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HE BE: BiEis AAAER [ XFH (D) 422k FeF okt Cl BSBEDpH) 7 (C1-INH ) P55 K &R,
Frik: KA S/D QI ik R iE4 S/D AR5 P iR Anty F1E 0%, B 2 kA RG] G 099 Al B, T #GE R
S UK R A (EMCV ) Fed 2 /s Js 28 (PPV ), 40 f i K kA REA G )k d i, &R 29D 48k R
G, 3 WA SD AR P AR SR A K 5 H A > 435 1gPFU - mL > 4.51 1gPFU * mL" . > 4.64 1gPFU - mL™",
% F ik REE,3 IRA S/D AP EMCV BAK3 5 %] 4 = 5.38 1gTCIDs/0.1 mL. = 5.12 IgTCIDs/0.1 mL.
= 525 IgTCIDsy/0.1 mL, PPV A4K8 2 % A 4.57 1gTCIDsy/0.1 mL. 4.18 1gTCIDs5y/0.1 mL. 4.68 1gTCIDs/0.1 mL.,
518 1B AT TR A 0 IR AR IRAE IR S/D kAT #E At C1-INH ¥ 89 F 48 5 8795 & . EMCV #= PPV
B BIFH RIELR .
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Verification for effect of virus inactivation in C1 esterase inhibitor by
solvent/detergent and dry heating

YANG Li-hong, YUE Guang—zhi, XU Hong—shan, LIU Xin-yu', YE Qiang

(Division of Arboviral Vaccines, National Institutes for Food and Drug Control, Beijing 102629, China)

Abstract Objective: To confirm the validity of solvent/detergent (S/D) treatment and dry heating for inactivation
of virus in C1 esterase inhibitor (C1-INH). Methods: The Sindbis virus in samples with S/D was inactivated by
the S/D method, and the virus titer before and after inactivation was detected using the plaque assay. Dry heating
method was used to inactivate encephalomyocarditis virus (EMCV) and porcine parvovirus (PPV), and cytopathic
assay was used to detect the virus titer before and after inactivation. Results: After inactivation by the S/D method,
the reductions of Sindbis virus in three batches of smaples with S/D were > 4.35 1gPFU * mL™', > 4.51 1gPFU * mL™",
> 4.64 1gPFU * mL™, respectively. After dry heating, the reductions of EMCV in three batches of samples without S/D
were = 5.38 1gTCIDsy/0.1 mL, = 5.12 1gTCIDsy/0.1 mL, = 5.25 1gTCID5¢/0.1 mlL, respectively, and the reductions of
PPV in three batches of samples without S/D were 4.57 1gTCIDsy/0.1 mL. 4.18 1gTCIDs¢/0.1 mL.. 4.68 1gTCIDs5,/0.1 mlL,

respectively. Conclusion: With evaluation on the inactivation capability of the indicator viruses, it is proved that
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the S/D treatment and dry heating has good inactivation and removal effect on the virus in C1-INH.

Keywords: S/D treatment; dry heating; C1 esterase inhibitor; virus inactivation; Sindbis virus; encephalomyocarditis

virus; porcine parvovirus

C1 [ M 411 1 551 ( C1 esterase inhibitor, C1-INH )
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FB FRPRUE TG T 50 2B 2 e — R i
4 logs, AR Ry HA2e 4 1B

AR B 1 275750 (S/D ) Ab PRV AT
Pk T IR 3R 40 C1-INH R 35 K% 1 2%, IF ik
7T BAE, B ZE V0 2 Fh T2 5990 3 X6 / 2 BR3L
B LA C1-INH 5 12241k
1 #FR5{LEE
1.1 B

3 LI K A 4l C1-INH #F (HE5 1~3) fE A
YR it A Al AR R, B AL AR S S/D R
S/D 2 FhEAK
1.2 4

¥ 52 L (swine testis, ST ) 4 it 41 b 5L ( baby
hamster kidney 21, BHK-21 ) 2l . AEINZHE ( Vero )
21 T B 2 R R T e R R T
(TRIFRAZE ) RAF S
1.3 #Hfh

S 8 58 i 1 O AR AR ARORAT s H5 AN B

('porcine parvovirus, PPV ) iU LA 5 55 ( encephalo—

myocarditis virus, EMCV ) > i T~ 3¢ [E 452 X B Filig £
M. ( American Type Culture Collection, ATCC ),
1.4 F2R A8

