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80103|2008/|80246|BSE |OIE.~World 1989F M 52008 F3H £ TIZ. ZEE LS D EHRZE M- EEEZE
06/17 animal health |FEFHFBOE)NIHESN-FBLFIZHTSBSEEHETH S, 20065
situation 2008 [I&. ARA685E. 7AILSK4188, RJLMHJL33EE, KAV165E,
F£3A318 BARBEVR—F2F1088, 75 X888, (4T 18R, RAAB &K
UAHFA58E, FTa3E. A—AM) 7 . RILF—BLUVAS52
BB, ARORZ7 A1 —TUH IV KE1TETH S, 2008F ([,
CNETICTHF A1, TAILSURENRESNATINVS,
80103|2008/|80246|BSE |OIE.~World 2008F3AETIZ. EEAI L EEENZE S B OB)IZHEINT
06/17 animal health |BSE#{T#H 5, 1987F LIRILZEE £IAT4463ETHoT=HY, 19924
situation 2008 |IZI&£3728088&75o1=, T D& . B L. 2007FIZIX6758E AT =,
F4H178 20084E1Z3 A31E TIZ10EEHR S SN TS,
80101/2008/ | 80226 |BEYRF |Transfusion %/J\@f’baé;ksbétmk g{n%iAitl;t;a{n?ﬂco)HBv
06/06 *® 2008; 48: 286 | S RAMHARIDBEEMREF /N D—ITEELIZECA, &M
204 50%F /N O —REEE(CID50) (X & < f10aE— L ESNT =,
RIERLEFERBLIEFU /AU D—IZHITHHBY DNA 94K
I B IEFEATILS5-76H ., EZFEICTIL35-50H . HBs Ag
AR YR EEFEATIL69-97H ., E{=FEICTIX50-64A T
Hof=. £1=HBV DNAZ T 34 LITBIEFECH A IEIEF
BAICHERFEIZE,N ST,
801032008/ [ 80246 |BA!FF (537[a] HAK inumu J:UHBSJ;LWIX/T 72&&1% ’"L H:FAE%JJ—LT‘4O
06/17 *® FiEFSfmE |RALEOEGRE THS, #kE. ZMmEDIERERIDOEFE
£ 2007412 |fToTCREREMNIHESINT-, REBEEREZSOMMEDR D) —
A7-88. g =25 &2 ToTWBIzinhbhnd . RIFTILER10-20 DHBV
2007; 48(Suppl |BEEMNRESN TS, ZDREERD—DOHHBsiATZ R —7
3): A522 22—V THAD., REFD LS Ik ME, FMEEHICIERE
S| DR EITVRENERASAE=HEEHLOH THRTH S,
80103[2008/ (80246 [BE!RF |556[0 H A [20074F (CEEMEEH D H R F+F LT3R S =56 000 B8 E B 1
06/17 RCE |- MEEEF|EDHEF (X124 (108 RITFE) THY .. —MEERUVKEEDRHH
% |[&#% 2008 [[EICHENFMERIZHSD. RERIFHBVAY6 1], HCV324l. HiE 24
F4H25-278 |[#l. ZDHDIAILANTEITHoT =0 AL AR (8F) FEHI D
P-033 ERERICKYRRAEZERLIER L. HBVD 1245l EHCVD 145 T
Hot=o HCVD 1151207 — )LNATER 14 1% (200448 H B8 #1HT
DRBERFRLLT OB M &< kB REEER Th-oT-
80103|2008/ | 80246 |CEYFF |American TEMEHCVRR B E 19304 (B2 3E) EHCVIZE B E 19414 (R ER
06/17 % Society for the |B¥) E&FLLEIL ., YRR FERET L=, B Y. 19924 LLAT
Study of Liver (DEMBIUV2DULEDANBIIELEBEOANTEHELYEEIC
Diseases 2007 |EM 2Tz ANBIFHCVRELZEYRVERDLZWVEZEIZABLTE
F11H2-6R HCV!@%&E&@EEILTL\T:O
801032008/ [ 80246 |CE!RF [J Med Virol 2003F4~108 12/ R 7 DB ENER TEEFALICHCVIRA L
06/17 * 2008; 80: 261- (O /A—2auARBHLNT=, CD4L ELEINSHCVIRIAIZET
267 HoT=10Z DHCV RNAB LUHCVEEEFEZBREL. RFEEE

BT EL=#E R, FTR R EEZ4R DHOVITEEFE 2T, 2
REMREBEE1RDONHMINVMIVAEEZTH o=, B
FIHFEOFBEEEICLDEEN RO,
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80103/2008/ | 80246 |EZYRF |J Med Virol BEEYIRNTOr—DE—HERIZHELVT2005%E6 A Hh 5134
06/17 % 2008; 80: 283- |ARIICERBFRI1BFIAFRELIz, CNODEFIFIL—F O DERFF
288 RIMEFREZEARBRICEHESNT-, B—HRPABRBT L2
5, BRIFF % (4 Thof-Ceh s, RERFBEDOAMHEEEF R
fEL. BT I EMEBEDLEVEEL2BIC/IL—FUDERFXRE
FEETEHENEREEZDOND,
80101[2008/ (80226 |[EZ!EF [N Engl J Med [2004ZE1B1H ~20062%12 831 BIZEBiE(Q2414% ) £-IXiF2HE
06/06 % 2008; 358: 811-((86%) &2 IT-EBEDBIERFDIHEV GRAEZEIL, &4 14.5%
817 F=13104%Th o1z, COAN. FFBHEEZ(T1-34 . EBHEEZIT
1-9% . B ERDBIEEZ 122 D142 TRMHEVREZE %
BEL=A'. B MEFEHEV RNABETHY . N8EZ A IZTERF &
Hot=, BEMNSZHETOBBITE BEFRICERL-EE
TIEY) o BR#AUNIZCD2. CD3EB L UCD4 THIFAMMN B EIZIE
75\01—:0
80103|2008/ (80246 |EZ!RT (F56[aHAE |dLiBEHRX(CHINTIRITT—ILNATRYY—=—U T DEEFHL 2
06/17 % i - $#R8 ;A # % | TTagMan RT-PCR{E(Z&BHEV NATR Y —=2 45 %4To1=. &
=HE 2008 MBS DLW TEMBAES LU RAERLEEITHOT=,
F4825-278 |BEHEBLEOZLIEEHYRNERAEZRLTHEVIZRRELIZEEZ S
0-026 NBEHRRELE T, GenotypelXG3HNZh ot ZLITERNIEN
BOWEERAELGEREL . AW BEFEE—@MEREOREF
1=Eo1=,
80103[2008/ | 80246 [HIV AIDS 2007; 21: |52 ZAQHFMHIVEZERBIZE 1T HHIV-28 K UHIV-15 )L—J0F!
06/17 2351-2353 DRELFREF 1=, 200341 A H 152006456 B 12101845 DHIVET
RGN E SN T=H . HIV-28 KTUHIV-145" )L—F OB B i
DEEIX. BRANBUIBLU01%THo=e CNODEFIDIFEAE
(X, BMEDEMICKYRELE-RITHIBHEDEETH-.
QV-TZE‘%%O)5%315IJli%‘l‘i—t&'ﬁﬂ‘]?ﬂ%’éﬁf’33|577'Jﬁ?ﬁi%’l‘i—t'@
21Zo
80103[2008/ 180246 |HTLV |American 19994F1H ~2006F 12 B IZRIG CRAIM A fToT=#F) B Hk M E D F &
06/17 Society of B HEFR S LCEABBHTLV-1 BB EOER ST EIT-
Hematology = MEBERFELGHAERBIZONEEITEMLT -, F-1987
20074E12H8- |~1990F(ZEFEN-pkMME TIX1985~1986F I EF N -k E
118 ELLEBLTHEIZIEN o= IMILATY) T OBHDOZEZET
HEFBEL-EBORMEHIEEEDRTICEBMLTLNAIEATR
éhf:o
80120(2008/ (803167 A1) |Clin Infect Dis [M&FF|IDEMIZKY L v—HRARBIZREEL, BELLEEARAIU A
07/29 57 A|2008; 46: e44- |BEDFERFMN., MFFHWEERZE. LSUIZHEMEDORED
JAh-k |47 BRETHD, BEEITAMBEDOEEELHY. 1768 LI LD IMEH
1Js/ FDEHMEZ T T =, B MBED-HDHREINFIRET, F
J—< ERAMAERKEFZEBEL THERICRELL-IEANHERIN
JiE o BESN - ME X EERTHO-, ERHEEMEE X, &
ZHINHIF B BREMATIZ. iTrypanosoma cruzififkD Ao —=>
TH#Z2ITHRETHDB,
80103|2008/ | 80246 |17 [AABB Weekly |42 TILIUH/\UTFIv)EMBRELEICE T HAABBOEX S
06/17 JLTY |Report 20085 |I&, /N> T2y I IMBEROHIS BILGLERY TRUNERDH DL 52
+ 2A29H B14BIZFDAICR LBEEEEE LT, /AU TIVIBEICILER L

HIMEBARIRSN S ENFESNS-O, £ME KV FMEK
BRI ORRERECT 5 ENRLAIDNTHAHEL TS,




Ifn 5t

=i

i

D | B8 |F7| @7 4 xS ﬁoﬁk
80103[2008/ [80246|4/> 7 |Emerg Infect |[HhFF DEREBTEFEL T =75 BEDEEMN S,
06/17 JLIY |Dis 2007; 13: |A/Canada/1158/2006&& Do f=-T AV TILITUHFADA LR
v 1865-1870  |(HANM BB S T=, CDEIZD A2/ \—90% DH54% TR A
LRI T HMERMBREZIT o=, 542 HIBMNIFET
Hof=. Fl=. TR10BEEDSHI1BEETMEFEMNBHASHI >, T
BAVIT VIO L AKRIEHEMIZERDDEREET B
ISBIEEERHETEEND, AVTILIVFRITADHEAD—
RELTEBREDEYPRHH —RASURERFITRETH S,
80133[2008/ (80378127 |Proc Natl Acad |[1—53L 7 H KXV ILKRIKDHIE N ) AV TILIOHFOLILADE 3
08/27 JLIY |Sci USA 2008; |BAIESRES KUV TILYNETIVIZEITARREMERARI-, 0D
+ 105: 7558-7563 [$5 R . 20044F(ZHhF 5 THEESNTI=HIN3E! | 2002-20034F (K E
L HETHEEINT-HIN2E! (X o 2-655 &S 7 ILEEI =3t T B EF0ME
ZEOHEHAZEBL TV, £1-2003F(2=2—3—VD BHEMS
PDEEIN I EREMEHIN2E (XL yb O LS B THEMIZ1EhE
L. EEEMTRETEELENERSINT -,
80113[2008/80288|r7 1 JL |AIDS Res Hum [Simian Foamy Virus (SFV)E&Z:L1-B 474 %= E AR B EEEL
07/24 AEF |Retroviruses  |T=, BIEIXIEEFERELIEMIT IBETHO-. BEOETOXR
2007; 23: 1330-|#4 M B #%IK(PBMC)H 5T A4 JLADNAND R Sh . OEORE
1337 EREANSRESNDZELHoT-. BEIR (P R{E204) DR
BEICANDOLTELIIEETH -, FEMTEEREIR TR
L3highot=, REMGBIAE CTHH-HSFVELEKEOER
-ENEREEETEEMN O,
80103|2008/ [80246|™ )L [CDC/MMWR  |KE4MIZHF52006-2007FED 7T /94 JLAMEE14(Ad14)(Z
06/17 AR [2007; 56(45):  |BRELI-2MMFRI[ERBICEATHHMETH D, AdIAIEIHICLAER
1181-1184 LEINEVD ., ETOEERBOBEICEE CTEIRNLFRIER
R AREEMN B S, 2006558 (=2 —3—I M TE®R12BE
DELRAAIIAREFIZKYIETEL, 07E3-6BIZA LT, TS
oM B IUTHFHRMTEH40B DREZEEHLERESINT-, Th
SNEBENSTIRODAIAE RN D EEINT-,
80101(2008/ (8022671 JL |Emerg Infect |[HFFZFHULVT, Saffold I ILRIZEEET 2HILTFA DAL A5 Bl 4
06/06 ARKZ Dis 2008; 14:  |[¥ROSIEIRIVERZH T H32D/NEDSWERS I MHhSiEHEEIN
834-836 1= Can112051-06 57 B#k DR T 0T A > EE 5| (L. Saffold™ A JL
REN2%DTI/EER—EZHB LIz, LOL. VMILRAREDEFR
VCDDIL—TIF hMEYBRLE-TUV =,
80113/2008/|80288|9 1 JL |J Med Virol TR ZEME =2 (55 EIT7 EE T, Torque Teno virus (TTV)
07/24 AR 2008; 80: 365— |DHELZFAR-LTAH, 2-20DEEDHI10%(118%&H124) M
371 TTVIEMTHST= TTUFL  ASTELUVALTEIXTTVES R LY
EMHEEOAIEIN ST, TTV-HOVHERBEETIEIIIYF OB LD
ALTIEMNTTVEMBREH LYE I o1, BlC k55 5EEN D
BAIRTTVRE (IS EI7EEBICH (AT HEEEES LERET S
ZEMNTREEINT,
80101/2008/ 80226 |71 JL |PLoS H I EASE I D /NSERFRIT AN, 20034E12 8 £20044F 1 BIZHRUE 7 5
06/06 A% |Pathogens D Cochabambaf{tiIE CHREL=, 1FETHIMNSEAZAFL. BE
2008; 4: MEFRAENSIEMRAES S IAILREHEL. LT OAILALR
€1000047 TE LTz, RT-PCRAT. A N IZSK UL RNAES AL B FI D FEAT D

R . COIMIVRIZHETIMILRIZRLEZTHAH, FHBD
DAIARTHAHAZENTRENT=, L XZ DA )L A%EChapare™7 A
IWARERBTRIEFIRET S,
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80103/2008/ 80246 |91 JL |ProMED- 20084E1H21H, BraziliaT32@% D BENZHD-HILT L=, =
06/17 AR |mail20080218.0 [#Lld. TSP ILIZEITBH1I5AB DEEIET-EETHD, Mato
645 Grosso CH1B DB LT TENERSNT=. NI T/ RELUB/IE
B #BAsuncionDIFRFE CEFAEEZ (T TULV=39: D &t HY2008
FE2R16BIZFRTELI=ERRLI-, AETIEINETIZ, DEKER6
BHBERCEO>TRTEL=. ZLOTHERAITIVFUIREERDTH
[RIZERTILTLNS,
801032008/ (80246 |51 JL [Transfusion HEmMEMFRATO YA FATODA)LRA(CMV) DNAIG T ZHIR
06/17 AR [2007; 47: 1972- |5t 1=, BEIZCMVILEE M THO THCOMV IgGiaEE R =it
1983 M&824 M MIFHRA44%H R E#IIZCMV DNAFSHE TH 1=, 15
Y EmiE RSB E-(FmERSEERIE LT ECMY
DNAFE 4 THo1-, BMBKBEEDERIZENIDHST  FRME
RGBT ME O ()L R MEE X METECMVDEE) XY
NEERFEREEZOND,
80120[2008/ 180316 |91 JL |Vox Sanguinis |7Z7ERF L EENEAR THALZNIELf-M/MR (PCT-PLT) D 6
07/29 AR (2008; 94: 315- |HIMICRIE T 2EEBREANS-OICHEBMNMERZEERT
323 0455 L%ELT-, B&14008 (274374 DPCT-PLTAE M S
n.Zz0OA. 68N EEEREBEM TN T, PCT-PLTEMIMIZ
;I%ﬁiébf:%\'lﬁﬁmmsli&éi%ﬁriﬁ{&(‘ FEAENEETHD
80110/2008/|80278|™9 1 JL [WHO 20083 A T ). FEAnhui®i Fuyangth CRLF IR 3L NN EE D fii 7
07/03 A% |Represetative |RERBHERICKYIRTL., 4B PEAETIZISRD/NMNRIFERRD
Office in China [JRERETRIEL=, ABEDHER. ToTOVAMIIRTIZESFEOR
20085198 |EEESNT=, T TIZ. S A1EHMNS5HIH DRI, 6,049k
Sh., 353N EE T, 22 MFET=LT- (BRIEFR0.4%) , BEIZL. 4
AD#OIZEMLIAH T, 4H28BIZE—2IZEL. 5SASH LR
bLT=,
801132008/ (802889 T X [J Med Virol FRI—OYNIZEIFEVIANFAILIAILRAWNY)D B HE
07/24 k4 |2008; 80: 557- |BiEEAN1=. KAV AHLIMNE 1443748 FHEDIRIAT0.03%H FIWNY
JLtoA |563 G TH o=, FMYANI9768 HXRDIERAEZWNY NATZZHWNT
JLR WNV-RNAD FEEFARIER. £ TIREETHoT-, KEHXEM
T — )L CIIWNV-RNADLIXLIER S =AY, 3—Ov/ 07
CTHEDT—ILhLFBEINEGEN o, Ff-, MTEFIEER
FBOIMILAFEIIZEYWNVIZET 2R 2 EITRIESNETE
MEALMELE ST,
80107/2008/|80255|T7R<> |CDC 200841 |CDCEVAU A RIEE L. 2007E8ANSIREST=DAF BBERZ
06/24 Him (A8H fIE 9 BBundibugyott R IZHIFTATARSHMBD T IONTLA9%
|ELT=, 20084E1 H3AETIZ148 AN TBEL, STANTETL =,
EEBEOEBEGETFETICEY., BRAMDIDDIRTIAILR%KER
BB IR THAAREMENRIB SN T -, EEICIXER
SHENBETHD,
80103|2008/ (80246 | T-R> |ProMED- FREILRX. YAV AESRIZELNTI6AMNIIETL. fh(Z50 AHFE
06/17 Hin  [mail20071130.3 [ELI=THRSIAIILRIL., FIHRO¥THAE2007F11H308 12F
869 KL= RYOEFIZIVITRIHMELEEZET S
Bundibugyoitt X [ZH VT B10BIZfRESN -, COHTIXH M
EHhEVELNT . BEEIEHDE. FET-T S,
80105(2008/(80248|~ 04 2007 T)A> [BAD AOFEEHET TlX. CIDIZEARTILEE20ELL EIZEY
06/17 Vo MRS EnERZRL . 20054 [ A 1005 % 1.23 N T#H 1= CUDH—
JUk =¥ |Poster-20 RNASURAEBRICKDAERTIBESEMIZANSFIN T4 R
s EHIFEEINT=, BERAITIL, MHEMECID 71164, EIET)A R

128451, BE1E (&S %) CUD 72451 (ZEREICID 145, FEEFBIER
CJD 7145l) . B LU R FEAREE 25 TH o 1=,
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80103|2008/|80246|F %> |Lancet 2007; |/ R T7AREDFHET H20DF TRRERAFAHADRAMKEEE
06/17 = [370: 1840-1846 | AN IRE SN EF B LUBAEDBRAEELILI-FER. FIo
4L G4 )L A(CHKV)NRETHAHZEMNBASMELDT=, 2007
R F£7R48H59H278 DOEIZ2056 D CHIKVEE ZGEHIZE R E LT =,
FNOBRBEARILI-RICRELI=A VR 5 B W RIER S
FaNTz, RFBEGEFHDHIZEY . 12) 7 DCHIKVER LA R
53&5%%@@*3,3)@@7@ FILAOTHEESN-#EB VRIS EZ T
L=,
80107[2008/ [ 80255(F%4> |PLoS 2005~2006 F (L A=AVREETT IR I LA ILE=FHOUT =%
06/24 4 =% |Pathogens AIJLA(CHIKV) BEEE, ToRO—TEREBGEFOEEK(EI-
94 JL |2007; 3: 1895- [A226V) MEEZRL TV =, COZED ., RYAAIITHELUELRD
AL 11906 RXHZHITACHIKVE S EIZ T BEELZRAT-, TDHE. C
HIKVDERR DO IAITH T HREEEAFTEICEML., BE<TDOR
ANDEGEENIYMBRIZHBZZEABELMNEL ST, BEDORY
B—THDRVEAIADRNEV R M, CCHIVKA KR ITLE=D
[ICDEENRREEZOND,
8011312008/80288 /32 |Blood 2007, | REISFHYMMTOHMI< & SHBabesia microtik R DEIRMEZ | 9
07/24 7R |110: 853 FHMET A1, 20042007 F I RESNF-FF—ELVEIURDR
FRAEBREL -, TOHER . 4SEOFMEkEME S (T TLV -8
Z 115 TBabesia microtif S MFEZR SN =M, MEFRIFBEDR
F—EEBETAILETELRN o=, BIEMEIE1920[E 0D 7R M Ik
mToFlFE=IFIFlEFEINT,
80105/2008/ | 80248|/%)L7R [Transfusion KEDMFEE2A—THERIZH LV T2000-2003F D HART (R ER L 1=
06/17 J4)L |2007; 47: 1756—-(5020% D HEME HE D REFEMFERAZESREPCRRY ) —=2
4 1764 EHERANT/NLARYAILABI9 DNAIZ DL THRZELT-, B19 DNA
(51 1$0.88% T o7-. DNAIGTEIRIAD £ TH IG5 T, 23%H%
IeMIETETH T, eMIE B ER (XDNAELFBEEL 1=,
801202008/ |80316|/XJL7R |Transfusion RIRIZHF51997-1999F D EkME 9790524 102 HER/NJL 9
07/29 94JL |2008; 48: 1036—|7R A )L AB19RLE TH o=, BIVKZEEDSH204 DB19
z 1037 DNA. IgGB & WIgMEE #7440 —7 v L= Z A, B19i5{ERR
ENEEINT=M, BIORZDEREREL =BT VEMoT=,
BIOAMRREHDMIFIAIL R DMEIZFIIETION,/ mLKRE. #52
ETICIU/MLRFETTIRBEMNTEINT=,
80105[2008/ | 80248|/%)L7R [Transfusion B19V IgGA{MIZEERLI-B1OVHRFMD KX I ZRETT 510, &i&
06/17 1)L [2008; 48: 178- |[M#ET— /L1000l I DWW CTHEERERTEEICLIBEEERL
R 186 1= MEET—)LIZF 933 +91U/mL (Fx/IME11IU/mL) DB19V IgG
AfEZEEFL. CASD11IU/mLOBI19V IgGld. BIVEEFE1D
R E%46 log, BIZTFR20DEEMEE3.9 loghl EEFPFILI-, =
D=8, ZDESHT—ILRFED10%ETRRES OT)HH
(IVIG) [, S5ICELBIVHFEMREE BT HEMNBALMELS
1=.
801022008/ [80231|/X)L7K [Transfusion in |32 0 M &5 E R FEFI(EVIIE F1 o EEA— /A /N EHE, 10
06/10 1)L |press FEXAFESRBLIUEVIEF) DHETIRICHLNVTSTIM-45%
x SUNBLIBEEZRAN-FEHELEEITL., ERSILIRD AL
ZB19(B19V)ETH RN A JLAMMV)EI CTARE LTI R D L
BE1Tol-, TOHRR. MiZEERFEF O FREEDOIELEICE
53, RERICAULV=BIVGEERFENE 28) [T hiEMMVELE
RLTHEMIZREEIEESNnT=,
80101/2008/ (80226 |/N )L [Vox Sanguinis |[E8ZE30~35F M IZE EEIN-EMREFEF|F(CErILRDAIL
06/06 J4)L |2007; 93: 341- |RAFHET EMEFRT=, 1750v+D55280YHPARVAL —4
3 347 IVREEH. FOR2OYNMIZ /A4 T BB 2B O AITE

EL=zo B RYIMILREIL10 5copies/mLEL £ T#H>T1=, PARVAS
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Avian H7 influenza viruses from both the Eurasian and North Amer-
ican lincage have caused outbreaks in poultry since 2002, with
confirmed human infection occurring during outbreaks in The Neth-
erlands, British Columbia, and the United Kingdom. The majority of
H7 infections have resulted in self-limiting conjunctivitis, whereas
probable human-to-human transmission has been rare. Here, we used
glycan microarray technology to determine the receptor-binding
preference of Eurasian and North American lineage H7 influenza
viruses and their transmissibility in the ferret model. We found that
highly pathogenic H7N7 viruses from The Netherlands in 2003 main-
tained the classic avian-binding preference for a2-3-finked sialic acids
(5A) and are not readily transmissible in ferrets, as observed previ-
ously for highly pathogenic H3N1 viruses. However, H7TN3 viruses
isolated from Canada in 2004 and H7N2 viruses from the nartheastern
United States isolated in 2002-2003 possessed an HA with increased
affinity toward a2-6-linked SA, the linkage type found prominently
on human tracheat epi‘theiial cells. We identified a low pathogenic
H7N2 virus isolated from a man in New York in 2603, A/NY/107/03,
which replicated efficiently in the upper respiratory tract of ferrets
and was capable of transmission in this species by direct contact.
These results indicate that H7 influenza viruses from the North
American lineage have acquired sialic acid-binding properties that
more closely resemble those of human influenza viruses and have the
potential to spread to naive animals.

hemagglutinin | transmission receptor binding animal model

vian influenza viruses within the HS and H7 subtype continue

to pose a major public health threat Since 2004, highly
pathogenic avian influenza (HPAIT) H5N1 viruses have resulted in
>380 cases of laboratory-confirmed human infection in 14 coun-
tries (1). Despite the high virnlence of HSN1 viruses observed in
hugnans and mammalian models (2), numnan-to-human transmis-
ston has been only rarcly documented (3--5). Additionally, influenza
H7 subtype viruses within both Eurasian and North American
lineages have been responsible for multiple outbreaks and hurman
infections since 2002. These include outbreaks of HPAT HIN7Y in
The Netherlands in 2003 that resulied in >80 cases of human
infection and one fatality; HPAI H7N3 in Botish Columbia,
Canada, in 2004 that resulted in two cases of conjunctivitis; a cluster
of human infeciions of low pathogenic avian influenza {LPAT)
H7N2inthe United Kingdom in 2007 that resulted in multiple cases
of influenza-like illness and conjunctivitis; and a single case of
human respiratory infection in New York in 2003 (6-11). The
majority of human infections with H7 influenza viruses have
resulted in conjunctivitis, but similar to HSN1 viruses, probable
human-to-huiman transmission among family contacts has been
rarely documented through molecalar diagnosis (7). Representa-
tive viruses isolsted from these outbreaks were found to replicate
efficiently in the mouse and ferret models, and one virus isolated
from a fatal respiratory case during the FI7N7 Netherlands out-
break, A/NL/219/03, was highly lethal in both mammalian models

7558-7563 | PNAS | May27,2008 | vol 105 | no.23
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(12, 13). However, further study is needed to assess the pandemic
potential of H7 influenza viruses within this subtype.

Influenza virus attachment to host cells is mediated by the virus
HA binding fo sialic acid (SA) glycans present on host cell surfaces.
Avian influenza viruses predominantly bind o2-3-linked SA,
whereas human influenza viruses preferentially bind fo «2-6 SA
(14). The three influenza pandemic viruses of the last century,
causing the pandemics of 1918 (HIN1), 1957 (H2N2), and 1968
(H3N2), each possessed an HA with a human o2-6 SA-binding
preference yet are thought to have orginated from an avian virus
possessing the o2-3 SA-binding preference (15, 16). With few
exceptions, avian HSN1 influenza viruses isolated from humans
have maintained the classic @2-3 SA binding (17-20). However, the
SA-binding preference of recent H7 influenza viruses associated
with disease in huntans has not been well studied.

The ferret model has been used successfully to study the trans-
mission of human and avian influenza viruses {21-23), because
ferrets exhibit a similar distribution of SA as reported in humans
with a higher proportion of a2-6 SA glycans on upper respiratory
tract epithelial cells and o2-3 SA in the lower respiratory fract
(24-27). These studies have shown that avian HSN1 viruses, despite
replicating to high titers in the respiratory tract, are not readily
transmissible by either respiratory droplet or contact transmission
(21). To date, the transmissibility of viruses within the H7 subtype
has not been examined experimentally. Here, we use glycan mi-
croarray technology 10 determine the receptor-binding preference
of H7 influenza viruses of both Eurasian and North American
lineages and assess the transmissibility of selected H7 influenza
viruses using the ferret model. Surprisiogly, we found that recently
isolated HTN2 and H7N3 viruses of the North American lincage
possess increased binding to «2-6 SA, with several strains exhibiting
preferential binding characteristic of hurnan influenza viruses. One
of these was an H7N2 virus, A/NY/107/03, associated with respi-
ratory disease in an acdult male, which we found to be capable of
efficient direct contact transmission in the ferret model.

Results

Receptor-Binding Preference of Eurasian H7 Inflsenza Viruses. Previ-
ous studies have elucidated the molecular basis for the receptor-
binding preference of influenza viruses of multiple sabtypes, in-
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Fig. 1.

Glycan microarray analysis of Eurasian and North American (ineage HY infiuenza viruses. Analysis was performed on the following viruses: NL/218 (4),

NL/230 {8), HK/86 (H5N1) (C), RhealNC (D), Can/504 {£), Can/444 (F), Tky/VALG), CkiConn (H), and NY/107 {1). The glycan microarray was perfarmed by using whole
virus with antisera raised against homologous or cross-reactive virus as a primary antibody. Colored bars highlight glycans that contain «2-3 SA {yellow) and a2-6
SA {green). Error bars reflect the standard deviation in the signal for six independent raplicates on the array. Structures of each of the numbered glycans ace

found in Table 51 (Sf Text) and for selected glycans in Table 2.

cluding H1, H2, H3, HS, and H9 viruses (15, 16, 28-30). However,
recently isolated H7 influenza viruses have not been comprehen-
sively analyzed for their HA-binding preference. We used a glycan
microarray with whole virus to determine the o2-3 and o2-6
SA-binding preference of Eurasian or North American lineage H7
mfluenza viruses associated with disease in humans or related
viruses isolated from birds. Two HPAI H7N7 Eurasian lineage
viruses isolated from an outbreak in The Netherlands in 2003 were
tested, A/NL/219/03 (NL/219) and A/NL/230/03 (INL/230). NL/219
was isolated from a human with fatal respiratory disease, whereas
NL/230was isolated from an individual with conjunctivitis (6). Both
H7N7 viruses exhibited preferential binding specificity toward o2-3
SA (Fig. 14 and B). This pattern of binding closely resembles the
strong ¢2-3 SA-binding preference observed with HPAL H5N1
viruses isolated from humans, as has been reported and is demon-
strated here with A/HEK/486/97 (HK/486) virus (Fig. 1C) (29). These
results were confirmed by hemagglutination assay, with NL/219,
NL/230, and HE/486 viruses binding to turkey red blood cells
(RBCs) resialylated with o2-3- but not o2-6inked sialosides
(Table 1). These findings suggest ithat HPAI H7N7 Eurasian
lineage viruses, similar to HPAI H5N1 viruses, have maintained
classic avian specificity for o2-3 SA. despite causing productive
infections in humans. '

Table 1. Hemagglutination assay of H7 influenza viruses using
differentially sialylated turkey RBCs

Presence or absence of hemagglutination

desial RBC

Virus TRBC «2-6 RBC o2-3 RBC

NL218
NL230
Rhea/NC
Can/504
Canf4a4
NY/107
Tky/VA
Ck/Conn
HK/4886
Tx/91
PBS

([ S S S S A N A
[ T S S A A N =
]

R .

[ T I |

Belser et al,

22

Receptor-Binding Preference of North American 47 Influenza Viruses.
H7N2 subtype viruses have been routinely isolated from the Hve-bird
market system in the portheastern United Staies since 1994 (31).
Glycan-binding analysis of A/Rhea/NG/39482/93 (Rhea/NC), a LPAI
H7N1 virus isolated in 1993, exhibited a classic avian o2-3 SA receptor-
binding preference (Fig. 107). However, the more recent H7N2 viruses
AfTxy/VAJA529/02 (Tky/VA), which cavsed a major oufbreak among
corumercial poultry in Virginia and was associated with serologic
evidence of human infection (32), and a 2003 H7NZ poultry isolate
ACK/Conn/260413-2/03 (Ck/Conn), exhibited significantly increased
binding to glycans with o2-6 SA (Fig. 1 G and H). A genetically related
H7N2 virus isolated from a single case of human respiratory infection
n 2003, A/NY/I07/03 (NY/107), also exhibited a marked increase in
«2-6 SA binding and reduced binding to glycanswith 23 SA (Fig. 1I).
Two H7N3 viruses (A/Canada/504/04 and A/Canada/444/04), associ-
ated with human. conjunctivitis during an outbreak of HPAL in British
Columbia (Fig. 1 E and F), also revealed increased binding to 2-6 SA
compared with Eurasian lineage viruses (Fig. 1.4-C). An assay using
resialylated erythmcytes independently documented the dual o2-6 and
o2-3 SA binding of all H7N3 and H7N2 viruses (Table 1).

More detailed analysis of glycan microarray data revealed that
the specificity differences among the H7 viruses was more striking
for subclasses of «2--6 and 02-3 glycans as surmmarized in Table 2.
Although neither of the Eurasian viruses nor the Rhea/NC virus
bound glycans with o226 SA, all of the post-2002 North American
viruses exhibited moderate to strong binding to the ¢2-6 SA of the
biantennary N-linked glycans (nos. 34 and 35). Three viruses,
Thky/VA, CkiConn, and NY/107, exhibited moderate to strong
binding to most glycans with ¢2-6 SA, including a glycan with an
internal sialic acid (no. 45) not recognized by the other viruses.
Although these three viruses were similar in binding a2-~6 8A, they
exhibited significant differences in their binding of glycans with
a2-3 SA, Tky/VA bound as well to glycans with o2-3 SA as the
Eurasian viruses. In contrast, Ck/Connt and NY/I07 exhibited
strong binding to only 4 of the 32 glycans with a2-3 SA, including
two sulfated (nos. 1 and 4}, one branched (no. 7), and one linear {no.
17) glycan (Fig. 2 and Table 2). Binding to the remaining glycans
with 23 SA was significantly reduced, especially for NY/107. The
reduced binding to glycans with o2-3 SA is notable, because this
was a characteristic of influenza viruses with Hi, H2, and H3 HAs
when first introduced into the human population (15, 16, 28, 33).

PNAS | May 27,2008 | vol. 105 | ne.21 | 7559
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Table 2. Comparison of the detailed sialoside receptor specificity of H7 influenza viruses

« 2-3 sialosides o 2-6 stalosides

Sulfated Branched tinear Fucosylated Branched Linear Internal
o314 PR a3 B4 304 B4
[ o3, 4, e o3 03 o6
Z %ok ) $ZoBn z
10-12,15,18,
Virus 4 3,5 7 17 18,19 20-25 34,35 40-44 45
NL/219 +++ +++ +++ -t R e+t - - -
NL230 e+t F+ok + 4+ -t ++ rTE +i- - -
Rhea/NC FE i+ 44 TEE T s - - -
Cand504 +++ +++ +++ - 5= + = T + -
Can/d44 +++ 4+ + 4+ + + - -+ ++ +
ThyA Er ++4 + 4+ T+ P + 4 ++ 4+ +++
Ck/Conn +4 + +4 ++ + +4 -t 44 +++
NY/107 ++ + +++ 4 ' H ++ + +++

Structures shown in symbol form (see key balow) are structures of single glycans or composite structures for chemically related glycans represented by the
numbers underneath, which correspond to the numbers in the complete structure list (Table 51} and the glycan microarray data in Fig. 2. Error bars reflect the
standard deviation in the signal for six independent replicates on the array, The relative binding of the virus to each glycan subdass is qualitativelv estimated
based on relative strength of the signal for the data shown in Figs. 1 and 2. Strong {4+ 1), moderate {1 1), weak {+) detectable (+7-), absent (). . Neuac;

. Gal: L, GaiNAc, @ Gl B8, GleNAc W, Man; A, Fuc

Transmissibility of Eurasian H7 Influenza Viruses in Ferrets, To assess
the impact of enhanced o2-6 SA specificity on the transmissibility
“of the North American FI7 viruses, both respiratory droplet and
contact transmission experimentswere performed as described (21)
by using the ferret transmission model. Six ferrets were inoculated
intranasally with 167 50% egg infectious doses (EIDsy), a dose
reported to consistently infect ferrets with human or avian influ-
enza viruses (34). Twenty-four hours postinoculation (p.i.), three of
the inoculated ferrets were placed in modified cages with a perfo-

between ferrets while preventing direct contact of animals or
indirect contact with food or bedding {respiratory droplet trans-
mission). The remaining three noculated ferrets were each co-
housed with & naive ferret to assess direct contact transmission.
Criteria for efficient transmission included detection of virus in
nasal washes (INW) of contact ferrets and seroconversion of con-
valescent sera from contact ferrets, both of which occur dusing the
efficient transmission of human influenza H3N2 viruses as shown
iny this model system (21).

rated side wall adjacent to a naive ferret, allowing air exchange NL{219 virus has been shown to be highly virulent in the ferret
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Table 3. Clinical signs, virus replication, seroconversion, and direct contact transmission in ferrets inoculated with H7

influenza viruses

No. of inoculated ferretsftotal number

Clinical signs No. of contact ferretsftotal number
Respiratory Peak mean logq

Weight symptoms, nasal wash titer, Seroconversion Virus detected Sercconversion
Virus Subtype loss, %% day p.i. day p.i. {Hl titer range}’ in nasal wash {Ht titer range)t
NL219 H7N7 3¥3418.3) 313(3) 6.3 (1,3} 1/t (320)¢ o3 3
NL230 HINY 3¥3(6.7) 13 {5) 6.5(3,5) 373 {320-64G) FIcd 2/3 {320, 64D0)
Can/504 H7N3 313(17.2) 13{5) 7.4 (3) 373 {320-640) 23 o3
Tky/VA H7N2 3/3(6.6) 273 (3) 6,75 (1) 313 (320-640) 03 03
NYIOT H7N2 3/3(6.3) 12 G) 63(1) 373 (640-1,280) E'c] 373 {1,280-2,560)
CkiConn H7N2 23(3.8) 1300 7 (1) 313 (320-640) 17 173 {160)

*The percentage mean maximum weight loss is shown.
TH assays were performed with homologous virus and horse RBCs.
*Only one ferret survived and was tested.

model (13). In the current study, both NL/219 and NL/230 viruses
replicated efficiently in the upper respiratory tract of inoculated
ferrets, with peak mean nasal washvirus tilers 0£ 6.3 = 0.2 and 6.5 =
0.9 logig EIDsg/ml detected on day 3 p.i., respectively (Fig. 2.4 and
B). Two of three animals inoculated with NI1/219 virus in each
experiment were humanely killed 5-7 days p.i. because of severe
weight loss or development of hind-limb paralysis. NLf219 virus did
not transmit by either direct contact or respiratory droplets, be-
cause virus was not isolated from nasal washes of contact ferrets,
and seroconversion of contact animals for hemagglutination inhi-
bition (HI} antibody did not occur (Fig. 24, Table 3, data not
shown). Respiratory droplet ransmission of NL/230 virus was not
observed (data not shown); however, in the direct contact exper-
iment, NL/230 virus was detected in the nasal washes of two of three
contact ferrets, with peak NW virus titers 1055 EIDsy/ml by day
8 postcontact (p.c.) in these animals (Fig. 28). Both NL/230 contact
ferrets that had virus isolated from N'W seroconverted by the end
of the experiment (Table 3). The third NL/230 contact ferret did not
have detectable virus in NW and did not seroconvert (Fig. 28,
Table 3). This pattern of NL/230 virus transmission by direct
contact was confirmed in a duplicate experiment that resulted in
seroconversion of only two of three ferrets. Taken together, these
results indicate that, despite similar receptor-binding properties as
measured by glycan array and resialyation assay, NE/230 virus
exhibited an enhanced ability to transmit in the ferret model by
direct contact compared with NL/219 virus,

Transmissibility of Morth American H7 Influenza Viruses in Ferrets.
Next, we assessed the ability of the H7 viruses of the North
American lineage to spread io naive ferrets by either respiratory
droplet or contact transmission. Tky/VA virus replicated efficiently
in the upper respiratory tract of inoculated ferrets, with peak mean
virus titers reaching 6.75 = 0.5 Jogo EIDsy/ml on day 1 p.i. (Fig. 2C).
However, Tky/V A virus did not transmit by direct contact, because
virus was not isolated from nasa! washes of contact ferrets, and
seraconversion of contact ferrets was not detected (Fig. 2C, Table
3). Can/504, a HPAI H7N3 virus, was also found to replicate

efficiently in the upper respiratory tract of inoculated ferrets, with -

peak mean nasal wash virus iters reaching 7.4 = 0.3 logo EIDsg/ml
on day 3 p.i. (Fig. 2D). Additionally, substantial weight Joss was
observed in ferrets inoculated with Can/304 virus (Table 3). Low
levels of virus were detected in the nasal washes of two ferrets in
direct contact with inoculated animals (1.98-2.25 log;g EIDso/ml);
however, seroconversion of these contact ferrets did not occur
(Table 3). These low virus titers are most likely due to the presence
of residual virus on the noses of contact ferrets that was acquired
from the environment or from the inoculated ferrets and therefore
does not constitute efficient virus {ransmission, because sustained

Befser et all

24

high titers of virus in the upper respiratory tract were not detected,
and serocouversion did not oceur. Respiratory droplet transmission
of Tky/VA or Can/504 virus was not detected (data not shown).

