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The most important issue for the safety of biological products and blood products derived from human sources is
how to prevent transmission of infectious agents. The hepatitis C virus (HCV) is a major public health problem due to
its high prevalence. HCV is mainly transmitted by exposure to blood and highly infectious during the early window
period with extremely low viral loads. Therefore it is important to develop more sensitive detection methods for HCV. In
the case of blood products, both serological test and nucleic acid amplification test (NAT) are required to detect HCV.
Since NAT is highly sensitive, establishment of a new standard is required for validation of NAT assay. NAT guideline
and establishment of the standard for HCV RNA and HCV genotype panel is introduced in this review. On the other
hand, to enhance the sensitivity of virus detection by NAT, a novel viral concentration method using polyethyleneimine
(PEI) -conjugated magnetic beads (PEI beads) was developed. PEI beads concentration method is applicable to a wide
range of viruses including HCV. Studies using the national standard for HCV RNA, HCV genotype panel and serocon-
version panel, suggest that virus concentration method using PEI-beads is useful for improvement of the sensitivity of
HCYV detection by NAT and applicable to donor screening for HCV.
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Table 1. Requirements for Virus Test in Biological Products

¢ Blood Products for Transfusion
—NAT for HBV-DNA, HCV-RNA, and HIV-RNA with
individual or mixed blood

Plasma Derived Medicines
—NAT for HBV-DNA, HCV-RNA and HIV-RNA with
original plasma

Human Urine Derived Products

—NAT for HBV-DNA, HCV-RNA, HIV-RNA with
pooled urine at appropriate timing

e Cell or Tissue Derived Products

—Interview or screening for HBV, HCV, HIV, HTLV and
parvovirus B19

FIRIZ K D DNA % #E1iE 9 % PCR % (Polymerase
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W5, FEIEEORBESREIZD W TII M ITH#
3.2

NAT 137 A )V ARk & ¥l L TRINd 5729,
Pifkz ke 9 2 B A ARRAR (T EL TR Cmlk
THY, U1 RUMZENET 2 ZENFEETH 5.
HCV o8&, FikBRED Y1 > R HI3H 82 H
Lansn, HAK7 (HIR) TiE NAT O%E
JEIZ RO TA > R 25 H & KIgIZAEHE S 1
=¥ (2L, ZRFmMEEICKELERETHO
ITARTIZETEES DT TRV, HFRIZBITS
HCV O NAT [T X % f L 74 TU/ml & &
5.9 =75, TMREEEA) (Lo mE %A DT 1))
ALEMPITONT PR IS E 1L A 7T HERESR
FEH 1107001 5, HEZFEH 1107001 =, HEEFE
55 1107001 5, FEAMIEH 1107001 5, EAI7EE
EEELREAEHRE, REMKRE, BEHEE
B OREMRRE, MO REEEEA) X5 L,
HCV @ NAT (2 & 5 &% & L Tid HBV, HIV
EEBHITI00IU/ml sk 5N TS, FEF, H
RTIEHLWBREREZBEATSLELEDIT, BER
FANSREKROEREZBED 4 5L LITHEPLTIET
NAT OMHEEIET B LM ELzENnD, &5
G, UAIVARNEEZEZGORA IRTFRITI OB
EZE B Z2EMNTENL, U1 2 Rulfloxs
RBEMENAIREEE A 5N D.

2-3. NATHA kT4  LElRo#@ED, MK
BHHOE MREREMSTIE, Rav—»nho% O
E— LW MEDOY A XEEFOMENER I N
L NAT WAV ) —Z 2T EE L TEBMT 5N
TWaM, ZO8%da, HEES O Y) 7 B E



No. 2

165

DO TEETHS. T I T, MRHEHFIDLR LM
fRZHME LT NAT 2172 55 1B Y) ok EE
MEMSND KD, BMERE DR KGR IED
BRI DD DERERLESDN TIEREA D
A AITK T 272 MR E I & U L RS
& (NAT) OEMICET A1 KRI1 21 (Fpk 16
8 H 3 HIEEFEE 0803002 5 5 A4 57 4 = 5K £
REBAD Thbd. ATA RTA A% Tifn sy sl
FlDOTA I ZIHT B REEHRICET 21 RS
1] ZHETHHOTHY, MEEAID KF—2
V) —Z 7k, FERHIEE O B TRAOZ AN
e DAkER, I 53 1 B4 O BLEER IT BT 2 TRN
EHRBORKEGOMESL L TNAT 2175856