Dulbecco’s Modified Eagle Medium ( DMEM ), Jiii 4
L3 (FBS ), R ER F i —EDTA #1014 H Gibco 28] ; H
B RBLSEYI A Sigma A WL (HEZE G5
%)l [ &K FE A, NUAIR-NU-437-6008 4= 4) %
4 Mg [ 2138 2R3 7] 3 Thermo 3111 CO, B335 [ #4
HLZ T 5 BS-31 55L fE /KA FE R [ AS AR A F]
2 FiEE5ER
2.1 S/D AbI EE KNG T A5k
211 FESEEE AR 3 S /D FEEAS 9.0 mL,
I o 7 M2 397 95 75 0 (b 7 7 JE 7.68 1gPFU - mLL™)
1.0 mL, IR 5 J5 A 24.8~25.0 C/KiE, 43591 T 0.5,
1.0.2.0.4.0.6.0 h JUFE, 28 1B W (7 4% FBS. 1%
XL 0.075% fi FR & 44 1) DMEM ) 1 = 100 & ¢,
URAE =70 COKFEAI . 530 WL 3 HEAS S S/D FE i
£ 9.0 mL, AN ASETEEE I RE VR 1.0 mL, IR 545 HL
02 mL, JHZ IE# 1 : 100 % B, fE 90 h A Xf B&,
F =70 CUKFHAF &M, HA 9.8 mL IR & HIA
24.8~25.0 C/KHF, T 6 h L 0.2 mL HZIEW 1 ¢ 100
P AEHR 6 h A XTRERES:, 70 CORFE AT 4D, B
3L S/D FEALAS 9.0 mL, BLA 24.8~25.0 CIKif, T
6 h BUHE 0.2 mL, HZ 1B 1+ 100 FiBE 2 20.0 mL,
1 0 10 IMAFEFEREHP AR 2.0 mL 24 B 4R TR
A1 A6 R E -70 CUKFEA I, R, By 1 5e
K 2.0 mL, AE ARG AR IR, B 70 CURA A&
2.1.2 FHEEAI BHK-21 4035 25 35 s,
AJHEHE I -EDTA WAk 2 a5 s, 57240
W3 P B A 1 B —~EDTA, LA DMEM, W FT 234
Mo AN, R B 1.5 x 10° - mL™ (19 40 B
R A 6 LR, B fL 4.0 mL, 37 °C 5% CO, ¥ 5544
ARy 48 h BRI HZE . 7 LALLM AR RS 7=
W, % 2% FBS () DMEM # i 10 £ & 51 5 B, #%
Tt 6 LA, BB SR 2 FL, 3eAhi AL 500 plL.
TE(37+£1) °C, 5% CO, FHEFEFAE 60 min, JH[H] % 20 min
B IR, ZEEALMH B4 R 5 40 mL,
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URSEIETE 5 do WA, BALIN 1% 45 s Y il
2.0~3.0 mL, iYL (7 20~30 min, X5 EHEYLE, TR
FRKIFGEAARL , K G ORI T, TR TR T TR
FLIRBEEC, AR TR . R (1gPFU-mL™" ) =
1g10™+1g ( 10" X137 P-4 WEBES ) +1g2, 1X1 R il BE 4

10~99 1 [l (14 1 e e A R 2 P 468 X1

S5 TR, 3 AL S/D FE S I A R e b
WrR e 2 /D ARFRE 250 °C .6 h AbBRR , 7] K12
TREEIA 23 IR >4.35 1gPFU - mL™  >4.51 1gPFU + mL™"
>4.64 1gPFU » mL™", WL 1,

R1 S/DREBERFES S/D HRPEBERREUR

Tab.1 Inactivation effect of S/D treatment on Sindbis virus in samples with S/D

ALk 1 (batch 1)

K 2 (batch 2) % 3 (batch 3)

BE Csample ) BRAIG R * BRARG L TR * BRAG R *

(residual titer )/ (reduced titer ) /  (residual titer )/ (reduced titer )"/ (residual titer )/ ( reduced titer )/
(1gPFU-mL™")  (IgPFU-mL™")  (lgPFU-mL")  (1gPFU-mL™")  (1gPFU-mL™")  (IgPFU-mL™")