As discussed above, two H7N2 viruses, NY/107 and Ck/Conn,
exhibited enhanced o2-6 SA binding with decreased binding to
a2-3 SA in the glycan microarray, with N'Y/107 showing the most
significant decrease. Similar to all other H7 viruses tested, WNY/107
and Ck/Conn viruses were detected at high titers in nasal washes of
inoculated ferrets, with peak mean virus titers of 6.3 % 0.5 logss
ElDse/mi and 7.1 *+ 0.3 logg E1Dse/ml, respectively, on day 1 p.i.
(Fig. 2 E and F). In contrast with Tky/VA or Can/504 viruses,
NY/107 virus transmitted efficiently to three of three ferrets by
direct contact, with peak virus titers in nasal washes from each
contact ferret reaching =105 EIDs¢/ml and seroconversion oc-
curring in all contact animals (Fig. 2E, Table 3). Transmission by
direct contact occurred by day 2 p.c. in one ferret and by day 6 p.c.
in the remaining two contact animals (Fig. 2E). In comparison,
Ck/Conn virus trausmitted by direct contact in one of three contact
ferrets, with peak NW virus titer reaching 107% EIDsy/md on day
10 p.c. (Fig. 2F). Seroconversion of the remaining two contact
ferrets did not oceur, indicating that Ck/Conn virus, unlike NY/107
virus, ¢id not transmit efficiently by direct contact (Table 3). Similar
to other H7 viruses in this study, respiratory droplet transmission
was not observed with eithervirus (data not shown), These findings
demonstrate the ability of an H7 influenza virus isolated from a
human, NY/107, to transmit effciently by direct contact in the ferret
model.

Discussion
Like other avian influenza viruses, those within the H7 subtype fall
into two geographically distinct lineages, Furasfan and North
American {35, 36). H7 viruses within these lineages have caused
outbreaks and human infection in recent vears and continue to pose
a public health threat. To betier assess the pandenic potential of H7
influenza viruses, we examined the receptor-binding preference
and transmissibility of selected H7 viruses associated with disease
in humans. We found that Eurasian lineage HPAT H7 influenza
viruses tested in this study closely resemble recent HPAT H5N1
viruses with respect to their binding preference for o2-3 SA
receptors. Conversely, we observed an increase in «2-6 binding
among North American lineage H7 viruses isolated between 2002
and 2004. Several of these also showed reduced binding of «2-3 SA
receptors characteristic of human influenza viruses. The most
dramatic shift in receptor specificity was observed for 4 human 7
influenza virus that was also transmitted efficiently between ani-
mals by direct contact.

Previous studies have suggested that Eurasian lineage H7 influ-
enza viruses share receptor-binding properties similar to HS vi-
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Tuses, because analysis of the HA crystal structure derived from the
H7 virus A/Tky/italy/02 demonstrated specific binding to avian
receptor and not human receptor analogues (37). Recent advances
in glycan microarray technology allowed us to more closely analyze
the fine differences in receptor specificity of viruses between both
Eurasian and North Amercan H7 viruses. Here, we used a whole-
vitus assay that allowed for examination of the binding properties
of influenza viruseswithout the need for generation of recombinant
HA. We were particularly interested in the North American H7
viruses, because some of these avian viruses appear to be adapted
10 the upper respiratory tract of chickens, which have been shown
to express more o2-6 SA receptors compared with wild aquatic
birds (38); in vive studies have demonsirated that North American
lineage LPAT HIN2 viruses replicate to high titer in the upper
respiratory tract of chickens and turkeys compared with the gas-
trointestional tract {39—41).

AH H7 viruses tested replicated to high titer in the upper
respiratory tract in inoculated ferrets as shown (13); nevertheless,
most isolates tested failed to transmit despite the high titers of virus
shed by inoculated animals. Respiratory symptoms such as sneezing
and nasal discharge were observed in some ferrets inoculated with
each H7 virus (Table 3). However, the frequency and duration of
these symptoms in this model more closely resembled those ob-
served in ferrets inoculated with HISN? viruses, rather than the
more pronounced respiratory symptoms observed in ferrets in-
fected with human H3NZ or HINI viruses (21, 23). With the
exception of NL/21%-inoculated ferrets, which exhibit substantial
Tethargy after infection (13), ferrets inoculated with H7 viruses in
this study remained alert and playful for the duration of the
experiment, suggesting that frequent interaction between inocu-
lated and contact ferreis is not sufficient for viras transmission to
occur. Additionally, the results of this study indicate that increased
virus binding to a2-6 SA is not sufficient for transmission of avian
influenza viruses to occur, supparting previous studies demanstrat-
ing the lack of transmission of an H5N1 virus with an increased
a2-6-binding preference (21, 22). Recent studics have highlighted
increased complexity of the structural topology among o2-3 and
o2-6 SA and suggest that conformational features of the linkage
contribute to virus binding and could play a role in virus transmis-
sibitity (42). This diversity of SA receptors could in part contribute
to the enhanced ability of NL/230 virus to transmit in the ferret
model by direct contact compared with NL/219 virus, Although the
Eurasian lineage H7N7 viruses analyzed in this study displayed
similar receptor-binding properties as measured by glycan array and
hemagglutination assay, Munster et al. (43) found differential
attachment of NL/219 virus and a virus closely related to NL/230 to
fissues in the lower respiratory tract of humans. The enhanced
transmissibility observed with NL{230 virus in this study compared
with NL/219 virus would additionally suggest subtle differences in
the receptor-binding properties between these H7N7 viruses that
have yet to be identified.

Unlike most subtypes of influenza, infection with H7 influenza
viruses frequently resulis in conjunctivitis in humans and not
respiratory disease (6, 7, 9). Unlike the upper respiratory tract in
humans, which contains a high distribution of «2-6 SA, corneal,
comjunctivial, and lacrmal duct epithelial cells of the human eve
express predominantly w2-3 SA (27, 44, 45). Additionally, the
sialylated secretions (mucins) of both surfaces differ in their SA
content; mucins in the ajirway epithelium contain o2-3 SA, whereas
ocular secreted mucins contain a2—6 SA (46—4R). The high o2-3
SA content of the human ocular surface suggests that avian
influenza viruses would be well suited to use this surface as a portal
of entry. However, although human infection with H7 influenza
viruses frequently results in conjunctivitis, documented cases of
ocular disease after H5N1 infection are rare (7, 49, 50). The
heterogeneity of SA-binding preference observed between H7
influenza virus lineages suggests that, similar to virus transmissi-
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bility, ocular {ropism is a complex property that cannot be explained
by SA receptor binding alone.

We identified a LPAT H7N2 virus, N'Y/107, which was associated
with human respiratory infection and not ocular disease and was
effectively transmitted in the ferret model by direct contact (10).
Among all H7 viruses analyzed by glycan microarray, NY/107
displayed the most dramatic increase in o2-6 SA binding along with
decreased o2-3 SA binding avidity. Strong o2-6 SA binding
appears to be an essential component of conferring transmissibility
in human influenza viruses, because N1 variant viruses exhib-
iting the classic avian o2-3-binding preference or dual ¢2-3- and
«2-6-binding preference were unable to transmit efficiently (23),
These results suggest that a decrease in #2-3 SA binding may also
be needed in addition to o2-6 SA-binding avidity. However, despite
similar o2-3 and 2-6 SA binding observed by glycan array with
Ck/Conn virus, this virus was transmitted only by direct contact in
one of three animals, Efficient contact transmission was also not
observed with Tky/VA virus, despite this virus sharing 98.4% HA
amino acid identity with N'Y/107 virus (40). Future studies will allow
for a better understanding of the genetic determinants responsible
for the heightened transmissibility observed with this virus. NY/107
virus, like all H7 viruses tested in this study, did not transmit by
respiratory droplets in the ferret model. However, the efficient
NY/107 virus transmission observed by direct contact in ferrets has
not been observed with HPAT FISN1 viruses (21, 22) and may
indicate the capacity of 2 NY/107-like virus to acquire properties
that would confer efficient transmission by respiratory droplets; this
underscores the importance of studying virus transmissibility by
both routes.

1PAT H7N2 viruses have been acquiring additional basic amino
acids at the HA cleavage site since 1994, resulfing in a cleavage site
that more closely resembles HPAI viruses (51). These viruses are
also characterized by a deletion of 8 aa in the HA1 proximat to the
receptor-binding site (31); further study will help elucidate whether
this deletion contributes to the enhanced o2-6 SA binding ob-
served armong these viruses. The classic avian specificity for o2-3-
linked SA observed with Rhea/INC could suggest 2 possible corre-
fation between the acquisition of o2-6 SA binding and the
introduction of LPAT H7INZ viruses into the live bird markets of the
northeastern U.S. The finding of enhanced «2-6 SA binding of
North American H7 viruses underscores the necessity for continued
surveillance and study of these viruses as they continue to resemble
viruses with pandemic potential,

Materials and Methods

Viruses. Virus stocks were grown in the allantoic cavity of 10-day-old embroyn-
ated hens' eggs as described (13). The 50% EiDsg titer for each virus stock was
calculated by the method of Reed and Muench (52), after serial titration In eggs.
AfTexasr36/91 {Tw91) stock was grown on Madin~Darby canine kidney cells
containing DMEM, 3.025 M Hepes, 0.3% BSA (Gibco Invitrogen), and N-p-tosyl-
L-phenylal anine chioromethyl ketone (TPCK)-treated trypsin (Sigma-Aldrich). All
experiments with HPAI viruses were conducted under biosafety level 3 contain-
ment, including enhancements required by the U.S. Department of Agricutture
and the Select Agent Program {53).

Glycan Microarray Analysis. Analysis of the receptor specificity of influenza virus
using glycan microarrays was done largely as described (33, 54). Custom arrays for
influenza research were produced for the Centers for Disease Control and Pre-
vention an National Health Service-activated glass slides (Schott Nexterion) by
wsing a glycan library provided by the Censortium for Functional Glycomics
[www.functionalglycomics.org; see supporiing information {51} Table S1 for alist
of glycan structures]. Viruses were inactivated by treatmentwith S-propiolactone
{0.001%) overnight at 4°C with virus inactivation confirmed by two rounds of
passage in eggs. Virus preparations were diluted to 1 ml into PBS buffer contain-
ing 3% (wtivol) BSA (PBS-BSA) to HA titers of 256512, Virus suspensions were
applied toslides and the slidesweére incubated in a closed container and subjected
to gentle agitation for 1 h. Unbound virus was washed off by dipping slides
sequentially in PBS with 0.05% Tween-20 (PBS-T) and PBS. While still wet, slides
were overlaid with corresponding primary antibodies diluted in PBS-BSA, either
goat antiserum AFPV/Rostock/34 (H7N1) (1:500) (for NL/219, NL/230, and Ck/
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Conn viruses), ferret ant-A/Canadaid4/04 [H7N3) {1:500) {for Can/504 and Can/
444 viruses), ferret anti-ATurkey/VAMAS29/02 (H/NZ) (1:500) (for Tky/VA virus),
ferret ant-ANYA07/03 (H7N2) {1:500) (for NY/107 virus), chicken anti-ARhea/
NCR9482/63 (H7N1) {1:500) (for Rhea/NC virus), or sheep anti-AMietnam/1203/04
(H5N1) €1:1,000) {for HK/486virus) {1 h). Slides were washed brieflywith PRS-T/PES
as above followed by application of the appropriate secondary antibedy conju-
gates, either anti-ferret-gG FITC (1:200), anti-goat-lgG FITC (1:200), goat anti-
chicken-IgY-FITC (1:200) (Genway Biotechnology), or anti-sheep-lgG-FITC (1:200)
in PBS-BSA were subseguently incubated {1 h) folicwed by PBS-T/PBS washes and
a final wash step in deionized water. After the slides were dried in a steam of
nitrogen, they were immediately scanned (ProScanArray HT stide scanner with
Autoloader, Perkin-Elmer) foliowed by irage analysis with imaGene 6.1 soft-
ware {Biodiscovery).

Fercat Transmission Experiments. Male Fitch ferrets, 7-10 months of age (Triple

. FFarms) and serologically negative by Hl assay for currently circulating influenza
AH1INT, H3M2, and B viruses were used in this sfudy. Ferrets were housed for the
duration of each experiment in a Duo-Flo Biodean mobile dean room {Lab
Products). Ferrets were inoculated with 107 EADs;p of each virus, and nasal washes
were collected on indicated days p.i. as described (2). Respiratory droplet and
contact transmission experiments were conducted ag desaibed (21}, with a total
of six ferrets used for each experiment.

1. World Health Organization {2007) Cumulative Number of Confirmed Human Cases of
Avian Influenza AMH5NT) Reported to WHO (World Health Grganization, Geneval.

2. Maines TR, el al. (2005) Avian influenza (H5SN) viruses isolated from humans in Asia in
2004 exhibit increased vindlence in mammals.  Virol 79:11788-11800.

3. Ungchusak K, et af. {2005} Probable person-to-person transmission of avian influgnza
A (HSN1), N Engl 7 Med 352:333-340,

4. Olsen 5J, et al. (2095) Family clustering of avian intluenza A (H5N1). Emerg infect Dis
1117999800,

5, Kandun !N, et &l (2006} Three Indonesian clusters of H5M1 virus infection in 2005.
N Engl } Med 355:2186-2194. .

6. Fouchier RA, et af. (2004) Avian influenza A virus {H7N7} associated with human

conjunctivitis and a fatal case of acute respiratory distress syndrome. Proc Natf Acad Sci

USA 101:1356-1351.

Koopmans M, et al. (2004) Transmission of H7TN7 avian influenza A virus to human

beings during a large outbreak in commerdal pouttry farms in the Netherlands, Lancet

363:587-593. )

8. Hirst M, et al. {2004} Novel avian infiuenza H7N3 strain cutbreak, British Columbia.
Emerg infect Dis 14:2192-2195,

9. Tweed 54, et al. (2004) Huran illness from avian influenza HIN2, British Columbia,
Emerg Infect Dis 10:2196-2199.

. Centars for Disease Controf (2004) Update: influenza activity-United States and world-
wide, 2003~04 season, and composition of the 2004~05 influenza vaccine, MMWR
Marb Mortal Wily Rep 53:547-552.

11, e (2007) Avianinfluenza A{H7NZ} outbreak inthe United Kingdom. Fure Surveill 12,
E070531 2, : 1

. deWitE, et al. {2005) Protection of mice againstlathal infection with highly pathogenic

HZN7 influenza Avirus by using a recombinant low-pathogenicity vaccine strain. J Virol
79:1240-12407.

13. Belsar JA, et &l (2007} pathoganesis of Avian Influenza (H7) Virus Infection In Micg and
Ferrets: Enhanced Virulence of Eurasian H7N7 Viruses isolated from Bumans. } Virol
/1:11139-11147. .

14. Matrosovich MN, et al, (1397) Avian influenza A viruses differ from human viruses by
recognition of sialyioigosaccharides and gangliosides and by a higher conservation of
the HA receptor-binding sile. Virology 233:224-234,

15. Matrosovich M, et af, (2000} Early alterations of the receptor-binding properties ot Ht,
H2, and H3 avian influenza virus hemagglutinins after their introdudtios into mam-
mals. J Virof 74:8502-8512,

16. Cannor RJ, Kawaoka Y, Wehster RG, Pauison JC {1994) Receptor specifidty in human,
avian, and equine H2 and 13 influenza virus solates. Virology 2051713,

17. Matrosovich M, Zhau N, Kawaoka Y, Webster R (1995) The surface glycoproteins of H5
influenza viruses isolated from humans, chickens, and wild aquatic birds have distin-
guishable properties. J Viro! 73:1146-1155.

18. Shinya K, et al. (2005} Characterization of a human H5W1 influenza A virus isolated in
2093, J Virol 76:9926-9932

19, Gambaryan A, et al. 2006) Evolution of the receplor binding phenotype of influenza
A (H5) viruses. Virology 344:432-438.

20. Yamada S, ef 21, (2006) Haemaggiutininmutatiens respensible for the binding of HSN1

influenza A viruses to human-type receptors. Nafure 504:378-382,
. Mainas TR, f al. (2005} Lack of transmission of H531 avian-human reassortant influ-
enza viruses in a ferret model. Proc Natl Acad Sof USA 103:12121-12126.

22. Yen HL, et al. {7007} Inefficignt transmission of H5N1 influenza viruses in a ferret
contact model. f Viro/ B1:6830-5898,

23. Turnpey Th, et al. (2007} A fwo-amino 2dd change in the hemagglutinin of the 1918
influanza virus abolishes transmission, Sciznce 315:655-659.

24, Baum LG, Paulson JC {1990} Sialylofligosaccharides of tha respiratory epithelium in the
selection of human influenza virus receptor spedficity. Acta Histochem Supp! 40:35-38.

25. Leigh MW, Conror R), Kefm S, Baum LG, Paulson JC (1995} Receptor specificity of
trfluenza virus influgnces severity of itiness in ferrets. Yaccine 1314681473,

26. van Riel D, et al. (2006) H5N1 Virus Attachment 1o Lower Respiratery Tract. Science
312:399.

27. Shinva K, et al. {2006) Avian flu; influenza virus receptors in the human airway, Nature
440;435-435.

28, Rogers GN, D"Souza BL (1989) Recestor binding properties of hurman and animat H1
influenza virus isclates. Virclogy 173:317-322.

29 Stevens I, ef 2), (2006) Structure and raceptor specificity of the hemagglintinin from an
H5NT influenza virus, Scfence 312:404-410.

=

-
M

[+
g

Belser et al.

26

Hemagglutination Assays. Convalescent sera were collected from all ferrets on
days 18-21 p.i/p.c. and tested for H7 spedfic antibadies by HI by using homolo-
gous virus and 1% horse RBCs as destribed (S5} Hemagghutination assays using
resialyated turkey RECwere performed as described (56, 57) with minor modifi-
cations. Turkey REC were enzymatically desialyated, followed by resialylation
using either a2-6-(V)-sialyltransferase {Japan Tobacco) or «2-3-{N)-sialyltrans-
ferase (Calbiochem). Assays were performed by using both 4 and 8 hemaggluti-
nation units of virus yiefding identical results.
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DISPATCHES

N ew saffOI d (LLC-MK2} cells. Cultures were incubated for 3 weeks at

37°Cin 3% CO,. A viral isolate (Can112051-06) with cyto-

c a rd iovi ruses i n pathic effects (round cells) suggestive of a picornavirus was
o e observed only in LLC-MK2 celis after 6 days of incubation

3 Ch | ld re n c a n ad a (Figure 1). An immunofluorescent assay that used the Pan-

. ’ E i it (Li i i i

) nterovirus Blend kit (Light Diagnostics, Levingston, UK)

Yacine Abed*} and Guy Boivin*t gave a moderate fluorescent signal. Nucleic acid extracts

o - _from Canl12051-06 were further analyzed with a multi-

In Canada, cardiovirus isolates related o Saffold virus  plex real-time reverse transcription~PCR (RT-PCR) assay
were detected in nasopharyngeal aspirates from 3 children  for common respiratory viruses (influenza A and B viruses,
with respiratory symptoms. Polyprotein sequence of the
Cani12051-06 isolate had 91.2% aa identity with Saffold’
virus; however, EF and CD [oops of the viral surface varied
substantially. ;

he family Picornaviridae contains 9 genera: Enterovi-

rus, Hepatovirus, Rhinovirus, Kobuvirus, and Parecho-
virus infect humans, whereas Aphtovirus, Erbovirus, Tes-
chovirus, and Cardiovirus are animal pathogens (7). The
genus Cardiovirus is divided into 2 species: Theiler viruses
and the encephalomyocarditis viruses (EMCVs) (2-9).
Although rats and mice are the.natural hosts for EMCVs,
these cardioviruses have been found to infect many animat
species including pigs, rodents, elephants, macaques, and
humans (6-9). Recently, a new cardiovirus provisionally
nameéd Saffold virus (SAF-V) was. isolated from a stool
*-sample of an-8-month-old girl with fever (/). This virus
is.believed to constitute a novel cardiovirus species and is
*_more genetically related to Theiler-like virus than to other
known cardioviruses (/0). We report the identification and
characterization of 3 SAF-V .isolates recovered from chil- .
dren with respiratory sytaptoms. .

The Patients : . )
The first patient was a 23-month-old girl who was re-
ferred.on March 6; 2006, to a tertiary hospital for bilateral
ofitis media thai had not responded to amoxiciltin or later 1o
cefprozil. She also had cough, rhinorrhea, and fever of 39°C.
Her'5-month-old brother had similar clinical signs. Blood-
cultures were negative, as were antigen detection tests for
influenza A and B viruses, the respiratory syncytial virus,
and adenoviruses. After 24 hours, the girl was discharged
with a diagnosis of bilateral acute otitis media secondary to
a viral infection. A nasopharyngeal aspirate collected at the
time of admission was inoculated onto different continuous
cell lines including human fung adenocarcinoma (A-549);
human rhabdosarcoma (RD); transformed human kidney
{293); human colon adenocarcinoma (HT-29); human la-
ryngeal carcinoma (Hep-2); human foreskin fibroblast;
- mink lung; and Vero, MDCK, and rhesus monkey kidney

£.2
5 . " " -Figure 1. A) Cytopathic effects {round cells) observed .6 days
Centre Hospitalier Universitaire de Québec, Quebec City, Quebec, afier infection of rhesus monkey kidney (LLC-MK2) cells {second

Canada; and tinfectious Disease Research Centre, Quebec Cify, passage) with the Can112051-06 Saffold -virus-like cardiovirus
Quebec, Canada : i strain. B) Uninfected LLC-MK2 cells. Magnification x10.
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human respiratory syncytial virus, and human metapneu-
movirus) (/) as well as RT-PCR assays for enteroviruses
.and parechoviruses (/2); results were negative,

The supernatant from LLC-MK2~infeoted cells was
treated with DNase and divided into 2 aliquots for DNA
and RNA extractions by using the QlAamp Blood Miri Kit
and QIAamp Viral RNA extraction kits (QIAGEN, Mis-
sissauga, Ontario, Canada), respectively. Nucleic acids
were then used in the sequence-independent single-prim-
er amplification method as described (73). Amplicons of
800-1,200 bp obtained from RNA samples were cloned

" and sequenoed :
. Sequence determination of cloned amplicons followed
by tBLASTx analysis showed similarity of Can112051-06
-sequences with the SAF-V VP4 and 2C sgquences-(data
not shown). Subsequent PCR amplifications and sequenc-
ing reactions that used primers selected from our clones
and the complete SAF-V genome sequence (GenBank ac-
cession no. EF165067) enabled us to-determine the .com-
plete polyprotein encoding region of the Can112051-06

‘isolate (GenBank accession no. AMG22293). This region -
- RT-PCR assay targeting a 2A—2C encoding region (1,407

was 6,879 nt long compared with 6,888 nt for the SAF-V
- polyprotein sequence; nucleoiide identity between the 2
" strains was 82.5%. The. Canl12051-06 polyprotein com-
prlsed 2,293 aa compared with 2,296 aa for the SAF-V
. polyprotein; amino acid identity between the 2 strains was
91.2%. Deletions of 1 aa in the VP2 and 2 in the VP1 pro-
- teins were found in Can112051-06 with rcgard to the pro-
‘totype SAF-V strain. ‘As expected, the Can112051-06 and
SAF-V polyproteins containéd 11 putative cleavage sites.
. The 8 aa flanking these sites were conserved; 6 sités were
identical'in the 2 strains, whereas the remaining sites had 1-
. or 2-aa differences (Table 1). The resulting 12 proteins of
" Can112051-06 and SAF-V had 76. 1%—100% aa identities
(Table 2). The highest difference level was seen in the L
peptide:In addition to the L. peptide, some cardioviruses, in
particular Théiler’s murine encephalomyelitis virus strains
that are associated with persistent infections, contain an al-
ternate open reading frame (ORF), the’ so-called L* (14).
As for the prototype SAF-V strain, the Canl 12051-06 puta-
tive L* ORF is unlikely to encode a protein because it has
an-ACG (mstead of ATG) start codon (data not shown). In
. addition; contrasting with the SAF'-V L*, which contained
57 aa,-the' Can112051-06 L* sequence contained only 34
aa. Comparison of the L* sequence of Can112051-06 with
* the first 34 aa of the SAF-V L* sequence showed 60.6%

“ identity (data not shown). Four small loops are exposed on

the virion surface of cardioviruses; 2 are part of the VP2 EF
loop structure, and 2 are part of the VP1 CD loop structure.

The EF loop structure of Can112051-06, which contained
" 55 aa (residues 274-328 of the polyprotein), had 61.8% aa

identity with that of SAF-V (Figure 2, panel A). Similarly, -

the CD loop structure of Canl12051-06, which contained

- Saffold Cardioviruses in Children, Canada

Table 1. Cleavage sites of Can11205_1-06 and prototype Saffold
virus cardiovinus polyprofeins® :

Cleavage site . Can112051-08 Saffold virus
L/IVP4- MEPQ / GNSN MEPQ / GNSN
VP4 INVP2. PLLM / DQNT - PLLM /DQNT
VP2 /VP3 LEDQ / SPIP LEAD / SPIP
VP3 FVP1 YTPH / GVDN YTPQ/GVDN
VP11 IV2A LELQ / NPIS LELQ/DPIS
2A /2B FQLQ / GGVL FQLQ f GGVL
2B/72C . LQQQ 7 SPVR . LQQQ 7 SPIR
2C13A - LVAQ/ SPGN LVAQ / SPGN
3A13B - EGEQ AAYS EGEQ / AAYS
3BI3C LDVQ / GGGK LDVQ / GGGK
'3C/3D LIPQ / GAIV LTPQ / GAV

*Can112051-06 GenBank accession no. AM922293; Saffold virus
GenBank accession no. EF 165067,

40 aa (residues 712-751 of the polyprotein), had 67.5% aa
identity with the SAF-V counterpart (Figure 2, panel B).
Other respiratory samples with picomavirus-like cyto-
pathic effects on LLC-MK2 cells and weakly immunofluo-
rescent signals according to the Pan-Enterovirus Blend Kit
were screened for cardiovirus SAF-V by using a specific

nt, 469 aa). With use of this strategy, 2 more cases were
noted in September 2006: 1 in a 19-month-old child hos-

‘pitalized for suspected bacteremia and'a cold and 1 in a
‘4<year-old child hospitalized for right lung preumonia and

otitis media. The 2A-2C aa sequences of these additional
isolates were identical and shared 96.6% and $7.2% aa
identities with the corresponding reégions of Can112051-06
and the pgotptype SAF-V, respectwcly

Conclusions -

Our findings suggest a pathogen:c role for SAF-V-like
viruses in humans. Although the polyprotein sequences of
the Can112051-06 strain and the original US strain were -
related, the EF arid CD loop structures varied substantially -
(61.8% and 67.5%_aa identities, respectively). For com-

Table 2. Amino acid identities between Can1 12051-06 and
‘prototype Saffold virus proteins®

Rrotein % Identity -
L ' 76.1
VP4 T ‘972
VP2 » 83.9
vP3 . 852

. VP1 . : "L 787
2A ’ . 95.8

°B o ' 976
2. . o 96.6
3A : . : 100
38 _ . -95.0
ic - ‘ . 968
- : g7.0

*Can1{2051-06 GenBank accession no. AM922293 Saffold vinus
GenBank accession no. EF165067. -
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Figure 2. Cornparison of amine acid sequences
of the A) EF loop structure {part of the VP2
protein) and B) the CD loop structuré (part of the
VP1 protein} between Can112051-06 and other
cardioviruses including Saffold virus {SAF-V),
Theiler's murine encephalomyelitis virus {TMEV),
Theiler-like virus, encephalomyocarditis virus
{EMCV), and Mengovirus. Amino acid differences
between Can112051-06 and SAF-V are shaded.
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Tor

parison, the EF-and CD loop structure sequences of EMCV
and Mengovirus (2 members of the EMCYV species) have
95.2% and 95.1% aa identities, respectively. The differ-
ence between time of isolation of SAF-V (1981) and the
Canl12051-06 strain (2006} is unlikely to be responsible
for such a high level of sequence variation. We previously
showed that the amino acid sequences of the VPO-VPI1
capsid region of Canadian human parechovirus 1 strains
isolated from 1985 through 2004 had 89.2% to 97.5%
identities (/2). Because the EF and CD loop structures
are exposed on the viral surface of cardioviruses and thus
" constitute an important site for recognition by neutralizing
antibodies (/5), Canl12051-06 and the. original SAF-V
might represent different serotypes, although further se-
rologic studies are needed to confirm this hypothesis. The
‘implication of the weak immunofluorescent signal seen in
cardiovirus-infected cells stained with an enterovirus an- -
tibody is uncertain because of the considerable difference
between the capsid proteins of cardioviruses and enterovi-
ruses, which constifute 2 separate picornavirus genera.

In contrast to the initial recovery of this virus from a
stool sample ({0), our 3 strains were recovered from na-
sopharyngeal aspirate samples of children with fever and
" some other respiratory signs. The cardioviruses were the
only pathogens identified in these samples. Whether SAF-V
and the related Canadian strains described in this study
should be classified as a new human Cardiovirus species
or as a new clade within the Theilovirus species remains to
be determined. :

Dr Abed is an associale professor in the Department. of
Medical Biology at Laval University, Quebec City, Canada. His
research interests include the stedy of influenzz and emergmg re-
splratory v:ruscs

) Dr Boivin is the holder of the Canada Research Chair on
‘Emerging Viruses and Antiviral Resistance at Laval University.
His research interests include antiviral resistance mechanisms for -
herpes and infiuenza viruses and characterization of emerging vi-
ruses. ’
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from wo of the:patient serum samp!es and identified as an arenavirus by iFA st
:3gainst South American arenayirises known to be associated with
analyms and subsequent analy51s of the complete virus S and L BNA’ segmen
the New World Clade B arehaviruses; whfch includes all the pathogenic South merlcan arenaylrises. The vifus: was showi'
to. be inost closely réfated to Sabia viriis,’but with 26% and 30% nucleotide” ‘
28%, 159 and 22% amino acid dlfferences for the L, Z, N, and GF proteunsq respectl
newly dlscovered arenavirus, for which we propose the name Chapare virs. |
Machupp and Chapare, can be assoc:ated with severe HF cases in Bolivia. =~ -° ° :
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December 2003 and January 2004
included fever; headad afthralgia,

Guanarit, Machiips, ind Sabia). RT-PCR
ences |dentrﬂed the virds as a me ber of

in'the-S-and L segments, and 26%, )
Y, mdtcatlng the virus represents a
ancluston, two different arénaviriises;

Introduction

The family Arenawiridac ts composed of largely rodent-borne
viruses which are divided into Old- Wodd and New World
complexes [1,2]. Lassa and lymphocytic choriomeningitis (LCM)
viruses are considered the most important of Old World
arenaviruses due to their association with severe disease. The
New World complex is divided inte 3 major Clades {A, B and C),
with Clade B containing all the hemorrhagic fever (HF) associated
viruses [3,4,5,6]. These are Junin, Machupo, Guanarito and Sabia
viruses, the cause of Argentine, Bolivian, Venezuelan, and
Brazilian HF, respectively [1]. Three of these viruses, Junin,
Machupo, and Guanarito, can be asfociated with large HF
outbreaks and untreated case fatalities can be in excess of 30%.
The clinical picture is similar for each of these diseases. Onset of
symptoms follows an incubation period of 1-2 weeks. Initial’
symptoms often include fever, malaise, myalgia and anorexia,
followed approx. 3—4 days later by headache, back pain, dizziness, -
nausea, vomiting, and severe prostration, Hemorrhagic and -
neurclogic symptoms, including petechiae and bleeding gums,
tremors, and lethargy are common. About a third of untreated
cases go on to develop more severe neurologic and/or hemor-

-thagic symptoms, with diffuse echymoses, and bIeedmg from

mucous membranes or- puncture sites, and/or delirium, coma and
convulsions. Machupo virus, vectored by Calomys callosus rodents

@ . PLoS Pathogens | www.plospathogens.org .
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[7], is the only known pathogenic.arenavirus found in Bolivia,
although another arenavirus, Latino virus, has also been isolated
from Calomys cellosus in Bolivia [8]. Despite broad distribution of
this rodent host, which is thought to include the lowlands of
Bolivia, east-central Brazil, Paraguay and northern Argentina [9],
Machupo virus-associated HF cases have originated only in the

Beni departinent in northeastern Bolivia (Figure 1). We report .

here the investigation of a fatal HF case which occurred near
Cochabamba, Gochabamba Department, Bolivia in December,
2003, and identify the associated arenavirus as a unigue newly
discovered virus, Chapare ‘virus.

 Results/Discussion

" In late 2003 reports were recetved of a small cluster of HF cases

‘in a rural area near the Chapare River, close to Cochabamba,

Bolivia in the castern foothills of the Andes (Figure 1). Exact details
of the number of cases and verification of symptoms were difficult
to obtain. However, a clinical description and blood -specimens
were available for one fatal case. This patient, a 22 year old male,
had lived for the last 4 years in Samuzabeti, a small town located
35 km northeast of Villa Tunari. He was a tailor and also a
farmer. Coca 1s the main crop in this area. He had no history of
travel and no contact with any case with compatible illness for at

least 4 weeks prior to his disease onset on January 3%, 2004. In

" April 2008 | Volume 4 | fssue 4 | 21000047



Aathor Sumimary
Four -todent-borne arenavnruses are’ known to causé -
hemon’hagac fever HE) in “the New World These include

er of HF cases were reported in; rural Bohwa in
iside 'the known Machupo HF endem:c zone,’

rapldly progresaed to shock,'-bleedlng,‘ and death ét
: post | onset of |ilnes Miri 3515 ated from twd’
eriieed .
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addition, no members of case household or other close contacts
were affected. His clinical course included fever, headache,
arthralgia, myalgia and vomiting with subsequent deterioration
and multiple hemorrhagic signs and death on Jameary 17, 2004
(14 days post cnset). Based on these symptoms, the patient was
initially suspected of having yellow fever or dengue HF. However,
initial tests for these agents were negative. Initial IgM, IyG,
antigen capture and RT-PCR testing for Machupo virus or related
arenaviruses were also negative.

Patient specimens were sent to the bidsafety level 4 (BSLA4)
containment laboratory at the Special Pathogens Branch in
Atlanta where virus isolation attempts could be performed. These
specimens consisted of 4 acute phase sera, collected on days 4, 7, 9
and 14 post onset of disease. Both the day 7.and day 9 sera yielded
a non-cytopathic virus by growth in Vero E6 cells. These were
identified by imymunofluorescent antibody (IFA) staining withr
rabbit polyvalent hyperimmune serum raised against South
American arenaviruses previously known to be associated with
HF (Guanarito, Machupo, and Sabi3). RT-PCR analysis of the
virus isolate RNAs amplified a 48 bp fragment which -yielded
nudleotide sequence related to known New World Clade B
arenaviruses {which includes all . the Scuth Anierican HF

_ associated arenaviruses). Full length virus genome sequences were
successfully determined for the viras isolated from the day 9 post
onsct bleed (designated strain 810415) by RT-PCR and sequence
analysis followed by primer walking utilizing newly derived
sequence information, The full length S segment was amplified
by using the 19C primer designed based on the conserved RNA

.. termini of New World Arenaviruses [10], whereas the L segment
was amplified in multiple sections using a variety of primers

.(sequences available on request). Sequence analysis of the
complete S 2nd L segments confirmed that this virus, proposed
name Chapare, was 2 unique member of the Clade B New World

Chapare Virus from Bolivian HF Case

(Tables 1 and S1). The genetic differences between Chapare virus
and other Clade B viruses range from 36—40% for the complete 3
segment and 39-40% for the complete L segment {data not
shown). These nucleotide and amino aeid sequence divergence
levels are in excess of those seen among strains of the same species
of New World arenavirus {Tables. 2 and 31} [12,13,14]. For
instance, the greatest difference seen between complete S segments
of virus strains-is 14% {within Allpahuayo virus strains) and 10%
for the complete L segment (among Machupo virus strains) [15].

Chapare virus was found to be monophyletic with Sabid virus
on phylogenctic analysis of the nucleotide or encoded amino acid

- sequences of the compliete S or L segment (Figure 2}, or NP, GP, L

or Z ORFs (data not shown). No evidence of reassortment or
recombination between Chapare virus and other arenaviruses was
found. There is no overall change in the stwcture of the trees
except for the previously described [4,5] switch of the Clade A/
Rec viruses from Clade A for the NP gene to Clade B for'the GP
gene (data not shown).

The pathogemuty of the New World Clade B viruses correlates
with the efficient interaction of -their GP1" strface glycoproteins
with the human cellular receptor, transferring receptor 1 (TIR1)
[16,17]. Presurnably, Chapare virus will be found to have similar
TR binding propertics, but this remains to be confirmed. Even
assuming this to be true, the diversity of the GP1 amino acid
scquences of Junin, Machupo, Guanarito, Sabia and Chapare
viruses is such that one cannot easily discern the GPl domnain
involved in high efficiency binding to TR solely on the basis of
amino acid sequence alignments. :

The relationship of Chapare virus from Bolivia to Sabia virus
from Brazil is intriguing. Both these virus clearly cause HF similar
to that seen with Junin, Machupo and Guanarito viruses. The
single HF cadse associated with a .naturally acquired Sabii virus
infection was reported in the community of Sabi4, in Sao Paulo,

" Brazil in 1996 [18)]. The exact site of exposure was unclear, as was

the rodent reservoir. Yellow fever was the initial suspicion in the
Sabi4 case and that associated with the ‘Chapare virus infection as

" both had associated extensive liver necrosis, More extensive liver

involvement may be a feature shared between these viruses, as it is
not commonly. observed with HF associated with the other New *

“World arcnaviruses (although it is occasionally seen),

Due 10 the difficulties of working in this resource poor rural
region, initial follow up efforts in the Chapare area, did not yield a
more precise description of the reported -cluster of cases with
similar illness, and a Emited ecological study did not reveal the

" rodent reservoir of this virus. It is hoped that more extensive

arenaviruses [3,4,3,10,11]. The virus was found to be most closely .

related to Sabia virus, but with 26 and 30% nucleotide difference
in the complete § and L segments, and 26, 28, 15 and 22%-amino

acid "differences for the L, Z, N and GP protéins, respectively
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studies in the area will reveal the extent to which Chapare virus
poses a public health problem in this area, and shed light on the
source of human infection. In sumnmary, thrée arenaviruses are
now known to be present in Bolivia, namely Machupo and Latino
viruses (both hosted by Calomys callosus) and Chapare ' viruses
(reservoir unknown). Furthermore, both Machupo and Chapare
viruses are agents of fatal hemorrhagic fever in Bolivia.

