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B =1
PR 12 33 1T B SR 4 oD FERERO A AT
— N5 & b b RS SR T L O fERl—

IXUDIT BB B L 7o & oW N E PGS IC B TR S LD, Lo, 2hvh
DR TITREGE A 1 = X L OFEM (Fafirikil, YA - B L) [ZOWTHEREZGES
TENRTERY, ZITEHIT, b MNEBICEE L-EMTHHET L EERL, Z0MR
RIC AN TIH Y S W7oz 224l L7235 B O @ikl e — 7 i & Bl 7 5 & & OB 7o &
EMFELTZ, TL T, ZROHORMETTANE FEEORBEET L E L TRYNENEH
L,

7 BT AOEML KK a~ NS T T 4 —AA— b T T— XA T
Wiz, LT, ZOZFEREMCE NEERB IO b EJEIHEEL LR 2 B0 15 EE
L7z, B FEBIZELEI L7 /v E LTI, Yucatan Micro Pig Skin (£ & 2mm). ¥

Vay-v7% A (JEEX 1mm), filE#HE AR Y e =1 (EX 1.5mm) © 3 f¥E% H
Wz,

RAOFEBRTIT, 51 - TEMERBRgZ VT bR X O I 8Ll L =gl e T v

OB AZHE L, BB — 7l 2 R U=, 0O FEBRTIX. Bacillus subtilis O
RIS L > TATHNCTER S A ER L=, £ LT, 0%t FEERELZETT
JNZBERIL, BRIET LV EEBE LB OEAZBIR L, HBE L Can=—HaHE L],
BERfE R, Bl LcHEEBBELRN L, £ 7 voZ@EEIiY— 7 HE Bi@
Ui s L OVE@E & OB EZ RO,
R eI SR D EEEPIONE T, b NEEICHE FR LA O FiEiK
L — 7 fli1% 30.2 (25.6-32.9) gram-force (gf) Th o7z, [RERIZ, 7 ¥ K&k % 220
L7=8eE O 2@ v — 7 E1% 99.7 (94.0-120.6) gf. >V =12 Tl 40.0 (39.5-41.9) gf,
ke =1L 8.4 (8.2-10.3) gf Th 7=,

—J7. NLIGYE A2 2R Cid, AT (= b — LiE n=25) (Z2fF35 L

Tz B. subtilis DE &L, A8 2.56 (MU AL#H 2.44-2.74) logioCFU TH V| i
/METE 2.01 1og10CFU, e KfEIE 2.92 log1oCFU o7, & LT, 7 ¥ FIEICIHY4R % %
FIL72354A. Bl L7ZE %% 0.30 (0.30-0.30) logioCFU Thotz, LT, ¥V arop
BATIL1.22 (0.79-1.52) 1ogioCFU, it v =)L DA T 1.55 (1.15-2.01) logio0CFU
Thotz, TL T, FFEHET NVOEBRKPLE— 7 & Bl L2 EHBEOMICITmOAa oM
B8 (R2=0.996) »AHii,
W b NS ENICEB LR T ORI Y — 7 At U7s, R
E— 7 fEIXEWVIEIC, TXEE, vV ar b MNEE, BEE=1THY | B MEEICK
LTI L TWedlZv U a2 Thoto, NTIGREEE W ZHIER Tl 7 X EEICE
JAEEEEIImD T, DWW T ay Hbke= L olRICBEEEED %< 72 5
Mz ot Lo T, EMEOEBERII Y — 7 6 & B@EEORIITMHBEER AL, 27
WA EETHDIFER TABET HME T D72 b 2 ERRB I,

UboZ &nt, Bl EIXZRIEIUEAE LT T 5720, ZiEiEiie— 27l e
MIFIZIERIL TS ) asid, ZRITETALE L TEZYTHDL LB RT,
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Spaulding D43 FETIE, #AEt (UL, 880 (XEHEH & RIERIC 7 UV 7 0 g IS8
S, BRI S D PL BIZIERE ORENRIADTE T35 £ THERFF ST b7
W AEERIZHIA SN D EOTEERIRRE 2 HERFT 51213, REHEOT 4 AR —F 7 VO
CREHEENEECHLEEZOND, Lo T, BURTI, SITHEFEHOMEWET, F
R EIZ DN TR, AGARTFHREWE T A a— s L 28BN E., F0%0EY 7 £7-1%
FHA 7 v —TOERE NS Lo RRARB/HIES LTV D 12,