S/D AEPE 0.5 h ( S/D treatment 0.5 h ) 2.61 1.74 2.80 1.71 2.46 2.18

S/D ALBE 1 h (S/D treatment 1 h) 1.66 2.69 2.36 2.15 1.89 2.75

S/D AEFE 2 h (S/D treatment 2 h ) < 0.00 > 4.35 0.94 3.57 < 0.00 > 4.64

S/D LB 4 1 (S/D treatment 4 h ) < 0.00 > 4.35 < 0.00 > 4.51 < 0.00 > 4.64

S/D AEFE 6 h (S/D treatment 6 h ) < 0.00 > 4.35 < 0.00 > 4.51 < 0.00 > 4.64

A X8 0 h ( control A 0.5h) 435 / 4.51 / 4.64 /

A XHR 6 h( control A6 h) 4.22 / 4.17 / 4.14 /

B %f & ( control B) 6.39 / 6.32 / 6.13 /

S 154 I (virus control ) 7.28 / / / / /

¥ (note )+ *. A SR O b FE 5% 5 48 BURE /SRR 5% 8 2248 (the difference of titers between each sampling point and control A at O h ) 5 [ ARA I B R

114 (undetected or uncalculated )

3 4L B S/D A i v o 1 EE s BE I BE Y TE S/D
Ab PR OE RO OR B, B 1.3t A B2 h )5 R R
£ 0.00 1gPFU - mL™", 24t 4t 4 h )5 F & &
0.00 1gPFU - mL™", WLIET 1,

—— 1
o 2
<
= )
=
=
=
w2
-
i’
0.00 - . : l )
0 1 2 3 4 5 6 7

K E] ( treated time ) /h
1 S/D AEERES S/D HRPEEENFESURDNFME

Fig. 1 Dynamics curves for inactivating Sindbis virus in sample with
S/D after S/D treatment

22 THGLREEKTE T 250E

220 FESMALEL HUC3HEART S/D FESLAS 126.0 mL,
A% 5 m A EMCV 8% PPV 14.0 mL $% 57, 43 %% 4 i
10 mLo T 15 95 B [0 A & 20 86 05 A =70 C

AL HREL

HAE, FRFE R TALZR T BUR T 5 AR A 2 L
A =70 CHAE, FAR DT HA K KB 75 5350 i
17 99.2~99.8 CIEE ML 5. 15.30.45 ., 60 min,
222 5 EEH OBEN E SR A LA 4 s AR ik
( cytopathic effect, CPE ). FRFIEEEH & 2% FBS (1)
DMEM #E47 10 % R 508 B, BOGE BURR BB 19005 5
A3 SRR E KR BA )2 ST 41N Vero 211K 96 FLAT
kR P, B B R 8 £, F4L 0.1 mL,37 °C,5%
CO, 5 F2 A1 F5 . 7 d il 5k CPE 45 21, #% Spearman-
Karber 18R FER

g5 B R, 3 A & /D RE I A 48 R G B
EMCV 7, &% T % 99.2~99.8 °C, 60 min JIIFKE,
5 min J5 5 B 7% BRI AR 2= 4G I FR (0.50 1gTCIDso/
0.lmL) LI F. 60min 7] ff % 5 & W & &
fi%, F& A% & 42 % 4. = 5.381gTCIDs/0.1mL .
= 5.121gTCIDs/0. 1mL, = 5.25 1gTCIDsp/0.1mL.

3HEAE S/D AR INAFE AR EE PPV I, &0 T
J%99.2~99.8 °C., 60 min ITFAICIE , AT BRI IZ0 2R B
AT 535120 4.57 1gTCIDs/0.1mL ,4.18 1gTCIDso/0. 1mL
4.68 1gTCIDs/0. 1mL, EARZER L 2.3, 8 2.3,
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&2 99.2~99.8 'C.60 min TiFEARE S/D FmH EMCV R
Tab. 2 Inactivation effect of dry heating on EMCYV at 99.2-99.8 “C , 60 min in samples without S/D

LK 1 (batch 1) LR 2 (batch 2) LR 3 (batch 3)
SbFH R [ BRANTH R RE BRARIG BE R EE BRARIG BE TR R
(treated time ) (residual titer )/ ( reduced titer ) "/ (residual titer )/ ( reduced titer ) "/ (residual titer )/ ( reduced titer ) "/
(1gTCIDso/0.1 mL)  (1gTCIDsy/0.1 mL.) (1gTCIDs5p/0.1 mL) (1gTCIDs/0.1 mL ) (1gTCIDsp/0.1 mL) (IgTCIDs¢/0.1 mL )