Materials and Methods

Diagnostic Ampilification & identification

- Initial virus genetic detection .and analysis was conducted on
total RNA extracted from infected Vere E6 cells, using Tripure
Isolation Reagent (Roche Applied Seience, Indianapolis, IN).in a
ratio of 1:5 and incubated at room temperature for a minimum of
10 min. Total RNA was isolated by using the RINaid Kit following -
the manufacturer’s recommendations (Qbiogene Inc., Carlsbad,
CA), and the extracted RNA ‘was reconstituted in 50 pE H,G,
Broadly reactive Arenavirus primers used for initial identification

April 2008 | Volume 4 | Issue 4 | €1000047
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Figure 1. Map of Bolivia showing location of the Chapare virus-associated HF case relative to the Beni region where Machupo virus-
associated HF cases originate. The Beni Department boundary is depicted by the checkered line. Multiple Machupo isolates have been recorded

from the Beni Department. The single Latine and Chapare virus locations are labeled and represented as dots.
doi:10.137 1/joumal.ppat.1000047.9001 . :
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Table 1. Differences between Chapare virus and its closest

species of arenavirus

Flexal

*Complete nucleotide segments only

SComplete amino acid sequences only

“Complete segment or gene sequence is not available for one or both wmses
doi:10.1371 jounal.ppat. 1000047 tom

were desigﬂed for the L polymerase gene on the L segment
(L4160F, GCA GAR TTY AAA TCI AGA TT; L4393R, CCR
TYI ASC. CAR TCT ITI ACA TG; 14292F, GAT CAT TCI
RTY GCI AAT GG; L4841R, CAI ATl CCT ATA AAI CCW

GAT G) [19] and the glycoprotein gene on the 5 segment

'(GPB784, GAC RTG CCW GGI GGI TAY TG; GP1126-, TAC
"CAA AAT TTG TGT ART TRC ART AIG 'G; GP1153+, CCT )
TAY TGY AAY TAC ACI AAA TTT TGG T, GP1396-, ATG

TGY CTR TGI GTI GGL AW).

Reverse Transcnptmn (RT) was done using 2.5 pE of RNA ina
25 gL total reaction volume and AMV RT {Promega Bioscierces,
San Luis Obispo, CA) at 42°C for 1 hr. Subsequent PCR
“amplification using FastStart Taq DNA Polymerase with GC-rich
solution {Roche) was performed using 5 1. of the completed RT
reaction in a 25 BL reaction volume with the following cyclmg .
condifions: 2 min at 95°C, (36 cycles of 1 min at 95°C, 1 min'at
45°C, 2 min at 72°C), and a final elongation of 10 min at 72°C.
Resulting DNA products were visualized and purified-using a 1%,
. agarose gel, and the Qiagen Gel Extraction Kit (Qiagen, Valencia,”
CA). PCR. products were sequ'enccd directly {without cloning)
using the corresponding primers in a BsgDye Terminator v3.1
reaction on a 3100 Genetic Analyzer. (Applled ‘Biosystems, Foster

City, CA). Sequence was further analyzed using chuenchcr {Gene

Codes Corporation, Ann Arbor, MI)."

i

Complete Genome Ampiiﬁcatlon & Analysis _
To obtain.full length sequence for each segment, alignments of

all New World arenavirus complete genomes were used to design

primers for the conserved regions (available upon request). The full-
length 5 segment was generated following the Thermoscript RT-
PCR system’s directions (Invitrogen, Carlsbad, CA) and using the
19C primer T10). Reverse transcription was conducted at 53°C,
- while ‘the ‘PCR profile was the same as_stated above with an
increased extension time of 4 minutes.

Different fractions of the full-length L RNA were amphﬁed
using 2-step or l-step RT-PCR protocols and following the
manufacturer recommendations. Briefly, cDNA was synthesized in
the first approach using 10 P of purified RNA, specific primers,
dNTPs and Superscript III (Invitrogen) in 20 pl reactions.
Amplification reactions were done using 5 pl of <DNA, specific

'® PLoS Pathogens | M.plospathogens.org
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relative,.Sabid, are similar to differences between other distinct .

virus " Nucleotide® Amino Acid®
sk, Sségfent L segment’
Chapare to 26 30
Sabid
; x5-37 n LS A

= . - . 2 : E LT e
Machupo o 31-32 33 32-33 19-20 2728 21
Tacaribe .

32 T 28-3

Parand to 29 nfa® nfa

Chapare Virus from Bolivian HF Case

. | Table 2. Differences among strains of the same species of

arenavirus -

N‘ucl_eotide'

Virus Amino Acid®

G
e

Allpahuayo

b
Catarina 9 “nfa

2
'Y
R T R N R

Whitewater 0.4 . nfa .
Arroyo

*Complete nucleotide segments only

bComplete amino acid sequences only

“Complete segment or gene sequence is not avallab!e for more than one strain
doi10.1371joumal.ppat. 1000047, t002

primers, dNTPs and Platinum Taq DNA polymerase Hagh
Fidelity (Invitrogen) in 50 ul, leactlons Alr.emauvely, 1-step
RT-PCR were performed using 5 pi of RNA, dNTPs and the L
enzyme blend provided by the SuperScript III One-Step RT-PCR
System with Platinum Taq High Fidelity (Invitrogen) it a 50 pl
reactions. Amplification reactions were analyzed in TBE/agarose
gels and DNA bands purified using QIAquick 'Gel Extraction Kit

" ~(Qjagen). Sequencing reactions were done as described above. )

Phylogenetic Analysis

All fuil length § and L segmcnt sequences aval.lable in Genbank
were used to compute pairwise uncorreéted genetic distances using .
PAUP 4.0b10 {Sinauer Associates) for the following viruses:
Allpahnayo, Amapan Chapare, Flexal, Guananto, Junin, Ma- -
chupo, Parana, Pichindé, Pirital, Sablé. Taczmbc, Tamiami, and
Whitewater Arroyo. - o

A representative subeset of full length sequences (omm.mg
multiple near identical variants of the same virus) were included in
a Bayesian phylogenetic analysis. Sequence alignments were done
with ClustalX [20] with manual adjustments and phylogenetic

- analysis was done with MrBayes3.1.2 [21] usmg the GTR+I+G

‘model &1 2 runs of 500,000 genefations using the sequence of
Pichindé virus as t.hc outgroup . .

Supportmg Informatlon

Table S1 Amino ac1d distances for complctc Land Z genes and
nucleocapmd and glycoprotein, genes of the Ncw World arenavi-

. ruses
. Found at: dm 10. 137I/Journal ppat 1000047. 5001 (0 34 MB EDE)
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Figure 2. Phylogenetic analysis of the complete S and L RNA segments of New World arenaviruses. Complete 5 and L segments for New
World arenaviruses were analyzed by Bayesian inference of phylogeny (MrBayes3.1.2) using the sequence of Pichindé virus as the outgroup. Multiple
strains are grouped with small brackets and large brackets group the arenavirus Clades: A, A/Rec, B, and C. The Genbank accession numbers for the §
segment analysis include; Allpahuayo (AY012686), Amapari (AF485256), Bear Canyon (AY924392), Catarina (DQB65245), Chapare (EU260463), Cupixi
tAFS12832), Flexal (AF485257), Guanarito (NC_DD5077), Junin [AY619641, NC_DDS0B1, AY746353), Latino [AF512830), Machupao (AYS24208, AYE19645,
. AY924202, NC_005078), Oliveros {LU34248), Parana {AF485261), Pichindé (NC_006447}, Pirital (NC_005894), Sabia (NC_006317), Tacaribe (NC_004293),
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Tamiami (AF485263), and Whitewater Arroyo (AF485264). The Genbank accession numbers used for the L segment analysis indude: Allpahuayo
{NC_010249}, Amapari {AY924389); Bear Canyon (AY924390), Chapare (EU260464), Cupixi [NC_010252), Guanarito (NC_005082), Junin (NC_005080,
AYB19707, AY619640), Machupe {AY624354, NC_005079, AY619644), Oliveros (NC_010250), Pichindé (NC_006439), Pirital (NC_005897), Sabia
(NC_006313), Tacaribe (NC_004292), Tamiami (AY924393), and Whitewater Arroyo (AY924395).

doi:10.1371/journal.ppat.1000047.g002
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An active haemovigilance programme characterizing the safety
profile of 7437 platelet transfusions prepared with amotosalen
photochemical treatment
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Vox gﬁﬁgﬁiﬂﬁ Background An active haemovigilance programme was implemented to survey
adverse events (AE) associated with transfusion of platelets photochemically treated
with amotosalen and ultraviolet A {PCT-PLT). The results of 5106 transfusions have
already been reported. ‘Here we report the results of an additional 7437 PCT-PLT
transfusions. ' '

Methods The focus of this_-ungoirig haemovigilance programme is to documnent all
AFs associated with PCT-PLT transfusion. Data collected for AFs include: time of event
after starting transfusion, clinical descriptions, vital signs, results from radiographs
and hacterial cultures, event severity (Grade 0-4) and causal relationship to PCT-PLT
transfusion. .

Results One thousand four hundred patients (mean 60 years, range 1-96) received
PCT-PLT transfusions. The majority of the patients {53-4%) had haematology-oncology
diseases and required conventional chemotherapy (44-8%) or stem cell transplantation
(8-6%). Sixty-eight PCT-PLT transfusions were associated with AE. Acute trapsfusion
reactions {ATR), classified as an AE possibly related, probably related, or related to
PCT-PLT transfusions were infrequent (n = 55, 55{7437 = 0-7%) and most were of
Grade 1 severity, Thirty-nine patients (39/1400 = 2-8%) experienced one or more ATRs.
The most frequently reported signs/symptoms were chills, fever, articaria, dyspnoea,
nausea and vomiting, Five AEs were considered severe (= Grade 2); however, no
causal relationship to PCT-PLT transfusion was found. Repeated exposure to PCT-PLT
did not increase the Jikelihood of an ATR. No cases of transfusion-related acute lung
injury and no deaths due to PCT-PLT transfusions were reported.
Conclusions Routine transfusion of PCT-PLT is well-tolerated in a wide range of
. patients. ATRs related to PCT-PLT transfusion were infrequent and most were of mild
revised 24 December 2007,

accepted 24 December 2007, severity. _
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Introduction

INTERCEPT Blood System™ uses a photochemical treatment
methodology [PCT: amotosalen plus ultraviolet A {UVA}
light] to inactivate viruses, bacteria, protozoa, and leucocytes
in platelet (PLT) and plasma compeonents. The PLT system
received CE Mark registration in Europe in 2002. Several
centres in Belgium, Spain, Norway and Italy began routine
production of PCT-PLT in 2003. An active hacmovigilance
programme was immediately implemented to prospectively
collect information on PCT-PLT transfusions administered
to patients in routine clinical settings. Prior to CE Mark
registration, the safety data of PCT-PLT were primarily
obtained from controlled clinical trials with a limited number
of patients and predetermined clinical and safety end-points
[1-3). The postmarketing haemovigilance programme pro-
vided a means to extend the characterization of the safety
prafile of PCT-PLT in routine use and in 4 broad patient
population. The results of the first 5106 PCT-PLT transfusions
have already been reported [4]. With additional ¢entres in
Belgium, Spain and France starting with the routine production
of PCT-PLT, the database of this haemovigilance programme
has been expanded [5].

In March 2007, the Canadian Blood Services and Héma-
Quebec erganized a consensus conference to provide recom-
mendations and guide decision-making about new pathogen
inactivation technologies [6]. The panel, consists of nine
healthcare professionals and members of the public, stressed
the importance of postmarketing surveillance studies in the
introduction of new technologies for blood safety. The panel
recommended that specific studies should be mandated by
the regulatory authorities and supported by the manufacturers
and/or the blood suppliers. Postmarketing surveillance for
adverse reactions to pathogen inactivation products should
be linked to the national haemovigilance systems if possible.
Depending on the new pathogen inactivation technologies
implemented, specific additional surveillance outcomes
may be identified. The panel also suggested that chronically
transfused patients might serve as an ideal surveillance
populatiun to identify long-term toxicities of pathogen-
inactivated products.

The active haemovigilance programme described in this
study is in concordance with these recommendations:
Although this programme is not directly linked to a specific
country haemovigilance system nar designed to replace any
existing haemovigilance system, the format of data collec-
tion is modelled after the data collection format of the French
haemovigilance system for documentation of transfusion
incidents {71. The focus of the current programme is on all
adverse events (AE), serious or non-serious, occurring after
the start of PCT-PLT transfusion. Following the recent report
of 5106 PCT-PLT transfusions [4], here we report the resulis
of an additional 7437 transfusions of PCT-PLT. .

Materials and methods

General study design

This was a prospective observational active haemovigilance
study. The objective of this study was to document the
transfusion safety profile for approximately 7500 PCT-PLT
components prepared with the INTERCEPT Blood System™
for platelets (Cerus Europe BV, Leusden, the Netherlands).
These comiponents were prepared in three centres in Belgium
(CTS UCL Mont Godinne, CTS Brabant-Hainaut and AZ
Sint Jan AV), three centres in France (EFS-Alsace, EFS-
Auvergne-Loire and EFS-Bretagne), and one centre in Spain
(CHEMCYL. Valladolidj and administered to thrombocytopenic
patients under standard clinical practice in hospitals. There
were no randomization requiremeats, no inclusion criteria
and no exclusion criteria of patients other than the need
to receive a platelet transfusion. Baseline demographical
information was collected on all study participants. Patients
were assigined a centre-specific study number to preserve
anonymity.

Patients who received transfusions of PCI-PLT were moni-
tored for any AEs after the start of cach platelet transfusion,
which is consistent with European Haemovigilance Network
recommendations for surveillance of AE to transfusion of
labile blood components, and with those of national trans-
fusion services [7,8]. However, in this study, reporting was
obligatory for all PCT-PLT transfusions in each participating
clinical site. A transfusion report was required for each PLT
transfusion regardless of whether or not an AE occurred. In
case of occurrence of an AE, additional clinical and biological
information was callected to allow diagnosis and assessment
of causality and severity. The data in the final database
were anonymous and were reported on a per-transfusion
basis as well as on a per-patient basis. Transfusions associdted
with serious AEs were reported in greater detail.

Study report forms

The report form used for this baemovigilance programme
was developed on the basis of haemovigilance report forms
already in use. Information was collected in several broad
categories: patient demographic/diagnosis data, platelet com-
ponent characteristics, fransfusion events and documentation
of all AEs following transfusion. An acute transfusion reaction
[ATR) was defined as an AE possibly related, probably related,
or related to a PCT-PLT transfusion.

AEs were graded for clinical severity within the following
categories: Grade 0, isolated dysfunction without clinical or
biological manifestaticn; Grade 1, absence of immediate or
long-term life-threatening effects; Grade 2, long-term life-
threatening cffects; Grade 3, immediate life-threatening
effects; and Grade 4, death. For each transfusion, the following
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signs, symptoms and specific clinical syndromes were
evaluated: fever, chills, cardiac arrhythmia, hypotension,
itching, urticaria, skin rash, jaundice, pulmonary oedema, hron-
chospasm, dyspnoea, respiratory distress, nausea, vomiting,
lower back pain, chest pain, abdominal pain, and shock.
Aqy other findings could be entered as free text including
refractoriness to platelet transfusion and transfusion-related
acute lung injury. The following available clinical signs were
recorded before and after each transfusion: temperature,
blood pressure and heart rate. Abnormal clinical laboratory
values, results of diagnostic procedures (chest X-ray) and
bacterial cultures from  patient and blood component
sources were recorded when associated with an AE following
a PCT-PLT transfusion.

Preparation of platelet components

Platelet components were collected by apheresis or from
whole blaod-derived buffy-coat procedures according to each
centre’s standard operating procedures. Volumteer donors
were screened and tested for transfusion-transmitted
pathogens according to each centre's standard operating pro-
cedures in compliance with respective national regulations.

All components were lencocyte reduced, either by fltration

(Sepacell PLS-5A, Asahi Biomedical, Tokyo, Japan} or process
leucodepletion {Amicus Cell Separator, Fenwal, La Chatre,

France; Haemonetics MCS+, Haemonetics, Braintree, MA,

USA). Platelet components containing 2-5 to 6-0 X 10" platelets
were suspended in approximately 35% plasma and 65%
InterSol™ (Fenwal) and prepared with amotosalen {noninal
final concentration 150 pm) and a 3 J/cm® UVA light treatment
(320-400 nim) according to the manufacturer's instructions
for use (Cerus Europe BV). After treatment, PCT-PLTs were
stored up to either 5 or 7 days under temperature-cantrolled
conditions {22 % 2 °C) before release for transfusion
depending on country-specific regulations. PCT-PLYs were
transfused before the expiration period of 5 days in France
and Spain or 7 days in Belgium. PCT-PLTs were not cultured
for bacterial contamination prior to release, and PCT was
used in place of y-irradiation for prevention of transfusion-
associated graft-versus-host disease in all sites except EFS-
Bretagne and EFS-Auvergne-Loire.

Platelet transfusion

PCT-PLT camponents for transfusion were ordered according
to standand indications within each institution, The investi-
gator was requested 1o report all AEs occurring after starting
transfusion without time limitation. The severity of each AE
(Grade O to 4) and the relationship of each AEs to the preced-
ing platelet transfusion were assessed by the investigator.
Serious adverse events were reported in greater detail with a
narrative for each event.

© 2008 The Authoris)

Statistical analyses

All statistical analyses, summary tables and data listings
were generated using SAS® version 8-2, The primary assess-
ment of safety was the proportion of ATR for the transfusions
reported. The safety profile of PCT-PLY transfusions included
information -on: the number of PCT-PLT transfusions by
patient; the patient population profile; the characteristics of
the PCT-PLT transfused, and the characteristics of the AE
following platelet transfusion.

Data were analysed on a per-transfusion basis as well as
on a per-patient basis. Al PCT-PLT transfusions administered
to a patient were included in the full analysis population,
whether or not an AE was ohserved. Data were summarized
for each paranicter using descriptive statistics (mean, standard
deviation, median, and range).

Statistical tests were performed for the exploration of risk
factors only (multivariate logistic regression at 10% signifi-
cant level). The variables included in the analysis are patient
gender, age, previous transfusion history, type of platelet
concentrate, y-irradiation, antigen-matching and primary
diagnosis. Variables with descriptive statistics were tested for
Pvalucs und odds ratio. The number and proportion (60} of
transfusions with one or more AEs were summarized overall,
by sericusness and by relationship to platelet transfusion.
Carresponding 95% confidence intervals (Cls) were calculated.

The non-survival analysis method is a univariate analysis
of the numhber of transfusions received before the first
occurrence of an AB. Only patients with at least one AE were
considered in this analysis.

Resulis

Distribution of transfusions

A total of 7437 PCT-PLT {ransfusions were documented
between May 2005 and January 2007 and constitute the full
analysis population. The distribution of transfusion reports
were: 3057 (41-1%) from CTS UCL Mont Godinne, 2048
(27-5%) from EFS-Alsace, 899 {12:1%) from CTS Brabant-
Hainaut, 572 (7-7%) from EFS-Auvergne-Loire, 440 (5-9%)
from AZ Sint Jan AV, 381 (5-1%) from CHEMCYL, and 40
(6-5%) from EFS-Bretagne.

Patient demographics

A total of 1400 patients underwent transfusion (Table 1}. The
majority of the patients were niale (61-3%) and the nican age was
60 years (range < 1-96 years). Haematology—-oncology diseases
treated by chemotherapy (44-8%) and stem cell fransplantation
{8-6™) constituted 53-4% of the primary diagnoses and
therapies among the transfused population. A significant
number of patients receiving platelet transfusion (17-200)
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Table 1 Patient and transfusion demographics

Patient Transfusion
characteristics characteristics
{n = 1400) (n=7437)
Gender (1, %}
Male 858 {61-304) 4354 [58-5%)
Female 542 (38-70%) 3082 (41-49%)
Unknawn 1 (< 0-1%)
Age fyears)
Mean £5D 600+ 178
Median 63
{minimum-maximum) {<1-96)
Location of transfusion
Intensive care unit 1145 (15-4%)
Outpatient 382 (51%)
Regular ward 5908 (7940}
Unknown 2 (< 0-1%0)
Hacmatelogy-oncology patients 748 {53-40%) 5463 (73-5%}
Conventional chemotherapy 627 [44-308) 4481 [60-3%)
Stem cefl transplant 121 (8-6%) 982 (13-200)
Surgery patients 241 (17-2%) 480 (6:5%)
Cardiovascular surgery 209 (14-9%) 349 (4- 7%}
Solid organ transplantation 32 (2-3%) 131 (1-8%}
Qther diagnoses 397 {28-4%) 859 (11-6%)
Missing diagnosis 14{1-0%) 635 [8-5%)
History of a previous transfuston
Yes 837 (59-8%) 5029 (57-6%)
No 1398 (28-4%) 1927 (25:9%)
Unknown ’ 165 [11-8%) 481 {6-5%)
1f "Yes' - did they experience a transfusion-related atverse event?
Yes 53 (6:3%) 382 (7-6%)
No 779 (93-004) 4639 (92-240)
Unknown 5 (0-6%) 8 {0:2%)

“For per-patient basis, the denominator is 837; for per-transFusion basis, the
denominator is 5029,

were undergoing cardiovascular surgery or solid organ
transplantation. Other diagnosés included haematology-
oncology diseases not treated by chemotherapy andfor stem
cell transplantation and surgery other than cardiovascular
surgery and solid organ transplantation. '

Of all paﬁent;s, 837 patients (59-8%) had already received
another blood product before the first PCT-PLT transfusicn
(Table 1). Among these patients, 53 patients {6-3% of 37} had
a history of a transfusion reaction of some type in the past.

Platelet component demographics

Most of f(hé PCT-PLT units were manufactured from apheresis
platforms (4822, 64-8% vs. 2615, 35-20 for buffy-coat prod-
ucts). The majority of the PCT-PLTs (7357, 98:9%) were not
treated with y-irradiation [9]. Among the 7437 PCT-PLTs

wansfused, only 2-5% (189 units) of platelet units were
human leucocyte antigen-matched products.

A large proportion of the PCT-PLT components {5908,
79-49%) were transfused in non-intensive care hospital wards
(Table 1). Intensive care units and day-hospital units were the
location for 15-4 and 5-1% of the PCT-PLT transfusions {1145
and 382 units, respectively). While most of the PCT-PLT com-
ponerits (5463, 73-5%) were administered to haematology-
oncelogy patients, ouly 480 PCT-PLT components (6-5%)
were administered to surgery patients.

The majority of the PCT-PLT components (5029, 67-6%)
were administered to patients who had already received
another blood component before the first PCT-PLT transfu-
sion (Table ). Among these transfusions, 382 (7-6% of 5029)
PCT-PLT components were transfused to patients reported to
have experienced atleast one transfusion reaction in the past.

Number of transfusions per patient

The range of PCT-PLT transfusions per patient was 1 to 129,
with an average of 53 & 10-8 (median: 2) transfusions per
patient. Of the 1400 patients who received PCT-FLT trans-
fusions, 529 patients (37-8%) received only one PCT-PLT
transfusion during this study period, 418 patients (29-9%)}
received two to three transfusions, and 453 patients (32-4%)
received more than four PCT-PLT transfusions during the study.
The majority of patients who received multiple transfusions
had a primary diagnosis of haematology-oncology diseases
treated by chemotherapy andfor stem cell transplantation,
Two patients from CTS UCL Mont Godinne received more
than 100 transfusions analysed in this haemovigilance plan.
'One 56-year-old man (JO1-636) who was treated by con-
ventional chemotherapy for haematology-oncology disease
received 129 PCT-PLT components within an 8-month period
(from April 2006 to0 November 2006). One 72-year-old
woman {JO1-071} who was also treated by conventional
chemotherapy for hauematology-oncology disease received
107 PCT-PLT components within a 10-month period (from
August 2005 to November 2006).

.

Adverse events following PCT-PLT transfusion

On a per-transfusion basis, 68 (0-9% of 7437 transfusions,
9500 CI: 0-7~1-206} transfusions were associated with an AE
(Table 2). Of which, 55 (0-7% of 7437 transfusions, 95% Cl:
0-6-1-0%) were classified as ATR possibly related, probably
related, or related to PCT-PLT transfusion. Ounly five cvents
were classified as serious AEs {0-07%, 95% Cl: 0-0-0-2%%),
and were judged as probably unrelated to the PCT-PLT trans-
fusion hased on the observation of alternative causes for
symptoms and no evidence of causal relationship to the platelet
transfusion. No cases of transfusion-related acute lung injury
and no deaths due to PCT-PLT transfusions were reported.
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Table 2 Llinical characieristics of adverse cvents {AE)

On a per-transfusion basis n (% = 5 X 100/7437)

On a per-patient basis 5 (% = n X 100{1400)

AE atiributed AFE atfributed
"to platelets SAE attributed to platelets SAE attributed
Any AEs  [ATR)® SAE? to plateles®®  AnyAEs  (ATR)* SAES te platelets®”
Number with at lcast one cvent 68 (0-9%) 55 {0-7%) 5{<0-1%) 0 (0-0%) 45 (3-200} 39 {2-80) 4 [0-3%) 0 (0-0%)
Signs/Symptoms®
Fever 8 (0180} 6 f< 0-1%)] 0 (0e4] 7 (3-5%) 5 (0-4%) o {0%) -
Chills 45 (06%) 40 {0-5%) 2 {< 0r1%) 31 (2-29) 28 (200} Tl<O1%) -
Itching 2{c01%) 2{<C1%) 00w (<o) 1{comr)  O0%) -
Hypotersion T{<0-10%) 0{0%0) 1 (< 0-1%%) 1{<0-1%) 0[0o%) 1{<01%) -
Urticaria 14 (0200)  14{02%) 0 [oot) i2(09%) 13 (09%) 0 {0%%) -
Skin rash . Slc01%) S{<0i%)  0{0%) 4{03%)  4{0:3%) 0 (0%%) -
Dysphoea g0t 6(<o1%) 1 {< 0-150) sio-6%)  6{04%) 101%) -
Respiratory distress 1{<01%)  0[0%) 1 (< 0-1%) 1{<01%) 0{0%) (<01t} -
Nauseafvomiting 8 {C-1%%) s{< (ﬂ%] 3 (< 0-1%0) 5 {0-4%) 3{02%]) 2(0-199) -
Lower back pain 6(c0-1%) 1{<01%) 0 (0%) 2 (0-1o0) 1 [< O- 1%} 0 (0%) -
Chestfabdaminal pain 1ot 101wl 0low Teom) 1lcown] olow) -
Shock 4{c010%%) 0 (0o 4{< 0-19%) 3 (0:208) 0{0%) 3{02w) -
Tachycardia 4{<c01%) 3{<0t%) . 1{c01%) 3 [0:2%) 2 [0-1%) 1{<01%) -
(ther 14 {0-20%) 11 (0-1%0) 3 (< 01%) 12 (0:9%) 10 (0-7¢%) 3 (0-2%) -

Seripus adverse event (SAE): long-term life threatening, immediate life threatening or death.
“Causal refationship that was possibly related, probably related, or related to PCT-PLT transfusion.
“Number of signsfsymptems can exceed number of AE due to multiple observed signs/symptoms per AL,

On a per-patient basis, 45 patients {3-260 of 1400 patients)
who received at least one fransfusion of PCT-PLT experienced
the 68 AFs following PCT-PLT transfusions (Table 2). Only
39 patients (2-8% of 1400 patients) experienced the 55 ATRs
attributed to the PCT-PLT transfusion. Four patients experi-
enced serious AEs following transfusion; however, no causal
relationship to PCT-PLT transfusion could be established.

All AEs regardless of the relationship with the PCT-PLT
transfusion occurred within 4 h after the start of the platelet
transfusion (mean time: 03 + 0-51 b, 0-3-3 h). The majority
of AEs (64, or 94-1% of 68 AEs) occurred in patients who were
not premedicated. The other four AEs occurred in patients
who were premedicated with antipyretic or antihistaminic
drugs, or corticosteroids.

Characteristics of clinical signs and symptoms
associated with adverse event

On a per-transfusion basis, the most frequently observed
symptomsfsigns (2 0-1% of the total 7437 transfusions} were
fever, chills, urticaria, dyspnoea, nausea andfor vomiting
(Table 2). The individual incidence of cach of the following
signsfsymptoms was < 0-1%: itching, hypotension, skin rash,
respiratory distress, lower back pain, chest or abdominal

© 2008 The Authae(s)

pain, shock and tachycardia. All additional symptoms
included in the category of other, such as refractoriness to
platelet transfusion, hypertension, cephalea, pain in the leg,

flush, malaise, cyanosis, oxygen desaturation and volume-

overload were also reported but with an individual incidence
of less than 0-1%. Most of ATRs were described principally as
Grade | chills and urticaria (Table 2).

On a per-patient basis, the most frequently observed
symptomsfsigns (2 0-5% of the total 1400 patients}) were
fever, chills, urticaria and dyspnoea (Table 2). Approximately
0-1-0-4% of the population (from 2 to 5/1400) experienced
the following signs/symptoms: skin rash, nauseafvomiting,

- shock, lower back pain and tachycardia. Clinical refractoriness

to transfusion, hypertension; headache and flushing were
additional symptoms reported in the category of ‘other. Less
than 0- 19 of the siudy population (only 1/1400) experienced
the following signsfsymptoms such as hypotension, fiching,
respiratory distress and chest/abdominal pain. Symptoms
such as pulse increase, leg pain, cyanosis, oxygen desaturation,
malaise andfor volume overload were also reported in the
category of ‘other. Most of the ATRs consisted of various
combinations of fever (0-4%), chills {2-0%)}, urticaria {0-9%),
skin rash [0-3%), dysproea (0-4%), nauseafvomiting {0-2%),
tachycardia (0-1%)} and others symptonas {0-7%) [Table 2.
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Serious adverse events following platelet
transfission

During the course of this surveillance, five serious AEs
were reported following transfusion of PCT-PLT (0-07%,
950p CI: 0-0-0-2). These serious AEs were assessed by the
investigators as being ‘unrelated or probably unrelated” to
the PCT-PLT transfusions and were attributed to progression
of underlying illness.

Patient B01-201 was admitted to hospital for a presumed
pulmoenary infection postchemotherapy. Additional co-
morbidities at the ime of admission were septic shock, acute
renal insufficiency, neutropemia and thrombocytopenia.
Intravenous (i.v.) antibjotic therapy was initiated and multiple
transfusions of blood products (including PCT-PLT) were
administered. One hour after administration of the second
platelet unit, the patient complained of dyspnoea, respiratory
distress was found to be hypotensive and tachycardic. Severe
volume overload was determined to be the aetiology and
treatment with oxygen, diuretics, and dialysis was initiated.
The event was assessed by the investigator to be unrelated to
the PCI-PLT transfusion,

Patient JO1-382 experienced chills, nausea and sudden
hypotension during transfusion with PCT-PLT. Prior to this,
the patient had received at least four PCT-PIT transfusions
‘with no AE. The transfusion was stopped and the patient was
treated with i.v. fluids and recovered. Four days later, the
paticut experienced a secound hypatensive episode after trans-
fusion, which was spontancously resolved. Subsequent to this,
the patient received 19 additional PCT-PLT transfusions
without any clinical sequelae, This patient did not receive any
‘angiotensin-converting enzyme (ACE) inhibitors. Based on the
patient’s history and the lack of transfusion reaction with the
subsequent transfusions, the investigator assessed hoth of
these events as probably unrelated to PCT-PLT transfusion.

Patient JO1-516 was admitted for ischaemic cardiomyopathy
and underwent double vessel coronary artery bypass graft
(CABGY. The patient's postoperative recovery was conplicated
by a significant decrease in bload pressure, which occurred 10
min after start of transfusion of PCT-PLT. Despite vasopressor
support and a 6-min period of circulatory arrest, the patient’s
condition continued to deteriorate and he died. Cause of death
was attributed to an aortic dissection with major disseminated
intravascular coagulopathy and mesenteric infarct and was
assessed by the investigator as unrelated to the PCT-PLT
transfusion.

Patient J01-780 experienced a hypotensive episode, cyanosis,
oxygen desaturation and nausea approximately 30 min after
receipt of PCT-PLT. The patient received oxygen therapy to
treat the event and recovered. The patient had received two
units of PCT-PLT before and one unit after this event with no
adverse reactions. The patient had a history of hypotensive
episodes, which occwred in the absence of transfusions.

Based on the patient’s history, the event was assessed by the
investigator as probably unrelated to the PCT-PLT transfusion.

Risk factors associated with adverse event

The risk for AE was not correlated with the patient gender,
age, or antigen-matching. The risk for AE for patients who
already had been transfused before the first PCT-PLT trans-
fusion appeared trending higher compared to patients who
did not have any transfusion history; however, the difference
did not reach statistical significance (P = 0-0675; odds ratio:
1-875; 95% CI: 0-956-3-648). Buffy-coat-derived platelets
were associated with a lower risk for AE compared to apheresis
products [P = 0-0305; odds ratio: 0-473: 95% CI: 0-240-0-932].
Irradiated PCT-PLTs were of similar risk for AE compared to
non-irradiated PCT-PLTs (P = 0-0848; odds ratio: 6-344; 95%
CI: 0-776-51-862). No trending can be concluded because,
of the total 7437 platelet transfusions, only 80 PCT-PLT
components were y-irradiated in EFS-Bretagne and EFS-
Auvergne-Loire, Haematology-oncology patients treated
with conventional chemotherapy were at a higher risk for AE
compared to the other patients (P<0-0001; odds ratio: 7-660;
9546 CI: 3-014-19-467).

Number of transfusions prior to the first
adverse event :

Among the 45 patients who experienced at least one AE,
repeated exposure to PCT-PLT did not appear to increase the
likelihood of a transfusion reaction (Table 3). By using the
non-survival analysis method (a subset analysis for patients
with any AE only), the mean number of transfusions before
first AE occurrerice was 8-8 £ 10-1 fmedian = 4, minimum =0
and maximum = 37).

Discussion

1 accordance with the recommendations made by the panel of
the Canadian Consensus Conference, an active haemovigilance
programme has been implemented in Europe to document
the occurrence of AE following transfusion of PCT-PLT [6].
To date, two reports have been prepared. The first report was
on the transfusion of 5106 PCT-PLT components administered
to patients in five European centres from October 20032 ¢
December 2005 [4]. The second report as described here was
on additional 7437 transfusions of PCT-PLT administered to
patients in seven European centres between May 2005 and
January 2007. This represents a total of 12 543 independent
transfusions documented to date. There are no overlaps of PCT-
PLT transfusions reported in this haemovigilance programme.

Overall, the incidence of ATR attributed to transfusion of
PCT-PLT in both of the haemovigilance reporting periods was
infrequent either on a per-transfusion basis (0-8% first pericd
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Table 3 Number of PCT-PLT transfusions per patient prior to the first
adverse event {AE)

Number of PCT-PLT transfusions Full analysis population

per patient until first occurrence of AE {n =1400)
1 11 {0-79%)
2 6 (0-4306)
3 3 (0-21%)}
4 3(0-21%)
5 1(0-07%)
6-10 9 {0-640%%)
11-19 6 (0-43%)
=20 6 (0-43%)
M {rton survival analysis method) 45

Mean £ 5D 88+ 101
Median 4
Minimum-maximum 0-37

vs, 0-7% second period) or on a per-patient basis (4-9% first
period vs. 2:8% sccond period). The slighily higher occur-
rence of ATR per patient in the first reporting period was not
surprising, because the mean number of transfusions per
patient (7-8 £ 16-2) [4]} was greater than those observed in the
second period (5-3 £ 10-8). All ATRs were mild in severity and
of Grade 1 or lower. No serious AE from boih study periods
were attributed specifically to transfusion of PCT-PLT.

On a per-transfusion basis, the prevalence of ATR has been
reported in the literature to range from 18 to 31%; however,
these studies were conducted some years ago with variable
methods of platelet preparation [10-13]. More recently, the
incidence of moderate and severe ATR has been reported from
the trial to reduce alloimmunization to platelets (TRAP} study,
which examined 8769 platelet transfusions in 598 patients
during induction therapy for acute leukaemia [14]. [n the TRAP
study, platelet components were prepared by four methods:
unfiltered pooled whole blood-derived platelets in plasma;
filtered pooled whole blood-derived platelets in plasma;
unfiltered pooled whole blood-derived platelets in plasma
treated with ultraviolet B illumination to reduce human
leucocyte antigen sensitization; and filtered apheresis plate-
lets in plasma. None of these components were prepared with
additive solutions. The overall incidence of ATR was 2-20 of

- transfusions, and 22% of patients experienced at least one
ATR. In comparison to the TRAP trial, the current study in
which all grades of reactions were reported, both the proportion
of transfusions associated with a reaction was lower (0-7%)
as well as the proportion of patients (2-8%0) experiencing at
least one ATR. The use of 65% InterSol, a platelet additive
solution, in the preparation of PCT-PLT may partially con-
tribute to the reduction in the observed incidence of ATR [15].

The incidence of ATR in this study can be compared to data
from the haemovigilance network in France [7]. In France,
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data were reported for transfusion reactions, with an incidence
of four events per 1000 platelet components (0-4%), during
2 years in which the reporting system was first implemented.
However, this may be an underestimate since each whole
blood platelet concentrate in a pool was tabulated as an
individual component wansfusion. More recently, Kerkhoffs
et al. [16] compared the Incidence of transfusion reactions
for leucoreduced pooled platelet components in plasma and
plasma with additive solution in a study of 168 patients and
765 transfusions. They cbserved an incidence of 5-5% of
transfusions with teactions for platelets in plasma vs. 2-4%
of transfusions for platelets in a mixture of plasma and
additive solution. On a per-patient basis, 9-5% of patients
transfused with platelets in plasma plus additive solutions
had reactions compared to 15-5% of patients supported with
platelets suspended in plasma. These resuits further support
the role of the platelet additive solution, InterSol, in the
reduction of ATR cbserved in this study.

During the conduct of this study, an interim analysis of
2497 PCT-PLT transfusions administered to 606 patients in

. the three regions of France (EFS-Alsace, EFS-Auvergne-Loire

and EFS-Bretagne) was performed [5]. Of the 606 patients, the
predominant recipients of PCT-PLT were haematolegy-
oncology patients (46-20); 39-9% treated with chemotherapy
and 6:3% treated with stem cell transplantation. These propor-
tions were only stightly lower than those in the overall study
population of 1400 patients, yet only four of the 606 patients
{0-7%) reported an AE, including one serious AE of volume
overload classified as unrelated to PCT-PLT transfuston. This
low rate of AE observed in the French regions could contribute
to the overall low incidence of ATR per patient in this study.

Premedication in patients did not play a role in the overall

low incidence of ATR reported in this study. Information on

premedication was only requested in case of AE occurrence.
Of the 68 transfusions with occurrence of at least one AR,
only two antipyretic, two antihistaminic and one corticosteroid
were prescribed to patients, For the majority (64/68, or
94-1%) of these transfusions, patients were not premedicated.