BRI AT 1 B U 72 R DR X E MR I B W TR &N 5, FHIITN 5 O SCHRTEE
ZATVN, 1991-2010 00 20 =] CHUE S AU 72 88 A 1 BEsE U 7= M &R G 31 0 i 15 1 3
43 1, FiC 22 1 (BEEET) DARF 65 Th o7 Z E REERAICBVTHE L
78, FOWIRIL., &G « TSN TT% TR b %< . DWTHIZE « 5 9%,
RAEZ - BAIEIE 5%, TEIEAMEL: 4% 72 8 Th o7, £7o. ST & v A L R EYIE DR
HMEIZOWTOHREIL, #3291, FI3C 10 1 (ZiEskETe) OEF 39 T, TDONGER
. CHRFR ANV ARERHEL 311, DWTBAFRTA VAR5 TH -T2, %X
BRICI T D0 ikl x Tho7o iy, BER & XTREE L CHRIGEEORIG At L, &
v A ZNESERIK T & AR T HENREZLS 2 HO TV, ZOX S RGN 6, ke
A NV AEGe & ORNZRIRBIRD B 5 & fEFmO T TV SCEkIE 39 R 14 - Th o7z, L
2L, TIDOWMETIIZ L OGA., Mifid L MEE DR D720, MATRIL, G -
TR 72 EOFEMZRERITGD Z N TE RN, BN E LT, Fl A
ATy, ORI LE L, BRI E D N HER Sz,

ARFRNZ IV D SBHEAT Clddiiz BT 2B TR E sy CERICRIAS DY) 2% T
Tk b Z oA BRI L e 5 T D, 2RISR, BARDEFEMZRHENNTH L THT (B
LT ZHWDZENRBEELTWD, T LT, BiAERHE LRI T, B IR~
ERGICTHHLOTHS (X1), ZOHEMIE, SR E O 7=l el 2 =R 2 BA
DOHERT TRIELEZFIETH D, HR SN 2002 FICEM LIZBERmAMZ SR E L-T
Vhr— R OTIL, BHEBRARATD 93.2% B A AWl 2B 2o TRBY, £OHT
HEELZEZEFTBIRoTWVDLHITT3.8% TholoZ L AMEL TS, Lo T, KO
REFDOREENBFICLIMFETHIZ B Z 2> TV D EHEREND, £/, FEHON
2008~2009 FIZ 2 EOHARMAE R U CER L7z B4 567 o — K 9
WCBWTYH, FRICEDMERHZRBLTHE L TV DiRIX 83% ThHo7=Z &b, K
B L HEBRGOMFICB O CTHEMICEEZET TR TWVD 2 ERNRBREINT,

£ BROT v — bk 9 TIE, HEEAOEBTH > THEMH BLEL) Z28#8 L
TWAHEFEN 75% CTh o722 LA L TRV | HEHE S & LT D ARIZENT
X, BRICEDHMT-CHIOFEN HILEL) 72 E0&KYEY 27 @b 5 /2> TV
HAREMED R S N7, Lac L, ARETIHE, BRRBSG CEM I TW D80 ED X 5 7k
WFTHERINDON, Bz & TERIZAR 5200 ETHAE L2y, 2
i, < OIARINEANTHEL TWAHT2D, EREEO L S h—~_ o T 2D E
NREETHD Z ENEBEEbRD, Lo T, BURTIE., SHEITIC X > TRET DGO
U A7 RFZBHFRRIO IR T Z ENTE TR,

Z T, FEHIT e MREREE R ERARRGEIC X DG ) 2 7 o ARG L7z, L
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2L, BE MEEEZHWD Z &L, W—RRRE2FRT 22 PR TH L Z LOHDTHE
BRI AT Z ENTERVWAREOHENSKEL, b NEEICEB LEZREET LT
DOWEt R BT, FATIZRICEB N T, K2 I1RT X 9 2 NS (JZf8) (/AL T2
ETINENRALTARE V) ay - v 7 AERAOCTER L, Zhicx L TATICERL
T A AT D Z LT R0 BB IRIC A 0 1SS 0 E R LTS, ZORER, EEROM
W T H o THERICAE Lci5i (IR 12, 77 R EoMmiRksy ERET 52
ETREIIUCSVIRIBIZZRZRY . 2O X5 2R TIEER E2 50D ESITREATE
HAREMED RIE SN2 6, LvL, ZOMETIE, & MNEEE DA TE Tz &
REEMRBAIENTE TR Z &R EOMBENE - 72,

EoT, AEFEEIT. b MNUFITHEE L 72EROFEM CTHREET LV E2ER L, oMk
WC AT S B2 a 220 L7258 0@ iy — /7l E Bl 2@ &R & L oMk x
MEEL7z, LT, ZNODOFEFET ANNELEONRBEET L E L TERYDED % it
L7,