VR THI 5.88 / 5.62 / 5.75 /

( before freezed )

TS 1.69 4.19 1.62 4.00 1.94 3.81

( after freezed )

Smin < 0.50 =5.38 < 0.50 =512 < 0.50 =525
15min < 0.50 = 5.38 < 0.50 =512 < 0.50 =525
30min < 0.50 =538 < 0.50 =512 < 0.50 =525
45min < 0.50 =5.38 < 0.50 =512 < 0.50 =525
60min < 0.50 = 5.38 < 0.50 =5.12 < 0.50 =525

S EE XS B (virus control ) 6.88 / / / / /

1 (note ): *. FE7n IR T RIRR S -5 45 URE S5 351 2 22 (the difference of titers between each sampling point and before freezed ); /. AAGM B A T 43
(undetected or uncalculated )
&3 99.2~99.8 'C.60 min KiFARE S/D s PPV 2R
Tab.3 Inactivation effect of dry heating on PPV at 99.2-99.8 ‘C , 60 min in samples without S/D

LR 1 (batch 1) LR 2 (batch 2) LYK 3 (batch 3)
AL PR R] BRARG L R BRARG L R BRAG RE R
(treated time ) (residual titer )/ (reduced titer )/ (residual titer )/ ( reduced titer )"/ ( residual titer )/ ( reduced titer )"/
(1gTCIDs5/0.1 mL)  (1gTCIDsy/0.1 mL ) (1gTCIDso/0.1 mL ) (1gTCIDs/0.1 mL)  (1gTCIDsp/0.1 mL )  (1gTCIDso/0.1 mlL. )
il 6.25 / 6.06 / 6.06 /
( before freezed )
BT 5.75 0.5 5.75 0.31 5.94 0.12
( after freezed )
Smin 5.38 0.87 5.32 0.74 5.38 0.68
15min 5.25 1 5.32 0.74 5.25 0.81
30min 4.25 2 4.25 1.81 4.38 1.68
45min 2.32 3.93 2.12 3.94 1.88 4.18
60min 1.68 4.57 1.88 4.18 1.38 4.68
S #E X IR ( virus control ) 6.56 / / / / /

TE (note ): *. FE7RZR T HIRE N E 5 485 HURE /5 5275 2 22 (the difference of titers between each sampling point and before freezed ); 1. ARG I a5

(undetected or uncalculated )

= 7.0 = 7.04
5 g
= 6.0 = 6.0
2 250 R i
£ 240 -2 £ < 40/ -2
= S 30 ~3 = 530 ~3
E N =
i 20 i 201
z - N
& 1.0 «'
V00— g 00 - -
TR TS 15 30 45 60 HTHr #TE S 15 30 45 60
(before  ( after (before  ( after
freezed ) freezed ) freezed ) freezed )
KIGEFE] (treated time ) /min KIGEFE] ( treated time ) /min
B2 99.2~99.8 C. 60 min KiEARE S/D HEA EMCV 3Rz 17 MLk B3 99.2~99.8 ‘C. 60 min KiFAR& S/D HfmH PPV 5 RN 1L
Fig.2 Dynamics curves for inactivating EMCYV virus in sample without Fig. 3 Dynamics curves for inactivating PPV virus in samples without
S/D after at 99.2-99.8 C , 60 min S/D after at 99.2-99.8 'C , 60 min
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3 itig BEo M AT PPV, %K T J5 JF £ 99.2~99.8 C A=

AWFFEHI C1-INH 2% B ALK, A7 FE A i i
Hr g B RN R G RS 7 15 e AU | DR o 7™ i A
FE T 2B B TR, AR LR R R
KT 1 BTN SID AL AT 3k R A B
RN S/D A BRIEFITIGE 2 B, X i K FE 4l
C1-INH AT 8 KIE 7 ZBREUE, DL IERS B (1) K
TR BRASCR

