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Receptor-mediated haemagglutination
screening and reduction in the viral load of .
parvovirus B19 DNA in immunopurified
Factor VIIl concentrate (Cross Eight M®)

Y. Takeda', A. Wakisaka', K. Noguchi, T. Murozuka',

Y. Katsubayashi', S. Matsumoto', T. Tomono' & K. Nishioka®
'The Japanese Red Cross Plosmo Froctionation Center, Chitose,
Hokkoido, Jepan

The Japonese Red Cross Society, Tokyo, Jopon

Human parvevirus B19 (B19) causes erythema infectiosum in
childhocod. In patients with haemolytic anaemia, it occasion-
- ally causes a transient aplastic crisis. It can harm immuno-
compromised patients, and causé fetal death in pregnant women.
Plasma collected from regular blood donors and pooled for
fractionation usually contains B19 DNA. B19 infection via
blood products prepared from such contaminated plasma is
a serious problem. B19 is difficult to inactivate during the
preparation of blood fractions as it is a non-enveloped virus
‘and relatively resistant to heat and solvent /detergent. Although
nanofiltration with a pore size of less than 15 nm removes
B19 from some blood products, 5o far it has been difficult to
waork with such a smal] pore size forfiltration of most plasma,
derivatives. To minimize the risk of transmission of B19, it is
important to screen out blood containing B19 and to develop
effsctive B19 elimination methods in manufacturing.

In 1998, the Japanese Red Cross (JRC) began nationwide
screening of all donated blood units for B19 by using receptor-
mediated haemagglutination (RHA). (This had already been

- implemented in 1997 on a trial basis)) As the P-antigen on
human erythrocyte membranes is a receptor for B19 [1},
the presence of B19 can be determined by agglutination of
glutaraldehyde-treated human erythrocytes [2]. RHA is simple
and easy to implement in conventional viral screening, with
a sensitivity of = 10% copies/ml. All voluntarily donated blood
units at each blood centre were screened. by RHA using a
method described previously [2], and RHA-positive units were
excluded from the source plasma for fractionation.

We measured the amount of B19 DNA using the polymerase

" chain reaction (PCR). Briefly, DNA was extracted from 100 pl
of plasma by phenocl-chloroform extraction after treatment
with proteinase K and sodium dodecyl sulphate (SD'S]. DNA
was amplified by nested PCR using primer, as described by
Shade et al. [3). Test samples were serially diluted 10-fold and
the final dilution that was positive by PCR was used as the
virus titre (PCR unit/ml). For example, 3 PCR units/ml means
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that the PCR is positive when a 100-ul sample at a 1 : 100
dilution is tested and negative when a 100-y1 sample at 2
1 :.1000 dilution is tested. Because the 95% cut-off value -
of our PCR against the World Heaith Organization (WHO)
International Standard (National Institute for Biologica! -

_ Standards and Control {NIBSC), UK code 99/800) is 1058

dilution, 1 {= 10°) PCR unit/ml corresponds to 38 IUfml.
RHA screening for B19, and subsequent exclusion of B1g-

"positive units, markedly reduced the viral Joad in the source

plasma. The difference in plasma viral load before and after
implementation of RHA was statistically significant (P < 0-001).
Figure 1 shiows the amounts of B19 DNA in the batch of
source plasma. Each batch of source plasma contained 1500 1
of pooled plasma from = 10 OCQ non-remunerated voluntary
donors. In 112 batches of source plasma in 1996, before RHA
screening had been introduced, the mode B19 titre was 10°
PCR units/mi, and 55% of batches were contaminated with
more than 10% PCR units/md of B19,

By contrast, after we implemented scre.:éning in 1998, the
mode B19 titre decreased to 10° PCR units/ml, No detectable
B19 was found in 18 batches (5%), and 4996 of the batches
had fewer than 102 PCR units/ml. In 1998, no detectable B19
was found in 16% of batches, and 69% had fewer than 10°
PCR uriits{ml. Nonetheless, six batches (2:299) stili contained
at jeast 10° PCR units/ml [4). - ‘

Toreduce the B18 viral content of the final Factor VI product
{Cross Eight M®; JRC) from lot No. 2M 181 (prepared-June 19,
1997) to 2M209 (prepared March 16, 1998), we first introduced
nanofiltration using Planova 35N {Asahikasei Corp., Tokyo,
Japan). The B19 DNA content of the final Factor VIO product
was reduced significantly by this procedure, but was still present
in 26 out of 28 lots, as shown in Fig. 2. After implementation
of RHA screening for all potential donors of source plasma,
B19 DNA was found in two out of 12 lots prepared between
March 1998 and June 1958. After that time, B19 DNA could
not be detected in any of the final products of 51 lots of Factor

