albumin), regarding vCID
pathogens and the risk for the rec1p1ent is still fraught with

. uncertainties:

* Some assessments are based on the assumption that exist-
ing vCID infectivity can be pushed below a presumably
safe threshold dose by means of several dilution and re-
duction steps. It has not yet béen determined whether an
infectious threshold dose administered once would cause
infection of the recipient, and whether several doses “be-
fow the threshold” would have a cumulative effect. -

* Opinions are divided as to whether the size of the fraction-
ation pool plays an important part (analogous with the
SD-P):

- Using a large pool, in case of possible contamination
. of the products a large number of recipients could be
at risk. This would suggest that small pools would

_ have to be used.

— On the other hand, a freely distributed infectivity
. (e.g. if prion monomers were present) would be di-
luted considerably by pooling. Therefore, larger
pools could present less risk.

For a reliable assessment of the influgnce of the pool size,
more knowledge would be required on the infective dose in
humans, the degree of aggregation of infectivity, its dispersi-
bility, and the pathogen concentrations which can occur in
the blood of asymptomatic donors. Calculations about the re-
lation between pool size and transmission risk (Appendix (A)
of [1]), assuming that the pathogen would behave like a virus,
show that if a recipient requires life-long treatment, a reduction
of the pool size would not contribute to minimizing the risk.
The current situation is relatively heterogeneous for products
on the German market, with different manufacturers, different
countries of origin of the starting plasma, various import prod-
ucts and a great variability of the manufacturing methods.

10.1. Effectiveness of the plasma fractionation steps

Usually, infectious material from brains of scrapie or BSE
infected hamsters or mice is used to assess the capacity of pro-
cess steps to remove the vCID pathogen. The. guestion is to
what extent such material is representative of the potential
vCID pathogen in human blood. In a comparative study, no
differences in removal of PrP®® were observed between mate-
rial from the brain of humans who had developed vCID, sCID
or GSS, and material from the brain of scrapie infected ham-
sters [76). So far, no major differences of pathogen reduction
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have been reported when different’ detection methods (PrP>®
detection versus bioassay) were used [68,77,78]. However,
preparation of infectious material from brain can influence
pathogen rémoval: highly purified PrP5° can aggregate into
high molecular fibrils, which may behave differently than dis-
persed brain matetial or infectivity in the microsomal fraction
{79). The degree of aggregation is particularly important for
pathogen refention in nanofiltration {80} and precipitation
and separation by meang of centrifngation and depth filtration.

. ' ¢ o
components, The assessment of the safery of recombinant

- products is not the subject of this report. Therefore, reference
" is made only briefly to a few aspects. Human plasma deriva-~

Tt was shown that PrP tends to aggregate in the alcoholic -

production intermediates during plasma fractionation [81,82].
Despite the above mentioned uncertainties in the interpretation
-of the experimental data,  reasonably homogenous picture is
revealed for plasma fractionation, _

Several publications are available for the conventional alco-
hol fractionation steps of plasma derivatives {68,79,82—86],
which state that the pathogen is removed successively from
the albumin and immunoglobulin fractions. For coagulation

factors, however, such a generalization is far more problematic -

since individual production processes may differ considerably,
This is why the EMEA position paper of 23 June 2004
(EMEA/CPMP/BWFP/(2879/02) required manufactorers to as-
sess their production methods specifically and to camy out
their own experimental trials if suitable published results
were not available. PrP> reductions by at least 4 log steps
have been reported so far for Factor VIII [77,85,87].

10.2. Nanofiltration

Considerable reduction factors are reported by filter manu-
facturers and plasma fractiohators for nanofiliration. However,
studies were carried out with differing TSE spiking materials
(c.g. fibrillary material, detergent treated material, brain ho-
mogenate). The infectious form(s) of the vCID pathogen is
(are) currently still unknown, What the effect of the nanofilters
on smaller prion aggregates would be remains open. It is
assumed that for prion monomers, no mechanical exclusion
by pore size would be given. However, reduction on the basis
of other interactions' with the filter materials cannot be ex-
cluded. The actual benefit of nanofiliration for the removal
of vCID pathogen, therefore, remains fraught with some un-
certainty. Until recently, the view prevailed that nanofiltration
was not possibie with large sensitive molecules such as factor
VIH. This option, however, has-been implemented by the
French manufacturer LFB (pore sizes 35 nm and 15 nm).
Since problems might occur that cannot be assessed in labora-
tory tests, e.g. the .development of neoantigenicity, clinical
testing should be discussed before marketing authorization.
The change in France was effected without clinical trials,
However, no additional adverse effects have so far been ob-
served after the change. A detailed discussion of nanofiltration
can be found in Appendix (B) of {I].

Hence, several manufaciuring steps of plasma products can
considerably reduce vCID infectivity from the starting mate-
rial, but the extent of this reduction must be further tested
and validated. The risk of infectious fractionated plasma prod-
ucts should be markedly lower compared with blood
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tives, essentially albumin, may be nsed as a stabilizer during
production of certain recombinant products. In eukaryatic
cell cultures, materials of bovine origin are sometimes used.
The fsk of primary infections with the BSE pathogen must
be considered in principle; however, such theoretical risk is -
minimized [88,89], e.g. by purchasing materials from BSE-
free countries.. Individual tolerability of different products i
the patient and relative frequency of the devefopment of inhib-
itors must also be considered in the overall assessment of
safety. In the past, botilenecks have existed in the supply of
both recombinant coagulation factors and coagulation factors
prepared from plasma. With the current state of knowledge,
there is no need to advise against the use of plasma derivatives .
if the indication is established correctly. In hemophilia eat-
ment, decision between coagulation factor products manufac-
tured from plasma and recombindtion coagulation factors must
be considered very carefully, taking into account the situation
of the individual patient. A schematic recommendatlon cannot | .
be given here. :

11. Optimal use of blood produocts

Being “medicinal products from humans,” blood products
cannot be entirely risk-free, despite the great progress in
safety. Critical indication and restrictive administration of
blood products are therefore essential to reduce the patients’
risk, which is particularly true for a potential transmission of
vCID by donor blood. In the Sanguis Study [90,91], noticeable
differences were found in the frequency of transfusion among
43 hospitals from 10 European countries participating in the
study. As extreme examples, the preoperative request for pro-
vision of RBCC in cholecystectomy was more than ten times
that of the actually transfused units, and the frequency of
transfusion of hemicolectomy patients ranged between 0%
and 79%. Such differences can hardly be explained. Heteroge-
neous transfusion practice has not changed significantly in the
past few years: a more recent Finnish study thus shows that
contrary to international recommendation, the median - pre-
transfusion hemoglobin in transurethral prostate resection
was 112 g Hb/l [92). Various authors have stated unanimously
that prospective transfusion criteria and consistent instructions
of personnel would lead to a considerable reduction of the
consumption of blood components [93,94]. Another possible
approach would be autologous blood transfusion, which would
avoid any de novo infection relating to allogeneic bloed prod-
ucts (including vCID). Autologous blood transfusions, however,
can be performned only in elective surgery with a timely and
reliably foreseeable transfusion requirement {95).

Under German EU presidency in 1999, a meeting was held
in Wildbad Kreuth [96] with experts in attendance from the EU
member states. An assessment of the current situation con-
cemning the use of the most important blood products was
elaborated and questions of use, quality management, and eco-
nomic aspects of transfusion medicine were summarized. It
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would be desirable to continue this Kreuth initiative. In re-
gards to therapy with blood components and plasma
derivatives, an interdisciplinary working group of the Bunde-
sarztekammer (German Medical Association), summarized

basic principles for a clinically indicated use of all important.

blood products with. special consideration of the intemational

literature, national and international comsensus conferences .

and clinical experiences [97). An essential confribution in
Germany has been the requirement laid down in the Trans-
fusjon Act of 1998 to establish in all health care facilities
a well-functioning quality assurance sysiem for the use of
blood products. An appropriately qualified physician responsi-
ble for transfusions must be designated and, in addition,
transfusion representatives in each clinical unit. This was
transposed into the German hemotherapy guidelines {75]. At

a European level, too, appropriate recommendations were-

adopted [98]). Of crucial importance is how these guidelines
are implemented and used by hospitals and doctors. It is nec-
essary that such efforts are actively encouraged on the part of
the top managers of health care facilities and the health policy
makers and recognized by the health care providers who are
supposed to finance them.

Qptimal use of blood and blood products is an undisputed
goal, especially as a safety measure in view of vCJD. Shortly
after the first suspected case of transmission was disclosed, the

- EU Commnission called in a “Technical Meeting of Blood Ex-
perts related to vCID transmission” on 20 January 2004 in
Luxembourg. One of the statements elaborated by this meeting

reads as follows: “There was agreement that optimal use of .

blood may further reduce the risk of transmission of vCID
by avoiding unnecessary exposure 10 allogeneic blood transfu-

sion. In addition, avoiding unnecessary transfusion may im-

prove the availability of blood for transfusion; this in turn
may facilitate the introduction by Member States of additional
donor deferrals if required.”

12, Diagnosing vCJD: screening tests

Clinical diagnosis of vCID can, in principle, be carried out
premortem in symptomatic individuals by. screening for PrP>°
in the tonsils {27,35], though such a biopsy presents a burden
for the patient. At present, solid confirmation of vCJID by his-
tological display of amyloid -plaques or detection of PrPS¢ in
brain material by Western blot is only possible by brain biopsy
or post mortem. Clinical diagnosis is a laborious process con-
sisting of various methods and is of subordinate importance
for the safety of blood donations. A summary can be found
in Appendix (C) of [1].

*  The development of screening tests is one of the key en-
deavors for the safety of blood donations, The principal goal
of a vCII} screening test is to detect infections as early as
possible before onset of inifial symptoms in order to prevent
possible further transmissions and, if appropriate, to allow
therapeutic measures to be taken in an appropiiate time frame.
Though intensively pursued by a number of groups, so far no
concrete success has emerged. The current approaches towards
screeping tests using blood or other easily accessible body

fluids are based either on direct detection of PrP% or on the
detection of other markers associated with the infection {surro-
gate markers} [99]. One of the problems with detecting PrP>®
in body fluids is the extremely low concenfration at which it
may occur in the periphery; estimates expect considerably

less than 1 pg/ml PrP%° in the blood. The most sensitive anti- -

gen tests (e.g. for the detection of HBsAg of HBV or p24 of
HIV, two proteins with a. molecular size similar to that of
PrP59), after many years of development and improvement,
are capable of detecting antigen only at levels of 10 pg and

above per ml plasma or serum: In addition, physiological prion

protein is present in approx. 10,000-fold excess, which makes
the sensitive and specific detection of PrP5° considerably more

difficult. Highly specific so-called “‘conformational” anti-
. bodies (for the recognition of PrP°° characteristic folding

epitopes or conformation epijtopes) therefore seem indispens-
able for a sensitive detection of this protein. The possible
use of such an immunoassay (CDI; “conformation dependent
immunoassay”) for clinical diagnosis of infections is currently
under discussion [100].

Research projects are pursning different approaches to sur-
mounting these limitations, e.g. attempts to increase the tests’
sensitivity by means of spectroscopic techniques, enrichment
steps to increase the PrP5° concentration by selective precipi-
tation of PrP™ through its binding to “ligand” molecules, or
cyclical amplification of the pathogen prion protein. The arti-
ficial in vitro replication of PrP*® by means of the PMCA
method (“protein misfolding cyclic amplification™) [101]

‘has raised high expectations. However, demonstration of the

possibility to replicate infectious PrP* in one species by a fac-
tor of 10” [99,102] has not yet led to the development of test
systems for routine screening.

The obvious difficulties with the sensitive detection of
PrP5°, the only known specific marker of vCID infection,
have ied to the exploration of alternative test concepts. A pos-
sible choice would be a screening strategy using single surro-
gate markers or a combination of them, which could be carried

out both at the RNA level (differential display) and at the pro--

tein level (proteome analysis). Previously, analyses of differ-

ential gene expression in TSE infections have shown that -

2 number of genes are over- or under-expressed in the course
of the disease. Several groups have examined to what extent
the differential gene expression in the course of the disease
could contribute to a better understanding of the infection.

Much attention was attracted by the publication-of a peripheral -

marker detectable in bload cells (“erythroid differentiation
factor, EDF"") [103]. Follow-up tests, however, showed that
it is subject to major fluctnations in healthy individuals
[104]. Several candidate surrogate screening markers have
been published, while proof for these remains to be provided.

Extensive examinations on well-defined populations and
acceptable test features (sensitivity, specificity, high through-
put) are indispensable preconditions for introducing a screen-
ing test, especially in blood donation screening. These
conditions have so far not been met by any of the test proce-
dures, and specific criteria should be established for validation
of new vCJID tests. Evaluating them in healthy. populations,
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e.g. blood donors, Taises a number of unresolved ethical ques-
tions. For instance, how should reactive test results be handled
when obtained with the first available test, which cannot be
confirmed or clarified by another method?

'13. Exclusion of persons from donating blood

Donor selection criteria based on the history of the donor
must stil be used for risk prevention; an overview can be
found in Appendix (E) of [1]. The regulations applicable
in Germany have been adopted in Haemotherapy Guxdelmes
{75}.

In the past few years it has been discussed whethér poten-
tial transmission by transfusion could lead to perpetuation of

-vCJD among humans, even though fransrission through the

food chain has been stopped, and whether an exclusion of
transfusion recipients could essentially influence the course
of the vCID epidemic. In several European countries including

the UK, the Netherlands, Switzerland and France—thete albeit

as early as 1998 under the impression of virus transmissions—
the exclusion of transfusion recipients from donating has
meanwhile been laid down.

In ordér to obtain a scientific database, a model calculanon
based on very pessimistic assumptions was prepared. The ep-

" idemiological model describes the spreading of an infection, in

this case vCID, due to blood donations based on the demo-
graphic situation in Germany. It assumes that 2,000 individuals
were infected by contaminated food during a limited period of
10 years. The total population comprises 80 million people.
The parameters for the model were estimated on the basis of
four data sets:

I. Donations from 262,071 donors at the blood donation
services of DRK (DRK-Blutspendedienst) West Hagen,
Germany;

2. 617 controls of a case control study on Creutzfeldi—Jakob
Disease at Géttingen University, Germany;

3. age distribution of 1,343 transfusion recipients at the Uni-
versity Hospital of Essen, Germany; and

4. a longitudinal study from Newcastle on the survival of
2,888 patients after a blood transfusion in June 1994.

The age structured model uses 2—m0mh intervals and takes
into account the following conditions:

— The mandatory age limit for blood donors is between 18
and 68 years. Each blood donor undergoes an active phase
of donor activity the deration of which depends on age.

— The risk of receiving a bloed transfusion strongly depends
on age and has its peak at approx. 70 years.

— Survival after a blood transfusion also sirongly depends on
age. The increased mortality rate of transfusion recipients
reduces the risk of spreading by blood donations.

— The modet takes into account the current mortality rates in
the Federal Republic of Germany.

— A mean incubation period of 16 years with a standard
deviation of 4 years was assumed for the infection.
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Fig. 3. Prevalence of vCID. The vertical lin¢ shows the end of the phase of
introduction of the infection by food. The curves show prevalence with the
denominator of 80,000,000 German population, for the following cohorts:
Curva A: Non-recipients (individuals withour transfusion history, infection is

" therefore ‘only possible by food), Curve B: Recipients (individuals with trans-

fusion history), if transraission by transfusion is excluded (infection risk 0%,
therefore—as in Curve A—infection possible only by food) Curve C:
Recipients, if infected blood donations afways lead to infection of recipients
(infection risk 100%). The difference between Curve C and Curve B shows
that the majority of infections was not caused by blood donations but by -
food. Curve D: as Curve C, but excluding donors with transfusion history.
Reproduced from Fig. 2A in “How much would the exclusion of transfusion
recipients from donating blood reduce the spread of vCID?" Emerging Inﬁzc-
tious Diseases, Vol. 13 Ne. 1, 2007,

— The model permits exclusion of donors with a history of
blood transfusions. It is assumed that 95% of the donors
with a history of blood transfusions can be excluded.

Fig. 3 shows the absolute infection prevalence as a function
of time predicted by the model. Prevalence increases during
the 10-year period of food related infection and leads to a
maximum of 1,434, infected individuals in the portion of the
population without transfusion history (Curve A). In the
portion of the population with transfusion history, depending
on whether no risk of infection is assumed (0%, Curve B)
or, in the most unfavorable case, an absolute infection risk is
assumed (100%, Curve C) by blood donations from .infecied -
donors, 426 or 504 infected individuals, respectively, are 1o
be expected, Maximum prevalence in the German population -
is 1,860 or 1,921 infected individuals respectively, correspond-
ing to approx. 24 infected individuals per I million inhabi-
tants. (The maximum value of 1,921 is slightly smaller than
the total of 1,434 plus 504, since the maximum values of the
individual curves are reached at different times.) The majority
of infections caused by transfusions cannot be prevented by
the exclusion of donors with a transfusion history, since they
were infected by blood from food infected donors without 2
transfusion history. Thus, an exclusion of transfusion recipi-
ents would bring about only a minor contribution to prevention .
(Curves C and D can hardly be distinguished).

Given the initial rate of introduction of the infection, no fur-
ther spreading occurs after that period of time, and, due to de-
creased life’ expectancies of vCJD infected individuals, the
prevalence during the subsequent 20—30 years has a tendency
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Yearly incidance of deaths

Time(years)

Fig. 4. Mortality from vCID, The vertical line shows the end of the phase of
introduction of the infection by food. The curves show incidence of deaths
{Fig. 4) with the denominator of 80,000,000 German population, for the
same cohorts A—D shown in .Fig. 3. Reproduced from Fig. 3A in “How
much would the exclusion of transfusion recipients from donating blood re-
duce the spread of vCIDT™ Emerging Infectious Diseases, Vol. 13 No. 1, 2007,

towards zero again. Even if it is assumed that infected blood

donations will aiways lead to infection of the recipient {infec-
tion risk = 100%), no further spreading occurs. In addition,
the decrease in prevalence is only delayed due to the incuba-
tion period of the individuals infected (Curve C). An exclusion
of transfusion recipients, even in the latter most pessimistic
scenario, can bring about only a minor contribution to preven-
tien (Curve D). This is also.shown in Fig. 4, in which the
annual incidence of deaths due to infection is shown. The
maximom number of vCID associated deaths occurs not
before 23 years after the beginning of the onset of infection
due to the long incubation period.

Fig. 5 compares the incidence of deaths of individuals in-
fected by food (Curve E} with those that may be caused by
blood donations with maximum risk of infection (Curve F).
Due to the incubation period, transfusion associated deaths

1254
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Fig. 5. Curve E: Deaths due to vCID infections that could only be caused by
foed (totals of Curves A and B in Fig. 2). Curve F: Deaths due to vCID caused
by blood from infected donors (infection risk 100%) (difference between
Curves C and B in Fig. 2). The vertical line marks the end of the phase of in-
fection by food. Reproduced from Fig. 4A in “How much would the exclusion
of transfusion recipients from donating blood reduce the spread of vCID7
Emerging Infectious Diseases, Vol. 13 Ho. 1, 2007
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Fig. 6. Curve A: Prevalence of infected donors withow transfusion history (in-
fection possible only by food). Curve B: Prevalence of infected donors with
transfusion history, if transmission by transfusion could be ruled out {infection -
nisk 0%, therefore—as in A—infection possible only by food). Curve C: Prev-
alence of infected donors with transfusion history, if it is assumed that infected
bleood donations always lead to infection (infection risk 100%). The difference
between Curve C and Curve B show that the majority of infections are not
caused by blood donation but by feod. Curve D: As Cugve C, but excluding
donors with transfusion history. This curve shows 5% of the donors with trans-
fusion history, who were not excluded according to the model assumptions.
The vertical line shows the end of the phase of infection by food. Reproduced.
from Fig. 5A in “How much would the exclusion of transfusion recipients
from donating blood reduce the spread of vCID?" Emerging Infectious Dis-
eases, Vol. 13 No. 1, 2007..

occur markedly later than deaths caused by food infections.
Within the displayed 50 years, 172 transfusion associated
deaths have to be expected. During this perod, however,
a maximum of- 15 cases could be prevented if donors with
a transfusion history were excluded, equivalent to 1 case in
3—4 years. Out of the 2,000 individuals infected by food, we
expect 1,557 vCID cases if the infection risk of infected donors
is 0%, and 1,729 cases if the infection risk is 100%. If approx.
20% of the donars were excluded, less than 1% of the cases
would be prevented. Fig. 6 explains why the exclusion of
donors with a transfusion history only slightly influences the
incidence of deaths:

— The majority of the infected donors were infected by food
and reveal no transfusion history {Curve A), This group is
not covered by the exclusion criterion “donors with a trans-
fusion history” and is able to continue to transmit the
disease. ‘

— Infected donors with a transfusion history can be excluded,
but represent only 2 minor portiorn of infected donors
{Curve B or C, respectively). The portion of donors in-
fected by transfusions is very small (difference between
Curve C and Curve B).

The assumptions chosen here present a considerable over-
estimation of the real risk of infection in Germany. Since an
infection introduced by food cannot be sustained in the popu-
lation, there is no further long-term rsk after this route of
transmission has been interrupted. Because of the low preva-
lence of approx. 24 infected individuals per 1 million (see
above), linear reduction can be performed on predicted
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developments if markedly lower preva]cnces are assumed. The
actual prevalence of individuals infected by food in Germany

is probably lower by at least a factor of 10. Therefore, the

above mentioned figures can probably be reduced by the cor-
responding factor. A detailed description of the model with all
parameters and figtres for the data sources on which this cal-
culation is based has been published {105].

14, Tmpact of deferrals on the blood supply

Before introducing any donor deferrals, their effects should
be guantified and a risk/benefit assessment {safety vs. blood
supply) performed. It can be added to the discussion of the
above model that an exclusion of transfusion recipients would
not have prevented the three probable transmissions in the UK,
since those donors were not transfusion recipients themselves.
Moreover, it can be expected that an undetermined number of
donors would not remember transfusions and continve to do-
nate blood. On the other hand, as the French example shows,
an exclusion of transfusion recipients is possible in principle,
but would entail seriows problems and disadvantages, would
require major efforts and could therefore only be implemented
over a longer period of time.

Examples from Germany may 111ustrate the unpact of
new exclusion criteria in general. With the 2000 update of
guidelines, a rise of Hb limit for men from 125 t0.135 g/l
was introduced, which had a serous effect on the donor
population. The deferral rate (Table 5) initially rose by ap-
prox. 2.5%, and after the male donors with Hb between 125
and 135 g/l had been deferred, decreased dgain to its initial
level.” Deferral rates tended to bé rsing from 322,312 in
2002 to 345,906 in 2003 (8.25% vs.-8.87% of the popula-
tion prepared to donate). Since winter 2000/2001—despitc
intensive encouragement to donate blood—the demand for
blood components, especially RBC, has not always been
met so that, e.g., planned operations have t0 be postponed.
Also, stricter donor exclusion criteria for the sake of im-
proved safety may lead to a loss in donors, as anti-HBc
testing [106] has led to permanent exclusion of approx.
0.6~1% of blood donors. New reasons for .exclusion fre-
quently are not dnderstood by those concerned and require
great educational efforts. As experience with the deferral
due to a cumulative stay in the UK of more than 6 months

_between 1980 and 1996 has shown, considerable uncer-

tainties remain despite numerous dialogues due to the lack
of possibility to explore the donor’s individual risk or to ob-
tain a confinmatory/exclusion test, Exclusion of transfusion
recipients could even be perceived as a signal that, despite
all efforts, blood supplies are not sufficiently safe.

To secure blood supplies, new donors would have to be re-
cruited to a considerable extent. According to the German data
on epidemiology collected by the Robert Koch-Institut; the
prevalence of virus infections in new blood donors is higher

? German Red Cross (GRC) blood donation cenize West, figures from Nonh
Rhine-Westphalia.
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Table 5§ f
Main reasons for deferral according to an analysis by the Institut fiir Transfu-

sionsmedizin (Institute for Transfusion Medicine) Miiuster of the German Red

Cross blood donation service West in 2004 (in % of volunteer donors)

Hemoglobin ©221%
Operations, interventions - . 1.30%
Blood pressure L17%
Infectious diseases 1.24%
Suspected/risk of infection 0.78%
Current donation siteation (e.g. uncase, fear, 0.73%
communication problems)
Medication 0.72%
Traveling 0.28%

‘than in long-term donors. While speciall promotion campaigns

(cf. bone marrow/stem cell donors for children with leukemia)
motivate many people to donate in the short-term, it is the
continued reliability of donor preparedness in comnection
with the constantly required readiness to act that is important
in blood donor promotion campaigns. The following possible
approaches could secure continued donor preparedness and the
supply of blood components:

— Fconomical use of blood and blood products: All mea-
sures that result in optimal use of blood and blood prod-
vets will not only minimize the possible transmission
risk but will also contribute to safeguarding the supply
of blood and blood products. The activities in Germany

" and the European Union have been described above.

— Sustained recruitment measures: The GRC blood donation
services are currently spending approx. €20 million a year
on maintaining their existing donor base. Additional re-
cruitment campaigns (approx. €3 million’ annually) have
been aimed at the approx. 1—2% donor increase required
to compensate for the annual rise in demand due o the in-
creasing average age of the population. The GRC has been'
able to fulfill this goal with a relatively low budget, since.
advertising space in various media has generously been
made available free of charge. In the case of donor exclu-
sion due to transfusion history, just below 18,000 addi-
tional donors per month would be nceded in the first
half-year, and more than 11,800 additional donors per
month in the second. Altogether, approx. 4 first-time vol-
unteers would have to be recruited for each deferred donor
(compare Appendix (E) of [11). Such an additional recruil-
ment campaign requiring more financial means could no
longer be camied out by the blood donation services.

— Inéreasing the social prestige of the blood donors: It might
be helpful to provide donors with a non-material reward in
the form of increasing the social prestige attached to the
act 'of giving blood. A professional study should explore
the possibilities and develop suggestions for raising rhc
esteem in which blood donors are held.

According to statistics from. the German Red Cross ‘blood
donation services, the deferral rate among all volunteer donors
in 2003 was 8 87%. There is a strong fluctation in the deferral
rate between the various blood donatjon services, which ranged
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from 5—14% and is now 7—12%. Ne corrclatior can be de-
tected between the deferral rate and the degree of conurbation.

These differences can certainly not solely be explained by .

differences in the donor population of the German Red Cross
blood denation services. An improvement could be the intro-
duction of uniform interpretation aids throughout Germany.

15. Summary and conclusions

~ So far 162 cases.of vCID in the UK, 20 in France, 4 in Ireland,
2 in the Netherlands, 2 in the USA, and one case each in
Canada, Italy, Japan, Portugal, Saudi Arabia, and Spain have
been observed. Twenty-seven of these patients resided outside
the UK and had not spent considerable time in the UK; a con-
nection with stay in the UK is questionable in the case in Japan.
It must not be ruled out that vCID will be diagnosed in more
countries. Recent model calculations in the UK [50] have
resulted in lower than previously published estimates of the
overall number of clinical vCID cases, however, with consider-
able confidence intervals. A fundamental assumption is that
new infections from the food chain have been effectively
stopped. On the basis of new estimates, the number of up to
600 cases of vCID for Germany indicated in the report of
this group in 2001 can be considered as too pessimistic.
Three cases published in the UK since 2004 must be re-
garded as evidence for the transmissibility of the vCJD patho-
gen by blood. One of the recipients died from an unrelated
disease. However, autopsy revealed the vCJD pathogen in
the spleen and Iymph nodes, pointing to a subclinical or not
yet symptomatic infection. Unlike all other previously
observed vCID cases, this patient was heterozygous M/V at
codon 129. This observation and the results from a serial in-
vestigation of appendix tissue in the UK could indicate that

there are a considerable number of infected persons who might -

not develop vCID, or in whom its manifestation is delayed. At
present, it is not possible to ascertain whether infectivity is
present in the bleod of these persons, and if so, at what time
and to what extent. Precautionary measures should therefore
not be based exclusively on the number of already manifested
vCID cases and the forecast of future numbers of cases de-
rived thereof.

A possible transmission of the vCID pathogen by plasma
products stll cannot be entirely ruled out, but it seems un-
likely since various experimental systems have shown that
prions are largely removed during the manufacture of these
blood products. Exammmg the effectiveness of these steps,
however, should be continued in a product-oriented manner,
A Note for Guidance was published in 2004 by the European
- Medicines Agency (EMEA}) for this purpose [38].

Transmissibility of vCID by transfusion had been assurned
already in 2001; precautionary measures for minimizing the
risk had been taken. As an additional measure, the exclusion
of transfusion recipients from donating blood has to be consid-
ered in order 1o break a hypothetical chain of further spread and
possible perpetuation of vCID by blood products. Such exclu-
sion has been introduced in the UK, the Netherlands, Switzer-
land, and as early as 1998—to prevent viral transmissions—in

France. A model calculation took these considerations into ac-
count; 10 be on the safe side, still a worst case scenario was
dealt with, For Germany, the group concluded that such exclu-
sion is not wamanted. The evaluation of the potential gain in

safety regarding vCJD, based on the above mentioned model

calculation, was not considered to outweigh the drawbacks of
such a measure.

The secondary route of infection by blood could largely
be stopped as soon as a suitable test could be introduced
into routine donor screening. No such test is currently avail-
able; developing and optimizing test methods should have
high priority.
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Introduction -

Variant Creurzfeld-Jakob Disease (vCJD) was descnbcd
in the UK in 1996 [1]. The emergence of this.novel form
of CJD is most probably related to the ingestion of food
products obtainéd from cartle with bovine spongiform
encephalopathy (BSE) [2,3]. From the outset the possib-
ility was considered thar passage of infectivity from the
guc o the brain in affecred individuals could invelve
blood. Therefore, ransfusion services were alerted o
the potential for transmission of vCJD to a patent by
transfusion of blood components from a donor in. the
preclinical stages of disease. Consequentdy, precaution-
ary measures were raken in the UK to minimize this tisk,
in particular leucodepletion, sourcing plasma for fraction-
ation from non-UK donor popularions, sourcing fresh
frozen plasma for children born after I January 1996
(and therefore. not exposed through dier) from non-UK
donor populations and deferral of blood donors who had
themselves been wansfused [4]. Sourcing sufficient
ted cell and plateler components outside the UK is
not feasible. The first cases of probable transfusion—
transmission emerged in late 2003 and chree probable
transmissions, all linked o red cell preparations trans-
fused before the introduction of leukodepledon, are now
recorded {5,6,7°,87"]."

The infectious agent

There is a large body of evidence suggesting the lnfec—
tious agent causing BSE and vCJD is an abnormal con-
former of -the prion protein {9]. Recently, evidence has
emerged suggesung that rewroviral infection can increase
the release of infectious prions from cells and may be an
importane cofactor in the gpread of infecrion [10°).

Normal prion protein (PRPc) is a glycosylphosphatidy-
linositol (GP1)-linked protein expressed ac cell surfaces of
many tissuves. Ic 15 a glycoprotein rich in o-helix. The
function of PRPc is unclear, although recent studies
suggest a role in self-renewal of haemopoietic progenitor
cells {11°]. The infectious prion protein (PRPsc) is an
abnormal conformer of PRPe in which the o-helical
regions become predominandy f sheer. This change in
secondary structure alters the properties of the protein so
that PRPsc has a preater propensicy to aggregace. Agpre-
gates of PRPse accumulate within cells in the brain of

" Since this manuscript was submitted for publication a tourth case of probable
transfusion-transmission of vCJO by non-leukedepleted red celt preparations has
been reported in the UK (http://www.hpa.org.uk) and a further study demonstrating
removal of endogenous TSE infeclivity from leukodepleted scrapie-infected
hamsler whole blood by filiration through prion-spedific affinily resins has been
published (Gregori L, Gurgel PV, Lathcap JT et al., 2006 Lancet 368:2226~2230),
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affecred individuals creating the rtoxic environment thar

" ultimarely results in spongiform encephalopathy. Size

fracrionation suggeses the mose infectious prion particles
comprise aggregates of 14-28 molecules [12]. Once a
small amount of PRPsc is ingested it can associate with

PRPc from the affected individual and converc this PRPc

to PRPsc creating an autocatalytic effect, which greatly
increases the amount of PRPsc in the affected individual.
This autocatalytic effect has been reproduced in vire in a
hamster model (13].

Normal prion protein is essential for the
disease process

PRPc must be available for prion disease to occur
[14,15,16°}. Furthermore, mice engineered to translate
PRPc without a GPI anchor accumulate PRPsc in

‘the brain, blood and heart but do not develop clinical

scrapie [17,18). These results indicate chat membrane

+ tethering of PRPc is essential for disease progression.
- GPMinked prozeins frequently occupy lipid rafts in the

plasma membrane. In culrured adulc sensory neurones
PRPc leaves lipid rafits ta recycle between the cell surface
and recycling endosomes.in a time scale of minutes [19].
The mechanism whereby PRPc is converred to PRPsc is
not fully understood buc may occur at the cell surface
when PRPc¢ leaves its lipid raft prior vo endocytosis [20].
After endocytosis, PRPe¢ goes o recycling endosomes

. [21] while PRPsc trafficks to, lysosomes 122}, Passage
- of PRPsc to lysosomes can be via multvesicular bodies
. from which small wvesicles 40--100nm irn diamecetr

(exosomes) rich in GPI-linked proteins bud off and are
released from the cell. These exosomes can contain
PRPsc and have the potential to transfer infectivicy from

- one cellftissue 1o another [23].

