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A Yo sl wEtA AAg 25 P A7 FAS 59 oA 4 I liA = £ /e AHEA A8
ZA+E 4 31 Eg338lo of g £ 4 Fol M AAMEA 2 oA AHGSIAL Yl 45 A I A3 FA 2 vt
oJga W A, A I} AAEF AFIHY] A8 FAF sle|=e] wiet 5% ulo]EA[human
immunodeficiency virus type 1 (HIV-1), bovine herpes virus (BHV), bovine viral diarrhoea virus (BVDYV), hepatitis A
virus (HAV), porcine parvovirus (PPV)|$} 25-2] A g (Escherichia coli, Bacillus subtilis), 1%-2] R (Candida
albicans)y & A EH AR=E AHL-stg . gl Z A ELH A XE AR F 70% o5k &5 FA, A
ZAL3A, AR 7tA EF TA S A G5 ZHale| A AT, A TS 3] 5Et] AFE F B AE
Z v 234} 70% ol gk-&- A =] A ¢l A HIV-1, BHY, BVDV Z-2 93] ule]gjat A 8] A7} 2.58 ol B¢
315 31 A gk, HAVS} PPV -2 v]-9] 5] ule] g A= of| gh-g-of) vl -$- & | A & e ol o) 7k 2.5 kGy 24}
o] ]3] HIV-1, BHY, BVDV: A £3H4] o] 312 &8 817 88315 ¢l o). HAVS} PPVE 47 5 kGy 2} 25 kGy &
Atell o8] 2 &g ol st2 B 3= o) A3t DA 7kA A 2] o] o 3] £ A Foll AHE-3 RE vt H A A E
A o) 32 B&3}= A 70% Agk-E M e FANA E. coli®} C. albicans’s BF 5% tol| 4847 Abd sty
. 3}A 9t B. subtilise 2 A S Febl sl etk Awbd ZAF FA I ALs| A sta DF FA G A E. coli, B.

subtilis, C. albicans 25 9 3}7 8315
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T HAES A 27 1.6-4.6%014 2.d0] A=t Hus
ATHG, 21). F2He] A= Bacillus sp., Bacteroides fragilis, B.
vulgatus,  Bifidobacterium  adolescentis,  Enterococcus  faecalis,
Escherichia coli, Micrococcus kristinae, Propionibacterium acnes, P.
avidum, Staphylococcus aureus, S. epidermidis, S. haemolyticus, S.
intermedius, S. lugdunensis, Streptococcus agalactiae, S. constellatus,
S. gordonii, S. vestibularis?} 332 ThFgt Al 2 QE ARZE U
Th4). T3+ QA ZA2 hepatitis B virus (HBV), hepatitis C virus
(HCV), human immunodeficiency virus (HIV), human T cell
leukaemia virus (HTLV) 13} 1I, cytomegalovirus, herpes virus 732
2]5] nlo]# 2 (enveloped virus)?} hepatitis A virus (HAV), human
parvovirus B19 (B19) 22 H]-2]3] H}o]2{Z~(non-enveloped virus)
5 gkl vlo]gzdl] @ GE AllZE ATHR, 3, 9, 22, 34). WERA
A7FE o] Sl 22 o]sty] Aol whefe] e A= RE 2
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ZALH = QAZZ ] 298 = ' 7AA S8 A
Z volgel 3k NS BEE1] S8l QA Z2] 7154
HHHAL HARE F3l HBV, HCV, HIVE AREITH(14). o4&
Hlo]g 2 Halks o} 220 EATAE ZE 93| vlo|H
25 BT AAel] Hohs SAR vlo|dAES tde s
et oleigt 5GAKE Hlolel Ao 2= A S8kl
Ae B o EE A G HolF v v nlo]
H2E AT 71 Qlo] AAFRA Y kS BEE St ¢l

TESE vl HARE 93l 22| R AFH ] wiel
Arke] SAZE at, vk nlole iyt Ui B s R EAs)
o A& olsletd ALY SRS W 5= Atk o|HT ol
ol mloleiz kAAS B3] SlEiA] AAZA WA e
&9 7ks Sl3l vloleizel] tist BiEgS E§stodof gt
gk olefgt Ft37gol g nlole] B&s} Aot #3hA o]
, g0z A H oot glth(16).

SEuEle] B QAR 2 e Soll B HEAYH
A|sg 229 71%, AF, A%, X, B, Bl FellA A=A
o] 7HA Qs Al oA HES 913 A1 F WHoE A2
Z&EA9 715 2 AF), A132E&A 2] AL L AlFshE 7
Ah, AlazEH ] A%, AlszEde] A2), Aoz ol
it @ A5)E FASGAR, 2HgPdE 229 A% 9 F
ol B3t o] Aolste] EFEs} Ho] A ¥ar, Bgk 7h
Aol A AAEkL e A% B Ed e 1 AWt AF
H A7 A9 glvk). FHre] Afole A5 Es 9
70% OlEHE, 0.8% T, ddlehg/mzA4t, Tvkd XA, 4bsle]
gl 712 X Fo] AREEIL AR, A4 A £}
a7 Bk o]t X7t dute] BT A A wjA|
< 9F AFE A7t FdEo] $kh3o, 31, 35, 37, 38, 39).
743 SlEIAL Bt dist Ae o A2 FAd e
2 At A Axel dit 3 F Tt RS AR
FEo 7 ZPo] HIYrK13, 37). W} 2o 2] B9 B3}
I oJgt 74AA SEIRIAL APE BE AFs] A8 AE
o4 A S AHEsle] 28 a2 A dTEnk12). A