5k
(1) b FEJEB X OZCEEL L0 E 7 L O @ik e — 7 O HIE
21T Lo MNEEBXOENTHELU LR T VAER L, B8R - AR
BIZ X 0 2N E O ERNE T /AR L7 BR O @I v — 7 fE A2 E LTz,
- EERIGHT - B4 U URRESHE SVEE BN
- EEHIRH - Rk 24 4 10~11 S
- BB}
O#Ast (HEEEEH Z 9 8 60mmx0.25mm &1 U il 3)
Q7 vn~ 777 4 —H4mL A — b 7T — - NA TR (15X 45mm A 7
U 2 —3A 7L B GLC )
@t MHEKEEE (40 A AKMEOEEEE BIOPREDIC )
KIERAEL TR OBRICOIbR SN R EkE 7 7 o A bl A L7 b D&,
@7 % F2[g (Yucatan Micro Pig Skin Charles River fi 4)
Gy Vay -v7¥s JEX Imm, BE 12mm) (KUY A ~ PTFE/FF =271 o
Thermo Scientific )
@fgkHE AR Y by =1 (Efke =) FE¥ (G~ L —=227%y Re IRET
L4 05)
D51 - JEAEREE (TENSILON® I feff £t RTC-1150A ORIENTEC #)
- R kB L OFIA
M 6IRT Lo, ks n~ 774 —MA— 7T — - NA T IO RBESY
Wb FEBEIIT XA, vV ay w72 A b=V EMEZER 12mm 27 > b
L. ¥ v 7o EE Lz, ZOEICZEIE « EfEatigg 2 AV Tz 200 L, ZHiEikst
E— 7 EERE Lz, FRETVOBREX, b MEFEBENFELL TS Z L, fIAL
TN EBRORIEIZELL L TnD Z & FRERICHEHE T L e LTERETWAS Z
Lo aEmiz L TWDZ Ex2EtEE L,
FhE; X 7TIZRT L DI, 5I9E - BB D T — 7 K BRAIR DA TV EEE LT,
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T 7 E L~ (60mmx0.25mm) A #BREE 100mm/min, fif#E 2N (Newton) T
10mm ZEfi| L, 8232 7% A% Bl LIRSS O B2 @iy — 27l e L,
E 1T ZHE T 2BV T 10 [BIfETT L7,

2¥, AMETIEE MG Z AW T28, FRNC UK E R R AR P TE 1 ) S HEE I
BWCRBEEEZ 2T, Aaf,

()N T35 G SH T80 % TV 7 2R 52 BR
ANTIER S a v, T X, vV ay 72 A JliEE Al e =1 %M 0
ZFNETNORBIZER L, SICMHE L TCWEZEOREBET 2EE (H@BEESR) I2o0V Tl
RpbLEHIZ, BETHEBELER LT,
- ERRGT © FURER IR TR TP IR E
- KBIYIR ¢ PRk 24 4 10~12 A
- MR}
O8ide st (HEIFEH Z 2 8 60mmx0.25mm A U > )
Qikru~< 777 4—MH4mL A — b 7T — - NA TR (15X 45mm A 7
U 2— 34 7V EH GLC #)
OFE B F 2 M0 Bacillus subtilis ATCC 6633 (GRAFMEE2)
@7 % FifE (Yucatan Micro Pig Skin Charles River $)
®vUay-t7%A (ES Imm, BEE 12mm) (KVA k PTFE/FF =T a v
Thermo Scientific #)
©nilgiE HE L e =B Gl N L—=2 7%y Re JORE 7 V)

KPR EHZDONT

A OEERIZEB N TIE, — IS HEH SN TO 28O ERIX 0.16~0.20mm TH Y | K
FEERCHH L72I T ic 5 L EAD KV, AERICEBWTHEE L0 & KO HE
L7eBHIE, ANLHRLEGEINET2EHELZ LD —EICTH72HTH D,

%7 4% B J& (Yucatan Micro Pig Skin ; X 4) (22T 7.9

Yucatan Micro Pig (%, ZED 7 & &L BIp VIREN DR, KEN 26kg RED I =7
A ThD, RBRmIPPPELTWDEN, b MEEICU-MEERORIERLBND, £
7o, FEBILC I ARORZENALND D, Tt hOFEER X VTRV, §AE L RFRE T
bV, KEOEELE FEFERETHDL, KEORBHEEIL, AENK 20pm T 15
DfE X VALY FKEIX 40-100pm T, R EEROFRAEHIZE M ER UL AHAITSH 5,
JEES 2mm BigCohnb b MOERILTW5, IO T, b MNEEHns 2 &
IEEEE R, FRIIMEEEZATTAZENE LD, EYOREERRBR L SICe M
FOETLELTHERSATWS, FRIZEEL Tid, MK (-80C) SN TWHRED LD
ZETRR (vHD) ICCTREQIE U-RICHA Lz, £, RIS TIROBREZ1T-
720, BREHOREOE ST 2mm 75 X oI L=,

M Vay w72 ANIHONT (K2)



WKk 7o~ 797 4 —HA— b T T—  XATAORBT X LHEHT HERE
12mm, EX Imm OV Y a U TH D, ERICE L CULEEAKIEEIC LD UEE 21T
=borEMH L,

g E AL E = RO T (M 5)

TP BT 5 B R B 2 BT 5200y I 2 —%— (fil kL —=027/3y R
) ITHNWOENTWAZEM ThH S, FmITEEIALU L XN S E2HET 720KV HE
ke =L EMEFEALTREY ., ESH0 15mm ThHho, ERICEL CUIHEEA=Z /) —L
WX DWMBmEIToT= b D&M LT,