Transfer of infectious. prion protein from gut
to brain

After penipheral infecrion, PRPsc accumulates and repli-
cates in the lymphoredcular system, partlculariy the
spleen and lymph nodes, prior o neurcinvasion and
disease. The pracess by which PRPsc wravels from gut
to the lymphoid organs may occur via the blood through
bone marrow-denved dendritc cells, which pick up
PRPsc in the gurand transport it directly to the lymphoid
tissues [24]. In rodents, follicular deadritic cells (FIDCs)

found in the germinal centres of lymphoid organs are

major sites of P RPsc accumulation and che rate of transfer
of PRPsc from lymphoid tissue to sympathetic nerves is
likely determined by the relative positioning of FDCs
and sympachetic nerve endings [9,25].

Infectious prion protein in blood

‘The foregoing discussion describes a process whereby
infectivity {(PRPsc) in the gut passes via the blood to the
spleen and lymphoid cells and thence to the brain by way
of antigen-presenting cells capable of wking up and
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replicating PRPsc. If the antigen-preséning cells come
into contact with other blood cells whilst in cransit from
gut to lymphoid tissues or process PRPsc in a manner
which results in the generation of exosomes conraining
PRPsc it i5 possible infectivity could wansfer to other
cells in blood. The cycle of PRPsc replication could
continue wichin those other blood cells thac have the

_ necessary intracellular organelles, and those cells withoue

the ne&&ssiry macliifiery for recycling PRPsc fike red
cells may act as passive carriers of infectivicy. There is
considerable evidence for the ocentrence of exosomes in
human blood [26] and that they can derive from platelets
[27} and reticulocytes [28] as well as from circulating
dendritic cells {29]). Furthermore, transfer of GPI-linked
proteins CD55 and CID59 from transfused red cells to the
red celis of a patient with paroxysmal nocturnal hemo-
globinuria has been demonstrated iz vivo [30]. In rhis
conrexc it is intecesting w note that exosomes containing
HIV-1 released from immacure dendritic cells weee found
to be 10 times more infective of CD44- T cells chan cell-

free virus parcicles [31]. )

Exosomes do not provide the only hydrophobic environ-

ment in plasma. Receatly, evidence has been presented
[32°] showing that brain-derived PRPsc binds with high
affinicy to apolipoprotein B, the major component of very
low density and low-densicy lipopmtcms {(VLDL and
LDL) in plasma

lnfectivity in red cell preparations used for
transfusion '

There is persuasive evidence [8°7] that transfusion of red
cell preparauoens from donors who subsequenty devel-
oped vC]D has transmitted the disease to three recipi-
ents. In each of chese cases, the wansiusions took place
before leucodepletion of red celi preparations was intro-

" duced in the UK. Leucodepletion of 450 m! whole blood

coliected from scrapietinfected hamsters rtemoved 42% of
the row! infectdvity [33). Whether or not a similar
reduction in infectivicy is achieved by levcodepletion
of human blood is unknown. More relevant is whether or
not {eucodepletion of human bloed is sufficient to pre-
vent transfusion--transmission of vCJD. The follow-up of
recipients of leucodepleted red cell preparations from
donors who subsequently developed vC]D will provide
informatiion of relevance to this quesdon [87°). The
leucodeplerion process irself does not appear to resule
in increased numbers of léucocyte microvesicles that may
carry infecnvity {34] but wouid probably not remove
exosomes. Given the uncertainty concerning the effect-
iveness of leucodepletion in removing infectivicy from
human blood, attention has turned to the possibilicy of -
‘employing filkers, which selectively remove PRPsc.

. Sowemimo-Coker ¢f /. [35] filtered 300 ml red cells from

S00m) anricoagulated whole blood collected  from
scrapie-infected hamsters. They reporc cransmission of
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disease 1o siz of 43 hamsters receiving unfiltered red cells
but none of 35 hamsters given filtered cells. Gregori ez 2/,
[36°] report removal of all but 0.01% infectivicy from
leucodepleted human red cells spiked with scrapie from
hamster brain. These studies indicate that infectivity is
not intrinsic to red cells or thar if infectivity is associated
with red cells it is loosely bound and removed by the
fileration process. These data, if ransferable co the human

-sitwation, provide a means of securing -the-safety of red
cell transfusions in countries where the populadion has’

been exposed o BSE. Neither study, however, precisely
mimics the human situation and so it is necessary o
consider the suitability of hamster scrapie as a model for
BSE and the similanty between the blood cells of ham-
sters and humans.”

Of hamsters and men

As it is extremely difficulc to design experiments that
direcdy address the biology of vCJD in human blood,
most of the data available relate to animal red cells and

transmission of scrapie rather than BSE. Whole blood -
wansfosions between sheep have demonstrated trans-

mission of BSE but these experiments have not yet been
extended to transfusion of the individual components of
blood [371].

As described above, available evidence suggeses that
prion disease cannot develop in’ the absence of PRPc.
It is therefore reasonable torask what is the distriburion of
PRPc in human blood cells and how does it compare with
PRPc distribution in .blood cells of animals used for
investigation of blood-borne TSE infectvity, since
differences in PRPc expression may occur and be
relevant to disease progression, Holada and Vostal [38]
report flow cytometric experiments demonstrating low
levels of PRPc on human red cells and absence of PRPc
from hamster red cells. Experiments of this type, which
utilize 2 single monoclonal andbody to PRPc, may give
erroneous information if the relevant PRPc epitope is not
accessible on the cell rype examined because of differ-
ences in posteranslational modifications like glycosylation
[39]. If hamsterred cells differ from human red cells in
lacking PRPc expression, however, are hamsters a
relevant model with which o study the infectivity of
human red cells?

If hamster scrapie strain 237K PRPsc does not bind to
human red cells does this necessarily mean char BSE/
vC]D PRPsc does not bind eicher? Nishina e o/ [407]
reported that diglycosylated hamster brain PRPc is
required for che amplification of hamster PRPsc strain

" Since this manuscripl was submitted Sor publication a tourth case of probable
transfusion-tzansmission of vCJD by acn-leukodepleted red cell preparations has
been reporied in the UK (hitp//wwwhpaorg.uk} and 2 fucdher study demonstrating
removal of endogenous TSE infectivity from leukodepleted scrapie-infected
hamster whole bload by fittration thiough prion-specific affinily resins has been
published (GregoeriL, Gurgel PV, Lathrop JT et al., 2006 Lancet 368,2226-2230).

237 in vitro whereas unglycosylated mpuse brain PRPc is
requited for the amplificadon of RML PRPse, 2 clear
indication that different sources of PRPsc have different
requirements for glycosylation of PRPc. Earlier work [41]
also demonscrated that the glycosylation profile of PRPc
can influence the amount of PRPsc bound.

- The same protein can have different glycosylation pro-

-=-fles. in. different tissues from the same animal [42,43].

Clearly, such tssue-specific differences in glycosylation
of PRPc could result in tissue-specific differences in
binding and replication of PRPsc and account for hetero-
geneity of PRPc isoforms observed in different regions of -
mouse brain and for different pacerns of PRPsc depo-
sition by different PRPsc strains [44].

These considerations lead to the conclusion that expres-
sion of PRPc on a given cell or dissue is not, of itself, an
indication of susceptibility 1o PRPsc binding. Con-
sequently, che glycosylation profile of PRPc on red celis
may inflience the ability of different strains of PRPsc to
bind to red cells and may account for the lack of PRPsc
binding observed in animal experiments described
above. The same reasoning applies to the interpretation
of animal experiments examining the infectivity of blood -
platelers. Hamster platelets lack PRPc whereas human
platelets express PRPc ac high levels [45]. Platelets were
found to lack infectivity in the blood of hamsters infected
with hamster scrapie [46]. The glycosylation profile of the
complement regulatory protein CD59 on human red cells
and platelets has been determined in degail. The protein
on both cell types is extensively glycosylated buc the
glycosylation profiles of the protein on the two cell wypes
are distinct [43]. If PRPc on red cells and platelets is
glycosylated in a similar manner this may accounc for
absence of PRPsc binding because large N-linked oligo-
sacchandes at Asn181 and AsnI197 could shield large parts
of the surface of the prion protein and sterically hinder
protein—protein interactions [47]. This couid also explain
why murine red cells which express PRPc [38] lacked
infectivity when derived from animals infecied with’
mouse-adapred vCJD [48]. Nevertheless, it would be
prudent to investigate binding of BSE PRPsc to human
red cells and platelets before assuming thac chese cells do
not carry vC]D infectivity, since the glycosylation profile
of a protein can differ between species [49,50].

Human red cell PRP¢ and hamster brain PRP¢ may differ
in the structure of the GPI anchor. On human red cells,
GPI-linked proteins CD59 and acerylcholinesterase are
unusual in chac che GP1 anchor is palmitoylated in a way
that renders it resistant to phospholipase C [43,51]. If as
Rudd 2 ¢/. {43] point out this is likely to be a feature of all
GPI-linked proteins on the red cell, then red cell PRPc
would have the same anchor. ‘The GPI anchor found on
PRP¢ from Synan hamster brain is not palmitoylated in
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this way [47]. This difference may influence the location

-of PRPc in lipid rafts and thence accessibility co PRPsc

[20,52].

Finally, there is also the possibility that human red cells
could bind PRPsc independently of PRPc. PRPsc binds
with high affinity to plasma lipoproteins [32°]. Plasma
LDLs have been rcportcd to bind red cells, albeit with
low affinicy [533). :

Conclusion

Recent reports show there is a high probability chat
human red cell preparations have transmited vCJD.
Experimences carried out with rodent TSEs indicate that
infectivity in red cell preparartions is not associated with
the red cells themselves but with other consticuears of
the product such as residual leukocytes and plasma. Lack
of intrinsic red cell infectivity may result from postiran-
slational modifications of the structure of red cell PRPc

which prevent PRPsc binding, If it can be shown that the.

causative agent of vCJD fails to bind human red cells and

in the absence of a suitable screening tese for PRPsc in .

blood, it may be prudent for blood services in countries
where vCJD occurs to consider processing red cell prep-
arations by washing or fileration o remove fluid phase
infectivity prior to transfusion.
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Blood T ransfusion and Spread of
Variant Creutzfeldt-Jakob Disease

Klaus Dietz,* Gunter Raddatz Jonathan Wallls,'f Norbert Miller,t Inga Zerr,§ Hans-Peter Duerr*
Hans Lefévre,| Erhard Seifried,# and Johannes Léwer**

Variant Creuizfeldt-Jakob -disease (vCJD) may be
transmissible by blood. To prevent secondary transmission
through blood components, several countries have started
to exclude as donors persons who have received a blood
transfusion. We investigated the effectiveness of this meas-
ure by using a dynamic age-structured model. it is the first
such model based on epidemiologic data: 1) blood donor
activities, 2) a case-control study on CJD, 3) age diskibu-
tion of recipients, and 4) death of recipients of blood trans-
fusions: The model predicts that an infection like vCJD,
which has been introduced into the population by the ali-
mentary route, coufd not become endemic by transfusion

alone and that only <1% of cases would be avoided by.

excluding from blood donatior those persons who have
received a transfusion.

ecent studies of variant Creutzfeldt-Jakob disease

vCID) indicate that this disease is transinissible by .

blood. One case of probable transfusion-transmitted vCJD
infection has been reported, and 1 case of subclinical infec-
tion has been detected (1,2). On February 9, 2006, a third
case was announced by the UK Health Protection Agency
(www.hpa.org.uk/hpa/news/articles/press_releases/
2006/060209_cjd.htm). Each of the 3 patients had received
a blood transfusion from a donor who subsequently devel-
oped clinical vCID, which indicates that transfusion
caused the infection. However, a policy- to exclude poten-
tial dohors who had received a transfusion would not have
prevented at feast the first 2 cases because the correspon-

*University of Tabingen, Tabingen, Gem‘nany; tFreeman Hospital,

Newcastle upon Tyne, United Kingdom; fUniversity Hospital

Essen,. Essen, Germany; §University of Gottingen, Gottingen,
. Germany, YDRK Bloed Donor Service West, Hagen, Germany;
#DRK Bleod Donor Service Baden-Wﬂr_ttemberg. Hessen,
Frankfurt am Main, Germany; and “*Paul-Ehdich-Institute,
Langen, Germany

ding ‘donors had not received any blood transfusion.
Diagnostic tools to detect prions in blood are under devel-
opment (3), but no routine test for the presencé of the
infectious agents of vCJD is available. Therefore, the ques-

tions arise as to. whether an infection like vCID could '

become endemic through blood donation alone and to what

extent exclusion of potential donors with a history of frans- -

fusion would inflnence the transmission of such an infec-
tion (i.e., how many deaths due to the infection could be
prevented?). The following mathematical model is the
first to address these questions on the basis of epidemioc-
logic data and realistic and epidemiologically justified
assumptions.

Methods

Model Structure

Figure 1A shows the transitions of a persot through
the basic states of potential donor activities and receipt of
blood transfision. After birth a person is in the state of not
having received any transfusion and not yet being an active
donor (Sy). The first index refers to the person’s state as a
transfusion recipient; the second index, to the person’s sta-
tus as a donor. Persons in state S, can change to state S,
by becoming a donor or to state S,y or 84, by receiving a
bleod transfusion. The third index indicates whether a per-
son with a transfusion history can actually be identified
and excluded from donating blood (deferred) {index 1) or
not (index 0). The states S,;; and S;; can be reached by
either transfusion recipients who start donating blood or
active donors who receive a blood transfusion. Blood
donors who become inactive are transferred into the states
of ex-donors Sy, and S,,, depending on their transfusion
history. Ex-donors can also become transfusion recipients;
Le., they are transferred from Sy, to'S;;. Donor exclusion
transfers a certain proportion of transfusion recipients into
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Figure 1. A) States and transitions for the

model of blood transfusion in the absence of
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i the state of ex-donors. For all susceptible states, Figure 1B
* shows the transitions to the comesponding infected states.
Table 1 provides a list of all input parameters together with

descriptions and sources. The details of the model with all
the numerical parameter estimates and the equations are
given in the online Appendix (available from www.cdc.
gov/ncidod/EID/13/ 1/89-app.htm). The computer program
is available upon request. This article summarizes the
major features of the model, the data sources, and the esti-
mation of the model parameters.

Demography

To simplify the model, we did not attempt to describe
the demographics of the population during the next 150
years. Doing so would invelve predicting changes in rates
of birth, death, and immigration. It is assumed that in the
absence of infection, the population is demographically

stationary. We assumed a constant inflow of newborns and
an age-specific death rate. The latter was estimated as a
" weightéed mean of the age-specific female and male death
rates. Because this study was initiated in Germany, we
used the corresponding demographic data. To start the sim-
ulation in a demographically stationary state, the model .
was run for 100 years without mfection. Thus, the age dis-
tribution of the poputation was identical to the life table of
Germany 2002/2004 averaged over both sexes: (www.
destatis.de/download/d/levoe/sterbet04 xis). '

Modeling Blood Donors

Bloed donors in Germany are =18 and <68 years of
age. The rates for becoming a new donor and terminating
the period as an active donor are age dependent. The cor-
responding parameters were estimated by using data from”
262,071 donors registered with the German Red Cross

Table 1. Summary of input parameters for the model*

Parameters Description

Source

Age-specific mortality  U-shaped, with minimum at age 10.
rates

Donor recruitment

Proportion of donors
Duration as actwe

3% of popudation.

Donors ages 18-67 y. Maximum recruitment rate at age 18,
- lower plateay ages 25-50; further decrease until age 67.

Donors ages 18-40 y, mean durafion as active donor 10—

Federal Stafistical Office of Germany

Age-distribution of firsttime donors at DRK
Blood Service and age structure in population

DRK Blood Service West

Age distribufion of active donors af DRK Blood
Service West, by age at first donation

Data collected from 4,867 patients March 2003,
University Hospital Essen, Germany

Follow-up of ~3,000 transfusion recipients for
=7.5 ¥ in Newcastle, UK {4}

donor 14y, decreases linearly fo 0.

Risk of receiving Bimodal, with peaks for newborns and aged persons.
transfusions Multiple transfusions possible.

Tra nsfusion—‘ Increases according to a sigmoid function, ~17% at birth to
associated fisk for =48% in old age. For those with transfusion-associated risk
death for death, life expectancy is ~2.5 years at birth and

decreases fo =0.5y in old age.
Alimentary infection Constant over an initiaf period of 10 y.

incubation periodt

Gamma distributed with mean 16 v, SD 4 y. Sensitivity

Arbitrary assumption
Madels fitted to the UK incidence of vC.1D (§,6)

analysis with mean = 50 y and same coefficient of variation.

Donor exclusion

Either 0 or 85% of those with transfusion history.

Arbitrary assumption

“DRK, German Red Cross: SD, standard deviation; vCJD, variant Creutzfeldi-Jakob disease.

1Time between infection and death, i.e., duration of infection.
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(DRK) Blood Service West in Hagen, Germany, including
age, sex, age at first donation, number of donations, and
date of last donation.

The age-specific prevalence of active donors peaks at
=24 years of age and subsequently declines monotonical-
Iy to zero by age 68. The overall prevalence in the popu-
lation is 3%, ie., 2.4 million donors in a population of
=80 million. '

Modeling Transfusion Recipients -
The model takes into account that persons may
‘receive > | transfusion throughout their lifetime, but it does
not track the numbey of transfusions received per person.
Persons with >1 transfusion continue to be at risk for infec-
tion from further transfusions. The age-specific risk of
receiving a transfusion was estimated from data for all
_ patients hospitalized at the University Hospital in Essen
- during March 2003. Of 4,867 patients, 1,343 (27.6%)
received >1 transfusion. The number of persons receiving
a blood transfusion in each 5-year age group was divided
by the corresponding number of persons in the general
" population. The observed rates were fitted with a simple
model that assumes initially an exponential decline and
" subseguently a unimodal peak, which is proportional to the
density function of the normal distribution. These age-spe-
cific ratios were propeily scaled to balance the yearly num-
ber of transfusions per capita. To limit the complexity of
the model, we did not take into account persons in sub-
groups, sucli as those with hemophilia, who obtain blood
products from pools of donors. Because for medical rea-
sons these subgroups are excluded from donating blood,
they cannot contribute to persistence of the infection.

Independence of Receiving and Donating Blood .

The events of recetving a blood transfusion and of
donating blood are assumed to be independent of each
other. This assumption is supported by the results of a
case-control study of potential risk factors for CID, which
was coordinated by the Clinical Surveillance Centre for
"CID, Department of Neurology in Géttingen, Germany
(7). Table 2 shows the joint distribution for the control
group of having received and donated blood. According to
the Fisher exact test, the p value for the hypothests of no
assoc:ation i5 0.43.

Heterogeneity in the risk of receiving a blood transfu-
sion is modeled by the assumption that only a proportion

of the population are at risk, whereas the remaining pro- -
portion never receives a transfusion. This assumption was .

introduced to be consistent with data from the case-control
study, in which =18% of the population reported having
ever received a blood transfusion, Without this assump-
tion, the model would predict that eventually 100% of a
cohort would receive a blood transfusion because the aver-

Blood Transfusion and Variant Creutzfeldt-Jakob Disease

f
Table 2, Joint distribution of transfusion history and blood °
donation

Donated blood, no. observed
(no. expected if events are

Received | independent) _
bloed . No Yes Total no. (%)

- No 401 (404) 104 (101) 505 (82)
Yes 93 (90) 19(22) 112{18) -
Total no. (%) 494 (80) 123 (20)

617 (100)

age annual risk of receiving a blood transfusion is about
5%, i.e., =4 million in a population of 80 million.

Modeling Transfusion-associated Death Rates

The transfusion-associated death rate has been
described in detail by Wallis et al. (). A good fit to the data
assumes that at all ages a certain proportion of transfusion

recipients have a higher rate of dying and the remaining ..

proportion has a survival rate that corresponds to that of

persons of the same age group in the general population.

This age-dependent proportion of transfusion recipients
with an increased risk for death is described by a general-
ized logistic function with a-positive value at birth and an
asymptote <100% for old age. The transfusion-associated
death rate increases linearly with age. The increased death

rate appears to be concentrated in the first 2 years after a_

transfiusion. Wallis et al. report that 2,888 patients were
observed as long as 7.4 years after transfusions received in
June 1994 (4). The sex-specific rates were averaged for the
simulation model.

Modeling the Infection
Usually the incubation period refers to the time
between the infection and disease. In the context of CID,
however, disease can refer to onset, diagnosis, or death.
Like Bacchetti, we also focused on death rates (8-10).
The incubation period is assumed to be gamma distributed
with a mean duration of 16 years and a standard deviation
of 4 years, which conforms to estimates of Valleron et al.
and Ghani et al. (5,6). Because of great uncertainty about

the length of {he incubation time, we also considered a,

much higher value of 50 years in the absence of the com-
peting risk for death. The coefficient of variation is
assumed to be the same, such that the standard deviation
is 12.5 years, Because of competing risks, the actual
sojourn in the incubation period is 15.3 for an incubation
period of 16 years and 34.0 years for an incubation period
of 50 years. The proportions of infected persons who
would die with disease symptoms are 79% and 37% for
the incubation periods of 16 and 50 years, respectively.
This means that for an incubation time of 50 years, near-
ly two thirds would die without disecase symptoms.
Hereafter we refer to these values of 15 and 50 years as
short and long incubation periods.
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We distingnish between 2 modes of transmission.
Initially, tie infection is introduced into the population by
the alimentary route, In the United Kingdom the number of
infected animals entering the food supply peaked in 1989;
most were concentrated within a period of 10 years (1),
which we take as the assumed period of alimentary infec-
tion, After this period, this mode of transmission was inter-
rupted so that .further transmissions are possible only
through blood transfusions. ~

A study to detect the presence of abnotmal prmn pro-
tein in appendix and tonsil tissues has suggested a preva-
lence of 2335 infections per million in the United Kingdom
(/2). We arbitrarily assumed the prevalence of infections
in Germany fo be =1 order of magunitude lower, yielding a
cumulative incidence of 25 per million, which was the
value used for the simulations.

We made 2 contrasting assumptions about the infec-

tivity of blood preparations and evaluated the results of-

these 2 simulations: each transfusion (100% infectivity) or
no blood transfusion (0% infectivity) from an infected
donor leads to infection of the recipient. In the model the
infection probability (probability of receiving blood from
an infected donor) is proportional to the preportion of
infected donors among all donors. Thus, we can calculate
the number of infections from blood transfusions com-
pared with the number of infections from allmentaly frans-
mission alone.

Modeling Donor Exclusion

The mode! distinguishes between persons with and
without transfusion history, termed recipients and nonre-
cipients; these terms are applied to persons whether they
have or have not donated blood. The model allows recipi-
ents to be excluded from donating blood. In modeling the
exclusion of recipients, we took into account that this
measure may be imperfect and that a certain proportion of

recipients may not be exciuded.

Results T -
For the parameter estimates obtained from the sources
described above, the infection cannot become endemic

“(Figure 2). If we assume no further spread through blood -

transfusions after 10 years of infections by the alimentary
route, the maximum prevalence reached is ~1,860 (1,434
for nonrecipients plus 426 for recipients) because some,of
the infected persons die of other causes during the incuba-
tion period. Ef transmission is assumed to be possible
through blood fransfusions (100% infectivity), then the
maximum prevalence among recipients is increased by
=78 infections after 4 more years for the short incubation
period and by 193 infections after 23 more years for the
long incubation period.

92

A 15w

g

Absocluie prevalanoe of infections.
~)
5

g

Ah_aélula provalence of infections

125 150

No, years

Figure 2. Absolule prevalence of infection for am'incubation peried
of 16 (A) and 50 (B) years, for nonrecipients of blood transfusion
(solid, black), recipients under the assumption of no infectivity
(dashed, gray), of 100% infectivity without donor exclusion {dotted,
black), and 100% infectivity with donor exclusion {sclid, gray). The
prevalence dedlines after the alimentary route of transmission is
interrupted, i.e., after 10 years. Prevalence differs only slightly if
the infection probability of a transfusion from an infected donor is
increased from 0% to 100%. Donor exclusion produces negligible
reductions.

We assumed that donor exclusion is implemented
immediately at the beginning of the alimentary infection
risk period, which reduced the original number of 2.55
million donots by =20% to a value of 2.05 million donors.
Because the model does not account for the stock of blood
donations, this reduction in the number of donors must be
compensated for with an increased rate of donations per
donor to satisfy the demand; ie., the average number of
donations would have to increase from 1.6 to 2 per donor
per year. Figure 2A shows that donor exclusion has almost
no effect when the incubation period is assumed to be 16
years. The absoluie prevalence {i.e., the actual number of
infected persons) differs at most by 9. For a long incuba-
tion, differences are visible {59 persons at most) but small
in view of the long time intervals and the size of ths total
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population (Figure 2B). The reason for these small differ-

ences is described below.

The cumulative numbers of deaths from the infection
are given in Table 3. The numbers are considerably smali-
er Tor the long than for the short incubation period because

a long incubation period implies more deaths from other . -

causes. The numbers are given separately for cases in
patients with and without a history of blood transfusion.
The route of infection for nonrecipients is alimentary only,
whereas thé route of infection for recipients is unclear. If
we compare the simulations at 100% and 0% infectivity of
blood transfusions, we observe 172 and 224 additional
cases for the short and the long incubation periods, respec-
tively. These numnbers represent 11% of 1,557 and 31% of
725 cases, which would be expected for 0% infectivity for
the short and long incubations periods, respectively. For
the short incubation period we expect a higher absolute
number of alimentary cases but a smaller proportion of
ransfusion cases than for the long incubation period. The
exclusion of donors would prevent only 15 and 50 cases,
i.e., =15 (0.9%) of 1,729 and 50 (5%) of 949, respectively,
at the end of the epidemic. The epidemic lasts for ~50 or
=150 years for the short and the long incubation periods,
respectively. _

- The predicted yearly incidence of deaths due to vCID,
separated by transfusjon history, is shown in Figure 3. The
yearly peak incidence of total deaths would be 128 and 29
for the short and the long incubation periods at 23 and 51
years after the beginning of the epidemic, respectively. For
0% infectivity the peak incidence would be only 5 and 3
cases less for the short and long incubation periods,
respectively, which implies that the exclusion of donors
with a transfusion history does not effectively prevent
infection. _

Figure 4 shows the predicted yearly incidence of
deaths according to the route of infection. The time lags
between the peaks. of deaths due to alimentary infection’
and due to transfusion clearly differ and are 9 and 20 years
for short and tong-incubation periods, respectively.

Finally, we considered the absolute- prevalence of
infected donors according to their history of blood transfu-
sion (Figure 3). Most infected donors do not have a trans-
fusion history, which explains the negligible effect of a
policy excluding transfusion recipients from donation,

Blood Transfusion and Variant Creutzfeldt-Jakob Disease
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Figure 3. The yearly incidence of deaths for an incubation period
of 16 (A) and 50 (B) years. The black curves show nonrecipients
of blood fransfusion who were infected only by the alimentary
route. These curves are independent of the infection probability
and the rate of doner exclusion. The lower 3 curves represent the
deaths of recipients originating fram 0% infectivity of blood trans-
fusions (dashed gray), 100% infectivity without donar exclusion

" (solid gray), and 100% infectivity of blood transfusions with donor
exclusion {dotied black, almast indistinguishable from sclid gray

line in A). The differences between the solid and dashed gray
curves represent the cases due to blood transfusion.

To determine whether the same model could also pre-
dict transition into a positive endemic equilibrium of the
infection, we made the unrealistic’ assumptions that the

rates of donor recrnitment and donor loss are constant

between the ages of 18 and 67 and that the rate of receiv-
ing a blood transfusion is constant throughout life. Then
the model showed an extremely long time 2,000 years)

150 .

Table 3. Cumulative numbers of deaths from variant Creutzfeldt-Jakob disease at the end of the epidemic

Incubation period Donors excluded Infeclivity (%) Without transfusion ‘With transfusion Tofal no. cases
Short ) No 0 1,167 330 1,557
: No 100 1,167 562 1,728
Yes 100 1,167 547 1,714
Long No 0 503 222 725
No 100 503 446 949
Yes 100 503 396 899
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Figure 4. Yearly incidence of deaths caused by alimentary trans-
mission {solid line) and by blood transfusion {dashed line).The 2
peaks differ by 9 and 20 years, depending on the incubation peri-
od: 16 (A) and 50 (B) years, respectively.

bcforc'positi_ve equilibrium would be reached (results not.
shown).

Discussion
QOur model is the first attempt to describe in a realistic
way the transmission of infections through blood transfu-

sions. In 1994, Velasco-Herndndez proposed a model for

the spread of Chagas disease by vectors and blood transfu-
sion (73). His model was used by Roberts and Heesterbeek
o introduce their new concept to estimate the effort to
eradicate an infectious disease (/). Huang and Villasana
included transmission through blood transfusion in an
AIDS model (73). Al these models have in coramon what
Inaba and Sekine state about their extension of Velasco-

. Heméndez’s Chagas model: “...here we assume that blood

donors are randomty chosen from the total poputation, and

so there is no screening and the recipients of blood dona-

tions are domating blood themselves at the same rate as
anybody clse. This is an unrealistic assumption, but we
will use it.” (76). These models implicitly describe trans-
mission through blood transfusion exactly like person-to-

" person fransmission by droplet infections.

: ¢

The key innovation in our model is the simultaneous
incorporation of 6 functions that all depend explicitly on
the age of a person: 1) natural death rate, 2) rate of receiv-
ing a blood transfusion, 3) rates of donor recruitment, 4)
donor loss, 5) death rate associated with transfusions, and -
6) proportion of transfusion recipients at increased risk for
death. The age-dependent effects of these processes cannot
be ignored. Peak ages of donor activity (=22 years) and of
receiving a blood transfusion (=70 yeais) are quife distinct
and =50 years apart. This age pattern does pot favor the -
spread of infection by blood transfusion. Another factor
that acts againsi the infection becoming endemic is the
transfusion-associated death rate. The good quality of the
follow-up data of nearly 3,000 patients helped to incorpo-

" rate realistic assuriptions about the survival probabilities

of transfusion recipients (4). The only data available about -
the joint distribution of blood donor activity and history of
a blood transfusion was the CID case-control study per-,
formed in Géttingen, Germany (7). :
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"Figure 5. Absolute prevalence of infected denors for an incubation
. petiod of 16 (A) and 50 (B) years. The solid black curves show the

infected donors without transfusion history. These curves are iden-
tical for 0% and 100% infectivity and are independent of denor
exclusion. The gray curves show infected donors with transfusion .
history for 100% (solid) and 0% {(dashed} infectivity, respectively,
without donor exclusion. The dotted black curves show the effect
of donor exclusion starting at the beginning of alimentary risk.
Most infected donors have no transfusion history and cannot,
therefore, be excluded from blood donation.
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The length of the incubation period plays a major role
in transmission dynamics and hence was subject to a sen-
sitivity analysis. The model does not account for possible
changes of infectivity during the incubation period. The
model represents a worst-case scenario because it assumes

100% infectivity throughout the period of infection. Even.

under this extreme assumption, donor exclusion can pre-
vent.only 0.9% (or 5%) of the expected deaths, assuming
the incubation period has a mean duration of 16 (or 50)
years. The main explanation for this surprising result is
that most infected donors have been infected by the ali-
mentary route and never received any blood transfasion
and, therefore, are not eligible for donor exclusion.

" The present simulations have arbitrarily assumed a
cumulative incidence of alimentary infection, about 25 per
million (2,006 per 80 million). With pessimistic assump-
tions, the model predicts either 19.5 deaths per million. for
the short ircubation period or 9 deaths per million for the
long incubation period in the absence of spread through
blood transfusion. This corresponds to at least 9 (36%) of
25 deaths attributable to the infection, which is =2 orders
of magnitude higher than expected for vCID in the United
Kingdom, As of July 2006, the number of vCID cases in
the United Kingdom was 160. If we assume that the total
number of cases will be 200, then our assumption corre-
sponds o about 3.3 cases per million. Thus, at most, 1.4%
of infected persons would die from the infection (unless a
second wave of vCII cases with a long incubation period
occurs). According to our model, 0.9% of the deaths could
be prevented by donor exclusion under the assumption of
the short incubation period. In.absolute numbers this
would be =2 cases. '

" In France, the total number of vCID cases recorded

through July 2006 is 18. Even under the assumption that
this number represents only 35% of the total number of
cases (/7), the absolute expected number of prevented
cases would be <1, In 1998, France decided to exclude
donors with a transfusion history, primarily to reduce the
spread of vinwes.The present model could be modified to
assess the effectiveness of excluding donors with transfu-
sion history for preventing emerging infections with differ-
ent modes of transmission and additional cpidemiologic
states, e.g., latent or immune.

Our worst-case scenario assumptions of the epidemi-
ology might seem similar to the situation in the United
Kingdom. In Germany, no case of vCJID has been report-

ed, which indicates that the expected number of cases in

Germany is at least 2 orders of magnitude less than that in
the United Kingdom. This latter aspect was considered in
the interpretation of our model by a working group com-
missioned by ihe German Federal Minister of Health,
~which recommended in April 2006 that persons with a
transfusion history not be excluded from donating blood

Emerging Infectious Diseases » www.cdc.govieid « Vol. 13, No. 1, January 2007
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¢
(18). Our analysis enables different countries to perform
their own risk assessment and choose a strategy according
to the absolute number of cases observed or expected.