W guie] A AFA 25 R BT TR BFNH A%
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FRAS ANFORA QALY o] § ot b B
HEES PPAT|T, AT Jeime] FFHES shed) 9l
ok & AN JAIERH 2% 3 ((70% oEE A F4)
3} BT FY@EIIAEA B3} sl Sk §9)2) el
2l g, g B3t a3E A5s] #8559 vkele
Z~[HIV type 1 (HIV-1), bovine herpes virus (BHV), Bovine
viral diarrthoea virus (BVDV), HAV, porcine parvovirus (PPV)]
9} 2%9] MITH(E. coli, B. subtilis), 152 F(C. albicans)y= Ay
2oH4 AR A8 AT,

ME o

HiO|2{ A HHQF & HE

B ATE Sl AREg nlolH 259 EAL Table 13} 2T}
HIV-1 (HBX2 strain), BHV (ATCC VR 188), BVDV (ATCC
VR 534), HAV (ATCC VR 1402), PPV (ATCC VR 742)¢] ]
ot S #180 €8166-45 A, Minipig Kidney (MPK) A3
(ATCC CCL 166), bovine turbinate (BT) A3 (ATCC CRL
1390), FRhK-4 A|¥(ATCC CRL 1688), Minipig Kidney (MPK)
AZZ(ATCC CCL 166)5 ZtZ} AMS-SIATHS, 18). C8166-45 Al
X 10% fetal bovine serum (FBS: Gibco BRL, USA)S #H7}
& RPMI 1640 HjAlol] jsldint. B8 AlEE2 10% FBSE
713t Dulbecco's Minimun Essential Medium (DMEM: Gibco
BRL)°l| wjstaint. vtol 2 v flsiM= 2% FBS7F 37t
A RS AMESIHTE T-175 flaskol] HlFE @5 AlEo] nlo]
HaE FEAI & FUIFHoE HIVY AS ARAE
(syncitium), TFE Hlo]H 52| Z--olle A2ZHHE T (cytopatic
effect)S TE3FATE AAIE o= H|EHH G397} HulslA &
Z g o e FA NEE AT TS, 400xgell A 77 D4l
Folote] AEde w2 2oy HAELS At IHNES
A Y HAAES 23] RSt DA T 400xgoll A 7R
AiEete] Feds AUtk A4 FEds TR F
045 um ZEZ A3} thg 28] 70°Ce]] B3It

£ dFeXe a8 e vlelez=e] J7kE 50% 22
7-8-3H[50% tissue culture infectious dose (TCID;)]S-Z UFE}

Table 1. Salient features of viruses used for the evaluation of virus clearance

Virus Family Genome Envelop Size (nm) Resistance to physicochemical reagents
Human immunodeficiency virus type 1 (HIV-1)  Retroviridae ss-RNA Yes 100 Low
Bovine herpes virus (BHV) Herpesviridae ds-DNA Yes 100-200 Medium
Bovine viral diarrhea virus (BVDV) Flaviviridae ss-RNA Yes 45-55 Medium
Hepatitis A virus (HAV) Picornaviridae ss-RNA No 27-32 Medium-High
Porcine parvovirus (PPV) Parvoviridae ss-DNA No 18-26 High
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WATH(19). Hiel#2 2838t AFA] ulolels ArkE s
S7g3l7] ffaliA ®IA nlolgag H7iehA] 2 SAvE A3
oA FHZE AFE0] Hiel# e A £4E S8 ARE= Al
Eol| AE=3E YehleA], vhol2is JFEHdl tiass

Ao 7=AE HAASATH20). viol2 2 B8 §‘r A 5 HT A
SE5 AEEAEY HHEAE YA &2 s blolx
Hi&F WiAE ARRSte] BAElGiTh Sl E AlRE TR 34
3t HIV-12] 4% 96 well plated] BjFE M EZo] 0.1 ml¥,
BHYV, BVDV, HAV, PPVE] 7-5-oll= 24 well plated]] BgE Al
3ol 025 mi¥ HFF3HAet. 2t nlole]2o] A dxTE A7t
£ TFR 3A3te] 2} plateol] v

£ 41 Ue Hpol
Alze] HESIAT SRR vlolgrt HrEA] ok
RS HESHATE 1 F CO, vl 35°CE w8
A AEHoR drFoR AE Ee AXHHEdsE B
3}95\‘:]' A blolelrt HEEA ks o, S A& ols)

#z ol vle]y 2] QrEE 98% A EE 7HA|AL o]
%75, F 4 7153 (a theoretical minimal detection level}S A3}
o ALkt

