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Abstract: Membranes are used in most processes of biopharmaceutical production. It is used for pretreatment of other
processes, separation of impurities in the process, virus removal, control of products concentration and buffer solution
exchange. Virus filters play an important role in ensuring product efficacy and stability because viral contamination of
biopharmaceuticals for humans is a sensitive issue that is directly related to serious clinical outcomes. Virus filters typically
have complex multilayer structures made of various polymers such as surface-modified PVDF, PES, CRC. Depending on the
manufacturer, filters have different pore structures and shapes, such as symmetric or asymmetric, and is used in the form of
pleated membrane, flat sheets or hollow fibers. Virus filters are exclusively supplied by few foreign companies such as
Asahi Kasei, Millipore, Pall and Sartorius. Replacing virus filters can be time consuming and expensive, including approval
from regulatory agencies through validation. As localization has become important due to Japan’s recent export regulations,
it is necessary to increase the degree of technical independence.
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Table 1. Biopharmaceuticals Manufacturing Processes[10]

Ho Bum Park

Up-stream Down-stream . .
- - Fill & finish
Cell culture Harvest Purification
Cell Tine thawi Chromatograph Formulation
el line thawing . . Ultrafiltration . .
Centrifugation Sterile filtration

Seed culture

Precipitation/reaction

Virus inactivation Filling

Depth filtration/

Production culture microfiltration

Virus filtration

Freeze dryin
Bulk filtration e

Bulk formulation/filling Inspection/packaging
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Components
retained by membrane

Microfiltration Intact cells Cell debris, Bacteria

Reverse Osmosis Amlnoaclds Sugars Salts

Components
passed through membrane

CDIIolds Viruses, Proteins, Salts

Amino aclds Antifoam, Proteins,
Buffers components

Fig. 1. Removal characteristics of different membrane processes in Bioprocess[14].
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Table 2. Regulatory Documents for Virus Safety in Manufacture of Biopharmaceuticals[10,17]

Agency Regulatory document
ICH Viral safety evaluation of biotechnology products derived from cell lines of human or animal origin Q5A
(1999)
FDA Center for Biologics Evaluation and Research (CBER) points to consider in the manufacture and testing
of monoclonal antibody products for human use (1996)
EMEA Guideline on virus safety evaluation of biotechnological investigational medicinal products (2006)
MFDS Guideline on assessing virus stability of biotechnology products from cell lines (2002)
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{ Modes of Membrane Separation ]
Pressure Vacuum Concentration
Driven Driven Driven
Depth filtration
* Pore size = varying
Tangential Flow Normal Flow . C_Iariﬁcation, cell harvest, HCPs and
Filtration(TFF) Filtration(NFF) virus removal
Microfiltration
% * Pore size = 0.1-10um, Pressure = 3P
Ultrafiltration + Buffer filtration, lab scale clarification
s + Pore size = 0.071-0.Tum, Pressure = 20P
» Concentration, Protein separation
Nanofiltration
Diafiltration + Pore size = 0.00Tum, Pressure = 60P ——
=+ + Pore size = 0.01-0.1um, Pressure = 20P + Virus removal, Retention of nanoparticles Dialysis .
* Burffer exchange, desalting * Desalting buffer
Reverse Osmosis exchange
Microfiltration + Pore size = 0.000Tum, Pressure = 200P
+ Pore size = 0.1-10um, Pressure = 3P + Concentration of micromolecules
| .
+ Large scale cell harvest and
clarification, sterile filtration
Fig. 2. Different modes of membrane separations in Bioprocess[13].
9] Hlojg 2 FEolth. 875 LRVE 27| 529 1} gt F5Y, BH NE Ev F3A FEHE AEE
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2 o3} GO AE AW o7 HA 4 logs HEO|E] 2 ATH30,31]. Hiolg2: AALCRE AAR Y E2Y
AAS =S AAA. vlolg|2 FE&= S Tl o < 2 71FeIY B& Addefect)S J8t7] S A
S8t BErepw] o AAY YT & Qe TED) o] 2} 2l(microfiltration membrane, MF) 9]oll &<jodzju}
S BASIHAE F2 vlo]g 2 AAES UehloF & (ulrafiltration membrnae, UF)& 24 FZ3t= & 5
o} vlolg 2 o= R wld AR E0 95% kA Al z== AT
o) FS 3]t uko]# 2] 99.9% o) d-& AlA ok T3 29 FeEd o 2 i 58
A 2R wolEze A7lE tRE AR BHAE o2 BRE FE A Fig 25 vlole $40 A4
o} okt & FEo)] W2 2 o H5e 73 © oS TR Y-S B E13]. Hlelg 2 o
= AL s =0 BA o] th8]. = w2k EE] I tangential (cross) flow filtration] 2} 73
& E 3 normal (dead-end) flow filtration, NFF] +
5.2. Hiol2{a Y 7Y 7H] FEHE SAET uxEgARE YEEeE F
volels WEE WMo EW AAH polyvinyli- A BE E= HW MES AsUT 12T 44s
dene fluoride (PVDF), polyethersulfone (PES), cupra- Eois dutdo R FlERA Y FEUS AL
mmonium regenerated cellulose (CRC) 5 TFFsh 1% g 14].