The German CID Surveillance study was supported by.a
grant from the German Ministry of Health (Az 325-4471-02/15
to Inga Zerr and I1. A. Kretzschmar). Helpful discussions about
previows versions of the model took place with the Working
Group Overall Blood Supply Strategy with regard to vCID,
Gemany (Chairman R. Seitz). A

Dr Dietz is head of the Depariment of Medical Biometry at -

the University of Tlibingen, Germany. His main interest is the
application of mathematical models in the field ‘of infectious

“diseases, 'in particular malaria and other parasitic diseases.
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From Investigational Factor Eleven (FXI) From Donors In The United Kingdom

NIHONSETYAKL
2005-045

Potential Varlant Creutzfeldt-Jakob Dlsea_se (vCJD) Risk

From Investigational Factor Eleven (FXI) From Donors In The United Kingdom

Summary Information

Key Points:

In recent years, questlons have been raised conceming the risk from variant Creutzfeldt-Jakob disease (vCJD), a rare but
fatal brain infection, in patients who received ptasma-derived lnvesngatlona[ Factor Eleven (pdFXl) made from plasma
obtained in the United Kingdom (U] where vCJID has occurred.

Approximately 50 individuals in the US, between 1889 and 2000, received pdFXI made usmg plasma from donors i m the UK.
This prodijct was used to prevent or ireat bleeding due fo'a rare problem, @ deficiency of FXI. -

The US Public Health Service (PHS) believes that the sisk of vCJD is likely to be small based on a aumber of
considerations. We used a compufer mode! fo help determine the risk but we recognize that many unknowns prevent us,
from accurately determining the risk. The niodel raised the possibility that those who received this pdFXI product could
potentially be at significant risk due to the possibility that a UK blood donor unknowingly carried vCJD at the time of
donation. However, we believe the risk is small based on additional considerations. To date we are nof aware of any
cases of vCJD having been reported worldwide in pafients with hemophilia or other blood clotting disorders,
including pdFXl.deficiency, who have received large amounts of plasma-derived products manufactured from UK
plasma. This Includes patients who received these products over a long period of fime. ‘

Contacting a specialist in bleeding disorders, e.g. a healthcare provider specializing in hemophilia, and/or a Hemophilia
Treatment Center is a good way to leam about any new information as it becomes available.

C o Additional Information:

Between December 2003 and April 2007, there have been four reports of people, all in the UK, who probably acquired the
vCJD agent through red blood cell fransfusions. This has increased concern about the potential transmission of vCJD by
bleod products, particularly those made from UK blood donors. None of the reported cases involved any plasma-derived
product, including pdFXI.

However, because of the finding that red blood celis can fransmit vCJD, FDA used a computer mode! to conduct a risk
assessment fo try to estimate the possmle risk that might oceur from the UK investigational pdFXI. -

The actual risk of acquiring vCJD is unknown and is likely to be small. Because so much is unknown about vCJD and its
prevalence, the risk assessment performed by FDA has a lot Of uncertainty, making it impossible to precisely estimate the
risk of vCJD in general, or the actual risk fo individual FXI deficient patients. There is no fest yet available to detect vCJD in
heatthy donors or recipients. The US Public Health Service believes the risk of vCJD is likely to be small. There have been -
no reports of vCJD in patients using any plasma-derived blood product in the UK or anywhere else in the world.

Ad this firme, PHS does not believe there is a need for UK pdFXI recipients to inform their surgeons or dentists about the
recipient’s potential exposure fo vCJD. Also, there is no recommendation for surgeons and dentists to take any special
precautions based on such potential exposures. This belief is based on the very large degree of uncertainty in the FDA risk
assessment and the lack of known cases of vCJD transmitted by plasma-derived clotting facior preducts in the UK, where
risk is considered greafest, or anywhere else in the worid. Also, refatively few patients were exposed to the pdFX} prod uctin
the US compared fo the number of recipients of plasma-derived clotting factors, of which pdFX( is only one of many, in the
UK.

vCJD originally came from a disease in cattle called “mad cow disease™ or BSE (bovine spongrforrn encephalopathy).
Transmissfon of the BSE agenit to humans, leading to vCJD, is belleved to ocour primarily from eating beef and beel .
products contaminated with the BSE agent. Both BSE and VCJD are invariably fatal brain diseases with incubation periods
typically measured in years.

From 1995 through April 2007, 202 individuals with vCJD were reported wor!dwxde, with 165 in the United Kingdom (UK),
and three in the United Sfates. Two of the individuals in the United Stafes had lived in the UK from 1980-1996 during a key
exposure period to the BSE agent. The third US individual with vCJD most likely acquired the infection in Saudi Arabia. The
reported incidence of vCJD in the UK, based on disease onset, peaked in 1999 and has been dedlining thereafter. In the
UK, where most cases of vCJD have occurred, the current risk of acquiring vCJD from eating beef and beef products
appears o be negligibie.

More :nformatlon about vCiDis avadable on these govemment websiles:

information also may be obtained from these non-government sources;
o Committee of Ten Thousand
o Hemophilia Federation of America
o National Hemophilia Foundation andfor HANDI
o World Federation of Hemophilia

Updated: May 30, 2007
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Questions and Answers

Variant Cruetzfeldt-Jakob Disease (VCJD) and Factor XlI (pdFXl)

Q. What is vCJD and how is it spread?

A, Variant Creutzfeldt-dakob disease, or vCJD, is a very rare, fatal disease that can infect a person for many
years before making them sick by destroying brain cells. Eating beef and beef products confaminated with the
infectious agent of bovine spongiferm encephalopathy (BSE) is the main cause of v€JD.

Most cases of vCJD have oceurred in the United Kingdom {UK). Individuals in the UK are at-a greater risk for this
rare disease than are individuals elsewhere because of the previous higher risk of potential exposure to
contaminated beef in the UK diet. From 1995 through April 2007 there have been 202 individuals with vCJD
reported worldwide, 165 of them in the UK. In the United States (US), there have been three reported cases of
vCJD. Two of these individuals had llved in the UK during 1980-1998, a key exposure peried to the BSE agent.
The third US individual with vCJD probably acquired the infection in Saudi Arabia. .

The reported incidence of vCJD In the UK, based on disease onset, peaked in 1999 and declined thereafter. In
the UK, where most cases of vCJD have occurred, the current risk of acqumng VCJD from eatmg beef and beef
products appears to be negligible.

Only three cases of BSE have been found in US cat(ie. and safeguards are in place to help prevent infected beef
products from entering our food supply. These safeguards include restricting importation of cattle and beef
products from almost all countries with BSE, a surveiliance program to detect BSE in the US, prohibiting the use
of high-risk animal-derived proteins in cattle feed, prohibiting meat from sick cattfe o be used for human
consumption, and requiring the removal of high-risk materials from carcasses of catfle over a certain age.

While vCJD is primarily due fo eating infected beef and beef products, four people in the UK became infected
with the vCJD agent after receiving red blood cells from three donors who later developed vCJD. Three of the red
blood cell recipients developed fypical vCJD and died from the disease. A fourth died of an unrelated Hiness but
had evidence of infection. To date, there have been no reports of vCJD transmission by close personal contact
{such as being in the same room with someone who has vCJD, hugging, Kissing, or having sexual relations).

Q. How does vCJD differ from Creutzfeidi-Jakob disease {CJD)?

A. Both vCJD and CJD cause progressive degeneration of the brain leading to death. However, the variant
form—never seen hefare 1994—usually affects persons much younger than other forms of CJD. Unlike CJD,
vCJD has been acquired by food exposure and transmitted by blood transfusion. vCJD also has somewhat
different clinical symptorus, a longer survival after onset of iflness (the majority of illnesses fasting more than one
year), and produces a characteristic abnormality in brain tissue called "florid plaques™ rarely if ever seen inl the
other forms.

Q. Is it known that pdFX! can transmit vC.JD?

A. No. However, pdFXI is made from plasma. Plasma is the liguid part of blood remaining afier the ceils are
removed. Animal studies show that if blood carries the vCJD agent, 5o can the unprocessed plasma.

Manufacturing steps used in making pdFX! have been shown o help remove infectious agents, including agents
similar to that causing vCJD. The manufacturing steps may reduce or eliminate most risk even if a vCJD-infected
donor contributed plasma.

Q. What is the likelihood that a patient who received pdFXI could have become infected with vCJD?

A. The US PHS believes the risk of developing vC.JD infection from pdFXI is likely to be small. Many unknowns
prevent us from accurately determining the risk using & computer model, and we believe the risk is likely to be
smaller than the modeling predicts. However, we do not know this with cerfainty. Right now, there is no fest
available to detect vCJD in blood donors or recipients. There is no way of knowing whether a person is infected if
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they do not show symptoms of the disease.

At this time FDA, CDC, and NIH are not aware of any cases of vCJD having been reported worldwide in patients

receiving plasma-derived clotting factors, including pdFXI. This includes patients who have received, over a long

period of time, large amounts of clotling factor products manufadtured from piasma donations from the UK, where
- the risk of vCJD is highest. = ¢

Q. Why did £DA do a vC.ID risk assessmerit for pdFXl made from UK plasma?

,A.We conducted a risk assessment on pdFXI because it was made from plasma obtained from donors in the UK.
‘The UK population, including UK plasma donors, is at a considerably higher risk for vCJD than the US population
due fo eating food potentially contaminated with the BSE agent, although the estimates of risk vary widely. We
believe that pdFX| is the only plasma product used in the US that was manufactured from UK donor plasma
collected during the BSE epidemic. Note, however, that plasma pools used to manufacture the pdFX] product
infused in the US did not contain donations from |nd|wduals known to have developed vCJD (that is, there were
no known implicated" 6ts). o

Q. Why is FDA informing patients, healthcare providers, and the public about vCJD and pdFXI now?

A. The FDA has recently completed its risk assessment, and we think it is important that a person who received -
pdFXI be aware of the resulls of the risk assessment and have an opporiunity to discuss any questions with a
suitable health care provider.

The first case of probable vCJD infection transmitted by transfusion of red blood cells in the UK was reported in
= December 2003 and the second case in July 2004. These events prompted UK authorities in 2004, to

communicate the potential risk of vC.ID fo recipients of clotting factors and some other plasma derived products.
‘ FDA initiated its risk assessment for pdFXl in 2004, and presented a draft {o the Transmissible Sponglfon-n
! Encephalopathies Advisory Commitiee {TSEAC) in February 20056 (

" glides). Since then FDA, with scientific advice from the TSEAC in October 2005, and other experts, has further
refined the risk assessment and risk communication materials. Bgsuumﬂmmgmﬁualwg_
available.

FDA, CDC, NiH, and the Office of Public Health and Science (OPHS) of the US Department of Health and
Human Services, with advice from pafient advocacy groups and communication experts, have now developed
key massage points and communication materials to accuraiely convey the possible risk to patients, health care
providers, and others who may have an interest.

Q. Should patients-inform their primary health care providers about a possible vCJD expostire from UK pdFXI?

A. Advising your primary health care provider {(e.g., a family physician, intemist, blood disease specialist, etc.)
about your history of having received the pdFX! product might be beneficial in that your provider can keep you
informed about new information as it becomes available, interpret ifs significance, and advise you about further
appropriate actions in the future. However, sharing your personal health information is your choice.

Q. Do patients who received UK pdFXl need to do anything special when seeking dental or surgical care?

A. At this time, the US PHS does not believe that UK pdfFXi recipients need to inform their surgecns or dentists
about the polential exposure to vCJD. Also, the US PHS does not recornmend that surgeons and dentists {ake
any special precautions with patients who had such potential exposures. This belief is based on the very large
o degree of unceriainty in the FDA risk assessment, and the lack of known cases of vCJD tranamitted by
C ' plasma-detived clotfing factor products in the UK, where risk is considered greatest, or anywhere eise in the
: world. Also, there were relatively few patlents exposed fo the pdFX! product in the US compared fo the farge
number of recipients of plasma-derived clotting factors, of which pdFXl is only one of many, in the UK,

In the UK, public health authorities notified recipients of plasma-derived products, such as pdFX], that they may
have an increased risk of vCJD in addition to their risk from eating potentially contamninated UK beef products.
The UK heaith authorities asked patients to inform their surgeons and dentists about their pofential exposure as a
public health precaution intended o prevent possible secondary spread of the disease from dental and surgical
instruments. The US PHS, including the FDA, CDC, and NiH, does not believe that such notifications are
necessary in the US. This belief is based on the very large degree of uncertainty in the FDA risk assessment, and
on the lack of known cases of vCJD transmitted by plasma-derived clotting factor products in the UK or anywhere

. else in the world. Given {his information, the PHS believes that there is no need to alter the standard current
practices.

*  PHS agencies will continue to monitor and reevaluate the situation as new information becomes available.
Q. What can recipients of pdFXI do with this information? -
A. While no new actions are recommended now, you can stay informed by keeping in contact with your primary
physician and/or a specialist in bleeding disorders, such as a hemophitia specialist at a Hemophilia Treatment
Center. Such contact will help you fo learn about any new scientific advances in this field such as testing and
diagnaosis, and also to monitor your general health.

Q. What are Hemophilia Treatment Centers, and where can | find out about them?

A. Hemophilia Trealment Centers (HTC) are a network of federally funded comprehensive care clinics that
promote the management, treatment, and prevention of complications expetienced by persons with hemophilia
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and other hereditary bleeding disorders. : .

You can find information about HTC's at:

3. Regional HTC websites are also a good place for information

Q. Where can { find more information about vCJD and pdFXI?

A. You can find additional information at;

Regional HTC websites _
R ——

Patient Organizations:

Committee of Ten Thousand

Hemophilla Federation of America

National Hemophilia Foundaticn and/or HAND!
World Federation of Hemophilia

Questions to FDA may be addressed through the Office of Communication, Training, and Manufacturers Assistance
(OCTMA), at 1-800-835-4709, or octma@cber.fda.gov.

Updated: May 30, 2007
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Abstract

Protein products prepared from pocled human plasma are an essential class of therapeutics used mostly to control bleeding and/or immuno-
logical disorders. Because of the human origin of the starting material, there is a risk that these products may possibly transmit prions causing
variant Creutzfeldt-Jakob disease (vCJID). No case of transmission of prions by plasma products has been observed. Case-by-case measures
implemented in various countries, and several technical factors may contribute, to various degrees, to the prevention of the risk of transmission
of prions by plasma products. Those measures include (a) the epidemiological surveillance of populafion in countries with cases of vCID and/or
bovine spongiform entephalopathies (BSE), (b) the deferral of blood donors who traveled or resided, for specific periods of time, to countries
with BSE, or who received transfusion or tissue n*ansplanl., (c) the removal of leucocytes in plasma used for fractionation, and, last but not least,
{d) the removal of the prion agents dunng the complex industrial fractionation process used fo prepare plasma products. NMumerous experimental
infectivity studies, involving the spiking of brain-derived infectious materials, have demonstrated that several fractionation steps, in particular
ethanol fractionation,.depth filtration, and chromatography, can remove several logs of prions. Removal is explained by the distinct hydrophobic
and aggregative properties of the prion proteins. In addition, nanofiltration using multi-layer membranes-of 75 nm-or smaller, which is commonly
used for removing viruses from coagulation factors and immunoglobulins products, can remove more than 35 logs of spiked prions, presumably
by size-exclusion and trapping mechanisms. Therefore, the risk of transmission of vCID by human plasma products appears remole, but caution
should prevail since the biochemical nature of the infectious agent in human blood is still unknown.
© 2007 Elsevier Masson SAS. All rights reserved.

Résumé

Les médicaments dérivés du plasma humain occupent une place thérapeutique essentielle en particulier dans le traitement de troubles hémor-
ragiques ou immunologiques. Par Yorigine humaine du plasma, ces produits sont une source possible d'infection par les agents transmissibles

- non conventionnels (ATNC ou prions), dont celui induisant {a variante de la maladie de Creutzfeldi—Jakob (vMCJ). On n’a recensé toutefois 4 ce

jour aveun cas de tansmission - de vMCJ par les produits plasmaiiques industriels. Diverses mesures de précaution, mises en place au cas par cas
dang différents pays, et des facteurs. technigues paraissent prévenir les possibilités de transmission de ces agents infectieux par les médicaments
dérivés du sang. [ls comprennent : (a) le contréle épidémiclogique de la population dans les pays o des cas de vMCI etfou d'encéphalopathie
bovine spongiforme (EBS} ont été identifiés ; (b) ’exclusion des candidats donneurs de sang ayant voyagé ou séjourné pour une certaine période
de temps dans des pays touchés par U'EBS, ou ayant été wransfusés ou tansplantés ; (c) la limitation du contenu du plasmna en leucocytes ; et (d)
I*élimination de la protéine prion pathologique au décowrs des étapes de fractionnement. De nombreuses études expérimentales, reposant je plus
souvent sur des épreuves de surcharge par extraits de cerveaux 4’animaux infectés par une souche &’ATNC, concourent & établir que diverses
étapes de fractionnement, dont les précipitations en présence d’éthanol, les filtrations en profondeur, et les chromatographies, contribuent & une
élimination importante des prions. Celle-ci parait s’expliquer par les caractéristiques d’hydrophobicité et de tendance de |'agent infectieux a

*Tel: 433 3 28 38 19 30; fax: 4333 20 42 19 53,
E-mail address: tbumou@atiglobalnet (T. Bumouf).
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s'agréger. Par ailleurs, les étapes de panofiloation sur des membranes multicouches d’une porosité de 75 nm ou moins,futilisécs pour la sécuri-
sation virale des. facteurs de coagulation ou des immunoglobulines, retiennent, vraisemblablement par des mécanismes d’exclusion stérique et de
pibgeage, plus de trols 4 cing logs de prions. Au regard de ces données expérimentales, le risque de transmission de YMCJ pr les produits
plasmatiques parait trés mince, mais Ta porice réelle de ces émdes reste incompléte tant gue la nature de I’agent infectieux présent dans le sang

ne Sera pas pleinement &ucidée. )
© 2007 Elsevier Masson SAS. All rights reserved. .
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1. Intreduction

Human plasma is used for the manufacture of fractionated
products calied plasma products, plasma derivatives, or

" plasma-derived medicinal products. These, products have no

substitutes to treat various life-threatening congenital or
acquired bleeding, thrombotic disorders, immunological defi-

‘ ciencies, tissues enzymatic degradations, andfor trauma.

Plasina products are purified from pools of thousand liters of
plasma. Production methods involve sophisticaied purification
procedures based on a series of precipitation, filtration, and
chromatographic steps that constitute the plasma fractionation
process-[1]. As. historical perspectives show, various transmis-
sible infectious agents, most notably viruses, can contaminate
human blood and be transmitted by industrial plasma products.
It is now believed that the variant form of Creutzfeldt-Jakob
disease (vCJD), a human disease thought to be primarnly asso-
ciated to the ingestion of food contaminated by the bovine
spongiform encephalopathy (BSE) agent, may also be trans-
mitted by transfusion of blood components [2]. Three human
cases of transfusion transmitted prion infections {only two of
which were symptomatic of vCID) have been identified and

-ascribed to the infusion of non-lencoreduced red blood cell

concentrates [3]. The third, pre- or sub-clinical, case was in
an individual who was Met/Val heterazygous at codon 129 of
the prion protein gene, suggesting that individuals with a gen-
otypes other than Met—Met homozygous at residue 129 may

© also be infected {3,4].

As it is now apparent that vCID can be transmitted by frans-
fusion, concems about the safety of pooled plasma derivatives
have grow. A U'KTetrospeczivc study on tissue samples sug-
gests that more people than initially thought may be incubating
the disease [5,6]. There is, so far, no evidence that vCID has
been transmitfed by plasma derivatives. However, the possibi-
lity of long incubation period of the disease does not allow to
draw definite conclusion on the absence of risks, and therefore
preventative measures have been put in place in several coun-
tries. The purpose of this paper is to present the current strate-
gies that are believed to restrict the risk of transmission of
prions by industrial plasma products.

2. Preventative measures for the collection of plasma
for fractionation

The occurrence of human-to-human transmission of vCID
by blood transfusion has aleried health regulatory authorties

on the importance of implementing a set of precautionary mea-
sures. Table 1 summarizes the current preventative measures
that are in place against the risk of transmission of prions by
plasma products. The approach largely follows, when possible;
the one that has been developed successfully over the last
20 years to avoid the transmission of viruses. The strategy
needed to prevent transmission of viruses requires (&) an accu-
rate information on the structure of the infectious agents and
their mode of transmission, (b} the epidemiological surveil-
lance of the population, (¢} the accurate screening of the
donors, (d) the testing of the donations by sensitive and rele-
vant assays, (€) the implementation of validated inactivation or
removal procedures during product manufacturing, and {f) the
application of good manufacturing practices (GMP) at all
stages of the production chain [7,8). As indicated in this pub-
lication, not all of these measures can be used to date to reduce
the risks of transmissicn of prions by indusiriai plasma pro-
ducts. '

2.1. Biophysical characteristics and resistance of PrP™¢

The physico-chemical properties of buman blood-associated
transmissible spongiform encephalopathy (TSE) agent are still
unknown. The infectious agent is thought to be a misfolded,
abnormal, prion protein, globally now referred to as Prp™F
because of increasing complexity in the terminology for var-
ious forms of the prion protein [4]. Pathological Pre™® repre-
sents aberrantly folded isoforms of a normal cellular prion pro-
tein (PrP%) whose physiclogical - function is still largely
unknown, PrP° is a plycosyl phosphatidyl inositol-linked gly-
coprotein composed of approximately 256 amino acids, that
undergoes facultative N-linked glycosylation at two sites {9,
10). PrPTSE present B-sheet structure that tends (o aggregate
and which, in vitro, makes i insoluble in detergent solutions,
resistant to enzymatic degradation, and prone to adhere to sur-
faces [11]. Recent experimental studies in scrapie-infected
(263K strain) hamster brain supgest that prion particles have
a size and molecular weight range of 5-90 nm, and
155-15,220 x 10° KDa, respectively. Infectivity of this prion
strain is highest in oligomers with apparent radii of 17-
27 num and a molecilar weight of 300600 kDa, and is appar-
ently absent, or less, in large fibrils and in oligomers of <5 PiP
molecules {12). Non-fibrillar panticles, with a mass equivalent
to 14-28 PrP molecules, may be the most efficient initiators of
TSE disease [12].
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Infectious dose in human plasma

Epidemiclogical information on
prevalence, risk factors,

and transmission modes

Specific donor exclusion criteria
Testing of individual donations for
markers of the pdthogenic agent

Leucoreduction
Plasma pool testing

Dedicated inactivation steps

Unspecific removal steps

" Dedicated robust removal steps

Kiiown (can reach several logs)

Well established

Yes .

Anti-HIV 1 and 2 Ab

HCV Ab

HBsAg

No

Yes

(e.g. nucleic acid test)

Yes (e.g. SD treatment, pasteurization,
low pH, caprylic acid, dry heat}
Yes (e.g precipitation,
chromatography)®

Yes (nanofiltration)

Known (can reach several logs)

Well established
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Table 1- f

Points to considez and measures to prevent the transmission of viruses and prions by plasma-derived medicinal products

. Points to consider/measures HIV, HBV, HCV HAV, Bl19 Prion agent

Structural characteristics of the Well characterized (enveloped, size, Well charucterized (non-enveloped, Unknown for the infectious agent in
infectious agent shape, genome, resistance} size, chape, genome, resigtance) plasma ‘

Limited information (estimated to be
low; 2-30 infectious doses per ml)

Unknown
No Yes®
No No
(tests in development)
Ne About 50% reduction in infectivity [27]
Yes No
{e.g. nucleic acid test)
Yes/No

Yes (e.g precipitation,

No

Yes? (e.g. precipitation, depth filtration,

Final product testing to controf ~ No®

* markers of infectious risks

chromatogmphy)" chromatography)®
Yes (nanofiltration) Yes (nanofiltration)?®
No* No

* In some countries exclusion criteria includes travel to countries with BSE, and previous trapsfusion or transplantation (see text for dctails).
® Often not regarded as a robust removal step by most regulatory apencies due to the difficulty in proving consistent viral removal.

® This assumes that FrP™E in plasma would behave the same as PrP™F from brain homogenates, which is still uaknown.

¢ Tests to detect the presence of viral markess in final products have not been validated and do not guaranteé product safety.

Brain-associated forms of PrP™>F are resistant to the viral
inactivation procedurés used durng the manufacture of
human plasma products, such as solvent-detergent (SD), heat
treatments, and low pH [1,13]. The methods known to inacti-
vate PrP™F (such as oxidation, treatment with strong base,
chaotropic agents, extreme heat, strong sodium hypochlorite
solutions or hot solutions of sodium hydroxide {14]) would
denature plasma proteins and therefore cannot be used in

plasma fractionation.
2.2. Prion infectious dose in plasma

There is only limited information on the infectious dose of
prion protein in human blood. Estimates based on animal mod-
els sugpest that prion protein infectivity in blood is low, pos-
sibly comprised between 2 and 30 infectious dose per ml dur-
ing both the incubation and symptomatic stages of digease [15,
16]. Half of the infectivity appears associated with plasma {17].
Possibility of abnormal prion protein transmission by transfu-
sion in humans corroborated earlier experimental evidence that
the blood of infected rodents, cows, and sheep may transmit
infectivity [18] in both the incubation period and clinical
phase [4]. Experimental evidence of blood transfusion trans-
mission in deers with chronic wasting disease has also been
reporied recenily [19). At the early stages of the incubation
period, blood-associated PrP(Sc) may originate from peripheral
replication of prions, whereas during the symptomatic phase, it
may leak from the brain [20]. Therefore, it can not be excluded
that the nsk of infectivity varies during the various phases of
the disease.

2.3. Epidemiology surveillance

Human exposures to the BSE agent appear primarily linked
to (a) the prevalence of BSE in native and imported cattle
population and (b) the risk of contarnination of local and
iraported food by the BSE agent. vCID appears limited geo-
graphically to couniries where BSE has been identified but not
much is known on BSE agent infectivity and on the minimal
oral doses able to transmit vCID to humans [4]. In addition,
prion strains distinct from that causing BSE have recently
been isolated from cattle, and found to induce lethal neurolo-,
gical disorders in a transgenic mice model, raising potential
additional public health concerns [21]. Proportion of asympto-
matic carrier may be higher than initially thought {5,6] but
further data inust be obtained. Countries are therefore encour-
aged to establish epidemiological surveillance systems and
conduct systematic assessment of possible cases of BSE and
vCID to follow the prevalence and trends of the disease so
that appropriate deferral measures can be taken on a timely
manner, if needed [4]. ‘

2.4. Deferral of “at-risk” donors

Deferrai criteria of donors presumed at risk of vCJD have
been implemented in some countries following a careful
assessment of the risk/benefit matio, the consideration on the
long incubation period of vCiD after oral exposure to BSE
contaminated beef, and the impact on the supply of bload
and plasma products. The rationale for some deferral measures
is based on the mathematical probability of “recyciing” vCID
infection via blood transfusion and plasma products, consider

125



126



T. Burnouf, A. Padilla / Transfusion Cliniqgue et Biologigue 13 (2006} 320-328

ing the assumed number of infected individuals in a given -

country. Several countries defer donors who visited or resided
in the UK and other European countries where BSE cases have
been found, for a cumulative period of 3 months or more
between 1980 and 1996. To prevent secondary spread, pre-
viously transfused donors are also deferred in countries like
France (since 1998), UK (since 2005), Ireland, the Nether-
tands, and Switzerland. Canada, Australia, Italy and the US
are currently deferring donors previously transfused in-a coun-
try where BSE or vCID cases have been identified 14].

2.5, Tzsting

There is 2s yet no assay available to detect misfolded prion ~

proteins in human blood, one technical difficulty being Yinked to
the low level of prion protein in blood and the fact that the dis-
ease does not induce conventional immune response and has no

; nucleic acid associated markers. Several assays using different
" principles are under development [4,22] but so far data have not

been reproduced by independent groups. It is not known when
validated screening fests will be available for routine use in
blood establishments. Possible implementation would rsise a
nuinber of concemns including how to deal with the potential
high number of false-positive results. It is also expected that
two validated tests, one used for prmary detenmination, the
other as a confirmatory assay, would be required {22].

2:.6. Leucoreduction

Limiting the leucocytes number in plasma for fractionation to
less than 10° per 1 is currently the practice in countries like
France, as part of & set of precautionary measures to reduce
the risks of vCJD transmission by plasma products [23]. Such
limit in Teucocyte content can be met by using leucoreduction
filters during blood or plasma preparation [24] or by collecting
plasma using specific apheresis procedures that reduce leuco-

~ cytes [25]. The rationale for lmiting leukocyte contamination
" was based on the belief that lymphocytes play a crucial role in

TSE pathogenicity {26]. However, leucofiltration of whole
blood from hamsters infected with scrapie 263K (endogenous
TSE model) was recently found to remove “only” 42-72%
infectivity from plasma [17,22,27). These findings appear con-
sistent with the low reduction of infectivity found by leucofiltra-
tion of blood from mice infected with a mouse-adapted strain of
human TSE {28]. In an exogenous model where scrapie 263K
was used to spike human blood, filtration with four different
whole blood leucoreduction filtevs did not remove significant
PrP*°[29). However, it is still not known how much prion infec-
ttvity 15 removed when ustng apheresis procedures that reduce
the lencocyte confent to a range similar to that of whole blood
passed through dedicated feucoreduction filters [25].

2.7. Prion removal filters

Currently, two CE-marked filters are commercially avail-
able for the capture of prions from red blood cell concentrates

- 33

{10,15], and a third one, that combiné leucoreduction and
prion reduction, is in development [30]. Coagulation factors
have been found to bind on some of these filters. It is not
known whether prion removal filters dedicated for the filtration
of plasma for fractionation (or transfusion) will be developed
and licensed. Use of prion reduction filters during the plasma
fractionation process, rather than at the stage of plasma pre-
paration, may be a more economical and rational approach.

3. Removal of prions during plasma fractionation
3.1. Plasma fractionation technology

Most plasma producis are manufactured by an integrated
technology encompassing cryoprecipitation, cold ethanol preci-
pitation, filtration and chromatographic steps to achieve protein
separation and polishing. Cryoprecipitation, the first step in the
fractionation process, is a thawing of plasma at 2-4 °C that
isolates a cold insoluble fraction (cryoprecipitate), used as a
source of factor VIII (FVIIL), von Willebrand factor (VWF),
and fibrinogen, and a supematant {cryo-poor plasma, or cryo-
supernatant), which is the starting material of other proteins.
The ethanol fractionation process—used for instance in albu-
min, IgG, alpha I-antifrypsin separation—comprises precipita-
tion steps at 8-40% ethanol concentrations, under defired can-
ditions of pH, temperature, and osmolality [1]. Precipitates and
supernatants are separated by centrifugation or filtration vsing
filtet aids and depth filters. Chromatography is used for protein
separation and purification from the various intermediates, as
well as for removal of the solvents and detergents used in viral
inactivation procedures  [1,31]. Common chromatographic
methods include anion-exchange, cation-exchange, irmnmobi-
lized heparin affinity, and immunoaflinity. To date most albu-
min and Ig(G preparations are produced by a process largely
based on the ethanol fractionatior method, while the manufac-
ture of most coagulation factors, protease inhibiters, and antic-

_oagulants preparations involves chiomatography [31,32].

" 3.2. Experimental prion clearance studies

Studies have been carried out to evaluate the clearance of
prions taking place during plasma fractionation. These studies
are difficult, time-consuming, and expensive. Important factors
in their design include the choice of the TSE strains and of the
tissue used for spiking, the type of infectivity assay, and—as
for viral validation studies [7,33]—the validity of the scale-
down process to mimic the [arge-scale manufacture conditions.
Since spiking agents may have different partitioning properties,
process clearance is often evaluated using spikes exhibiting dif-
ferent biophysical properties {34}, TSE strains used in exogen-
ous spiking experiments include (a} hamster-adapted scrapie
{strains 263K I35}, Sc237 {34} or ME7 [36], (b) murine-
adapted BSE, 301 V [37] and (c) strains of human CID,
vCID, sporadic CID (sCID) and GSS [38]. Endogeneous stu-
dies have used murine-adapted GSS, Fukuoka-1 strain [39],
haimnster-adapted scrapie, strain 263K and. murine-adapted
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BSE strain 301V [40]). Two approaches are available to assess
infectivity. Bioassays, which detect infectivity in rodent mod-
els [28,37,39,41], are the cumrent “gold standard™, but they
- have limitations linked to the limited availability of specialized
apimal facilities, their time-consumption, or the inadaptability
for evaluation of process robusness [42]. Immuno-chemical
determnination of PrP™E is done either by Western blotting
[35,43] or, less frequently, conformation-dependent immunoas-
say (CDI) [34], after digestion with proteinase-K. Immuno-
chemical assays are rapid and relatively cheap, and are useful
for an evaluation of clearance. Good correlation between both
types of assays have been found [41,44]. Tissue culture infec-
tivity assays (TCLA) may be new promising altematives to ani-
mal assays. Sensitivity is equivalent to animal assay and almost
100 times more than the WB. Protéin risfolding cyclic ampli-
fication (PMCA) which allows autocatalytic replication of min-
ute quantities of inféctious prions, is claimed to provide over

~+ 4000-times more sensitivity than the animal bicassay [45] and,

" if validated, may be of interest for clearance studies in the
future.