E. coli, B. subtilis, C. albicans B ¥ & M2

E. coli HB101-2 Luria-Bertani (LB) ¥l RS A3} 37°Co|
Ay wjeksl AT, B subtilis (KCTC 1102)E Nutrient broth (NB)
WX S ARESe] 37°Coll A vl kST C albicans SC5314+=
YPD HIA|E ARg3te] 30°CollA] BBttt dukE oz Mt
e 2] S Aol ZAZIY Wyt A4 WEG &
g - 3}8H4 1%1“401] o & AE YR T] wiZell, WA 7 A
FATE wFsliA AT B4 5, AAVY] 75E 7
A1 AFE AT 7 T FHFE 8 = HHES
AHEsl] AaeE S48k, O 5 J9 34 ©9(Colony
Forming Unit; CFU)Z YRt
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=R A
]EV\E -‘4—’?—’6}7] H??H *ﬂ—jﬁ H FAE H7he & 5 237
(vortex mixeryS ©]-83ld AL WHSAIZl F nlo]H~E F
S35t vlolg FE-L nloy 2 3]E0] 90% o]/do] = A
32| o) ARG Yo 2 RHE AMldd TS 34351
L3l AArFE-8-H(phosphate buffered saline)yS F713F ¥ &3¢
HAF7)E o] &3l AEstA HEAIRl & o5 FE3HE &
T T2 3|5780] 90% ool HA 3xke] o) AAletaint.

70% Ol Et2 2| SH
AdtH o 7 QA ZA 2P M = niole 2 T A,
& A9 AIIAE &5

KT s
=317 Y8l 70% oler2-S Ag-3i)
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70% olgg Az FHIA 7} vjolelge) B HES
BT 3x3 em FEtel HiolHAE 1 ml 7l whol#f 2~
& A 5 vlolelas sialel 34 WISt Eab o]
27t 7k °ma 70% gkl 2.5%, Sk, 10%, 20%71}
A g & upolE Fste] SA) AHBAT E coli,
subtilis, C. albicans= 5‘?—_)_0}71 70% oEFS-S X 7]shaA E%}
3} A2 A5yt

Zo =AL 3N

IubH o2 Zlupdg Hiro] HA0F AREE W 25kGys X
ARghe}, 7k ZAbge] of gk nlole) 2~ B8l J g vl
o} 2x2em Fol| vlo]H 5 0.5ml IS vlol#laE
7Kt & ulo|Y g 3)ete] SA] FeFeloi). E=3 vlo]E 2~
7} 7V oFtel bAS 25, 5, 15, 25 kGyE FAFE 3 ut
olH1E 3|Ete] SA] FBIALh I A Ly
olol] $Etete] AA|EIH o™, ek ZARE 778 1SO 13409
Aol whel AASETHI7). E. coli, B. subtilis, C. albicans™=.
YA b 2ALE A 583 A=E ARSI

Listof &zl 1A X2 SE
3x3 cm ol Hlo]HAE
TAUZE o R HlolgAE
TS vpole| 2 37l Gl Alstolddl Vs A2 &
Hlol2l =8 Fjgrste] 523t A nlastnt. Atst gl vt
2 gyl o3k 7943 s BE3 A5S S8l 37°C,
EE 60% Z71904 1,000 mg/Le] Atslo|gd 7k~ T2 4
AZE &< Zfstdet. detell ZhEshs Akstelgdl 7k27t vlo]
YA A BAS 23 71 x -]]ﬁ_zroﬂ EAS doA 5 9)7]
ool FetomRE ulo|YAE Fgraty] M| Atsteddl 7}
25 AAT] S8l 2ol 7%‘ ol Byt Alstol gl
7k At bl QE =)ol fEske] AAjsigl e, ths)
gl 7k Her 39S 83 1S0 11135 #A¢l F3ke 2
=S AABFATH15). E. coli, B. subtilis, C. albicans= & Q3H
At gl 71aE Aejshax £t A=E Ak

Sml A7kE ¥ BE02E S
sl510] 2] et

2

HIO|H A ZEA 9l (Virus reduction factor)2] A4t
vlolg)2: Ak BAo] By 3 1 ARE 7%= 7 FAHA

nlolel 2 Zh0lRE T vl gl AARIFE ulelej2rt
A7hE 3SR EAshs vlolel s %] log olA B4
28 Foll EAlshE wholHz: 4] log FE Wl log TS

(reduction factor)Z I3t TH20). EE AT 5HHo = F
H AAEt Pk Fekah

4 1}
70% Ol EtE X 2|0fl 2|8t Hlo| 2 &, M2, X7 E&5t

Woto] Qg A0 B WA Sk A8 20
B B 70% ofekeS A, HelAgo] whe Holel
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Table 2. Inactivation of viruses during 70% ethanol treatment

iErgel o A A =83t 349

Total virus titer (Log,, TCIDy,)

Sample

HIV-1 BHV BVDV HAV PPV
Spiked starting material on amniotic membrane 5.17 8.56 6.71 6.14 7.66
2.5 min after 70% Ethanol treatment ND?(£2.09)° ND (£2.09) ND (£2.09) 5.89 7.47
5 min after 70% Ethanol treatment ND (£2.09) ND (£2.09) ND (£2.09) 5.62 7.04
10 min after 70% Ethanol treatment ND (£2.09) ND (£2.09) ND (£2.09) 5.04 6.78
20 min after 70% Ethanol treatment ND (£2.09) ND (£2.09) ND (£2.09) 4.24 6.57
Log reduction factor >3.08 >6.47 >4.62 1.90 1.09

#No infectious virus was detected.

® These values were calculated using a theoretical minimum detectable level of infectious virus with a 95% confidence level.