. VIII prepared from RHA-screened plasma. Even after dissolv-

ing the Factor VI specimen in only 1 m} of water instead of
in the prescribed 10 mil for PCR (i.e, a 10-fold concentrated

. solution), B19 DNA was not detected in any of 36 lots. We then

analysed iog-reduction rates by monoclonal immunoadsorp-
tion and passage through a cation-exchange column. The log-
reduction rates were estimated as 4-9 and 1-9 respectively,
giving a combined total of 6-8. Therefore, the residual viral
load in RHA-screened source plasma could be effectively
removed during preparation of Factor VIII. Nucleic acid
ampliﬁcatiorl testing {NAT) of B19 might be considered for

[ 7% |
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Fig. 1 Parvovirus B19 Jevels in the podled
source plasma for fractionation.

Fig. 2 Levels of parvavirus B1§ DNA in Factor
Vil eoncentrate (Cross Eight M),
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future Teduction of the viral load in source plasma. However,
RHA screening for B19 is still required to avoid cross-

contamination or carry-over of the virus prior to NAT testing, -
We conclude that RHA screening of individual blood donor”

specimens is a simple and effective procedure for eliminating
high-titre B19 virus from source pjasma for fractionation, as
well as from bleod components for transfusion.
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RHA SCREENING AND REDUCTION OF PARVOVIRUS B19 DNA FRO}\A
FACTOR VIII CONCENTRATE (CROSS EIGHT M™)

Yoshio Takeda, Ikuma-Abe; Motonaka Aoki, Koji Sotoyama, Nariaki Kimura, Masako Shimobayashi,
Yasuko Nagano, Yoshiro Katsubayashi, Takashi Murozuke,
Akerni Wakisaka and Tsugikazu Tomono
Japanese Red Cross Plasma Fractionation Center

Since September 1997 the Japanese Red Cross has conducted a nationwide complete screening
of human parvovirus B19 (B19) for all donated blood units by the receptor-mediated hemagglutina-
tion (RHA)} method. RHA-positive units were excluded fromn source plasma for fractionation. The
amounts of B18 DNA in pooled plasma and in factor VIII concentrates (Cross Eight M, plasma de-
rived and monoclenal purified) were measured using a PCR method. All 112 batches of peoled plasma
tested in 1996, before implementation of RHA screening, were B19 DNA-positive, with 83%of these
contaminated with more than 3.8 X 10° IU/m/ of B19 DNA. In contrast, after implementing RHA
screening, no detectable levels of B19 DNA were observed in 5% (1998, 16% (1999), 21% (2000) and
21% (2001) of batches, and batches contaminated with more than 3.8 X 10° 1U/ml of B19 DNA de-
creased to 18% (2001).B19 DNA content in the final products of factor VIII concentrate were re-
duced significantly when RHA-screened source plasma were used. Since September 1898, .B18 DNA
has not been detected in any of 78 lots of final products Furthermore, no B18 DNA cculd be detected
in any of 63 lots evenin 1 : 10 concentrated solution. RHA ‘screening for B19 has markedly reduced
the viral load in source plasma for fractionation in Japan.

Key words : Human parvovirus B19, Donor screening, Receptor-mediated hemagglutination (RHA),
Source plasma for fractionation, Plasma-derived factor VIII concentrate

ZLHIZ ERREETHBICEELSMRFHRFEEIEE

e RrLEDA AR BIS (BT BIS EIEY) i IFIERBB. FRESHEEFERVEHED

GRUAHORERYSAVATHY, BEATERE PIRREICEIRBERE>1- 1, TORIZIABIEAE

RiEEHLRWES, BRI B BRI R FRITIENHY, FERRTCEIRED 15% 2i B
EREETHOLTHEY, BHEANERNSE  19DNABETH L ORERSHD".