3.3. Results of experimental clearance studies

3.3.1. Coagulation factors

Coagulation factor concentrates are’ prepared from plasma
intermediates generated early in the fractionation process and
could be, in principle, at higher risks of contamination by
prions, Significant efforts have, understardably, been made to
study TSE infectivity removal capacity of chromatographic
purification and nanofiltration steps, which are commonly
used to manufacture these products.

3.3.1.1. Chromatography. Table 2 summarizes clearance data
obtained during chromatography. Varicus spikes have been
used; assays included in vitro immunochemical methods and
animal bicassays. Anion-exchange chromatography on
. DEAE-Toyopear! 650M, as used in the purification of FVIil
" and fibrinogen [46}, and on DEAE-Sepharose, as used for
FIX [47], contributes to a significant removal (typically in the
"2 to>3 logs range) of spiked TSE agents [35,42,48,49].
Upstream SD tréatfnent of the cryoprecipitate extract did not
impact prion removal {50]. Immobilized heparin affinity chro-

Table 2

matography of FIX [47] removed 1.4 Iog‘fm of PPTSE[35], and
S-Sepharose cation-exchanger during thrombin pusification
removed 2.9 logyp [35], and similar removal has been reported
by monoclonal antibody chromatography {42]. The fact that
consistent prion clearance factors are found in processes -

-using chromatographic resins of different chemical structures

and substitutions, and under different buffer systems, supports
the occurrence of non-specific binding of the infectious agent .
onto the chromatographic support surface. Although prion
removal appears reproducible, incomplete’ understanding of
the removal mechanism raises questions, such as how to (a)
determine the maximum capacity of chromatographic support -
to bind TSE agents, (b) ensure efficient sanitizing procedures
of recycled gels, and (c) guarantee consisient prion removal

. over production cycles.

3.3.1.2. Nanofiltration. Nanofiliration is a proven, dedicated
method using nm-membranes that are permeable to proteins
but retain infectious agents (viruses) by size-exclusion parti-
tioning [51,52]. Accumulating experimental evidence {Table 3)
shows consistent removal of substantial doses of TSE agents
spiked to plasma fractions through multi-layer filters with por-
osity of 75 nm or less [42]. The removal capacity of the larger
pore-size nanofilters (75 and 35 nm) appears, as expected,

- somewhat influenced by the physico-chemical characteristics -

of the plasma fraction [53). Rémoval of spiked scrapie agent
ME7 by 15 nm nanofilters appears more robust and was not, in
experimental studies, influenced by 0.9% sarkosyl [36].

3.3.2. Albumin and IgG .

Significant work has evaluated the extent of TSE infectivity
removal during the backbone plasma fractionation process
steps that generate the various plasma intermediates used to
manufacture several products (Table 3).

3.3.2.1. Cryoprecipitation. 1n initial endogenous experiments
that studied the.fractionation of murine plasma from animals
infected with a human TSE, the infectivity was found to pre-
cipitate predominantly info cryoprecipitate {and precipitate 1+
lI+11E) [39]. However, in exogenous studies where human
blood was spiked with hamster-adapted scrapie 263K, only
0.7% of the initial infectivity was recovered in the cryoprecipi-

Extent of TSE agent removal duning chromatography of plasma-derived coagulation factors. Adapted from Refs. [41,43]

Processing step cvaluated End-product Agent Spike Assays Reduction factor
|EC (DEAE-Toyopear! 650MM) Fvit 263K MF WEB T 1.7142)
SD + IEC (DEAE-Toyopear! 650M) Fvill 263K MF WB 1.1 [35]
SD + IEC (DEAE-Toyopear! 650M) FVIII BSE (strain 301V) MF Bigassay 2.7 {483
IEC (DEAE-Toyopeart 6500} vWF 263K MF WB 3.9 423
IEC [DEAE-Toyopear! 650M) Fibrinogen 263K MF WB 381{42)
SD+ IEC (DEAE-Toyopeor] 650M) Fibrinogen 263K MF wa >3.5[35]
SDH+ IEC (DEAE-Toyopear! 650M) Fibrinogen BSE (strain 301V) MF Bioassay 2.9 [48]
DEAE-cellidose Prothrombin complexfFIX 263K MF wB 3.0 (35}
IEC (DEAE-Sepharose) PCC 263K WB 3.3 [61]
{EC (DEAE-Sepharose) FIX 263K MF WB 3.0 (35])
Heparin-Sepharose - FIX . 263K MF wB 14 [35]
$-Sepharose Thrombin (fibrin gluc) 263K MF WB 2.9 [35)

MF: microsomal-fraction; WB: Westcrn-blot
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Table 3 f
Extent of TSE agent removal during nanofiltration of plasma-derived coagulat:on factor concentrates. Adapted from Refs. [43,62]
Starting plasma fraction Nznofilter End-product Agent Spike Assays Reduction factor
DEAE-Toyopearl 650M eluate Planova 35N vWF 263K MF . WB- =31(61]
DEAE-Toyopear! 650M eluate Planova Fvil 263K MF Bioagsay = 3.3 (61}
‘ 35N+ 15N
SD + DEAE-Toyopearl 650M efuate Planova FVINl 263K MF WB z 5.1 (61}
35N+ 15N
Menoclanal antibody chromatography eluate_ Planova Fvili 263K BH +8D Bioassay 4+ 03% L3+2
75N+ 35N 0.5 [62]
+354 15N .
Monoclonal antibody chromatography eluate Planova FVIII 263K PrPsc + SD Bicassay 3+ 0408+22
75N + 35N : 62}
+ 35N+ 15N
Jon-exchange Planova 15N FiX 263K MF Bivassay 4.8 611
chromatography + heparin-Sepharose eluate .
Iori-exchange Planova 15N FIX BSE 6PB1 BH + sonication  Bioassay 5.3 142}

chromatography + heparm-Sepharvse eluate

MF: microsorpal fraction; BH: brain homogeneate; WH: Weslcmblot, SD: so!vmt—detcrgem.

fate {39]. Using blood from scrapie-infected hamsters, and in
spiking studies where scrapie 263K PrP* was added to human
plasma, 20% and 10% of the infectivity partifioned in the cryo-

* precipitate, respectively [35,54). By contrast, when human

plasma was spiked with scrapie 263K brain homogeneate
(BH), 90% of PrP* was found in the cryoprecipitate. These
confradictory results may highlight the influence of the nature
of the experimental model used, in particular the physico-
chemical nature of the spike {34), or of the variations in the
down-scaling of the cryoprecipitation procedure, or they actu-
ally illustrate the fact that cryoprecipitation does not engure
robust partitioning of TSE infectivity.

3.3.2.2. Ethanol precipitation. The capacity of precipitation
steps to remove prions efficiently has first been shown by par-
titioning of endogenous infectivity using a rodent model. Ut is

_particularly well documented for the ethanol fractionation pro-

cess isolating albumin and immunoglobulins. In the albumin
fractionation procedure wvsing either the Cohn-Oncley or the
Kistler and Nitchman processes, major and consistent reduc-

Table 4

tion factors (typically 3-5 logs) of TSE agent have been
found by various groups, most specifically during the precipi-
tation of fraction II + HI, fraction HI, and fraction IV, or their
equivalents using slightly modified fractionation conditions
[35,42] (Table 4). Similar experiments revealed 3-5 logs
removal during the precipitation 1! or I-:1!1 used in the 1gG

process [35,42]. These data suggest that, in spite of variations

in the conditions (such as ethanol concentration and pH) used,
reproducible clearance of PrP™SE takes place. Removal is
achieved when the precipitate is separated, It has been specu-
lated that prion removal in precipitaies is possibly due fo
aggregation and is dependent upon pH and presence of alcohol
[35,55]. Other precipitation steps, using caprylic acid during
trmmunoglobulins production {56] or polyethylene glycol also
contribute to prion removal {42].

3.3.2.3. Depth filtration. Depth filters are made of a combina-

" tion of a matrix {generally based on cellulose), filter aids (dia-

tomeous earth, resins, or other adsorbents), and a drainage sys-
tem. They are used to clarify crude protein solutions and

" Extent of TSE agent removal during the cthanel plasma fractionation process in the manufacture of albumin and immunogiobulin G. Adapted from Refs. [41,43,62]

Step Fraction cvaluated Agent Spike Assays Reduction factor (logy)
Precipitation of fraction” | Supermnatant 263K BH WB 1.1 {41,43]
Precipitation of { + {I + [IT - 263K MF WB 1.3 [34]
Precipitation of I + If + I - 263K - MF WB >2.8"[42]
Precipitation of fraction If < [ - 263K BH WwB > 4.7 [41,43]

-~ - 263K BH Bioassay - 6.0 [41]

- - $¢237 BH/MF/CLD/PrPSc CD1 3.6/3.1/3.1/4.0 [34]
- - 263K BH WB >4.2/>4.1 [4143]
- - 263K BH Bioassay 3.7/4.6 [41]
Precipitation of fraction I+ biiad - 263_K MF wB >3.5 {42]
Precipitation of fraction iV°© - 263K MF WB =30 [35]

- - Se237 BH/MF/CLD/PrPSe CDI 3.2/3.413.2/2.2 [34]
- - 263K MF WB 23.7[35]

- - 263K MF WB =43 {42}

- - 263K BH wB > 4.3 [41,43}

- - 263K BH Bioassay 5.3 [41]

BH: brain homogcneate; MF: microsomal fraction; CLD: caveolac-like domain; WB: Westem-blot; CDi: conformation-dependent isnmunoassay.

* Evaluated together with filter aids to romove precipitates.
® Precipitaic discarded during the manufacture of IgG.
© Precipitate discarded during the manufaciuee of albumin,

131

.



N

132



-

326

Table 5

T Burnouf, A. Padilla / Transfusion Clinigue et Biologique 13 (2006) 320-328

Extent of TSE agent removal during depth filtration of albumin and immunoglobulin G fractions. Adapted from Refs. [41,43,62]

Fraction Filter - Agent Spike Assays " Reduction factor (logyg)
Supernatan( I Seitz Supra P20 Sc237 BH/MF cDi —0.1/0.1 [34]
Supernatant HT Millipore AP20 BSE 30)V MF Bioassay 24 [37}

- Seitz KSR0P BSE 301V MF , Bioassay »3.1 (37

- Cuno Zetaplus 263K BH WB 233 [55]

: Supernatant IV Seitz Supra PRO Sc237 - CLD/PiPsc CDI 20.9/224 [34)
- Seitz AKSS (carbon) 263K MF WEB 2.7 {42
Fraction V (albunin} Cuno Delipid-1 ' 263K MF WB 23739]

- Seitz KSS0P 263K MF WB =49 35]
Fraction IT {(IgG} Seitz K200P 263K MF WB >2.8 [35]
- Ca;PO, +filter aid + Cuno 263K MF Bicassay 2.5 [42]

- Cuno 263K BH Bioassay =49 [571

BH: brin homogeneate; MF: microsomal fraction; CLD; caveolac-like domains; CDI: conformation-dependent immunoassay; WB: Westem-blot,

Table 6

Extent of TSE agent removal during nanofiltration of plasma-derived albumip, and 1gG. Adapted from Reds. [43,62]

End-product Nanofilter Agent Spike Assays Reduction factor
.. Albumin® Planova 35N o BH ) Bigassay =59 [53]

% Albumin® ) Planova 35N ME7 BH Bioassay 4.93 {36)
Albumin + detergent’ Planova 35N ME7 BH Bioassay 1.61 [36]
Albumin® Planova 15N ME7 BH ’ Bioassay >5.87 [36)
Albymin + detergent” Planova 15N ME7 BH Bioaszay =421 (36]

RhO (D} 1gG VIRESOLVE 180 263K Detergent treated, sonicated ~ 'WB >2.5 [63]

’ : and filtered BH '
15G DV50 263K BH Bioassay 4.4 {641
IeG : Planova 75N + 35N 263K MF Bioassay 3.2 [61]

BH: brain homogeneate; MF: microsomal fraction; WB: Westem-blot.

* Nanofiltration is not used during production of albumin preparations; a detergent 'was added for experimental purposes only,

" remove precipitates. As such they are an important adjunct to

the ethanal precipitation process. Principle of action- encom-
passes both removal of particulates larger than the pore-size by
size-exclusion, and of smaller elements by adsorption. During
immunoglobulin manufacture, the supematant of Fraction I
{Supernatant 11I) and the re-dissolved Fraction 1I precipitate,
and during production of albumin, the Supernatant IV and the
re-dissolved Fraction V, generally undergo depth filtration
steps. Experimental spiking experiments (Table 5) have
shown that several types and grades of depth filters can remove
prions [35,37,42]. Depending upon the type of depth filter or
the physico-chemical parameters of the suspension, PrP™>F
removal may be due to an aggregation in the presence of alco-
hol {35] or to hydrophobic adsorption on the filter aids [42].
The impact of protein composition and content remains to be
investigated and understood to demonstrate and guarantee the
robustness of this non-specific removal.

3.3.2.4. Nanofiltration. Table 6. shows experimental data on
the removal of TSE apents during nanofiltration of albumin
and IgGG. As for coagulation factors, high reduction factors
have been found. Prion partitioning is presumed to result
from a size-exclusion mechanism.

3.4. Cleaning and sanitization
Most equipment,. including stainless steel reactors, chroma-

tographic gels and columns, vlirafiliers are re-used and, there-
fore, must undergo steam (SIP) or chemical (CIP) sanitizing

procedures between production batches. These processes

‘should be validated to ensure proper bacterial, pyrogenic,
viral, and protein decontaminations. Experience gained .with
the sterilization of surgical instruments has shown that auio-
claving at 134 °C for 18 min ¢r 121 °C for 30 min reduced
the transmission of prien infectivity by a factor > 5 log;y [57,
58] but autoctaving without immersion is less effective {(4-4.5
log reduction) [58]. Standard chemical decontamination meth-
ods (NaOH | N, NaQCl 20,000 ppm) 2nd hydrogen peroxide
alone achieved a reduction of > 6.5 and 4.5 log, respectively
[58). By experiments involving a hamster scrapie strain 263K
BH model, it was shown that 0.1 M NaOH for 15 min, in the
absence of detergent, at 4 and 18 °C caused a reduction of 3.5
and 4.0 log,, of the prion protein, respectively. In the presence
of sarkosyl, a 60-min incubation in NaOH further enhanced
-PIPRES reduction to > or = 4.5 l0g,4, with no residual infectiv-
ity. Therefore 0.1 N NaOH couid also effectively inactivate
prions, and its efficacy can be enhanced by the addition of
sarkosyl [59]. A separate study shows that 6.1 M NaOH at
60 °C for 2 min and §.25 M NaQH at 30 °C for 60 min inacti-
vate 3.96 and 3.93 logj, of mouse-adapted scrapie strain ME7,
respectively, and 0.5 M NaOH at 30 °C for 60 or 75 min
inactivates > 4.23 and 4.15 log,, [60].

4. Conclusion

" There is so far no evidence of transmission of prions by
plasma derivatives. The prevalence of the disease in the popu-
lation is considered to be very low, although possibly not quite
as low as initially considered [5,6]. Based on experimental
models, it is believed that the infectivity in the plasma does
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not exceed a few infectious doses per ml. By lack of knowl-
edge of the nature of the agent associated to the infectivity in
plasma, and in the absence of validated screening tests, alter-
native precautionary measures have been introduced to prevent
the possibility of transmission of vCID by plasma derivatives.
Epidemiological surveillance of the population is in place in

‘countries where BSE and vCID cases have been identified. In

some countries, bicod donation deferral criteria include travel
or residence of donors in BSE countrics, and history of pre-
vious transfusion or tissue transplantation. Based on filtration
experiments of blood collected from scrapie-infected hamsters,
leucoreduction decreases by about 50% the prion infectivity in
plasma [22,27]. Extent of removal of TSE agents’ during the
plasma fractionation process appears to be substantial. Data
from various laboratories and using different experimental
models show several logs removal of TSE infectivity during
the fractionation process. The most effective, but non-

', specific, removal steps are ethanol precipitation, depth filtra-

tion, and ion-exchange chromatography. Nanofiltration was
also demonsirated fo remove several logs of TSE infectivity,
possibly based on a specific prion removal mechanism by
size-exclusion. Uncertainty on the validity of these experimen-
tal studies remains, and additional studijes are needed, since the
biochemical features of the infective agent in blood and plasma
is not known, nor the extent to which it may be present in
blood donations. Research should continue, aiming at identify-
ing the features of TSE agents in human plasma and at ensur-
ing the robustness of prion removal steps and sanitizing proce-
dures during plasma product manufacture.
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Citing ProMED-mail Australia: Novel virus responsible for deaths of organ donatioen recipi'
wnks  mmmmmesesoseceessocesscseceescessies oo '
N A virus unknown to medical science was behind the deaths of 3

bonations Victorians who received organs from the one donor. The unnamed bug
has been linked to Ebola virus, [a virus] responsible for the deaths
of thousands in central Africa since the 1970s. [This is an incorrect
statement. The organ transplant-asscciated virus is net related to
Ebola virus; see part {2] below. - Mod.CP]. After baffling local
scientists, experts from New York's Columbia University were called
in to help solve the mystery of the multiple transplant deaths heing
investigated by the corouner.

Initial investigations and tests had been unable to determine any
common link between the donor and the 3 recipients. The presence of
the virus in the recipients is thought to be a world first. One of
the New York team sajld: “The discovery of this virus is of natiomnal
and international significance.®

S The Sunday Herald Sun revealed the deaths in February 2007. A

s 63-year-old woman died after receiving a kidney transplant at Austin
(j ' Hospital. A 64-year-old man died after receiving a liver transplant
there. The 3rd victim received a kidney at Royval Melbourne Hospital.

- * fThe male donor whose organs carried the suspected killer bug had died
in Dandenong Hospital of a brain hemorrhage in December 2006 after
returninag from overseas; it is believed most of his trip was spent in
Burope.

The virus is part of the rodent-borae arenavirus family and can cause
"old-world" diseases such as Yellow Fever, Ebola and Lymphocytic
choriomeningitis. [This statement is incorrect: yellow fever is
caused by a flavivirus and Ebola hemorrhagic fever 1s caused by a
filovirus; only lymphocytic cheriomeningitis (LCH) is caused by an
old-world arenavirus. - Mod.CPl. Vigtoria's acting Chief Health
Officer, Dr John Carmnie, confirmed the.virus [LCM virus?] had been
detected in multiple samples from all 3 transplant patients. But
there was no evidence the virus represented a public health xisk, he
" said.
Health authorities are examining whether future donated organs can be
screened for [LCM?] virus. A spokesman for the Victoria Coroner's
office said families of the victims were told yesterday {21 Apr
20071 . There would be a formal inguest.

Experts from Columbia’'s Greene Infectious Piseases Laboratory helped
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solve the mystery. Initial investigations and tesis were unmable to
determine any common link between the donor and the 3 recipients, Dx
Carnie said the risk ro the public was minimal because *these viruses
[?2] affect 1mmuuocompromised people, and it is rarely fatal _in-" those
with normal jimmune systems. We have not had any indication of any '
unexplained illnessgs among families of the donor.or recipients,” he
said. *This would be the case if it was transmissible pkrson to
person, Qur supposition ig it was transmitted by organ
transplantation.®

Cutting edge techniques were used for the 1lst time by the Greene lah
«+- in collaboration with Victorian Infectious Diseases Reference
Laboratory -- to gene sequénce the virws. "Our gene technology
enables unbiased sequencing of all agents present," Columbia's Prof.
"Tan Lipkin said. "wWe found a handful (of combinations) that were
related to Lassa wvirus or LCM virus [both old world arenaviruses -
Mod.CP)]. Using these clues we can confidently say this is a new
virus, present in the original organs and so different than anything
seen befopre." '

Communicated by:
ProMED-mail Rapporteur Brent Barrett : .

Ak k ket k

12] X : e
Dates Sat 21 Apr 2007 é(i
Source: Mailman School of Public Health, Columbia University, press e

release {edited]
<http://www.prnewswire.com/cgi-bin/stories.pl?ACCY=1044&STORY=/wuw/stor

Scientists Discover New Virus Responsihle for Deaths of 3 Transplant
Recipients From Single Donor in Victoria, Australia

Knowledge of genetic seguence of wirus will enable improvements in
screening to enhance transplantation safety. Scientists in the Greene
‘Infectious Disease Laboratory of Columbia University Mailman School
of Public¢ Health and colleagues im the Victoria Infectious Diseases
Reference Laboratory in Melbourne, Australia and 454 Life Sciences
have discovered a new virus that was responsible for the deaths of 3
transplant recipients who received organs from a single donor in
Victoria, Australia.

The previously unknown wvirus, which is related to lymphocytic
choriomeningitis virus (LCMV), was found using rapid sequencing
technology established by 454 Life Sciences and bioinformatices
algorithms developed in the Greene Laboratory with support from the
National Institute of Allergy and Infectious Diseases. Known strains
of LCMV have been implicated in a small number of cases of disease
transmission by organ transplantation [see references below],
however, the newly discovered virus is sufficienmtly differemt that it
could not be detected using existing screening methods. ’

Over 30 000 organ transplants are performed in the U.S8. each year.
Knowledge of the genetic sequence of this virus will enable
improvements in screenlng that will enhance -the safety of
transplantation.

Tan Lipkin, ¥D, director of the Greene Laboratory and Prinmcipal
Investigator of the Wortheast Biodefense Center, emphasized the
importance of academic, public health, and industrial partnership in
this work. "This was a team effort. Drs. Mike Catton and Julian Druce
at the vVictorian Infectious Disease Reference lLaboratory reached out
to us after a comprehensive state-of-the-art investigation failed to
turn uwp leads," stated Dr. Lipkin. “We succeeded in identifying the
virus responsible for the deaths by building on their work and
utilizing new tools for pathogen surveillance and dlscovery developed
in the Greene Laboratory and 454 Life Sciences.

Communicated by: ProMED.-mail <(promedSpromedmail.org>

{Lymphocytic choriomeningitis virtu {(LCMV) is the type species of the
genus _Arenavirus_ of the _Areanviridae_ family of bipartitie genome
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RNR viruses. The reservoir hosts of almost all arenaviruses are
rodents. LCMV igs found in wild and laboratory mice, and other related
"o0ld world" arenaviruses are found in African species of rodents.
Human LCHV infection may occur in rural and urban areas with high
densities of rodents. Laboratory-acquired infectiansvoccur'
sporadically, and, previously, there have been a small number of
cases of LCMV transmission by orgam transplantation as mentioned by
Professor Lipkin above. The virus detected by Professor Lipkin's
group appears to be an LCHV-like agent but distinct from previously
isolated strains of LCMV. It is unresolved, however, whether these
organ-transplanted viruses are merely passengers or are responsible
also for tissuwe-rejection illness and death. - Mod.CP]

“[see also:
2005

LCMV, transplant recipients, fatal - USA {02) 20050526.1459%
LCMV,. transplant reecipients, fatal - USA 20050524.1426
1995

LCMV & birth defects - USA 19951119.1995)
........................ npp/cp/mEp/ln
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JRC2007T-028

Reemergence of
- Endemic
Chikungunya,
Malaysia

Sazaly AbuBakar,* I-Ching Sam,*
Pooi-Fong Wong,* NorAziyah MatRahim,*
Poh-Sim Hooi,* and Nuruliza Roslan*

Chikungunya virus infection recently reemerged in
Malaysia after 7 years of nondetection. Genomic
sequences of recovered isolates were highly similar to
those of Malaysian isolates from the 1998 outbreak. The
reemergence of the infection is not part of the epidemics in
other Indian Ocean countries but raises the possibility that
chikungunya virus is endemic in Malaysia,

hikungunya, a mosquitoborne disease first deseribed

in Tanzania (formerly Tanganyika) in eastern Africa in

1952, is caused by chikungunya virus (CHIKV), an
- alphavirus belonging to the Togaviridae family. The dis-
ease occurs in Africa and varfous parts of Asia and is
“endemic in several southeast’ Asian countries, including
Thailand, Indonesia, and the Philippines. Only 1 known
outbreak has occwred in Malaysia, in 1998-1999 when
>51 persons in Port Klang were infected (7).

From March through April 2006, an outbreak of
CHIKYV infection was reported in Bagan Panchor (4°31°N,
100°37°E), an isolated coastal town 50 kan west of Ipoh,
the state capital of Perak, in northwest Malaysia. At least
200 villagers were infected, with no deaths reported. This
was the second known outbreak in Malaysia, 7 years after
the previous one. This reemergence coincided with reporis:
of ongoing epidemics of CHIKV infection in India and
dlmost ‘all the island nations of the Indian Ocean, with
>200,000 casgs in the French island of Reunion alone
since February 2005 (2).

Why and how the recent infection reappeared in
Malaysia remains unknown. The apparent absence of
CHIKV for 7 years may be due to failure to detect low-
level, continued transmission in hwmans, particularly
because the symptoms may be mistaken for dengue fever.
Alternatively, this outbreak could have originated from a
viremic traveler from an endemic country (such as neigh-
boring Thailand or Indonesia), but proximity of Malaysia
to the Indian Ocean raises the possibility of an extension of
the epidemic, with Malaysia being the furthest point yet of
the expanding epidemic frontline.

“University of Malaya, Kuala Lumpur, Malaysia

Emerging Infectious Diseases » www.cdc.gov/eid » Vol. 13, No. 1, Januvary 2007
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The Study

We received serum samples from 11 patients who had
‘symptoms typical of CHIKV infection (Table). Samples
were injected into Vero and C6/36 mosquito cells. Indirect
immunofluorescence assays for immunoglobulin M (IgM)
and IgG were performed using the patients’ sera and
CHIK V-infected cells fixed onto glass slides, as previous-
ly described (7). A CHIKV isolate (SM287) reported previ-

" ously (3) was used to prepare the slides as a positive

control for subsequent smdies. Serum samples from
patients who did not have symptoms of chikungunya,
including patients with dengue fever, were used as negative
controls. Nucleic acid amplification was performed using -
RNA extracted directly from the patients’ sera or from cell
cuttures (Table). At least 3 different primer pairs specific
for envelope glycoprotein El (El), glycoprotein E2 (E2),
and nonstructural protein 1 (nsP1) genes of CHIKV were
vsed (4,5). Confirmation of the amplified DNA fragments'
was done by DNA sequencing. Phylogenetic relationships
were examined using the E1, E2, and nsP1 gene sequences
of the isolates and all other available CHIKV sequences
obtained from GenBank or the previous studies (online
Appendix Table, available from www.cde.gov/ncidod/
EID/13/1/147-appThtm). Sequences were aligned and
phylogenetic trees were drawn as previously described (6).

CHIK YV infection was confirmed in & of 11 patients.
CHIKV sequences were amplified directly from serum
samples from 5 patients in the acute phase of disease. Of
these, 4 CHIKV isolates were eventually cultured. IgM
and IgG were detected in serum samples from 3 other
patients in the convalescent phase (data not shown). In. 1
patient, CHIKV sequences were amplified from serum
samples obtained as late as 9 days after onset of symptoms
(data not shown). The PCR amplification method, thus,
could be useful for early detection of CHIKV infection in
suspected outbreak situations.

The genomic sequence of the El, E2, and nsP1 genes
in the CHIKYV isolates shared high similarity {>90%) to all
the known CHIKV except West African CHIKV (=86%
similarity). The sequences were only =70% related to
o’nyong-nyong virus, the most closely related alphavirus,
which is present only in certain parts of Africa. Previous
phylogenetic studies showed that CHIKV strains were
clustered into 3 distinct groups based on origin from West
Africa, Central/East Africa, or Asia (7—73). Phylogenetic
trees drawn using EI (Figure), E2, and nsPl (data not
shown) gene sequences clustered the recent Malaysian iso-
lates into a group with other known CHIKV Asian isolates.
The cluster, however, was distinctly separated (100% boot-
strap support) from the African isolates and all the known
isolates of the ongoing CHIKV epidemics of the Indian
Ocean islands (79, 11,/ 3). This makes it unlikely that the
outbreak in Malaysia is part of the ongoing epidemics,
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DISPATCHES -

. . ¢
Table. tdentification of virus by PCR amplification and se@gfs analysis*
Patient Chikungunya Dengue fever
PCRt Serology Serclogy
Age (y) Sex E1 E2 - nmsP1 IgM g6 Culture PCRf IgM
6 M + + + - - +§ — -
34 M + + + - - + - -
40 M + + + - - 1# - -
26 F + + + - - 4 ND -
62 M “+ + + - - o ~tt ND -
(day 5 after onset)
- - - o + ND - ND ND
{day 15 after onsef)

*lgM, immunoglebulin M; !gG, immuncglebulin G; +, positive; -, negative; ND, not determined. ’
FPCR ampiifications were performed for detection of envelope glycoprotein E1 (E1), glycoprotein E2 (E2), and nonstructural protein 1 (nsP1) genes of

chikungunya virus.

FMulliplex PCR amplifications were performed for detection of dengue virus type 1-4.

§lsolale MYAI306/BP27348,
isolate MY/0306/BP37350.
#isolate MY/Q306/BP37352.
“lsolate MY/Q406/BP37437.
THisolate MY/0306/BP34198,

" despite its proximity to the region and timing of the out-~
break. The phylogenetic tree, on the other hand, suggests
that the isolates from the current Malaysia outbreak share
a common ancestral lineage to the 2 Malaysian isolates
recovered in 1998 (4; GenBank accession nos. AF3942190
and AF394211) but have a slight genetic distance from all
other Asian isolates. . :

Conclusions

On the basis of all available sequences of isolates from
the neighboring countries where CHIKV is endemic,
Thailand and Indonesia, the outbreak in Malaysia likely did
not originate from either of these countries, which means
the outbreak could have originated from an endemic
CHIKY cycle not previously identified in Malaysia. A sero-
logic survey of human serum samples collected during
1965-1969 in west Malaysia showed neutralizing antibod-

ies to CHIKV among adults, especially those inhabiting the -

rural northern and eastern states bordering Thailand (/4).
The same authors also reported in an earlier stady evidence
of CHIK V-neutralizing antibodies in wild monkeys, a pig,
and a chicken and suggested that a CHIKV sylvatic trans-
mission cycle involving primates and possibly nonprimates’
exists in Malaysia. A sylvatic transmission cycle of the
vitus has been described in Afiica and may play a role in
the épisodic emergence and reemergence of CHIKV infec-
tion {15). Before 1998, CHIKV had not been isolated from
humans or animals in Malaysia, and no clinical disease
caused by CHIKV had been reported. However, in the
absence of active surveillance since the 1965 study,
whether the apparent absence of CHIKV over the years and
between the 2 recent outbreaks in Malaysia is due to an
unidentified sylvatic transmission cycle or silent trans-
mission among humans cannot be determined. Further
investigation is required to examine these possibilities.
" Understanding this disease in Southeast Asia is critical
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, because CHIKV shares the same mosquito vectors as

dengue virus, which is endemic to the region.
Phylogenetic analysis showed that CHIKV from the

recent 2006 outbreak in Malaysia is highly similar to

isolates from the 1998 outbreak. At the 3 genes examined,

NC 001512-ONN
,Wilbst Alrican

Clonirat ¢ Enst Miican

* iMalaysian

Asian

m?“

LG

Figure. Phylogenetic relationships of chikungunya virus isolates
from the 2006 Malaysia outbreak. The neighbor-joining tree was
constructed using nucleic acld sequences of the envelope glyco-
protein E1 gene, with ¢'nyeng nyong virus {GenBank accession
no. NC_001512) as the outgroup virus. " indicates isolates from
the Malaysia 2006 outbreak; 1 indicates Australia SM287.
Bootstrap values are shown as percentages derived from 1,000
samplings. The scale reflects the number of nucleotide substitu-
tions per site along the branches.

Emerging Infectious Diseases » www.cdc.govleid « Vol. 13, No. 1, January 2007
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the isolates differ from the ongoing Indian Ocean epidem-
ic isolates and known isolates. from Thailand and
Indonesia. These findings support the possibility that
the outbreak originated from an endemic mfecuon in
Malaysia.
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wters AlertNet — Chagas spreaq to U.S., Europe via blood banks -WHO JRC2007T-031

1agas spread to U.S., Europe via blood banks -WHO
Apr 2007 13:47:09 GMT _ f

urce: Reuters
NEVA, April 13 (Reuters) - Chagas, a parasmc disease which can kill victims decades after mfectlon, has spread from Latin America to the
ited States and Europe due to inadequate blood screening, the World Health Orgamsaﬁon said on Friday. -

2 United Nations agency said it was expanding its programme to eliminate Chagas whxch has become a "global problem", with the help of
rer HealthCare <BAYG.DE>, .

rer's donation of 2.5 million tablets of Lampit, known generically as nifurtimox, will help treat an estimated 30,000 patients over the next five -
18, covering new acufe cases among youngsters, it said.

agas, which currently affects an estimated nine million people, mainly children in rural areas of Latin America, has emerged in the United
tes, Spain and several other European countries after large-scale migrations, the WHO said.

exact death toll exists for the "silent killer" whlch causes the slow swelling of victims' internal orgaus, resulting in their eventual death, .
ording to the WHO.,

st victims may not know they have contracted Chagas as the infection may remain dormant for decades after they have been bitten by a; (
ad-sucking insect similar to a large bed bug which transmits the parasite. . ' R

ds disease still poses a threat to so maay people in Latin America and now that threat has spread to other countries via blood banlcs lackmg
quate screening of infected donors,” saIdMirta Roses Periago, WHO director for the Amencas region.

: Geneva-based WHO has been working to wipe out the disease and the number of those infected has fallen from 16-18 million people in
0. , . . - )

nsmission of the disease has been interrupted in Cbﬂe Uruguay, a large part of Brazil, as well as vast areas of Central America, Argentina,
ivia and Paraguay, the WHO said.