B33l a9= Blu HAS3 A THTable 2). HIV-1, BHV, BVDV
o} 22 99 wlolgie 2.5% <ol AEFA0lERE dHFH
238315 Jth. HIV-1, BHV, BVDVY] log Hlo]2]2 ZHAase
Z¥7} 23.08, 2647, 24620130t} SHAIF HAVS} PPV 2-& H]-
23] nlol@= 70% ole-go] 2 AeAdS eIt HAV
o] A% 27] utelelz G717} 6.14 log,, TCID, A4 *12] A|ZE
of wesle ¥RHo g Ak, 208 A F 424 log,
TCID,;Z YERNO] log HFo]# 2 74204+ 1.900]{t}. PPV
7390l 27 ulolEA H7F7t 7.66 log,, TCID, A 2] A]
Zrell vlEste] Aoz HASAAN, 208 AP F 6.57
log,, TCID;& WER ] log Hlo]#] 2> 7HAR1G= 1.090] ATt
70% g2 2ol 23t E coli, B. subtilis, C. albicans =2F

3t S Bl ASSIATH(Table 3). 70% NS 2]2]oll s
1.38x10° CFUS] E. coli= #8] 587k $H31A] B83)= Qo
T3} 3.68x107 CFUY] C. albicans%. 5%-Tto] 98l B&3ls)
At} SR B subtilises 70% oNErE ol w-$- 2 A 3FAS
YeATE. B subtiliss 70% oerE ] 2087HA] HRZ el
B33y} doju} 3.82x107 CFUZ} 5.79x10° CFUE 7H4A3}S3A]
Tk A AIZES 3080E JIVHAIFES W 141x10° CFUZF HE
A, A AEE 60RO Z ZVIAHS Wol: 1.38x10° CFU
7} AEE A

ZtopM ZALo)| o8t HIO| 2 A, M2, Xl 7 285}
Fuke) gt FaAel Fee mXA @

NS

Table 3. Inactivation of E. coli, B. subtilis, and C. albicans during 70% ethanol treatment

Total titer (Colony Forming Unit)

Sample

E. coli B. subtilis C. albicans
Spiked starting material on amniotic membrane 1.38x10° 3.82x107 3.68x107
5 min after 70% Ethanol treatment 0 8.60x10° 0
10 min after 70% Ethanol treatment 0 3.27x10° 0
20 min after 70% Ethanol treatment 0 5.79x10° 0
30 min after 70% Ethanol treatment 0 1.41x10° 0
60 min after 70% Ethanol treatment 0 1.38x10° 0
Table 4. Inactivation of viruses during gamma irradiation
Total virus titer (Log,, TCIDs)
Sample

HIV-1 BHV BVDV HAV PPV
Spiked starting material on amniotic membrane 6.19 7.92 6.89 5.70 6.49
2.5 kGy Gamma irradiation ND*(<1.79)° ND (£1.79) ND (£1.79) 2.53 5.64
5 kGy Gamma irradiation ND (£1.79) ND (£1.79) ND (£1.79) ND (£1.79) 5.33
15 kGy Gamma irradiation ND (£1.79) ND (£1.79) ND (£1.79) ND (£1.79) 4.27
25 kGy Gamma irradiation ND (£1.79) ND (£1.79) ND (£1.79) ND (£1.79) ND (£1.79)
Log reduction factor >4.40 >6.13 >5.10 2391 >4.70

#No infectious virus was detected.

® These values were calculated using a theoretical minimum detectable level of infectious virus with a 95% confidence level.
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ol 25kGy7HAl ZekAS ZARSFAEA FAVEKO, 2.5, 5, 15,
25kGy)oll wh& vpolg 2 583} G35 SASFATH(Table 4).
HIV-1, BHV, BVDVS} & ]3] ulo]gi~= 2.5kGy FAM
o3 AEZHAlolstE ¢hHEtAl BE3tE ATt ekl XAl 9
3+ HIV-1, BHV, BVDV2] log H}o]#|2x 7HAa919== Z+2} >4.40,
>6.13, >5.10°1 Atk HAVSY] 7% ulelg)2 d7l7} 570 log,,
TCID, A 2.5kGy A &30 2.53 log,, TCID,,Z 74315
31, 5kGy ZA 93 HESHA olstz EZs= ok 7k
ZAlell 23k HAV log Hlol2]2s A1 >3.910]0t}. PPV
= AR AR 7P 2 ARAES JERASIH vlele s 7t
7} 649log,, TCIDy oA 2.5, 5, 15kGy Al <8 5.64,
5.33, 4.27 log,, TCID,, = 7w ZAKE] Hlgste] Hrxo=
Eg3slE L, 25kGy Al S8l HESHA ofstE BE3tE R
o}, b ZALl] 9)3k PPV log Hlo|] 2 ZHASIFE > 4.700]
Art.

At} 2ol tigh b AL B8 Golry] S8l i
ZAYERO, 2.5, 5, 15, 25kGy)ol W& E coli, B. subtilis, C.
albicans B3} E3E Hlw AZSEHUTHTable 5). E colis
2.5kGy 7w At 93| 3.25x10° CFUZ} 4.20x10* CFUZ
AAERN oM, 5kGy 7 2 ofsf ghelsiA Bdste ict
B. subtilis’= 2.5kGy ZmFd ZAte] 23l 4.75x107 CFUZ}
229x10° CFUE 7FAH 0.0, 5kGy 7t ZAll 2Js) ¢
Al B3 AT). C albicanss 2.5kGy P 2k o)a)
1.74x10" CFUZ} H8isHA| B8sle]o] Algto] AZEA] &3uth.