- EBR T EB L OVFIE

X 8 IZEBRFIEE T v — b TR,

RO SevmR) 20mm # AL ELE K B. subtilis ATCC 6633 (108 CFU/mL) (ZiE1E L5
Qo Z0%7 V=0 _XUOFATR LRSS, ANLHEBAER Lo, WmikaFRS
LR, FRIEICIE 0.3% 7 VIMET VT R U AKIERE AW, v miET VT R v E AN
T2DIE, SICHDBAE LT WE D ICHMEE R 570 Th s, o, ZIss HBiE
B GHILEL) LA 7 8Tl o 3 & LIBRINHE2EL T\ 5,

WAZ A T BRI IEIE (0.05% 7R U > )b~_— K 80 N U > Bt filif £ B A4 K (pH7.2))
500pL Z £ L, B 7 X AEBIIT 7 X REET-IZv ) ay - v 7 ¥ A H{bE=/1rDW0n
PTHOEEAE 12mm (Zh v b LTH v v FIHEE L (4% 30 BiiR),

F D%, 1B E A, XA TIILDOE 7 X LS~ 30mm 2Rl L7z (X213 7% 55
M A ERANTER LIS, TATH Y | dE 220 L7REEZ R 7)), SN2l S
TREDFENLTNVERBIEL, AL TARNIRALEZEEZFEIL L, B LEZNZEN
DORARIL, 100pL T2 3D h U 7k A ZREFHIZEBIR L7t K58 EN T 32.5+1°C,
48 REfHEE#E Uiz, REEBRITEAUC TREHOBEE O a2 v =—K &30 L7,

(4) BiAE DRt

E NEBIOENCEE LIRS v (THEE, vV ary - e7 2 A Hbke=
JV) ~ERIIL TS DAL I ERHT B — 7 50 b RIS X OV 7 EiPE A R L,
BRI D, THEE, vV ary w72 A b=V OROB@GEREE, £z,
Bl L7-F & (CFU ; colony forming unit) 75 Hdfiids X ONWU &2 H L. Zil
Bhivr—JE s BElaEREB L OEBRE OMBEZ RO, HEHQEIZIIHEY 7 & JMP®
9(SAS Institute Japan #H#) % v 7=,

BB EBOMRE, a0 =—HOAEFHMN 0 Th o RIEIZON T, HEHLEL O G |,
M DM D EF 2 m =—% % 1CFU & L TB 21T > 72,

m R

(De MNEEBLOENICEE LSl Lo MBIy — 7 EoflE (F1-113)

TENSILON® 5 fEM BB 2 FIV T b b RS 108 A 2201 L 72356 o Zeidiipuih i 2 X
91T (n=10), ¥7=. ZOBEOZREESIE — 7 EIT P 30.2 (MW AL&HH 25.6-32.9)
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gram-force (gf) TH -7,

— 5. T X RFE A R LA O mIRPiE A Z K 10 IR T (n=10), 2, 2O
DOZEEEPLE — 7 H1X 99.7 (94.0-120.6) gf, [AARIZ, U =2 (X 11) TiX 40.0 (39.5-
41.9) gf, b=/ (X 12) TiE 8.4 (8.2-10.3) gf TH -7,

QAN TiBYe S5 A& V- 20928 (2 - X 14)

REBTHEH L A LB (= hua—/L#E n=25) |21 LW/ B subtilis DH
HiX, PRl 2.56 (WU Nr#EiE 2.44-2.74) logioCFU TH V| f/MiEIX 2.01 logioCFU,
B RAEIX 2.92 log10CFU - 7=,

T X BE SO ERNERICIB VTR, N TG 2 20 L 72356 O/ o BidE G YE R Ix
10.0% (3/30 #&fK) ThH o7z, ZOFEOHME L7ZE %1% 0.30 (0.30-0.30) logi0CFU TH
ST, VU ar~ORFFERICB VT, AT ZE R L7258 OF o @t
80.0% (24/30 1K) Tho7-, ZOBEOHEME &L 1.22 (0.79-1.52) log10CFU Th >
7oo ML E =L A~OERIEBRIZES O TiX, A TIEREZ 20 L7256 Or o Bimbhig
96.7% (29/30 f{k) TH-o7-, ZOBROHBHE &L 1.55 (1.15-2.01) log10CFU TH >
77

F7-. AR OFEHET VOB BEEY 2 b a— )LEEO N TIHYSIATE LTV -
BETHRLT, E£FHET MBI 2 HE OBl 4%*@t0%3_ﬁﬁio I, T HREA~
DZERIEBRICB T D EOE@EEKIL 0.6 (0.3-0.6) % ThH-o7=, [AEEIC, V= TiE 1.4