: most endemic regions remain the Chaco regions of Bolivia and Argentina, as well as parts of Mexico, Peru and Colombia, according to
ain.

REUTERS B

tL: http://www.alerinet.org/thenews/newsdesk/L 13357426 htm - (

- our-full disclaimer-and copyright information please visit http://www.alerinet.org

2/ /werw alertnet.org/thenews/newsdesk/L 13357426 htm 2007/05/15
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Parvoviras B19 DNA in Factor VIII concentrates: effects of -
manufacturmg procedures and B19 screening by nucleic
ac1d testmg

Yansheng Geng, Chuan-gmg Wu, Siba P Bhattacharyya, De Tan, Zheng ng Guo, and
Mei-ying W. Yu

BACKGROUND: Parvovirus B19 (B19) is a common
contarninant, especially in coagulation factors. Because

. of B19 transmission by pooled plasma, solvent/

detergent treated in 1999, some fractionators initiated .
minipool nucleic acid testing (NAT) to limit the-B19 load
in manufacturing pools.. In this study, the extent.of B19

" DNA contamination in commercial Factor Vill concen-

trates, that is, antihemophilic factor (human) (AHF);

manufactured before and after B19 NAT screening was

implemented, was determined.

STUDY DESIGN AND METHODS: A total of 284 lots’
representing six AHF products made during 1993 to
1998 and-2001 to 2004.were assayed for B19 DNA by.
an in-house NAT procedure. Anti-B19 immunoglobulin G
{lgG) was also measured.

RESULTS: Most lots made during 1993 to 1898 had
detectable B19 DNA. The prevalence ranged from 56 to
100 percent and appeared to differ between
manufacturers. The highest level of B19 DNA found
was 10° genome equivatents (geq or international units
[IU]) per ml.. Forty percent of the lots tested contained
16 geq {IU) per mL. In comparison, both prevalence -
and levels in source plasma-derived AHF products
made in 2001 to 2004 were lower. Both, however,
remained unchanged in the recovered plasma-derived

.product because B19 NAT screening had not been

implemented.- Qnly an intermediate-purity AHF product
was positive for the presence of anti-B19 IgG.
CONCLUSION: The prevalence and levels of B19 DNA
in AHF prepared from B19 NAT unscreened plasma
were high but varied among products with different
manufacturing procedures. B19 NAT screeningj of
plasma effectively lowered the 819 DNA level in the
final products and in the majority of cases rendered it
undetectable and hence potent&ally reduced the cisk of
B19 transmission.

arvovirus B19 (B19) is a-small nonenveloped
DNA virus, known to resist viral inactivation
procedures commonly used in manufacturing
of plasma derivatives; it is widespread among
populatmns) The prevalence of B19 viremia in blood and

_plasma doners has been reported to range from 0.003 to
'0.6 percent, depending on the time of an epidemic or the

sensitivity of nucleic acid testing (NAT) methods?-
Extremely high viremic levels in plasma, for example, 10"
genome equivalents {geq) of B19 DNA.per mL, are often
found at an early phase of the infection in acutely infected
but asymptomatic donors.’ As a consequence, B19 DNA
has been detected at high frequency and high levels
in plasma pools and their resulting plasma derivatives,
especially the coagulation products.®® Reports of trans-
missions attributed: to Factor (F)VIII concentrates

ABBREVIATIONS: AHF = antihemophilic factor (human);
BI9 = parvovirus B19; VI/R = viral inactivation/removal.
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(antihemophilic factor (human) [AHF], subjected to

solvent/detergent (S/D) ireatrnent, heat treatment, or

both, are numerous.?15 )
Because of the B19 transmission in, 1999 assocjated.

.with pooled plasma, S/D-treated in ‘a postmaiket surveil-

lance study that correlated product infectivity with a high
concentration of virus in the manufacturing pool, plasma
screening of B19 DNA by NAT in a minipool format was
implemented as an in-process control test so that the viral

load in the plasma pool used to manufacture the product’ . .

could be limited to less.than 10* geq per mL of B19
DNA.'*19 The FDA has since proposed 4 similar limit for
manufacturing pools destined for all plasma derivatives to
reduce the potential risk of trarismission.*? Beginiiing
in late 1999, some fractionators, mostly-those whcj use
_ source plasma, initiated (albeit gradually) the use of less
sensitive, or so-called high-titer, minipool NAT screening
to lower the viral load in manufacturing pools.*2* Some
final products obtained from minipoolscreened plasma
have been found to.be devoid of B19 DNA contamination.
The sensitivity of these minipool NAT-tests varied but, in
general, they excluded donations with 819 DNA levels of
10°® geq per.mL. In 2001, the Plasma Protein Therapeutics
Association issued voluntary standards calling for imanu-
facturers to implement 1} minipool screening of incoming
plasma no later than the end of 2001 and 2) manufactur-
ing pool testing to achieve levels of B19 DNA not to exceed
10° IU per mL no later than July 1, 2002.% Since then, all
source plasma and manufacturing pools prepared from it
-have undergone B19 DNA testing.

The aim of this study was to evaluate the effect of B19 .

NAT screening of plasma on the resulting high-risk final
products by comparing the prevalence and levels of B19
DNA in each of six US-licensed FVIIl products made in

two periods, that is, during 1993 to 1998 (before B18 NAT -

screening was implemented) and 2001 to 2004 (when such

screening was nearly universal). Because the purification

and viral inactivation/removal (VI/R) procedures used in

the manufacturing of these products underwent little or
- no change over this entire span, the eﬁEtheness of the

B1% NAT screening ¢ould be evaluated, as could that of

individual manufacturmg procedures employed before
_any B19 screening.

MATERIALS AND.METHODS
AHF samples

Six commercial AHF products represented by 136 lots

made by five manufacturers during 1993 to 1998 and 148
lots made during 2001 to 2004, which were submitted by
manufacturers to the FDA for lot release, were available
for testing. The freeze-dried AHF products were reconsti-
tuted according to manufacturers’ instructions, mostly
with half of the specified volume, except that some lots

884 TRANSFUSION Volume 47, May 2007

made in 2004 were reconstituted with a fulf volume of the
diluent, Unused reconstituted samples were stored at
=70°C until further use. :

DNA extraction and quantntat:on of 819 DNA
by NAT
The extraction and semiquantitaﬁve NAT procedures
were essentially the same as those described previously'$
except that a larger aliquot of reconstituted AHE that is,
1.0 mE, was used for DNA extraction. For sample extrac-
tion and B19 NAT, either the WHO Internatjonal Standard
(NIBSC 99/800, 10°IU of B19 DNA/mL when reconsti-
tuted) or the CBER standard for B19 DNA (10° IL_IImL) was
- used as a control.® Both were diluted 10°-fold before use.
Briefly, DNA from each sample or standard was extracted
by use of an isolation kit and procedures (NucliSens,
Organon Teknika, Durham, NC), and thie DNA was recov-
ered with 100 ul of the elution buffer. Alignots of 25 pL of
the undiluted or 10%3-fold serially diluted DNA extracts in
duplicate were used to perform nested polymerase chain
reaction with primers derived from the VP1/VP2 region.
Levels (in geq/mL} of B19 DNA in samples were deter-
mined by limiting dilution; a.na]ysm The sensitivity of the
NAT assay for the large-volume extraction is 4 geq per mL,

and the conversion ratio from geq to IU is 1:1." This B19 -

NAT procedure detects both Genotype 1 and Genotype 2
of B19 but not the Genotype 3 variant {see Discussion).

Detection of anti-B1¢

Anti-B19 immunoglobulin G (igG) was detected by use of
a B19 IgG enzyme immunoassay kit (Biotrin international
Lid, Dublin, Ireland} according to the manufacturer’s
instructions except that a large sample aliquot, that is,
100 uL, was used for testing each reconstituted AHE Most
of the AHF samples tested were B19 DNA-positive.

Statistical analysis

The chi-square test was used to compare the prevalence
between products. In addition, for comparing viral levels
expressed as the log geometrical mean % standard error
of log geometrical mean (SEM), statistical analysis was
performed by use of the unpaired ttest. Results having
p values of less than 0.05 were considered significant.

'RESULTS

Prevalence and levels of B19 DNA in AHF lots
manufactured during 1993 to 1988: effects of
manufacturing procedures '

Most products were made mainly from source plasma, but
Product C was made fom recovered plasma. The various
purification and VI/R procedures used in the manufactur-
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B19 DNA IN AHF

TABLE 1. B19 DNA prevalence and levels in FVIll concentrates made during 1993 to 1998*

¥

Fasitive lotsflols

B19 DNA {geqg/mL) -ameng positive lotst

Product VI/A and purification tested (%) 10F =10 =10 =10 "=10F =10 Log geomean * SEM
A . 8/D, affinity, dry/B0°C/72 hr 913 (69) [\ 0 2 2 2 3 2.3 041

B /0, immunoaffinity (SP) 22/25 (88t 0 0 7 10 3 2 3.0 = 0.20§

c " 8D, immunoafinity (RP) 14115 (93)t 0 2 2 8 - 2 0 3.3 + 0.24§

D 31D, gel filtration chromatography 1515 {100)¢ 2 6 1 2 3 1 3.9 £ 042§

E . Welt/60°CHOhr 16/25 (64) 2 2 2 1 5 4 2.9 + 0.45§

F WetIGO?CI'IO hr, immunoaffinity 24/43 {56) - o o 0 3 17 10 1.7 = 0.14

Total 1001136 (74) 4 10 14 26 26 20

* Product C from recovered pfasma (RP) and all other products from source p|asrna {SP); information regarding viral inactivation/remnoval
(VI/R) and product purification procedures are from products' package inserts.

1 812 DNA-positive lots were categorized into groups, according to the level of B19 DNA. For 1993 to 1998, no positive lot was found lo
have fewer than 10 geq.per mL; hence this category was not used. Categorization was done according 1o the following example: the at
least 102 group indicates the number of positive lofs containing less than 10° but at least 102 geq per mL. Levels in the last co!umn are -
expressed as log geomean = standard error of log geomean {(SEM) among posifive lots. .

i p<0.01 when comparad to Product F; p < 0.05 when compared to Product E.

§ p<0.01 when Prodyct 8, C, or D compared to Product F; p < 0.05 when Producl E compared to Product F.

ing process are indicated in Table 1. Detectable B19 DNA
in these products ranged from 56 to 100 percent of the lots
tested (Table 1). The prevalence in either Product F or Pro-

duct E was significantly lower than that in Products B, C,

and D. Product F was a high-purity AHF product sub-

jected to both wet heating at 60°C for 10 hours and puri- -

fication by immunoaffinity chromatography utilizing
monoclonal antibody (MoAb) to von Willebrand Factor
(VWF}, whereas ProductE was an intermediate-purity
product subjected only to wet heating. Interestingly, both
Product B and Preduct C, which were S/D-treated, high-
purity AHF products subjected to purification by immu-
noaffinity chromatography utilizing MoAb to FVIL, had a
significantly higher positive rate than the wet-heated,
high-purity Product E In addition, the prevalences in lots
of Products B and C, which were derived from source
plasma and recovered plasma, respectively, were 88 and
93 percent, and hence there appeared to be no difference
in prevalence of B19 as a function of the type of starting
plasma, Three of the products, viz., A, E, and E underwent

manufacturing that included a heating step. When these

were compared with the other pioducts (B, C, and D), the
prevalence was faund to be significantly lower (p < 0.001),
suggesting that heating was partially effecnve in eliminat-
ing detectable B19. _

The highest level of B19 DNA in AHF products was
10° geq per mL found in 2 lots each of Products D and E
(Table 1). Among 100 B19 DNA-positive lots, 54 lots (54%
of the positive lots or 40% of the lots assayed) contained
10° geq per mL. Product E which had the lowest preva-
lence of positive lots, also had the lowest B19 DNA levels
among all products. The S/D-treated, immunoaffinity-
purified Product B or Product C had significantly higher
levels of B19 DNA when compared 1o Product E There
was no apparent difference in levels betweer Products B
and C, which were derived from different types of start-
ing plasma. Comparing the level of B19 DNA in heated

product (A, E, and F} with that in unheated products (B,
C, and D), suggested that heating was somewhat effective
in lowering B19 contamination. Products E and  E
however, differed significantly in B19 content (p < 0.01},
despite the fact that both were heated for 10 hours at
60°C in solution during manufacture. Thus individual
manufacturing steps (e.g., heating and immunoaffinity -
purification) can apparently be additive in their effects
on B19.

Prevalence and levels of B18 DNA in lots
manufactured during 2001 to 2004: effects of B19
NAT screening

To investigate the effect of minipool NAT screening by B19
NAT, we assayed AHF products made during 2001 to 2004
and compared the results with those from comresponding
product lots made during 1993 to 1998. This appeared to
be a valid comparison, inasmuch as the VI/R and product
purification procedures for AHF products were essentially
unchanged over this time span. The prevalence of B19
DNA in lots of products made from souice plasma (i.e., all
except Product C) ranged from 131027 percent (Table 2).
Moreover, all positive lots (25/129) made from source
plasma contained less than 1¢® geq per mL, with 21 lots
containing less than 1(” geq per mL. Among 4 positive lots
detected in Products A, B, and D, which had less than 10?
but atleast 187 geq per mL of B19 DNA, 3 lots were made in
2002, whereas 1 lot was made in 2004. In conirast, the
prevalence in Product C, which was made from recovered
plasma and had not been screened for B19 DNA, was
90 percent and the level of B19 DNA ranged as high as
10* geq per mi, with 9 of the 17 paositive lots (53%) con-
taining 10° geq per mL- Thus B19 NAT screening of plasma
effectively lowered the B19 DNA level in all five products
derived from source plasma, and in 81 percent of these
129 lots B19 DNA was undetectable. The product made
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TABLE 2. B19 DNA prevalence and levels jn FVIll concentrates made during 2001 to 2004

B19 DNA (geg/mL) among positive lots*

1 p<0.01 when compared to Product B.
§ p<0.01 when compared o Product B,

Product Positive lotsflots tested (%) . 2104 =10° =107 =10 <10 {og geomean = SEM
A 8/30 (27) 0 0 -2 1 5 -1.8 2054

B . . 224 {13) 0 - 4] 1 2 ¢ 1.6 £043

ct . 1719 (90} 2 7 5 2 1 2.9 + 0.25§
o 4116 {25) 0 0 i i 2 1.4 = 0.55

E 6728 (21) 0 0 0 3 3 0.86 = 014

F 431 (13) 0 0 0 0 4 0.54 +0.04

Total (C excluded) 25/129 (19) 0 0 4 7 14 '

* See Table 1. ' - .

1 See Tabie 1.

1 Product subjected to additional dry healing at 80°C for 72 hours dunng this period.

TABLE 3. Anti-B19 IgG in FVIll concentrates*
Positive iotsAots tested -

Product 19931998 ~ 2001-2004
A 04 . 05
B o 1711 o5
¢ i /g o4 -
D 03 ' 0/4
E 10/10 ' 8/8
F 03 - 0/

* For Products B and C, lots {made in 2001-2004) testad for
anti-B19 were not exclusively 819 DNA-positive.

from unscreened recovered plasma exhibited not only a
prevalence that was virtually unchanged over the two time
periods but also levels of B19 DNA that were not signifi-
cantly decreased.

Anti-B19 igG in FVIIl concentrates

A small sampling of lots {most of which were B19 DNA—
positive) from each product was analyzed for the presence
of anti-B19 I1gG. B19 IgG was detected in ail lots of

Product E, an intermediate-pwrity AHF product whose .

manufacturing involved no chromatographic or affinity
purification step-(Table 3). In contrast, all other products
except Llot from Product B were found negative,

DISCUSSION

During the mid and late 1980s, manufacturing procedures -

for FVIII coricentrates changed greatly because of the
inclusion of steps designed to improve preduct purity
and/or to achieve VI/R. Since the early 1990s, however, the
product purification and VI/R procedures for AHE prod-
ucts have remained largely unchanged. In this study, the
prevalence and levels of B19 DNA in 136 lots representing
six AHF products, that is, three high-purity products
AProducts B, C, and F} and three intermediate-purity

products (Products A, D, and E), made in 1993 to 1998, -

886 TRANSFUSION Volume 47, May 2007

- were évaluated. Products B and C were made by an iden-
tical manufacturing procedure, whereas all other products

were made by different methods.

B19 DNA has been reported to'be preva]ent in AHF
products with levels as high as 107 geq per mL.5® In our
study, it was also found in the majority (74%) of the AHF

lots made during 1993 to 1998, with levels of B19 DNAup .~

to 10° geq per mL. Moreover, we found that the prevalence
of B19 DNA was 100 percent 'in early AHF lots made in

" the 1970s (data not showm). The manufacture of these-

lots involved no VI/R steps, and B19 DNA levels some-
times reached 10° geq per mL. Our data are consistent
with numérous reported B19 transmissions by FVIII con-
centrates subjected to either S/D or heat treatment or
both *'%

The wet-heated, high-purity Product F had the lowest
prevalence and levels of B19 DNA among $ix products
tested. Product E underwent a similar wet-heat treatment
and also exhibited a low prevalence. It contained high
levels of B19 DNA, however, apparently because its
manufacturing lacks the immunoaffinity purification pro-
cedure used for Product E An even more effective re-
moval procedure for B19 might be developed by further
exploiting this immunoaffinity-chromatography step
{utilizing anti-VWF). Interestingly, for Product B or C, the
immunoaffinity-chromatography step utilizing anti-Fvill
has been validated and found to remove 4 logs of a model
virus for B18, yet the prevalence and levels remained rela-
tively high compared to those of Product E

Products A, E, and E all of which underwent manu-
facturing that included a heating step, had a significantly
lower prevalence and B19 DNA levels than did unheated
Products B, C, and D, suggesting that heating was partially

effective in eliminating detectable B19. ProductA was

subjected to §/D treatment and affinity purification plus
dry heating in the final container at 80°C for 72 hours. B19
is known to withstand dry heating at high temperatures,
however, and transmissions have been documented in
recipients of such heated AHF products.!"'2 The possible
role of affinity phriﬁcation in removing and hence lower-
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‘ ing B19 DNA in Product A cannot be ruled out because

this method is used in combination with the dry heating.
In contrast, our data for wet-heated Products E and F are
consistent with the recent findings™* that B19 can be

~ susceptible 1o inactivation when heated in certain llqmd

media.

We also attempted to evaluate the possibie effect of

the type of plasma used on the prevalence and level of B19
in-the resulting AHF product. This came about because
Products B and C were derived exclusively from source

- plasma and recovered plasma, respectively, but made by
the same manufacturing procedure. To obtain a product

lot of comparable size, more units of recovered plasina are
needed when compared 1o source plasma because of the
difference in the volume of an individual unit. The results,

: however, suggest that there was no apparent difference
because a similar prevalence and level of B19 DNA in the

resulting product were obtained.

The prevalence of B19 DNA in blood and plasma
donors can vary widely,>**® probably reflecting whether
the collections were done at the time of an epidemic. The
degree of B19 viremia in positive donations can also span a
wide range,** with lower B19 DNA levels usually found in
anti-B19IgG—positive donors.?® Likewise, before the imple-
mentation of B19 NAT screening, levels of B19 DNA in
manufacturing pools were reported to range widely*4
reaching as high as 10° geq per mL. These variations can,

- possibly, giverise to fluctuations in the tevels of B19 DNAIn

final products—such as those observed in this study. None-
theless, the consistent statistical differences in prevalence
and level of B19 (Table 1} led us to conclude that individual
manufacturing steps may have a significant effect in clear-

. ing, that is, inactivating and/or removing, B19.

The. introduction of B19 NAT screening of source
plasma after 1999 afforded us an opportunity 1o evalnate
the effect of the viral load in the starting plasma on both
the prevalence and the level of B19 DNA in the final
product. In AHF lots made in 1993 to 1998 (when B19 NAT
screening was not yet implemented), a total of 40 percent
of the 136 lots tested, or 54 percent of the B19 DNA-
positive lots, contained 1¢° geq per mi. In contrast, in
AHF lots made in 2001 ta 2004, B19 NAT screening of
plasma effectively lowered B19 DNA levels int all five prod-
ucts derived from source plasma so that, of the 129 lots
tested, none had a level of 10%°geq per mL, and in
81 percent of the lots tested B19 DNA was undetectable.
Obviously B19 NAT screening had not yet been imple-
mented during this period for the recovered plasma des-
tined for Product C, since the results were similar 1o those
obtained from unscreened plasma in the earlier period.
That is, 47 percent of the 19 lots tested, or 53 percent of
the 17 positive lots, contained 10° geq per mL of B19 DNA.

Detection of B19 DNA in the product does not neces-
sarily equate with infectivity. The actual infectious level of
B18in products is likely to depend on the level of anti-B19

B19 DNA IN AHF -

IgG that is copresent in the productf in addition to the
recipient's immune status. Anti-B1% IgG have been con-
sidered to e neutralizing antibodies and appear to confer
lasting protection.! Although low viremic levels were
found in donors who seroconverted to anti-B19 IgG,%

seropositive sera have been shown by an in vitro infectiv-

ity assay system to contain neutralizing -antibedies to
B19.% Other studies®® involving the infusion of B19 DNA-
positive blood products with B19 DNA up to 2 x 10° geq -
per ml also demonstrated that when anti-B19 IgG was |
present ejther in the recipients or in the products, there
was no B19 ipfection. In a recent pubiication® it was
reported that two seropositive unmunocompetent recipj- |
ents with anti-B19 IgG levels of 19 and 39 IU per mL were
not infected with B19 after receiving pooled plasma, S/D-
treated containing high-titer B19 DNA (1.6 x 10° IU/mL)
and anti-B19 IgG (72 TU/mL), whereas the seronegative

recipients were infected. These studies have strongly sug- -

gested the protective role of anti-B19 IgG. -

In our study, none of the products tested, with the
exception of the intermediate-purity Product E and one
lot of Product B, had detectable .anti-B19 IgG. In view of
the fact that at least 50 percent of adults have circulating .
anti-B19 TgG,*** B19 antibodies will invariably be present
in any large plasma pool. Interestingly, most manufactur-
ing procedures for AHF must be effective in separating
FVIII from IgG. A product containing B19 DNA but devoid
of anti-B19 IgG would potentially be infectious in sero-
negative recipients.

The minimal infectious dose (in terms of B19 DNA} in
seronegative individuals is unknown. In a recent case
report, we found that infection occurred when a sero-
negative, immunocompetent patient with mild hemo--
philia received an S/D-treated, high-purity AHF product,
which contained 10°geq per mL of B19 DNA and was
devoid of any detectable anti-B19 IgG; the total dose
infused was 2 x 10 geq.’”® This is the lowest infectious dose
(in terms of B19 DNA) that has been reported for a product
containing no anti-B19 IgG. In a separate transmission
case, a seronegative child was also infected by infusing
a dry-heat-treated FVIII concenirate, which contained
4 % 10 geq per mL B19 DNA, but the total dose in terms of
B19 DNA was 4 x 10f geq, and the product’s anti-B13 IgG
content, if any, was unknown.! For pooled plasma, §/D-
treated, which was anti-B19 IgG-positive, a higher dose of
B19 DNA was needed to produce infection. Only those
seronegative volunteers infused with a 200-ml. dose of
product lots containing more than 107 geq per mL B19
DNA were infected, whereas those infused with an equal
volume of lots containing less than 10 geg per mL did not
seroconvert.''%! [t remains to be determined whether
AHF products containing low residual levels of B19 still
may transmit the infection to susceptible individuals
{presumably seronegative persons), especially io ihose
high-risk individuals who are immune deficient.
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B19 virus isolates have recently been classified into

three genotypes with the majority of the isolates grouped
as Genotype 1.3 Like Genotype 1, Genotype 2 DNA was

detected in FVIII concentrates as a contaminant but with

lessér prevalenice {2.5%); interestingly all Genotype2-
posmve lots were also Genotype 1-positive.* The infectiv-

ity of a B19 Genotype 2 virus was-recently found to be.
similas to that of Genotype 1 in an in vitr assay*® Geno-
type 3 has not been reported in FVII concentrates. The

lack of such a report, howevér, may be due to the fact that
some B19 NAT procedures detect only Genotype 1 but not
variant Genotype 2 or 3.5 The NAT procedure used in this
study detects both Genotype 1 and Genotype 2 but does
not detect’ Genotype 3.

In conclusion, we have demonstrated that the preva-
lence and levéls of B19 in FVII concentrdtes made from
plasma that was not screened for B19 DNA were high but
varied among products with diﬁ'erent 'mam_.lfactufing
procedures. Minipool NAT screening for B19 DNA effec-
tively lowers the prevalence and level of B19 in AHE The
majority of the lots of AHF now being manufactured have
no detectable B19 DNA, and thus the risk of B19 transmis-
sion may be greatty reduced.
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‘We have previcusly reported on a system for large-scale molecular virus screening of clinical samples. As
part of an effort to systematically search for unrecognized human pathogens, the technology was applied for
virus screening of human respiratory tract samples. This resulted in the identification of a previously unknown
polyomavirus provisionally named KI polyomavirus. The virus is phylogeneticaliy refated to other primate
polyomaviruses in the early region of the genome but has very little homoelogy {<30% amino acid identity) to
known polyomariruses in the late region. The virus was found by PCR in é (1%) of 637 nasopharyngeal
aspirates and in 1 (0.5%) of 192 fecal samples but was not detected in sets of urine and blood samples. Since
polyomaviruses have oncogénic potential and may produce severe disease in immunosuppressed individoals,
continued searching for the virus in different medical contexts is important. This finding further illustrates
how unbiased screening of respiratory tract samples can be used for the discovery of diverse virus types.

Persistent virus infections are an integrated part of human
life. Most humans are persistently infected with one or more
herpesvirises, papillomaviruses, polyomaviruses, and anellovi-
ruses and remain healthy. Nevertheless, many of these viruses
may occasionally produce severe disease (21, 32, 34, 37). Iden-
tification of previously unrecognized viral species is technically
diflicull. Thus, many potentially medically important persisting
human viruses most likely remain undetected.

Polyomaviruses are small DNA viruses capable of persistent
infection and having oncogenic potential. They have been
found in many mammals and birds worldwide. Two polyoma-
viruses are known to normally infect humans, JC virus (JCV)
and BK virus (BKV), both discovered in 1971 (13, 30). They
are genetically closely related to each other, and both viruses
show 70 to 80% scroprevalence in adults (23). The routes of
acquisition and sites of primary infection are largely unknown,
but both viruses can establish a latent infection in the kidneys
and, in the case of JCV, also in the central nervous system (31).
Persistent replication in the kidneys is evidenced by the fact
that JCV, and occasionally also BKV, can be detected in the
vrine of healthy adults (23). BKV has also been detected in the

feces of children (35). JCV and BKV are highly oncogenic in

experimental animals, but a role in the development of human
tumors has not been established (25). Disease caused by hu-
man polyomaviruses has been observed in immunosuppressed
individoals. JCV is the cavsative agent of progressive multifo-
cal leukoencephalopathy, a demyelinating disease of the brain
and a feared complication of AIDS (21). This disorder has
recently received renewed attention after the occurrence of
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halm, Sweden. Phone: 46 8 51773580. Fax: 46 8 308099, E-mail: tobias
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fatal cases among patients treated with natalizumab for mul-
tiple sclerosis (22, 24). BKV has been associated with post-
transplantation nephropathy and hemorrhagic cystitis in hema-
topoietic stem cell transplant (HSCT) recipients (7, 17). In
addition to JCV and BKV, there are reports on the presence of
the primate polyomavirus simian virus 40 {(§V40) in humans,
possibly introduced by contaminated poliovirus vaccine pro-
duced in monkey cells (4), although other ways of transmission
have also been suggested (10, 27). SV40 genomic sequences
have been detected in human malignant mesothelioma tumeors,
but its role in human tumor development remains debated
(25). :

We have developed a system for large-scale molecular
sereening of human diagnostic samples for unknown viruses
{2). With this technology, we have initiated a systematic search
for previously unrecognized viruses infecting humans in order
1o identify agents that are potentially involved in human dis-
ease. We describe here the identification and molecular char-
acterization of a hitherto unknown human polyomavirus,
which is only distantly related to the other known primate
polyemaviruses. In analogy with the nomenclature of the other
human polyomaviruses, we propose the name KI polyomavi-
rus, KIPyV, for the newly discovered virus.

MATERIALS AND METHODS

Moalecular virus screening. As part of a systematic search for unknown viruses
in clinical respiratory {ract samples, a screening library was constructed from

. cell-free supernatants of 20 randomly selected nasopharyngeal aspirates made

4130

anonymous and submitted to the Karolinska University Laboratory, Stockholm,
Sweden, for the diagnosis of respiratory tract infections, The samples were
collected from March to June of 2004 and stored al —80°C until analyzed. This
study was approved by the Karolinska Institutet local ethics committee. The

procedure used for identification of virus nucleic acid sequences, molecular virus *

screening, has been described previously (2). In brief, samples were pooled and
the pool was divided into (wo aliguots, which were filtered through 0.22- and
0.45-m-pore-size disc filters {Mitlex GV/HV; Millipore), tespectively. Both
aliquots were ultracentrifuged at 41,000 rpm in an SW4I rotor {(Beckman) for 90
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min. The resulting pellet was recovered, resuspended, and treuted with DNase
before DNA and RNA were extracted (1), Extracted DNA and RNA were
amplificd separately by “random PCR™ (2, 12). The amplification products were
separated on an agarose gel, and fragments between approximately 600 and
1,300 bp in length were cloned. A total of four libraries were generaied, derived
from DNA or RNA, and filtered through a 0.22- or 0.45-pm filter. Ninety-six
clones from each library were sequenced bidirectionally, ic., 2 total of 384
clones. A s&t of speciaily designed C++ and Perl programs were used for
automated quality trimming, clugtering, BLAST searches, sorting, and format-
ting of the sequence reads. The output was a sorted list of the best databasc hits
for nutleotide and translated sequences.

Genamic analysis of the KIPyV genome. A 4, ,508-bp-long PCR product teach-
ing around the circular DNA genome was generated by primers directed “out-
ward” {rom the first cloned fragmient (Pol-82R [TTGACTTCTTGGCCTTGTT
AG] and Pol-315F [AGATGCTGACACAACTGTATG]) and by using a long-
range enzyme mixture {Platinum Tag High Fidelity; Invitiogen). A second PCR
product of 500 bp overlapping both ends of the long product and closing the
circle was generated by primers Polconf (GGATTTTGTATGTGCTAGAAC)
and PalconR (TTAACTAGAGGTACAACAAGC). Bath FCR produicts were

. directly sequenced in order to obtain a consensus sequence for the complete
genome. The same procedure was applied for determining the full-length se-
quences of (free isolates. Putative open reading frames {ORFs) were identified,
and sequences were aligned with Clone Manager Suite § (version & 003, and Align
Plus (Version 4.10) (Scientific and Educational-Software, Durham, NC). Predic-
tion of putative binding sites for transcription factors was performed by com-
parison with consensus sequcnccs and wn:h the help of the AliBaba software
(version 2.1} {16).

Phylogenetic analysis. All sequenccs were downloaded from GenBank, except
those of murine preumotropic virus, which were based on a corrected sequente
(T. Ramqvist, unpublished data). Accession numbers are available upon tequest.
The complete genomes and the amine acid sequences of the carly and late
proteins, respectively, were aligned and neiphbor-joining trees generated with
ClustalX version 1,83. The data were bootstrapped with 1,000 replicates, and
trees were viewed with NIplot. For whole-genome analysis, the noncoding con-
trol regions were removed in accordance with established conventions and the
first nucleotide in the T antigens was designated nucleotide 1.

PCR for detection of KIPyV. PCR experiments for detection of KIFyV wete
perfonmed in a diagnostic laboratory sefting, ensuring that the necessary precau-
tions to aveid contamination were taken. Positive and negative controls were
included in each expetiment. DNA was extracted by commercially available kits
as described under the respective sample type. Five microliters of extracted DNA
was used as the template for the nested PCR. The 50-pl reaction mixtures used
for the first and second PCRs consisted of 1 X GeneAmp PCR buffer I (16 mM
Tris-HQ [pH 8.3], 50 mM KCI; Applicd Biosystems), 2.5 mM MgCly, 0.2 mM
each deoxynueleoside triphosphate, 2.5 U of AmpliTaq Gold DNA polymerase

{Applied Biosystems), and 20 pmol of each of the primers, The first-PCR primers

were POLVP1-35F (AAG GCC AAG AAG TCA AGT TC) and POLVP1-363R
(ACA CTC ACT AAC TTG ATT TGG). The second-PCR primers were
POLVPI1-118F (GTA CCA CTG TCA GAA GAA AC) and POLVP1-324R
(TTCTGC CAG GCT GTA ACA TAC). The cycling conditions for the first and
second PCRs were 10 min at 94°C, followed by 35 cycles of ampiificalion (94°C
for 1 min, 54°C for 1 min, and 72°C for 2 min). Products were visualized on an
agarose pel. The product size after the second PCR was 207 bp. All PCR
products were stquenced in oxder 1o confirm that they were specific for KIPyV.

