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Abstract

Norovirus infections are one of the most significant causes of foodborme outbreaks worldwide. This study aimed
to investigate the antiviral effects of persimmon (Diospyros kaki Thunb. cv. Cheongdo-Bansi) extracts on murine
norovirus (MNV). Persimmon extracts obtained by solvent extraction and squeezing, prior to freeze-drying were
evaluated by determining the yield and tannin contents. The cytotoxicity and antiviral effect of persimmon extracts
were determined using a 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay and a time-
of-addition assay, respectively. The yield and tannin content were in following order: methanol > water > ethanol
> acetone > juice extracts and juice > acetone > water > ethanol > methanol extracts, respectively. The concentrations
of methanol, ethanol, acetone, water, and juice extracts were determined to be 800, 800, 600, 200, and 400 pg/mL,
respectively. The MNYV titer was significantly reduced by 1.65 log plaque forming unit (PFU)/mL with 18% reduction
in plaque formation in group pre-treated with water extract. Furthermore, the significant reductions in MNV titer
by 2.14, 1.69, and 2.96 log PFU/mL were observed in groups co-treated with acetone, water, and juice extracts,
respectively with plaque formation inhibition of 22-40%. However, there were no significant antiviral effects in
the post-treated groups. This study suggests the potential use of persimmon extracts as anti-noroviral agents.
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N = or, o|& QIZt HAH {Alo] oF 66 YO & FHEI 9]

- ZHlo]H A(Norovirus)= CaliciviridaeI}o] &5k= 7.5
kb 3719] single positive stranded RNA H}o|H AR 57}9]
genogroups(G [ -GV)2.& £7=™, o] 5 GI, GII, GIV7}
A FH= ke Ao=E A SItkBitler 5, 2013;
Greening 5, 2016; Patel 5, 2009). A A|A& oz ¥HAlsl=
A15= AR oF 20%7} k2Hlo| 2o oJ5f BHAYE T Q)

THCDC, 2020). 1]=r2] 7%, sfutct et 2,500710] A5t
o, AA] A55E 2] 58%S A5k ITHCDC, 2020).
Y E HT 5A7H2015-2019) L-2Hlo|HAR QIS A1RE
HEEo] AA| Al5=9] oF 32%(Bat 5271, A 1,1157)
2 7F} 52 8-S A8kl JTHMFDS, 2020). k=2H}o]
HAR QIFE Al552 QAH AFou =o] FdllolH, 7
g A] FES Sl AutE]7] = SHK(Patel 5, 2009;
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Richards 5, 2012). km2Hlo|#{Aof ZHA=H 04l F&, 4
AL 5O 38 S YEH, thi 129 5o A
A og J|EEL, ofglo], o}, HAHo] gt T} 59
785 TESF AALR QI8 gt g4 SAITF UBh AP R
ojojd $& QItKTrivedi 5, 2013). WakA], =2Hlo]HA
A= 7] fsliAl= ol AlgskAY Alofsh= whol &
45 Washol, o}g ofs) Fuzvlolels ENE Lehhs
Hg2Ael A7} oS st

OIA] L=2xfo]HAE AAY cell culture systemO| A+ Hl
ofo] B7}SIE R, Caliciviridaex}o]| &35PHA] L-2Hlo]H A
o Rastd, Fepotd, ASRt S4o] RARE murine
norovirus-1(MNV), feline calicivirus-FO(FCV), MS2 bac-
teriophage 50| P EHPo[Z|A Ato] LI Ut
(Hirneisen 5, 2013; Lee 5., 2011). FA7HA] <Fufjof|A] B
H FrHolgA Fat FFS ARRF AFE FEIgA
(Cymbopogon citrats)=5-8] 23 of|dAd 2L 2] MNVo| of
St gh-2Hlo]HA 3K Kim 5, 2017)2F B4 (Panax ginseng)
FZ5(Lee 5, 2011} EERWRubus coreanus) A FZ=(Lee
5, 2016)2] MNVe} FCVol| tigh - =Hlo|2A gapy Bl
Eict. ESt ZQolx= IS (Vaccinium macrocarpon)
A(Su 5, 2010), EX(Vitis viniferay FZ=(Joshi 5,
2015), XK Camellia sinensis) S+Z=(Randazzo &, 2017)
©] MNVe} FCVof| tigt ghtolgiA a7 BIEQl E
3l Ueda 5(2013)2 MNVS}F FCVE tjito= olzflot
(Robinia pseudoacacia) 2%, AT (Coffea arabica) 3%
&, X Camellia sinensis) 3259 d-=2Hlo|gA a1}
£ A5 sielth