S/D Kb 3L T A RCK A RE A b i B AL R B, I
JEHE Ry S/D WA R TR AR AR LR, T (s 2 2k 2
JEYLRE T o S/D A BRI A5 (AR R, XA 1 M Y
AL/ PRI 2 N T RR GBS 2 10 25k . AR
WFFE LI G RSS2 - 1 5E s 28 P /s e 28, >R
S/D Ab B 5 H FH 9 40 BRI (0.3 % TNBP F1 1 % it
75 80 ), 7F 24.8~25.0 CALFE 6 h, BFFEAI, 3415 S/
D FE AR E B b e T B ARG B AR, 2 h o
i H Hr i s BRI 43 3135 >4.35 1gPFU - mL™
3.57 1gPFU * mL™" . >4.64 1gPFU - mL™", 2 41t 9% 75 A%
17 (logl0 ) ML 4 logs BELR , BUARER 2 4L 2 h JFER%
i (logl0) RIEF 4 logs, B NAEIT, F—HL
R (4 h) CRRIEOR, 3ROR S/D ¥ KGR 1 A 2K
HAERS ] BRGS0 3 HRE S, it
1(pH 8.1 FEH & 03 %), 45 2(pH 8.0. 5 1
T E 03 %), #1593 (pH 7.6 E R &1 03 % ),
K ULFE B PER (pH EA & &) DA NHE
(2000, PSS 2 S 35 TG RICR A 2 9 i R s
— 5

JAE S/ID AT RCK TR BRI, A R s A
RN HAV  B19 S5 8 KT &8 A e 22 1, i ek
T X0 B 114 I S AR S 1, X A A B R I A e
s 7 X5 T G, HO A TG RIOR B 2 A3 B 50 E 1
PR IR Al e D 22K, SR SR 2 Aoy i TR xr
RE AL B AT K% . WFFER T EMCV Fl PPV 2 Fif
JENR RS B , 2 AR R ARG AL RNA 95 2 F1IE N
FI 5 DNA 9 85 AF A 48 75 25 2E 17 KOG S0k, AT
RIL, X T EMCV, VR 5 1 2 05 28 10 B2 IR 2 18
4.19 1gTCIDsy/0.1 mL F1 4.00 1gTCIDs/0.1 mL, & 3 41t
3 3.81 1gTCIDsp/0.1 mL, 99.2~99.8 CHil #4 5 min J5
3 b5 77 B Y R B A FR < 0.50 1gTCIDsy/0.1 ml,
A4 7135 = 5.38 1TCIDsy/0.1 mL. = 5.12 1gTCIDsy/
0.1 mL. = 5.25 IgTCIDsy/0.1 mL, 3iE B % T 3 7% w] i
EMCV J 5504 B T R 2, T 3kt g 3 K3

AL HREL

60 min Ji , I BRI ARG 4.0 logs (10) LAE (43518
4.57 1gTCIDsy/0.1 mL .4.18 1gTCIDsy/0.1 mL .4.68 1gTCIDs/
0.1 mL ), IERARAF 99.2~99.8 °CT#4 60 min WAEK I
PPV {HIH KRR 2L B 25 T EMCV,

9 T JCTE B UE 48 R 7 PPV EBARER A
/N B19, I3 1 5 b B19 75 75 Ye il kL
XiF R 2 3 ik B HE BT 5 I I B
Kim 45 "B 58 & 30, F VLA 46 550 25 47 100 C /K ¥
30 min 203, WI{F ARG EE HIV . BHV Fl BVDV Y
T RE 7 ) R R = 5.15.6.13 Tl 4.46 1og10, A5 f
JiEE EMCV I HAV (97 B 7390 TR = 5.87 log10 Fl
= 5.55 logl0, {HALff PPV {35 R & T 1.90 loglo,
UER PPV AR MELL K

TR ] S A T R G I, R R R AL
SEHEAE LART AT vh R 0, AN Rl A= 7= g il
FE R ISAR ], A T A (R CR T 3R T, X
B RIEBCRHA T 2 —3 R AT Be A48 7R T8k
I B I 1 FH 1 (U8 T 2 A5 PR Bt il & R T
RIS A — 1, T SR A AR I RN e it B R
K25 UR T ZRm 22 5, a2 0 Fik B 22 55 19,
WA WFFE &I, OR Tl 5 b sk B K 3 1 = RS B19
9 B0 T I B G HR T ) DDA G T R, A
SR FH BRG] A T B TR B IE T, T 5 TR A
PR 2 X IR RR s, TR A B T2, DLk
S I KGR

AWFFEUER , S/D 35 FE 35 m] A5 %K I 3K
Pl C1-INH A (4 B8 A BB AN B A IR 75 , PRI
[ 4k

Sk
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