A XN 5. HCV, HBY, HIV K TNZ O il e
FARTREIR T A IV ADNK G & 725,

TAINABIET ORI ZE RN ET 2@ ER LS
L TO NAT OfFE CEERIEAL, OFRM%E O
MR E, QO Th D, NAT ITBIT 2Kk

W, BHICHRET 2 EEZASNIMEDEET
THWET DU ABLBETFOAZEEITHETE
LRENTH O, FUDO DA ZITHT 2282 Kb
GERRMRIR) MianwZl &, HiETSA2T 1L A
DffiA DB TR ZRINTE 2 Z 2B 42BN
I (I FATNNFIN) ZHNTEHTSZ &
NROHHN S,

BHEE &1, BRICEEN S ENY AL AR
T oBRETEERREOED Z E21FL, NAT T
1X95% DERTHRIESINZMIK—-EELZDDY
AN AELETORKETH DMLY N4 TEZ2 B
HEE & L THRET 5. BREEEIT—RITEER D
TRRHNEEHL TRO DML ENH S, T2 b

O—)LIZIE, BSXDERTHEINSMHEBEED 3
BEOTAIVAZ ZUEERKZ WD 2 EH#HESRE
INTNW3D,

FEMEME S0, RO /NS BB R I E
LBWEWSEEEZETHOTHD, Btk &
DR MERARE (95% DR TR I NS BRHRED 3
EEOTAINAEANA I LI=HD) &2, ThTh
Dz EH 220k EHNWTRBRZEMBL, T
DRt EI B E 720, TXTORERR 25
ERBIEWTEIODTRTIENTES.

NAT 1 RT4 > T, MEKEE DMK O
BAEDOFEMD OO HREREL T, EROEMFD

T, X ORI - SRR K OSEIEPEY) O R D i
i1k, ﬁE%%O)HZﬁI@*“E{L’, BRB5IED 7= Dl
% RIEOBMHEITHET 2 EMHFFLRINTNS.
24. NATHERE®R R, ZRECOVLT
NATﬁ%F?%y’%oTNATmﬁmWE%
K 2 bl - BT 211, EYE LTSRN
WISEREME () PRNEERS. ﬁﬁmth
TiE, OHEBEES, OHEBEEREDTFT—YDhH
HPEIREE S N7z ENERE S, O BREELE ST
NIESES & D7 — & O HHPEDIREE S 117z B fL R s
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—REPREEUE R, (96/790) SBINT S, BIFEIZSE
RIEBAEZHE S, (00/560) 73 NIBSC K D ATFHIAET

b 5.

— 7, HCV RNA O % —

K E N R T

(JCV-1b Nol22) WEERNIZEZW 2 /517 1b %

Table 2. International and National Standards for Virus
DNA/RNA NAT Assays
WHO International .
Standard (NIBSC) National Standard
06/100 JCV-1b Nol22
HCV Genotype la Genotype 1b
154881 IU/ml 100000 IU /ml
97/746 HBV-129
HBV Genotype A, Genotype C,
HBsAg subtype adw | HBsAg subtype adr
5% 105 IU /vial 4.4x105TU/ml
97/650 HIV-00047
HIV HIV-1, Genotype B | HIV-1, Genotype B
5.56 log;o IU /vial 1.4x10° TU/ml
00/560
HAV . —
5% 10410 /vial
. 99/800
Parvovirus B19 . —
5% 105 IU /vial
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FWT 1999 fEIC/EB I /=, HCV RNA [FH N e
M OERNTIE, H#B9IZ HCV-NAT 2 £ L T
LENND T RN, & d TR O
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790) ZEVEICENEEE SRS O mE BT 5
Z&EITKD, ZOEHEED S ENEELE O ) lid
100000 IU/ml & RE S N7z, BFE, HCV RNA
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—7, NAT ORREOF G, = /51 THD
B H K O BRI IC B W 2 S HES R )L O FEELR I &
Table 3 IZ/RT. EESH/NH)LIT HCV & HIV I
DWTHESINTWS, ENZHR/NN%)LIZ HCY,
HIV, HBV OREHE)S 3 )V I HEN N T N S [EAE 57 8
R g & TReRmiiiAz2HEd 57290
DH D EEHEAL K OV R B D K A BV E D B FE 1T
BT 20198 (EEMEE SFEEFDOICR RS
NTHO, 4BNMTEELIND. HCV EHNEYE
INFIVIMAE D FEAl 2 Table 4 1279, 2 OFEEAE)N
VBT ER I & 7= B g & b S ITERE N
2B DT, HCV HiEI BT 551071 > BT
DImEEF v U 7 omHEc, BB O i K&
O BRI AE 2 N A 7251 100 AANEE SN TN D,
HCV NRIVITIZENICHEET 2RENRT = /5
A7 TH5 la, 1b, 2a, 2b @ 4 FEISHEFE SN TN
%, fEUEN )LD HCV RNA & (copies/ml)
X, MEEOICHHMMERICEID WHO O Jiffi (IU
/ml) & DOHEHFENAEETH 5.