ZH(persimmon) “1 S+H0] Diospyros kaki Thunb.Z2 7t
U2 Ebenaceae)o] €311, 9F 1,0000] o] HE 1l Q)
o, g, S, Y 5ol KR LA Utk E3], H
EH A, B, C9 ©(tannin), ZAKgallic acid), 7}€Z]
(catechin), of|=]7}€]7](epicatechin), F|A|El(quercetin), =
E70:K(chlorogenic acid) 53 22 E2|HE SFlEo] v
SHREo] Qlo] 5 siaet 713 A= Fol a3t 9loH,
AL FFSHAL FX, AEAL 7R 59 Bt Qlsf ¥l
7t RhollA] gElo] $rkBian 5, 2015; Kim 5, 2011).
A7 el tigh A= ASEds e E PRy
(Arakawa 5, 2014; Sung 5, 2012)°f 3t A7) L A5
7] stgilou, 2ol ZAPE HAL e FrgHle]2 A
et A A9 ARSH Aol webA & AlollMe BE
A XS EAREQ] H=HMA|(D. kaki T. cv. Cheongdo-Bansi)
FE=E 9 25=9 MNVo|| tigh e2Hlo|HA RIS A
Skt gk

ERTET

YoHA 2230 2EE AR 2 8 23

Al 39 o] Anat vTE AT PET
(GO AR ot 223 229 5 74 whe
2 AR AZS TSIE A T, 2AZ AAGK s
mm FAZ ddsto] ibE HAER7|(KED-1324A, Kiturami
Co., Seoul, Korea)= AZ3t 7, £417](SNSG-1002SS, Hanil
Electronic Inc., Seoul, Korea)S 0]-&5}o] 7 &S A &5}
Rt FE22 A 2 50 g0 500 mL2] 80% £k, 80%
OFAE, 95% oflghs, 181l &2 7I5to] ZFZ} 150 rpmof|A]
24417t B9t S0, S E AIRE HoE 5 vk
= 2571(SIM-7500, Sungwon System Co., Ansan, Korea)
= At 2585} AFBE 212} ofth(Whatman Nod)
2 oifste] 3AHA] AFE5=7|(N-1300, Eyela, Tokyo,
Japan)Z =35t §, SZZAZ7](MCFD 8518, Ilshinbiobase
Co., Yanju, Korea)Z AZs5I9t &5} 559 48
= V7 = A FAENA] B 59 B A5E Sl
gt 52 Ax & 5% ks 4ot WEEH(%E YE
HitkJang 5, 2010).

e 3 &3
BNt 222 9 AE20] B P vanillin(Price

=, 1979)02 24a9ch | mLo| 3223 $520] 247}
5 mL9 1% vanillin A]2K(Sigma-Aldrich Co., St. Louis,
MO, USA)& 37F5to] 30T olA 204 52t ¥HAIR &, &
3 A|(Optizen 2120UV, Mecasys Co., Daejeon, Korea)
£ 08519 500 nmoA SFEE ST (+)-Catechin
hydrate(Sigma-Aldrich Co.)S EFEH2 ARSI oH, &
d 3=FE AR 1 ¢ mg CE(mg of catechin equivalents)=

el

M= Bj I Hol2{A 4

RAW 264.7 A3} norovirus surrogateQ] murine norovirus-1
(MNV)2 Sgtieha AE5ddeht 4Ergd dd=R
Bl Algitol Ao ARSSIAH. RAW 264.7 AEZ+= 1%
penicillin/streptomycin(Hyclone Inc., Logan, UT, USA)Z} 10%
fetal bovine serum(Sigma-Aldrich Co.)°] %7} Dulbecco’s
Modified Eagles Medium(DMEM; Welgene Inc., Daegu,
Korea)E AR&319] 37C, 5% CO,9| £oA BT
MNV 3222 RAW 264.7 A|20f| HFsto] 48417F vieF &
527} 5L 33] HHESlo] RAW 264.7 A|ZE 93] 1}
YA B, 8RS SJa5te] 1,500 xgollA 152 &% &
4 B98I, 4SS 70T Basto] ARgSHIh
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e 225 Y AEEQ NESY 33