Preval study populati (i} Nasopharyngeal aspirates. Six hundred thirty-
seven stored nasopharyngeal aspirates submitted o the Karolinska Unbversity
Laboratory for diagnasis of respiratory virus infections from July 2004 to June
2005 were studied. Sampling month, patient's age and sex, and routine diagnostic
(immunofluorescence and virus culture) findings were recorded before samples
were made anonymous. The median age of the sampled patients was 7 years
{range, O months 1o 90 years). Two hundred seventy-one samples came from
children <2 years old. Total nucleic acids were extracted from 200-pd samples by
the MagAttract Virus Mini M48 kit (QIAGEN), and nucleic acids were eluted in
100 . Eluted nucleic acids were initially analyzed in pools of 10 samples, and 5
wl of the pool was used as the template for the PCR. Single samples from
PCR-positive pools were analyzed.

(i1} Feces. One hundred ninety-two fecal samples submitted to lhc Karolinska
University Laboratary for diagnosis of virus infections from 1 July 2005 w0 30
November 2005 were siudied, Samples were mainly submitted for diagoosis of
gastroenteritis, Basic sampling data were récorded before samples were made
anonymous. The median age of the sampled patients was I year (range, 0 months
to 17 years). One hundred nineteen samples came from children <2 years old.
Nucleic acids were extracted from 400 pl of a frozen 20% feces suspension by
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MagAttract Virus Mini M48 kit and the Biorobot M43 ilgstn.lmcnt (QIAGEN)
and eluted in 100 pi, and 5-p) samples were used for subsequent individua) PCR’

assdys.

(i) Urine of BSCT recipients. One hundred §ifiy urine samples collected from
HSCT recipients for the study of BKY and JCV were analyzed (14). Fifty of the
samples were selected on the basis of previous analysis results; 20 were previousty
shown to be positive for BKV, 8§ were positive for JCV, 2 were positive for both
BKV and JCV, and 20 were negative for both viruses. JCV and BKV status was
unknown for the remaining 100 samples. As described previously, samples were
analyzed by PCR without preceding DNA extraction (6).

(iv)-Secum of HSCT recipients. Thirty-three serum samples drawn from 17
HSCT recipients 2 to 6 wecks after tfansplantation were studied, Total nucleic
acids were extracted from 200 14 of serum by QlAamg Virus Spin Kit (QIAGEN)
and eluted in 50 pl.

{¥) Whole blood. Whole EDTA blood from 192 healthy volunteer bleod
donors in Siockhoim was analyzed. DNA was exiracted from 200-pl szamples
with the MagAtmact DNA Mini M48§ kit and the B:urobot M48 instrument
(QIAGEN) aad eluted in 5¢ 4l

{vi} Leukocytes, Ninety-six {rozen prepatations of Ficoli-separated leukocytes
were studied. Samples were originally sent to the laboratory for diagnosis of
cytemegaloviris by PCR and virus culture and therefore maialy originated from

" immunosuppressed patients. DNA was extracted from 10° cells with the Mag-

Auract DNA Mini M43 kit and the Biorobot M48 instrument {QIAGEN) and
eluted in 100 pd. -

Nuclectide sequence accession numbers, The sequences mpcrted ixt this paper
have been deposited in the GenBank database under accession no. EF127906
(KIPyV isolate 60), EF127907 (KIPyV isolate 350), and EF127908 {KIPyV
isolate 380),

RESULTS

Molecular virus screening of 20 respiratory tract samples. A
virus-enriched DNA-cDNA library was constructed from 20
randomly selected nasopharyngeal aspirate samples by a pre-
viously published protocol (2). After vector and low-quality
sequences were automatically discarded, sequence reads from
374 (97%) clones remained for databasc searches. By auto-
mated nucleatide and translated BLAST searches (3), the se-
quences were categorized as likely (expected value, <10~%)
human (73%), bacterial (5%), phage (1%), unknown (2%),
and virus (20%) sequences. Sixty-nine of the 74 clones with
viral sequences matched human rhinovirus or enterovirus spe-
cies. Reliable discrimination of rhinovirus from enterovirus
sequences or type determination could not be performed on
the basis of the unassembled sequence. reads. Five clomes
closely matched respiratory syncytial virus. In addition to these
virus-like clones, a single clone of 363 bp showed weak amino
acid similarity {30% identity, expected value = 0.011) to VP1
of §V40 and was selected for further studies. _

Genome analysis of KIPYV. The source nasopharyngeal as-
pirate sample containing the SV40-like sequence was identified
by PCR analysis of aliquots saved before pooling. The positive
sample was named Stockholm 60. A second PCR product
reaching around the circular DNA genome was used as a
tempiate for determining the complete consensus viral genome
sequence. The genome was confirmed to be circular and 5,040
nucleotides in length (accession number EF127906). Two ad-
ditional isolates that were identified during the subsequent
prevalence study (see beiow) were sequenced by the same
approach. (Stockholm 350, accession number EF127907;
Stockholm 380, accession number EF127908). The three ge-
nomes were highly similar. Both isolates Stockholm 350 and
Stockholm 380 differed from the prototype isolate by 10 nu-
cleotide substitutions, and they differed from each other by
seven single bases. The variable positions showed some clus-
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FIG. 1. Genome organization of KIPyV. Putative coding regions
for VP1 to VF3, ST antigen, and LT antigen are marked by arrows.

tering in the regulatory region, but there were also a few
isolate- spcc1ﬁc amino acid substitutions in thc putative pro-
teins.

Overall genome organization. The genomic organization of
KIPyV is typical for a member of the family Polyomaviridae,
with an early region encoding regulatory proteins (small t {ST]
and large T {LT] antigens) and a late region coding for struc-
tural proteins separated by a noncoding regulatory region (Fig.
1). The genome size is within the range of polyomaviruses.
Properties of the deduced proteins and their similarities to
those of JCV, BKV, and SV40 are shown in Table 1. While the
-nonstructural proteins have substantial amino acid sequence
similarity to those of the other primate polyomaviruses, the
structural proteins have a very low degree of similarity to those
of other known polyomaviruses.

Regulatory region. The noncoding regulatory region of poly-

. omaviruses contains the promoters for carly and late gene

transcription, origin of replication, and transcriptional enhanc-
ers. The core origin of replication of KIPyV contains three
potential LT antigen binding sités, ecompared to the four found
in most polyomaviruses (Fig. 2). Two of these have the classical
sequence GAGGC, while the third has the sequence GGGGC.
An AfT-rich domain, probably harboring a TATA box for the
early mRINA, lies o the late side of these binding sites. Ta the
early side of the binding sites, polyomaviruses normally contain
an imperfect palindrome, followed by additional LT antigen
binding sites. KIPyV has three additional potential LT antigen
binding sites where expected, but the there is no palindrome
pattern, In fact, no long palindromes or repeats were found in

" the regulatory region of KIPyV. Putative binding sites for tran-

scription factors were predicted in silico. Transeription factors

“with more than one putative binding site were c-Ets-1, Oct-1,

and NF-1 (Fig. 3). In addilion, there were transcription factors
with a single putative binding site (data not shown), No binding
sites for Sp1 could be found.

J. VIROL.

Early region. In the early region of the genome, there are
putative ORFs for the two regulatory proteins ST antigen and
LT antigen (Fig. 1). On the basis of consensus sequences and

alignments with LT antigens of other polyomaviruses, we pro- -
pose a donor splice site for LT antigen at position 4716 and an
acceptor site at position 4328. No middle T (MT) antigen '

seems to be expressed on the basis of the following. (i} Both
polyomaviruses that express the MT antigen (murine polyoma-
virus [MPyV] and hamster polyomavirus} use ail three reading
frames for synthesis of the ST, LT, and MT antigens, while all
other polyomaviruses, KIPyV included, use either one or, in
sotne cases, two. (i) In both MPyV and hamster polyomavirus,
the MT antigen mRNA is produced through splicing, and no
coreesponding splice sites have been found in KIPYV. Assum-
ing there is no expression of MT antigen, tiny T antigen can
most likely not be expressed either (33).

The early proteins show similarities to other mcmbers of the

palyomavirus family, primacily BKV, JCV, SV40, and simian -

agent 12 (SA12), and alignment with the LT antigens of other
polyomaviruses shows that most regions characteristic of LT
antigen are present also in KIPyV. The N-terminal 82 amino
acids (aa) of the ST antigen are common to the LT antigen.
This region encompasses the J domain carrying the conserved
region 1 sequence and the HPDKGG box. In the C-terminal

" part that is unique to the ST antigen, there is a cysteine-
- rich domain typical of polyomaviruses. In the LT antigen, the

HPDKGG box is followed by a putative Rb binding domain
(LRCNE), a nuclear localization signal, a DNA binding do-
main, a Zn finger region including the zinc finger motif (C-312,
C-315, H-327, H-331), and finally an ATPase-p53 binding do-
main containing the highly conserved GPXXXGKT sequence

"(aa 434 to 441). Unlike BKV, JICV, 5V4(, and SA12, the host .

range domain seems to be missing.

Late region. In the late region of the genome, there are
putative ORFs for capsid proteins VP1, VP2, and VP3 (Fig.1).
As in all polyomaviruses, VP3 is encoded by the same ORF as
VP2 by the use of an internal start codon. There is an overlap
between the C termninus of VP23 and the N terminus of VP1,

" asis the case in other polyomaviruses. It can be noted that both

VP2 and VP3 of KIPyV are large in comparison with those of
other imembers of the polyomavirus family (400 and 257 aa,
respectively):

For VP1, there is only one possible start codon, in contrast
to the VP1 proteins of BKV, JCV, and SV40. Thé degree of
hemology with other VP1 proteins is remarkably low {Table 1).
VP1 has only 30% identity with its closest counterparts (those

of JCV and MPyV). In KIPyV VPL, the only region that shows

TABLE 1. Putative proteins encaded by KIPyv*

Amino acid

) fated ;
Mo. of - Calowlated . jentity (%) with:

Putrative coding

Protein cegion(s) amino mass
g acds  (kD3)  pgpyv jov SV4D
VP 1498-2634 378 41.6 29 30 29
VP2 441-1643 460 41.8 22 23 22
VP3 870-1643 57 8.2 22 24 22
ST amtigen 49674392 i1 232 3% 36 40
LT antigen 49674716, 4328-2655 641 74.3 48 47 47

“ Molecular masses were calculated by means of the ProtParam web 100l
(hrtp:fAvww.expasy.chitoolsfprotparam.html).
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L "y

* AfT-fich domain

JCV  TTTTTTITAT-=--ATATA-—CAGEAGECL -:_:-:AAGf"l'IA-\.TC"AGAAGIA\:TR'AGC\:——CG' G-~ GAGGCII T TT TAGEAGED>-ACG-~—~--G
IDTTTATA“T-"TM-‘-CC@ EAGGTHECCTaGCCICIGAGCTATICE AGAAGTAGTG-AG-—~- -~~~ -~~~

CoCr TTTITEEAGGOE TAGGCI TTTEG

FIG. 2. Al:gnment of the origins of rephcatlon of nine polyomawrus species. Putativé binding sites for LT antigen are boxed. MPtV, murine
pneumotropic virus; BPV, boviric polyomavitus; LPV, I'ymphotroplc papovavlrus This ahgnmenl is a modified form of that of Mayer and Dirries

(26).

a relatively high degree of similarity to those of other poly-

omaviruses is the sequence that in MPyV VP1 has been shown

to bind caleium, corresponding to approximately aa 237 to 248

_in VP1 of KIPyV. Otherwise, VP1 of KIPyV has very limited
homology to those of other polyomaviruses.

The VP2/VP3 gene showed even lower similarity to'its coun-

terparts in other polyomavirus species (Table 1). In fact, nei-

ther a nuclectide nor a translated BLAST search with this gene '

sequence generated any significant matches in the public’da-
tabases. Thus, the identity of this ORF is only indicated by its
position in the genome. VP2 and VP3 of ali other polyomavi-
ruses contain a conserved VP1 binding domain (located at
approximately aa 281 to 295 in MPyVP2). No corresponding
sequence is found in KIPyV._.

Several polyomaviruses such as BKV, JCV, and $V40 ex-
press an Agno protein from the late mRNA. In KIPyV, the
region between the start codons of VP2 and ST/LT, respec-
tively, is large (513 bp) and this could- possibly indicate the

presence of an agno gene. However, there is no coxrcspondmg,

ORF present in this region.

Phylogenetic analysis. Phylogenetic trees were constructed
on the basis of alignments of the fitst isolate, Stockholm 60,
with known viruses of the Polyomaviridae family. Analysis of
early protein genes consistently clustered KIPyV with ICV,
BKYV, 5V40, and SA12 but as an cutliér in this clade (Fig. 4).
Amnalysis of the complete genome yielded highly similar results
{data not shown). In contrast, analysis of the late protein genes

4965 - .
LT LT LT
AANCESATRhOA
Oct-1
ATCALATLTL DT e
AT-rich domain

consistently placed KIPyV outside the tree as the most distant

group member (Fig. 4).

Prevalence of KIPyV in human samples. In order to inves-
tipate possible replication sites and suitable sample materials
for prevalence studies, several sample sets were investigated
for the presence of KIPyV DNA by a PCR targeting . the
gene for VP1 (Table 2). The identities of the PCR products
were confirmed by sequencing. The results were also’ con-
firmed by a second PCR assay targeting the LT antigen gene.
KIPyV was detected in nasopharyngeal aspirates and feces but
not in urine, whole-blood, leukocyte, or serum samples (Table
2). Two isolates obtained from nasopharyngeal aspirates were
fully sequenced. The ages of the six subjects positive for KIPyV
n the nasopharynx ranged from 1 month (o 26 years (median,
2 years), and the subject with positive feces was 3 months old.
In five of the six nasopharyngeal aspirates, a respiralory virus
infection was codetected in the same sample by standard di-
agnostic tests (immunofluorescence and virus coiture} (three
respiratory syncytial virus, one human metapneumovirus, and
one infhzenza A virus), suggesting that KIPyV is not likely
responsible far the symptoms that prompted nasopharyngeal
sampling. '

DISCUSSION

The finding of a circalar DNA snolecule with a genomic
organization characteristic for a polyomavirus' and with large

LY LT LT

t STTT COTECGICAGAGCARG AN A~ T TTToG AT o panAANECCACNEGEATnG

NF-1

TEIGTOATTAAL (G CAACACA IA TG TN S LACAC ACCA TACAAN SCAD ASAT JCSGT FALTICANS 10

Oet-1 NE-1

CAG T OAT RS AL AL CAC TG TOGAL T A TGO NS T IGA T AR S AT SCAN GO TS TO TTATCGAAASL TSACARCCSSACTTLE ST,

NE-1 NF-1

CARGCACCCSOCAS TeGTTEOAACSASSSCCOANSAC AN CCS TT S TG TESACOAC T CAAGNT SACAGSAACTCTCTSCAT T

c-Ets-1 NF-1 c-Ets-1

SGATCT CGEGAAATA L ICEG PO AT N LCTA D I CAC ST ACTEA U U CATATTOAAGAT IAG‘.A TUAZAAAG .

el

Qct-1

Qct-1

CTACARCEGL GG TAGCAGA ST TRRANNGSACGTATCGARALC TATAT C TCNCAG TGRSR T TARRARTAAA AT ARP AR

420

FIG. 3. The noncoding regulatory region with putative binding sites for transcnpuon factors indicated. Putative LT antigen binding sites are
boxed, and other transcription factor binding sites and the AfT-rich domain are underlined.

-
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“ FIG. 4. Phylogenetic analysis of LT antigen amino acid sequences {(a} and VP1 amino acid sequences (b). Bootstrap values are indicated at each

branching point. Analysis of the ST antigen yielded a phylogenetic tree highly similar to that obtained by LT antigen analysis, and whole-genome
analysis showed a similar.pattern. Analysis of VP2 and VP3 yielded results highly similar to those obtained with VP1. GHPV, goose hemerrhagic
polyomav:rus CPyV crow polyomavirus; FPyV finch polyomavirus; APV, avian polyomawrus BPV, bovire polyomavirus; MPtV, nurine
pneumotroplc virus; LPV, ]ymphotrop:c papovavirus; HaPyV, hamster polyomavirus.

regions of amino acid sequénce homology with polyomaviruses

» strongly suggests that the discovered DNA molecule is indeed
the genome of a previously undescribed polyomavirus. The two
previously known human polyomaviruses JCV and BKV were
named by the initials of the patients in whom the viruses were
first identified (13, 30). This is not the current naming practice.
In order to still conform to the previous nomenclature, we
propose the provisional name KIPyV for the new polyomavi-
rus. Its recovery from cight human samples confirms that it
infects humans, and its partial relatedness to JCV and BKV
and its prevalence in children indicate that humans are likely
the natural host, However, further studies, in particular, sero-
logic studies, are needed in order to confirm this. Intriguingly,
the existence of more human polyomavirus species in addition
to JCV and BKV has been suggested earlier by the finding of

" lymphotropic papovavirus-reactive antibedies in human sera
- (36). Whether this observation was indeed related to KIPyV

TABLE 2. Summ;ry of results from the screening of selected
human samples for KIPyV by PCR

. . No. of
No. (%)
Sample type Soutce s?et::il;s positive
Nasopharyngeal Consecutive clinical samples, 637 6(1)
aspirate mainly respiratory tract
discase :
Urine HSCT secipients 150 0{0)
Serum HSCT recipients 33, 0{0)
‘Whole blood Blood donors 192 0(0)
Feces Comusecutive clinical samplcs ©o192 i(0.5)
mainly gastroenteritis
Isolated frozen Samples sent for CMV*® 96 0{0}
leukocytes diagnosis, mainly from
immunosuppressed
patients

“ CMV, cytomegalovirus,

remains to be determined. The nucleotide sequence of KIPyV.
has only limited similarity to that of JCV, BKV, $V40, or any
other known polyomavirus. We-aligned 18 published primer
pairs used for the detection of JCV, BKV, ‘or SV40 with the
KIPyV sequence and found that none of them could amplify
KIPyV (data not shown). It is thus highly unlikely that the
presence of KIPyV would have infiluenced carlier studies of
polyomavirus detection by PCR.

Phylogenetic analysis of the complete genome revealed thai
KIPyV is clearly separate from all other known polyomavi-
ruses. When the early and lale genes were analyzed separately,
disparate results were obtained. While the early genes group
with JCV, BKV, §V4(, and SA12, the late genes form an
outlier to the entire polyomavirus family. A possible explana-

-tion for this could be that the virus once emerged by recom-

bination of two phylogenetically distant viruses, each contrib-

. uting half of the genome. Alternatively, the early region may

simply be more conserved because of more-rigid functional
constraints while the late genes have diverged more rapidly
and become very distant from those of its relatives. It is pos-
sible that future discoveries of additional polyomavirus species,
€.g., in other primates, could make the phylogenetic tree more
compiete and provide additional clues to the evolution of
KiPyV. Several new members of the polyomavirus family be-
sides KIPyV have been discovered in the last few years {18, 19).
The unique late region of KIPyV indicates that it may be the
first discovered member of 2 new subfamily of polyomaviruses.

For assignment of nucieotide numbers, two different systems
are in use for polyomaviruses. Either the nucleotide adjacent
to the start codon of the T antigens, i.e., the first codon in the
regulatory region, or a nucleotide in the origin of replication is
considered nucleotide 1. The numbering we selected for
KIPyV begins within the presumed origin and proceeds clock-
wise through the late region, as has been done for most pri-
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mate polyomaviruses, such as JCV, §V40, SA12, and some
strains of BKV.

On the basis of the ORF analysis, KIPYV is expected 10
express VP1 to VP3 and the ST ard LT antigens, while the MT
antigen and the Agno protein are both missing. The absence of
the MT antigen is not surprising, since most polyomaviruses,

the primate polyomaviruses included, lack exprassion of this -

particular protein. The lack of an ORF for an Agno protein is

more interesting, since this protein is expressed by JCV, BKV,

8§V40, and SA12. The functional implications of this are un-

clear, since the function of the Agno protein remains to be fully

elucidated. However, definitive conclusions about protein ex-

pression require further experimental evidence, e.g,, in the
- form of mRNA analysis data.

The previously known primate polyomaviruses are generally

not considered to be agents of respiratory tract disease. JCV
and BKV have nevertheless been detected in human tonsil
tissue, and a respiratory route of transmission of polyomavi-
ruses has been hypothesized (9, 15, 28). BKV has also been
‘found in the feces of children (35). The finding of KIPyV in
nasopharyngeal aspirates and feces is consistent with these
observations. However, the findings provide few clues to rep-
lication or latency sites or to possible disease caused by the
virus. The screening of 1,300 clinical samples still provided

important data. First, the cloning of a virus infecting humans

was confirmed, since KIPyV genomes could be recovered from
‘mltiple individuals and since the isolates. showed $equence
variation. Second, the virus was detected in different age
groups. Third, a concofitant finding of a recognized respira-
tory tract pathogen in most positive persons indicated that

" KIPyV was likely not the virus responsible for the respiratory
traci symptoms, .

The prevalence of KIPyV in humans remains unknown. De-
velopment of an antibody assay and/or finding relevant mate-
rial for detecting Jatent virus is necessary for improved esti-
mates. The findings oblained with nasopharyngeal aspirates
suggest that the KIPYV prevalence is at Jeast 1% in our study
population. The absence of KIPyV in urine samples suggests
that the biology andfor prevalence of KIPyV in kidneys differ
significantly from those of JCV and BKV.

The cell type tropism and host range of polyomaviruses stem
from both their regulatary regions and the receptor binding
characteristics. The existence of multiple predicted c-Ets-1

transcription factor binding sites prompted us to investigate

whether KIPyV may possibly replicate in lymphocyles in ac-
cordance with lymphotropic papovavirus, which harbors three
putative binding sites for this transcription facior (38). This
hypothesis is consistent with KIPyV being detected in the naso-
_ pharynx during an inflammatory process due to infection by a
respiratory virus. However, studies of whole blood of healthy
subjects or purified peripheral blood leukocyles of immuno-
suppressed patients did not support this hypothesis. On the
other hand, given the 1% recovery rate in the respiratory fract
samples, sample numbers may still be too small for definite
conclusions. It must also be recognized that KIPyV is as yet
only known by its gepome sequence as detected by PCR. The
virus has not been replicated in vitro, and no assay for detec-
tion of antibodies is available. Such experiments wili be impor-
tant in the further characterization of this virus.
A few newly discovered viruses have still not been associated
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with disease (20, 29). Nonetheless, the majorﬁlty of known hu-
man viruses are pathogenic in one situation or another and any
newly discovered virus must therefore be considered a likely
pathogen. A problem with persisting viruses is that they are
often discovered out of their symptomatic context, so that
establishing their association with a pagticular disease may
require extensive investigation. Historically, this has been the
case for hepatitis B virus, Epstein-Barr virus, and parvovirus
B19 (5, 8, 11). JCV and BKV are also very prevalent viruses
that cause disease only under rare circumstances. Searching for
a disease associated with KIPyV will be challenging but may
have important medical implications. Primary candidate dis-
eases could include unclear infectious complications in immu-
nocompromised individuals and different types of cancer.
Whether JCV, BKV, and §V40 can contribute to temor devel-
opment in humans is still a matter of debate, and one could
assume that KIPyV will be subject to the same discission.
There are putative binding sites for p53,-as well as the Rb
family of tumor suppressor proteins, in the LT antigen of
KIPyV, which indicates that a role for this virus in tumorigen-
esis cannot be excluded. ‘

This study reinforces the notion that many human viruses
have eluded detection despite more than 100 years of research
in virology. Since viruses are likely pathogens, their identifica-
tion remains an urgent scientific task. This study further illus-
trates how molecular virus screening of respiratory tract
samples can be applied for discovering unknown viruses of
different types, and not only agents of respiratory tract disease,
thus making it a suitable approach for a “human virome
project”.
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from Patients with Acute Respiratory Tract
Infectlons

lan M. Mackay » Stephen B Lambert Guang Wu®,

Damelc Brennan Gregory A. Storch*, Theo P. Sloots?, David Wang"s

1 Department of Moiecular Microbiology, Washington University School of Medicine, St. Louis, Missouri, Unitéd States of America, 2 Queensiand Paedlatﬂc lnfectlous
Diseases Laboratory, $ir Albert Sakzewsk Virus Research Centre, _ﬁoyai Children's Hospital, 8risbane, Queensiand, Australia, 3 Depantment of I_nternai Medicine, Washington
University School of Medicine, 5t. Louis, Missouri, United States of Americd, 4 Department-of Pediatrics, Washington University School of Medicine, St. Louts, Missauri; Uhited
States of america, 5 Department of Pathology and Immunology. Washington University School of Medicine, St. Louis, Missour, United States of America

We report the jdentification of a novel polyomawrus present in resplratory secretions from human patients with
symptoms of acute respiratory tract infection. The virus was initiaily detected in a nasopharyngeal aspirate from a 3-.
year-old child from Australia diagnosed with pneumonia. A random library was generated from nucleic acids extracted
from the nasopharyngeal-aspirate and analyzed by high throughput DNA seguencing. Multiple DNA fragments were
cloned that possessed limited homology to known polyomaviruses. We subsequently sequenced the entire virus
genome of 5,229 bp, henceforth referred to as WU virus, and found it to have genomic features characteristic of the
family Polyomaviridae, The genome was predicted to encode small T antigen, large T antigen, and three capsid
proteins: VP1, VP2, and VP3. Phylogenetic analysis dearly revealed that the WU virus was divergent from all known
polyomaviruses. Screening of 2,135 patients with acute respiratory tract infections in Brisbane, Queensland, Australia,
and St. Louis, Missouri, United States, using WU virus-specific PCR primers resulted in the detection of 43 additional
specimens.that contained WU virus. The presence of multiple instances of the virus in two continents suggests that thls
virus is geographically widespread in the hurnan populatlon and raises the possibility that the WU virus may be a

human pathogen.
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Introduction

" Viral infections of the respiratory tract are responsible for
significant mortality and meorbidity worldwide [1}. Despite
extensive studies in the past decades that have identified a
number of etiologic agents, including rhinoviruses, corona-

viruses, influenzaviruses, parainfluenzaviruses, respiratory .

syncytial virus, and adenoviruses, approximately 80% of all
cases cannot be attributed to these agents, suggesting that

" additional respiratory pathogens are likely to exist[2]. In fact,

since” 2001, six previously undescribed viruses have been

identified by analysis of clinical specimens from the human’

respiratory tract: human metapneumovirus 3], SARS coro-
navirus [4], coronavirus NL63 [5], coronavirus HKU1 [6],
human bocavirus [7], and the recently described KI virus [8].
In some instances, new molecular methods such as VIDISCA
{5, pan-viral DNA microarrays [9], and high throughput
sequencing [7,8] have played key roles in the identification of
these agents. The advent of these new technologies has greatly
stimulated efforts to identify novel viruses in-the respiratory
tract and in other human disease states.

Viruses in the family Polyomaviridae possess double-
stranded DNA genomes and infect a variety of avian, rodent,
and primate species. To date, two polyomaviruses, BK virus
and JC virus, have been unambiguously described as human
pathogens. BK and JC viruses are ubiquitous worldwide, and
in adult populations, seroprevalence rates approaching 75%
and 100%, respectively, have been veported [101. Although

@ Pl.oS Pathogens | www.plospathogens.org 0595

human polyomaviruses have been suggested to utilize a-
respiratory route of transimission, detection of BK and JC
polyomavirtus nucleic acids in the respiratory tract has rarely

" been reported {11,12). Infection with these two viruses is

predominantly asymptomatic, although in the context of
immunosuppression a number of syudromes have been
clearly linked to these viruses. JC virus causes primary
multifocal leukoencephalopathy, while BK virus has been
associated with a variety of renal and urinary tract disorders,
most importandy tubular nephritis, which can lead to
allograft failure in renal transplant recipients and hemor-
rhagic cystilis in hematopoietic stem cell transplant recipi-
ents [13). These viruses are believed to persist in a latent
phase primarily in the kidney and can periodically undergo
reactivation. Excretion of BK and JC viruses in urine has been
reporied in up to 20% of the general population [14,15].
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Besides JC and BK virus, a very recent report has described a

novel polyomavirus, KI, detected in human respiratory
secretions and stoo] [8]. However, the pathogenicity and
prevalence of this-virus has not yet been established. In
addition, in the late 19505, ~100 million people in the United
.States, and many more worldwide, may have been exppséd o
5V40, a polyomavirus that naturaliy infects rhesus monkeys
via contaminated polio vaccines, leading to widespread
debate about whether or not SV40 is capable of sustained
infection and replication cycles in humans [16).

Much of the interest in polyomaviruses and SV40 in
particular derives from the transforming properties carried
by the early transcriptional region of the viral genome that
encodes for the small T antigen (STAg) and and Jarge T
antigen (LTAg). T antigen is capable of binding both p53 and
Rb proteins and interfering with their tumer suppressor
functions. The early region alone is sufficient to transform
established primary rodent celi }lines [17] and in concert with
telomerase and ras transforms primary human cells {18]. This
has lead to controversy over whether any human tumors are
associated with SV40 infection [19]

- We describe’ the identification and-characterization of a
novel polyomavirus initially detected by high throughput
sequencing of respiratory secretions from a patient suffering

acute respiratory disease of unknown etiology. The virus was

detected in the respiratory secretions from an additional 43
patients in two continents, and the complele genomes of
multiple isolates were sequenced.

Results

Shotgun Sequencing of Respiratory Secrétion

A nasopharyngeal aspirate (NPA) from a 3-year-old patient
admitted to the pediatric ward of the Royal Children’s
Hospital in Brisbane with pnewmonia was collected in
October 2003. The patient had no other remarkable clinical
traits other than the respiratory features of pueumonia.
Testing of nucleic acid extracted from the NPA using 2 panel
of 17 PCR assays for known respiratory viruses as described
[20] yielded negative results. Total nucleic acid from the NPA
was randomly amplified and cloned as described previously

-_-'@5_‘_ PLoS Pathogens | www.plospathogens.org
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[9). One 384-well piate ‘of clones was sequenced using a
universal M13 primer, and the rcsulting-sec?:ence reads were
analyzed as described in Materials and Meihods. Of the 384
reads, there were 37 poor quality sequences that were
rejected from further analysis, 327 human sequences, six
bacterial sequences, six viral sequences, and cighi _sequénces
of unknown origin that could not be classified. The bacterial
sequences had greater than 97% nucleotide identity to
known bacterial species, including Heemophilus influenzae
(three reads), Strepfococcus pneumoniae, Corynebacterium pseudp-
diphthericum, and Leifsonia "xpli (unpublished data). Upon
further examination, the six viral reads were collapsed into
three unique regions, each of which possessed only limited
homology to known polyomavirus proteins (sequences
available inn Figure $1). The highest scoring BLASTx hits for
each of these threc contigs possessed 35%, 50%, and 34%
amine acid identity to JC virus STAg, BK virus LTAg, and
- V40 VPI, respectively. At the time these experiments were
performed, the Kl virus genome had not yet been published.

Subsequeﬁt analysis revealed amino acid identities -of 66%, .

65%, and 69% to KI virus for the three contigs. Furthermore,
three of the eight previously unclassified sequence reads were
determined to have between 58%-84% amino acid identity
to KI virus VP1 and VP2 proteins by BLASTx analysis. Based
on the limited sequence homology to known viruses, we
tentatively assigned the name WU to the unknown poly-
omavirus. :

Complete Genome Sequencing and Genome Analysis
The complete genome of WU was sequenced to 3X
coverage using cloned fragments of the viral genome
generated by a series of PCR primers. Analysis of the DNA
sequence tevealed genomic features characteristic of poly-
omaviruses. First, the WU genome size of 5,229 base pairs (bp)
was quite comparable to those of the primate polyomaviruses
BK (5,153 bp), JC (5,130 bp}, and SV40 (5,243 bp). In addition,
the overall GG content of the WU genomne was 39 %, which is
quite similar to the GG content of BK (39%), IC (40%), and
SV40 (40%). The genome organization included an early
region coding on one strand for STAg and LTAg, and a late
region coding on the opposite strand for the capsid proteins
VP1, VP2, and VP3 (Figure 1). These two regions were
separated by a regulatory region that contained typical
. polyomavirus features. The regulatory region contained an
AT-rich region on the late side of the putative replication

origin. Three repeats of the consensus pentanucleotide LTAg

binding site GAGGC were present, as was one copy of the
non-consensus LTAg binding site TAGGC. While .most
polyomaviruses contain four copies of the consensus, baboon
polyomavirus (simian agent 12) is a primate polyomavirus
that contains only three copies of the canonical binding
sequence and one nON-CoONSENsus binding site [21]. Unusual
features in the WU regulatory region included the presence
of two partially overlapping LTAg binding sites and slightly
variant spacing between the LTAg binding sites as compared
to SV40, BK, and JC (Figure 52).

In the early region, an unspliced open reading frame of 194
amino acids was detected that possibly encodes for the STAg.
As the paradigm in other polyomaviruses is that STAg is
expressed from a spliced message, analysis of potential splice
sites revealed the presenbe of a putative splice donor
sequence just one nucleotide 5° of the initially predicted
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Figure 1. Schematic of WU Virus Genome Organization

ori, origin of replication. |
doi:to. 1371/"0urna| Ppat.0030064, gDOI

stop codon. Splicing to a downstream putative splice accept-
or site would excise an intron of 70 nucleotides and generats
a slightly larger STAg of 217 amino acids (Figure $8). While
the precise carboxyl terminus of the WU STAg has not yet
been experimentally verified, sequence analysis revealed the
presence of a highly conserved cysteine-rich motif, CX;CX7.
sCXCX3CXy1_52CSCX2CX3WF, that was present in both of the
predicted isoforms of WU STAg. This motif, which is present
in ail 5TAgs, was perfectly conserved in WU virus with the
exception of the initial cysteine residue.