Table 3. International and National Reference Panels

International Reference

. 6
Panel (NIBSC) National Reference Panel

02/202
100 samples
6 samples .
HCV . (5 genotypes and negative
(6 major genotypes)
. _|controls)
non WHO reference material
01/466
11 samples 100 samples

HIV | (10 different genotypes | (subtype A, B, E, negative
and a negative control) |control)
WHO international standard

100 samples
(genotype A, B, C, D, F;
subtype adw, adr, adr mu-

HBV —

tant, ayr, negative)

2-5. MARVFIZED HCV LXK ik fH
HEDOTAINAREMNEEL T, G A—T—ITIF,
OENEER LY RB NNV ZHNWT, &4 T
BHLTWA NATONY F— a > &FEml, 4
% NAT OMHER AL 100 1U/ml DFEE LD XKD
FEEEZITS 2 &, OmiEsEEH O RETRIC
W, TAINVANTRITERE - NELEN TS 2 &
EHERTES, PRr<EBHICLLLEOTAILATY
TR ERTEETREEZEAT S Z ENFIRD
MUER @A XDk TnWs, £k, #im
MR EANT DN TIE, ERERIIEER I L T
IMAT# ® HCV, HBV, HIV O#& 2 Efid 5 2 &
A TR EFHIE IR 2 MMAET A RF1 21 CF
R 17 423 A 10 HEEAFEE 0310012 52 4 55 84 =
HAeNRERA, WAL 20 4 12 A 26 H—EBkIE)
IZEDROENTND,

—77, ENZ A B EH A — T — T o ™
AIIVAEZ LT SHEITH L T, NAT OfE
BHICRD I bO—=)bY—XRAZ2EEL TW5S,
J> ho—)b¥—~+o &i&, HCV, HBV, HIV %
NZNOENEELER 2 M THR L 2k 22 me&
FEsRIZT o1 > RCEAL TikBraEiid 52 &I
K0, Bl TEML TS NAT OEE - HEs
DR ZEIEIE L, BBERHNEETS 2D OFfERAR
O ERES, ZHIZXD NAT OMmHIEE O E
K OEHLIZE D TN D,

Table 4. HCV RNA National Genotype Panel for Standardi-
zation of NAT Assay

Genotype|  Classification™ Nl:?';lgizr gggfeﬁ/lfn%
la carrier period 2 8.1x105~1.0x 10°
window period 12 9.0%x102~6.9x 107
o carrier period 5 4.5x103~2.9%x107
1b+2a |window period 1 4.5x107
window period 11 1.9x105~6.7 x 107
2 carrier period 10 3.2x105~5.2x107
window period 8 4.8x10°~8.5%x 107
2 carrier period 3 3.2%x106~2.3x 107
anamnestic infection 46 Not detected
n negative control 2 Not detected

* window period: HCVAb < 1.0; carrier, anamnestic infection: HCVAb
=1.0. Data were collected from the original report.5
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RAXD S SITEVWIEBED A N ANEET 254
ISR ATEETH D, BN RAEXK DIT, S
FIHAD A > R Hld HCV 136D TIRIEE O ™ 1
IWABTHRPENRALT 52 &, Mg T
EEFHO XD BB TIE YA IV ZDOARIEL - BREMN
TABNZ EMS, WHERE D SRERTAIIAE
ERBOBINEENTNS.