A2 ozl B oF 7FE2E 7L Ut BEe
7} fARgE 0] vholel s A AES JERAAIEL
) (symmetric) Ei= BT (asymmetric) & TS 7]

T} FEHE JHAAL ok 8L AxdAel wet

%
aL
o
)=}
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5.3. Hlo|3{A ZE F2 HZEAL H HF
Hiol2{2 FE = Hho] Qo) FE/HAAA Az Al Hlo]

g8 T o9y % b2 Asahi KasciS
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Table 3. Commercial Virus Filtration Membranes[8]

Filter vendor Membrane filter Operation mode

Target virus

No. of layers/pore structure

Material

Planova” 15N TFF/NFF Parvovirus HFa/Asymmetric Hydrophilic CRC"

Asahi Kase Planova®20N TFF/NFF Parvovirus HF/Asymmetric Hydrophilic CRC
sahi Kasei

Planova™35N TFF/NFF Retrovirus HF/Asymmetric Hydrophilic CRC

Planova®BioEX TFF/NFF Parvovirus HF/Asymmetric Modified PVDF®

Ultipor*DV20 NFF Parvovirus 2d/Symmetric Hydrophilic PVDF

pall Ultipor®DV50 NFF Retrovirus 3/Symmetric Hydrophilic PVDF
a -

Pegasus “LV6 NFF Retrovirus 2/Symmetric Hydrophilic PVDF

Pegasus®SV4 NFF Parvovirus 2/Symmetric Hydrophilic PVDF

Viresolve™180 TFF Retrovirus 1/Asymmetric Hydrophilic PVDF

Mili Viresolve "NFP NFF Parvovirus 3/Asymmetric Hydrophilic PVDF
ilipore -

P Viresolve ® NFR NFF Retrovirus 3/Asymmetric Hydrophilic PES®

Viresolve®Pro NFF Parvovirus 2/Asymmetric Hydrophilic PES

Sartorius Virosart “CPV NFF Parvovirus 2/Symmetric Hydrophilic PES

* HF: Hollow fiber, * CRC: cuprammonium regenerated cellulose, © PVDF: polyvinylidene fluoride, ¢ No. of layers, © PES: polyethersulfone.

@

Fig. 3. Asahi Kasei virus filter: (a) Planova®15N, 20N, 35N; (b) Planova®BioEX[37].

H| 23] Millipore, Pall, Sartorius 5°] =Uloll &F3txL
At 53] AEL, sHdnto| e 22~ ZA4A}L SKA
)z 5 o] 719l ofabe] AEFS ARESta ok
Table 32 4HALE A7l Hi e F8 Hiolg 2
ZHQ0119 7|5 d&olths].