In ail polyomaviruses, the initial ~80 amino acids of the N-
terminus of the STAg and LTAg are identical; the LTAg is
generated by alternative splicing of the early mRNA tran-
script. In WU virus, a conserved splice donor site was
identified immediately after amino acid 84 of the early open
reading frame. The.position of the sp[ice site is similar to that
found in $V40, BK, and JC virus, which occur after amino
acids 82, 81, and 81, respectively. Splicing 10 a conserved

splice donor and acceptar sequences,

New Polyomavirus from Respiratory Tract

splice acceptor site would generate a prédicted protein of 648
amino acids (Table 1}. The predicted WU virus LTAg
contained conserved features common fo T antigens, includ-
ing a Dnaj] domain in the N terminus with the highly
conserved hexapeptide motif HPDKGG; the LxCxE motif.
necessary for binding Rb; a canonical DNA binding domain; a
zinc finger region; and conserved motifs GPXXXGKT and
GXXXVNLE in the ATPase-p53 binding domain [22).

Based on comparative sequence analysis of. LTAgs, the

" polyomaviruses are classified into two subclasses: a primate-

like group exemplified by $V40, and a mouse polyoma-like
group exemplified by murine polyoma virus [22]. Using these
criteria, the T antigen of WU appeared to more closely.
resemble the mouse polyoma-like class of virus than the
primate class. First, the mouse polyoma-like viruses have
insertions of varying length after amino acids 66.and 113 of
SV40 as compared to the primate class. In the amino terminal:
domain of the WU virus LTAg, multiple sequence alignment
revealed the presence of a two-amine acid and a ten-amino
acid insertion at these two loci, respectively. Furthermore, the
primate-like class iypically contains an extension of the
carboxyl terminus termed the host range domain that is
absent in the mouse polyoma-like class. In contrast to 5V40,

A BK, JC, and baboon polyomavirus, WU virus did not appear

to encode a carboxyl terminal extension (Figure 54). .

In -addition to- encoding LTAg and STAg, murine and
hamster polyomaviruses - utilize alternative splicing to gen-
erate an intermediate-sized protein referred to as middle T
antigen. The WU virus early region was scanned for splicing
motifs similar to known murine and hamster polyomavirus
but no obvious
combination of splice sites was detected that would yield a
middle T antigen sequence in the size range of known middie
T antigens. In addition, SV40, JC, BK, and baboon poly-
omavirus all encode a fourth late protein termed the
agnoprotcin‘. There was no open reading frame present in’
WU with any detectable hombology to the known agnopro-
teins. Thus, our sequence analysis suggests that neither
middle T antigen nor agnoprotein are encoded by WU virus,
although it is possible that the sequences have diverged
beyond our ability to recognize the appropriate splice sites or
protein products.

Phylogenetic Analysis
" Multiple sequence alignments of the predicted STAg,
LTAg, VP, and VP2 open reading frames revealed that WU

Table 1. Homology of Predicted WU Proteins

Gene Predicted Size (aa) % Amino Acid ldentity® to: .
Kt ic BK svao MuPy*
STag ’ 194° &8 40 41 38 23
LTAg . 648 70 48 49 49 32
vP1 369 ) 65 27 28 28 25
YP2 05 Tt 16 . 17 17 ‘ 12
ve3 272 64 15 : 15 16 11
*Caleulated using BioEdit.
*The unspliced form was used to calculate % identity.
“MuPy, murine polyomavirus.
dai:10.1371journal ppat0030064 1001
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virus was clearly a novel virus that is most closely related to KI
virus (Figure 2). Neighbor-joining analysis suggested that
these two viruses appear to form a new subclass of
polyomaviruses. In the early region and VP1 protein, the
WUI/KI branch was most closely related to the known primate

- polyomaviruses BE, SV40, JC, and baboon polyomavirus
{Figure 2A-2C). Finally, the VP2 open reading frame was so
divergent that its evolutionary relationship to other poly-
omaviruses aside from KI could not be reliably established
(Figure 2D). Analysis of the VP3 amino acid sequence, which
is completely contained within VP2, gave shmilar results as
VP2 (unpublished data).

Prevalence of WU

PCR primers were designed to specifically amplify WU. The
initial screen used primers targeting the VP2 region, which
possessed less than 20% amino acid homology to JC and BK
virus to minimize the possibility of cross reactivity with the
known human polyomaviruses. Empirical testing of the
primers on samples known to contain BK and JC confirmed

@E PLoS Pathogens | www.plospathogens.org
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that the pfimers did not cross react with either of these
genomes (unpublished data). Positives in the initial screen for
WU virus were sequenced and then further confirmed by a
second PCR reaction using primers targeting the 3' end of the
WU virus LTAg coding sequence. All 43 positive samples in
the initial screen were confirmed using the second pair of
PCR primers. A subset of samples that tested negative in the.
initial screen was also tested with the second PCR primer
pair, and none of those samples were positive.

Brisbane, Queensland, Australia, Cohort

In order to assess the prevalence of WU polyomavirus, a
cohort of -1,245 respiratory specimens collected in 2003 in
Brisbane was examined. Thirty-seven out of the 1,245 (3.0%)
samples tested were positive for the virus (Table 2). In this
cohort, patients that tested positive ranged in age from 4
months to 53 years. The vast majority of the patients (33/37)
were age 3 and under. In 12 patients with ciear clinical
evidence of respiratory tract infection, WU was the sole virus
detected. Strikingly, in 25 of the 37 positive samples, one or

May 2007 | Volume 3 | issue 5] e64
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Table 2. Patients Positive for WU Virus

2

{2 Age {Years} Sex Sample Type . Llinical Findings Viral Co-Infection
wip 3 ™ NPA Preumonia
51 5 W BAL -Uneuplained respiratory fathare, ventilated Herpes simplex
52 3 M NPS Neurcblastoma Meatapneumo
s3 03 M NPS URT( Rhino
54 T2 L NPS febrile respiratory Infection with patchy pulmonary infiltrates influenza B
$5 0.4 F NPS uRR . : Rdeno
56 19 F NPS influenza-like iliness, reactive airways disease, pregnant Influenza 8
81 53 M BAL LRT|, Wegner granulomatasis - ’
B2 09 M NPA Bronchiolitis
.83 a3 - v BwW "IV, Kapos! sarcoma Epstein-Banr
B4 2 M NPA LRTI, cystic fibrosis )
BS ; 2 M NPA LRTL, post bone marrow transplant Respiratory syncytial virus
Be - 1 F NPA Gastroenteritis Rhino :
B7 0.9 M NPA Bronchiolitis - - Rhino
B8 08 M NPA Bronchiolitis Metapneums, rhing
89 6 M NPA, LA, febrile neutropaenia, ALL Metapneurna
B10 1 M NPA URTI, gastroenteritis
an 2 M NPA * Prnieumonia
B12 2 F NPA URTI Bocavirus, entero
813 2 M NPA LRT!, cerebral palsy
B14, 1 M NPA URT
B1S 2 ¥ NPA URT influenza-A
B16 2 F NPA Bronchiolitis Rhino
B17- 06 M NPA “Bronchiolitis Rhino
B18 2 M NPA LRT! Bocavirus
819 06 M NPA URTS, gastroenteritis Rhino
. B2% 1 M NPA {RTI Bocavirus
B21 0.6 M NPA Bronchiclitis
B22- 0.3 M NPA URTI Rhino
B23 0.6 .5 NPA VAT fhino )
B24 . i F. MPA URTI, febrile convulsion Adeno, rhing, becavirus
B2S © 08 M NPA Bronchiolitis -
B26 3 F NPA VAT
827 6 F NPA URTY, post hone marrow transplant
628 2 M NPA Infective exacerbation of bronchiectasis Entero
B29 1 F NPA LRT :
B30 03 ] WNPA URT Rhino, bocavirus
831 06 M NPA gronchiolitis Rhino
B32 3 F NPA URT Bocavirus -
B33 P M NPA URTI Rhino, bocavirus
B34 0.8 M NPA Bronchiolitis Bocavirus, parainfluenza 3
B35 2 F NPA 1RTl Rhino, bocavine
836 0.9 ] NPA LRT, ETT, ventilated Bocavirus
"B37 2 M NPA Crovp Rhino

*Original case.

ALL acute lymphoblastic leukemia; BAL, brenchoalveolar lavage; BW, bronchiai washings; ETT, endotracheal tube in place; LRTI, lower respiratory tract infection; NPS, nasopharyngeal

swab; URT), upper respiratory tract infection,
dok10.1371/joumal ppat 0030064.1002

more additional respiratory viruses were also detected. The
most common co-infections were with rhinovirus (15 cases)
and human bocavirus {ten cases). Furthermore, in one
sample, a total of four viruses (WU, bocavirus, rhinovirus,
and adenovirus) were detected, and in six other samples, a
total of three viruses were detected (Table 2).

St. Louis, Missouri, United States, Cohorts

In addition, we examined two cohorts of patients from St
Louis, Missouri, United States. In one set of upper respiritory
specimens collected in 2006, five out of 410 were positive for
WU virus in the PCR assay. In addition, 480 bronchoalveolar
lavage samples from patients {mostly aduhs) with severe acute
respiratory iliness were tested, yielding one positive. Of the
positive samples, all six were co-infected with other viruses
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(Table 2). The age range of the positive cases varied from 4
months to 51 years.

Strain Variants

To assess the sequence variation within different isolates,
we analyzed the 250-bp region encompassed by the initial
screening primers for all 43 cases (Figure 3). Several divergent
strains were detected, including one sample that had five
mutations {2%}) within this region. In another case, 2 12-bp
deletion was observed. The fact that many isolates were
identical in sequence was not surprising, given the relatively
short length of the amplicon and the double-stranded DNA
nature of the genome. In addition, we sequeﬁced the
complete genome of five additional isolates from five
independent patients. Unfortunately, efforts to completely
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Figure 3. Strain Variation of WU virus

A 250-bp fragment of the VP2 gene was aligned using ClustalX. WU
indicates the original case, and strain designations correspond to
patients as listed in Table 2.

doi:10. 137?/‘ ourmal ppat.0030064. 9003

sequence the two most divergent isolates (based on the 250-
bp sequence, B2 and B3) have been unsuccessful, presumably
due to low viral titers in these samples. All six complete
genomes were 5,229 bp in size, and overali, there was between
0.08% and 0.23% sequence variation from sample to sample,
well above that expected from Taq PCR, ruling cut the
possibility that the additional positives were artifacts of PCR
contamination, Moreover, the majority of the observed
mutations were synonymous substitutions or in non-coding
regions, lending further support to the argument that these
were authentic strain variants."For JC virus, the reported
intratype sequence variation is of a similar magnitude,
ranging between 0.1% and 0.5% [23].

Screening of Urine

Because BK and JC virus are frequently excreted in urine,
we examined urine samples from patient cohorts in both St
Louis and Brisbane for the presence of WU virus by PCR. In
the St. Louis cohort, urine samples from 200 adult patients
participating in a study of polyomavirus infections in kidney
transplant recipients were tested [24]. For most patients,
samples were tested at three time points: prior o transplant,
1 mo post transplant, and 4 mo post transplany, although for
some patients the pre-transplant specimen was not available,
Zero out of 501 samples tested were positive for the WU
polyomavirus. As a control, using previously validated BK
primers, we were able to amplify BK virus in a subset of these
urine samples, confirming the integrity of the specimens
thernselves (unpublished data). Similarly, from the Brisbane
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cohort, none of the 226 urine samples tested were positive for
WU virus. ) . y ‘
Discussion

We used a high throughput sequencing strategy Lo search
for novel agents that were present in respiratory tract

infections of unknown et:oiogy The focus of this study was -

on individual clinical specimens that still lacked a diagnosis
afier analysis with an extensive panel of diagnostic assays for

- . known respiratory viruses. In one such patient sample, novel

sequences with limited homology to known polyomaviruses
were detected. Complete genome 'sequencing and phyloge-
netic analysis revealed that the new virus clearly had the
genomic organization typical of polyomaviruses but was
divergent from all previously described polyomaviruses. In
keeping with the two-letter virus names for human poly-

‘pmaviruses, we have named this novel polyomavirus WU virus

[25,26]. Qverall, the predicted amino acid sequences of WU
virus proteins were most simiiar to the newly described KI

virus (Table 1). Outside of KI, WU shared only ~15%—49% '

identity to its closest relatives (Table 1).

Detailed analysns of the viral DNA sequence and genomic

organization confirmed the novelty of WU virus, At all loci,
WU’ virus was most similar to KI virus, but the degree.of
divergence between WU and KI was greater than the
divergence between SV40 and BK, indicating that WU and
KI are clearly distinct viruses (Figure 2). Based on' the

phylogenetic analysis, it appears that WU and KI define a .
novel branch within the Polyomaviridae family (Figure 2).

Relative to the established polyomaviruses, some analyses

suggesied that the WU/KI branch might be more closely

related to the primate polyomaviruses, while other features of
the WU genome suggested that it might be more similar to
murine polyomavirus. For example, neighbor-joining phylo-
genetic analysis suggested that the predicted STAg, LTAg,
and VP1 open reading frames of both Kl and WU were maost
closely related to $V40, JC, BK, and baboon polyomaviruses.
Analysis of the VP2IVP3 region was more equivocal, as the
proteins were too divergent to reliably assess. The apparent
absence of the C-terminal “host range”™ domain in the LTAg
and the agnoprotein open reading frame, both of which are
present in the known primate polyomaviruses, suggested that
WU virus was more similar to murine pelyomavirus than the
primate polyomaviruses by these criteria. While the evolu-
tionary history of this virus is not clear at the moment, the
totality of the analysis indicates that WU is clearly a unique
virus. )

We detected, WU in 37 out of 1,245 (3.0%) patient
specimens in Brisbane (excluding the original case) and in
six out of 890 (0.7%) patient specimens tested in St. Louis. As
the positive specimens were all collected from 2003 through
2006, it appears that WU is currently circulating, and its

- presence in both North America and Australia suggests that

the virus is geographically widespread in the human

population. The age range of patients that tested positive -
for WU virus spanned from 4 months to 53 years. The -

majority (86%) of the cases were found in children 3 years of
age and under. Of the four positive specimens from adult
paiients {$1, 36, B1, and B3 in Table 2), three clearly had
altered irmnmune status. One patient was HIV-positive, one was
immunosuppressed due to treatment for Wegener granulo-
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matosis, and one was pregnant. The fourth adult patient (§1),
while not obviously immunosuppressed, also suffered from

liver cirthosis, hypertension, type 2 diabetes, and co-infection .
with herpes simplex virus, and required mechanical ventila-

tion. In addition, there were two other positive patients older
than 3 years of age: a G-year-old child who bad previously

_been a bone marrow transplant recipient (Table 2, B27) and a

6-year-old child diagnosed with acute Iymphoblastic leukemia

‘(Table 2, BY).. While preliminary, the age distribution ‘of the

positive cases in this stidy combined with the established
paradigms for BK and JC virus suggest a model where acute
infection with WU-virus may occur relatively early in life and

result in a latent infection. Immunosuppression or other.

insults such as viral infection could then ]cad to reactivation
of WU virus in older individuals, ‘

The patients who yiclded positive specimens suffered from
a wide range of respiratory syndromes, including bronchio-
litis, croup, and pneumonia as well as other clinical maladies
(Table 2). Detection of WU virus sequences in these patients is
merely the first step in assessing the potential eticlogic role of
WU virus in acute respiratory tract disease. It is not vet
known whether WU is infectious or whether it is capable of
replication in the respiratory tract: One possibility is that WU
is not involved at all in respiratory disease, but rather is
simply transmitted by the respiratory route. The human
polyomaviruses BX and JC are hypothesized to be transmitted
by the respiratory route before taking up residency primarily
in the kidneys, Latency in the kidneys of BK and JC is believed
to be the reason that both viruses are excreted in the urine of
up to 20% of asymptomatic individuals [14,15]. In this study,
using the same PCR assays that were effective in respiratory
secretions, we did not detect WU in any of the 727 urine
samples we tested. The lack of detection of WU virus in the
urine may reflect sensitivity issues, a bias in the cohorts
tested, or simply that WU is unlike BK and JC viruses and is
not secreted in the urine. A similar tissue profile to that of
WU virus has been reporied in initial studies of K1 virus [8].
Future experiments will aim to determine the tissue tropism
of WU and whether any tissue reservoirs for WU virus exist.

In the literature, there is one animal polyomavirus that has
been found extensively in lung dssue. Infection of suckling
mice with the mouse pneumotropic polyomavirus (MPPV)
causes interstitial pneumonia and significant mortality.
MPPV also differs from other polyomaviruses in that besides
the kidneys, it can also be detected in the lungs, liver, spleen,
and blood of suckling mice [27). Thus, there is precedence for
an animal polyofavirus causing respiratory disease, suggest-

-ing at least the possibility that WU virus could be similarly

pathogenic in huinans.

One striking observation from these studies is the re]atwely
high frequency of co-infection detected in the respiratory
secretions: 72% overall (100% in the St Louis cohort and
68% in the Brisbane cohort). Although more extensive
studie§ are negcessary to confirm the generality of this
observation, this raises several intriguing nen-mutually
exclusive possibilities to consider: 1) WU may be an
opportunistic pathogen; 2)- WU infection may predispose or
facilitate secondaty infection by other respiratory viruses;
and 3) WU may be a part of the endogenous viral flora that is
reactivated by inflammation or some other aspect of viral
infection. Recent studies of the prevalence of the newly
identified human bacavirus have also reported higher levels
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of co-infection than previously described for other viruses
found in the respiratory tract, with co-infection rates as high
as 50% reported [28,29). In addition, ¢five of six samples
positive for KI virus were reported to be co-infected with
other known respiratory viruses [8]. As detection methods

improve in sensitivity and more comprehensive efforts are -
made to examine the diversity of viruses found in the-
respiratory tract, a greater appreciation for the rates of dual .

or multi-infection is gradually emerging. For example, the use
of extensive panels of PCR assays in this study revealed that
one of the positive specimens was quadruply infected;
adenovirus, rhinovirus, and bocavirus and WU virus were
all present. Further investigations that aim to systematically
define the spectrum of viruses present in the respiratory tract
are clearly warranted so that the possible roles that co-
infections may play in disease pathogenesis can be explored.

Extremely high sequence divergence was observed in the

capsid proteins VP1 and VP2 of WU virus and KI virus as
compared to the other known polyomaviruses. This diver-
gence may reflect a different “lifestyle” for the WU/KI branch

as compared to known polyomaviruses. Qur data demon-.

strating the presence of WU in respiratory secretions and its
absence in urine samples suggest that the mode of trans-

_mission or the sites of persistence of WU may be distinct from

the other human polyomaviruses. As such, the structure of
the virion must be optimized to enable the virus to survive
dramatically distinct physiological and environmental con-
ditions. This may partially explain the observed sequence
divergence in the capsid proteins.

Another question raised by this study relates to the
potential antigenic cross reactivity of the WU capsid proteins.
In terms of establishing the seroprevalence of WU itself and
determining whether sercconversion accompanies acute
infection with WU, it will be essential to conduct these
studies with consideration for potential cross reactivity to K,
BK, JC, and SV40 antibodies. In addition, it is tantalizing to
speculate whether seram aniibodies o WU have the potential
to cross react to SV40-derived antigens, and if so, whether
they may at least partially account for some of the studies that
report the presence of SV40 antibodies in the human
population that is too young to have suffered exposure from

contaminated polio vaccination [30-32).

In conclusion, we have identified and completely se-
quenced the genome of a novel polyomavirus. This® virus
appears to be geographically widespread in the human
population as evidenced by the detection of 44 distinct cases
in two continents. Based on preliminary analysis, WU and KI
virus shiare some strikingly similar properties, including their

complement of genes, phylogenetic relationship, and physrca]'

sites of detection in the human body. These data suggest that

"WU virus and KI virus define a novel branch within the

Polyomaviridae fa.mily with unexialored biology and patho-
genicity. Another implication of these results is that the
diversity of viruses in this family may be far greater than
currently realized. Further experimentation is now underway
to determine the relative pathogenicity of WU virus in
humans and to understand the molecular properties of the
virus. Since the T antigen of WU is predicted to have

transforming properties by analogy 10 other polyomavirus T

antigens, one question currently under investigation is
whether a subset of human tumors may be associated with
wu.
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Materials and Methods

Clinical specimens—Respiratory secretions. Brisbane cohort A
total of 1,245 specimens (predominamtly NPAs) were collected
between January 1, 2003, and December 22, 2008, from patients
presenting to the Royal Children's Hospital in Brisbane, Queensland,
Australia, with symptoms consistent with acute lower respiratory
tract infection. : . . .

St. Louis cohort #1. A towal of 480 BAL specimens were tested.

These included samples from a retrospective and & prospective’

collection. The retrospective specimens were from a sequential
collection of BAL specimens submitted toutinely to the Virology
Laboratory at St. Louis Children’s Hospital between December 2002
and August 2003 (33). For the present study, an effort was made 10
select specimens from "this collection from patients with acute
respiratory iliness, and 1o exclude specimens collected as routine

post-Jung transplant surveillance, The prospective specimens were

from an ongeing study of the ctiology of severe acute respiratory
illness and were callected between October 2005 and October 2006.
Bath collections included specimens from patients of all ages,
although the large majority were from adults. .

St. Louis cohort #2. This collection was made up of respiratory
specimens, mostly nasopharyngeal swabs,. submited for routine
virologic testing to the Virology Laboratory at St Louis Children's
Hospital between September 2005 and June 2006. The majority of
these specimens were from children. Of the 410 specimens in this
collection, 200 were selected because they had been found.to be
positive by fluorescent antibody staining or culture for influenzavirus
A ot B, respiratory syncytial virus, parainfluenza vivus, thinovirus, or
adenovirus. ’ .

Clinical specimens—Urine. Brisbane cohort. Urine specimens
{226) that were submiuted during 2003 to the diagnostic laboratory
for routine investigation were collected. These represented a diverse
wmixture of donoers, including those from (i) sexual health clinic (n=
50), (ii} pediatric clinic {» = 52), {iii) antenatal clinic (n = 33), (iv}
indigenous health clinic (n.= 36), and (v) bone marrow transplant
patients {n = 55).

The 5t. Louis urine specimens were from a study of polyomaviruses
in adult renal transplant recipients (24]. A total of 200 individuals
were earolled in the study beiween December 2000 and October
2002. From each patient, up to three specimens were tested,
including a specimen obtained before the transplant and specimens
obuained at 1 and 4 mo after transplantation.

Diagnostic testing of clinical specimens for known respiratory
viruses. Brisbane cohort. Nucleic acids were extracted from 0.2 ml of
each specimen using the High Pure Viral Nucleic Acid kit (Roche
Diagnastics Australia, http:thyww.rochediagnostics.com.aun) according
to the manufacturer's instructions. PCR assays for 17 known
respiratory viruses were performed as described (20].

St. LLouis cohort. All respiratory specimens were tested originally
by fluorescent antibody staining using a panel of menclonal
antibodies directed against influenza A and B, respiratory syncytiai,
parainfluenza 1-3, and adenoviruses (Simulfluor Respiratory Screen;
Chemicon, hupfwww.chemicon.com). Specimens that were negative
were also cultured using celi culture systems that could detect the
same group of viruses plus rhinoviruses, cytomegalovirus, and herpes
simplex virus. Total nucleic acid extracts were purified using 2
Qiagen M48 instrument (hitpihwww.giagen.com). Nucleic acid ex-
tracts were tested for a panel of respiratory viruses using the EraGen
MultiCode-PLx respiratory virus panel (EraGen Biosciences, hup:ff
www.eragen.com), a multiplex PCR ‘assay that detects the following
viruses: influenza A and B, respiratory syncytial virus A and B,
parainfluenza 1-4, human mearpneumovirus, adenovirus subgroups
B, C, and E, rhinoviruses, and coronavivuses QC43, 220E, and NLGS.

Library construction and shetgun sequencing. Samples were
prepared in the following manaer for high throughput sequencing
apalysis. A total of 200 ul of neat NPA sample was thawed and directly
treated with DNase I (Fermentas, hupiffwww.ifermentas.com) for 60
min at 37 *C. Total nucleic acid was extracied using the Masterpure
Complete DNA and RNA Purification Kit (Epicentre Biowechnologies,
. htip:ffvww.epibio.com). Then, 100 ng of total nucleic acid was
randomly amplified using the RAAB ‘protocol exactly as described
[9]- RNA in the total nucleic acid preparation was converted to cDNA
by reverse wranscripiion with primer-A (3 GTTTCCCAGTCACGA-
TANNNNNNNNN). Two rounds of random priming with primer-A
and extension with Sequenase (United States Biochemical, huplf
www.usbweb.com) enabled second strand cDNA- synthesis as well as
random priming of DNA originally present in the total nucleic acid
sample. Amplicons were then generated via 40 cyctes of PCR using
primer-B (3" GTITCCCAGTCACGATA) with a cycling profile of: 94
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°C 30 s; 40 °C 30 s; 50 °C 30 s; 72 °C 60 5. The primer-B-amplified
material was TOPO cloned into pCR4.0 {lnvitrogen, hitp:fiwww.
invitrogen.com) and transformed into bacteria, and white colonies
were picked into 384-well plates. DNA was purified by magnetic bead
isolation and sequenced using standard Big Dye terminator (v3.1)
sequencing chemistry. Reaction products were ethanol precipitated,
resuspended in 25 ul of water, and loaded onto the ABI 3730xi.
sequencer. : - :
Analysis of shotgun sequences. Sequerices were assessed for quality
using Phred [34], and reads that contained less than 50 contiguous
bases with 2 score of phred 20 or greawer were. vejected. The

- remaining reads were analyzed in the following steps: 1) reads were

aligned to the human genome using BLASTn with an e cutoff; 2)
remaining reads were aligned to a bacterial database using BLASTn
with an ¢ 1° cutoff: and 3} remaining reads were aligned to the viral

_ RefSeq protein database using BLASTx with an ¢™ cutoff {35).

Complete genome amplification and sequencing. The WU genome
derived from the index case was sequenced to 3X coverage using six
unique pairs of - PCR primers for the amplification. Amplicons were
cloned into pCR4.0 and sequenced using standard sequencing
technology. All primers used for amplification and sequencing are
lisied in Table S§1 and their positions depicted in Figure S5.
Additional complete genomes were sequenced to at least 2X coverage
using the same primers listed in Table Sl. Completed genome
sequences have been deposited into GenBank (see Supporting
Information for accession numbers).

Phylogenetic amalysis. Protein sequences associated with the
following reference virus genomes were obtained from GenBank:
BK virus, JC virus, bovine polyomavirus, 5V40, baboon polyomavirus
{(simian agent 12), finch polyomavirus, crow polyomavirus, goose
hemorrhagic polyomavirus, African green monkey polyomavirus,

. budgerigar fedgling polyomavirus, murine pneumotropic virus,

hamster polyomavinus, and murine polyomavirus (see Supporting
Information for accession numbers). For WU virus, predicted open |
reading frames were used. For §TAg, the predicted open reading
frame of 194 amino acids was used for analysis. Multiple sequence
alignment was performed using ClustalX (1.83). Neighbor-joining
trees were generated using 1,000 bootstrdp replicates.

Nucleic acid prevalence studies. For all PCR assays, standard
precautions to avoid end product contamination were taken,
including the use of PCR hoods and maintaining separate areas for
PCR set up and analysis. For initial screening of WU virus, PCR
primers AG0044 5' tgttacasatagctgeaggicaa and AGO045 §° gorgea-
taatggggagtace were used with Accuprime hot start Taq (Iavitrogen)
to amplify 1 ul of template using the following program: 40 cycles of
84 °C 20 s5; 56 °C 30 5; 72 °C 60 5. For every 88 samples tested, seven no-
template negative controls were interspersed between the actual
samples. Products were visualized following electrophoresis on 1%
agarose gels. The resulting 260-bp amplicon was sequenced directy in
bath directions using primer AG0044 and AG0045. These sequences
liave been deposited in GenBank (see Supporting Information for
accession numbers). Secondary confirmation was performed using
primers AG0048 5° TGTTTTTCAAGTATGTTGCATCC and AG0049
5 CACCCAAAAGACACTTAAAAGAAA that generate a 244-bp
amplicon in the 3' end of the LTAg coding region. The same cycling
profile of 40 cycles of 94 °C 30 s5; 50 °C 80 5; 72 °C 60 5 was used. For
detection of both BK and JGC viruses, primers AG0068 5 AGTCIT-
TAGGGTCTTCTACC and AG0068 5° GGTGCCAACCTATGGAA-
CAG were used with a profile of 40 cycles of 94 °C 30 5; 56 °C 30 5, 72
*C 60 s. . ’

Supporting Information

Figure S1. Raw Sequence Data from High Throughput Screening

A) The inizia) six shorgun reads with homology to polyomaviruses. B)
The three contigs derived from the six reads.

Found at doi:10.137 Hjournal ppat.0030064.5001 (38 KB PDF).

Figure S2. Comparison of $V40 and WU Virus Replication Origin
Region - ’

The consensus TAg binding motif is GAGGC. The known primate
polyomaviruses 5V40, JC. BX, and baboon polyomavirus all have four
copies of the copies of the binding site oriented as shown above for
$V40 (NC_001669). The first nucleatide of the third copy of the
consensus TAg binding site is defined as nucleotide 1 for WU and
SV40. Differences between SV40 and WU Virus aie 1) one of the TAg
binding sites in WU virus appears to be a non-canonical TAGGC; 2)
the second and third consensus TAg binding sites in WU virus
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overlap; and 3) the nucletoide spacing between the TAg binding sires
in WU virus varies from che prototype 5V40 as shown. Shown in blue
is the polyAIT wact that is commeonly found to the late side of the
origin in polydmaviruses .
Found at dok10.1371journal.ppat.0030064.5g002 (462 KB PDF).

Figure S3. Predicted Splice Sites for LTAg and STAg -

A consensus L.TAg donor site was detected, Splicing to the consensus
downstream acceptor would generate a LTAg of 648 amino acids. For
STAg, an unspliced open reading frame of 194 amino acids was
identified. A predicied slice donor site was also detected that would

. vesult in excision of a 70-nucleotide intron and production of a 217-

amino acid open reading frame. -
Found at doi:10.1371fjournal.ppat.0030064.5g005 (542 KB PDF).

Figure S4. WU Virus Lacks a Carboxyl Terminus Extension of the the
LTAg ' : R

Multiple sequence alignment of WU vims LTAg with 13 other
reference sequences reveal the presence of carboxyl terminus
extensions in baboon polyoma, BE, ]JC, and 5V40.. WU virus doss
not appear (¢ encode such a region. :

Found at doiz10.1371 fournal.ppat 003006455004 (5.4 MB PDF).
Figure S5. Map of Primers and Sequence Reads

Locations of original shotgun reads are depicted as indicated.

Locations of all sequencing primers are mapped to the complete
genome. Frimers used for amplification are shown in red.

Found at doi:10.1 S’Ilﬁournal.ppaL0030064.sg005 {551 KB PDF).”

Table 51. Primers Used for Amplification and Sequencing of WU
Virus
Found at doi:10.1371fjournal.ppat.0030064.5t001 (35 KB PDF).

Accession Numbers

The GenBank (httpfwww.ncbi.nlm.nih.goviGenbank) protein sequen-
ces used in this paper are as follows: .

LTAg: African green monkey (NP_848008); baboon polyomavirus
1 (YP_406555); BK (YP_717940); bovine (NP_040788), budgerigar
(NP_848014), crow (YP__529828); finch (YP__529834); goose
(NP__849170); hamster (NP__056730); JC (NP__043512); KI Stock-
holm 60 (ABN09921Y%; murine (NP__041264); murine pneumotropic
(NP__041232); V40 (NP__048127). .
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 STAg Afvican green monkey {NP__.848009); baboon palyomavirus
1 (YP__406556); BK (YP__717941); bovine (NP__040789); budgevigar
(NP__848015); crow (YP_320828): finch (¥ P_520835); goose
(NP_849171); hamster (NP__056732); JC (RP_043513); KI Stock-
holm 60 (ARNOOI20%, murine (NP_041266), murine pneumotropic
(NP_(41258); SV40 (NP__043]128). i

VPI: African green monkey (NP__848007}); baboon polyomavirus 1
(YP.._406554); BK (YP_717939); bovine (NP__040787) budgerigar
(NP_848013); crow (YP__520827); finch (YP_529833}), goose
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WU -complete genome sequences have been deposited under
accession numbers EF444549-FF444554. VP2 partial sequences have
been deposited under accession numbers EF444555-EF444593.
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New cases .of malaria reported

" A total of 11 new cases of Malaria has been

reported since the beginning of April [2007], ‘the
Ministry of Health said on 30 Apr 2007.

According to a release from the ministry, 2 cases
were reported hetween 15-21 Apr {2007], 3 the
previous week [15-21 Apr 2007] while a total of 6
cases was reported between 1-7 Apx [2007]. The
ages of the affected persons range from 10 te 59.

Concerning the 2 new cases reported last week
[22-27 Apr 2007], the ministry said they were
found in Denham Town and Greenwich Town -- 2 of
the areas in which the disease was 1lst detected
-~ and were caused by the _Plasmodium falciparum
parasite which is transmitted by the female
_Anopheles_ mosquitoe. The dates of onset were
said to be 4 and 9 Apr [2007] respectively.