The active haemovigilance programme described here
is a prospective observational study, which was designed to
assess the safety profile of PCT-PLT in routine clinical
practice. The data from this programme represent the largest
prospective experience to ‘date for recording potential AE
associated with platelet transfusions compared to prior studies
of retrospective design and limited in size i10,16-18]. The
present study was designed to be consistent with European
haemovigilance practices in which reporting of all grades of
transfusion-associated reactions has been emphasized
[7.8]. in contrast to other haemovigilance studies, obligatory
reporting for all platelet transfusions was required irrespec-
tive of whether or not an AE was observed. The current study
focused on AE that could be linked to PCT-PLT transfusions
after starting transfusion, nxt there were no specific limitations

Journal compilation © 2008 Blackwell Publishing Ltd., Vor Senguinis (2008} 94, 315-323
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on when adverse evenis could be reported following
transfusion. Based on the patient population supporied
with platelet transfusion, the study was designed to capture
repeated transfusions of PCT-PLT within patients to determine
potential effects of repeated exposure to this new type of
platclet component.

A limitation of the present study is the absence of a
concurrent control group receiving conventional platelet
components with which to determine a comparative baseline
incidence of ATR. However, because reporting is obligatory,
the expected outcomes of this active haemovigilance study
are the increase in clinical experience with transfusion of
PCT-PLT, the detection of unexpected AE fellowing PCT-
PLT transfusions in patient populations and for indications
that were not studied previously in a formal clinical trial
environment, and the establishment of a safety database for
future reference.

In the current study, which was specifically designed to
capture afl grades of transfusion reactions, the prevalence of
ATR per transfusion, was at the lower range of those reported
in studies with conventional compaonents. Prior expasure to
PCT-PLT transfusions did not increase the likelihood of an ATR.
The overall incidence of ATR was lower than that previously
reported either on a per-transfusion or on a per-patient basis.
Based on experience in a broad patient population, platelet
components prepared with amotosalen photochemical treat-
ment were well-tolerated in routine clinical practice.
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Executive Summary

Ih late March 2008, a hospital clinician was alarmed by the occurrence of 3 consecutive
deaths of pre-school children presented with severe pneumonia and rapid deterioration in
Fuyang City, Anhui Province. Up until mid-April; 15 children have died of similar severe
. illness.

“Through an investigation conducted by local z;nd national experts, the disease was -
confirmed on April 23 as hand, foot and mouth disease (HFMD) caused by enterovirus 71
(EV7]§ based on epidemiological, clinical, laboratory and pathological evidence.
Retrospective case investigation revealed that a simultaneous outbreak had occurred in the
same area with children presenting skin rashes and blisters over hand, foot, and mouth. -

Anhui is an inland province located in the central part of Southeastern China. Fuyang City

is.located in the Northwest region of Anhui Province and has a total population of 9.76

million. The city covers a total area of 9,700 km? with- one of the highest population .
densities in Mainland China (1,000 per square km). In Fuyang City, from March 1 to May 9,.
there have been 6,049 reported cases of HFMD of which 353 were severe and 22 were fatal -
(case. fatality rate 0.4%). Retrospective case-finding identified 302 cases that occurred
between March 1 and April 22, and revealed that the first case occurred as early as March -
10. The number of cases according to date of onset began to increase in- early April, and
peaked on April 28. The number. of reported HFMD cases in Fuyang City decreased after : -
- May 5.~ o - "

Among the 6,049 reported cases in Fuyang City the gender ratio was 1.9:1. The age range

varied between 28'dajrs to 18 years of age, with 78% of the cases being 3 years of age or

younger. All districts/counties in Fuyang City reported HFMD cases, with more than half

the cases concentrated in 3- districts' (¥ingzhou, Yingdong and Yingquan). Epidemielogical

investigation revealed no .contact between the 22 fatal cases, but environmental -

investigation of the cases' households revealed poor hygienic and sanitary conditions
among these families. '

The. clinical symptoms of the mild HFMD cases are those typical for the disease: rashes on
hands and feet, mouth and buttocks, fever and general malaise. All fatal cases presented an acute
onset of fever and influenza-like-illness without catarrhal syndrome. The cases' condition
-rapidly deteriorated, developing tachypnea, cyanosis, and some presented seizures. All fatal-
“cases died of serious complications such ‘as neurogenic pulmonary oedema due to EV-71
infection.

Testing initial cases for a variety of diseases, including seasonal and avian influenza -
A/H5NT and SARS did not reveal any conclusive results. Subsequently, additional testing
by Chinese Center for Disease Control and Prevention (CDC) was performed and several

3 -
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expert consultations were conducted. On April 23, a variety of specimens such as
pharyngeal swabs, fung puncture fluid, lung tissues, and blood from 5 out of 12 fatal cases
(42%), tested EV71 nucleic- acid positive by RT-PCR. EV71 genotype C4 viruses were
isolated from specimens of both mild and fatal cases. These sequences from mild and fatal
cases exhibited high homogeneity. Isolated EV71 virus strain gene sequences were
uploaded to GenBank on May 7.

From January 1 to May 9, 2008, 61,459 HFMD cases and 36 deaths were reported through
the disease reporting system in Mainland China. The number of reported cases increased

_sharply after the disease became notifiable on May 2, and with cases being reported from
nearly all provinces. The 5 provinces with the highest number of reported cases are
Guangdong (11,374), Anhui (9,235), Zhejiang (6,134), Shandong (4,566) and 'Henan
(3,230).

Because of the change in reporting policy and increased awareness of the general public
about the disease, it is expected that there will be an increase in the number of reported
HFMD cases in the upcoming weeks and months from Anhui Province and the rest of
China.

Non-polio enteroviruses are common and exist worldwide. Although infection often has no
symptoms and goes unnoticed, these viruses are also associated with occasional outbreaks
in which a larger-than-usual number of patients develop clinical disease, sometimes with
fatal consequences. '

The initial high case fatality rate of the Fuyang City outbreak, 2.9% (18/610) from March 1.
fo Apri] 23, was likely attributed to the following factors: rapid disease progression, late
clinical presentation, and limited local medical capacities. Although there is no specific
treatment for enterovirusl infections and a vaccine is not currently available, once the
aetiology of the disease was known and early treatment was provided to the severe patients,
the case fatality rate decreased considerably to 0.07% {4/5439) from April 24 to May 9, due
to enhanced surveillance and implementation of prevention and control measures.

There have been a number of outbreaks of EV71 HFMD in the Asia-Pacific region since )
1997. In China, outbreaks have been reported in Taiwan Province in 1998 (>100,000 cases
and 78 deaths) and in Shandong Province in 2007 (38,606 cases and 14 deaths).

The Governimnent of China has shown its strong technical and political commitment to
control the disease in Anhui and other provinces. In addition to enhanced surveillance,
training was provided to clinicians and public health workers to improve the treatment
success rate by increasing early -identification and treatment of severe HFMD patients.
Guidelines were written to enable early admission of severe cases to the hospital, and
critical cases to the paediatric ICU. After that, the case fatality rate has decreased
subétantially. In addition, to prevent HFMD, the Miniétry of Health started a nationwide
health campaign, stressing the need for personal hygiene, in particular hand washing’

4
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practices.

In the future, China is devoted towards énhancing the above-mentioned measures for the
prevention and control of HFMD in China. As part of the efforts to implement the
International ' Healtli Regulations, THR(2005), China will further strengthen the early
warning system by immediate notification of clustering of clinically abnormal and severe
cases, as well as increasing international collaboration and information exchange.
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Section 1 - Investigation of HFMD Outbreak in Fuyang
City, Anhui Province

I. Background

Anhui is an inland provfnce located in the central part of Southeastern China, (29°41'~

‘34°38’N; 114°54'~119°37'E). Two rivers; Yangtze and Huhe, run through the province,

which covers an area of 139,600 km®. Anhui Province is geographically composed of
flatlands with a subtropical climate and has an average annual rainfall accumulation of
about 900mm. Fuyang City is located in the Northwest region of Anhui Provirice and has
jurisdiction over 8 counties (district, city) and 172 municipalities. The total population is

9.76 million, including approximately 1.5 million migrant workers that work outside of the

city. The city covers a total area of 9,700 km? with one of the highest population densities

in Mainland China. : '

Figure 1. Geographic location of Fuyang City, Anhui Province in China.
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II. Outbreak identification and investigation — chronology of
events |

1. - Qutbreak identification and reporting

From March 27 to 29 of 2008, 3 infants with severe pneumonia were admitted to the-
paediatric unit of Fuyang First People's Hospital. All 3 cases died despite medical treatment.
These abnormal circumstances alarmed the health—care staff and were reported to the
Fuyang Health Bureau :

2. Anhui provincial health department organized investigation

' Afc‘e_r receiving the report on March 31, Anhui Provincial Health Bureau subsequently
dispatched 3 expert groups that included epidemiologists, clinicians.and laboratory experts
to conduct a field investigation. However, the etiology could not be confirmed at the time,
and on April 15, the Anhui Health Bureau asked for assistance from the Ministry of Health

{MOH).
3. MOH ex‘pért groups assist investigation and control

After receiving.the report on April 15, MOH immediately dispat'cﬁ'ed an expert team
comprised of epidemiologists, laboratory experts; clinicians and pathologists. The group
arrived in Fuyang City on the moming of April 16 to assist with the epidemiological
investigation and with the implementation of prevention and control measures. Afterwards,
more experts were sent to Fuyang City to pa{tlclpate in the outbreak investigation and
A preventlon and control.

4. Detection, reporting and treatment of severe cases

Since April 17, based on the main clinical manifestations of early fatal cases, a case
definition for severe case screening was formulated and continuously revised in order to
detect severe cases at an early stage and increase treatment effectiveness. All health-care
facilities in the jurisdiction area were requested to evaluate the admitted suspect cases.

Severe cases are defined as having two of following clinical manifestations:
1. Continuous high fever.
2. Wealmess vomltmg, irritability, etc.
3. Abnormal White Blood Cell count (WBC)
4. High blood glucose level.
5. Poor blood circulation of limbs.
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All detected severe cases should be admitted for further monitoring and receive in-patient
treatment. All the severe cases detected by these criteria were subjected to further
investigation and analysis.

5. Laboratory testing and antopsy findings

From April 19 to 21, Chinese CDC performed Reverse Transcriptase Polymerase Chain
Reaction (RT-PCR) tests on samples from 12 fatal cases and 11 mild HFMD cases. Five of
the fatal cases and 8 of the mild cases tested positive for EV71. Gene sequencing of
samples from fatal and mild cases strongly exhibited homogeneity. Findings of the
autopsies conducted on three fatal cases strongly suggest viral infection.

6. Eﬁology confirmation and outbreak information dissemination

On April 22, Chinese CDC organized an expert group composed of epidemiological,
clinical, laboratory and pathology experts to review the existing evidence. The experts
concluded that enterovirus 71 (EV71) was the main pathogen of the HFMD outbreak in
Fuyang City, Anhui Province. :

On Apri_l 23, MOH confirmed the experts' findings and recommendations. On the same day,
Anhui Health Bureau disseminated the Fuyang City EV71 outbreak information on its
website,

T Smj}_reillance and review of HEMD

. Based on the results of the epidemiological investigation and etiology study, Fuyang City.
-started HFMD case surveillance reporting on April 22, requesting all township and county .
or higher level healthcare facilities to report cases on a daily basis. Each day, surveillance
output is reported through the submission of reporting forms. Since May 2, the web-based

national disease surveillance and information management system also includes HFMD.

- HFMD was not previously categorized as a notifiable infectious disease. In order to assess
the local HFMD situation prior to the reclassification of HFMD, the MOH expert team
conducted a HFMD retrospective review of data from ‘all health care facilities in the
jurisdiction area and were able to identify 302 unreported cases. The HFMD case inclusion
criteria were as follows:
Any child under the age of 7 that sought medical care in Fuyang City between March 1 and
April 21, 2008 which showed the following symptoms:
» - Skin rash or blisters on hand, foot, or buttock, and fever, in the absence of measles,
rubella, chicken pox and other febrile eruption diseases
e Skin rash or blisters on hand, foot, or buttock; and ulcers on the mouth Or mucous
membrane, in the absence of drug—relatcd rash or allergy.
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HI. Investigation Results of Qutbreak in Fuyang City

1.. Characteristics of the outbreak

From March 1 to May 9, 2008, there were 6,049 HFMD cases reported in Fuyang City, of
which 3,023 were hospitalized, 353 were severe and 22 were fatal. Hospitalized cases
accounted for 50% of cases, and severe cases accounted for 6%. The incidence rate! was
69.6/100,000; while the case fatality rate was 0.4%. The 6,049 reported HFMD cases
include 302 HFMD cases that occurred from March 1 to April 22 and were identified
through retrospective investigation:

A. Descriptive analysis of reported cases

1) Epidemiological data
The gender. ratio of the 6,049 reported cases in Fuyang City was 1 9:1 with 3,938 male
cases and 2, 111 female cases. The age range of the reported cases in Fuyang City varied
between 28 days to 18 years of age; while the highest number of cases was found in
children 3 years of age or younger (4,708 cases, 78% of all cases). (See Table 1).

Table 1. HFMD cases by age group and gender from March 1 to May 9, 2008 in Fuyang City

Male ‘ Female - ' . Total.
Age group — - —

(years) “No.A of Incidence No. of Incidence No. of Incidence
cases raté (%o) cases rate (%e) .  cases rate (%o)

0- 450 -17.05 265 4.49- 715 5.82

1- 1083 17.85 578 10.36 1661 14.27

2- . 964 16.26 505 927 1469 . 1291

3- 579. 9.85. 284 5.26 863 7.65

4 366 - 620 166 . 3.06 532 4.69

5- 225 3.76 126 . 229 351 3.06

6 102 1.78 67 " 166 169 1.73

7-. 50 150 33 1.49 83 1.49

8 .. 42 0.88 18 0.57 60 . 0.76
9- 19 - 0.33 10. " 026 29 030

10- 15 004- 22 . 007 - 37 0.05

11-15 40 0.07 33 0.07 73 0.07

16-20 1 0.00 2 "~ 0.01 3 000

20- 0.00 0.00 0.00 0.00 - 0.00 0.00

Unknown - 2 - 2 - 4 -
Total - 3938 . 0.91- 2111 0.52 6049 0.70

- All districts/counties of Fuyang City have reported cases with the highest number of cases
in Y'ngzhou Yingdong and Yingquan districts. The total number of cases reported by these

' HFMD cases reported by routine and enhanced surveillance system dunng the penod dwxded by the total
population in Fuyang city :
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districts accounted for 56% (3,288 cases) of the total number of reported céses in- Fuyang
City. The incidence rates were also high in these three mentioned districts. (See Figure 2).
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Figure 2.Incidence rate by districts/counties of Fuyang City, from March 1 and May 9, 2008
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Fignre3. The number of HFMD cases by date of onset and date of reﬁorﬁng
from March 1to May 9, 2008 ir Fuyang City ‘

Figure 3 shows the distribution of the number of HFMD cases by date of onset and date of
reporting between March 1 and May 9, 2008 in Fuyang City. Although the first case Qf‘
HFMD occurred on March 10, the number of cases by date of onset only bégan to increase
in early April with a rapid increase between April 16 and April 28. After April 28, the
number of cases by date of onset decreased while the number of reported cases by date of
reporting continued. increasing until May 5 after which it decreased as well. F igure 4 shows
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the total number. of hospita;lizationé and dié'ch_arges of HEMD cases per day between April
25 and May 7 in Fuyang City. The daily number of hospitalizations of HFMD cases, which
had been increasing since April 29, has been decreasing since May 7.

400 - —&@—hospitalizations
350 | © —%—gdischarges

300 +

Number of.cases

250
200 |
150 |
“100-

sof

4-25 4-26° 4-27 4-28 4-29 4-30 51 52 - 5-3 54 55 56 57 5958 59
Date of report

Figure 4. Daily number of hospitalizations and discharges of HFMD cases

from April 25 to May 9 in Fuyang City.

2) Clinical symptoms.

The clinical symptoms of 65 HFMD cases hospitalized in Fuyang No.2 Hospital were
‘ ang_lyzed. The main clinical symptoms included rash, fever, general malaise, cough, and
vomiting. Rashes (vesicular lesions/ulcers) were mostly localized on hands and feet (99%),
. mouth (80%) and buttocks (42%). Some cases had rashes around the anus, on their face or
~ all over their bodies. (See Table 2). Routine blood tests were conducted on blood specimens
collected from 39 of the 65 HFMD cases studied. The obvious abnormality reported was an
elevated White Blood Cell count (WBC) in 15 (39%) of the samples tested.

) Table 2. Clinical symptoms of hospitalized HFMD cases in Fuyang No.2 hospital (n=65).

C]lmcalsymptom K Number of cases Proportion (%)
Rash-~ . 65 100
Fever - : . 46 : . 70.8

General malaise . 20 . 30.8

Coughing 12 18.5
Vomiting 8 123
Nasal discharge 6 9.2’
Convulsion 4 6.2
Nasal occlusion - 2 3.1
~ Diarrhea 2 3.1
Stiff neck - 2 3.1
Pharyngalgia 1 15
Myoclonic twitching 1 1.5

I
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) TR o 1
Figure 5. Comparison of HFMD critical case prior (left) and after (right) -
medical freatment was provided at Fuyang No.2 hospital.

Figuré 6. The rash of HFMD cases (on hand and foot)

B. Descriptive analysis of the initial fata} cases

1) Epidemiological data

As of May 9, there have been 8 consecutive days without any fatalities reported by Fuyang
City (See Figure 7). For the 22 fatal cases reported to date in Fuyang City, the gender
distribution was 1:1, arid age ranged between 3 months and 3 years. The number of fatal
cases in age groups G-, 1-, 2-, 3- was 6, 8, 7, 1, which accounted for 28%, 36%, 31% and
5% of cases, respectively. Fatal cases were reported in 5 districts and counties: Yinzhou
(9, 41%), Yingquan (6, 27%), Funan (4, 18%), Linquan (2, 9%) and, Yindong (1, 5%). The
‘majority of fatal cases occurred in rural areas. Figure 5 shows the distribution over time
according to date of onset.of the fatal cases reported in Fuyang City between March 23 to
April 29
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Figure 7. Fatal cases (n=22) by date of onset f‘rom March 23 to April 29 in Fuyang Cfty.

2) Clinical svmptoms LT
Data from 15 out of 22 fatal cases s were analyzed. All cases were infants and hiad an acute
onset of fever and mﬂuenza like. iliness; without catarrhal. syndrome. Followmg general
‘treatment guldelmes for mféctlous resplratory dlseases, local wvillage: or private doctors
treatéd the patiénts with an’tlblotlcs with it visible “fesults, The condition” of the cases
deteriorated, develogmg tachypnea, cyanosls?; and some presented selzu:res W1th foaming at
the mouth of white or plnk color. (See Table :3). Most hospltahzed cases were prehmmazy
diagnosed. as severe pneum"'mé; D reactlve medlcal procedures taken, the severe
cases deterlorated rapldfy and dled Th edn duranon between onset of symptoms and the
‘hospitalization was 2 days, between hospltahzatlon and time of death,- 10 hours; and
between onset of symptoms and. time of death, 3 days. Further information on.clinical
conditions of the patients and theirh‘eahnent will be discussed in an upcoming report.

Table 3. Clinical symptoms of fatal HFMD cases in Fuyang No.2 hospital (n-15)

Clinical symptom Number of cases ' proporﬁon%

Fever i5 100

Tachypnea 14 933

"Oral eyariosis- - 12 - 80.0

Pink foaming at the mouth : 9 60.0

 Cougliing ‘ 7 46.7

Vomiting - 8 53.3

Myoclonic twitching 3 20.0

Rash on palm, sole 6 40.0 -

Nasal discharge 2. 133

Stiff neck 2

133

3) Exposure information

i3
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Epidemiological investigation revealed no contact between the 22 fatal cases. ‘All cases
were infants who had remained at home during the 2 weeks before the onset of symptoms.
One case had been vaccinated within 1 month prior to onset of symptoms. Environmenta}
investigation of the cases' households showed poor hygienic and sanitary conditions. All
affected families. had their own water well and none reported abnormalities after food
consumption. In- addition, no livestock die-off was reported by the affected falmhes or in

their village.

2. Laboratory festing and autopsy findings

A. Laboratory testing of fatal cases

Between March 31 and April 16, the Anhui CDC tested 53 specimens (including whole
blood, blood serum, pharyngeal swab and tissue samples), collected: from fatal HFMD
cases, and tested negative for the presence of seasonal influenza, avian influenza A/HSNI
Severe Acute Respiratory Syndrome (SARS) .

On April 18, the Institutes of Infectious Diseases and the. Viral Diseases Prevention and
Control of Chinese CDC received from Anhui CDC the prevxously collected specimens:
pharyngeal swabs, lung puncture fluid, lung tissues, and blood, Laboratory testing for the
‘presence of bacteria and virus was performed immediately on these samples. Specimens
from 5 out of 12 fatal cases (42%) tested EV71 nucleic acid positive by RT-PCR. Of these 5
EV71 positive fatal cases, the lung tissue specimen tested EV71 positive for 1 case, and for
another.case, the intestinal lymph nodes, cerebrospinal fluid, spleen thymus, kidney, brain,
“heart and lung specimens were EV71 positive. For the other 3 cascs, the. pharyngeal swabs
were EV71 posttive.-

Viral 1solat10n was conducted on 6 different types of specimens (including lung tissue,
mouth efflux, brain tissue and pharyngeal swab) collected from 3 fatal cases. For all &
specimens, the nucleotide sequencing and neutral antibody tests revealed the presence of

EV71 v1rus
B. Autopsy findings

. The autopsy on 3 fatal cases performed by the Medical School of Beijing University, found
mainly changes in the. brain, lung, heart and lymphatic system. There were cases of severe
brain oedema; lung congestion/pulmonary oedema, no significant. lung inflammation, no
significant bleeding; cardiac enlargement; hypertrophy of tonsils, thymus and Iymph nodes;
spleen enlargement; normal kidney, liver and gastrointestinal organs. The autopsy findings
were overall consistent with the clinical. manifestations and disease progression and
strongly suggest viral infection.
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Figure 8. Left: brain tissue; Midtj!e: spinal }:ord; Right: bronchus.

C. Etiology study of mild HFMD cases

RI-PCR testing for EV71 was performed on 122 different Fuyang city specimens,
including pharyngeal and rectal swabs, of which 61 (50%) were EV71 nucleic acid positive.
Gene homogeneity was 99.3%-99.97% between the virus strains from mild cases (2 strains
were- from 2 mild cases) and fatal cases (6 strains were from 3. fatal cases). No
neuro-viniléncc site mutation of the EV71 virus was found among severe and mild cases -
through- blOJnfOHnathS analysxs Chinese CDC submitted the gene sequences of 3 virus
strains to GenBank on May 7. : -

Se‘cﬁon 2- SituaﬁonAnalysis- of HFMD in China
I. Cﬁrrent HFMD situation in China

1. HFMD surveillance

Before May 2, HFMD was not categorlzed as a notifiable disease and reporting of I—IFMD

relied “on voluntary reports submitted by clinicians. Since May 2, HFMD has been

established as a class “C” notifiable disease, indicating that all clinical and laboratory .
diagnosed cases are reported through- the web-based . national disease. surveillance -and

information management. system. Standards for the clinical and laboratory” diagnosis ‘of

HFMD cases can be viewed at the MOH website.”

2. Occurrence of HFMD in China

From January 1 to May 9, 2008, 61,459 HFMD cases were reported through the disease
reporting system in Mainland China. The incidence rate was 4.5/100,000, and the number

? Guideline for HFMD prevention and control, 2008 edition
http://202.96.155.1 70/publicfiles/business/htmlfiles/mohjbyfkzj/s3577/200805/34775.htm
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of deaths reached 38 (case fatality rate 0.06%).

1) Time distribution .
The number of reported cases has been increasing since April 28. After categortzmg HFMD
as a class “C” notifiable disease, reported cases increased sharply For HFMD time

distribution and date of reporting see Figure 9.
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} Figure 9. The number of HFMD cases by date of onset and date of reporting
~ from Aprif 10 to May 9,2008 in China. '
2) Geographical distribution
HFMD cases were reported in nearly all provinces in Mainland China. The 5 provinces
with the highest number of reported cases are Guangdong (11,374), Anhui (9,235),
Zhejiang (6,134), Shandong (4,566) and Henan (3,230).
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Figure 1¢ Incidence rate of HFMD cases by proﬁn"c‘e in China from Jan ]‘to'May 9,2008
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3) - Age distribution
Children under 5 years old accounted for 92% of reported HFMD cases primarily affecting
children ages 1 to 3 years old. See Figure 11 for the age distribution of HFMD in China.
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Figure 11. HFMD cases by age in. China from January  to d May 9, 2008

3. Laboratory surveillance -

After the:identification of the HFMD outbreak in Fuyang City, Chinese CDC immediately
began national-wide targeted laboratory testing on samples from HFMD cases. Up until
May 9, 582 cases of samples from 23 provinces were tested positive for HFMD: EV71
accounted for 54.5%, Coxsackie A16 accounted for 17.4%, and other enteroviruses
. accounted for 28.2%.

II. HFMD and EV71 infection in China before 2008

The first reported case of HEMD in Mainland China occurred in Sharighai in 1981. Since
then, cases have been reported in Beijing, Hebei, Tianjin, Fujian, Jilin, Shandong, Hubei,
Qinghai and Guangdong. In 1995, the Wuhan Virus Institute isolated the EV71 virus from
HFMD patients. In 1998, Shenzhen CDC also isolated the EV71 virus from HFMD patients.
There was a HFMD and 'Herpangina outbreak in Taiwan in 1998 with two outbreak waves
occumng in June and October. 129,106 cases were reported from sentinel sites with a total
of 405 severe cases and 78 deaths. The majority of cases were children under 5 years of age,
and complications included. 'enccphalitis, aséptic  meningitis, pulmohary
oedema/pneumorrahagia, acute flaccid paralysis and myocarditis. In 2007, an HFMD
outbreak occurred in Linyi City of Shandong Province with a total of 39,606 cases reported,
including 14 deaths. Laboratory testing found the main etiologic pathogen to be EV71
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while other detected enteroviruses were Ech03_ and/or Coxsackie A16.

In 2007, there were 83,344 HFMD cases identified in Mainland China. * The incidence rate
was reported as 6.34/100,000 with a total of 17 deaths and case fatality rate of 0.02%. The
majority of cases occurred in pre-school children (41% of all cases) or children in childcare
centres (52%). Prevalence of HFMD in children under 10 years of age was high, accounting
for 97% of total reported cases. The HFMD peak season is-from May to October with most
cases occurring between June and July (see figure12). However, this may vary since HFMD
was not a notifiable disease before 2008. Information on reported cases may be mcomp}ete
. Therefore, it is difficult to make an accurate estlmatlon of past HFMD incidence in China.
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Figure12 The distribution of I-IFMD cases by month in 2006 and 2007

Sectmn 3 - Outbreak Response in Fuyang Clty, Anhui

Province and Chma

I. The main response to the Fuyang City outbreak

1. Strengthening of disease surveillance

A case definition was formulated for the early detection of severe cases and for the
reporting, monitoring and treatment of severe cases.

A HFMD reporting protocol was developcd and daily reporting of I-[FMD is performed
at each level of health care facility. .
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2. Optimization of patient treatment and minimization of case fatalities

This includes the following:.

Designation of specific hospitals for the treatment of EV71-mfected patients, who are
allocated ‘as follows: mild cases are sent to nearby health care facilities while
designated hospitals focus on the treatment of severe cases.

Establishment or expansion of paediatric Intensive Care Unit (ICU) facilities.
Organization of training for high-level national and provincial ICU staff.

. Formation of a specialized medical team and 24 hour on-duty service.

Enhancement of the monitoring and evaluation of sevei-e cases based on clinical

- Ssymptoms.

Clinical monitoring for the early detection of severe cases and early provision of
interventions to minimize fatalities.

3. Establishment of patient triage system and control of nosocomial infections

Consultation rooms were established for febrile rash cases within fever outpatient clinics or
paediatric wards to prevent cross-transmission among other sick children. Medical
equipment is required to be sterilized for each patient. '

'4_. Strengthening technical guidance, development of technical training and

improvement of health-care workers' professional skills

The national expert team has developed guidelines for the d1agnosxs and treatment of
HFMD -cases, a sampling plan and a HFMD prevention and control plan. The natlonal.
expert ‘team also assisted Anhui CDC in improving the quality of the provincial
entqrovifus laboratory. National and provincial experts have guided designated hospitals |

.in:Fuyang City in establishing paediatric ICU and have trained 350 health-care workers °

from 16 cities in- Anhui Province on clinical diagnosis, ICU freatment, and
epidemiological and sampling skills.
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Figurel3. Dr. Zhu.C.hen, Chinese Minister of MOH, visiting a HFMD patient .
at-Fuyang No.2 People’s Hospital on April 26, 2008. '

5. Establishment of full scale prevention and control measures with focus on

childcare centres and schools.

a. Emphasis’ placed on promotmg health- educatlon dlssemmatmg information
leaflets, and increasing public awareness.

b. On a daily basis, the teacher in charge is expected to perform a clinical

* inspection of pupils in the morning, record absentecism and reason for
absence, and report daily to the local CDC. If children present with fever and
rash, their parents should be informed immediately and should seek medical

_care. Subsequently, disinfection of the school bulldmg, tables, chairs and
personal belongings should be conducted.

c. Childcare centres are to disinfect toys daily, and tables should be dlsmfected
before and after meals. Before and after class, the classrooms and school
building sheuld be ventilated by opening doors and windows. for over 30
minutes.

d. When 3 or more febnle/rash cases are identified per class, it should be
reported to the local CDC . immediately. The class should be divided or
dismissed in order to avmd a possible outbreak situation. .

6. Establishment of HZFM]) medical fee assistance l'negsure

In order to ensure the prompt -treatment of HFMD patients, especially severe cases,
Fuyang City enacted the HFMD medical fee assistance measure to reimburse medical
fees based on the new rural cooperative medical care regulation. This measure also
provides free treatment to severe HFMD cases from low income families.
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II. Current response measures for HFMD in. China

HFMD is a common acute infectious disease that is widespread, and the peak season ranges
from May to October. Following the death of many severe HFMD cases in Fuyang City and
in order to strengthen HFMD surveillance,’ preventien and control and to protect the
public's health, the Chinese Government enacted the: following major outbreak response
measures at the national level:

' 1. Formation of a HFMD taSkforce group

On May 3, MOH formed a taskforce group for HFMD prevention and control with Minster
Zhu Chen as team leader and deputy ministers Qiang Gao, X1aowe1 Ma, Qian Liu as vice
team leaders. There are 4 subgroups within this taskforce group: coordination, outbreak
prevention and control, medical treatment and information dissemination.

_ 2. Categorization of HFMD as a class "C"' notifiable disease, prompt detection and

treatment of severe cases and understanding the outbreak situation

Since May 2 2008 MOH categorized HFMD as a class "C" notifiable disease. All health
care centres should report HFMD according to the "Law on notifiable infectious diseases

 prevention and control of the People’s People’s Republic of China" and "Infectlous diseases

report management reguiatlon

3. Strengthening implementation of HEMD prevention and control 'measures_

a. On April 29, MOH issued the "Notice on the enhancement of HFMD and other
enterovirus infectious diseases prevention and control measures." It requested all
levels of health departments to emphasize prevention and control of HFMD and

 other infectious diseases caused by enteroviruses. '

b. Since April 30, several guidelines have been published on the MOH website,

" including, "Guideline for HEMD medical treatment” and "Guideline for HFMD
prevention and control (2008 edition)." .

4. Increasing information exchange

Outbredk information was disseminated in a timely manner according fo related national

. and international regulations. Information on the event was reported to WHO when EV71

was found as the causal agent of the outbreak by Chinese CDC on April 23. The gene
sequence of isolated EV71 virus strain was submitted to GenBank® on May 7. Six outbreak

3 The website is http://wwe. nchi. nln. nih. gov/sites/entrez?db=nucleotide. The serial numbers are:
bankiti 092219 EU703812; bankit1092307 EU703813; bankit1092309 EUf703814.
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information newsletters were also disseminated to Health Departments of Hong Kong,
Macau and Taiwan since the beginning of the cutbreak.

5. Improvement of health education -

Prevention and control measures for HFMD are being promoted through various channels,
and early reporting of symptomatic cases is encouraged.

Section 4 — Discussion

I. .General' back_ground information on HFMD

HFMD is a common infectious disease caused by various enteroviruses, including EV71
and Coxsackie A. The predominant feature of HFMD is high morbidity in infants. HFMD is
spread worldwide throughout the year and is transmitted predominantly by fecal-oral
transmission, respiratory droplets, contact with case's blister fluid or general close contact
with cases. l :

EV71, a non-polio enterovirus, was first ifentified in 1969. It is reported that the clinical
manifestations -of EV71 infection varies from classical HEMD symptoms to herpangaina,
aseptic meningitis and encephalitis. Fifty to 80% of cases are asymptomatic or have mild
flu-like symptoms. A few cases have severe nervous system damage that may result in’
death. The case fatality rate of severe cases is 10%-25%. No enterovirus vaccine is
currently available. And becanse EV71 have a high asymptomatic infection rate, and can
survive for long periods of time in the environment or sewage, it is a challenge to-prevent
and control.

L. HEMD outbreak in Fuyang City due to EV71 infection. -~

The HFMD outbreak in Fuyang City, Anhui Province that started in late March 2008 was
caused by EV71 infection. Severe cases in Fuyang City are similar in terms of clinical
manifestations and coincide with the population distribution, clinical manifestation and
pathological findings of severe cases in the 1998 Taiwan outbreak and 2007 Shandong
outbreak of EV71. Currently, testing of samples from Fuyang City cases-reveal that the
main etiologic pathogen is EV71. EV71 nucleic acid was identified in severe and mild
cases in Fuyang City, and the viral nucleotide sequence was highly homogeneous.
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IIL. Analysis of risk factors for high mortality rate in the initial phase of the
outbreak

The case fatality rate for HFMD in Fuyang City, Anhui Province varied over time. Initially,
from March 1 to April 23, it was 3% (18/610) .and subsequently decreased to 0.07%
(4/5439) from April 24 to May 9.

The initial high case fatality rate of the Fuyang City outbreak was hkeiy attributable to the '
following factors:

a. According to the investigation of fatal cases, in the early clinical phase most
cases had mild symptoms and were either treated as usual by rural doctors and
private clinics or did not seek medical care. Most cases suddenly' deteriorated in
the first 2 or 3 days of clinical treatment with the situation worsening by the
time of hospitalization, often already past the optimal time for treatment. The
average time interval between hospitalization and-time of death- was only 10
hours.

b. Sixty percent of severe cases had no rash and therefore mcreased the dlfﬁculty
for clinical doctors to diagnose enterovirus infection. _

¢. The proportion: of severe cases caused by EV71 is higher and more likely to
result in rapid disease progression and central nervous system:damage with
severe  complications such ‘as brainstem. encephalitis, neurogenic pulmonary
oedema, ete. C : ' A :

d. Mild cases normally did not seek medical care, and were therefore more dlfﬁcult

~ to detect and report. Underestimation of the number. of mild cases based: on:
hospital registration and disease reporting is possible.. :

e. The precarious socioeconomic status of some of the affected families may have .
resulted in a delay of presenting the patient to the hospital.

- Based on the fi eld mvestlgatlon o, gcographlcal clustering of HFMD cases was found

around the severe cases in the initial stage of the outbreak while those severe cases and
deaths occurred in Fuyang city. Further mvestlgatlon of this is needed.

IV. Risk assessment

1. Risk of individual infection

Everyone is at risk of infection, but not everyone who is infected becomes ill. Young
children under 5 years old are most susceptible. The clinical manifestation of most cases is
mild. Since enteroviruses are omnipreésent, it is likely_for adults and older children to have
immunity. The main transmission route for enterovirus 71 is via respiratory droplets,
contact with fluid in the blisters or contact with infected facces. The risk of transmission
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can be minimized by avoiding contact with known infected individuals or activities that are
of risk and by improving personal hygiene.

2. Risk of transmission

HFMD is a relatively common disease even outside of Fuyang City and other areas of
China. There have been a number of outbreaks of EV71 HFMD in the Asia-Pacific region
since 1997. Outbreaks have been reported in Bulgaria (1975), Malaysia (1997), Australia
(1999) and Singapore (2000) among other areas in the region®. In China, an outbreak of
HFMD due to EV71 was reported in Taiwan Province in 1998 with a- total number of
129,106 cases of HFMD and Herpangina, of which 405 cases were severely ill and 78 cases
were fatal’. Last year, Shandong Province experienced a HFMD: outbreak with more than -
40,000 cases and 14 deaths. This year, the number of EV71 cases has increased in
Sirlgapbrc6 and Vietnam’ while the disease has also been reported in Malaysia®. ‘

HFMD caused by EV7L is very common and not an emerging infectious disease. The
public health impact of HFMD is not more serious than other common childhood diseases
such as measles, Japarese encephalitis, epidemic meningitis, infectious diarrhea and
pneumonia. According to the Chinese Ministry of Health it is not necessary to take public
health measures regarding travel restrictions and quarantine in order to‘pre\}ent the spread
of the disease. WHO does not recommend restricting travel and trade to affected countries
or regions but emphasizes improving personal hygiene for disease prevention.

V. Future work plan

1. Intensify the monitoring and control of EV71 infection

The Chinese government recognized the containment of HFMD as a high priority. The
local governments are conducting a large-scale health education and public health
promotion campaign to improve personal hygiene and ameliorate environmental sanitation.

The Chinese MOH will continue to-collect data on the clinical diagnosis and treatment of
severe EV71 cases from Fuyang City and Anhui Province, evaluate existing control
measures and strategies, update the technical guidelines and promptly organize training for
paediatric. doctors .and public health workers in order to provide guidance on HFMD
prevention and control in China. ‘

Chinese CDC will further improve the technical capacity of its public health. laboratory

* hitp:/fwww.who.int/csr/don/2008 05 (7/en/index.html i
 hitpfiwww.cde.zovncidod/EIDvolgno3/02-02385.htm

6 hitp:/fwww.sgdi gov.sg/
7 http-/fwww.thanhniennews.convhealthy/?¢atid=8&newsid=3831%

8 httD:l/thestar.com.mv/news'/_storv.z;sp?ﬁle=/2008/4/24/nationf2‘l 045923 &sec=nation
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network for enterovirus identification-and. monitoring in order to identify the enterovirus -
strains circulating in endemic areas and to analyze the molecular epidemiological
characteristics of different strains and assess their clinical severity.

2. fmprove' and enhance the public health event surveillance and early warning

system

MOH will reinforce the legislation for communicable disease surveillance and public health
event reporting and i 1mprove the early warning and response for public health emergenmes
as part of an effort to 1mpIement the International Health Regulations, IHR (2005) The
International Health Regulations (2005) are an international legal instrument which is
legally binding for all WHO Member States. The purpose and scope of the IHR (2005) are
to prevent, protect against, control and provide a public health response to the international -
spread of disease in ways that are commensurate with and restricted to public health risks,
and which airoid'nnnecessary interference with intemational traffic and trade.

Recently, the Ministry of Health requested all doctors and public health workers to report
deaths and clusters of severe cases of unknown cause immediately to the local health
department. Subsequently, the local health department should promptly report these cases
to MOH. - : :

3. Strengthen international cooperation and information exchange

The Chinese government will share information on the HFMD outbreak and experience of
containment ‘and clinical treatment with WHO and other countries. Furthermore, the
. government plans to increase international cooperation to strengthen scientific research of
enterovirus infection.