28

B9 = R_u—T R WER 18~26nm
o);j\ﬂhjzr}vz ¢, hOEA(50°C3043), B (pH3),
& O ma LA, AEEEEA)/ REE AR

. BEINEFEETRUVANARERICLS
Bls OB T A NVABRERZSHATWSH,
£ < ORPFHERFNIZLBOSE 7‘:@10)2?7\#

B,

' %ﬁ1&¢uwaﬁ§#@ﬁx&5 & b
b, FERNE~OBOAREEL T LELEN
S R FREE S TRINTFLY TRTO
ki fu#E oo vy T Receptor Mediated Hemagglu-
tination (RHA) REFEICL D BIO RZ V) —=v 7
BREXEHBL TS, BxIIRHA REEANE
. OE VI AFEFIARSR S — N &8 VI
FHIFID BI9DNA EEBELEOPRICONT
i L DTHET S,

_ . HEEAE

1. 8 VIII 7 8F O B
| EESERAORE k2 SR, Ikt
LF—risit 5B, LEFHRE (HBs HE,
L HBc #ifk, L HIV-1/2 5k, i HCV HE, 7
HTLV-1 ifk, B19, ALT, #%), NAT &> ¥ —
Iz331 B —AMRH NAT (HBV, HIV-1,HCV.
1999 4E X ¥) O LOTH Y, EiFH M

SDNTIE 6 X BHOBEERELE TRLNHERS
- M i BRI En D,

B AFR+FEnESEE Y —CREEREE
ez 7= fd% %, #5000 A5 10,000 ASGEBREL
THS—AmiE e +3. ZOF—NnfERLE VI
EFFoPRMERTHE2 ) XTI T—1
CE, AMETATIVORBERBER B2 Y
FMER) # TR, ABLETIIRHAREEALL
HMoBLOECHELLT-VRFH2 Ay T
(1996 €£) 33 L 'RHA BEEAB MM THRIEL
721011~y 5 (1998 £ 1 A b 2001 F 7 BicH
. B @ 700 BASIEN) 20T B19
DNA #EELTHELE.

2. 8 VIIETFRA

RAFR+FTHOFEVIIBFRAI 722 }
MIZOWTERAE, TOMETEHEIRDO LR
NTh5. Thbbloy O/ RAZS MM

Japanese Journal of Transfusion Medicine, Vol 48.No. 1

@&ﬁu;tf—-wunﬁﬁet D@Lz Y FTLY
vF— Rty TS (#8 FASOMEE) BER
xha. 2947 v'F—F @ﬁﬁ;”?ﬁ%ﬁﬁi’“
K/ REESRATAEL A L) T 7 (=740
2 b ST 4-TEVIIEFEEHL, THD%
2T 3. KIABR Bim OVAAABREETS
BL, AF VBRI uT bS5 T 4 —CEICHE
T35, EROEC VA AIBRALTOWRIEZZR,
EOTRTAREL/IREENS. TOBRTE, B
Bl TEREES.

7 A L ABRERIT Lot 2M181 (1997$G ﬁ B

) P LRETEICEA LR, Lot 2M210. (1998

43 B %) 5 RHABREHE S ORE M2 H

BleEA L.

3. RHA B o
RmﬁﬁﬁuBlgﬁamﬁ'& IPHEE L&
B—b R LEFIBLEREE T, IAFNLT

. AFE FCEELEPHEBREO F O&RKRM
- 3%, pH50~58 ChiELRIGEH, Bl AbiL

EPHELRS L ChREREREZ 2T 5.
AEFt+FEtomnifEe »r F—Tixd V) o2
SHDEERSREEEPK2002EA LT
1997 € 9 B L v T<ToOBALmhiiz2T RHA
AV —= i BEFRIBELE.

4. NAT It X% BI9DNA OER

# & 100p] 2 PK/SDS 4 # % Phenol/Chloro-
fqrm THHL, £02E% Nested PCRETVP
1EEEFRIELAY. BEEDZ2EAKDE,
Ethidium Bromide B+& L, /8> FEBHLLDE .
BiEe L. EEERBRASREEZBY, BH®
DEABEL 10 {ERERR LU TRBIIBEL, BiEL2
HRKAEREEE RO, NAT OREBERZE
PRIRTESL (WHO International Standard for Parv- .
ovirus B19 DNA NAT Assays, NIBSC Code 99/
800, 5% 10° International Unit/vial}) Z##B L TH

©. EL, 95% #HMRRIL8IU/mI Thot.

saRTA b MILBHEHBK 10m TEE
BB BN, ERAK Im] TEERET AL THE
110 KBRS LEREEEMLTBIYDNA R
ExfTork.