(0.5-8.3) %. L =/LTi% 8.3 (4.0-24.5) % Th -7,

BT T L OB — 7 & BE & OB

X 15 1R & D, FFERET VOB — 7 E (PRl & EmEE (PR
DORNZITFRNAE DB (y=-0.014x+1.720, R2=0.996) NH bz, £/, %%@%TW@
BRI — 7 5 & WO BBBEOMIZ S RARICHE (y=-0.079x +8.425, R?=0.952) »°
Hoivle (¥ 16),

E £

PHEITIC BT DA ERFROAMEZRAE L-ain S HEMRICLD &, TORAEME
IZHAR 9T 0.12%, #[EH 10T 0.13% & OHENH Y | [ERICHIT HE1 L i3 5 &K
BELE XD, DT, ZOHFTEENHDDEHITEL . WTNOFEICBWTHRIE
DOWE T 2ol ENTWD, LavL, 20X ) i iEiERERE co b0
THY, FADBHEL TOOHRPEIZIIT 2HEN Z IS —ET 2 &IIR LT, STz
X B D FHERCFRKICONWT HIKRE LTRITH B,

2T, BAEAT I BEE U 72 R O BRI A R T IR, M IRF DY U R 7 LK &5
RETNREZHNVTERMICKRIEL, TET VR ZR"TRENRS D B X, B MEFIC
P72 VORI Z -, T LT, ZORMETTLNE FEEOREE LT
Y THLIDERIET 572012, a2l Loz e Mg L Lz, £0
R ZREEPIE— IS L A TR, b M EEENEL L W T H S (S
4 2mm) 23 b MEEE L 7o mE Ao U, FEERICHBEERE 7 v & LTEH S v Tunwe ke

5



=/ (EX 1.5mm) &R bEVMEZ R LIz, £ LT, FIA LR RO L FIELL L
T ay (JEE 1mm) Pb b MEEICEE LoEErR Lz,

—J5. NTiHYs A AW 2RI EBR i, 7 % RIEICB T 2 EiEb I3 TR
<, FERATIOIHELDVETHY, DT Vay, b= 1DIEIZBBET HH
. BBEN EFTHEEICH -T2, T T, SRIEOEERES Y — 7 H & S EE
EEEERB L OE@ROMBM 222 2 A, ZNENDOMIIZADHBENZ S,
BRI — 7 ENEETCHHITEMEIIE TABELN W ERRB I, &
>T, b MEEORBET LOREICIE, MR SoE EoEPAZEEE T2 LD
bt AR LG a OB Y — 7l RS T2 FNET TH D EFE X b,

ARFEBRTIL, FEIEE & U CHEE I B, subtilis ATCC 6633 % 7z, EEEOHA D
BRRBLG 2 BRET 272513, MR T T <M 7 RUKKEE 1127 E 2 a5 &
L7CIEOBHEL TV b FR D, L L AEITHEICE AT 2 Z L ICHEAEZE X,
Wl SICHRNC L E 2B R L Ol E W, £72, 8ETBRT DBV EIRIE
108 CFU/mL & W 5 filiZe & D Tod o 7o H3, FEEE, SR O S8k 20mm ([Tf14 L TV o FE &
LTI 102CFUAREICE EE oz, 2D L1, SOBEEDNMNZ O, FEEEE M5
LIZ o2 EERLTEY, BRICBWTHRBRICEREDOHERIIEZ DI &
DIRIE S 72,

FEREEZ AT 2E L LTIE. 0.3% 7 Vg7 VT S VoK Z Wz, 2, —
FERPIZHIA U, RSO AMS 78 U782 FREE F45 T, 8035 Y S i IRiE 2 408
LiebDTHD, 0.3% 7 VITET VT I VKRERIL, BTl L7 B TR 91280V T b H
LTCBY, TATIVERATHIETEMNE LLEPRHEE SN 2o T REEZ -
T3,

ZRIETNVELTUL, 7HXEE, vV ar w7 %A k=1 %b NEEOREE
T LTHE LT, AREOFEBRTIL, Yucatan Micro Pig Skin &) & kDG I E
FHEEIL TWAHEEO L OE W, ZIUIEER O R ERRBR O 972 I LR
TWAHLDOTHDIDEAETVE LTERALE, L LS EOFEELSIEH 2 L 00,
Bk LS A OB E <, RIEOMS &V ) T NEEOREFET L E LT
0l S RN E DI oTo, Eo, RIEREE HE LY = A BMIL, SREE OB THIF
FHEDNRBHE A I 2L —F =L LTHEASNTWELI LD THLIORMA Lz, LiL,
ZERIEPI IR IR, WIAB RS THHT-OE R L A, B OB R) &
ERDBDETFTATHDEEZ LN, —FH., VU a3 zonTiE, ST oIz T A
LTCWEHEMTHY, ORANRREE L ThibE MNEBIZEWZ®, SEIOERICHER
MUz, ZIEEHUE ORI BT 9 - 11 1RT X 91Tt MZFOBAITHI N 5 i
LIIENRRR DL DD, E— 7 ENZFIISEVEZ R LT\, Ko T, ZF OB TIL,
YU arBNe NEEORBET LV ELTERDEL TS EBX DN, 2B, KRERT
HAwicvVay - 872 AL VEIOHENRE THIVUX, B MEFOZBERILE — 7 fEI
FOIEWEEZTRT LD EHELZINLN, v ay - 72 A8 TIIES Imm 2 H#E
WHEDTHLHTO, BROEIITE R oTz,