AStof| 3l 7kA X 2|0 2|8t Hio| A, M7, i 2EE)

nlo]g 2ol gt Aol 7ixs d a5 ZASIAT
(Table 6). 2ol 7k~ xgjell &Jsf| HIV-1, BHV, BVDVS}
2-e o]y npo]y2nt ohg}t HAV, PPV -2 H|-9]3] ulo]#

Kor. J. Microbiol.

2 BT AEFIH olstz EZSE ST EO 7k ol 9%t
HIV-1, BHV, BVDV, HAV, PPVY] log Blo|#2 ZHadle= 74
Z} >3.58, > 4.81, 24.26, > 4.16, > 4.75°] At}

Azt ol gk kst ddll 7k~ Hit 98 ASE)
A3 E. coli, B. subtilis, C. albicanss Fo=2 B33} 3=
H) 5l HZE3FATHTable 7). E. colis AFstol|gdl 7k X2 ¢
3 4.11x10° CFUZ} BjsiA] Esls]o] Aol A& A ¢kok
t}. B. subtilis= sl 712 X2l 95 1.67x107 CFU7}
ShEHA| B8t o] Aito]l HEEA] GAUTE C. albicans®] 73
Loz Akslogal 7k~ Aol o)a) 4.45%x10° CFUZ} £Heis)A|
EgslE]o] Agto] HEHA] Fsirt

il =

AA 2 Ao A A A} <k
AE= vlol# s, M, AdS 25 X3 2
A Z2)e ulo|2int ole} Al Ftol] 29E 4= 9o
o|Z 1% 7 AteElZ} Harxar 917] wWiiEolthe, 3, 6, 21,
22). &% g E T utelH 2, A, ite] EE3t &3
Bt AFE g AESH A A9 A aelsteort & Al
< o 2k AA, 1S 98 AREE AES Axe Q)
AzAe 2 7FsAel A A FEIIA 1 A T v
Z FALSE njEo)oo} St} rE TRkt B - 318hA A9
AESA A xS Aeste] B83) aSS oz A gut
Hog HE FTHY 7494 fEkIAE 2831 4 dv= A
S Hoj Fojof gt} B4, AMelE B AiAE Hr=E B
g - 3}5H4 Ao & APS HEE AolojA Tt W=
Te A B 1A flsiizke] Bgsls BAs 4 9l

ofof it} A, A58 A= Afe H=F A 24 7t

o

Table 5. Inactivation of E. coli, B. subtilis, and C. albicans during gamma irradiation

Total titer (CFU)
Sample
E. coli B. subtilis C. albicans
Spiked starting material on amniotic membrane 3.25x10° 4.75%x107 1.74x107
2.5 kGy Gamma irradiation 4.20x10? 2.29x10° 0
5 kGy Gamma irradiation 0 0 0
15 kGy Gamma irradiation 0 0 0
25 kGy Gamma irradiation 0 0 0
Table 6. Inactivation of viruses during ethylene oxide treatment
Total virus titer (Log,, TCID,)
Sample

HIV-1 BHV BVDV HAV PPV
Before ethylen oxide treatment 5.67 6.90 6.35 6.25 6.84
After ethylen oxide treatment ND?(<2.09)° ND (£2.09) ND (£2.09) ND (£2.09) ND (£2.09)
Log reduction factor >3.58 >4.81 24.26 >4.16 2475

#No infectious virus was detected.

"These values were calculated using a theoretical minimum detectable level of infectious virus with a 95% confidence level.
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Table 7. Inactivation of E. coli, B. subtilis, and C. albicans during
ethylene oxide treatment

Total titer (CFU)

Sample
E. coli  B. subtilis C. albicans
Before ethylen oxide treatment ~ 4.11x10° 1.67x107  4.45x10°
After ethylen oxide treatment 0 0 0

SotH AEEE w5 lojof ok UlA, AduE AYESH
A= AAIA A $17do] Holok gt} & AFtellx= o]
218 Abgh FeF kA HSS AT AR vpe]HAE HIVe
HTLVS] 24 ulo]2{2=Q1 HIV-1, Herpes virus®} Cytomegalovirus
o ®d nlo]g}zQl BHV, HCVE| B4 nlo]2i2~] BVDV, B19
o] 24 ufo]#i2R] PPV, 12]al HAVE A4t o] d v}
ojF AL gutA o7 Al ;q]oﬂ gl 2 FZ] Fgf nlo]e9
oFF A3 ] upole] kA S-S fl8l) AREE AL TS,
19, 20, 29). &% 2 HFEA AZo AT AAESH AEE
E. coli, B. subtilis, S. aureus, P. aeruginosa So| AFRE A o
o, 743 HESE ARE C albicans’} AFEFEIL ATHI2).
2 AllMe ke = - 3k A2 3 e Ae
Yehle a2 F8Y A FA AldQ) B subrilisot 18 274
AT E. coli, AT C. albicansE AE VABEZ A3
QulA o @ AT e Ao AL Aol AR 7w X437
wnc} 22 - shake Azlol o 2 A e ] wEel s,