9. http://www.who.intftopics/intemational health regulations/en/
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The Risk of Transfusion-Transmitted Babesiosis Due to Babesia microti in
Connecticut. Ritchard G. Cable,! Yan-Yun Wu*? Stephanie Johnson*,! Kerri
Dorsey*,? Russell Melmed*,' Jonathan Trouem-Trend*,* Shimian Zou*,? Laura
| Tonnetti*,? David Leiby*.* 'Blood Services, American Red Cross, Farmington,
CT, USA; *Jerome H. Holland Laboratory, American Red Cross, Rockville, MD,

‘USA4; 3Department of. Laboratary Medicine, Yale Umversz@ School of Medicine,
. New Haven, CT, USA. »

Babesia microti (Bm} is a tick-bome mtra—erythrocytxc parasite endemic in NE and - -

* the upper Midwest. Although primarily a tick-bome disease, Bm has been transmitted by
ﬁansﬁlsmn in at least 50 documented cases. Symptoms include féver, hemolytic anemia, and
thrombocytopenia, typlcally arising 2-8 weeks following transfusion. In order to assess the

I

. of frozen whole blood and serum samples collected generally 1, 3, 6, and 12 months after
blood transfusionis in a chronically transfused population, along with associated donor serum-

for antibodies to Babesia microti by IFA, 2s 'were the initial samples of any seropositive
recipient, using a 1:64 cut-off titer. If recxplents tésted IFA positive after being seronegative
" ‘(seroconversion), correspondmg donor sera were screened for Bm antibody-to identify
‘trapsfusion-transmiission. Stored DNA from setial séroconverting recipient samples were also
-assessed by real-time PCR for Bm. We definéd-an evaluable transfusion for Bm as aplatelet
-or RBC transfusion with- at least one follow-up sample 14-180 days later. 107 regcipients
received evaluabie transfiisions. Altogether these recipients received 1920 evaluable RBC
transﬁ;smns -and 1634 evaluable platelet transfusions. RESULTS: All follow-up samples
‘Were seronégative for Bm except for a single foliow-up sampte in a recipient with sickle cell
anetnid transfused with 45 RBC over 24 months. Thls sample-was reproducibly seropositive
in2 fabs with a titer of 1 64 and was PCR negative. Blood samples 6 weeks before and 11
“weeks after the seroposmve sample were seronegative, but PCR +.To investigate, 11. earliet

- '18/21 RBC transfused prior fo the strongly PCR + Tecipient sample were negative for Bm.
lived in 2 non-endethic area of Connectxcux. The patient had received 41 units of red cells in

" Bm. CONCLUSION: This’ may be a'casc of transfusion-transmitted Babesia microti, despite
our inability to identify a seroposifive blood donor. However, the recipient may have acquired
Bm from a tick bite or from earlier transfusions. The tisk of Babesia microti transmission
by transfusion in CT has thus been: measured e:ther as zero cases in 1920 RBC transfusions
(95% C10.0-0.0016 per RBC) oras 1 cascper 1920 RBC transfusions (0.005, C10.000013
~0.0029 per RBC) A previousteport (Gerber, et al. TID 1994; 1’!0 231-234) directly measured

recent risk estimate based on the prevalence of PCR positive CT donor samples is 1/1800

of clirohically transfused recipients is consistent with these earlier estimates.
Disc_logure No. relevant conﬂ:cts of mterest to declare
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samples, collécted at blood drives in CT. All recipiént follow-up samples were screened

Taree donor samplcs were riot available. The recipient reported no exposure to ticks and .

“the two years before enrollment in the study. There were no clinical syinptoms attributable to -

risk of Bm transmission by blood transfusion in Connecticut (CT), we tested a répository of
donor and recipient samples collected in 2004-2007.- METHODS: The repository consisted -

recipient samples taken 5-21 months. before the seroconversion were tested and all were | -
seronegative, although 2/11-were PCR:+(one strongly positive). Donor serum samples from -

~the risk of transfusion transmission of Babesia microti in CT as 1 in 601 RBC (.0017). A- “

RBC (0.0006) (Cible RG, et al. Transfision 2001: 41(suppl):12S-13S.) This cuirrent study |
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LETTERS TO THE EDITOR

Persistent infection by human parvovirus
- B19 in qualified blood donors

Persistent parvovirus B13 infection with a low viral load
has been reporied in immunocompromised and in
immunocompetent individuals (reviewed in Parsyan and
Candotii'). Large cross-sectional studies using highly
sensitive DNA amplification methods have also'demon-
strated persistent B19 infection® Recently, Lefere and

colfeagues® conducted a longitudinal study of nonirmu-

nodeficient patients who were multitransfiised with red

blood cells, demonstrating that asymptomatic c}ironic»

B19 infections may persist for a long period.? To charac-
terize the natural course of persistent B19 infections, we
conducted the followmg longitudinal study using an

.in-house TagMan polymerase chain reaction method for .

Bi9 DNA and enzyme jmmunoassiys fo detect BI9
immunoglobulin M (IgM) -and mlmunogl_obuhn ‘G {IgG;
‘Denka Seiken, Tokyo, Japan). This study was approved by
the ethical Committee of.the Japanese Red Cross Osaka
Blood Center. In Japan, all donated blood is. tested for

B19 infection with an in- house receptor—mechated _
hemagglutination method-that detects B19 antigen as'a .

" marker of a high viremic stage of mféctmn -(Eutoff,
approx. 2.5 x 10% IUIml. B19 DNA; -data not shoWn)

Using this method, we identified 102 ‘cases of Bif-iifec-
tion among 979,052 bIood donorsin Osaka between 1997.
and 1999. We were able to test the plasma samples of ’20 L
of these 102 donors-(15 male, .5 female; : mear- age, "

34.3 years) when they returned for subsequent hlood
donations for viral load and B19-specific IgG and.IgM.
We did not examine the donors at their first visit because
B19 antigen-positive blood was automatically disquali-
fied and disposed. The mean duration of follow-up was
- 838 days (range; 101-1749 days). The results of sequential
viral load testing for all donors are shown in Fig. 1A. In

" the first 6 months; we observed a rapid‘decline in plasma

B19 DNA, which: decreased continuously, but never
became undetectable. Median plasma B19 viral loads for
samples tested. within every 6 months are shown in
Fig. 1B. We analyzed the B19 antibody for all donors

during the study period (Fig. 2A). For ¢ dohors (BPonors

1-9) with both IgG and IgM, IgM became undetectable,
while for 9 others (Donorxs 10-18), only B19 IgG was
detected, presumably because B19 IgM had:decreased to
an undetectable level: before the second 'visit. The
remaining 2. .donors (Donors 19 and. 20) had B19 IgM—-
detectable until the last visit (at 729 and 743 days).
Although the initial profile -for. B19 -antibodies showed .
different - pattems, -once estabhshed B19- spec1ﬁc IgG -
persisted in all 20 donors. Surnmariés for 3 representative
cases cortespondmg to- each’of. these paiterns for IgM,. .
[gG, and viral Ibad are presentecl in"Fig, 2B;
Consmtent wnh previous studigs that suggest that B19.

- DNA may pers:st for a Iong penod in unmunocompetent"" '

-mdmdudls 5 we observed pems‘tent BI9; mfectmn in:
healthy blood ‘donors in the present longitudinal’study - -
Dunng*the follow—up petiod, noné ofthe 20infectéd blood
" ddnors reported symptoms of Bi9irifec-
‘tion, although they retainéd high levels.

R of B19 TgG and low viral load. Our data

‘B B _suggest that in healthy individuals, the

B19 DNA (IU/nl)
"BISDNA (Ul
2

B9 plasma viral Ioad dechnes to below
10° IU per mL in apprommately 1 year
“and: to 10° I per mL in approximately
2 years after:an acute (high viremia)

. infection. Thé pattems of plasma B19
. viral 16ad observed in dur study may be
' useful for. ldentlfymg more suitable

0 200 400 600 50 1000 1200 M 1600 180::

Follow-up d:lys

Fig. 1. (A) Changes in plasma B}Q wral load mhealthy biood’ donors after an actzte
BI19 infection. Each line represents piasm' 319 DNA of the same donor.'l'ime 0 was L
defined as the first test visit when posmve results were obtamed for B19 anUgen )
(high viremic phase). (B) Plasma B19 vxral loads for all cases by 6-month intérvals, | 0
Medizns of the plasma B19 ¥iral loadwnh its 75th (top of the box) and 25th (bottom ‘ '
of the box) percentiles i m each categorywere mdxcated. [=0100.5 years - L
(0-182 days), =051 1.0 years (183-365 days}, ]]I 1.0 to 1.5 years (366-549 days], C
IV =15 to 2.0 years (550-730 days); V=2.0 to 2.5 years (731-914 days],VI 2.5- -
3.0 years (815-1096 days),VII 3 0-3. 5 years [1096-1279 days), VUI at Jeast

35years (P_-lzsﬂdays) . R
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* blood‘donors in c1rcumstances where
B19 NAT is unavallabie We encoilrage
- further studies with a Iarger sample size
E to valldate these prehmmary findings.
Harunuchl Matsukura, BS
Sacluko Shibata, MT
Yoshihiko Tani, MD, PhD
Hirotoshi Shibata, MD, PhDD
. . Rika-A, Furuta, PhD
", e-mail: ﬁtmta@osaka. be.j jre.or, iv
' " JapaneséRed Cross
Osika Blood Center
-Osaka, Japan
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: New cell lmes express HNA 1c, n4a, -4b, -Sa,
. or -5b for ufenuﬁcaurm of HNA antlbodles

Annbodles to" human leukocyte antigenis (HLAs) or
human neutroph:l antlgens (HNAsJ are regarded to be

the prmc1pal causes;6f nonhemolyuc transfusion: reac-

- tlons, mcludmg u-ansfuswn-related acute lung injury.

Although flow cytomemc (FCM) arialysis using panels of
phenotyped neutrophils is w1dely used to detect and
Idenufy anubodies to HNAs, FCM is tlme—consummg and
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HEMOSTASIS

Inactivation of parvovirus B19 during STIM-4 vapor heat
treatment of three coagulation factor concentrates

Andreas Berting, Jens Modrof, Ulrike Unger, Matthias Gessner, Andreas Klotz, Gerhard Poelsler,
and Thomas R. Kreil

BACKGROUND: To enhance the viral safety margins,
nanofiliration has been widely integrated into the manu-
facturing process of plasma-derived medicinal products.
Removal of smaller agents such as parvovirus Bi9
(B19V) by filtration, however, s typically less efficient.
Because recent investigations have demonstrated that
B19V may be more heat sensifive than animal parvovi-
ruses, the potential B19V inaciivation by a proprietary
vapor heating procedure (STIM-4} as incorporated into
the manufacturing processes of several nanofiltered
coagulation factor concentrates was investigated.
STUDY DESIGN AND METHODS: An infectivity assay
based on quantitative reverse transcription-polymerase
chain reaction (TagMan, Applied Biosystems) detection
of B19V mRNA after inoculation of a pemmissive ¢ell line
{UT7 Epo S1 cells) was used to investigate the virus
inactivation capacity of the STIM-4 vapor heat treatment
as used during'the manufacture of nanofiltered second-
generation Factor VIl inhibitor-bypassing activity
{FEIBA), F IX complex, and FVil products.

RESULTS: In contrast to animal parvoviruses, both
B19V genotypes investigated, that is, 1 and 2, were

_ shown 1o be surprisingly effectively inactivated by the
STIM-4 vapor heat treatiment process, with mean log
reduction faciors of 3.5 to 4.8, irrespeciive of ihe
product intermediate tested. .
CONCLUSION: The newly demonstrated effective inac-
tivation of B19V by vapor heafing, in contrast to the
eatlier used animal parvoviruses, resuits in significant
B19V safety margins for STiM-4-treated coagulation
factor concentrates.

87

o further enhance the safety margins of plasma-
derived medicinal products against any residual
virus safety concerns, manufacturers have con-
tinuously sought to implement dedicated virus
reduction steps into the manufacturing processes of these
products. Once robustly established and widely available,
nanofiltration has frequently been considered an option
for this purpose (for review see Burnoufand Radosevich').
In selecting the appropriate pore sizes of these filters,
commercially available between 15 and 75 nm, a delicate
balance needs to be struck between mainiaining an
appropriate yield of the respective produet intermediate
while effectively removing viruses. Especially for larger-
molecular-weight protein preparations the removal of
smaller viruses has thus been difficult? unless virus anti-
bodies present in the intermediate increased the effective
filtration size of a virus by formation of virus-antibody
complexes™ or specific product {formulations contrib-
uted to virus removal by inducing virus aggregation.® Par-
ticularly parvovirus B19 (B19V), currently the only known
parvovirus associated with significant pathogenicity for
humans, can thus often not be efficiently removed from
larger-molecular-weight biologic entities of medicinal
importance by these procedures.
B19V contaminates human bleod or plasma dona-
tions, at reported frequencies of 1 in 800-5950%7 and levels

ABBREVIATIONS: B13V = parvovirus B19; FEIBA = Factor VIII
mhibitor-bypassing activity; LRP(s) = log reduction factor(s):
MMV = mice minute virus; NF/VH = nanofiltered and vapor
heat (reated.

From the Global Pathogen Safety and Molecular Biology, Baxter
BioScience, Vierna, Austria,

Address reprint requests to: Thomas R. Kreil, PhD, Baxter
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of viremia up 1o 10" genome equivalents (geq) per mL.52
Polymerase chain reaction (PCR) testing of the plasma
supply has thus become state-of-the-art, and use of the
technology has reduced the mean B19V load of plasma
manufacturing pools by many orders of magnitude. Given
the wide prevalence of B19V, however, supply consider-
ations have prevented eliminating the virus from plasma
by PCR testing, and thus virus reduction during the manu-
facturing process remains the critical safeguard of final
product safety also in this instance.

Before an infectivity assay for B19V itself was avail-
able, animal parvoviruses, for example, porcine, murine,
bovine, etc., parvoviruses, were used as so-called “model
viruses™ in studies validating the virus reduction capacity
of the manufacturing processes of plasma proteins. Based
on the very high physicochemical resistance of these
animal parvovirus models, virus inactivation procedures
incorporated inio these processes were considered less
effective against parvoviruses.”® More recently, however,
initial data obtained with a novel infectivity assay for B19V
itself indicated that the actual virus of concern for humans
is much more heat sensitive than the animal parvoviruses
used for earlier validation studies.'*!2

Adding to the complexity, several more recently dis-
covered human parvoviruses, for example, V9* and A8,"
have now been reclassified to taxonomically represent

B19V genotypes rather than distinct parvovirus species.'t.

Little is known, however, ahout the biologic properties of
these newer B15Vs, for example, the sensitivity of these to
inactivation.”

In this study the B19V reduction capacity of a propri-
etary and dedicated virus inactivation step was investi-
gated, that is, the STIM-4 vapor heat treatment, in direct
comparison to mice minute virus (MMV]}, an earlier used
animal parvovirus model. The procedure was investigated
with intermediates of several different coagulation factor
concentrates that had been upgraded with respect t6 virus
safety margins by implementation of nanofiltration
during their manufacture, that is, Factor (F)VIII inhibitor-
bypassing activity—nanofiltered and vapor heat treated
(FEIBA NF/VH), F IX complex NF/VH, and FVII NF/VH.

MATERIALS AND METHODS

Viruses, cells, and infectivity assay

As a source of B19V, highly viremic plasma donations
(990237, Genotype 1, 11.8 log geq/mL; IM81, Genotype 2,
li.4log IU/mL) as identified by the routine plasma
screening procedure of Baxter Bioscience were used. B18V
were titrated on UT7 Epo S1 cells (provided by Dr Kevin E.
Brown, Virus Reference Department, Center for Infec-
tions, Health Protection Agency, London, UK; with
. permission from DrKazuo Sugamura, Department of
Microbiology and Immunology, Tohoku University,
Graduate School of Medicine, Tohoku, Japan), essentially
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as earlier described.' Briefly, mRNA of infected cells was
isolated and quantified by reverse transcription (RT)-PCR
with the following procedure. Initially serial 10-fold dilu-
tions of B19V samples of known PCR titer were incubated
with UT-7 cells, and the B19V mRNA analyzed by RT-PCR.
A regression line of the samples’ known PCR titers versus
the number of RT-PCR cycles required to obtain a positive
signal for the same sample was then plotted to form a
calibration curve. With this calibration curve, the PCR titer
of any unknown sample was back-calculated from the
mRNA RI-PCR titer obtained after incubation with
susceptible cells. Typically, several 10-fold dilutions of
unknown samples were analyzed by RT-PCR, to ensure
that one or several of the results would lie on the linear
part of the calibration curve. Whenever more than one
result fitted onto the calibration curve, means were calcu-
lated for the PCR titer. The limit of detection was 3.7 log
per mL," and standard errors of means for multiple mea-
surements were always not more than 0.5 log.

MMV, strain prototype (ATCC VR-1346, American
Type Culture Collection, Rockville, MD) was propagated
and titrated on A9 cells (ATCC CCL-1.4}, Samples contain-
ing MMV were titrated by TCIDso assay, that is, eightfold
replicates of serial half-log sample dilutions were incu-
bated with cells for 7 days before evaluation for a cyto-
pathic effect. MMV concentrations were calculated
according to the Poisson distribition and expressed as log
TCIDsg per mL.

RT-PCR

For detection of B19V Genotype 1, primers sets for two
mRNA splicing varlants {splicing at nucleotide 1910 or
2030, Accession Number M13178) were used (PA3 or PA4,
respectively}: PA3—primers PA3F (positions 365-386),
PA3R (positions 1957-1978), and the fluorescent probe
PA3P {5'-6-FAM-TTTGTGAGCTAACTAACAGATGCCCTICC
ACCCAGAC-TAMRA-37; and PA4—primers PA4F (posi-
tions 367-389), PA4R (2080-2102}, and the fluorescent
probe PA4P (5-6-VIC-TGAGCTAACTAACAGGCGCCTGG
AACA-TAMRA-3Y).

For detection of BI9V Genotype 2 (Accession Number
AY903437'%), the primer set G2 was used, G2-F (positions -
369-391), G2-R (positions 1962-1983), and the fluorescent
probe G2-P (5-6-FAM-TTTGCCTGCTAATTAACAGATGCC
CTCCACCCAGAC-3.

Downscaled manufacturing processes for plasma
derivatives

Downscaled versions of the manufacturing processes
examined were established and the equivalence of critical
product and process parameters to the respective
manufacturing-scale processes established. Temperature
is a critical process measure for virus inactivation and was




therefore monitored throughout all the processes investi-
gated. Starting materials were process intermediates
obtained from the manufacturing scale, which were
spiked 1 in 10 with virus stoek suspensions. Immediately
after spiking, samples were drawn and titrated to confirm
the amount of virus added. Further samples were col-
lected and titrated at predetermined points throughout
and at the end of the inaciivation processes. MMV-spiked
samples were directly titrated on A9 cells, whereas B19V-
spiked samples were titrated on UT7 cells followed by
mRNA isolation as described earlier.” Specific unspiked
process intermediates were obtained from control proce-
dures and tested for their potential cytotoxicity for the
indicator cell line and for their potential interference with
the detection oflow virus titers. Virus reduction factors for
the manufacturing processes examined were calculated in
accordance with Committee for Proprietary Medicinal
Products guidance.®
During their manufacture, the investigated products
(all from Baxter BioScience, Zurich, Switzetland), that is,
FEIBA NE F IX complex NF (PPK NF), or together with FVII
NF {prothrombin complex NE PKT NF), are subjected to
the STIM-4 vapor heating process. Specifically, a lyo-
philized intermediate of 7 to § percentresidual moisture is
heat treated for a minimum of 500 minutes at 60 * 0.5°C,
followed by heating to 80 * 0.5°C, and then heating at
80 = 0.5°C for 60 minutes. The downscaled versions of
. these processes were performed at the lower limits of
these temperature and incubation time specifications or
just below those specified for the manufacturing-scale
process. To provide further assurance regarding the
robustness of the vinus inactivation by these processes,
separate runs were performed at the upper and lower
limits of the residual moisture content specified for
manufacture; or runs were performed within these
specifications.

B19 VIRUS INACTIVATION BY VAPOR HEATING

Determination of the residual moisture was per-
formed by the Karl Fischer method for non—virus-spiked
control samples. The residual moisture content for all
samples, including those containing virus, was confirmed
by NIRVIS spectroscopy (System NIRVIS, Biichi Lid,
Flawil, Switzerland).

Product iniermediates of 14.4 to 33 g per L protein
concentration, 5 to 6 g per L salt concenfration, and
pH 7.0 to 8.0 were spiked with virus, lyophilized, and then
heat-treated according to the procedure described above.
Specific product measures, e.g., FEIBA (clotting assay), FII -
activity (clotfing assay), FX activity (chromogenic assay),
FVII activity (chromogenic assay), FIX activity (chro-
mogenic assay), and protein concentration were deter-
mined for the downscale intermediate belore and after the
vapor heating process. The results were compared with
the respective values for intermediates from the manufac-
turing scale 1o confirm equivalence of the different scale
processes.

RESULTS

Vapor heating of FEIBA NF/VH

FEIBA intermediate was spiked with either B19V or MMV
for downscaled vapor heating experiments. For B19V, two'
different primer sets (PA3, PA4) specifically designed. to
detect two different B19VVP1/VP2 splicing variants® were
used for RT-PCR analysis {TagMan, Applied Blosystems,
Foster City, CA}. :

As can be seen in Table 1, significant inactivation of
B19V was observed already after the 60°C heating phase of
the process (experimentally conducted at 59.5 * 0.5°C,
Le., worst case with respect to virus inactivation} with
individual log reduction factors (LRFs} of 3.9 1o 4.5. At
completion of the 80°C heating phase of the process

TABLE 1. Inactivation kinetics of MMV and B19V during freeze-drying followed by vapor heating of FEIBA NF/VH
process intermediates”

MMVH Bigvi
Percent residual moisture content: 7 8 7-8
Titration 1 Titration 2 Titration 3

Primer pairs: PA3 PA4 PA3 PA4 PA3 PA4
Virus stock suspension 8.3 8.2 1.2 1.2 1.8 1.8 ND ND
Spiked process intermediate§ 7.2 7.2 10.3 104 10.6 10.4 106 10.4
Spiked and lyophitized intermediate 6.6 6.7 9.7 9.9 10.0 9.9 9.8 9.8
Heated at 59.5°C = 0.5°C, 180 = 5 min ND ND 7.8 1.7 77 7.6 ND ND
Heated at 59.5°C = 0.5°C, 505 = 5 min 6.7 6.7 6.2 5.9 6.6 6.5 8.5 8.5
Reduction factor (afier 60°C phase) 0.5 05 4.1 4.5 4.0 39 4.1 3.9
Heated al 79.5°C = 0.5°C, 55 = 5min§ 6.3 6.3 57 5.8 55 5.4 5.7 5.8
Reduction factor 0.9 0.9 4.5 4.8 5.1 5.0 4.9 4.6
Mean reduction tactor 0.9 4.8

1T MMV iiters are expressed as [log(TCIDs/mL)}.
f B19V liters are expressed as [log geg/mL3.

ND = not determined.

* For the detection of spliced Bi19V mRNA two different primer sets, i.e., PA3 and PA4, were used,

§ Titers at this sampling stage were used to calculate the virus reduction factor after the entire heating phases.
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(experimentally conducted at 79.5 * 0.5°C}, some
residual BI9V infectivity was still detectable, although
LRFs of 4.6 to 5.1 were obtained, with a mean LRF of 4.8.
Because use of primer sets PA3 and PA4 resulted in fully
eguivalent results, only one of the primer sets (PA3) was
used for the detection of B19V Genotype 1 mRNA in
further experiments,

In contrast to the effective Inactivation of B19V by the
vapor heating process, the inactivation observed for the
animal parvovirus MMV was insignificant, with a mean
LRF of 0.9.

Vapor heating of F IX complex NF/VH

To investigate the vapor heating process of F IX complex,
the respective intermediate was spiked with either B19V
or MMV, Because residual moisture during the vapor
heating process might be considered a critical parameter
for the effectiveness of virus inactivation, separate vapor
heating runs were performed at the upper and lower limit
of the specified residual moisture content of the manufac-
turing process, that is, 7 and 8 percent (wt/wt}, to investi-
gate the robustness of virus inactivation by the process.
For B19V-spiked runs, some residual infectivity was still
detecied after the entire heating process, but the results
obtained demonstrate comparable reduction factors for
runs at either 7 or 8 percent residual moisture content

* with a mean LRF of 4.6 (Table 2}. A substantial inactivation
of B19V was observed already after the 80°C heating phase
of the process (investigated at 59.5 *+ 0.5°C) with indi-
vidual LRFs of 3.7 to 4.2. As the reduction factors obtained
between the individual titrations at 7 and 8 percent
residual moisture content were comparable, conse-
guently, the following vapor heating experiments were
performed at between 7 and 8 percent residual moisture
content, that is, within the specifications of the Iarge-scale
process,

MMV, again in sharp contrast to the effective inacti-
vation of B19V by the vapor heating process, was not sig-
nificantly inactivated even at the end of the entire heating
process, with a mean LRF of 0.9. As seen with B19V before,
there were again no differences between MMV inactiva-
tion results for individual heating runs conducted at 7 and
8 percent residual moisture.

Vapor heating of FVil NF/VH

FIX complex and FVII are separately produced and are
individual products. Both components can, however, also
be combined to the prothrombin complex total product,
Because FVII is the second component of prothrombin
cornplex total, the B19V and MMV inactivation by STIM-4
vapor heating was also investigated.

At the end of the entire heating phase, effective inac-
tivation of B19V was observed, with a mean LRF of greater
than 4.0 (Table 3). Also, substantial inactivation of B19V
was found already after the 60°C heating phase (investi-
gated at 59.5 * 0.5°C) of the process (LRFs of4.0and 4.5),
confirming earlier findings for the other prothrombin
complex total compound. Again in sharp contrast to effec-
tive B1SV inactivation, the parvovirus model MMV was
inactivated only ineffectively, with a mean LRF of 1.7.

STIM-4 inactivation of B19V Genotype 1 versus
Genotype 2: FEIBA, for example

To understand any potentially different thermosensitivity
of the recently classified B19V Genotype 2, versus the
earlier investigated B19V Genotype 1, FEIBA intermediate
was now spiked with B19V Genotype 2 and treated as
described earlier (see “Vapor heating of FEIBA NE/VIT"),
mRNAs isolated after culture with UT-7 cells were ana-
lyzed by TagMan RT-PCR with either, as before, Geno-
type 1 prier sets (PA3), or now also specific Genotype 2
(G2) primer sets.

TABLE 2. Inactivation kinetics of MMV and B19V during freeze-drying foliowed by vapor heating of F IX complex
NF/VH intermediate

MMV~ B19VYt R
Parcent residual moisture content: 7 8 7 -]
Titration 1 Titration 2 Titration 1 Titration 2

Virus stock suspension: 74 7.5 ND ND © ND ND
Spiked process intermediatet 6.5 6.7 10.7 10.6 1.0 11.0
Spiked and lyophilized intermadiate 6.5 6.4 10.8 10.5 101 10.4
Heated at 59.56°C = 0.5°C, 495 = 5 min 6.1 6.2 6.9 6.9 7.1 6.8
Reduction factor (after 60°C phase) 0.4 0.5 3.8 3.7 3.9 4.2
Heated at 79.5°C r 0.5°C, 55 + 5 min{ 5.8 5.6 6.4 6.6 5.8 6.3
Reduction factor 0.7 1.0 4.3 4.1 5.2 4.7
Mean reduction factor {log) 09 4.6

" MMV titers are expressed as [log{TCIDs/mL)].
1 B19V titers are expressed as [log geg/mi).

ND = not determired.

1 Titers at this sampling stage were used to calculate the virus reduction factor after the entire heating phasas.
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TABLE 2. Inactivation Kinetics of MMV and B19V during freeze-drying followed by vapor heating of FVIf
NF/VH intermediate

MMV Bigvt
Percent residual moisture content: 7 8 7-8
Run 1 Run 2
Titration 1 Titration 2 Titration 1 Titration 2
Vicus stock suspension: - 77 8.1 12.3 ND ND ND
Spiked process inlermediatet 6.5 7.2 11.0 10.6 10.8 10.8
Spiked and lycphilized intermediate 6.9 7.0 ND 9.8 9.9 10.t
Heated at 59.5°C = 0.5°C, 525 * 5 min 5.3 6.1 6.5 8.6 positive§ positive§
Reduction factor (after 60°C phase) 1.2 1.1 4.5 40 ND
Heated at 79.5°C = 0.5°C, 55 = 5 ming 5.2 5.2 <6.8 <6.8 <6.8 <6.8
Reduction factos 1.3 2.0 4.1 3.8 »>4.0 >4.0
. Mean reducticn tactor 7 > 4.0

* MMV fiters are expressed as {log{TCIDg/mL)].
T BigVv litars are expressed as [log gerome equivatents/mL].

ND = not determined.

¥ Tiers at this sampling stage were used to calculate the virus reduction factor.
§ These samples were tested positive; a titer could, however, not be calculated, because the PCR cycle numbers necessary 1o obtain a
positive fluorescence signal were outside the range covered by the mean regression line.

TABLE 4. B19V Genotype 2 Ihactivation by vapor
heat treatment during the manufacture of

FEIBA NF/VH*
Percent residual BigV GT2
moisture content: 7-8
Run 1 Run 2 Run 1 Run 2
PA3 PA3 G2 G2
Reduction factort >3 4 >3 >4
Mean reduction factor 35

* The TagMan RT-PCR was performed with either Genotype 1
{PA3)- or Genatype 2 (G2)-specific primer sets.

1 Reduction facior determined afier the entire vapor heating
procedure. The goodness-of-fit values of the standard regres-
slon lines were lass than oplimal resuiting in a high standard
deviation at lower virus titers. Therefore, reduction factors
were determined by the difference in integer log sample ditu-
tions between the spiked intarmediate and the sample after
completion of vapor heating.

As can be seen, use of both the two primer sets
{PA3/PA4) designed for two Genotype | splicing variants
revealed highly comparable results (Table 1). In addition
insignificant differences between B18V Genotype 1 and
Genotype 2 occuired, with both viruses effectively inacti-
vated by the STIM-4 vapor heating process (Tables i and
4). Specifically, here for B19V Genotype 2, effective inacti-
vation was observed at the end of the heating process,
with calcuiated LRFs between greater than 3 and greater
than 4, that is, a mean LRF of 3.5, Using the Genotype 1
{PA3)- or the Genotype 2 (G2}-specific primer sets, highly
comparable inactivation results were obtained.

DISCUSSION

Since its discovery in 19752 B19V has been associated
with an ever-broadening panel of diseases. While initially
only known as the causative agent of an erythematous

21

childhood disease (fifth disease)}, more recently the virus is
appreciated as the causative agent of more severe diseases
such as, for example, hydrops fetalis,* arthritis,® hepati-
tis,*? and possibly a significant number of myocarditis
cases™

The introduction of B19V PCR testing of plasma for
fractionation, as initially defined under the Plasma
Protein Therapeutics Association’s voluntary standards,®®
has reduced plasma pool loads of the virus by several
orders of magnitude® and correspondingly enhanced the
B19V safety margins of plasma products. In support of
the notion, while episodes of B19V transmissions have
historically occurred,” such reperts have not been
received for the implicated products after the introduc-
tion of B19V PCR testing. There is, however, still a
residual concern around the potential B19V contamina-
tion of plasma.

The final safeguard of product safety, thatis, the virus
reduction that accurs during the manufacturing process,
has thus been of particular interest, also with respect to
B19V. Unfortunately though, the lack of a widely available
B19V infectivity assay has forced studies aimed at vali-
dating the B19V reduction capacity of manufacturing
processes to be conducted with animal parvovinises as
“model viruses.” Where these viruses are particularly resis-
tant to physicochemical inactivation, the results obtained
were often less reassuring. -

There was consequently significant interest in a suit-
able B19V assay to investigate the virus of concern itself,
and development efforts were lately rewarded. Initial use
ofthe newly available approaches revealed that B19V itself
was significantly more susceptible to inactivation by, for
example, pasteurization,'' low pH,* and dry heat,™ than
the eatlier used animal parvovirus models. Also, however,
research conducted with these assays has indicated that
B19V has unique properties in terms of heat sensitivity
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and its inactivation is particularly dependent on the com-
position of the matrices during (liquid) heating.?

The proprietary STIM-4 vapor heating process is a
heat treatment step conducted at lyophilized product of 7
to 8 percent residual moisture that has been incorporated
in the manufacturing process of several coagulation factor
concentrates, in addition to a 35-nm nanofiltration step
for FEIBA NF/VH, F IX complex NF/VH, and FVII NF/VH.
Here we describe the efficient inactivation of BIgVY, in
inarked contrast to an animal parvovirus model, that is,
MMV, by this vapor heat treatment,

The results of the two-phase vapor heat treatinent
demonsirate that BI9V is effectively inactivated by this
process step, whereas MMV is only marginally reduced. By
use of both the two primer sets (PA3/PA4) designed to
detect two Genotype 1 VP1/VP2 splicing variants highly
comparable results were obtained (Table 1), indicating
that the splicing variants in infected UT7-Epo S1 cells
occur in rather similar concentrations.

After the entire heating process for B19V Genotype 1
mean log reduction factors-of 4.8, 4.6, and more than 4.0
were obtained with highly comparable resuits for the
panel -of coagulation factor intermediates investigated,
that is, FEIBA, F IX complex and FVIl (see Tables 1-3).
These findings support the robusmess of the STIM-4
vapor heat treatment in inactivating B19V. Moreover, the
significant inactivation of B19V already after the first
heating phase at 60°C for the coagulation factors investi-
gated (see Tables 1-3) provides further reassurance. In
addition, varying the residual moisture content during the
heat treatment, that is, to the lower (7%) and the upper
limit (8%) specified for the manufacturing process, still
resulted in highly comparable inactivation of B19V
(Table 2}.

The discovery of additional hwman erythrovirus
genotypes, that is, Genotypes 1, 2, and 3,'® and also novel
parvoviruses,”®" has raised new questions about their
biologic properties, their pathogenic potential and also
their relevance to the viral safety of plasma-derived prod-
ucts. B19V Genotype 2 has been detected in human blood
at high titers, and recently this genotype has also been
found in a few lots of plasma-derived coagulation factor
concentrates; all of them, however, were cocontaminated
with Genotypel DNA.* These findings indicate that
Genotype 2 has established a moderate prevalence in the
population and therefore investigations regarding the
inactivation of this B19V genotype may also be desirable.
Recent studies that investigated the inactivation capacity
of liquid heating and low pH'" incubation for B19V
Genotypes 1 and 2 in parallel suggested comparable in-
activation capacity and kinetics and thus maybe also coni-
parable physicochemical properties for the virus particles
of both genotypes.”™

In this report, the physicochemical stability of virus
particles of Genotype 1 and 2 were compared during the
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vapor heat treatment process step described. The results
demonstrate that both B19V genotypes are inactivated
with comparable mean LRFs of 4.8 and 3.5 (Tables 1 and
4). These data indicate that B19V Genotype | and 2 par-
ticles have very similar physicochemical properties and
thus data obtained in studies with Genotype 1 should also
be indicative for Genotype 2 behavior, This argument is
strengthened by very recent findings that anti-B19V-
positive plasma samples or intravenous immune globulin
product were able to neutralize B19V Genotype 1 and
Genotype 2. Furthermore, studies by Ekman and col-
leagues™® suggest that all three B19V genotypes are similar
variants of the same species and constitute a single
serotype. Not surprising in this context, the pathogenic
potential of different B1SV genotypes also seems to be
comparable."

Altogether the results of this study demonstrate that
the STIM-4 vapor heat treatment is a highly effective and
robust virus inactivation step for the relevant parvovirus
B19, both Genotype 1 and Genotype 2. Specifically, the
STIM-4 vapor heat treatment process substantially
contributes to the safety margins of the plasma-derived
products FEIBA NF/VH, F IX complex NF/VH, and FVIl
NF/VH. As suggested by a recent article,® however, the
inactivation capacity of heat treatment may significantly
depend on the specific matrix investigated, and thus BIS$V
inactivation needs io be confirmed for every specific
product and process individually.
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Outbreak of
Puumala Virus
Infection, Sweden

Lisa Pettersson,* Jens Boman,*} Per Juto,*
Magnus Evander,* and Clas Ahim*

An unexpected and large outbreak of Puumala virus
infection in Sweden resulted in 313 nephropathia epidemi-
ca patients/100,000 persons in Visterhotten County during
2007. An increase in the rodent population, milder weather,
and less show cover probably contributed to the outbreak.

embers of the genus Hantavirus (family Bunyaviri-
dae) are rodent-borne pathogens, and virus is trans-
mitted to humans by inhalation of infected rodent excreta
{1). In Sweden, Finland, Norway, Russia, and parts of cen-
tral Europe, Puumala virus (PUUV) is endemic in bank

voles (Myades glareolus). PUUV infection in humans cause -

nephropathia epidemica (NE), a mild form of hemorrhagic
fever with renal syndrome (HFRS). In Sweden =90% of all
NE cases are found in the 4 northernmost counties. Vister-
botten County (Figure 1} has the highest incidence of hu-
man hantavirus infection in Sweden and probably one of
the highest worldwide, Historically, the incidence rate is 20
per 100,000 persons per year {2), but the true incidence is
considered to be 7--8 times higher (3).

There is a 3—4-year periodicity in the number of NE
cases that is linked to the bank vole population dynamics
in northern Sweden (2). After inhaling infectious asrosols
originating from rodent saliva, urine, or feces, the patient
has a 1-5-week incubation period before onset of discase
symptoms. The most common NE symptoms are fever,
headache, nausea, abdominal and back pain, vomiting,
myalgia, and visual disturbance. One third of the patients
have mostly mild hemorrhagic manifestations (4,5). Renal
failure is typical with initial oliguria during the acute phase
and polyuiia in the convalescence phase. Dialysis is some-
times needed and <0.5% of NE cases are fatal. There is no
effective treatment or available vaccine.

The Study

The local University Hospital of Umea is the refer-
ence center for diagnosis of NE serving the 4 norihernmost
counties of Sweden, and many patients with NE are hospi-
talized here. In 2007, a sudden and Jarge outbreak of hanta-
virus infections occurred in northern Sweden. The outbreak
peaked in January 2007 (Figure 1) with many NE patients
who had 2 considerable effect on public health services.
“Umed University, Umed, Sweden; and +County Council of Vister-
botten, Umed, Sweden

The NE outbreak continued in the following months, but
with fewer cases than in early 2007 (Figure 1).

For NE diagnosis, we used an immunofluorescence as-
say to detect PUUV.reactive immunoglobulin (Tg) M and
IgG antibodies in serum of all patients with clinically sus-
pected NE (6). A real-time reverse transcription—PCR (6)
was used to obtain an amplification product from 1 patient
sample. This product was sequenced and the S-segment se-
quence obtained (GenBank accession no. EU177630) was
highly homologous to those of other redent PUUYV isolates
from the area.

NE is a reportable disease under the Swedish Com-
municable Diseases Act. The outbreak peaked during the
first 3 months of 2007; 972 cases were recorded in Sweden
and 474 cases in Visterbotten County. NE patients mostly
showed classic HFRS symptoms and mild to severe disease
requiring hospitalization and occasionally intensive care,
Accordingly, as many as 30% of the patients whose condi~
tions had been diagnosed as NE were hospitalized, and 2
known deaths (case-fatality rate 0.25%) in the 2 northern-
most counties in Sweden were recorded during the first 3
months of 2007. No patient had {o confinue dialysis after
the acute phase of the disease.