5.3.1. Asahi Kasei Corporation

Asahi Kasei Corporation (%)< 15N, 20N ¥ 35N
Planova® Hlo]2|2 E]S A 23}H(Fig. 3), A A5
/3 cuprammonium regenerated cellulose (CRC)ZE TH&
o7l dead-end TFALE 5] Qith EdW 15N
15 nmi.th o & vlolg|x F& AYUES AAHE %
< oJulgt}. T3 Asahi Kaseisms < 7] &% PVDF
(polyvinylidene fluoride)©.2 TH= Planova®BioEX 3}

mugel A 30 @ A 13, 2020

21 ylo]g]2~ JEE ZA3H4Th Planova® ZEIE=

o wole) s AALE A R Fejofsete

¢ HAolt}. Planova® ZE=

A(35 nm)Hh B F
oj#fz 3= sl Sl A" 237) A%
hitoln], Hlolg 2 o3k 913 =] 7% Bl o it
FEE A77F DA 32-36].

ofN A i

5.3.2. Pall Corporation

Pall Corporation %<4 7§& PVDFLE ¥H=0i%l
Ultipor®DV20 % DV50 £&]2-& 7|3l ooi(Fig. 4)
[38-42], DV20-& ®7le] 27 0.2 DV50-S 37) &2
2 7R85 ot 7 S vwE #de 7F FEE
7 Ak 498 2AY 9] Ultipor® ZEE dead-end
Fejoll 5ol Z=Ho] Utk DV50 5! DV202 2
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© @

Fig. 4. Pall virus filter: (a) Ultipor®DV20, (b) Ultipor®
DV20, (c) Pegasus®LV6, (d) Pegasus®SV4[44].

7t 50 nmETH 2 HEZ Hlolg2x 9 20 nm Bt} 2
2R Hlolg2E EHHOR AAsHEAM w2 T
2 Fass Uehith =3 2 nlolgj~s A0 R
AAFES AAE PegasusTM Grade LV6 Hfo|H 2
ZE7} oM, PegasusTM Grade SV4E= 2H2 32 H
ulol2| =5 AASH] $3F a¢HE AAn) FEEA X
44 702 PVDF =o|th43].

5.3.3. Millipore Corporation
Millipore Corporatione At] &=2] AL 15}7]
sa) S8 AxE 0F B BE NSt 1

Z Viresolve®180 JEE= 244 FHS Z2H= PVDFE

o] H oM, 180 kDa EAHS zHe A S E3)
A7 =5 AAH AT Fig. 5)[45-48]. o] HE 5] £
?Zh CgEofete] fejo i% %ub Ho g Ao

G2 D AL U AR S e A

X]Z‘ 03%1' 3ot g3 V1resolve®180 %JH*E =}

JJr%,O_i A9 VlresolveONFP 49-51] ‘;-l NFR EEi
[52]5 289t} Viresolve®NFP ZEIE Viresolve®

(b)
e) .o/ﬁ(/_o e c:) 5
—— »
o @
o G - ﬂ =~
© (d)

Fig. 5. Milipore virus filter: (a) Viresolve® 180, (b) Vire-
solve®NFP, (c) Viresolve®NFR, (d) Viresolve*Pro[53].