7, OA 2t ARFEE WS QAR B BA7]

o 55 7L AP AAISIIT

Qutzo 7 2Eo] P HlwH oF AFE S o]g3le] W
Ao PEe] S ‘311?]0}74‘4 vpajste] ZHede] H@4dE |l
= ZF0Z AEAY 17k v AETRS APEAIZITH2S). 23
It Zn‘ = Tﬂ*r‘* %ﬂc 2 9799 AMEEl A%l 9

< AlA At &3
;—‘z;;— E}»Hu}(zs) oh; Z3E £=3 9&—5}] 70% SNE-EZ 20
B AElshe 3788 219] vle]g2(HIV-1, BHV, BVDV)ell t
3 g B3t adE YelAT, H-9]9] nol2 PPy,
BPV)ol| tisire B3} avr) vlu|siich =3 70% oleke
] 3L vtk Al AF(E. colift C. albicansys 83}
NZAR, FAS A8 vAE(B. subtilisyS EZ3ES A7)
A Fskqict.

AR FLE-60 AP S daelln vhes dapd Wl
ArPdS A zA e ZAlst] A AR vlel2] 2, HAY Al
715 2 ATES APEAIE F e felskar el Wy
oth(12, 26). FHIE A (E)RFEE 7H 5ol 7] W& B
AATANFS S DT FEHE AL AEetoe FaAES

AN % Qrhs o] ek 8 e 2AF 3L kA

:

¢

o] 91 E4T AF Po] FaSER TR, G, FE,
A3 5ol 270 glo} AAzAe] TE 48 5 Urks

o] Qlth 9] nlo]#AEL 2.5 kGy FAME] s HE3H
A eoletz ehsiAl EZstE et Bl-2]9] nolz]2Ql HAVE]
9o 5kGy A 2J3llA HESHA olslE AElsHl &

AR g 2%

w2

2rte7gel 23k 1

o,

A B3l 351
3= Q) vlolE 2 7 7P B - 318 Ao & AdAS
Yehli= Aoz 453l ppve] Bgole vkl A $71
ol wet MR or Edst aapyt A JERLSH, 25kGy
ZAFF o8l HESHA olstE B&83tE Ut B3 E. coli®) B.
subtiliss SkGy ZAMEFOl oJsiA $helshA 2&3t= U, C
albicans= 2.5 kGy ZAFl| oJ8) $hHstAl B3 AT o9}
22 Aol A Fupa ZAVEAGL vlolH s, A, Jdts B
B33 & e THYES IS

At ddl 7ha FiEe 2o ugdk 71 012111?“% |
b=t dE] AREE AL Qi) st "l s RNA e
DNAOI &2 3} (alkylation) ¥H3-2 oF713}e] 7+4) HsH‘ﬂZPa—A
FRAAE vZgozH nlolg 2, A, F3ol5 BEsAIZITh24,
27). Astell gl 7k dito] A0 g o] fo)z)7] flsix= A
A3t =2 AITH~5A1ZD), At d=ll 7122 FE(450~1200 mg/L),
28] £E(29-65°C), FHEE(45~85%)7F 2.3k, Al 2lsiel
AL g3} 158 913l 37°C, s = 60% 210141 1,000 mg/L
o] Astell gl 72 FEE 4AIE Bt XEg & nloli, A
T, Aol BEst a5 AR Akstlgal 7k A2l
o&] ulolelL, AMiFt, Xt BT AESH oletE EEslE U
ole} 22 AoA Alslol gl 72 gL ulo] 2, Mt 7
TS 55 28318 5 e 34YS RIS

E AFelx 2K 70% oehE X 34, rbaRAF 34,

sl gdl 71 FAe] ulolga 9 M, A B83) aul=
gri} Ao g SEEA 7epdo] gejte g FF
7holl @8] nk. & AFolME 71EAF5S AA Fs e
2 AFE s, A ABIA] -2 Fato]

= z]EE’:]o] AL 71—1:]-%%1}4—— =3} Hxﬂ—pj. _@J,}_‘E_
Ao Z Foren). AR oekg A} Atsto gl 71 3L

ks

slshael YEYe) et 1 Eabt gebd S Alrka AR
i},
QA 2% o 9T SR G £l - A Sae o)

A AdAE T wA 24 B 1 A mH o
IE2 3R T oA 3HS T3k

Aol vy 54 B¥sHA A Hsﬂ% A g3}
Fp} g Ak IAeE, FAA 3o AR =
A, 2 3 AR 2 AE G 259
S Q7] wEolth gy 0% dEe A% B4, 7wk =
A} B, AR b W R, Sl w95 2

A 1
5t A4S WSk o] AF o 239 S FEsks
Z7o= ghaEh

HAfel &

o] EEE 20099% Ftista wH|SHEATEA

AF o) S AATANEALA SJste] A 5]91%.

l-N
_L



352 Jung Eun Bae et al.

10.

11

12.

13.

14.

15.

16.

17.

o

k!

rok

o] &4, 2005. ALYl A AFH3 FFEZA ] M BF
7} o7 JOWS’M@@ﬂ 31, 31-38.

oledd, AR, del-Z. 2006. TE=FZo|2&eA] AAHE
Zlo] o]Z7lEAdol I‘JM 2Z 1 XA, Ugketdg
AA) A 8}3]x] 28, 365-370.

o2y, A9, 99 1° 2006. TF XA o AEA] G994
3o 1§P7Po*§<>ﬂ ﬂ%f& 3Z I FFAZRE. ggeehd

A AL TS A] 29, 262-267.