REBOFLNE RO F1% - 2

) 1896(a=112} . 1998(n=362) 1989(n=270) ~ 2000(n=186) 2001 {n=193)
tu/mp)  HESSH
a.8x10°
3.8x107
Sy
1.8x10° e
3.8x10°
3.8x10" . L ' . '
0% 10% 20% 30% 0% 0% 10% 20% 3D% 0% 10% 20% a0k 20%
Not detected 0% 5% 16% _ 21% . 218
=38 10' U/ml - 808 51% 318 . 32% : 34%
Z3Ex10° Wimd B3 35% " 16% 18% 18%
B 1 Levelsof human parvovirus B19 DNA in pooled plasma for fractionation. Data
for 1996 show batches of plasma posls without RHA screening. ‘While batches
thereafter were screened. . ’
{19/m)
3.8x10® |
L ] L
38x10® | . ; .
. By, . .
. =% Nanofiltration
N X i
L ] [ 3 )
a.8x10° s o @ - e ;
! [
» . st
v .o ?@-“7 RHA
3.8x10° | ™ e :
1o 2] H
» @ .E
» s B@ @ ]
3.8x10° o o @ » ® 0 BEO @ i o
aiis %
& o
{
3.8x10"
=3.8x10%
2mM140 2M160 2M180 2M200 2M229 2M240 2M260 2M280
Lot No.

2 Humen parvovirus B19 DNA in plasma-derived monaclonal purified Factor
VIII concentrate '(Cross Eight M),
Circles in the bottorn shaded area show that parvovirus B19 DNA levels in the final
products below the PCR detection limit. Circles en the horizontai axis show that .

even parvovirus B18 DNA levels in the concentrated selution of final products {1 :
10) were below the PCR detection limit.



K

o
(1, ]

No. of incldent reports / institutidn

-
[4)]
. s
P ¥ e — yngrd
___________________,u—-—-——

Japanese Journal of Transfusion Medicine, Vol 48. No. 1

. %hv
WM\,W L/w Aw

1885 . 1990

1995 2000 (\ﬂ:ar)

3 Weekly incident rates of erythe;-na infectiosum at various fixed observation
sites. Infectious Diseases Weekly Report Japan (National Institute of Infectious Dis-
eases. Infectious Pisease Surveillance Center).

¥ X

7—»mmonDNAi%mELL%%%E
1 IR L. RHA RELRTO 1996 FEiRELE

T, 2T B19 DNA BT, 38X10°
IU/ml B ED L DD 83% 2 SH T k.
RHABRZEEA#E 2 b7 — Mm%+ D BI9DNA
B L, 1998 FiTIX 5% ThoBHBRLL
FOF—AMmIEAS 2000 FICHE 21% KLz,
K31z 38X 10°1U/ml BLED 7 — A 1§ 13 1908
LT 36% o AT, 2000 £ITHE 18% % THY
L R RHARZEZEATHZ LT, K
£l o B19 DNA EXE L=, '

BA&FR+FHOE VI BFEE, Jexxds b
MOBEFDOBIIDNAERERZE2ICFL
fo. BETRICYANVAREEREZMZ I Lot 2M
181 LT, ME PO BIODNA EMNEL LT
5. ThTh RHABRESARIZRED 90% 22 B

19 DNA BETH o7, RHABREE X ORE %
BB Lot 2M210 22 b, BH&EFOBISDNAE

REBSLE. 1998 £ 0 A LA T AU®E L 7= 78
oy NORETRERALTLRY, 205350
B3y Mit&ﬁs%: 1:10° u&ﬁ LT% B19DNA

TR Lok,

. 5 =
- BEROBMBE BT S BIS B ITHE 0.6~
08% ¢HMESNTWVA, BUEY—~2( F
ADEEIT INIE 1987 £ & 1992 Fio G YA EE
DRFATRH Y, 1997 ERBWRTR D &=

(B 3). £EMRZE L7c 1098~2001 SFIXMBR3AIFE

HL, NP LbHATHICRBRCE R VED H 57,
oI >WTREARETCBIIHER2 X 2
Y2 ST B EIC ST, mﬁﬁﬁﬂﬂwﬁ
BfnsEo BIODNA ZFE L < a‘lﬁ’ﬁ éiﬂ:é AT
i,

~% RHA BERZOFRE 3~5 RO Y A

L AVARESICIIRDES, FRICENT BlOHE

DEANBED b FERAKEAEH) BI19 O re-
ceptor TH D PRELFEMNES L, REA KM
HELCHAESND. Bbr gD i
M RHA BB CRBBT A2 RN TERL.
LaLRRESERESAET—A 0O BIO

 DNAREZRZ L, ST LLbRARAKESHIC

R S h Al RHA RZER T8, 70
SNAZERRELED Tz T&Rw. fE

22 -



ExpmEagss #eE $i15F

"2001 E%ﬁjicﬂé_a, 10°TU/ml $L ko Bi19DNA .