NAT IZ K2 U1 I At a K0 &EELRT 54
FED1DDOHEELT, U A ZBMBICHRET
52 ETHRELINTHMREOHBEZEMI E 5 ik
NHaD, DNOIUIHHRT A IV ARHEE LT, R
JIFL A 2 AR E—X (PELEAE —X)
ZHWEFiEZBRL, HCV Z2IRD%< DI 1)L
ZMMPEI R E —XIZHKEL CRMEAIEETH D,
NAT LU I At zmEE{LTEs 2 &%
W L7z (Table 5).7% A )L ARHIEDRHI & L
Ti&, EELUTPEIOBMMEE Y IV AR
FORRMEWEEOFBLRMIMHAEERICEZD I IV
M PELICHZE L CEfic b EEZTW5 (Fig. 1).

HCV OEHMEIZOWTIE, MMM TERLD
B\ D 2 8 E U 7285 8% BiETh o HCV, KT
RF—ZA7 V) =27 Oz & Lz iiEdh o
HCV OWThoHEs, PEIFKE—XITXDIE
EEEMNICEREIND ZENMERIN (Fig. 2).
HCV Ok 2 HCV RNA [E NS 2 N T
BEU/ZEE, 1ml OY 1)L 2N 5 PEL #EA
E— X T 10 {52175 2 LIk 0 BHREE A3
U, 11U/ ml NFTHRICHRETREE /2> 7-. &

Polyethyleneimine

Envelope virus

Fig. 1. Mechanism of Virus Concentration by PEI Beads

Table 5. Summary of Concentration of Viruses by PEI beads
Viruses Nﬁtural Virus Envelope Size PEI-beac!s
ost genome (nm) concentration

Model Viruses

Cytomegalovirus (CMV) Simian DNA + 180-200 +

Herpes Simplex Virus Type-1 (HSV-1) Human DNA + 150-200 +

Vesicular Stomatitis Virus (VSV) Bovine RNA + 70-150 +

Amphotropic Murine Leukemia Virus Murine RNA + 80-110 +

Sindbis Virus Human RNA + 60-70 +

Adenovirus Type 5 Human DNA - 70-90 +

Simian Virus 40 (SV40) Simian DNA — 40-50 +

Porcine Parvovirus (PPV) Porcine DNA - 18-24 +

Poliovirus Sabin 1 Human RNA - 25-30 +*
Human Hepatitis Viruses

Hepatitis B Virus (HBV) Human DNA + 40-45 4%

Hepatitis C Virus (HCV) Human RNA + 40-50 +

Hepatitis A Virus (HAV) Human RNA - 25-30 +

* Concentrated by the addition of antibodies.
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Fig. 2. HCV concentration by PEI beads

(A) HCV was spiked in cell culture medium containing 2% fetal bovine serum. (B) HCV was spiked in human plasma or human serum.
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7=, HCV B R B2 T 50, dllkd
HCV Pz /A TN E TP ) ¥ A Tk
T HEDEE D 10 FEED KV MLE 2 3 AT 10 1%
Biaxa{To/=2El A, TXTSHELEOBRHENES
N, D/ THRRLZHBOTHEMAAETH S
TEMNRENE. E5IT, HCVO®Oa I N—Y
a >\ (HCV EREZDO T A > R o gz
EHER L TR NS 27V RF—1i) Z2H
WTHRHEOEEZRF L 4R, PEIAE—X
BREZEITS 2 &Ik D, BT T ICEERT L 2k
EHART 6 HRES M I N/AMIKIZDONWTSH HCV
MEEAEEERD, UA 2 RUMMNERSI N
(Fig. 3). IN5DOREREMNS, PEIHARE — X EHE
EIENAT I2K % HCV it O mEEALICE A TH
0, EE[OTAINAREWEHRICEER RF—0D
APV =TI bEHAREEEA SN S.

Application of PEI Beads Concentration Method to HCV Seroconversion Panel

4. BHYIC
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