. Adds, P.J., C. Hunt, and S. Hartley. 2001. Bacterial contamination

of amniotic membrane. Br. J. Ophthalmol. 85, 228-230.

. Beggs, W.H. 1989. Development of phenotypic resistance to direct

lethal miconazole action by Candida albicans entering stationary
phase. Mycopathol. 108, 201-206.

. Bohatyrewicz, A., R. Bohatyrewicz, R. Klek, A. Kaminski, K

Dobiecki, P. Bialecki, M. Kedzierski, M. Zienkiewicz, and A.
Dziedzic-Goclawska. 2006. Factors determining the contamina-
tion of bone tissue procured from cadaveric and multiorgan
donors. Transplant. Proc. 38, 301-304.

. Cebrian, G, N. Sagarzazu, R. Pagan, S. Conddn, and P. Maiias.

2007. Heat and pulsed electric field resistance of pigmented and
non-pigmented enterotoxigenic strains of Staphylococcus aureus
in exponential and stationary phase of growth. Int. J. Food Micro-
biol. 118, 304-311.

. Choi, Y.W. and 1.S. Kim. 2008. Viral clearance during the manu-

facture of urokinase from human urine. Biotechnol. Bioprocess
Eng. 13, 25-32.

. Eastlund, T. 1995. Infectious disease transmission through cell, tis-

sue, and organ transplantation: reducing the risk through donor
selection. Cell Transplant. 4, 455-477.

Gomes, J.A., A. Roman, M.S. Santos, and H.S. Dua. 2005. Amni-
otic membrane use in ophthalmology. Curr: Opin. Ophthalmol. 16,
233-240.

. Goyal, R., S.M. Jones, M. Espinosa, V. Green, and K.K. Nischal.

2006. Amniotic membrane transplantation in children with sym-
blepharon and massive pannus. Arch. Ophthalmol. 124, 1435-
1440.

Grieb, T.A., R.Y. Forng, R.E. Stafford, J. Lin, J. Almeida, S.
Bogdansky, C. Ronholdt, W.N. Drohan, and W.H. Burgess. 2005.
Effective use of optimized, high-dose (50 kGy) gamma irradiation
for pathogen inactivation of human bone allografts. Biomaterials
26, 2033-2042.

Hilmy, N., A. Febrida, and A. Basril. 2000. Validation of radiation
sterilization dose for lyophilized amnion and bone grafts. Cell Tis-
sue Bank 1, 143-148.

Hornicek, F.J., J.E. Woll, and D. Kasprisin. 2002. Standards for tis-
sue banking, pp. 31-45. American Association of Tissue Banks,
Bethesda, Maryland, USA.

International Organization for Standardization. 1994. Medical
devices - Validation and routine control of ethylene oxide steriliza-
tion. Geneva, Switzerland.

International Organization for Standardization. 1998. Sterilization
of medical devices-Microbiological methods. Part 2: Test of steril-
ity performed in the validation of a sterilization process. Geneva,
Switzerland.

International Organization for Standardization. 2002. Sterilization
of health care products - Radiation sterilization - Substantiation of
25 kGy as a sterilization dose for small or infrequent production

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Kor. J. Microbiol.

batches. Geneva, Switzerland.

Kérber, J. 1931. Beitrag zur kollectiven behandlung pharmakolo-
gische reihenversuche. Arch. Exp. Path. Pharmak. 162, 480-483.
Kim, 1.S., Y.W. Choi, Y. Kang, H.M. Sung, K.W. Sohn, and Y.S.
Kim. 2008. Improvement of virus safety of an antihemophilic fac-
tor IX by virus filtration process. J. Microbiol. Biotechnol. 18,
1317-1325.

Kim, LS., Y.W. Choi, Y. Kang, H.M. Sung, K.W. Sohn, and J.S.
Shin. 2008. Dry-heat treatment process for enhancing viral safety
of an antihemophilic factor VIII concentrate prepared from human
plasma. J. Microbiol. Biotechnol. 18, 997-1003.

Lambrecht, J.T., B. Glaser, and J. Meyer. 2006. Bacterial contam-
ination of filtered intraoral bone chips. /nt. J. Oral Maxillofac.
Surg. 235, 996-1000.

Lavanchy, D. 2008. Hepatitis B virus transmission in organ, tissue,
and cell transplantation. Gastroenterol. 135, 1041-1043.

Lee, S.H. and S.C. Tseng. 1997. Amniotic membrane transplanta-
tion for persistent epithelial defects with ulceration. 4m. J. Oph-
thalmol. 123, 303-312.

Maillard, J.Y. and A.D. Russell. 1997. Virucidal activity and mech-
anism of action of biocides. Sci. Prog. 30, 287-315.

McDonnell, GE. 2007. Antisepsis, disinfection, and sterilization,
pp- 32-54. ASM Press, American Society for Microbiology, Wash-
ington, D.C., USA.

McDonnell, GE. 2007. Antisepsis, disinfection, and sterilization,
pp. 62-63. ASM Press, American Society for Microbiology, Wash-
ington, D.C., USA.

McDonnell, GE. 2007. Antisepsis, disinfection, and sterilization,
pp- 191-197. ASM Press, American Society for Microbiology,
Washington, D.C., USA.

