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Evaluation of the Virus-elimination Efficacy of Nanofiltration (Viresolve NFP)
for the Parvovirus B19 and Hepatitis A Virus

Deok Ja Oh, M.D.!, Yoo La Lee!, Jae Won Kang', So Yong Kwon, M.D.!, Nam Sun Cho, M.D.?, and In Seop Kim, Ph.D.}

Blood Transfusion Research Institute, Korean Red Cross', Central Blood Test Center, Korean Red Cross?, Seoul;

Department of Biological Sciences, Hannam University®, Daejeon, Korea

Background : The safety of plasma derivatives has been reinforced since 1980s by variable path-
ogen inactivation or elimination techniques. Nucleic acid amplification test (NAT) for the source plas-
ma has also been implemented worldwide. Recently nanofiltration has been used in some country
for ensuring safety of plasma derivatives to eliminate non-enveloped viruses such as parvovirus B19
(B19V) and hepatitis A virus (HAV). We evaluated the efficacy of nandfiltration for the elimination of
B19V and HAV.

Methods : To verify the efficacy of nandfiltration, we adopted a 20 nm Viresolve NFP (Millipore,
USA) in the scaling down (1:1,370) model of the antithrombin Il production. As virus stock solutions,
we used B19V reactive plasma and porcine parvovirus (PPV) and HAV obtained from cell culture.
And 50% tissue culture infectious dose was consumed as infectious dose. The methods used to
evaluate the virus-elimination efficacy were reverse-transcriptase polymerase chain reaction for
B19V and the cytopathic effect calculation after filtration for PPV and HAV.

Results : B19V was not detected by RT-PCR in the filtered antithrombin 1l solutions with initial viral
load of 6.42 x 10° IU/mL and 1.42 x 10° IU/mL before filtration. The virus-elimination efficacy of nano-
filtration for PPV and HAV were >10°* and >10°*, respectively.

Conclusions : Nanofiltration would be an effective method for the elimination of B19V and HAV. It
may be used as a substitute for NAT screening of these viruses in source plasma to ensure safety
of plasma derivatives in Korea. (Korean J Lab Med 2010;30:45-50)
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UA] otk o= 718 A/ A/ Al (solvent/detergent, SD)
AelE 3t slolg| A S5t F4ou YedF W S|
=of st AF-EH AHnucleic acid amplification test, NAT)
AA R QIS ATE BojXct T} obH . 7kgolut Alof
e 7HABRE olgdt Ukl B3 oM e AdE 2
ol= Ao 4HA parvovirus B19 (BI9VU AG7FHFo]
2(hepatitis A virus, HAV)2} -2 1] 2] 7] g vfo]g]2of o5k
YAAS] o A= Hole Bl gk 53] HYH
O FoRt ghrtof|Al= AIE AT 4= 7] wiol ml=o]
U A &3 =7 7 F9%olv AFAE
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o|# ofyz} X nanofiltrations A= FAo| Tk
Ho]g A @ HE 2 Aslel= HRME AlEE T Ql=t] Y24
AAF M= 20 nm pore size2] nanofiltratione anti—HBs
HAFZELAA, factor VIII product A% A4 £t
HAV, BI9Ve} 22 242 =7]9] H|e]u]g Hiolg|L 245 2
aslsto] AAELAAY S FHAIZIAL Qleh v
oA = ob2] =@l digt Blgvut HAVe digh AE
ARt HRol2| 2 AAE QIRE AR Zho]Egfele glom
Zollof wjollA] 5% FAEIAA Y S TR
913t tieks A Sl Aol

2 Aol AU A Y 5o EEst w4l Ade
Hol= 7oz defxl v|Quly upo]2| 2] BI9VEF HAVe] o
sto] dA = o] Ui AAY] E2F Aol FUE AL = nan-
ofiltration (20 nm pore size)®] A5 FHE3to] Bl
AEIAA A FRE 5 Wro R A S AR

PR o3 An e} g,
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1. CHAL

B19V DNA AZaAPlA & Hel 219 ABA=TE
H2E B9V DNA 5= 3.21x10' IU/mL % 7.08x 10°
IU/mL)& B19V 952 ARSI Porcine parvovirus
(PPV)i= PPV (ATCC VR 42)F Minipic Kidney (MPK) cell
(ATCC CCL 166), 18|21 HAV+= HAV (ATCC VR 1402)5
fetal rhesus monkey kidney (FRhK-4) cell (ATCC CRL
1688)°ll FFsto] vjAIR] AlmE YRR o] &3I3iT