Fo. NG E W= ZRIERE b N REICE S| AT 1254, 16 HE6H
NIz iR E b S ICHOBEEREZ TN T2 & 6% & PRI AERD X H ITHKIC 102

'O
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AR DME B YN & 723854, I 101 ERREDEHMRAT D Z ENREB STz,
COEEITEE OIS E 0 MBEIZR L RWEREDOEYRE LB LD, a5
DIEMERE (EEZME ) OLAERABEEN « & NICEH SN 51T 0K
YNNI DIEMRIER S D & B 2 bz,

BUE, R DOLEMICET DA T4 2 12Tk, BENRRIBTE GRiA% £ T Cfit
IR WRIBR A E) 0T 4 AR—F T ABOMH, SO E e SR Tns, L
L, THBIZIEFROIREIIT 72 <, BRERRMICB W TRIE SN TWD LITFE 2720,
BUCERRBIE TIX, Bk L7 & 912, BRI X Bl 4907 4 AR—PF TN TH D 72
SHEFERHICE EOF, —EAERNICHIA LAV ELAIATLIZERHD 5, 74
AR =TGN E R L TWABTEIZIB W TS, JEEHER N T2 TR LN 9 1B X
5o TZ T, SBRIIAERTEMA LIV U a U BllET V&2 AW T, Bx 2RB0 15 3R
ERELZFEREITO Z LT, BRICB T 2 Y X7 HK & 72 2850 A7 EMHE AR
Bl 2Rmd R TEHH0EEZ D,

rE W

b NEEICERIL S (T2 8, v ar ke =) OFRET LV AEER L,
ORI N TG S8 % 20 L= 56 0@kl — 7L BT 2@ &R EL D
B 2 RRGIE L 72,

ZORER, R Y — ORI, Y arBikbe MEEBICEL LAMEE R L
Too —JH. NLIGYEAE AW BRIFERCIX, 72 KB, vV ay, Ble=10DlETE
HE RS LOEBEENE <, il — 7 E L BEd s JOEBEROMITITRANED
MHEANRAZ LN, LoT, ZFOHETIZ, vV arne MNEBORBET VE LTtk
HiE L CW\D EEZHNT,

S

At A DITHI0 Z R D ZHREZBH Y £ LI AERRER RO RAREH
2o TR IREESR., R TER, £, ERICERL ZHAO2EWCEA U U Raaig
PEE I K OMEE B B OB ERICTRH R L £,

51 FH STk
1) A H#, RBIFIELL, WALEMTES . WMREBRLETA RIA . BN EGHE
#2007,

2) & HABAFANERLZEEES. BE T > TBE WA RZEDMS. &R &
HDHAR. 2009.

3) BWIHIERK, /IREG, KAMRE, WML, SObA%E. St BE U2 E o g4
— MR A 0 & LT SRR BT (588%) . A ARG 7258, 2012 5 27 @ 339.

4) FREFE, M EEEE, MEHE, WEEE, RBBEIL SRR T 2 G LR O 8
W FITHERRMAZ G L LTeT v — Nl 2HARE FEMaE. 2003 5 53 @ 646-

7


http://search.jamas.or.jp/api/opensearch?q=%5b%90%9B%8C%B4%90%B3%8FH%5d/AU
http://search.jamas.or.jp/api/opensearch?q=%5b%8F%AC%97%D1%8A%B0%88%C9%5d/AU
http://search.jamas.or.jp/api/opensearch?q=%5b%91%E5%8Bv%95%DB%8C%9B%5d/AU
http://search.jamas.or.jp/api/opensearch?q=%5b%8A%81%89Y%8DH%5d/AU
http://search.jamas.or.jp/api/opensearch?q=%5b%8D%E2%88%E4%97F%8E%C0%5d/AU
http://search.jamas.or.jp/index.php

657.

5) BIRIERK, /IMKRTLOY, RAMRE, HILEKIE, RIE L, SORASE, il SRAAER AL
(235 1T 2 GBI X R D ERET A, H ARG 727, 2010 ;5 25(4) @ 223-228.

6) BIFIERK. SRAEITIC IS T DENOIBEYRILORRET —5 Y% L8 V72 EBRERRGE—.
TR SRR B FAR A ELam X, 2010,

7) Lavker RM, Dong G, Zheng PS, Murphy GF. Hairless micropig skin. A novel model
for studies of cutaneous biology. Am J Pathol. 1991 ; 138(3) : 687-97.