We detected PUUV RNA in the milk of 2 breastfecding

women with a diagnosis of NE. Their children did not show °

any clinical symptoms of NE. However, we did not have ac-
cess to samples to analyze whether the children had asymp-
tomatic infections. Three pregnant women also had received
a diagnosis of NE, but no clinical evidence of transmission
from mother to child was repoited. Analyses of the placentas
did not deteet any PUUV RNA. Only maternal [gG antibod-
ies to PUUV were found in blood from umbilical cords. One
woman miscarried afier 12 weeks of pregnancy 3 weeks be-
fore showing symptoms of clinical NE, and death of the fetus
may have been caused by viremia during the incubation peri-
od. During the peak of the outbreak (Décember 2006—March
2007), 488 cases occurred in Visterbotten County, and, as
expected, more men (58%, 281/488) than women (42%,
207/488) had NE; most cases {(72%) were among persons
35-74 years of age (Table). ‘

600
- Yhstarboften Counly
509§ -e-Sweden

189? 398 1999213002001 2mzmoalzoe4 h. 200?
Figure 1. Monthly incidence of nephropathiz epidemica (NE)
in Sweden and Vasterbotlen Counly, Sweden, January 1997-
September 2007.
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The incidence of NE in Visterbotten Counity was 313
diagnosed cases/100,000 persons in 2007 compared with
73/100,000 in 1999, 38/100,000 in 2002, and 61/100,000 in
2005 (Figure 1). The number of NE cases usually depends
on the size of the vole population, which peaks every third
to fourth year (2,7). An increase in the bank vole popula-
'tion was reported in northern Sweden in the fall of 2006,
with a trap index of 7.64. This index is similar to those of
2 NE peaks in the fall of 1998-1999 and 2004-2005 when
trap indices were ~8 (8). Trapping indices represents the
nurmber of voles captured per 100 trapping nights, a reflec-
tion of the relative population size on-each sarapling occa-
sion {9). Thus, the bank vole population was high, but not
more than in previous peak years and could not explain the
high number of NE cases in 2007, )

We considered other possible factors influencing hanta-
virus transmission to humans. One factor is increased expo-.

sure of humans to infected rodent excretd: We had recéived’
several reports from inhabitants in areas where bank Voles:
normally live that' maore bank voles were found in traps in<’

1 'When we 1nvestigated the weather-- .

side’ houses than: u;

f.were ub!ained fmm the Swedtsh Meteorotogical and Hydrologlcal
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NIHONSEIYAK
- 2008-003
b a G]}‘ Cﬁlﬂ THIS STORY HAS BEEN FORMATTED FOR EASY PRINTING
1 dies, 1 ill after receiving kidneys &he Boston Slabe

Donor infected with hard-to-find virus

By Stephen Smith, Globe Staff | May 13, 2008

A 70-year-old woman has died, and a 57-year-old man is critically ill in a Boston hospital after each received a
kidney from a donor infected with a hard-to-detect virus, health authorities said yesterday.

The donor, a 48-year-old homeless man who suffered irreversible brain damage after cardiac arrest, carried a
germ called lymphocytic choriomeningitis virus, or LCMV, the same infection that killed three transplant
patients from Massachusetis and Rhode Island in 2005. The virus, most often transmitted by rodents, is
usually unnoticed by healthy people who suffer no more than flulike symptoms.

Knowing that organs perish quickly, doctors test donors for what is easily analyzed, such as the AIDS virus,
hepatitis, and a common herpes germ. But the lack of quick tests for less common conditions prevents
screening for diseases such as the lymphocytic choriomeningitis virus.

Because the demand for organs always far exceeds the supply, recipients will accept organs even from
high-risk donors such as the homeless. Waiting too long for a new kidney, liver, or heart can prove riskier.

"People are literally dying for organs," said Dr. Alfred DeMaria, top disease fracker at the Massachusetts
Department of Public Heaith. "The list of potential things you can test for is enormous. But balancing that
against the risk of not getting the organs, you have to make some decisions about what's feasible and what's
not feasible to test for.”

The homeless donor died in mid-March. After his family authorized the removal of viable crgans, doctors took
his kidneys. He had been tested for the AIDS virus, the liver diseases hepatitis B and C, and other diseases
reqularly checked by the New England Organ Bank, the region’s organ procurement agency. There was no
evidence of worrisome infections.

Still, his status as a man who had lived on the street, potentially exposed {o a host of dangerous germs, led
transplant surgeons to brand him as a high-risk donor.

Transplant surgeons at the hospitals with the two potential recipients - the woman was at Bosten Medical
Center, the man at Beth Israel Deaconess Medical Center - alerted the patients that the donor was regarded
as high risk. The surgeons and patients decided to proceed.

"We all know that as much as we explain fo the patienis and inform them, they're relying on us and our
medical judgment about whether this is a safe transplant,” said Dr. Douglas W. Hanto, chief of the Division of
Transplantation at Beth Israel Deaconess. "We feel a tremendous sense of responsibility to the patient and
their family and feel terrible that this patient has had this infection and a bad outcome.

"But, on the other hand, we see patients whao die every day on dialysis™ awaiting a kidney transplant, he said.

The 57-year-old man transplanted at Hanto's hospital had lingered four years on the waiting list for a kidney.
According to the United Network for Organ Sharing, an independent agency that sets organ procurement
policies, 80,130 patients in the United States currently need a kidney.

it was the woman transplanted at Boston Medical who got sicker sooner after returning home. Like the donor
and the other recipient, the woman was not identified by health authorities, who cited patient confidentiality
laws.

The woman returned to Boston Medical about two weeks after her surgery, said Dr. Greg Grillone, the
hospital's interim chief medical officer. She had a fever, diarrhea, "but oddly, symptoms not specific to the
kidney," Grillone said.

Her condition kept deteriorating and, in mid-April, the woman died. Doctors at the hospital were stumped.
There was no obvious cause of her precipitous demise.

But it turned out that one of the surgeons involved in the case, Dr. Amitabh Gautam, had been connected to
101
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the 2005 Rhode Island and Massachusetis transplant cases.

He became suspicious that the Boston Medical patient had the same virus and alerted the federal Centers for
Disease Confrol and Prevention. The virus has been known fo have spread via transplant only two other
times, in Wisconsin and Australia.

"Interestingly, what happened was this doctor had seen this before and thought, 'OK, this is a long shot, but [
have seen it before and it can happen,' " Grillone said.

"If you take your car to the auto dealer with some very, very rare problem and you're lucky enough to get the
mechanic who saw that same problem three years ago in the same make or model of the car, he might think:
'Oh, | saw this same problem three years ago. it might be the same problem," he said.

The man who had received his kidney at Beth Israel Deaconess returned with a fever 2 1/2 weeks after the
surgery. On April 18, the doctors there got word that the Boston Medical patient had died. A transplant
specialist at Beth Israel Deaconess also speculated that the virus might be at fault.

Samples from the deceased donor and the two patients were rushed fo the CDC in Atlanta. All three tested
positive for the virus, and investigators said all evidence points to the donor. The 57-year-old recipient remains
in intensive care and is receiving the only drug known to possibly treat the virus.

I don't believe this ever put the general public at risk," said Dr. Anita Barry, who leads the Boston Public
Health Commission's investigation of the infections. "You have to be very, very unlucky to get LCMV from a
transplant.”

The virus is not transmitted casually from person-to-person; in addition to transplants, the only identified
human transmissions have been from mother to fetus. Most people who are exposed caich it from the
drappings of radents, including wild animals and pets.

Because the virus causes few health problems in those who contract it, there has been liftie incentive to
develop a rapid test.

The only tesis currently available take time and are not widely available, said Dr. Eileen Farnon, a CDC
medical epidemioclogist.

"If you had a few days or a week for testing you could do that," Famon said. "But in general that's not how the
organ transplantation business works."

Stephen Smith can be reached at stsmith@globe.com. =

© Copyright 200&? Ti'!e New York Times Company
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ARTICLE INFO ABSTRACT

Leptospirasis is a worldwide distributed zoonatic disease caused by pathogenic spirochetes of the genus
Leptospira. The basic taxon of Leptospira is the serovar. Currently, nearly 300 serovars have been
identified. Leptospirosis is particularly prevalent in warm and humid tropical regions where conditions

Article history:
Received 13 November 2007
Accepted 27 February 2008

Avaflable online o for transmission and survival of pathogenic leptospires in the environment are optimal. Leptospirosis

probably constitutes a-serious veterinary and public health problem in Central America but solid figures
Keywords: are rissing. To determine distribution of leptaspirosis in Costa Rica and to identify locally circulating
T-BPtOSPfrE_S_ pathogenic serovars, we performed a sentinel-based stucly, isclating and characterizing leptospires from
Leptospirosis patients attending hospitals. Straint MAV] 401 was isolated from a hospitalized patient in the Alajuela
;’:; ::mvar '_. province. The isolate produced agglutination titers notably with reference rabbit antisera against
Public health ﬂ’ serovars of serogroup Javanica but appeared serologically unique in the standard Cross Agglutinin

Absorption Test. Therefore, MAV] 401 was considered to represent a new serovar, designated Arenal, of
the serogroup Javanica, Genotypic analysis revealed that strain MAV] 401 belongs to Leptospira santarosai,
a species that atmost exclusively occurs in Latin America. This is not a unique finding of an exotic serovar,
Recent isolates from severely ill patients in the same region appeared to be identical to Arenal.
We have identified a novel highly virulent serovar from a patient in Costa Rica that is common in this
ared, thus posing a threat for the local public and veterinary health.
' © 2008 Elsevier B.V.. All rights reserved.
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hepato-renal dysfunctions and a bleeding tendency and Acute
Respiratory Distress Syndrome (ARDS) with mortality rates

1. Introduction

Leptospirosis is a worldwide zoonosis, transmitted to humans
through contaminated water or direct exposure to the urine of
infected anjmals. Human infection may be acquired through
occupational, recreational, or avecational exposures, Direct con-
tact with infected animals accounts for most infections in farmers,
veterinarians, abattoir workers, meat inspectars, rodent control
workers and other occupations which require contact with
animals. Indirect contact is important for,sewer warkers, miners,
soldiers, septic tank cleaners, fish farmers, gamekeepers, canal
workers, rice field workers, taro farmers, banana farmers and sugar
cane cutters (Levett, 2001}

The dlinical spectrum of the disease ranges from mild influenza-
like to severe forms such as the Weil's syndrome, characterized by

* Corresponding author. Tel.: +31 20 566 5437; fax: +31 20 697 1841,
E-mail address: r.hartskeerl@kitnl {RA. Hartskeerl),

1567-1348/% — sea front matter © 2008 Elsevier B.V.. All rights reserved.
doiz10.1016j.meegid 2008.02.008

exceeding 50% (Levett, 2001; McBride et al., 2005).

Developinent of a subclinical infection or clinical disease might
depend on both host and causative agent related factors such as
immunological competence, age, physical condition and virulence
and size of the inoculum, respectively. Animals with subclinical
infections as well as those that recaver from the clinical disease
biecome a potential source of infection for other susceptible hosts,
because they continue to excrete leptospires for a prolonged period
of time (Faine, 1982; Faine et al,, 1989).

The causative agents of leptospirosis belong to the genus
Leptospira, which contains both saprophytic and pathogenic
spedies {Levett, 2001). The isolation and identification of an
infecting Leptospira strain is cumbersome and time consuming.
Isolation is difficult due to the slow growth rate, notably when
combined with a concomitant contamination with faster growing
microorganisms, and stringent and fastidious in vitro culture
requirements of these bacteria (Faine, 1994; Faine et al,, 1999). The
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initial identification of a Leptospira is morphological, by dark field
microscopy observation. Definitive identification of the isolates
requires the Gse of serological and molecular techniques {Dikken
and Kmety, 1978; Brenner et al, 1999; Levett, 2003). In the
conventional classification system, all pathogenic leptospires
belong to the species Leptospira interrogans sensu lato (Dikken

and Kmety, 1978; Faine and Stallman, 1982), Based on serological

criteria, strains of Leptospira are differentiated into serovars, which
represent the basic taxon (ICSB Sub-committee on the taxonomy of
Leptospira, 1987; Kmety and Dikken, 1993). Serovars that are
antigenically related are placed into serogroups. Serogroups do not
have an offical taxonomic status, but are of clinical and
epidemiological importance (Levett, 2003). The list is updated
periodically and more than 250 pathogenic serovars arranged in 26
serogroups are currently known. The recent genotypicat classifica-
tion system is based on DNA homology. In this system, leptospires
are placed into 17 Leptospira species of a pathogenic, saprophytic
and doubtful nature {Yasuda et al., 1987; Perolat et al., 1998;
Brenner et al., 1999; Levett et al,, 2006). There is a poor correlation
between the serological and genotypic classification systems
(Brenner et al., 1999; Yasuda et al,, 1987).

The species Leptospira santarosai contains 61 serovars of
multiple serogroups (Brenner et al., 1992). The type strain of L
santarosai, serovar Shermani strain 1342 K was isolated from
4 spiny rat (Proechymis semispinousus) in the Panama Canal
Zone (Yasuda et al., 1987). Several additional reports confirmed
that L sanfarosai is pathogenic for humans and domestic
afimals (Brenner et al, 1999; Hsieh and Pan, 2004; Rossetti
et al., 2005).

In this paper, we describe a new leptospiral serovar belonging
to the species L santarosai isolated from the blood of a severely ill
leptospirosis patient,

2. Materials and methods
2.1. Case description

A 45-year-old man was hospitzlized in Ciudad Quesada San
Carlos Hospital, Costa Rica, with a 3—4 day history of fever,
headache and myalgia. The patient is a biologist employed by a
Costa Rican fish farm. Atthe day of admission his temperature was
39°. He had tachycardia and his blood pressure was 120/
60 mmHg. Clinical examination showed a conscious man, with
bilateral headache, sore throat, provoked myalgia of the legs,
hepatalgia, hepatomegaly, and conjunctivitis. There were no signs
of rash, meningeal irritation and cervical rigidity. Laboratory tests
revealed increased SGOT:79.8 U/L (normal range (nr) 12.0-46.0),
76.2 UJL (nr 3—-50), creatine phosphokinase: 915 U/L (nr 24-195),
direct bilirubin: 0.53 mg/dL (nr 0.0-0.2), total bilirubin: 1.49 mg/
dlL (nr 0.0-1.0), associated with hyperglycemia: 143 mgfdL,
alkaline phosphatase: 202 U/L (value is within normal range,
nl), albumin: 3.3 g{dL(nl), and protein levels: 5.92 g{dL (ni), ureic
nitrogen: 8.62 mgfdL (nl), creatinine: 1.26 mg{dL (nl). The
leukocyte count was 8, 2 x 10*/uL with 80% polymorph nuclear
forms. Thrombocytopenia: 145 x 10%/ul (last control: 99 x 103/
wL) was also observed. Resuits of urinalysis were normal. Malaria
blood smears, blood cultures and serology for dengue were
negative.

The patientreceived a 7-day treatment with penicillin, 2 million
units 4 times a day, which resulted in a resotution of symptoms.
Oral treatment with penicillin was continued for 6 more days.

Leptospirosis was confirmed by seroconversion in the Micro-
scopic Agglutination Test (MAT) with a titer of 1:100 with serovar
Canicola in the second sample. Also the rapid screening test Lepto
dipstick (Gussenhoven et al., 1997) gave a positive outcome (data
not shown).

2.2, Bacterial culture

Culturing was performed in Ellinghausen and McCullough
modified Johnson and Harris (EMJH) culture medium (DifcoTM).
Aliquots of 0,1 and 0.01 mL of heparin anticoagulanted whole
blood were inoculated into 6 mL EMJH culture medium. Incubation
was at 30 °C and cultures were inspected by darkfield microscopy
for growth of leptospires at regular infervals. Isolates were
subcultured and maintained in EMJH medium and in Fletcher
medium supplemented with 5 fluoro-uracil (200 wgfml) as a
selective inhibitor for contaminating microorganisms (Faine and
Stallman, 1982; Faine et al., 1999; Hartskeerl et al., 2006).

23. Microscopic agglutination test

The microscopic agglutination test (MAT) was performed as per
standard procedure (Comisidon Cientifica Permanente sobre
Leptospirosis de la AAVL, 1994) starting with a serum dilution
of 1:20 up to 1:20480, The highest dilution of serum showing 50%
reduction in free-moving leptospires under dark field microscope
was considered the end-titre. Rabbit anti-Leptospira sera were
prepared following the standard procedure (ICSB Sub-committee
on the taxonomy of Leptospira, 1984).

24. Serological typing: MAT with group sere and monoclonal
antibodies

To identify the isolate up to serogroup level, MAT was performed
following standard procedure using a panel of 38 anti-Leptospira
rabbit antibodies (Dikken and Kmety, 1978; Hartskeerl et al., 2006).
Isolates were further typed at the serovar level by performing MAT
with panels of monoclonal antibodies (mAbs) that characteristicalty
agglutinate serovars from the serogroups Icterohaemorrhagiae and
Sarmin (F12C3, F20(3, F20C4, F52C1, F52(C2, F70C4, F70C7, F70C13,
F70C14, F70C20, F70C24, F70C26, F82C1, F82C2, F82C7, F82(8,
F89C3, and F89C12) as described by Korver et al. {1988) and from
serogroup Javanica (F12C3, F2003, F20C4, F70C20, F98C4, FO8Cs,
F98C8, F98C12, F98C17, F98C19 and FO8C20) with cross-agglutina-
tions of serovars of the closely related serogroups Sarmin and
Celledoni (Alex et al,, 1993).

2.5. Cross Agglutinin Absorption Test

The Cross Agglutinin Absorption Test (CAAT), the standard
assay for serological classification of Leptospira serovars was
carried out by staff of INCIENSA as described elsewhere (Dikken
and Kmety, 1978; Kmety and Dikken, 1993; Hartskeer] et al., 2006,
ICSB Sub-committee on the taxonomy of Leptospira, 1984}, Staff of
the WHO/FAOfOIE Collaborating Centre for Reference and
Research on Leptospirosis of the Roval Tropical Institute, The
Netherlands confirmed the CAAT results.

2.6, Cenen'c characterization

Strains and isolates were grown at 30 °C in EMJH medium and
harvested by centrifugation during the late logarithmic phase. DNA
was jsolated as described by Boom et al. (1990). PCR was
performed on the DNA extracts using the primer set G1/G2 that
specifically amplifies a 285 bp fragment of the secY gene from all
pathogenic species except L kirschneri (Gravekamp et al., 1993;
Oliviera et al, 2003). PCR conditions and controls were as
previously described (Gravekamp et al, 1993; Bal et al., 1994).
PCR products were analyzed by electrophoresis in 1.5% agarose
gels, stained with ethidium bromide using standard procedures
and subsequently judged by eye under UV illumination.

For sequencing, DNA concentration of PCR products was
adjusted in the range of 10-20 ng per reaction and appiied to
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the sequence reaction using the BigDye® Terminator V1.1 Cycle
Sequencing Kit {Applied Biosystems, United Kingdom) and
subsequently analyzed on an AB] PRISM™ 310 Genetic Analyzer
(Applied Biosystemns, United Kingdom). DNA sequence clustal
alignments were done using the LaserGene software package
(DNASTAR). Species determination was done on basis of highest
sequence identity of PCR. products from Leptospira reference strains
(Gravekarp et al, 1993; Oliviera et al., 2003; Rossetti et al., 2005;
Priya et al., 2007).

3. Results
3.1. Isolation

The culture with 0.1 mL blood inoculation became positive after
two weeks, The isclate was named strain MAV] 401. Under the
darkfield microscope, strain MAV] 401 showed typical Leptospira
motility and morphology. The strain grew well in EMJH and
Fletcher medium at 30 °C.

32. Serological characterization

When testing the strain against a panel of 38 rabbit anti-
Leptospira sera to determine potential serogroups, highest
agglutination titers were found against serogroup Sarmin serovar
Weaveri and serogroup Javanica serovar Poi. Low cross-aggluti-
nating titers were also produced with members of the serogroups
Ieterohaemorrhagiae and Celledoni. No agglutinations were found
with reference sera from intermnediate and saprophytic reference
strains, suggesting a pathogenic status of the isolate.

Subsequent testing with the panel of mAbs against serovars of
the Icterohaemorrhagiae and Sarmin groups only revealed a titer
1:320 against one of the 18 mAbs in the panel. No match was found
with the agglutination pattern of any of the serovars in these two
serogroups (results not shown). The agglutination pattern
obtained with the mAbs against serovars of the Javanica group
was most sirilar with that of serovar Javanica, strain Veldrat
Batavia 46 (Table 1). No match was found with serovars of the
closely related serogroup Celledoni and, again, serogroup Sarmin.

Cross-agglutinations and CAAT were petformed to confirm the
presumptive results obtained via mAbs typing.

Cross-agglutination experiments were executed between strain

MAV] 401 and antiserum against all serovars from the groups
Javanica, Sarmin and Celledoni and vice versa. No significant cross-
agglutinations (>10% compared to the homelogous agglutination)
were observed with sera from the serogroups Celledoni and Sarmin
and vice versa, serurn against MAV] 401, virtually excluding that

Table 1
Comparison of agglutination titers of strain MAV] 401 and the reference serovar
Javanica, strain Veldmat Batavia 46 with mAbs against sefogroup Javanica

mab - Reciprocal titérs Recipfocal titers.

Y agamststran
Veldral: Bara\na 46

F1203 - -
F2003- e -
2004 3207 320
F70020 - -
F98C4" - -
Fa8cs .- Co=
FO8C8. . S120 . 5120
FI8C12 Co20480 0 . . .. . 5120
Faac1? ’ - e
Fo8Cl9 . - -, . 10240 .. o -10240 . -
Fogc2o - e e Lo L. %80 .

(-} Mo agglutinatian.
Up to a 4-fold titer difference is aceeptsble in mAbs typing.

Table 2
Cross-agglutinations and CAAT between MAV] 401 and reference strains
Serum Strain Cross CAAT, residual
agglutination (%)  titer (2)?
Aa3 MAV] 401 50 50
MAV] 401 Aa3 125 100
Sofia §74 MAV] 401 125 50
MAV] 401 Sofia B74 0.2 ND
Cox MAV] 401 6.25 50
MAV] 401 Cox 0.4 ND
Veldrat Batavia 46 MAV] 401 13 100
MAV] 401 Veldrat Bata\ﬂa 45 02 ND
Sorex Jalnd MAV] 401 100 100
MAV] 401 . Sorex Jalnd 0.2 ND
L8z . MAV] 401 125 100,
Mav] 401 Lg2 08 ND
MMD 3 - MAVT 401 50 - 100
MAV] 401 MMD3 625 ND
Rr5 . MAV] 401 25 50,
MAV] 201 Rrs 625 ND
39’ MAVI 401 25 100°
MAV] 401 Z390 ° 15 NB

* (Heterologous titer: homologous titer) x 100%; »>10% is significant.
b (Homologous  titer after  absorption:  homologous  titer
absorption) x 100%; <10% indicates similarity of the serovars,

‘before

MAV] 401 belongs to these serogroups. A significant cross-
agglutination titer in both cross-agglutination experiments was
only found against serogroup Javanica serovar Fluminense strain
Aa3. Surpisingly only low cross-agglutination' titers were found
against serovar javanica strain Veldrat Batavia 46.

CAAT was performed in duplicate and independently by two
persons to assure reproducibility, The following reference strains
were included in the test, Javanica group; serovar Fluminense
strain Aa3, serovar Sofia strain Sofia 874, serovar Coxi strain Cox,
serovar Javanica strain Veldrat Batavia 46, serovar Sorexjalna
strain Sorex Jalnd, serovar Zhengkang strain L 82 and serogroup
Sarmin; seravar Machiguenga strain MMD 3, serovar Rio strainRr 5

- and serovar Weaveri strain CZ 390.

According to the definition of the International Committee on
Systematic Bacteriology, Subcommittee’ on the Taxonomy of
Leptospira (1984, 1987), strain MAV] 401 was not serologically
identical to any of these strains (Table 2) and therefore MAV] 401
répresents a new serovar, designated Arenal. Based on the initial
serological reactions it is proposed that this serovar is placed
within the pathogenic serogroup Javanica.

3.3. Species determination

Consistent with its pathogenic status, DNA from MAV] 401 was
amplified by primer pair G1/G2 (Gravekamp et al, 1993). To
determine the species of MAV] 401, the sequence of its G1/G2
amplicon was compared with 65 other sequences (Oliviera et al.,
2003; Rossetti et al., 2005; Priya et al., 2007). The sequence of the
amplicon showed highest percentage identity with a number of
strains from L santarosai, i.e. 97.1% with serogroup Sejroe; serovar
Caribe strain TRVL 61866 and serovar Gorgas strain 1413 U,
serogroup Mini; serovar Georgia strain LT 117 and Tabaguite strain
TRVL 3214, serogroup Pyrogenes; serovar Princestown strain TRVL
112499, serogroup Javanica; serovar Vargonis strain 24, serogroup
Sarmin; serovar Weaveri strain CZ 390 and 96.7% identicy with
serogroup Pomona, serovar Tropica strain €Z 299,

Percentages sequence identity outside 1. santarosai ranged from
71.3% (L meyeri, serovar Semaranga strain Veldrat Semarang 173)
to 94.7% (L weilli serovar Mengron strain A 102 and L weilii,
seravar Coxi strain Cox), Taking the highest percentage of identity
with eight strains of L septarosai, we believe that MAV] 401
belongs to this species.
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4. Discussion

We describe the isolation and characterization of a novel
Leptospira serovar isolated from a Costa Rican patient. The patient
was admitted to the hospital with signs and symptoms compatible
with leptospirosis and standard antibiotic treatment with peni-
cillin was effective, Leptospirosis was serologically confirmed. It
likely concerns here an occupational disease as the patient. worked
on a fish farm where he obviously acquired the infection via fish
ponds contaminated with urine of carrier animals.

The morphology and motility of the bacterium under darkfield
microscopy is consistent for the genus Leptospira. Serologically, the
isolate showed titers notably against members of the serogroups
Javanica and Sarmin. Cross-agglutination titers were also found in
the serogroups Icterohaemarrhagiae and Celledoni. This likely
represents intra-serogroup cross-agglutinations because ser-
ogroups Javanica and Celledoni on one hand and Javanica, Sarmin
and Icterohaemorrhagiae on the other hand form ‘serogroup
complexes’ comprising antigenic related serovars (Hartskeerl etal.,
2006). Because of this overlapping antigenic relationship between
these groups and the fact that highest agglutinating titers were
produced with serovars of serogroup Javanica we suggest to place
MAV] 401 into this serogroup.

We found contrasting data by mAbs typing and the CAAT. mAbs
typing generated a pattern that was highly similar to that of the
reference serovar Javanica strain Veldrat Batavia 46 of the Javanica
group. However, cross-agglutination and CAAT revealed only little
similarity with this serovar. Moreover, CAAT, which is the standard
method to determine the serovar as basic taxon, revealed that this
isolate is unique, The serovar status is mainly, if not exclusively,
based on the composition and structure of the highly antigenic LPS
(Faine et al, 1999). A likely explanation of the discrepancy in
typing with monoclonal and polyclonal sera is that panels of

" agglutinating mAbs are directed to a limited number of epitopes
while polyconal hyperimmune sera cover the full spectrum of
epitopes. Appareatly, it is possible that a set of nAbs recognizes a

limited number of common epitopes on furthermore different LPS-

in distinct serovars within a serogroup. As shown in this study,
incorrect mAbs-based identification can be aveided by determin-
ing cross aggludnation with polyclonal hyperimmune serum
against the presumably corresponding reference strain.

Woe designated the isolate serovar Arenal after the volcano in the-

Costa Rica near the residence of the patient in the province Alajuela.

DNA sequence analysis indicated that serovar Arenal most
likely belongs to species L. santarosef, which is distributed almost
exclusively in Latin America (Chappel et al., 1998),

Serovar Arenal likely is not an exotic serovar and might be
common in and around the “Alajuela province of Costa Rica.
Recently, two out of 21 isolates obtained from Costa Rica were
identified as serovar Arenal implying that 13.6% (3/22) of the
isolates consisted of Arenal. The two additional Arenal isolates,
preliminary coded as isolate 7 and 11, were cultured from severely
ill patients living in the Puntarenas province that flanks Alajuela,
Molecular analysis of MAV] 401 {isolate 7 by Multilocus Sequence
Typing showed that it formed a distinct branch that was positioned
closely to, but apart from the clade of L santarosaei (Ahmed et al.,
2006). This supports the unique character of this novel serovar,
also on genotypical grounds.

The infection source of isolate 11 is unknown. ]nfectmn with
isolate 7 was very likely acguired via contact with cattle. The
environment of the fish farm of MAV] 401 makes it possible that the
ponds have been contaminated with urine of infected cattle, It is

-therefore tempting to speculate that cattle form the infection
reservoir of this novel serovar. However, further research on
potential infection sources in the region will be needed ta confirm
or refute this.

e
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L santarosai, serovar Arenal, type strain MAV] 401 has been
deposited under this designation in the culture collections of the
National Reference Center for Leptospirosis, Costa Rican
Institute for Research in Nutrition and Health, Tres Rios, Costa
Rica and the WHO/FAO[OIE and National Collaborating Centre
for Reference & Research on Leptospirosis, Royal Tropical
Institute, Amsterdam, Netherlands. The novel serovar designa-
tion of strain MAV] 401 has been ratified by the International
Committee on Systematic Bacteriology, Subcommittee on the
Taxonomy of Leptospiraceae.
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Portsmouth woman's death under investigation

By VERONICA GORLEY CHUFO

247.4741
April 11, 2008
RICHMOND

The illness and Wednesday death of a Portsmouth
woman spurred a Virginia Department of Health
investigation Thursday.

The woman suffered from encephalopathy, a
degenerative brain disease. Her illness has been
linked in news reports to variant Creutzfeldt-Jakob
Disease — the human form of mad cow disease.

It's a very rare condition related to the consumption
of beef infected with bovine spongiform
encephalopathy. It's always fatal, the health
department said in a news release.

The woman's name was not released by the health A
department but news reports have identified her as Aretha Vinson.

The illness could have been caused by a number of things, State Health Commissioner Karen
Remley said in the release.

"Infections, lack of oxygen to the brain, liver failure, kidney failure, toxic exposures, metabolic
diseases, brain tumors, increased intracranial pressure and poor nutrition are all related to
encephalopathy," Remley said. "Further testing is the only way to know what caused this illness."

An MRI, or brain scan, was sent to the Centers for Disease Control and Prevention in Atlanta.
Additional tests will be handled by the University of Virginia and the National Prion Disease
Pathology Surveillance Center in Cleveland. Results are expected to take several months.

At least 200 cases of variant Creutzfeldi-Jakob Disease have been reported worldwide since 1996.
Three cases have been reported in U.S. residents, and they were all exposed outside the country,

Remley said. It's not spread casually from person to person.

For more information, visit cdc.gov, cjdfoundation.org or vdh.virginia.gov.

Copyright © 2008, Newport News, Va., Daily Press
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Prion Filter for Donated Blood

roMetic Life Sciences, a company
out of Mont-Royal, Quebec, has developed a blood filter touted to remove
prions responsible for variant Creutzfeldt-Jakob disease (vCJID). Considering
that currently there is no available test for vCJD in donated blood, filtering
may soothe the nerves of poteniial transfusion recipients.

The team took five years to create the hand-sized filier, screening
millions of small peptides to find one that had the strongest
affinity for the prions found in contaminated blood. They stuck
the best peptide onto commercial polymethacrylate resins, and
then sandwiched these in alternating layers with a membrane

In tests, the disposable filter can clean the prions out of a single
pack of contaminated blood in less than an hour. No prions
remain in the cleaned blood, which is otherwise unchanged by
the process. Tests with prion-infected hamsters showed that their
filtered blood could be injected into disease-free hamsters with
no il effects.

The team hope that the UK's National Blood Service could be
using the device by the end of this year. Peter Edwardson,
ProMetic's vice-president of medical technologies, says that
Ireland's clinical trial, aiming to confirm that the filtered red
blood cells are just as effective as untreated blood when
transfused into humans, should be complete in a few months.

More at the Royal Society of Chemistry...

ProMetic Life Sciences...
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BLOOD COMPONENTS

Potential and limitation of UVC irradiation for the inactivation of
pathogens in platelet concentrates

Fokke G. Terpstra, Angéligue B. van ’t Wout, Hanneke Schuitemaker, Frank A.C. van Engelenburg,
David W.C. Dekkers, Robin Verhaar, Dirk de Korte, and Arthur J. Verhoeven

BACKGROUND: Pathogen contamination, causing
fransfusion-transmitted diseases, is an ongeing concern
in transfusion of cellular blocd products. In this explor-
ative study, the pathogen-inactivating capacity of UVC
irradiation in platelet {PLT) concentrates was investi-
gated. The dose dependencies of inactivation of several
viruses and bacteria were compared with the effect on
PLT quality.

STUDY DESIGN AND METHODS: The potential of
UVC irradiation was studied with a range of lipid-
enveloped (LE) and non-lipid-enveloped viruses (NLE)
and bacteria. LE viruses were bovine viral diarrhea
virus (BVDV), human immunodeficiency virus (HiV),
pseudorabies virus (PRV], transmissible gastroenteritis
virus (TGEV), and vesicular stomatitis virus (VSV), NLE
viruses were canine parvovirus (CPV) and simian virus
40 (SV40). Bacteria were Staphylococcus epidermidis,
Staphylococcus aureus, Escherichia coli, and Bacillus
cereus. After spiking and iradiation, samples were
tested for residual infectivity and reduction factors {RFs)
were calculated. Furthermore, the effect of UVC irradia-
tion on PLT quality was determined by measuring in
vitro quality vasiables.

RESULTS: A UVC dose of 500 J per m® resutted in
acceptable PLT quality (s measured by pH, lactate
production, CD62P expression, and exposure of phos-
phatidylserine) and high RFs (>4 log) for GPV, TGEV,
VBV, 5. epidermidis, S, aureus, and E. coli. intermedi-
ate RFs (approx. 3 log) were observed for BYDV, PRV,
and B. cereus. Low RFs {appiox. 1 log) were found for
HIV and SV40. No differences in virus reduction were
observed hetween cell-free and cell-associated virus.
CONCLUSION: UVC irradiation is & promising
pathogen-reducing technique in PLT concentrates, inac-
tivating bacteria, and a broad range of viruses (with the
exception of HIV} under conditions that have limited
effects on PLT quality. Further optimization of the UVC
procedure, however, is necessary 1o deal with blood-
borne viruses fike HIV. '

304 TRANSFUSION Volume 48, February 2008
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ext to careful selection of donors, safety of cel-

lular blood products is primarily based on

screening systems fo detect markers for viral

contamination {e.g,, specific antibody testing
and nucleic acid testing [NAT]) and bacterial contamina-
tion (e.g., BacT/ALERT culturing). In donors experiencing
primary virus infections, however, antibodies are not yet
detectable in the eaitly phase of infection and NAT might
also score negative (the so-calied window phase}. More-
over, in case of emerging infections, both safety measures
will fail. Also, despite screening for bacteria, cases of bac-
terial transmission have been reported, due to the lmited
sensitivity of the system.! Hence, there is a strong need
for in-process steps with broad pathogen-inactivating
capacity. An additional requirement for such a step is
that the quality of the appropriate blood products is not
compromised.

For pathogen inactivation in plaielet concentrates
{PCs), a number of different techniques involving ultravio-
let (UV) light have recently been described. One method
utilizes the psoralen compound S-59 {amotosalen hydro-
chloride) in combination with UVA light. In this photo-
chemical process $-59 intercalates into and binds to

-

ABBREVIATIONS: BVDV = hovine viral diarrhea virus; CA
virus = cell-agsociated virus; CPV = canine parvovirus;

LE virus = lipid-enveloped virus; NLE virus = non-lipid-
enveloped virus; PC(s) = platelet concentrate(s}); PRV = pseudo-
rabies virus; PS = phosphatidylserine; RF(s) = reduction
factor(s); SV40 = simian virus 40; TGEV = ransinissible gastro-
enteritis virus; VSV = vesicular stomatitis virus.

From the Sanquin Research and Landsteiner Laboratory of the -
Academic Medical Center of the University of Amsterdam,
Amsterdam, the Netherlands.
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nucleic sttands. Upon irradiation with UVA light {320-
400 nm), this binding becomes irreversible and the
strands are cross-linked, resulting in inactivation of the
pathogen.?

Another method takes advantage of the properties of
a naturally occurring vitamin supplement, riboflavin.

.Riboflavin interacts between the bases of DNA or RNA and
- upor irradiation with broadband UV light (265-370 nim),
riboflavin oxidizes guanine in nucleic acids, resulting in
ireversible damage to the pathogen.®

A third method applies a two-step procedure of a
photodynamic treatment with thionine and/or light to
inactivate free viruses, followed by low-dose UVB treat-
ment to inactivate white blood cells (WBCs) and bacteria.
Thionine has a high binding affinity to nucleic acids and
specifically binds strongly in G-C—ich regions, but also
formation of singlet oxygen is important.’

A disadvantage of most of the photochemical and
photodynamic treatments developed to date is the need
to add and to remove the sensitizer and/or its breakdown
products. An alternative in this field is the use of UV light
alone. The theoretically optimal wavelength for DNA
damage without the need for a photosensitizer is
254 nm, that is, in the UVC range. A UVC technique
applying light of 254 nm has, among others, been
described by Caillet-Fauquet and colleagues® and shown
to be effective in treating pusified plasma-derived pro<
ducts. UVC mainly causes dimerization of adjacent
. pyrimidines’ and the resultant intranucleotide cross-
link abrogates subsequent pathogen replication. In addi-
tion, UVC also generates free radicals such as singlet
oxygen.? ' ' :

In this stizdy, we explored the potendal of UVC irra-
diation for pathogen inactivation in PCs. For a dose of
500 J per m?, we found good pathogen reduction for bac-

“teria and a broad range of viruses (with the exception of
human immunodeficiency virus [HIV]) in a mixture of
10 percent plasma and additive solution (Composol-PS,
Fresenius HemoCare, Emmer-Compascuum, the Nether-
lands), with a limited effect on several in vitro variables of
platelet (PLT) quality.

MATERIALS AND METHODS

Preparation of PCs .