2. g

1) Hiol2{29] MT I Hi

1) PPV

232A13291 MPK cell (ATCC, Manassa, VA, USA)S 10% &=
glo}& A (fetal bovine serum) (Gibco BRL, Invitrogen, Gai—
thers—berg, MD, USA)°] 7} Dulbecco's Minimum Es—
sential Medium (Gibco BRL)Oll #jofsl¢l o, Ta-0 &2 ujok
¥l Alszof] PPVE HFsto] AHAZTh drjdoez s 5
71H o8 yaksto] AlzH i cytopathic effect, CPE)7}
UER=AE SRlsteitt. CPEZF Wuls] 2k off wjokals
400 gollA 787t YRSkl ASHE e Mo HHES
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() HAV
FRhK—4 cell& 10% 4Ejotd A o] 27} Dulbecco's Min—
imum Essential Medium®l] HjQ¥al i, wijeFs oAz

slo] ghafst & 400 gollA] 7E7t
xe]

3 molRold A5 EH Fol 045 um *

HAVE #7kste] 2191417] 3 An|40.2 CPES SHele ¥ v
FOE 400 golH TH7E AAEStel AFOlL 2 mow
aEe Aassdn AaBe 52/ e 28] wg
ATt AFAL P

o] 3}s

)
i
fu
j::ll
=

H7do] Sl HlolH A8 Fee vl 555 Al 50%0014
& 0 71= BAu|E 50% tissue culture infectious
dose (TCIDs0)Z EAIBIV] 2 3131, v %35 AZo) A A
S IMAETE 4ol e AlRE SAUEEd 4 3
Kooz ALgaRo.z lolel 1% AR volEAg] 5
L& At S4otes okt

3) &4 ZF9| MA 2 Mock test

(1) Antithrombin 1119} A% 54

A 2105 B34 Y g5 FUstA +dst] flste]
A nanofiltration®] FYE L = antithrombin 11T 34
< scale—down model2 A8} Antithrombin [112] A
% 342 Fig. 13} Zo] A Az 349 21& A& g0
W= Aokt ehgols ARg-sto] AAsESITE Nanofiltrations>
2| Aol A % gskSict,

Q) &2 349 44

slolE A I o3} F4L Millipore optiscale—25 (Milli-
pore, Massachusetts, MA, USA)E ©]&3}o] 1 37082 4
5o 21831 AL buffer= antithrombin 11T A% 34 A] AR

© AL I = AMgskGlT Saaol 288 212 Table

13} At

(3) Mock test
Blo]@] 2 stock solution?] AJAYe] ofx} dg&of n|A|= Hek



Nanofiltration for B19V and HAV

‘ Source plasma ‘
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‘ Centrifugation ‘
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‘ Cryo-depleted plasma ‘

!

‘ Ethanol precipitation ‘
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‘ Heat treatment (60°C) ‘

!

‘ Affinity chromatography ‘

‘ lon-exchange chromatography ‘

‘ Nanofiltration ‘

!

‘ Final solution ‘

Fig. 1. Manufacturing scheme of antithrombin Il

< ARt A% s|A =5 AA8EIIA; mock testE AAIE
ek, HholE|A stockS 3)415}o) 208, 200HH, 1,0004H, 3,000

Hlo] BHoE Az 3 ofat BEE ZAIT,

4) HIO[2{A HZE % nanofiltration Al

A A gdof| Hiolg A ARNS HHslA FA5h 54
A 30 mL& AZsHATh HF £ 2 mLe| AAE 270 AFH 5t
4 Bt 7HER Ao A2 20 nmé] HE (Viresolve
NFP, Millipore)el] HFo|# A 4F AR 18,2 mL& H7FstaL 2
bar®] fglow gHS ouAFi), oubE §HO| Hulg &
A8l B19V 7§ $HE Zof reverse—transcriptase—
PCR (RT-PCR)Z Hlo]8A & S%stal HAV, PPVE &

QAR 0.2 uloll2 titrationS AAISHIL,

5) HIO[2MA XA 1t AS

(1) Real—-time PCR

B19Vell thsted nanofiltration #2] Zd5-2f A|=o] thsted
Lightcycler 2.0 (Roche Diagnostics, Basel, Switzerland)2}
Parvovirus B19 Quantification kit (Roche, Manheim, Ger—
many)= ©]-43t real-time PCRZ o] A dike] 55 =
78It} Real-time PCRO| HE37M(95% detection limit)
+ 3.3 IU/mLo|%tt. Real-time PCRE $I3t ike] 52
MagNa pure LC (Roche)2t MPLC total nucleic acid isola—
tion kit (Roche)& ©]-4-3}¥th,
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Table 1. Parameters of nandfiltration in practical and scale-down
schemes