8) W F = 1. In Vitro R HERERICE T 5ET VG & LT Yucatan Micropig i
Wz [E DM, CRJ Letters. 1996 ; 9(2) : 1-8.

9) Yamashita H, Tsukayama H, Hori N, Kimura T, Tanno Y. Incidence of adverse
reactions associated with acupuncture. J Altern Complement Med. 2000 ;6(4):345-50.
10) MacPherson H, Thomas K, Walters S, Fitter M. A prospective survey of adverse
events and treatment reactions following 34,000 consultations with professional
acupuncturists. Acupunct Med. 2001 ;19(2):93-102.

11) 7200, JRWRREEL, FERR, . SRRETN OREHYE & IERIC K 5 RE OME.
FHEEFE N2 =2 1994 5 24 © 260-266.

12) JRIGIEEL, JFERR, iz, fh. SRS D FIREYRE & T ORE OB, #HFEE
Pl =2 1994 ;24 1 251-259.



B IUHX

1 BREEOZBEREY—IE
oK 5/ IME 25% H oL fE 75% e KA
vy 39.0 39.5 40.0 41.9 42.0
b hEE 19.7 25.6 30.2 32.9 35.0
7 X E 78.7 94.0 99.7 120.6 124.0
ke =1 7.5 8.2 8.4 10.3 12.0
(% n=10 HA : gf)




2 HBRHETLVOEBEREE
BHRHIET V| R/AME 25% R i 75% B KAE
Yoy 0.30 0.79 1.22 1.52 2.80
72 g 0.30 0.30 0.30 0.30 0.52
ke =1 0.22 1.15 1.55 2.01 2.31

10

(% n=30 H{7 : log10CFU)



x3 BHEHETNVOEOERR

ZRIE T L e/ ME 25% i 75% e KAE
R 0.5 1.4 4.25 8.3 144.1
75 R 0.3 0.3 0.6 0.6 0.6

Hike = 0.4 4.0 8.3 24.5 46.0

11

(% n=30 HAf7 : %)




X1 RGO T
IR & UE SR % R LR TS, HE~ORIBER DT 5 b O Th D,

12



B2 AEHEE (KE) (R TRZERET )V

Wik~ "7 7 4 —HOA— "o 7T —« XA TUHE YV ay - BT XA
(ZBHFERy) ETERLZ, vV aiiES Imm - B 12mm OO Z2fEH L7,

13



_,__.d | 256 e

(0.50x25mm)

e - HEf#HEHAI S H
(0.25%60mm)

3 FEBICHEMA LIS (BEFEAISH) &EFEL Ohk

14



4 Yucatan Micro Pig & Z D& )&

Yucatan Micro Pig i3, & D7 & & Bip DIEEN DI {FKED 26kg RED I =7
Z T, b MR EIEFITEB L 7c#E 2 b > TV D, ADOFEITEFE A 10x10cm 7
FLT-80CTHifE L Th D,

15



5 Hlgg L —=2 /%y Ko

FIERIZ BT 2 R 72 Bl 2 85T 5720 0ET 57200 I 2 —4—Th b,
FHITEEICEL Lo S 2FRT -0kt =— L FEME2FEH L TEBY .
E X 15mm fBETH D,

16



Be6 NATNORRAMS (B7Z L) CEHESNET ¥ EE

ks~ 777 4 —RAA— b7 T— - NATAOEJESG (BE7 2 L) 1Tk
NEEEIZT G, vV ay - w72 A flEE AL =— A FEHonTh
IPEER 12mm (S y ML, v v TEOICHEE L, BEIT X RERETH D,

17



7 TENSILON®J Bt kISR BR
(RTC-1150A ORIENTEC #H&))

18



ik 3 ;1043 FRIRAEDER

-HEHEZHANT 109%mL D TJAEE. Yoy EAEEZILEER 12mm O
HAEEEET D AfzIZhvbl, NATILERF YT ICEET S
@ N7 ILARIZIXEUE 500nL 2 FET S

-$D I 20mm ZEBRITRELERT S
- EDE. 1 RRERZET S

L L

(—

AU O—LELTE L AT IILDBERRIERS (BT RL)EFRHET
e 30mm TS

HEREICAN, BULE

(50011L)<‘:7’Eli'i @

-[EYR;& (100pL) EAZHEE X N TIVEEHL, N TILROBEETLALTE
St (% 3 B) ~BHT S MSEEEIRT S

-

-[ER % (100pL) ZHRFER R EH (£ 3 )~

ZFHID
L

-30+1°CT 48 BREEBL. ThZThDan0—_—HZEEHAITH

X 8 ZERFIE

19



60

40

gram-force

rfE (7))

9 t FEEDZBREH

TENSILON® 7 REM Bl ik Bt 2 FI WV C & b R 8 IS8 %2 2201 L 7= 3556 o 2@ HE P h 47
(n=10),

20



140

120

100

80

60

gram-force

40

20

Ef] (7))

10 7% K& D@

TENSILON® 5 REM Bl ek BRI & TN C 7 & S8 IS8 % 28] L 7= 355 o 2R s HE P il #37
(n=10),