180 ZE{9} 22 PVDFE THEA XA Tl g-olfo
Al 9t lolel 2 9 7]Ef 2k vlo]H AE AASIEE
A=At Viresolve®™NFR ZE]E= HEZ Hpola] 2 A
AL 2 AAESOH 7 WET & Fo] oF &
Ho| ophd = YjFo Q= 44 PES F2E THEOIA
AT NFP ¥ NFR ZE & 25 3719 7 vto =z A
2 2 Yol vix" v Fxo|tt. 181 Millipore=
T A2 parvovirus AIAE 23l ©]55 PESZ AAH
Viresolve *Pro FEIS 2319t} Pre-filter! “Shield” 2}
A AHEste] A AT A S HATIES A

A=A

5.3.4. Sartorius
Sartoriust ©]%% 4 PES Wo & WE9Z Viro-

sart®CPV HEIZ A4ksta 9O H(Fig. 6), ©] 2He 3}
B vpolgf 2 gl 7]E} Z2 Hpole] o] A EE Eol7]
#lsl A AR 54].
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Fig. 6. Sartorius virus filter (Virosart®CPW[55].

6. Hio|HA ZEl HE

gol AT4EY HBOR AFHEA s 9
A SR R AFe BE Belvh el Fas)
ok 53], HolEz AA 2 B ol ge TN
§% Fashth tiEe wny ey HAEs o
FAZE BN TG FA T 7hzel SJsiA o) 55
£ agle] ZuslA AEon, s SEs e

B4 A 9 2 Ao A=AE dHETHS,14).

6.1.2. 7|4l &M(gas diffusion)
T1EH(EE U 35 H2E, forward flow

test)= YR O R o HEZJIE QFH9| oF 80%

mugel A 30 @ A 13, 2020

TAZ1 R wpo] 2.ofefe] Ao A= EE Y
HEES AAStES 2790 2y AxdAc 2H
o] A& 7T e 2Asta P8 7 &

J

H HAES Faslor Sk Al B8 54

il

A9 Y HEE AAE AFsoF I o
UHE SoA S NMR (nuclear magnetic reso-
nance)s FalA AA FAANA AMEEHE 4F8&9
gt (RS pH, =2 pH, 2 ATA F)olA
&= FF 9 548 Fefsta A4 348 AX F
T AF&YolA NMR= T3l Zetst 3E HAEE &~
HEYR Hlwshs Zolth 58 7|&S Yo 1~

10 pg/mL H]THo]TH 14).

Hol & FA Al Azte] A, A AR, A
223, 73714 (robustness) 7 T Ak Abgtel] ot
FTES A& RO R APA e} AT AFES
B AAol Age AR A5 9 7=, 58384
A T AHFHoE AFsta JH57).

Michael Mass 24~ A7 (University of Bremen)<
A SEAEY AFA/ATA PES Wl HH Y
Hlolg| 2 A|A Mg & FFS mxivhs 2e 2
SFATHS8). Mass 152 At ©3-4(50~150 nm) A
2o} vt gt AEATE AEste] HFHoE
noctyltriepoxysilane< &3l ] 400 L/m*/he] A&l
o2 F FFY wlf A2 dEE B3R E 9 logs AlA
sttt ARl A4 Bho] 7| vlole 2 AlA E
kel fEE 7o AT didtelgtal AAE
I 9tk 20 nm 7Y wl¢- A2 vle]H AE A A
A AL 7|3 o] FY2E A AFATh Mass
9 ntolgj 2Ry & 7|Es
2 25 Yepdth. Mass IF2
OJHFE tiRE o2 sxE viold =g 7] #s)
Yo E stdd =g e 7153 A7 AT

By}

T
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s ex ‘0114 o] °ﬂ:rL A= &

= = A 7HH o}"it} w3 Alﬂ}‘ﬂ matrix 7
EE A, APAE Ve TEE sl AAskaL
AT & A== dEnh Aﬂﬂ}‘ﬂ«l ?é@‘ﬂ o=
& % dol= W F2)4(back flushing)?t EHS] W]
AR 3kehA AP 5 7hesith. Mass 15-& A vie]
& 340l ofd, &% Hholg s AR HP2 &3
wzol e el i AFE A= XIS F
T 0 2 g 53 RS AT F RS AL
& MEste] vlol# s FA} B 29 Apo]e] FEo]
ds 3}%01] g AFE AFsta ATs8].
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