Practical Scale-down  Scale-down
Parameter .
scheme scheme ratio
Prefilter type 4inch cartridge 47 mm prefilter
Nanofiltration 10 inch cartridge 25 mm disk ~1,370
(4,800 crm?) (3.5cm?)
Elute volume 251 18.2mL ~=1,370
Pressure 2.0x0.5 bar 2.0£0.5 bar
pH 7.0£0.1 7.0£0.1
Q) FA97H e

PPV ¥ HAVAARI= nanofiltration Ag] & A|2E
&5t MEE CO: incubatorollA] 35C & vjeFatHA dnl7
.2 CPEE #&st TCIDoE 283t AEg7AdS AAl
SEGiTt, vhol2l A A|A Adk= -3 9JofE=(European Medi—
cine Agency)®] 7ol =2kl[7]e] whHef vt 2o AREseiTt

Log reduction factor = log {(V1X T1)/(V2x T2)}

V1: Nanofiltration A2} A A|59] &

T1: Nanofiltration #2] % A|& 2] vjo]2jA A7}

V2: Nanofiltration #2] 3 A|&9] &

T2: Nanofiltration 2] 3 A|&9] vjo]aiA A7}

2

1. Mock test 21}

B19Ve] 79 20u 34l e ofabw]z] ekokar, 2008H
B A o} ] EsHAl oTE|$l o 1,0008] 34 HofAl=
olgta-go] ok m|A|A] FEk g 3 0008 3]4fo] AHg Ao
2 = glet PPVeF HAVE] 7ol 1,0008) 3]4o] 24
Ei=g

2. B19ve| MAH &1t

B19V FAEAS HE3H antithrombin 11T 898 0|83t
59 Ait= Table 29 2t} A WA AFAFAA Azd
Hlo]g A gallo] 7] J7k= 8 98x 10° IU/mLo|loH, HE
F vho]2] 29| 97H= 6.42% 10° IU/mLol it 7 WA H5A
HollA AlzH violgf2 goAe] 27] 97h= 1.562x10° IU/mL
ol9lon HEH vlo|2Ag] 97H= 142X 10° TU/mLe] itk
Hpol2| A e & ofgfolofl 4] BIOV-S AEEA] Eket,
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Table 2. Virus-elimination efficacy of nandfiltration for human par-
vovirus B19

Deok Ja Oh, Yoo La Lee, Jae Won Kang, et al.

Table 4. Virus-elimination efficacy of nandfiltration for hepatitis
A virus

Sample Virus titer ~ Volume  Total virus
description (IU/mL) (mL) (V)
1st  Stock solution 1.36x10° 00066  8.98x10°
Spiked starting material ~ 3.21 x 10 20 6.42x10°
(load sample)
Filtrate ND (<8.3) 18.2 <60
2nd  Stock solution 231x10° 0.0066  1.52x10°
Spiked starting material ~ 7.08 x 10° 20 1.42x10°
(load sample)
Filtrate ND (<8.3) 18.2 <60

Abbreviation: ND, not detected.

Table 3. Virus-elimination efficacy of nandfiltration for porcine par-
vovirus

Virus titer Total virus
Samplle . (Log, Volume (Log,
description TCID/mL) (mL) TCID)
1st  Stock solution 6.39 0.125 5.48
Spiked starting material 3.96 20 5.26
(load sample)
Filtrate ND (<0.58) 18.2 <1.84
2nd  Stock solution 6.18 0.125 5.27
Spiked starting material 3.75 20 5.05
(load sample)
Filtrate ND (<0.58) 18.2 <1.84

*Theoretical minimum detectable levels were calculated where porcine
parvovirus infectivity was not detected.

Abbreviations: TCIDs,, 50% tissue culture infectious dose; ND, not de-
tected.

3. PPVe| HMAH&Ex}

A WA A% Aol A A=E PPV stock solution?] H}o] 2]
2 97h= 5.48 Log, TCIDCI S H, HF A9 PPV 7k
5.26 Logi TCID°|Sitk, Hio2]2 HE of mpolof x= Hlol2]
271 A& AEEA| &oF log reduction factors > 3,420]31
ot & #A HESAPANA = AXE PPV stock solution?]
7F= 5.27 Logi TCIDyOI 4 oH, HE A9 PPV 47k 5.05
Log, TCIDy°l it PRIZIA| 2 Holg|2 Ay of wpfofjAl=
Hlo|g| A7} A& HEE A ¢kol log reduction factors > 3,21
2 Yepgth & A4 Bt PPV log reduction factors=
>3.320]%{tK(Table 3).