UVC IRRADIATION OF PLT CONCENTRATES

mated component preparation device (Compomat G4,
Fresenius HemoCare).'? Three buffy coats were mixed
together and 240 mL of Composol-PS (consisting of
90 mmol/L NaCl, 5 mmol/L KCl, 1.5 mmol/L MgCl,
27 mmol/1. acetate, 23 mmol/L gluconate, 3.2 mmol/L
citrate, pH 7.0; Fresenius HemoCare)?* was added by
means of sterile docking. Instead of a low-speed centrifu-

- gation step to prepare the PC, the pooled buffy coats were

PCs were prepared from whole bloed-derived buffy coats

by a modification of the standard protocol.*!® In short,
500 = 50 mL of blood from nonremunerated, informed
donors was collected in 70 mL of citrate-dextrose-
phosphate in bottom-and-top blood collection systems
(Fresenius HemoCare, Emmer-Compascuum, the Nether-
lands). After collection, the blood was stored for 12 to
16 hours at 20 + 2°C.M After centrifugation (2780 x g,
8 min), the blood was separated in a plasma, buffy coat,
and red cell (RBC) fraction with the aid of a semiauto-
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subjected to a high-speed centrifugation (2780x g,
8 min), the supernatant was removed, and an additional
180 mL of Composol-PS was added to lower the plasma
content of the final preduct. The buffy coats were then
subjected to a Jow-speed centrifugation (5 min, 260 x g,
and the PLT-rich supernatant was iransferred across a leu-
koreduction filter (Compostop CS, Fresenius HemoCare)
to an empty 1.3-L polyvinylchloride (PVC)-citrate storage
bag (Compoflex, Fresentus HemoCare) with the use of a

Compomat G4. This procedure had a yield of 60 to -

65 percent and resulted in PCs with a residual plasma
content of less than 15 percent, as determined by the
protein content of the cell-free supernatant and a PLT
count of 0.9 x 10° to 1.2 x 10° per mL. Residual WBCs and
RECs were less than 0.1 x10° and 0.01x 10° per mlL,
respectively, the detection limits of the hematologic
counter used {Ac-T 10, Beckman Coulter, Mijdrecht, the
Netherlands). After overnight storage at 22 = 2°C (hori-
zontally shaking with 1 cycle/second; PLT incubator,
Model PF96, Helmer, Noblesviile, IN), the PC was split into
two equal volumes and the plasma concentration was
adjusted to 10 percent (by addition of Composel-PS) or
30 percent (by addition of autologous plasmia} with equal
PLT counts. The final PLT counts were 0.6 x 10° to 0.8 x 10°
per mL. The PLT was then subjected to UVC irradiation in
portions of 5 ml., with or without pathogens added, as
described below.

Bench-scale UVC irradiation

The UVC irradiation was performed as described previ-
ously.® Briefly, unless indicated otherwise, 5 mL of spiked
material was irradiated from above in an open petst dish
{84 mm in diameter) placed on an orbital shaker
(50 r.p.m.). This resulted in a fluid layer with a thickness of
approximately 1 mm. The irradiation device consisted of a
UVC Jamp with g low-pressure mercury arc (emission line
at 254 nm, Germicidal 15T/8, General Electric, Fairfield,
CT), a ventilator, filter, photoradiometer with UV sensor,
and toothed rack.

in vitro measurements of PLT quality

After UVC irmradiation, 5L of PC was transferred fo

50-mL culture flasks with the addition of 10 mmol per L
glucose, 12 mmol per L HCO4, and 5 percent CO; in the
gas phase and stored for 5 days at 22 * 2°C (horizontal
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shaking with 1 cycle/second). Contrel experiments had
indicated that this down-scaled version of PLT storage
results in similar loss of PLT quality as observed in whole
PCs stored in PVC bags (data not shown). After the storage
period, the PLTs were analyzed for pH (at 37°C), CD62P
expression, exposure of phosphatidylserine (PS), and
lactate production.

The expression of the activation antigen CD62P was
measured essentially as described previously™ with
minor revisions. Briefly, PLTs were diluted to a concentra-
don of 3 x 10° per mL with an electrolyte solution (Isoto-
n II, Beckman Coulter, Mijdrecht, the Netherlands), and
5 uL of PLT suspension was then incubated with 45 pL of
Isoton containing CD62P antibody (clone CLB-Thromb/6
conjugated with fluorescein isothiocyanate [FITC],
Immunotech, Marseille, France) for 30 minutes at 22°C in
the dark. Afterward, the PLTs were fixed by adding 0.5 mi.
of 0.5 percent (vol/vol) methanol-free formaldehyde
{Polyscience, Inc., Warrington, PA; diluted in PBS) and
analyzed via flow cytometry (FACScan, Becton Dickinson,
Franklin Lakes, NJ}. A parallel incubation with FITC-
labeled murine immunoglobulin G (Sanquin Reagents,
Amsterdam, the Netherlands) was used as negative
control.

PS exposure after treatment and storage was deter-
mined by means of annexin V binding as follows. PLTs
were diluted to a concentration of 1x10® per mL in

_HEPES medium (136 mmol/L. NaCl, 3.2 mmol/L. KCl,
2 mmol/L. MgS0,, 1.2 mmol/l. KHPQ,;, 10 mmol/l
HEPES, pH 7.4}, and 20 puL of PLT suspension was incu-
bated with 180 uL of HEPES medium in the presence of
annexin V-FITC {0.6 pg/mL, added from a stock solution
of 250 pg/ml, VPS Diagnostics, Mijdrecht, the Nether-
lands) and 2.5 mmol per L CaCl.. As negative control, all
samples were also stained in the presence of 2.5 mmol per
L ethylene glycol-bis(beta-aminocethy! ether)-N,N.N',N’-
tetraacetic acid.

Lactate was measured in cell-free supernatants
(obtained by centrifugation of PLT samples for 5 min at
14,000 x &) by enzymatic conversion with lactoperoxidase
{Trinity Biotech plc, Bray, Ireland). Rates of lactate pro-
duction were calculated by comparison with cell-free
supernatants obtained just before UVC irradiation.

Selection of viruses and celis

Viruses were selected for being bleod-borne and patho-
genic and/or to represent various gencme types (RNA or
DNA, single- or double-stranded) and sizes and with or
without lipid envelopes'>® (Table 1). Five lipid-enveloped
(LE) viruses were used: bovine viral diarrhea virus (BVDV;
model for hepatitis C virus [HCV]}, HIV (relevant blood-

borne virus), pseudorabies virus (PRV; model virus for LE- -~ -~

DNA viruses like hepatitis B virus [HBV]), transmissible
gastroenterifis virus {TGEV; model for the corona virus
causing severe acute respiratory syndrome), and vesicular
stomatitis virus (VSV: model for LE RNA viruses). Two
non-lipid-enveloped (NLE) viruses were used: canine par-
vovirus (CPV) and simian virus 40 (SV40), a specific model
for parvovirus BI9 and a general model for NLE DNA
viruses, respectively.

BVDV, strain NADL (VR-534; ATCC, Rockville, MD),
was cultured on MDBK cells (CCL-22; ATCC) and titrated
on EBTr cells (ID-Lelystad, the Netherlands). HIV, strain
HTLV-HIB (National Cancer Institute, Bethesda, MD), was
cultured on H9 cells (National Cancer Institute) and
titrated on MT2 cells (Wellcome, Beckenham, UK}. PRV,
strain Aujeszki Bartha K61 (Duphar, Weesp, the Nether-
lands), was cultured and titrated on VERO cells (CCL-81;
ATCC). TGEV, strain Purdue (VR-763; ATCC), was cultured
and titrated on ST cells (CRL-1746; ATCC). VSV, strain
Indiana (Sanquin Pharmaceutical Services, Amsterdam,
the Netherlands), was cultured and titrated on BHK21
cells (CCL-10; ATCC). CPV, strain 780916 (Brasmus Univer-
sity Rotterdam, Rotterdam, the Netherlands), was cul-
mired and titrated on A72 cells {Frasmus University
Rotterdam). SV40, strain PML-2 (VR-821; ATCC}, was
cultured and titrated on BSC-1 cells (Organon, Oss, the
Netherlands).

Test for cytotoxicity and interference

Before the actual spiking experiments, assays were per-
formed to determine cytotoxic effects of the plasma-
Composol mixture on the cell lines used for virus titrations
and interference of the plasma-Composol mixture with
the titration assays, as described previously."” Briefly,
threefold serial dilutions of the plasma-Composol mixture

TABLE 1. Properties of the viruses used in UVC irradiation studies

Virus group . Virus Bize (nm) Virus family Genome Size (kb) Model virus for
LE BVDV 37-50 Flavi’ - 88 RNA 10-12 Hcv
HIV 100 Retro 2 ss ANA 2x10 Relevant virus
PRV 100-200 Herpes ds DNA 140 Large LE ds DNA viruses
TGEV 100-120 Corona 55 RNA 27-32 SARS
VsV 75 180 Bhabdo 33 RNA 11-15 Large LE ss RNA viruses
NLE . GCPV 18-26 Parvo 55 DNA 5 Human parvovirus B19
Sv40 45 Polyorna ds DNA 30 Human parvovirus B12

ss = single-stranded; ds = double-stranded; SARS = severe acule respiratary syndrome.
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were prepared and tested on cells to determine cytotoxic-
ity. Then, with the first dilution of the plasma-Composol
mixture without cytotoxic effects, a known amount of
virus was spiked and incubated. Subsequently, the infec-
tivity of the virus inoculum and the spiked plasma-
Composol mixiure was measured to determine possible
interference with the detection system. In none of the
virus assays, interfering effects were observed for the
plasma-Compaosol mixtures used.

Virus assays
Infectivity was measured in TCID;, assays and bulk culture
tests. For TCIDy, assays, 1-in-3 serial dilutions of samples
were prepared in culture media and 50-pL (or 0.5 mL for
HiV) volumes were tested in eight replicates. To detect
small amounts of virus, up to 60 mL of prediluted sample
was tested in duplicate bulk culture tests, with 25- and
175-cm? flasks. BVDV, CPV, PRV, 5V40, TGEV, and V5V cul-
tures were inspected microscopically for cytopathic
effects at 6, 7, 5, 21, 3, and 4 days postinfection, respec-
tively. HIV cultures were inspected microscopically twice a
week for the formation of syncytia until 21 days postinfec-
tion. In all experiments, virus titers were calculated by the
Spearman-Kirber method' with the exception of the fac-
torial design experiment, in which the most probable
number'® method was used, and titers were expressed as
TCIDs, per mL. If all cultures were negative, the titer
(TCIDso/ mL) was considered to be less than 1 -+ total test
volume (mL}.

Reduction factors (RFs) were calculaied by the
formula

RF =log (total amount of virus spiked as derived from
the reference sample + total amount of virus recovered
from the treated sample).

Bacteria assays

For these studies four different bacteria, representing
potential contaminants in PCs as derived from the screen-
ing resulis in the Netherlands,? were selected: Staphylo-
coccus epidermidis, Staphylococcus aureus, Escherichia
coli, and Bacillus cereus (for each species, two different
clinical isolates were used). Bacterial stocks were pro-
duced by overnight culture on regular blood agar plates,
and colonies were picked and diluted in PBS to a con-
centration of approximately 3 x 107 colony-forming units
(CFUs) per ml. After treatment, samples were collected
and titrated in CFU assays: samples were seriatly diluted 1
in 10 with ice-cold saline. For B. cereus, after UVC irradia-
tion an extra sample was taken and given an additional
10 minutes’ incubation at 80°C to check for spores. Sub-
sequently, 10-plL samples were tested on blood agar plates
in duplicate and incubated at 35°C during 18 to 24 hours.

UVC IRRADIATION OF PLT CONCENTRATES

All samples were tested in serial dilutions and for selected
sarnpies also a 200-pL sample was plated, in duplicate.
Subsequently the number of bacteria was counted and
CFU values were calculated.

RFs were calculated by the formula

RF = log (total amount of bacteria spiked as derived from
the reference sample + total amount of bacteria
recovered from the treated sample).

RESULTS
In a first explorative study, efficacy of UVC irradiation for

_virus inactivation was tested by spiking BVDV in Compo-
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sol containing varying amounts of residual plasma (5, 10,
and 30%) in the absence of PLIs. Given the poor penetra-
tion of UVC light in plasma, an experimental setting with a
thin plastna layer of approximately 1 mm was chosen, an
orbital mixing speed of 50 r.p.m., UVC irradiation at a light
intensity of 0.25 mW per cm? :and doses ranging from
259 up to 1000] per m® (1000 J/m® equals exposure

for 400 sec). For both the 5 and the 10 percent plasma -

suspensions, reductions of approximately 6log were
observed at 1000 J per m? although the kinetics for the
10 percent plasma suspension was clearly slower than
the 5 percent plasma suspension. In case of 30-percent
plasma, the reduction was approximately 2.6 log at 1000 j
per m? (Fig. 1). Although these data clearly indicated that
the plasma concentration should be kept as low as pos-
sible, we used 10 and 30 percent plasma in subsequent
experiments to avoid compromising PET quality beyond
acceptable limits. :
The- effect of UVC irradiation on PLT quality was
evaluated in a similar experimental setup as above. Before
analysis, the PLTs were stored for 5 days to allow detection
of long-term effects of the treatment. In Fig. 2, pH, lactate
production, CD62P expression, and PS exposwe {as

7 - i

0 v T T

500 1000

Dose {J/m?)

780

Fig. 1. Effect of UVC irradiation on BVDV inactivation in 5 (@),
10 (M}, and 30 percent (4} plasma. BVDV inactivation was _
tested with UVC Irradiation in Composol containing 5, 10, or
30 percent plasma; RF values (log) are shown, Light intensity
was (.25 raW per cm?, suspension depth 1 mm, and orbital
mixing 50 r.p.m. Open symbels indicate maximal reduction.

Volume 48, February 2008 TRANSFUSION 307




TERPSTRA ET AL,

measured by annexin V binding) are shown, as indicators
of PLT quality. Increasing doses of UVC resulted in a clear
deterioration in all of these variables, especially in the PCs
suspended in 10 percent plasma. The pH had decreased
from 7.23 to 6.52 with the highest UVC dose tested
{Fig. 2A), concomitant with an increase in lactate pro-
duction (Fig. 2B). CD62P expression increased up to
40 percent after a dose of 500 ] per m? and leveled off at
higher doses (Fig. 2C), probably due to shedding of the
antigen. PS exposure also increased with increasing doses
of UVC, but in 10 percent plasma and with 500 ] per m® of
UVC, the PS exposure remained below 30 percent
(Fig. 2D). In 30 percent plasma, all PLT quality indicators
remained within an acceptable range at all UVC doses
tested, but, as noted above, under these circumstances
virus inactivation may be limited.

To further optimize the UVC irradiation, three vari-
ables, light intensity, plasma percentage, and PLT concen-
tration, were tested in a full factorjal design (in duplicate)
with inactivation of BVDY as readout, as described previ-
ously."” In this factorial design, ight intensity was tested at
0.25 and 1.0 mW per cm?, percentage plasma at 10 and
30 percent, and PLT concentration at 0 and 1.0 x 10° cells
per mlL. The irradiation dose was fixed at 500 J per m?®

8.0

7.6

7.2

pH

6.8

6.4

8.0 < T T T T
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(=]
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o
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Dose (Jim?)
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based on the results obtained in the PLT quality experi-
ments, and the depth was fixed at approximately 1 mm.
Results for this series of experiments are shown in Table 2.
Linear regression analysis of the complete data set showed
that the percentage plasma was the most impertant deter-
minant of UVC efficacy, with the highest virus reduction
in the presence of 10 percent plasma. In addition, light

-intensity was also a significant parameter with highest

virnas reduction at 0.25 mW per cm?. Finally, the presence
or absence of PLTs did have a significant effect on the virus
reduction obtained, but the contrit;utmg effect of the PLT .
concentration was slightly smaller than the other two vari-
ables. Given the relative low contribution of the PLT con-
centration, all subsequent virus studies were performed
with the optimal setting as determined by the factorial
design (ie., 10% plasma, 0.25 mW/cm?), but in the
absence of PLTs.

To determine the generality of the resuits obtained.

- with BVDV, we tested BVDV and six additional viruses with

different genome type, size, and envelope status in a
kinetic setting with irradiation values up to 1000 J per m?.
For CPV, TGEV, and VSV, high virus kill was observed,
resulting in RF values of greater than 4 log already at 500 ]
per m? (sensitive viruses; Fig. 3A). For BVDV and PRV, the

-y -
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T
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Fig. 2. Effect of UVC irradiation on PLT quality. PCs were subjected to UVC irradiation as described in the legend to Fig. 1. PLT
quality variables after subsequent storage for 5 days were determined as deseribed under Materials and Methods. (A) Medium pH;
(B} lactate production; (C) CD62P expression; (D) PS-positive cells. (0} PCs in 30 percent pIasma., (M} PCs in 10 percent plasma.

Results shown are the mean = SEM of 6 PCs.
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TABLE 2. Factorial design for three variables {plasma, light intensity,
and PLTs)*

Run Plasma [%]

Light intensity (mW/cm?)

PLTs {cellsfml) x 10°

1 10 0.25 0
2 30 0.25 0
3 10 .0 0
4 30 1.0 0
8 10 028 1.0x 10%¥mL
6 30 0.25 1.0x 10%mL
7 10 1.0 1.0 10¥mlL
8 30 1.0 1.0 x 10%mlL
g 10 0.25 0
10 30 0.25 0
11 10 10 0
12 30 1.0 0
13 10 0.25 1.0 x 10¥mt
14 30 0.25 1.0% 10%mL
15 10 1.0 1.0 x 10%/mL
16 30 1.0 1.0 16%mL

as RF (log) calculated with the most probable number method.'®

* Factorial design to determine the influence of three variables (percentage of plasma,
light intensity, and absence or presence of PLTs) on the efficacy of UVC irradiation for
the inactivation of BVDV in PCs. The percentage of plasma was tested at 10 and
30 percent, the light intensity at 0.25 and 1.0 mW per cm?, and the PLT concentration
at 0 and 1.0 {cells/mL) x 10°. The irradiation dose was fixed at 500 J per m?, the depth
was fixed at 1 mm, and orbital mixing was 50 r.p.m. The results for BVDV are shown

DISCUSSION
The risk of transmission of pathogens
HE gc1>g) via cellular products, especiaily for PCs,
203 is still a concern. Here we describe
4.63 the potentiat of a UVC irradiation
l-gg technique for pathogen inactivation
547 in PCs. :
2.85 Because of the high absorbance of
1.66 UVC light by human plasma, we chose
4.63 X
288 to study only PCs suspended in syn-
432 thetic medium with 10 or 30 percent
;-gg residual plasma. From the extinction
251 coefficient per percentage of plasma
2.95 {experimentally determined by us in a
1.50 1-cm cuvet as being close to 0.3), it can
be calculated that, with a 1-mm light
path as used in most of our experi-
ments, 50 and 10 percent of the UVC
light will reach the bottom of the
suspension with, respectively, 10 or
30 percent plasma present. To avoid

virus kill was somewhat lower, resulting in approximately
3 to 4 log at 500 ] per m?, but eventually more than 5 log at
1000 ] per m? (medium-resistant viruses; Fig. 3B). For HIV
and SV40, the virus kill was limited to approximately 1 log
at 500 J per m? and approximately 2 log with doses up to
1000 ] per m? (resistant viruses; Fig. 3C). Because celi-
associated {CA) virus (intracellular and/or bound to the
celiular membrane) may be more resistant to UVC
damage, we also tested CA virus with HiV as a resistant
virus and with VSV as a sensitive virus. In both cases,
however, the CA-virus results mimicked those obtained
with the corresponding celi-free viruses, that is, CA HIV
was UVC-resistant and CA VSV was UVC-sensitive
{Fig. 3D).

To further explore the resistance of HIV to UVC irra-
diation, we tested the effect of irradiation doses up to
4000 J per m2, Although the virus kill slowly improved with
increasing doses, infectious virus was still present even
after irradiation at 4000] per m? (RF =3.5 log; data not
shown).

Finally, we investigated the effect of UVC irradiation
on the survival of bacteria. Experiments were performed
with the same settings as for the virus studies. Irradiation
at 250 ] per m? resulted in greater than 4 log reduction for
S. epidermidis, S. aureus, and E. coli and greater than 5 log
at 500 } per ®. In the case of B. cereus, the kill at 500 ] per
m? was limited to approximately 3 log (Fig. 4). An increase
to 1000 J per m? resulted in-a reduction of 3.7 log (data
not shown), When after UVC irradiation, however, the
B. cereus samples were incubated for 10 minutes at 80°C,
all samples were below the detection limit (<0.5 log).
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“dead” volwmes not exposed to UVC, we

chose the relative short light path of
1 mm, realizing that special containers of UV-permeable
plastic of similar thickness would be required when the
technique shouid be further developed into a blood bank
procedure.

In our experimental setup, we then investigated
whether varying a number of variables like percentage of
plasma, irradiation dose, and light intensity would result
in conditions with good pathogen inactivation in combi-
nation with good PLT guality. An acceptable compromise
was found for 10 percent plasma in Composol, in com-

. bination with a depth of 1 mm, a light intensity of

0.25 mW per cm?, and a total dose of 500 J per m®. These

conditions resulted in good (3-4 log) inactivation for the

majority of pathogens tested with only limited effects on
in vitro PLT quality. Evidendy, this set of conditions can
only be taken as a rough indication, because in this
explorative study neither the irradiation nor the storage
resembled blood bank conditions and the set of PLT
quality variables was limited. The only quality variable
for PCs mentioned in guidelines is the pH, which should
be between 6.4 and 7.4 {at 22°C} according to Eurepean
blood bank regulations® Although this condition was
met under all conditions tested, the results of the other
in vitro quality variables indicated that in 10 percent
plasma with doses higher than 500 ] per m? PLT quality
was seriously affected. An increase of 10 to 30 percent in
CD62P-positive PLTs has been reported for standard PC

. at the end of their shelf life (5-7 days),**%2% whereas with

CD&2F values higher than 50 percent the in vivo survival
seems affected.® PS exposure during storage of standard
PC usually remains below 20 percent at the end of the
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Fig. 3. Inactivation of different viruses by UVC irradiation. Virus inactivation by UVC irradiation was tested in Composol containing
10 percent plasma; RE values (log) ave shown. Experimental conditions were as described in the legend to Fig. 1. (A) Sensitive
viruses (ll = CPV; A = TGEV: @ =VSV); (B) medium-resistant viruses (ll = BVDV; A = PRV); (C} resistant viruses (Ml == HIV; A = $V40);
(D) CA viruses (ll = CA HIV; A = CAVSV), Open symbols indicate maximal reduction. Resulis shown are representative for at least

twp experiments.

shelf life,* but so far there are no data about correla-
tion of PS exposure and in vivo survival,

In a factorial design, it was shown that the percent-
age of residual plasma was the major variable affecting
the outcome of the UVC irradiations. As expected, the
percentage of plasma resulted in opposite effects on
pathogen inactivation and PLT quality. To a lesser extent,
this opposite effect was also found for the light intensity,
whereas the presence or absence of PLTs had a relatively
minor, although significant, effect on pathogen inactiva-
tion. The presence of PLTs, resulting in a decrease of
approximately 1 log of pathogen inactivation, should be
taken into account in interpreting much of our inactiva-
tion data. Furthermore, the necessity to lower the
residual plasma concentration to guarantee sufficient
pathogen inactivation will require adjustment of cuutent
procedures to produce suitable PCs, but it has been
shown in earlier studies®? that this may be achievable.
Because UVC irradiation results in extra glucose con-
sumption, additional measures should be taken to
ensure provision of glucose.
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It was anticipated that in case of bacteria, high inac-
tivation values would be observed® and this was indeed
the case for all bacteria tested, with the exception of
B. cereus. The reason for the decreased sensitivity of
B. cereus is not quite clear, but cne might speculate that
formation of spores plays a role. It has been shown that
Bacillus spores are 10 to 20 times more resistant to UVC
irradiation;* thus formation of spores can cause a subop-
timal kill of Bacillus. Because freshly prepared bacteria
cultures were used containing relatively low amounts of
spores (as determined by specific staining of spores, data
not shown), however, a higher resistance toward UVC irra-
diation of B. cereus itself compared to other bacteria
is also a possible explanation.®* Moreover, the UVC-
surviving bacteria were killed upon incubation at 80°C for
10 minutes, a treatment that spores will survive, also indi-
cating that B. cereus itself has a higher resistance toward
UvC.

We found a broad spectrum of viral sensitivity to UVC
irradiation. For CPV, TGEV, and VSV we found very high
inactivation, whereas the inactivation for BVDV and PRV



RF (log)

0 125 250 375 500
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Fig. 4. Inactivation of different bacteria by UVC irradiation.
() S. epidermidis; (W) S, aureus; (A) E. cali; and (®) B. cerens.
Bacteria inactivation by UVC irradiation was tested in Compo-
sol containing 10 percent plasma; RF values (fog) are shown.
Experimental conditions were as described in the legend

to Fig. 1. Open symbols indicate maximat reduction, Results
shown are representative of two experiments.

was less and slower. In the case of HIV and SV40, the inac-
tivation was very limited and only 1 to 2 log was observed.
Increasing doses of UVC irradiation also induced
increased damage to HIV. Even a dose of 4000 ] per m?,
however, did not result in complete inactivation. Interest-
ingly, the efficacy of UVC was not different for cell-free and
CAvirus because CA HIV and CA VSV showed susceptibili-
ties very similar to the corresponding cell-free virus. This
indicates that the presence of infected cells is not an
impediment for virus inactivation with UVC irradiation,
provided that the virus in question is sensitive to UVC
irradiation.

Based on our results we would rank the viruses in the
following order with respect to UVC sensitivity: TGEV >
VSV > CPV > PRV > BVDV > HIV:> 5V40. This ranking is
exactly in line with previous observations and theoretical
considerations postufating that UVC is especially effective
on viruses with large genomes (i.e., PRV)* and on viruses
with single-stranded nucleic acid genomes {i.e, TGEV,
VSV, and CPV).®! Furthermore, it has been described that
RNA is less severely damaged than DNA, because pyrimi-
dine dimers and more specifically thymine are the most
frequent lesions caused by UVC irradiation.” Qur results
are also in line with Caillet-Fauquet and coworkers® who
determined a sensitivity of MVM > EMC > BHV and Li and
colleagues® who showed a sensitivity of CPV> BVDV >
HAV> PRV. Wang and coworkers,® however, reported
SV40 to be highly sensitive, more or less comparable to
parvovirus. In contrast, we found that SV40 is very resis-
tant, similar to the resistance found for HIV, as was also
predicted by Lytle and Sagripanti® The reason for this
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discrepancy remains unclear, especially because the
possible explanation of celi line-dependent repair can
be ruled out, because both studies propagated the virns in
the cell line BSC.

Considering the ranking of virus inactivation as
observed in this study.and as predicted by Lytle and
Sagripanti,* it can be concluded that single-stranded
DNA or RNA viruses are effectively inactivated by UVC
irradiation. This confirms that UVC is distinct from
several other techniques with respect to its capacity to
inactivate the NLE viruses like parvovirus B19 and HAV,
This effective elimination of NLE viruses, combined
with B19 contamination in several blood and plasma
products, renders this technique interesting for further
consideration.

SV40 has been regarded to be a very resistant virus
and was often used in the past as a general model for NLE

viruses with a DNA genome (like parvovirus Bi9). At §

present, however, specific model viruses for parvovirus
B19 are applied and/or parvovirus B19 itself. Given the
fact that CPV s very effectively inactivated by UVC irradia-
tion, the relevance of SV40 as model virus for parvovirus
B19 can be guestioned, We do recommend, however, con-
tinuing studies with SV40 as a general model virus as this
virus may be representative for new currently unknown
threats to the blood supply. Indeed, the inability of
UVC irradiation to inactivate viruses with small double-
stranded genomes Jike SV40 illustrates possible limita-
tions of this treatment. ‘

BVDYV and PRV are effectively inactivated, although
the kinetics are slower compared to the sensitive group of
viruses. Therefore, it is expected that UVC is capable of
inactivating problematic blood-borne viruses like HBV
and HCV. The inability of UVC irradiation to sufficiently
inactivate HIV, a very relevant virus, however, is a major
disadvantage. There seem to be several reasons for the

resistance of HIV to UVC irradiation. HIV is a retrovirus

with a small RNA genome. It has a single-swranded
genome, but each virion encapsulates two copies of the
viral RNA that are tightly linked and might serve as each

‘other’s back-up in case of UVC-induced damage. Indeed,

strand transfers during reverse transcription are an inte-
gral part of the HIV life cycle.®

The observation that UVC does not effectively inacti-
vate HIV may be partially compensated by careful and
efficient donor screening for HIV. Both specific antibody
and NAT are routinely performed and the risk of HIV
transmission via celitlar products is estimated to be less
than 1 in 1 million.*% One should again keep in mind,
however, that new viruses may emerge with similar char-
acteristics as HIV that would not be affected by this treat-
ment in its current state, Given the broad inactivation ‘of
bacteria and viruses, we believe, however, that UVC ira-
diation for PCs is a promising technology that warrants
further investigation.
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Photochemical treatment of plasma with amotosalen and UVA
light: process validation in three European blood centers

Peter Schlenke,* Tor Hervig,* Hervé Isola, Marie-Louise Wiesel, Daniel Ki‘e}%iz, Linda Pinkoski,
Yasmin Singh, Lily Lin, Laurence Corash, and Jean-Pierre Cazenave*

BACKGROUND: A photochemical treatment (PCT)
process has been developed to inacfivate pathogens
and white blood cells (WBCs) in therapeutic plasma.
Process validation studies were performed in three
Eurcpean blood centers under routine operating condi-
tions.

STUDY DESIGN AND METHODS: Each center pre-
pared 30 apheresis and 30 to 36 whole blood—derived
plasma units for PCT. Each whole blood—derived
plasma unit contained a mixture of iwo 1o three
matched donations. After removal of pretreatment
control samples (control _fresh-frézen plasma {C-FFP]),
546 to 635 mL of plasma was reated with 15 mL of

6 mmol per L amotosalen, 3 J per cm? UVA freatment,
and removal of residual amotosalen with a compound
adsorption device. After processing, plasma samples
(PCT-FFP) were withdrawn, frozen at —-60°C within

8 hours of collection, and assayed for coagulation
factors and residual amotosalen.

RESULTS: A total of 186 units of plasma were pro-
cessed. The mean prothrombin time (12.2 0.6 sec)
and activated pariial thromboplastin time

{32.1 = 3.2 sec) of PCT-FFP wers slightly prolonged
compared to C-FFP. Fibrinogen-and Factor (F)VIIi were
most sensitive to PCT (26% mean reduction). PCT-FFP,
however, retained sufficient levels of fibrinogen

(217 + 43 mgfdL.) and FVIIl (97 = 29 [U/dL) for thera-
peutic plasma. Mean levels-of Fil, FV, FVIi, F IX, FX,
FXI, and FXIIl in PCT-FFP were comparable to C-FFP
{81%-97% retention of activity). Antithrombotic proteing
were not significantly affected by PCT with retention
ranging between 83 and 97 percent, Mean residual
amotosalen levels were 0.6 = 0.1 pmol per L.
CONCLUSION: Process validation studies in three
European centers demonstrated retention of coagula-
tion factors in PCT-FFP within the required European
and respective national standards for therapsutic
plasma.
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he INTERCEPT Blood System for plasma (Cerus

Europe B.V, Leusden, the Netherlands) received

CE Mark registration based on extensive studies

demonstrating pathogen inactivation,' preclini-
cal safety,? and clinical efficacy®® This system uses a pho-
tochemical treatment {PCT) process with amotosalen
and long-wavelength ultraviolet UVA light {320-400 nm).
Amotosalen is a synthetic psoralen melecule that revers-
ibly intercalates into the helical regions of DNA and RNA.
Upon illumination with UVA light, amotosalen forms irre-
versible covalent bonds with pyrimidine bases of the
nucleic acid.® The genomes of pathogens and white blood
cells' (WBCs) modified by amotosalen can no longer
replicate.

ABBREVIATIONS: aPTT(s) = activated partial thromboplastin
time(s); AP = ¢2-antiplasmin; AT = antithrombin;

CAD = compeund adsorption device; C-FFP = contro! fresh-
frozen plasma; PC = protein C; PCT = photochemical treatment;
PCT-FFP = photochemically treated plasma samples;

PS = protein 5; PT(5) = prothrombin time(s).

From the University of Liibeck, Institute of Immunclogy and
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There are two components in the PCT system

intended for commercial use: an integrated disposable set
and a UVA illuminator. The integrated disposable setis a
closed system composed of sequentially connected con-
tainer with amotosalen, illumination container, a
flowthrough compound adsorption device {CAD), and
three plastic storage containers (Fig. 1). The UVA illumij-
nator is a microprocessor-controlled device capable -of
delivering the target UVA dose and illuminating two
plasma units simultaneously. The PCT system is capable
of treating plasimna units within the volume range of 385 to
650 mL. ' ‘ :

Plasma units for PCT processing can be obtained by
apheresis collection or by mixing 2 to 3 matched units of
whole blood—derived plasma, analogous to whole blood-
derived platelets (PLTs). After sterile connection to the
PCT disposable set, plasma is passed through the series of
containers. The PCT steps include addition of amotosalen
to plasma, illumination of the plasma mixture with UVA
light, and the removal of residual amotosalen. Although
this system has been evaluated for preparation of
plasma in -specialized centers during clinical trials,
process validation studies were conducted in blood

Integrated Contalner Sat.

centers to verify the performance of the PCT system under
different routine operating conditions. Blood centers in
three European countries (France, Norway, Gerniany) par-
ticipated in these studies. Each eenter collected 30 units of
apheresis plasma and prepared 30 to 36 units of whole
blood-derived plasma with a target volume ranging from
600 to 635 mlL. Residual amotosalen concentrations in
photochemically treated plasma samples (PCT-FFP) were
measured to assess CAD performance, The performance
of the PCT system was assessed based on in vitro coagu-
lation function assays in treated plasma (PCT-FFP) com-
pared to the plasma before treatment (C-FFP) as well as to
European and national regulatory requirements for thera-
peutic plasma.

MATERIALS AND METHODS

Plasma colflection
Plasma collections were performed in three European
blood centers and the collections methods varied slightly.
In the Etablissement Francais du Sang-Alsace in Stras-
bourg, France (Site S), apheresis plasma was collected on
' the Haemonetics PCS platiform (Hae-
monetics Corp., Braintree, MA) in acid

1 citrate dextrose anticoagulant. In blood
centers of the University of Liibeck,
Institute of Immunology and Transfu-
sion Medicine, Lilbeck, Germany
(Site ), and Haukeland University
Hospital, Bergen, Norway (Site B),
apheresis plasma was collected on the
Autopheresis-C platiorm (Baxter Health-
care Corp., Deerfield, IL) in citrate

or in half-sirength citrate-phosphate-

dextrose (CPD) anticoagulant, respec-
tively. Each site collected 30 units of
apheresis plasma. Of the 90 apheresis
units processed for this study, 27 were

UVA Hlumination §
Device

blood group A, 24 group AB, 22 group B,
and 17 group O. The target volume of
plasma was 6§00 to 655 ml. Fresh apher-
esis plasma units were kept at ambient
temperature before and during the PCT
process,

Whole blood was collected in CPD
anticoagulant. Plasma was prepared by

Fig. 1. The PCT system for plasma. The PCT systemn consists of a UVA illumination
device and an infegral disposabie set. The UVA flluminator can illuminate 2 units of
plasma per processing cycle. The disposable set provides a single-use, closed, inte-
grated system for pathogen inactivation treatment of a plasma unit. The integrated
disposable set is comprised of the following sterile components: a container with
amotosalen (also known as 5-59), a plastic illumination container, a CAD, and three
plastic storage containers. The processing steps are as described under Materials and
Methods section. SCD = sterile connection device,

698 TRANSFUSION Voiume 48, April 2008
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centrifugation with local standard oper-
ating procedures. A leukofiliration step
was incorporated in the whole blood
process only in Etablissernent Francais
du Sang-Alsace in Strasbourg. Sites §
and B each prepared 30 units of whole
blood-derived plasma and Site L pre-
pared 36 units. Of the 96 units, 44 were



blood group O, 42 group A, 7 group B, and 3 group AB. The
target volume for the whole blood plasina unit before
removing baseline samples was 600 to 655 mL and was
obtained by mixing the appropriate voluine of 2 to 3 ABO-
matched whole blood-derived plasma units with a
pooling set (FTC 0061, Baxter Healthcare Corp.). The
plasma units were maintained at ambient temperature
before and during the PCT process.

PCT disposable sets and UVA illumination device

The PCT disposable set for ireatment of plasma (INT 3103
and INT 3104, Cerus Europe B.V.) consisted of the follow-
ing sequentially integrated components: 15 mL of 6 mmel
per L amotosalen HCI solution in saline packaged inside a
plastic container (PL 2411, Baxter Healthcare Corp.) and
protected from UVA light; a 1.3-L plastic container
(PL 2410, Baxter Healthcare Corp.} for illumination of
plasma; a flowthrough CAD consisting of an adsorbent
disk composed of a copolymer of polystyrene and divinyl-
benzene particles fused with an ultrahigh-molecular-
weight polyethylene plastic enclosed in an acrylic housing
to reduce the concentration of amotosalen and its
photoproducts; and three 400-mL .plastic containers
(PL 269, Baxter Healthcare Corp.) for storage of the treated
plasma.

Ilumination of plasma was performed in a UVA Hiu-
mination device (Model INT100, Cerus Europe B.V). The
device was capable of illuminating 2 units of plasma per
processing cycle. During illumination plasma units were
reciprocally agitated at approximately 70 cycles per
minute. -

PCT process

For these studies, the entire process was completed to
allow frozen storage of treated plasma within 8 hours of
the start of plasma collection. A Luer adapter was sterile-
connected to each plasma unit, Baseline coagulation
factor samples (C-FFP) of approximately 20 mL were col-
lected from each unit before PCT.

During the treatment process, plasma was passed
through each component of the PCT set in a series of steps
(Fig. 1), In Step 1, the plasma unit was sterile-connected
to the amotosalen container, and the entire plasma
volume was passed through the amotosalen container
into the illumination container. In Step 2, the plasma con-
taining amotosalen was illuminated with a 3 J per cm?
VA treatment. In Step 3, the illuminated plasma mixture
was passed by gravity flow through the CAD into the
storage containers.

After processing, plasma samples (PCT-FFP) were
withdrawn and frozen in 1.5-mLaliquots in 2-mL polypro-
pylene tubes at or below —60°C within 8 hours of the start
of plasma or whole blood collection: The C-FFP and PCT-

PHOTOCHEMICAL TREATMENT OF PLASMA

FFP samples were assayed for prothrombin time (PT),
activated partial thromboplastin time (aPTT), Factor (B)I
(fibrinogen), FII, FV, FVII, FVI, F IX, EX, FXi, FXIII, pro-

- teinC (PC), proteinS (PS), antithrombin (AT), and

o2-antiplasmin (AP). Samples were also withdrawn after
addition of amotosalen before UVA illumination and after
the entire PCT process (including CAD) for measureinent
of amotosalen concentrations. To minimize assay variabil-
ity, sarnples collected from the three processing centers
were shipped on dry ice to a single location for analysis. All
assays were performed at Cerus Corp. with the exception
of quantification of AP, which was performed by a refer-
ence laboratory (Esoterix Laboratories, Aurora, CO).

Measurement of the levels of amotosalen

The initial and residual amotosalen levels in each plasma
unit were quantified. A 200-pl. volume of plasma was
diluted to 1 mL with 35 percent methanol in buffer. After
centrifugation, the supernatant was filtered and 100 uL
were analyzed on a C-18 (Zorbax) reverse-phase column
{Agilent Technologies, Palo Alto, CA} with a gradient of
increasing methanol in XH,PO, buffer. Amotosalen was
detected by optical absorption (300 nin).”

Measurement of in vitro coagulation function

Clottable fibringgen (FI) was measured with a modified
Clauss assay. Coagulation factors were assayed with one-
stage PT-based clotting assays (Fii, FV, FVIl, FX} or one-
stage aPTT-based clotting assays (FVII], FIX, FXD. The
clotting time of a mixture of diluted test plasma and
plasma deficient in the factor being guantified was com-
pared with a reference curve constructed from the clotiing

- times of 5 dilutions, ranging from 1:5 to 1:320, of plasma

with known activity mixed with deficient plasma. These
coagulation assays, as well as the PT and aPTT, were per-
formed on an automated coagulation analyzer (MLA
Electra 1400C or 1600C, Instrumentation Laboratory Co.,
Lexington, MA). Reagents included brain thromboplastin
{Hemoliance, Instrumentation Laboratory Co.), Platelin L
{bioMérieux, Durham, NC), and congenitally depleted
factor-deficient substrate {Helena Laboratories, Beau-
mont, TX; George King Bio-Medical, Overland Park, KS).
The endpoint of all tests was the formation of a clot
detected photooptically and measured in seconds. Factor
Assay Control Plasma (FACT; George King Bio-Medical)
was used as the reference standard for the procoagulation
factor assays. '

FXII was measured with a commercially available

-BXII kit {Berichrom, Dade Behring, Marburg, Germany).