PELT—ARER 1B Ay FHE UL AReF o
. UVARARERICBET VAV AER 1008
copies/ml ThHADIIANL, ARAEES KD
A VRE 10" coples/m! BUF E3E T i
", BI9DNA BEOEV IO 14,8y Fiton
- THREAGEADEERL S h kiS5
TNZREETHEDE, PR (DL 14
2=y'}t) OV ARLEROLOBAoKID
LEDID, TRPEVANAAMEN L WEEY
RHA&E'fEEZ: ShESathy, BESEL
@&Eﬁn%#<?_meHA&§®A
é@%ﬁf&é
EE%@TBHX&U—:Vﬁtﬁ?éﬁD
MABRTbhTWS. T2 VP T FDA 250
FEAEERCEDNS T — VIO BI9DNA &
10'geg/ml LTRT B XD RERFRShi
(CBER (FDA) : % 64 A BMARBEERS (9
/16/99) BEE&E, plad—222) .
SESHAEOEE Y ThB PPTA (Plasma Pro-
tein Therapeutics Association) IXBZEHIT, 2002
4 6 A B 7—/ 3% BI9DNA & % 104U/
ml LTI T3 EB32 X TTWS (Announce,
“PPTA Voluntary Standard Parvevoirus B19”,
March 2001.www.pptaglobal.org/safety/index.
htm)
Zo k5t RAN S ERAFELES B
19 {ERIEOFERIZH - TH, % L7 RHA &3
OVREFMRTE RV EEITH, BAB NATR
;5Bmz?)—ryf%%ﬁ?6ﬁaﬁ%5
NAT 22 U=y 2z LTH, T+ T =73
o R R AR T T, DS ESEA RS A
SLT_TORLME IR L THBY, HIV,
HCV IZ2WTEREL, /I ATEERLTWS.
NAT 22 J—=v 7 2 LEFHRE L BH8D
®BHLLT, & m&&ﬁ‘?ﬁﬁi?ﬁ%%%‘% ok
HEEEDTWAZEHEFO—>THS, Bl 0E

e, BCROMIE

3

BEOBERORI L, VANAMFELRITHY
ANVAEDEE"RNAT X7V —= v JORE

'uaaﬁJHAaﬁm%mgﬁzyn—:yya

LTHBTHSD.

REER AR EHOEEEE, BRI
Ry —; L, KA, BRREREL
WEF—OIHREOL LITRM LBE IS
LOTT. ARXDES] iﬁwlﬂﬁ#iﬁrﬁl—%‘—‘%%ﬁw
ICRBWTHRELELE.

X R

1} Tolfvenstam T., et al. : Frequancy of human Par- .
vovirus B19 infection in intrauterine fetal death.
Lancet, 357 : 1494—1487, 2001,

2) BAEF EPARTAAZBIOBTR LMK
# 4. immunohaematology, 11(1) : 9—13, 1989,

3) Brown, K.E., Anderson, SM. and Young, N.S. :
Erythrocyte P antigen : Cellular receptor for B19
parvovirus. Sclence, 262 : 114—117, 1583,

4) Sato H., et al : Screening of blood donors for hu
man Parvovirus B19. Lancet, 345 : 1237-—1238,
1995,

5) EEEEAT - molEE Dmmﬁﬁmﬁ B R
VA /X BIS L EOBRERSWT, RABERE
=%, 42(3) : T4—B2, 1996,

6) Shade, RO. Blundell MC, Centmore, SF. etal ¢
Nucleotide sequence and genome srganization of
human parvovirus B18 isolated from the serum of
a child during aplastic crisis. J. Viral., 58(3) :
9219386, 1986.

7) Yoto, Y., Kudoh, T., Haseyama.K., et al. : ‘Inck
dence of human parvovirus B19 DNA detection
in blood donors. Br. J. Hematel, 91 : 1037—1018,
1895. .

8) #EBEE—IE, ff : Receptormediated hemaggluts: .
nation (RHA) iEX Bt FAAR T AR BIY
HEAZ V== 7 OFHRN. BARLSES
2%, 42(5) : 231—232, 1996, ,

9) EBBIT  IREE~OFMIXTI A, B
FeemF2E, 42(6) : 299—300, 1996,

100 L F:v bARTASARBROEREE
F. UANR, 37(2) : 159—168, 1987.