4. HAVS| MH&ED

HAVE] 79 A HA A3 A4 A2E HAV stock sol-

Virus titer Total virus
Samplle ' (Log, Volume (Log,
description TCID,/mL) (mL) TCID,)
1st  Stock solution 6.39 0.125 5.48
Spiked starting material 3.85 20 5.15
(load sample)
Filtrate ND (<0.58) 18.2 <1.84
2nd  Stock solution 6.49 0.125 558
Spiked starting material 3.75 20 5.14
(load sample)
Filtrate ND (<0.58) 18.2 <1.84

*Theoretical minimum detectable levels were calculated where hepati-
tis A virus infectivity was not detected.

Abbreviations: TCID,, 50% tissue culture infectious dose; ND, not de-
tected.

ution?] Hpo]E A A7k= 548 Log, TCIDy01.2H, HEH
HAV 971= 515 Tog, TCID,0] 2L}, Hlo]jx e ojziol
o A= mlo|HATL A HEEA] %ot log reduction factor

+ >3.3101th F WA ASAHNA= AEE HAV stock
solution®] &7H= 5.58 Log;, TCIDy®] 0.1, HE A9 &7}
+ 5.14 Logy, TCID5®| $i, Hiol2] 2 HE of wffofj Al = H}o]
HA7F A HEFA] Yo} log reduction factors >3.309]
ek, F AdolA H HAV log reduction factors >3,31
o|%{tHTable 4).

ik,
ARGA| that AGA A AAEA A @)

SD7|H& BIES A ==3l/AIA 378004
Q= B19VeF HAVE EH-3-3191%}
AA & L5 E2IAA | of3t Zra o] AR7F Bars|o} )leh4-
6l. HAVZ-S- W@-go] ZFsto] 60°CollA 10A17F F2tolle A
o, low pH A ZJollA = F-423] =ZotEA] e A= o
A Qi) B3 oH| 2, SREEE AHEA 9 thiEs]a
& 59 Ao Aol = Alor AP A QUTH8]. BI9V
= HAVSF W72 o 7hA] B83t 3o A7l Q=
74 oz ol—;{q;dO% 01,} o]‘— HHO]ZO] 77]-1:]-§0 B19V .:H/\] PPV- %
oz oF A Ak A 2T AAR gt BIOVE thde
Z AR Aol Foluf ko] HjnA ofqlgt Ao Bl

531 9leHo)
BIOVE| 49 QA0 QAL S8 FIRIA W
7} 7] Wol 4ol of3t BlOV 7o) SR ANz



Nanofiltration for B19V and HAV

H7 leHL
ol RBANE B}, welol] Aeje] B, QAR W oo}
oA i) BlOV 749 Bolo] SBE|: Aol Aztet 7
712 28 2 QUi HAV 2 tlui 93y zelo
2, 29 gzo] WAER ks 3 719 Fol 41 Hel
& YSaja RaAR AskEls 497 SEoH1g), e o
Rolx B4 ARAY A4 Hdow Y| B0l
[13], Zol= 9 BAe] HARAAZHR 7 )4 All7}

d
HAVe] gt A7 9] b/ ghiiof] ¥4lo] =olA|aL Sl
7FH 200497E] FollAs FEIAA L A dRE
$J3to] ‘European regulatory requirement o4 anti-Dif
pooled plasmaoll 2o]= 4787l = B19V 9717+ 10" [U/mL
£ WA ¥=E atskar QleHi4l vl=e] FDA guideline®
EIAAE Y3t pooled plasma] B19VE] 9717 JA] 10*
[U/mLE 94 =% a6k, dad SRS 7ol=ekel
o= B19V % HAVe] that, R2AA] 5404 ol ¢
S A4S 4= QJEE Virus process validation' BA&
T8 w1 W2 slar QJeH15, 16]. tiEe] 9] 7t
A% BI9V E&= HAVO] tigt HARE A8 AEaA e =9
SHIL QA= o, ddolut 593t o] BI9V AL E
= minipool (96 pool) BI9V DNA AHAALS AAJEIL Q=
vete Sled), i fs @49 4 g%, st Ak A
ARt 2E A AR NAT pool AR} 344 £83F 2 A|A
AL AABEL JiH17], T13Y ¥E X E= JF Al
AARE AAE Soll= g @99 e HE Falo] gty
& 745ete Y loto) HE AlES 7|80k sl Feo] w
= Q. o] 23t riskE 2|4Blslal Hl-g- thu] a&AQ1
© 2 HpolHAE A 73}7] $I3H] nanofiltration®] non—envel-
oped virus®] A|A WO 2 2T Zgs WA EGlet, 42
ZAAALL] 2- o]n] 1997 ]| 35 nm pore size] nanofilter
£ BE3FAo B3t o] 2005E5-El= nanofilter?] pore
sizeg 20 nmE F74sto] 8JASIA A, HAFEEY, BY
7t IR ET 34l 714 A-8-8kaL QlTHig],
Nanofiltration= E®#3 QlZa} 130] Ha glo| 7HdsA|
574 o] BYD o Qe Aol QL AAA S
Holt Fe| il thulste] YHsHA wA e 3
=