136

FXIII, activated by thrombin, releases an activation
product that leads to a series of reactions resulting in a
decrease in nicotinamide adenine dinucleotide, detected
by monitoring absorbance at 340 nm. The assay was per-
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formed on a Behring Clot Timer (BCT, Dade Behring), and
standard human plasma (Dade Behring) was used as the
reference standard.

PC and PS were measured with commescially avail-
able PC and P$ kits (Staclot, both from Diagnostica Stago,
Asnieres, France). PC and PS assays were based on prolon-
gation of the aPTT resulting from inactivation of FV and
FVIII By #ctivated PC. The activator in the PC assay
was an extract of Agkistrodon contortrix snake venomy, the
activator in the PS assay was activated PC. The tests were
performed on the Behring Clot Timer. Unicalibrator
(Diagnostica Stago) was used as the reference standard,

AT was measured with a commercially available ATHI
kit (Stachrom, Diagnostica Stago). Plasma containing AT
was incubated with a known excess of thrombin. A chro-
mogenic substrate, imidolyzed by the remaining throm-
bin, was detected photooptically on a coagulation
analyzer (MLA Electra 1400C or 1600C, Instrumentation
Laboratory Co.). Factor assay control plasma was used as
the reference standard.

o2-AP was quantified with reagents from Diagnost:ca
Stago. In this chromogenic method, plasmin was added in
excess to the test plasma, resulting in the formation of
antiplasmin-plasmin complexes. The concentration of
residual plasmin is measured by its amidolytic activity
with a chromogenic substrate measured at 405 nm. o2-AP
concentration is inversely proportional to the residual
plasmin conceniration and is determined by color inten-
sity. This analysis was performed by Esoterix Laboratories
{Aurora, CO) with an STA analyzer (Diagnoestica Stago).

The mean and standard deviation (SD) were deter-
mined for each coagulation variable. All factor activities
were expressed in TU per dL. with the exception of fibrino-
gen, which is expressed in mg per dL. The activity of each
coagulation variable remaining after PCT was -also
expressed as proportional (%) retention compared to the
pretreatment (baseline) activity. Comparison of the PT
and aPTT was based on the prolongation of the clotting
time in seconds after PCT relative to baseline. Significant
differences were determined by the { test at a p value of
0.05. Reference ranges for each assay were defined as the
mean *+ 2 SD for untreated plasma samples.!

RESULTS

Processing of plasma
A total of 186 units of plasma of approximately 600 to

855 mL was prepared in this study After removal of -

control samples, the volume per plasma unit for PCT pro-
cessing ranged from 546 to 635 mL. The mean pretreat-
ment amotosalen concentration was 143 =+ 8 umol per L.
{Table 1). The illumination of a 3 J per cm? UVA treatment
took 7 to 9 minutes. The mean time required for the
plasma mixture to completely pass through the CAD was
21 = 3 minutes (range, 15-30 min). After CAD, the mean

700 TRANSFUSION Volume 48, April 2008
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TABLE 1. Amotosalen concentrations before
ilumination and after CAD freatment*

Amotosalen (jemolft )

Measure Before iHurnination After CAD
Target range ’ 110-225 <2
Apheresis plasma

Site St (n=30) 139 x4 0.5 +01

Site Bf (n = 30) 151+ 6 05104

Site LT {(n=30) 142+ 2 0.7 = 0.1
Whale blood—derived plasma

Site S (n=30) 136 = 8 06 0.1

Site B {n = 30} 136+ 4 05 0.1

Site L. {n = 36) 150+ 3 0.6+ 0.1
Overall {n =186} 143+ 8 0.6 *01

* Dala are reported as mean = SD.

1 Site S= EFS Alsace, Strasbourg, France; Site B = Blood Bank
of Haukeland University Hospital, Bergen, Norway; Site L =
Universily of LObeck, Libeck, Germany.

residual amotosalen concentration was 0.6 + 0.1 pmol
per L (Tabie 1). All values were below the target perfor-
mance value of less than 2.0 umol per L. The PLT and RBC
concentrations for both apheresis and whole blood-
derived plasma before treatment and after treatment were
Iess than 50 x 107 and less than 6 x 10° per L, respectively,
and were within the European guidelines for therapeutic
FFP? The WBC concentrations for apheresis plasma were
less than 0.1 x 10% per L before and after treatment. The
WBC concentrations for nonleukofiltered whole blood
plasma in Site L and Site B were higher before treatment
(6x10° = 7x 10° and 38 x 10% £ 22 x 10°/L, respectively);
however, after treatment, the WBC concentrations in PCT-
FFP were within the BEuropean guidance limits.

The effect of PCT on global coagulation assays
(PT and aPTT)
The mean C-FFP and PCT-FFP PT for both apheresis
plasma and whole blood-derived plasma for ail three
processing sites were within reference ranges (Tables 2
and 3). PCT-FFP PTs were prolonged by a mean of
0.3 + 0.2 seconds for apheresis plasma (n=90) and
0.5 = 0.1 seconds for whole blood-derived plasma
{n = 96) compared to C-FFP measurements (Table 4).
Similarly, the mean C-EFP and PCT-FFP aPTT for both
apheresis plasma and whole blood-derived plasma for all
three processing sites were within reference ranges
(Tables 2 and 3}. PCT-FFP aPTTs were prolonged by a
mean of 3.5 * 1.3 seconds for apheresis plasma (n =90)
and 4.6 = 0.9 seconds for whole blood-derived plasma
(n =96) compared to C-FFP measurements (Table 4). The
overall {(apheresis and whole blood combined for an
n = 186} mean PCT-FFP PT and aPTT compared to C-FFP
was prolonged by 0.4 + 0.2 and 4.1 = 1.2 seconds, respec-
tively (Table 4).
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TABLE 2, Apheresis plasma: clotting times and coagulation factor activity before and after PCT (mean + SD)

Site §* (n=230)

Site B* (n = 30)

Site.L* (n =30)

Variable Reference ranget C-FFP PCT-FFP % Retentiont C-FFP PCT-FFP % HRetentiont: C-FFP- PCT-FFP % Retentiont
PT (sec) 11.1-13.5- 122 =08 127 £ 0.7 0502 12307 125 £0.7 0202 12,0 = 0.4 124+ 05 0302
aPTT (seg) © 2335 279 %25 324 £3.2 45z 1.1 26,1 =25 285+ 27 23+1.0 27825 31.5 + 3.1 3808
FI (mg/dL.} 200-390 295 =71 208 = 55 70%5 313 =48 261 = 43 833 287 * 57 216 = 43 753
FIE (fU/dL) 80-120 102 =17 89+ 15 88 =7 M7 £ 15 107 = 16 91%3 103 = 14 91 =12 B3+ 3
Fv (IL/dL} 85-170 120 = 29 116 = 26 873 144 + 23 142 + 20 99 x5 125 = 19 19 = 17 95 + 3
FV {iUdL) 704175 116 = 26 93 = 21 8O x4 12 =27 92 = 22 82=x3 111 £ 23 21 £ 19 8 x=3
FVII {L/dL) §5-235 140 = 34 98 = 25 0=x3 161 £ 42 130 £ 35 814 123 £ 39 9t = 30 74+ 3

F X {IU/dL} 75-145 90 £13 75 =10 84+ 4 101 £ 18 88+ i4 87 +3 93 £12 78N 844
FX (JufdL) 75-130 108 =21 95 = 18 gg x4 117+ 29 106 = 19 g1x3 112 = 14 99 = 12 8t 2
FXI1 (IU/dL) 60-150 93 16 7913 858 111 =219 01 £7 91 %6 103 = 20 90 %= 18 B7 + 2
FX1 (/L) 85-135 114 = 22 110 £ 22 979 126 = 18 121 % 18 96 =5 HEEE 108 = 20 94 %3
PC (UL} BO-140 122+ 25 102 = 24 849 122 £ 20 107 £ 19 BB x4 N9 x22 101 = 20 B5 2
PS (1u/dL) 85-135 108 £ 25 107 £ 26 100+9 108 = 18 103 = 17 95+ 6 92 * 20 88 =19 96+ 3
AT (lufdLy 85-105 i02+9 97 =9 95+ 4 10589 101x8 964 895 = 10 91 =10 95+ 3
AP (1U/dL) 80-150 97 = 11 B1x38 83+ 10 108 = 13 83 %8 83*+6 101 + 12 82 =6 82+ 8

* Site S = EFS Alsace, Strasbourg, France; Site B = Blood Bank of Haukeland University Hospital, Bergen, Norway; Sile L = University of Lilbeck, Liback, Germany.
{1 The referanca range was calculated from the mean * 2 S0s of untreated, ‘conventional plasma. n= 80 for fiarinagen, FY, FVQ, VI, F IX, and FX!: n =50 for Flt and FX; n=25 for FXIlL,

AT, PC, and PS, The raference range for AT was established by Esoterix Laboratories.

% For PT and aPTT, the reported values = (PCT-FFP — C-FFP) in seconds.

TABLE 3. Whole blood-derived plasma: clotting_timeé and coagulation factor activity before and after PCT {mean * SD)

Site §* {n=130)

Site B* (n = 30)

Site L* (n=230)

Variablet Retarence ranget C-FFP PCT-FFP % Retentiont C-FFP PCT-FFP % Relention} C-FFp PCT-FFP % Reatentiond
PT (sec) . 11.1-13.5 115 = 0.3 12.0 =04 0501 1.5+ 03 120+ 0.3 0.4 =01 1.5 04 120 =04 0.6 *+ 0.1
aPTT (sec) 23-35 29.5 + 1.8 342+24 47 x0.7 286 = 1.8 329*24 4.3 +0.9 28214 33121 4.9 0.8
Fl {(mgfdL) 200-390 290 = 25 207 + 23, 713 291 + 30 222 + 24 76+3 272 £ 40 181 = 30 ’ 70+3
It (iufdL) 80-120 106+ 8 95+ 9 8g =3 1008 89+8 83 +3 1017 89 +7 B+ 3
Fv (IU/dL) 95-170 123 = 14 119 £ 13 97 x2 1256 = 15 121 £ 14 97 3 119 + 18 114 = 17 96 =3
EVII (IU/dL) 70-175 113 2 15 91 * j2 BO =3 108 = 14 86 £ 11 80 x3 114 =17 890 = 14 72+3
FVill (JU/dL) 85-235 127 = 24 0118 71=x=3 118+ 20 81 x17 77=4 119 + 23 84 + 19 71+ 4
F X (urdL) 75-145 893 = 10 78+ 8 843 g2 1] 78=10 g8+ 2 85+ 9 7886 82 +4
FX (IU/dL) 75-130 108+ 9 94+8 87 1 106+ 12 g2+ 873 105 = 10 909 85+ 2
FXI (U/dLy 60-150 83+ 14 69 + 12 83+4 101 = 11 B7 £ 12 866 949 81 =9 85+3
FXII {iU/dL) 85-135 104 = 12 101 £ 12 g7 x2 121 =10 11110 .92+ 3 11314 106 x 12 94 % 3
PG {ufdL) 80-140 115 = 14 g7 =12 885 114 + 19 102 =18 x5 M6 =16 99 + 14 85+ 7
PS (IU/dL) 85-135 111 £15 107 = 14 95+ 3 117 =14 14 * 14 97 £ 4 {14+ 16 109 = 15 86 +5
AT {(tU/dL) 85-105 11 =7 97 %7 g5 =2 86+ 4 93 x4 96 x2 9t x£6 866 g5+ 2
AP (IU/dL) 8¢-150 008 B5x5 855" 95 % 5 784 82 +4 936 B4 823

* Site 5: = EFS Alsace, Strasbourg, France; Site B = Blood Bank of Haukeland University Hospital, Bargen, Norway; Site L = University of Liibeck, Liibeck, Germany.
+ The reference range was calculated from the mean = 2 SDs of untreated, conventional plasma. n = 80 lor fibrinogen, FV, FVIl, FVIN, F IX, and FXJ; n =50 for Fli and FX; n =25 for FXII,

AT, PG, and PS. The raference range for AT was established by Esotetix Laboratories.

t For PT and aPTT, the reported values = (PCT-FFP — C-FFP) in seconds.
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TABLE 4. Combined clotting times and coagulation factor activity before and after PCT (mean = SD): comparison apheresis plasma and whole

blood-derived plasma

186)

PGT-FFE -
12.2 = 0.6

321 £ 3.2

Qvarall (n

a6}
% Retentiont

Whole blood plasma (n

=90)

Apheresis plasma’(n

% Retentiont

C-FFP
1.8 0.6
28023
291 * 49

105 + 13

PCI-FFP
120+ 0.4

334+ 23

C-FFP
115%0.3

PCT-FFP % Metentiont
287 £ 1.7

1256 £ 06
30.8 £ 3.4

G-FFP
12.2 £ 0.6

27328

Reference range”

Variable
PT {seq)

0.4 0.2
4.1 12
74+ 86
B9+ 4
97+ 3
81 =3
745
84 *+ 4
88 £ 3
B6E+6
95«5
866
g7£5
95+ 3
836
25 for FXHII,

217 + 43
93 + 13
122 + 20
Qa0 = 17
97 = 29
79 + 11
96 + 14
84 + 17
10 =17
101 + 18
105 £ 19
a4 +9
827
50 for Flt and FX; n

126 £ 22
112 £ 21
131 =34
04 + 13
109 + 15
a7 = 17
116 £ 18
M8 £ 20
109 = 20
98+ 9
99 + 11

0.5 = 0.1
4609
72+ af
89 + 3
g7 +3
80 * 3%
73 + 5F
84 = 3%
86 + 24
85+ 5%
g4+3
BT %6
g6 = 44
96+ 2
83+ 4

88 + 124
88 = 18%

206 = 29%
91+8
118 £ 15¢%
78 + 8%
92 = 9%
79 £ 13%
106 = 12%
99 % 14
110 + 15%
M7
79 = 6%

80 far fibrinogen, FY, FVII, FVIE, F IX, and FXI; n

93 +13%

284 x 34
102 = 8%
122 £ 16%
12=x15
121+ 23%

94 x 10t
106 £ 10
13 £ 14%
116 £ 16
114 £ 15%

95 = 7t

96 = 7%

* The reference range was calculated from the mean x 2 SDs of untreated, conventional plasma. n

81 = 4%

0.3%02
35+ 1.3
76 = 7%
g9 =5
97 2 4
75 = 6F
85 + 4t
89 * 4%
- B8 * 7%
9B =6
85 6
97 =74
95 + 3
B2 7

92 + 214

208 + 52
95 = 16
128 = 244
107 = 35t
80 = 1a%
100 £ 17%
90 = 18
113 = 21%
108 21
g9 *+ 224
g5 + 12
83 + 8f

298 + 60
107 + 174
130 + 264
M3 £ 25

141 = 41t
95 + 154
112 = 184
102 + 184
19 = 211
121 + 22

103 = 22
100 = 124
102 = 12¢

23-35
80-120
95-170
70-175
85-235
75145
75-130
60-150
85-135-
80-140
85-136
85-105
B0-150

11.1-13.5
200-390

Fl (mgfdL).
Fil {IU/dL)
FV (Iu/dL)
Fvll (1U/dL)
FVIN {lUfdL)
F X (lU/dL)
FX {lU/dL)
FXI (fU/dL)
FXIIE (1U/dL)
PC (IU/dL)
PS (1U/dL)
AT (IU/dl)
AP (U/dL)

aPTT (sec)

AT, PC, and PS. The reference range for AT was established by Esoterix Laboratories.

: (PCT-FFP — C-FFP) In seconds.
4 Significant differsnces between apheresis and whole blood plasma were detecled at a p value of less than 0.05.

t For PT and aPTT, the reported valles
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The effect of PCT on procoagulant factors

The mean procoagulant factor activities in apheresis
C-FFP obtained in each processing site were within refer-
ence ranges (Table 2). Apheresis plasma processed with
the PCT system retained mean factor activity ranging from
70 to 83 percent and 70 to 81 percent of C-FFP for fibrino-
gen (FI) and FVII, respectively. Retentions of FII, FV, FVI,
FIX, FX, FX}, and FXIII ranged from 80 to 99 percent
(Table 2). After PCT, the mean procoagulant factor activi-
ties were also within the reference ranges. Mean FVIII
activities were 99 = 25,130 + 35, and 91 = 30 IU perdLin
Site 5, Site B, and Site L, respectively, meeting national
(70 IU/dL) and European Pharmacopoeia (50 IU/dL)
requirements for therapeutic plasma.

Sirnilarly, the mean activity levels of the procoagulant
factors in whole blood-derived plasma were within refer-
ence ranges (Table 3). Whole blood plasma processed with
the PCT system retained mean coagulation factor activi-
ties ranging from 70 to 76 and 71 to 77 percent of C-FFP for
FI and FVIH, respectively. The mean retentons for FII, FV,
FV1I, F IX, FX, FXI, and FXIII ranged from 79 to 97 percent
(Table 3). After PCT, the mean factor activities were also
within the reference ranges with the exception of Fl and
FVIII in Site L. Mean FVIII activities were 91 * 19,91 *+ 17,
and 84 * 19 IU per dL in Site S, Site B, and Site L, respec-
tively, meeting national (70'TU/dL) and European Phar-
macopoeia (50 [U/dL) requirements for therapeutic
plasma. o

To compare the processing characteristics between
apheresis plasma (n=90) and whole blood—derived
plasma (n = 96), the results from all three sites were com-
bined for analysis (Table 4). Whole blood—derived plasma
generally exhibited statistically significantly lower factor
activities compared to apheresis plasma (see Table 4). All
mean values, however, fell within the reference ranges.
The mean FVIIL activity in apheresis PCT-FFP
(107 = 35 [U/dL, n = 90) and whole blood-derived plasma
(88 = 18 IU/dL, n =96) met the national and European
Pharmacopoeia requirements for therapeutic plasma.

The overall {n = 186) mean leve] of fibrinogen in PCT-
FFP was 217 * 43 mg per dL, which is 74 * 6 percent of
the C-FFP values. The overall {(n=186) mean activity of
FVII in PCT-FFP was 97 + 291U per dL, which is
74 * 5 percent of the C-FFP values. The retention of other
factors in PCT-FFP was consistently higher (81%-87%;
Table 4).

The effect of PCT on antithrombotic and
fibrinolytic protein activity

All pretreatment activities of PC, PS, AT TII, and o2-AP of
apheresis plasma (Table2) and whole blood-derived
plasma (Table 3)-were within reference ranges. After PCT,
the mean activities of these antithrombetic proteins were
still within the reference ranges with two exceptions: the



mean levels of AP activity in PCT-FFP from Site B
(78 = 4TU/dL) and Site L {76 =4 1U/dL) were slightly
outside the lower limit {80 1U/dL) of the reference range.

After PCT, the mean retention of antithrombotic pro-
teins ranged from 84 to 90 percent for PC and 82 to
85 percent for AP {Tables 2 and 3). No differences were
observed between apheresis and whole blood-derived
plasma. Similarly, the medn reféition in PCT-FFP ranged
from 95 to 100 percent for PC and 95 to 96 percent for AT
(Tables 2 and 3). The results were comparable between
apheresis and whole blood-derived plasma.

To compare the processing characteristics between
apheresis plasma (n=90) and whole blood-derived
plasma (n = 96), the results from all three sites were comn-
bined for analysis {Table 4). There were no significant dif-
ferences in the activity of PC of either C-FFP or PCT-FFP
between apheresis and whole blood-derived plasma.
Whole blood-derived plasma contained significantly
higher levels of PS before and after PCT than apheresis
plasma (see Table 4). In contrast, the levels of AT and AP
were generally lower in whole blood-derived plasma com-
pared to apheresis plasma and reached significance (see
Table 4).

The overall {n = 186} mean activities of the antithrom-
botic proteins in C-FFP and PCT-FFP were within the ref-
erence ranges. After PCT, mean retention of PC and AP was
86 and 83 percent, respectively, whereas mean retention of
PS and AT was 97 and 96 percent (Table 4).

DISCUSSION

The PCT process for preparation of pathogen-inactivated
FFP involves the addition of amotosalen to a nominal con-
centration of 150 umol per L (range, 110-225 pmol/L), illa-
mination of the plasma mixture with 2 3| per em? UVA
treatment, and removal of residual amotosalen to less
than 2.0pmol per L by a flow CAD. Three European
centers participated in this study to validate the process
under routine blood bank operation conditions. Each
center processed 30 units of apheresis plasma and 30 to
36 units of whole blood-derived plasma with integral dis-
posable sets that have received CE Mark approval and
commercial UVA illuminator. The PCT process was com-
pleted within the time frame for FFE allowing units tc be
frozen within 8 hours of collection. _

The mean preireatment amotosalen concentration
from all three sites was 143 = 8 ymol per L (n = 186),
which is well within the target systermn performance range
of 110 to 225 pmol per L. The use of the microprocessor-
controlled UVA illuminator ensured delivery of the UVA
treatrnent dose of 3] per cm? All three centers demon-
strated the addition of the correct amotosaien concentra-
tion, combined with a 37 per cm? UVA treatment dose,
thus ensuring robust pathogen inactivation. The mean
amotosalen level after the CAD treatment for all centers
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was 0.6 = 0.1 wmol per L (n = 186), which is significantly
below the target performance value of 2.0 pmol per L. The
mean residual amotosalen levels among the three sites
ranged from 0.5 £ 0.1 to 0.7 = 0.1 umol per L with no
units having residual amotosalen higher than 1.2 pmol
per L, demonsirating the consistency and the efficacy of
the CAD. These results demonstrate that the PCT process
can be performed- consistently under blood bank
conditions.

The quality of PCT-FFP was assessed for activity of
FVII with respect to meeting national and European regu-
latory guidelines.® The consistency of the PCT process was
assessed by the retention of all factor activities in PCT-FFP
compared to levels in pretreatment plasma samples.

The factor most affected by PCT was FVIII with a
mean of 26 percent reduction in activity However,
residual activity is within the cwrrent requirement for
FFP as the level of FVIII is greater than 50 TU per dL. in
the European Pharmacopoeia standard for therapeutic
FFP® The mean FVIII activity after PCT was 107 = 351U
per dL. (n =90) for apheresis plasma and 88 = 18 IU per
dL (n =96) for whole blood—derived plasma or an overall
mean of 97 + 29 IU per dL {n = 186). All units had Fviil
activity greater than 50 U per dL. ln France, greater than
90 percent of quality control samples must have greater
than 70 IU per dL in FVIIIL. Preliminary studies measur-
ing the thrombin generation time for PCT-FFP have
shown no difference from untreated plasma for peak
thrombin levels, lag fime to start of thrombin generation,
or total thrombin produced.!® These observations suggest
that the reduction in FVIH levels are not ciitical to gen-
eration of thrombin and the ultimate conversion of
fibrinogen to fibrin. These observations of normal
thrombin generation are in contrast to those recently
reported for plasma prepared with methylene blue and
visible light."

Fibrinogen was also affected by PCT with a mean of i

26 percent reduction in the clottable fibrinogen levels.
Although there is no required standard for the level of
fibrinogen in FFE the mean levels retained in PCT-FFP
(217 + 43 mg/dL, n=186) were within the reference
range. Prior clinical studies with PCT-FFP for support of

“ liver transplant with massive transfusion have shown no

increased requirement for plasma or cryoprecipitate, indi-
cating that the levels of fibrinogen in PCT-FFP are suffi-
cient* These patients have a significant period of
fibrinolytic activity after unclamping of the transplanted
liver. The study examined the use of conventional FFR
cryoprecipitate, and PCT-FFP for support of these patients
and observed no differences to indicate that the reduced
levels of fibrinogen in PCT-FFP were clinically relevant. In
addition, the {evels of AP activity are reasonably conserved
in PCT-FFE! Although the levels of fibrinogen are reduced
by the treatment, the levels appear adequate to support
hemostasis in patients with active fibrinolysis.
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Other coagulation factors (FIL, FV, EVIL, F IX, FX, FXI,
FXIIT) were less affected by PCT. The mean factor activities
in PCT-FFP were within the reference ranges. Retention of
activity after PCT ranged from 81 to 97 percent. Of specific
importance were the levels of FVII, which is the factor with
the shortest half-life and thus the most critical for trans-
fusion support of acquired complex coagulopathy. In
addition, levels of the anticoagulant PC and PS and AT
were relatively unaffected by PCT and o2-AP was well
conserved.

There was slight prolongation in PT and aPTT. PCT-
FIP, however, retained PT and aPTT within the reference
range. The slight changes in PT and aPTT after PCT were
not associated with any adverse clinical observations in
controlled clinical trial settings, and treatment of congeni-
tal coagulation defects has demonstrated consistent cor-
rection of both the PT and aPTT afier transfusion with
pCI-_FFR3-5,IZ .

The results of this study demonstrate that there is
good retention of relevant coagulation factor activities
and antithrombotic protein function in PCT-FFP from
either apheresis or whole blood and that these products
meet the requirements for therapeutic plasma. In a sepa-
rate study, the effect of storage on FL; FII, FV, FVII, FVII,
F 1%, FX, and FXI has been evaluated.® The results show
that therapeutic levels of these factors were conserved in
PCT-FFP after 12 months of storage at -18°C and after
18 months of storage at -25°C. Similar results were
ohtained in storage studies conducted at one of the three
centers (Site S, data not shown) with PCT-FFP prepared
from apheresis plasma frozen up to 1 year. [n addition,
clinical trials with PCT-FFP have shown that this product
is sufficient for therapeutic support of patients with each
of the major clinical indications for plasma transfusion,

The effect of PCT on plasminogen and von Willebrand
factor (VWT) has also been evaluated."** After treatment,
plasminogen was within normal ranges and retained
94 percent. The von Willebrand antigen, VWF:ristocetin
cofactor, components of the von Willebrand complex,
including multimers and VWF:CP activity, remained
within normal ranges and demonstrated greater than
98 percent retention. Because of the stability of these
factors after treatment, they were not included in the
current validation study.

When the results were compared between sites or
between types of plasma, significant differences were
observed, although the differences were small, not likely
of clinical relevance, and did not appear to follow a spe-
cific patiern. The observed differences could simply be
due to the geographic variation in the plasma character-
istics and the slight variation in the processing techniques.
Of particular interest is that the FVII activities as well as
the retention {or apheresis PCT-FFP in Site B were signifi-
cantly higher than the values obtained in the other two
sites. This difference cowvld not be completely explained by
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the different apheresis collection platforms. Site S used
the Haemonetics platform, but the same Baxter platform
was used in both Site B and Site L. The observed difference
between Site B and Site L was most likely due to the varia-
tion in donor population and processing techniques. Dif-
ferent anticoagulanis may introduce variability but were
poorly defined and not well evaluated. Overall, PCT-FFP
manufactured in the three different geographic locations
were of .comparable quality. Al met the respective
national and European standards for iransfusable FEP.

Previous studies with cryoprecipitate prepared from
photochemically treated plasma yielded approximately 95
and 88 percent retenticn of fibrinogen and FVIII, respec-
tively, compared 1o cryoprecipitate prepared from
untreated plasma.'® Cryosupernatant prepared from pho-
tochemically treated plasma retained adequate levels of
critical plasma proteins for plasma exchange therapy in
acute thrombocytopenic purpura. These data indicate
good preservation of hemostasis control proteins such as
PS, 02-AP, and VWF-cleaving protease activity."”

In summary, the results of process validation studies
from three European centers demonstrated the consis-
tency of the PCT process for FFR. From a blood center
perspective, scaleup manufacturing of PCT-FFP in routine
is feasible by the ability to treat individual large-volume
units of fresh apheresis plasma and small pools of whole
blood-derived plasma. The mixture of whole blood
plasma from two-or three matched donations is similar to
the procedure for whole blood—-derived PLT components.
Since adult patients will require 4 to 6 FEP units (200 ml.
each) for a therapeutic episode, donor exposures are con-

-sistent with current practice in which whole blood plasma

units are precessed individually. A similar PCT system uti-
lizing amotosalen and UVA light for PLT components has

been in routine use in some blood centers in European

countries.’” Both PLT and plasma components are treated
with the same UVA illumination device thus simplifying
the logistics of implementation of two pathogen inactiva-
tion systems in one blood center.
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Background: Fatal transfusion-transmitted B. microfi has an estimated incidence of <1:1,000,000 per unit of
transfused red cell containing blood products. The disease is usually asymptomatic; however, fatal infections occur
in asplenic, elderly or immunosuppressed individuals. Case Report: The 61-year-old female patient had renal
disease requiring dialysis. Forty-five days prior to admission she received two units of packed red cells and then two
more. One day prior to admission, the patient complained of nausea and fever. Blood cultures were ordered and

antibiotics administered. Upon returning to the rehabilitation facility, she spiked temperatures to 103°F and was
admitted to the hospital. She was hypotensive, requiring vasopresser support, and appeared to be septic. The blood
smear revealed trophozgites in 5 to 15% of red cells, probable species: Plasmodium falciparum vs. B. microfi. -:’ }
Treatment with intravenous quinidine and clindamycin was begun. A red cell exchange reduced parasitemia to 1%. ~
Despite appropriate medication, the patient developed disseminated intravascular coagulation and expired 6 days
later. Since she was confined indoors and did not travel, the only risk factor was transfusion. Results: Babesia was
confirmed morphologically by CDC with 6% parasitemia and PCR positivity for B. microti from the patient's
specimen at admission, The three donors available for testing were negative for B. microti and all samples were
negative for P. falciparum by PCR. One blood donor and the patient were positive for B. microti by
immunofluorescent antibody (IFA). The seropositive donor had no recollection of a tick bite and did not travel to
endemic areas. Conclusion: The above clinical presentation and course is not atypical for rare fatal cases of
transfusion-transmitted Babesia. This is an unusual case as it arose in the Midwest. With the expanding Midwest
white-tailed deer populations harboring the vector, Ixodes scapularis, studles to determine the regional incidence of
Babesia microti seropositive blood donors may be warranted.
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: More Health news

- Syphilis cases up sharply in county

5 STD prevenhon, educatlon efforts to be he|ghtened

T

1- The search for causes: and solutx ns mdudes debate about whether safe—sex .

By Cheryl Clark
UNION-TRIBUNE STAFF WRITER

Masi:h 26, 2008

Alarmed by San Diego County s more than 1,100 peroent risein syphllls cases " REFORTED SYﬂ-ﬂLls
between 2000 and last year State health ofﬁclals are using ﬁve mvestlgators to help INFECTIONS cﬂummﬁ
- the region stern the spread. ™ © - oo R ﬂ:fec&ms

“San Diego's increase is a cause: fof eoneern because we're ]ust not understaudlng' : . : Y
why it's being transmitted ini:thié fréquency that we're seeing,” said Dr. Donglas 300 : 4
Hatch, chief of California's dmsmn of oommunlcable disease control. : '

200

education needs to be explicit and’ targeted at men who have sex with men. That - 106
group accounts for most of the syphxlls mfectlons in the county and nauonmde. : -

" San Diego County s annual syphihs caseload skyrocketed from 28 in 2000 — —when’
the infection'total hit a low = to_ 34018t year. 1t is a much sharpertisethai in the
state's other large urban eounties;indluding San: Franasoo, Los Angeles, Orange and SOB&CE:CaIHomIa Dept. of Pudii Heaxtn
ﬁaaﬁﬁh eIlt1 z tz:})s: miore than double the statewide: percentage of i mcrease and tnple " I “::-‘v-_ mmf m / Unwfl'.'f_ifbﬁljﬁ

The team that the state d:spatchedto San D:ego County oonszsts of three . REPORTEB S??HHIS ..
investigators who recently started aiding eouinty officials and two who were already IHFEQ‘H(}!{S BY COUNTY
working with them but have incrégsed their level of assistarice. They are contacting i m
people who were dlagnosed with syphllu;, ﬁndmg their sexual partners and urgmg Sumpdng o(mti:s WM

those people to get twted s0 they. can receive treatment and not transmrt the -~ County . - 2000 2007 Change’
bacteria. © . S - ﬁ?i‘l.‘!??ﬁi*mwa‘i- 30 1Lk
Federal officials are also eoncemed by the spread of syphilis and other sexua]ly c Lfsﬂ..nqe!?is.}:g? ..... e 3?---_%%
transmitted diseases. Last week, the U.S. Centers for Disease Control and Prevention {fahge 28 141 404%

" said the natlonal syphills éase count had mcreased for the seventh oonsecutweyear %ﬁ:@ﬁ:@;g; :z'éz:'mé??q}
The agency wants to change federal fundmg formulas 0 states and counﬂes can Alameds =~ 14 39 179%
obtam more money for STD ‘education and prevenhon efforls ' S : s‘g@gﬁae -330° 2,002 507%

- The United States' STD numbers aren't hugewhen compared.to those forAIDS _ " © SOURCE: Eﬂ!mbﬂm of fubife Health
cancer or heartdisease. q ‘ o T :" I mwmnrtmtmae

" But ofﬁt:lals at the federal state’ and lot:al levels all have. Identxﬁed the growth of STDs as an 1mportant publichealth issue -

Pubhc agencnes and nonproﬁt gronps spend hundreds of rmlhons of dollars each year on. S.'I‘D prevennon and tatmg

Nauonmde, an mcreasmgly large portlon of people wfected w1th syphlhs are HIV—posmve men who have unprotected se:

_ w1th other HIV—posmve men.

'I‘he trend is reflected in San Dlego County Last year 84 percent of the people dlagnosed wﬂ:h syph]hs it San D:[ego
County were men who had sex with men, and a blg segment of them were HN—posmve, state health ofﬁclals said.

* Medical experts Sald the region's pro:unnty to the border and its substannal tounst trade also could be oontn'butmg to.
http !/ mgnonsand' iego. prmtthls cllokablirtv com/ pt/ cpt"actlon—cpt&tsﬂe—S:gnOnSanE}:ego com%E 2008/ 05/1.-;
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1insafe sex, which leads to hlgher numbers of syphilis cases and other STDs. -

Syphilis likely has spread in San Dlego County because at-risk men aren't telhng health care providers about their sexual
sehavior and don't get tested, said Terry Cunningham, chief of the county's HIV, STD and Hepatitis branch.

| He also blames health care providers who don't consistently address the issue with-their patients.

‘TheCDCis asklng physicians to be more diligent in encouraging male patients who have sex with men to undergo routme
: ;creenmgs for syphilis, perhaps once a year.

Public health officials and various nonproﬁts diverge on a major point — how best ta emphasnze STD prevention. They ask:

-How exphcnt must the anti- SI‘D message be to draw enough attention?
swill pubhc—semee ads that are candid about sexual practloes turn off or oﬁend some people'?

sShould awareness campalgns aggr&swely focas on men who have sex w1th men,’ perhaps by usmg lmages of male
couples? . :

. San Diego County S approach isto'address all 1ndmduals who face exposure to sexually transmrtted dJseases, said Holly
Cr brd, a spokeswoman for the county's Health and Human Services Agency. _ _
“Targetmg only speclﬁc populatlons .could lead to a false sense of security among the general populatlon, she said.
“STDsdo not reeogmze gender, age, sexual crientation or locatJon. :

Greg Cox, chan'man of the oonnty Board of Supervisors, sald the countyis’ addressmg the issue of sexually transm1tted
diseases among all at-risk populat!ons thmugh blhngual education campalgns alerts to doctors and. STD edumtlon and

testing at county clinics.
. 7

succeed in bringing down the disturbing case numbers.” o
The oouut’y has allocated more than $1.5 million i in state funds for this fiscal year.to five nonprofit groups that work on.
STD preveition. They are the Family. Health Centers of San Diego; San Diego Lesbjan, Gay, Bisexual Transgender
Comminity Center; San Diego Youth and Commumty Center; San stdro Health'Center; and Vista Commumty Clinie. -

" "The Vista clinic do& outreach in nelghborhoods where people who engage in hlgh-nsk sexual actmtles congregate sald
dn'egtor Barbara Manmno. The fonr other groups declined to discuss how they're u.smg their grants. - )
themed pubh@etlons.

. Despite those efforts some who work on. STD prevention said more must be done to connect w1th spe(:lﬁc nsk groups.
“San Dlego County’s’ message is, rWe re all at risk.’ That's true, but some people are much more at xisk ‘than others. What -

are they doing to target gay men and their sexual practices in bathhouses, for a&amp[e’-"’ said Oscar. de la 0, a founding
- member and president ‘of Bienestar. C

The nonproﬁt group tnes to educate hlgh-nsk mdlwdua]s in Southern Cahforma about syphﬂ:s and other 8TDs. . -

: Blenwtar outreach worker Ablgarl Madanaga is atransgendered woman, whlch means she was born aman bnt 1dent1ﬁes
and lives as a woman. On a recent evening, she and fellow STD educator Antonio Munoz talked. to people watchmg a drag
queen perforinance at Urban Mo's bar and nlghtclub in Hﬂlcm ) :

Madanaga said her orfentation allows her to spread the safe—sex message more effectwely to many of the eshmated 1 500
other transgendered people in the reglon as well as to gays, lesbians and bisexuals watchmg the drag show.

. In San Francisco, pubhc health workers spend tme in. Internet chat rooms where gay men often make their connecuons . i

: - They began doing so after discovering how syphilis was spreading in many casai sald Dr. Jeffrey Klausner dlrector of
i STD preventlon for the San Francisco Department of Public Health. _ ) o

Ny fmmnnqandlep'n nrmtthl&chckab:htv com/i nt/cut‘?actlon—cnt&tnﬂe—SIanOnSanDlego com+%3E.. 2008/ 05/ 1
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“I'm oonoemed about anydrseaseor ﬂlness that affects the peop]e of our regron but Iam opﬁnaistic that our efforts wil

' The oounty also trle-; to reach hlgh-nsk populatlons in oentral San Dlego by placmg safe—sex adsin bus shelters and gay- o
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j

"t Klansner blamed the spiread of syphilis elsewhere on reduced funding for anh-STD efforts and said health leaders in each -

I

o .

—————

L [} Check the box to include the list of finks referenced in the arfidle.

N V) /‘i—-“)

. San Francisco has established medical chnlcs friendly to the gay commumty ‘Tts health officials also conduct public
; awareness campaigns that show sex “asa posmve, normal and healthy activity, rather than use fear and avmdanoe asa

 motivator,” Klausner said. -

One of those i mluaﬂves was the “Healthy Penis” program, which featured outreach workers dressed in costumes
resembling penises and syphilis sores. That got people’s attention, Klausner recalled. . .

I‘hecrtyhasseenadropmsyphﬂlsmses from348casesm2004t02021astyear . RV

commaunity need to target -their messages to: those most at risk. “Increasmg rates of STDs are what ; you can expect when
there areno resourws, he said.

San Dlego County's share of state money for STD education and prevenuon thls fiscal year is down $280,ooo ﬁom Iast

Beyond money, many- safe»sex campalgns are thwarted by pohncxans fearof candor, sald Mlchael Wemstem prestdent of
the AIDS Healthcare Foundatlon in Los Angels. . _ o R

“They must, take it- obwous they are tallcmg about sex;” he said.. ‘“l‘he sooner we stop treating th:s asa dn'ty lrtﬂe secret,
thebetteroffwe‘]lbe. . ‘ s o O -, :

Chen c1ark (619) 542-4573; cheryl.dark@uniontrib.com

E
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