21



60

40

gram-force

20

i (7))

11 ¥V aror@iEhs

TENSILON® 5 et Bl ek Bak 2 T2 U = 08 A 220 L 7= 354 o 22 @ik H dhig
(n=10),

22



20

15

gram-force
—
]

WEfE] (D)

12 Hibv =10 mEdH

TENSILON® /5 B b Bk 3B 2 il C I AL & = L ik 200 L 7 53
DEEEHEH (n=10),

23



& . %

0 T

= =]

IEVZ EhEE T XS T ke =

X 13 HREDOZEEENE —27E (n=10)

Me AT, ESRKE, 90%/3—% o Z AL, TB%/S—F % AL, TRl 25%
R—tB o ZAN, 10%X—t 2 AL, F/MEEZH LD LTS,

24



3 -
By
%A-{.S = —
) .
= 2 ]
i
1.5 :
) . i
il : .
1 - .
0.5 — .
0 - -
N2 T R L A=Y

X 14 FREOCEHBEE (n=30)

Me AT, ESRKE, 90%/3—% o Z AL, TB%/S—F % AL, TRl 25%
R—tB o BZAN, 10%3—8 L ZA )L, F/MEZH DL TS,

25



wWEE (log,,CFU)

==
=

1.5

0.5

e =1

y =-0.014x + 1.720 7Y &

R?*=10.996

20 40 60 80 100 120
ZmikHi e — 27l (g

HFREOEBEA T —7E (FRE) &

HEHE (PRIE) OB

26



Hisa= (%)

g

10

4

e =1

y =-0.079x + 8.425
R? = 0.952

X 16

20 40 60 80 100
WP Y — 7l (gf)

FREDORBEEIN L —7E (FRE) &
FEBEE (PRE) OBEF

27



A Study on Infection Control and Prevention in Acupuncture :

Evaluation of Human Skin Substitutes by Using Contaminated Acupuncture Needles

Masaaki SUGAWARA
Division of Infection Prevention and Control Postgraduate School
Tokyo Healthcare University

Abstract
Introduction

Many previous studies regarding the infection associated with acupuncture have
been reported in many medical journals. However, we cannot obtain the detailed
information about the mechanism of the infection (such as situation of procedure /
vehicle for infection / infection route) in these reports. Therefore, in this study, the
surrogate acupuncture models with human skin substitutes were developed and the
value of puncture resistance of acupuncture needles through each substitute and the
number of bacterial spores by using artificially contaminated acupuncture needles were
examined.

Methods

An automatic sampler vial for liquid chromatography was used for manufacturing
puncture models. And actual human skin and the substitutes were fixed on the
puncture part. The substitutes were three kinds: Yucatan Micro Pig Skin (about 2mm
thickness), silicone (thickness of 1mm) and polyvinyl chloride (thickness of 1.5mm).

In Experiment 1, the value of puncture resistance using the surrogate models were
measured. In Experiment 2, artificially contaminated acupuncture needles by Bacillus
subtilis spores (ATCC 6633) were prepared and tapped on the substitutes. Then the
spores on the acupuncture needles which penetrated each substitute were collected and
cultured on soybean casein digest agar, and then colony forming units (CFU) were
counted.

Results

In case of human skins (N=10), the median peak values (25-75% percentile) of
puncture resistance of acupuncture needle were 30.2 (25.6-32.9) gf. On the other hand,
in case of the substitutes, the peak values were 99.7 (94.0-120.6) gf for pig skins (N=10),
40.0 (39.5-41.9) gf for silicones (N=10), and 8.4 (8.2-10.3) gf for polyvinyl chlorides
(N=10).

In the puncture experiment with contaminated acupuncture needles, the median
logio number of spores (25-75% percentile) which penetrated pig skins (N=30) were 0.30
(0.30-0.30) log10CFU, 1.22 (0.79-1.52) log10CFU for silicones (N=30), and 1.55 (1.15-2.01)
log10CFU for polyvinyl chlorides (N=30). The puncture resistance peak value of each
puncture models was negatively correlated with the number of penetrated spores
(R2=0.996).
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Discussion

Comparing the peak value of puncture resistance of actual and resembled human
skin in the surrogate models, the highest value was pig skin, then silicone, actual
human skin and polyvinyl chloride in descending order. The peak value of silicones were
closely related to those of actual human skins.

In the experiment results of artificially contaminated acupuncture needles, the
lowest number of penetration spores was pig skins, then silicones, polyvinyl chlorides
in low order. There was a negative correlation between puncture resistance peak values
and number of penetrated spores of test substitute. The statistical results suggest that
the number of penetrated spores through those skins by the contaminated needle-
insertion became lower with the higher puncture resistance.

The results of this study indicate that the silicone is an appropriate, substitute
material for human skin as a surrogate puncture model, since this puncture resistance

peak value is closely related to those of actual human skin.
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