2 vl
Solk A0, A8 WS oo ANsHs S U

©:

o rot

mr ¥ £
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FAAAL HEHTHs B A-SHA 0] 7hsd e R
7R Q)= Zolet, 2 Aol A% scale-downAl%] anti-
thrombin IIT A% 4] BI9V, PPV, HAV 2.4 A]7] Al82
20 nm pore size nanofilterg FHAIZ] & A3 HAol|A|
Hholg| & A7 Bk A5 vl of WS & o thefet AlAl
o] BelFgAole FYsle= AZ ool & Aom AbRES
o} & Aol A= FE O Hholg 2414 AE ASshe Aol
EAolglon g Chlsleg S| 3 A=
2 Atol] ARG Al ofn] Yo AEEAL glaL, =
oA G-EE|1L Q= antithrombin 11T A4 2] B3)F
A== FEHZ, 72 afe] 0|97} gl A o= Kol thil 5]
T HAlE fle Ao 39, 22 R A4 antith-
rombin I Z-8E= nanofiltration WS S
HAZEEUAA & oA ARGl o Wil f-44 W H
ooz FoRet SEoA Folk= EEAIAS A g
AFollF = Fde Fa o] ekl AbEErt,

ZeAow AR EAA F7gel AME-E]AL Ql= nanofiltra—
tion ®Ho| BI9V, HAV & &35 02 AAE 4= )22 &l
st9aL, AA Ao ARg-o] 7HHEE o] HIHE thekel EA|A|

goll Fske A& HEslor & 2oz At

o

of

HHZ 1 1980l o] % AL AA O] e ol e 719
A S22t 9 AATH R ek}, 2ea A5 g
S HHAE AAAA o2 AA =L
oll+= parvovirus B19 (B19V) ¥ A& 7Fduto|2] 2 (hep—
atitis A virus, HAV)2} -2 H|9|7] g vlo| A A Ao =2
A ARG A O PAE B sE7] 918kl nanofiltration
o] YK =7tollA ARREAL Qltk, & Ao A= BI9V 9 HAV
o]l th3}od nanofiltration®] vio]& 2 A A &S H7lslct,
HiH : Nanofiltration?] AAZLNE AESI7] H310] anti-
thrombin [T AZZAE 2438 Bd(1:1,370)0] 20 nme] Vir-
esolve NFP (Millipore, USA)E ARE-3IIL} vlo]#A o2
+ BI9V o @A} Al azafeks skl S4A1X1 porcine par—
vovirus (PPV)&F HAVE ARSI 4 7Hs &%+ 50%
tissue culture infectious dose (TCIDy)2 Br=3ict AJA &
I Gyl st vlolgA HARRE BIOVOlE reverse—tran—
scriptase—PCR (RT-PCR)E, PPV, HAVO{+= nanofiltration
T A AT AR SRl
Zu} @ BI9V7} 6.42% 10° TU/mL, 1.42x 10° IU/mLe] 5=

3

Eo)
rorsh e

b
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2 %3 antithrombin 1T §-4-& Wi ZE 22]3t o
A3t RT-PCR HAIA B19V7F AEEA] &4t PPV
HAV7} Z3HE antithrombin 1T §4-2 Y=g #2jst &
o A2 v ES A7 ol A A3t vto|Avt 24427E > 1077
oF > 10 & 7tAs3irt.

ZZ : Nanofiltration& BI9V & HAVE] A Ao £& &}
£ Ho|x Q)= Aog Yehyth NanofiltrationS ol A]
B19V ¥ HAVe] thgt B8A|A2] A SRE 9Jste] NAT
AEAAE AT 2 O R AlRHT

e
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