Yesterday [30 Apr 20071, the ministry said it had
been able to limit the spread of malaria to other
parishes, noting that the 4 cases detected in St.
Elizabeth since January [2007] remained
contained. The health ministry also peinted out
that since the 1lst case of malaria was reported
last December {20063, there have been 7 imported

cases originating from Sudan, India, Haiti, Honduras and Uganda.

Additionally, it said the number of positive
samples continues to decline, explaining that the

. pesitivity rate of blood samples submitted to

laboratories over the past weeks range between
0.7 and 1.8 percent from a total of 884 sample
tests conducted between 1-21 Apr [2007].

Meanwhile, the ministry reiterated that it was in
the process of seeking alternative insecticides
to prevent further outbreaks after recent tests
confirmed some resistance of the _Anopheles
albimanus_ mosquito taken from the Duhaney River
to malathion insecticide, which it was hoping to
use to eliminate the parasites. The tests were

http:/ /www.promedmail.org/pls/promed/f?p=2400:1001 :131]1 8188367355991829:NO=:F2400_P1001...
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conducted by consultants from the Unlted

States-based Centers for Disease Control and Prevention (CDC}
::'The Ministry of Health continues its thrust in .
the areas of intense active surveillance, vector ) -
control, public education and inter-sectoral
collaboration in a concerted effort to end this
outbreak, while precauntionary measures are being 9
taken to prevent the spread of malaria to other :
parishes,” the ministry, however, assured.

Communicated by:
ProMED
<nromad@promedmail.o;g>

[We assume that some patients have had more than

one sample, and the 884 positive samples

therefore represents a lower number of patients.

We reported on 9 Apr 2007 that 340 people had

been infected; and it would he interesting to

know the number of cases and not only the number

of malaria-positive blood films to know whether,

the outbreak is under comtrol. [0 Mod. EP] T

[see also: :
Malaria - Jamaica (Kingston} (06) 20070405.1150

Malaria - Jamaica (Kingston) (05) 20070218.0515 - i
Malaria - Jamaica (Kingston) (04} 20070208.0500 Vicn

Malaria - Jamaica (Kingston} (03) 20070127.0358

Malaria - Jamaica {Kingston) (02} 200701312.0149

Malaria - Jamaica (XKingston): RFI 20070111.0132

20086

Malaria - Jamaica (Kingston) (03) 20061228.3640

Malaria - Jamaica (Kingston) (02): P. falciparum 20061207.3451
Malaria - Jamaica. (Kingston): RFI 20061205.342%

Malaria - Bahamas {Exuma Islands) 20060620.1705

2005 '

Malaria - Haiti, Canada ex Haiti (02): Cotes des Arcadins 200531115.3340
Malaria - Haiti, Canada ex Haiti 20051111.3292

2004

Malaria ex Dominican Republic (02) 20641211.3282
Malaria ex Dominican Republiec 20041202.3217
Malaria, imported - Europe ex Dominican Rep. 20041128.3176

. 2001
Malaria - Italy ex Dominican Republic 20010604.1303 _(;
2000 A

Malaria - Dominican Republic: update (02) 20000310.0326
- - Malaria - Dominican Republic: update: CORRECTION 20000224.0251
1998

Malaria, imported - Europe ex Dominican Rep. {095) 19991223;2201
1996

Malaria - Haiti 33S603502.CB846
Haitian, Cuban refugee health: RFI 19960495.0649}
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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 prowviders shall not he held
responsible for errors or omissions or held liable for any
damages incurred as a result of use or reliance upon posted

or archived material.
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ABC Newsletter _ 21- April 13,2007

| JOURNAU_S riC PRODUCT DEwATiONS:_T_r_ans,fu_s;o'n Fataiities_ -

An incorrect category label in the table of transfusion recipient fatalities reported fo the Food and Drug'.
Administration, published in the March 30 issue, has caused some confusion, This category was errone-"- -
ously called “Non-ABQ Hemolytic Reactions (K; JKa, FYa, etc.).” It. should have been titled “Other.
Reactions: (Non-ABC hemolytic reactions, TACO, infectious disease transuuss:on, anaphylaxis, etc) »o
Corrected tables follow. '

Transfusion Recipient Fatalities Reported to . : ' -
the Food and Drug Admmlstratlon, FY2004 - 2006 :

CATEGORIES : . FY04 - FYO0S FY06

Other Reachons. (Non-ABO -

ABO Hemolytic -
Transfusion Reaction

TOTAL .68 82 69
Total Fatalities
CATEGORIES FY04 to FY06 AveragefYear

Other Reactions: (Non-ABO
-1 hemolytic reactions, TACO, infec- 67
tious disease transmission, 30.6%

anaphylaxis, etc.). '

22

ABO Hemolytic
Transfusion Reaction

TOTAL 219 73

Data source: Leslie Holness, MD, Office of Blood Research and Review,
Food and Drug Administration, Personal Communication, 1/24/07

1a7



£61

Bl ARHEE 21 | o~ Y

wﬁsmgw@

No. 3.
E%m Bbuﬁ"‘ ’éﬁﬁﬂ“’%
| ' B E-BAEE FERCEORS BETEW
2 E - d{-1¢ : ;
WA - BB ‘ L < 2007. 5. 15 ﬂ%%ﬁ:ﬂ,
T - S b B 3 T. Sasahara, Y. Monsawa, A. =
K2 H Exﬂﬁk[ﬁ%i&}\i’fﬁu&lﬁ@ﬁ{& : Yoshimure, S, Hayashi, H. Gomi, ;ﬁﬁ _
: . : s 3y |Y Hiral. American Society ft
QRIRRERMRE R (AARtry) |DABREOBRRE Mmr;blologn;el&?& reil
BRTER (RE) | MY EORBERLRNEF(BAFREE Meeting; 2007 May 21~25; A A
» - ) Toronto. - . _
OmEI BRI R BRERIE & UIcAbeR Bacillus cereus ILTRGHET VT LAY ' | EREOXERRER.
IR BARD R ERIRE THD B IRER KSR R L082ER) I8V T AR LARBE TS DL B ROT FOHSRERE
=Z) S BRYE S EIC LT, 20064E8 A 1 B ~8A 31 B £ TOHIMIC, B# 284 DMK EA D Pacillus cereus I e T T
RSN, M TOBBIER OBRERDR—RTA F I EDE, CNbOERET TN Aok, Ao |BIERRERIBR BR]
Bacillus BB MBS R RIS LURE SO T S\ MBS, FREN25212.12, 2.28+1.90Tholx, - | B i BRBRE AR AR H R

Fik: B cereus REHENI-AF 8L PERTHLHAE L, BEOURR (AN, =), hifn#, fEEER. Eﬂ
HEH. BHMAEA BB RESTAVT ARE. FHEEEH, MREERMBITEASAV»oELN - BEERE
DEEREAT o1, BRIEIL65°CC205 WAL, MRRREHITEEL, 37°C CASERRAS L RIC T L — PR,
R BRI DREIED B, cereus BIEDFHEMEEHED T, 1ARBRREREL, 2R LT L, RIERIR
S0 LM B LT R o T, MRIDIEAT AL Dbt KED B. cereus BEBLE, T, URENHLEBONA,
cereus D EREE (CRU/ o) ik, #A/V1518,400 |, /— 08103 CdhoTn, MOBEISITIZLALBIHEN 2D T2, I5HEN
=V R HRIE. ﬁﬁ@k&ﬁﬁﬁﬁ%@%'@%@éﬂfk@ IHBTERELR U EAHALE, —RIZVREOZ b

1%@?&&&5:}17‘:#07‘@
fEI W=IT 31T B B, cereus MRRHT 7L A21L, %EL2?5%&5:11/71)#/ﬁaﬁ#ﬁﬁ%ﬂﬁﬂxoﬂ‘ﬁwﬁmDi‘&b\iu
Lo THRAELEEZ LN, BROITIE 4«:1%&7%7’1/4&%1&%3&7_0

70— T (1E) | JB R e L, SRIRIRS 1 FRIZOV \Tﬁﬁﬁﬁﬁ)ﬁﬁ%ﬁo’fthb‘t} B. cereustif i {354 |

MR BIAN A,
g, R SO/
VCIDBDIZBDYAY

BECROER é&wﬂm

B A B I5ER K BREITI3IT B Bacillus cereus DEFBRA Af’ﬁ%ﬁﬁﬁﬂ)ﬂiﬁkﬁbé

B, VAREOTE QbR BT A L O A SR RO R
MER THILE L DN LORETH D, Bl 1A RRRAE
DA I, AT PR UAD BB — NI oWTE
ETA0ENHD,




194



_ Uasis, Online Abstract Submission and lnvrtatzon System — Program Planner ’ : o —_ JRC2007‘F-03

@ Print this Page far Ynur Recaords. ’ . Close meduw

. Nosocomial Qutbreak of Bacillus cereus Bloodstream Infection Caused by nghly Contaminated Lmens .
_TSasahara,YMonsawa A. Yoshimura, S. Hayasth-LGoml,Y Hirm .
Jichi Medical Univercity, Tochigi, JAPAN, _ i ' : . -

. Presentation Number: L-004 . ) .
Poster Board Number: 288 . ‘ 1
Keyword: Bacﬂlus cereus, Contaminated ]men, Bloodstream mfection
aokg@ d: In the Jichi Medical University Hospital, a tertiary care center with 1082 beds in Japan, all the cullure results obtained from

both i mpauents and outpatients have been monitored by infectious disease physicians. Bacillus cereus grew from blood cultures obtained
from 28 patients between April 1 and August 31, 2006. We considered these cases as an outbresk on the basis of our baseline data on all
culture results for the past 2 years; the average +/~ standard deviation numbers of Bacillus species-positive blood culture specimens and
- patients per month had been 2.52 +- 2.12 and 2,28 *+/- 1.90, respectively. Methods: We reviewed the charts of 28 patients whose blosd
- cultures grew B. cereus. Environmental cultures obtained fmm linens (towels and bed sheets), tourniquets, stocked skin prep swabs skin
disinfectants, ward table surfaces for nurses’ mixing infusion solutions, hand sanitizers; blood culture bottles, and infision lines from
selected patients. Samples were inoculated into blood agars after 65°C heat-treatment for 20 min. Plates were examined after 48-h incubation.
at 37°C. Results: During the period of investigation, we found that 8 patients had possibly “true” B. cereus bacteremia. One patient had -
endophthalmitis and 2 patients had died. There were no common exposures excluding peripheral venous lines. An mﬁxslon line of one case -
- grew a large quantity of B. cereus.In addition, the average numbers of CFUfem? of B. cereus from linens were 18,400 for towels and.103
for bed sheets, respectively. Few were detected from other environmental specimens, The contaminated linens were handled with a specific
large confinuation tank washing machine, which was determined to have amplified contamination: By temporarily autoclaving linens (only
once), descaling the washing machine, ard staff education on peripheral venous line management, there were.no‘additional B, cereus- L
positive blood cultures afterward. Conclusions: I our hospﬂai B. cereus bloodstréam infection outbreak cccurred probably due to highly
contaminated linens and improper handling of penpheral venous lmcs We contamed the outbreak by a multl-modal approach. o
] ""l?lmerua.l Relationship: ] ]
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Outbreak of Bloodstream Infection Temporally
Associated with the Use of an hltravascular
Needleless Valve

_ Mark E. Rupp’,“ Lee A. Sholtz' Dawn R. Jourdan,' Nedra D, Mation,' Laura K. Tyner* Paul D. Fey,? Peter C. lwen,? -
and James R. Anderson® -

'"Division of Infectious Diseases, Department of Intemal Medicine, and Departments of *Pathology and Microbiology and *Preventive and Societal
Medicine, University of Nebraska Medical Center, and *Department of Healthcare Epidemiotogy, Nebraska Medical Certer, Dmaha, Nebraska

Background., Needleless intravascular catheter connector valves have been introduced into clinical practice to
minimize the risk of needlestick injury. However, infection-control risks associated with these valves may be
underappreciated. In March 2005, a dramatic increase in bloodstream infections was noted in multiple patient
care units of a hospital in temporal association with the introduction of a needleless valve into use.

Methods. Surveillance for primary bloodstream infection was conducted using standard methods throughout
the hospital. Blood culture contamination rates were monitored, Cultures were performed using samples obtamed
from intravascular catheter connector valves.

Results,” The relative risk of bloodsiream infection for the time period in which the suspect connector valve
‘was in use, compared with baseline, was 2.79.{95% confidence interval, 2.27-3.43). In critical care units, the rate
of primary bloodstream infection increased with the introdiiction of the valve from 3.87 infections per 1000
catheter-days to 10.64 infections per 1000 catheter-days (¥<.001), and it decreased to 5.59 infections per 1000
catheter-days (P = .02} in the 6 months following removal of the device from use. Similarly, in inpatient nursing
units, the rate of bloodstreamn infection increased from 3.47 infections per 1000 catheter-days to 7.3 infections per

- 1000 catheter-days (P = .02) following introduction of the device, and it decreased to 2.88 infections per 1000
catheter-days (P = .57) following removal of the device from use. Similar events occurred in the cooperative care
units. The rate of blood culture contamination did not substantially change over the course of the study. Of 37
valves that were subjected to microbiological sample testing, 24.3% yielded microbes, predominantly coagulase-
negative staphylococdl.

Conclusion. A significant association between primary bloodstream infection and a needleless connector valve
was observed, Evaluation of needleless connectar valves should include a thorough assessment of infection risks
in prospective randomized trials prior to their introduction to the market.

Needleless intravascular access systems are mandated
to reduce the risk of needlestick injuries in health care
workers [1, 2]. There are 3 basic design types of nee-

dleless access systems: split-septum connectors; luer-

activated valves; and positive-displacement, luer-acti-
vated valves, There are numerous commercially

- available products within each basic design type. Many
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of-these needleless access systems are introduced into
clinical use without thorough evaluation of associated
infection control risks. Recently; concerns have been
expressed regarding increased rates of bloods_trcam in-
fection associated with the use of newer needleless me-
chanical valve systerns [3-5].

Intravascular catheter—related bacteremia is a sub-
stantial clinical problem that results in an attributable
raortality of ~3% and 2n attributable cost-per-incident
of ~$25,000 ameong the estimated 250,000 patients an-
nually who experience this complication in the United
States {6-9]. Therefore, if any portion of the intravas-
cular access system increases the risk of bloodstream
infection, it must be thoroughly evaluated, and clini-
cians should be appropriately alerted.

A dramatic increase in the rate of primary blood-
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stream infection in multiple inpatient units was cbserved in
our institution in ternporal assodation with the introduction
of a positive-displacement, luet-activated, needleless connector
. valve. Similarly, upon removal of the putative offending device,
the rate of bloodstream infection decreased. Herein, we report
- these findings and other observations supporting the causative

role of the intravascular needleless connector valve in the.

outbreak.

METHODS

Location and surveillance methods, The Nebraska Medical
Center {Omaha) is a 689-bed academic medlcal center, Con-
 tinuous active surveillance for bloodstream infections in critical
 care units and cooperative care units (step-down care facilities
for bone marrow and solid-organ transplantreaplents in which
a patient and a care partner {a spouse or family member] are
housed together in a home-like environment) has been con-
- ducted for years using Centers for Disease Control and Pre-
vention methods and definitions [10). Surveillance for device-
associated bloodstream infections was implemented in other
nursing units in November 2004. Inmal[y, surveillance was con-
ducted every third month; in May 2005, continuous surveil-
lance was instituted. Bloodstream infection rates weré moni-
tored in 3 types of patient care areas: critical care and
transplantation units (8 patient care units consisting of 132
beds), inpatient nursing units (9 patient care units consisting
of 312 beds), and transplantation cooperative care units (2
inpatient care units consisting of 22 beds). A primary blood-
siream infection was defined as occurring when =1 blood cul-
ture of samples obtained from a patient yielded a pathogen
that was not present because of an infection at another site.
Common skin contaminants {e.g., diptheroids or coagulase-
negative staphylococci} were disregarded, unless they were re-
covered from =2 blood samples that were obtained separately
or from a patient who had a central venous catheter and for
whom the physician instituted appropriate antimicrobial ther-
apy. Infections manifesting within 48 h after admission to the
hospital were regarded as non—hospital acquired. Primary
bloodstream infection rates were expressed in infections per
1000 central venous catheter-days, In the cooperative care
units, accurate intravascular catheter census data were not re-
liably available, and the infection rates were expressed in in-
' fections per 1000 patient-days. .

Devices and timing of dinical use. Prior to February of
2005, a split-septum intravascular access connector valve (In-
terlink IV Access System; Baxter) was in use in our hospital.
During the last week of February 2005, a luer-activated, pos-
itive-displacement, intravascular access valve {SmartSite Plus;
Alaris Medical Systems).was introduced into clinical practice
throughout the hospital. Education on the proper use of the
intravascular access valve was conducted on all units by nurse

educators and manufacturer’s representatives, o changes were
instituted in catheter insertion or care protocol during the ob-
servation periods. The intravenous administration set and con-
nector valves were changed every 7 days, or more frequently if
the connector valve or tubing appeared to be damaged, showed
signs of leakage, or was visibly contaminated with blood [9].
Administration sets were changed more frequently when blood
products, lipids, or parenteral nutrition formulations were in-
fused (9], Intravenous accesé ports were cleaned with a swab
containing 70% isopropyl alcohol before accessing the port.
Following an observed increase in the rate of bloodstream in-
fections, efforts to replace the positive-displacement intravas-
cular access valve. were initiated in late: June 2005, and the
previously used split-septum valve was returned to use through-
out the hospital by 1 September 2005. Although there was
widespread institutional recognition of the outbreak and in-
creased vigilance with regard to compliance with vascular access
insertion and care protocol, a formal, system-wide reeducation

 effort was not conducted during the period when the positive-

displacement intravascular access valve was in use.

Blood culture contamination. The clinical microbiology
laboratory routinély monitored the rate of blood culture con-
tamination using a laboratory definition of contamination.
Blood cultures were considered to be most likely contaminated
when single blood cultures (1 of 1 blood culture) vielded Ba-
dillus species, acrobic and anaerobic diptheroids (including Co-
rynebacterium species and Propionibacterium acnes), or Micro-
eoccus species, If a single biood culture among multiple blood
cultures performed using samples obtained from the same pa-
tient yielded coagulase-negative staphylococei, it was regarded
as being a likely contaminated specimen.

Catheter connector valve cultures. Intravascular access
valves were removed from the central venous catheters of 12 -

-adult critical care unit patients and replaced with new valves.

The used valves were transported to the laboratory in individual
sterile containers, The diaphragms of the used valves were dis-
infected with 70% isopropyl alcohol wipes (Kendall), and 1 mL
of trypticase soy broth (Bacto; Difco Laboratories) was injected
through the valves and collected in sterile 5-mL plastic test

 tubes. A 0.1 mL aliquot of the broth was inoculated onto tryp-

ticase soy agar plates {Difco Laboratories), and the plates and
remaining broth were incubated at 37°C for 48 h. Standard
microbiological testing techniques were used to identify recov-
ered microbes. .

Statistical analysis, Primary bloodstream infection rates
were modeled over the 3 titne periods (baseline [before March
2005§, outbreak [March 2005-August 2005], and fol.low—u_p
[September 2005-February 2006]) for the 3 types of patient
care units {critical care and transplantation units [8 areasl,
inpatient nursing units {9 areas], and transplantation cooper-
ative care units [2 areas]). The number of bloodstream infec-

BSI Associated with Intravascular Valve Use *
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tions that were observed was modeled using Poisson regression,
with the rates assumed to be constant for each of the 6 patient-
care-unit—time-period combinations. S48 GENMOD software,
version 9.1.3 (SAS) was used for modeling.’ Comparisons of
patient care units and time periods were expressed as refative

RESULTS

As is illustrated in figure 1, the rate of bloodstream infection
increased dramatically in all types of patient care areas in con-
junction with the. introduction of the positive-displacement
connector valve. In the 8 critical care and transplantation units,
the baseline bloodstream infection rate, which was calculated
on the basis of 38,250 central venous catheter—days over a 26-
month period, was 3.87 infections per 1000 central venous
catheter~days, During the 6-month period when the positive-
displacement connector valve was in clinical use in our facility
(accounting for 10,340 days of central venous catheter use),
the rate of bloodstream infection increased 2.82-fold (95% CI,
2.21-fold to 3.61-fold) to 10.64 infections per 1000 centyal ve-
nous catheter—days {P<.001). In the 6 months following the
discontinuation of use and the removal of the positive-dis-
placement connector valves, the bloodstream irifection rate de-
creased to 5.59 infections per 1000 central venous catheter—
days (P = .02, compared with baseline). In the $ inpatient
nursing units, the baseline rate of catheter-associated blood-
strearn infection, which was calculated on the basts of 2 one-
month-long observation periods (November 2004 and Feb-
ruary 2005) that involved 3745 central venous catheter—days,
was 3.47 infections per 1000 central venous catheter—days, Dur-
ing the outbreak period, the rate of bloodstream infection in-
creased 2.1-fold (95% CI, 1.15-fold to 3.86-fold) to 7.3 infec-
tions per 1000 central venous catheter—days (P = .02). During
the postintervention period, the rate of bloodstrean: infection
decreased to 2.88 infections per 1000 central venous catheter—
days during 11,475 days of central venous catheter use, which
is 2 similar rate to that observed at baseline (P = .57). Finally,
in the 2 cooperative care transplantation populations, the base-
line rate of bloodstream infection of 5.31 infections per 1000
patient-days that was demonstrated during 7535 patient-days
of observation over 26 months of time increased 2.86-fold (95%
CI, 1.69-fold to 4.85-fold) to 15.18 infections per 1000 patient-
days during 1383 days of patient observation {P< .001). This
rate decreased to 3.82 infections per 1000 patient-days over
1047 patient-days of observation in the postintervention period,
which is a similar rate to that observed at baseline (P = .53).
There was no statistical evidence that the increased risk differed
across the 3 patient care units. The estimated relative risk of
bloodstream infection for the 6-month period in which the
positive-displacement connector valve was used in our facility,
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Figure 1. fate of bloodstream infection versus time, January 2003 to
February 2006. Numbers 1-12 in the x-axis refer te consecutive montits
(from January to December] of the year indicated. Bloodsteeam infections
in critical care units (Al, in inpatient nutsing units (8), and in cooperative
care units {£). Infections are expressed as bioodstream infections {BSI)
per 1000 central venaus catheter (CVCldays in panels A and B and as
blondstream infections per 1000 patient-days in panel C. Asterisk, when
the positive-pressure displacement valve was introduced; dotted trend
line, the transition period as the valves were removed from clinical use.
In panel B, the first 2 data points indicate separate observation months
in November 2004 and february 2005, continuous surveillance was in-
stituied in May 2005, The connector valve was introduced in late February
2005 and was completely removed from clinical use by September 2005.
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compared with the baseline period, was 2.79 {95% CI, 2.27-
3.43). ' - .

Table 1 documents the microbiological characteristics of the
bloodstream infections that were observed during the overail
investigation period. In the 26-month preoutbreak period, 201

“bloodstream infections were defined, of which 24 {11.9%) were
polymicrebic. Sixty-four percent of the infections were due to
gram-positive cocdl, and 33% were due to coagulase-negative
staphylococci. Microbiological characteristics during the out-
break period Were quite similar to those in the preoutbreak
period. A total of 189 bloodsiream infections were observed,

- of which 16 (8.5%) were polymicrobic. Sixty-four percent of

the infections were due to gram-positive cocci and 34% were

due to coagulase-negative staphylococd. In the postoutbreak

. period, 98 bloodstream infections were observed, of which 5
{5.1%) were polymicrobic, The proportion of bloodstream in-
fections due to gram-positive cocd mcreased 1o 76%, and co-
agulase-negative staphylococci caused 45% of the infections.
There was no substantial difference in the proportion of po-
Iymicrobic bloodstream infections during the observation pe-
riods {P = .15, by Fisher’s exact test), The proportion of in-
fections due to.Candida species remained fairly constant
throughout the periods of observation, at 6%, 6%, and 7%
daring the preoutbreak, outbreak, and postoutbreak periods,
respectively. )

The rate of blood culture contamination remained relatively
constant over the course of the outbreak. In the 14 months
prior 1o the outbreak, the rate of blood culture contamination
was 3.00% (816 contaminated cultures of 27,172 blood samples
obtained), During the 6-month outbreak period, the contam-

ination rate was 3.02% (415 contaminated cuftures of 13,742
blood samples obtained); during the 6-month follow-up period,
the contamination rate was 3.13% (407 contaminated cultures
of 12,994 blood samples obtained). The number of blood sam-
ples obtained per month increased by 18%, from 1941 samples
per month during the preoutbreak period to 2290 samples per
month during the outbreak period. In the 6 months following
the outbreak, the number of samples obtained per month de-
creased modestly to 2166 samples per month.

. Samples obtained from 9 (24.3%) of 37 positive-displace-
ment intravascular catheter access valves in 7 (58.3%) of the
12 patients yielded positive results when cultured; all valves
from multilumen catheters were sampled. The catheters had
been inserted an average of 8 days before sampling (median,
5 days; range, 1~27 days). As previously noted, connector valves

" were routinely changed at 7-day intervals. All positive sample -

cultures yielded typical skin flora (eg., coagulase-negative .
staphylococci or diptheroids) ranging in quantity from 10 to
1500 colony forming units/mL of broth flush solution. No
gram-negative bacilli or yeast were recovered from the con- -
nector valves. In 1 instance, it was noted that the broth was
bloody after being flushed through the connector valve.

DISCUSSION

Needleless vascular connectors have been widely introduced
throughout the health care system in response to mandates for
improvement in health care worker safety and avoidance of
bloodborne pathogen exposure {1, 2]. Split-septum devices
were the first needleless devices to be introduced to the market,

Tabie 1. Microbiological characteristics of central venous catheter—asso-

ciated bloadstream iufections {(BSls).

Parcentage of total BSls caused
by specific pathogen

" {n=201 (n=189)

Preouthreak  Qutbreak  Postoutbreak
period period period

(n = 98}

" Qther grami-positiv

Gram-negative bacill
Enterobacter species
Klebsiella species
Escherichia coli )
Pseudomaonas species
Sermmatia species
Other gram-negative bacilli

Candida shidies

Cther

et
o .
-
o

5 3 1
7 6 4
2 5 3
2 .8 4
2 2 1
& 3 3
& 7 6
5 7 2
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and consist of a prepierced diaphragm that i5 accessed via a
blunt cannula. Luer-activated devices control an antireflux valve
and are compatible with standard twist-lock connector tubing
or syringes. Most recently, to minimize catheter occlusion, pos-
itive-displacement devices have been introduced that expel a
small volume of flush solution back into the catheter when the
device is disconnected. Although needleless connectors have

been shown to reduce the risk of needlestick;injury {11, 12],

the benefit of early-generation needleless connectors was ques-
tioned after reports of increased rates of primary bloodstrearn
infections associated with their use [13-15). Iuvesﬁgaﬁon of
these outbreaks revealed that the risk of infection was increased

" when connectors were changed less frequenty than is recom-

mended, whe_n specific infusates (such as total parenteral nu-
trition or lipids) were administered, and when other indepen-

dent factors were considered (such as patient race and.

education, multilumen catheter use, or recent hematopoetic
stem cell transplantation) [13-17]. In 2002, the Centers for
Disease Control and Prevention reported that needleless con-

- nectors do not substantially affect the incidence of bloodstream

infection when they are used according to manufacturer’s rec-
ommendations {9]. More recently, increasingly sophisticated
mechanical valve connectors have been introduced into clinical
practice. Limited data are available regarding the risk of blood-

. streand infection that is associated with these devices. In studies

comparing luer-activated valves with simple caps, rates of con-
tamination and bloodstream infection were reduced with the
use of the mechanical valves [18-20]. in 2004, Hall et al. [3]
first reported infection-related concerns regarding the newer
devices; reports from other institutions followed [4~5, 21, 22].
The device implicated in the outbreak described by Maragakis
et al. [5] is the same brand of device temporally associated with
the increase in rate of bloodstream infection described in this
report. In addition, Shilling et al. {23] noted higher catheter
occlusion rates associated with the use of a positive displace-
ment needleless valve, compared with a simpler mechanical
valve, as well as a trend toward higher infection rates when
saline was used to flush the device. . .
The present report adds to the increasing attribution of un-

‘intended consequences to the introduction of various me-

chanical needleless catheter connectors into use, Several features
of our study merit emphasis. There was a striking temporal
relationship between introduction of the connector valve and
a ~2.7-fold increase in primary bicodstream infection, Stmi-
Iarly, when the connector valve was removed from clinical use
in our facility, the rate of bloodstream infection decreased to-
ward baseline. The increase in bloodstream infection was
quickly detected and was observed in all areas and in all patient
groups where the device was used. The rapid detection of this
outbreak emphasizes the value of well-functioning systemns of
surveillance for health care-associated infection. The wide-

spread nature of the outbrezk indicated 2 gefneralized problem,
not one assoctated with a small group of health care workers
or a limited point-source outbreak. As illustrated in table 1,
the nﬁcrobiolbgic etiology of the bloodstream infections was.
relatively constant and was most consistent with inoculation
of the intravascular catheter system with skin flora. The variety
of microbial species that were isolated and the lack of reports
of similar outbreaks in the region argues against a generalized
contamination of infusate as the causative factor. Likewise, no
change in the profdcol of intravascular catheter insertion or
care occurred that could explain a generalized outbreak. Finally,
additional support for the causative role of the connector valve
came from the results of microbiological testing of samples
obtained from the connector valves in clinical use. Microbes
were recovered from 24.3% of the sampled connector valves.
In comparison, 2 clinical studies examining the risk of micro-
bial colonization of connector valves [18, 20] reported rates of

. colonization of 4.3% of patients and 6.6% of devices, whereas

Danzig et al. [15] related a connector device colonization rate
of 21.7% associated with a bloodstream infection outbreak.
Limitations of this study must also be emphasized. First, this
was not a prospective, randomized trial. These data are ret-
raspective, observational, and uncontrolled. In addition, our
report details experience at a single institution. Although the.
connector valve was introduced into clinical use in conjunction
with an extensive educational program, it is not known whether
further education regarding catheter insertion and care would
have ameliorated the outbreak. Although earlier studies [13,
14, 16] have indicated that lapses in intravascular catheter care
could explain increased infection rates associated with the in-
troduction of new connector valves, other investigators have
found repeated educational efforts regarding proper use of the
devices to be unrewarding [4]. '
Although' speculative, we believe that the design of the con-
nector valve introduced in our hospital in March 2005 may
have promoted microbial contamination and colonization.
Upon dose inspection of the valve {figure 2), one can observe
a shallow depression and rim between the diaphragm and the
plastic housing. It is possible that microbes and debris could -
collect in this area, which would be relatively resistant to cleans-
ing or disinfection. The internal mechanism of the valve con-

. tains moving parts, which introduces irregularities in the fluid

flow and may promote areas of stagnation and create potentiaf

" reservoirs for microbial growth, Also, the plastic housing is

opaque, which prohibits visual inspection of the connector
valve, Therefore, it is possible that blood or infusion products
could collect within the valve and, because of its opaque nature,
go unnoticed by health care workers. Last, because of stiffness
or “memory” of plastic intravenous tubing, if the luer con-
nection mechanism is not fully engaged, the tubing can untwist,
resulting in disconnection and possible contamination,

1412 - CID 2007:44 (1 June} = Rupp et al.
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Figute 2. The 2 vascular catheter connéctor valves destribed in this
study. The valve on the left is the split-septum valve used before and
after the outbreak of primary bloodstraam infection. The valve on the
fight is the ler-ectivated, positive-displatement connector valve that was
temporally assaciated with an increase .in the rate of h!oodsh'eam
Infection.

", This study also demonstrated the complexities of health-care
system supply lines. A multitude of persons and viewpoints are
involved in decisions regarding supply purchases; potential in-
fection control concerns are only one, albeit a very important,
consideration. In heavily bureaucratized and outsourced hos-
pital supply systems, decisions regarding device distribution are
not ecasily comununicated throughout. In addition, end users
of supplies may have personal stockpiles of supplies that are
not officially sanctioned. We encountered obstacles at various
levels of the supply chain in attempting to remove the connector
valve from- clinical use, Although efforts to remove the new
connector valve and replace it with the original valve were
initiated in June, we continued to find the putative offending
device in sporadic clinical use throughout the summer. This
may explain why bloodstream infection rates did not decrease
. as steeply when the device was removed as they had increased
when the device was introduced. Only through repeated, thor-
ough searches of supply rooms, bedside cabinets, and nursing
units and repeated communication along the supply line did
we finally achieve a complete exchange of devices by September.

Is conclusion, a strong temporal relationship was observed
between the introduction of a positive-displacement intravas-
cular catheter connector valve and an increase in the rate of
primary bloodstream infection that resolved when the con-
nector valve was removed from clinical usé. Although causation

can not be concluded from these data, clinictans and persons

responsible for institutional medical device purchase and use
should be aware of the association between this particular con-
nector valve and an increased risk for bloodstream infection,
Because of significant morbidity, mortality, and economic cost
associated with bloodstream infection, any change in the design

of intravascular catheter devices or the procgdur'es used'in their
insertion or care should be thoroughly investigated in ade- -
quately sized and well-designed studies to ascertain unantici-
pated infectious'complications before they are approved and
introduced ta the market. Finally, the value of surveillance sys-
tems for the detection of health care-associated adverse events
and well-functioning infection-control programs is once again
dcmonstratcd_ :

-
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