McDonrell, G. and A.D. Russell. 1999. Antiseptics and disinfec-
tants: activity, action, and resistance. Clin. Microbiol. Rev. 12, 147-
179.

Moore, T.M., E. Gendler, and E. Gendler. 2004. Viruses adsorbed
on musculoskeletal allografts are inactivated by terminal ethylene
oxide disinfection. J. Orthop. Res. 22, 1358-1361.

Nakamura, T., M. Yoshitani, H. Rigby, N.J. Fullwood, W. Ito, T.
Inatomi, C. Sotozono, T. Nakamura, Y. Shimizu, and S. Kinoshita.
2004. Sterilized, freeze-dried amniotic membrane: a useful sub-
strate for ocular surface reconstruction. Invest. Ophthalmol. Vis.
Sci. 45, 93-99.

Nakamura, T., T. Inatomi, E. Sekiyama, L.P. Ang, N. Yokoi, and S.
Kinoshita. 2006. Novel clinical application of sterilized, freeze-
dried amniotic membrane to treat patients with pterygium. Acta
Ophthalmol Scand. 84, 401-405.

Paridaens, D., H. Beekhuis, W. van den Bosch, L. Remeyer, and G.
Melles. 2001. Amniotic membrane transplantation in the manage-
ment of conjunctival malignant melanoma and primary acquired
melanosis with atypia. Br: J. Ophthalmol. 85, 658-661.

Pires, R.T., S.C. Tseng, P. Prabhasawat, V. Puangsricharer, S.L.
Maskin, J.C. Kim, and D.T.H. Tan. 1999. Amniotic membrane
transplantation for symptomatic bullous keratopathy. Arch. Oph-
thalmol. 117, 1291-1297.

Pruss, A., M. Kao, T. Garrel, L. Frommelt, L. Gurtler, F. Benedix,
and G Pauli. 2003. Virus inactivation in bone tissue transplants
(femoral heads) by moist heat with the “Marburg bone bank sys-
tem’. Biologicals 31, 75-82.

Riau, A.K., R.W. Beuerman, L.S. Lim, and J.S. Mehta. 2010. Pres-
ervation, sterilization and de-epithelialization of human amniotic
membrane for use in ocular surface reconstruction. Biomaterials



Vol. 45, No. 4

31, 216-225.

36. Sangwan, V.S., S. Burman, S. Tejwani, S.P. Mahesh, and R. Mur-
thy. 2007. Amniotic membrane transplantation: A review of cur-
rent indications in the management of ophthalmic disorders. Curr.
Ophthalmol. 55, 251-260.

37. Singh, R., S. Purohit, M.P. Chacharkar, P.S. Bhandari, and A.S.
Bath. 2007. Microbiological safety and clinical efficacy of radia-
tion sterilized amniotic membranes for treatment of second-
degree. Burns 33, 505-510.

38. von Versen-Hoeynck, F., A.P. Steinfeld, J. Becker, M. Hermel, W.

AR e a5 g EaEgel o3 A fsiiAr 283 353

influence the biophysical properties of human amnion grafts. Bio-
logicals 36, 248-255.

39.von Versen-Hoynck, F., U. Hesselbarth, and D.E. Moller. 2004.
Application of sterilised human amnion for reconstruction of the
ocular surface. Cell Tissue Bank 5, 57-65.

40. Wang, S., C. Zinderman, R. Wise, and M. Braun. 2007. Infections
and human tissue transplants: review of FDA MedWatch reports
2001-2004. Cell Tissue Bank 8,211-219.

(Received November 6, 2009/Accepted December 7, 2009)

Rath, and U. Hesselbarth. 2008. Sterilization and preservation

ABSTRACT : Inactivation of Infectious Microorganisms by Disinfection and Sterilization Processes for
Human Amniotic Membrane Grafts
Jung Eun Bae, Chan Kyung Kim, and In Seop Kim* (Department of Biological Sciences,
Hannam University, Daejeon 305-811, Republic of Korea)

Viral, bacterial, and fungal infection can be transmitted from donor to recipient via transplantation of human
amniotic membrane. Therefore human amniotic membrane for transplantation should be disinfected and ster-
ilized before use. The purpose of this study was to examine the efficacy of the disinfection process and ster-
ilization processes used at human tissue bank in the inactivation of viruses, bacteria, and fungi. A variety of
experimental model viruses, bacteria, and fungus for human pathogens, including the human immunodeficiency
virus type 1 (HIV-1), bovine herpes virus (BHV), bovine viral diarrhoea virus (BVDV), hepatitis A virus
(HAV), porcine parvovirus (PPV), Escherichia coli, Bacillus subtilis, and Candida albicans were all selected for
this study. Enveloped viruses such as HIV-1, BHV, and BVDV were effectively inactivated to undetectable lev-
els by 70% ethanol treatment, gamma irradiation process, and ethylene oxide (EO) gas sterilization process.
Also non-enveloped viruses such as HAV and PPV were effectively inactivated to undetectable levels by
gamma irradiation and EO gas treatment. However HAV and PPV showed high resistance to 70% ethanol treat-
ment. E. coli and C. albicans were effectively inactivated to undetectable levels by 70% ethanol treatment,
gamma irradiation process, and EO gas treatment. Also B. subtilis was effectively inactivated to undetectable
levels by gamma irradiation process and EO gas treatment. However it showed high resistance to 70% ethanol
treatment.