FER 355 9 25E0] RAW 264.7 Al20] 1]%]
= =4S gRIsk] Ydfl 3-(4,5-dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide(MTT) assayS AA|5}T}. 96-
well plateo]] RAW 264.7 JJEZ 10° cellsmLE EF3}o] 24
AIZE Herstlom, Al ©go] FAEH gk, ok,
oIE, & 25 9 2EFES 77 100, 200, 400, 600, 800
ng/mLe| FE = F510] ThA] 24417F 53F HiQFSIT. HY
A AlA 2, 100 pLo] MTT(S mg/mL) -5 £5=510] 37C
oA 1A1ZF &<t BEE-AIF T MTT &8 A ASHL 100 pL
9] DMSOE #5562 MTT-formazan ZHAE =20 & &
33 7]17](Multiskan FC Microplate Photometer, Thermo
Fisher Scientific Inc., Waltham, MA, USA)Z 595 nmof|A]
FYES 2ol $5E BE AR A ge
A|ZE tiZH(control) O & ThRO] thet Al P2 W
(%) & eI

Yo 2258 Y ASEQ FTLEHOIHA 5t HS

F-ZHlo|HA 73t 5 A3t HERE, o, oMAlE,
E 355 9 A5E9 3F s Ax 54 AY 29
B2 ZHE 800, 800, 600, 200, 400 pg/mLE A45HTh
FeZHpolg A B3] AF2 F2E 4 FAFEY H7H A
HE 712 0= pre-treatment(Hlo|HA HE A F55 4 2
F=9] Ad), co-treatment (Hlo]2 AL} FE5F 9 AFES
A AE), post-treatment(Hlo|H A HE: o] FEE U 3
=9 AF)E Uro] EASHATHSeo 5, 2016). AA,
6-well plateo] RAW 264.7 A|ZZ 10° cellsymLE F3:5}]
37C, 5% COOlA vioFet &, M2l T538< anFde
& FESIGITh Pre-treatment 83 AE5-Z {5 4710 A
H 5%9 55 4 #5E0| 3H DMEME AlX T
S FASE RAW 264.7 A& 100 pLA A5}, 37T, 5%
COOA 1A]7F Z29F B3t H, MNV(7.3 log PFU/ML)S
DMEMO & AA 3)4sta] 100 ulLA FEstal 37C, 5%
CONA 2A17E 2L Bl5HRIT,. Co-treatment 3t -2
s MNVE} 4710 g 5 25 4 F5E0
TS 100 pLA FZ3E F, 37T, 5% COolA 2417 5
HIFSFRATE. Post-treatment B3} 352 I Al T35 3
A5t RAW 264.7 A2 DMEMO 2 A7 345t MNVE
100 pLA HEstod 37C, 5% CO0lA 2417t &<t Bijgst

(ot

2

it

51, MNV7} 91951 DMEMS AASISLL, 100 yLo] 352
T FAEEE A7)0 d5E =2 4 APste] 141z
59 wieeIalct. v} ¥ BE AT 0.6% agarose?} T
5 DMEMZ: 3715F & 48A17F 53t HiFslal, plaque
FA ojx7} A= 10% formalehyde(Samchun Chemicals,
Pyeongtack, Koreays F7Fsto] 2004 44171 &2t A2E
VA5t Agar overlay mediume A A5}, crystal violet
29102 As0] plaqued AT, FEE U 5B
S HEskA %2 DMEM ¥ MNVE 74 SR
(negative control)Z} FAJ ) ZFH(positive control) O 2 S}
on, 225 4 A5EY FrHo|HA A= PR
ol oiet S22 34 AFE HEES(%E UEIH
SAHEA

o |
L= tloje= 33] WHEslo] PR HAE YRS
H, 4] 242 GraphPad and InStat v.3 programs(GraphPad,
San Diego, CA, USAYE o|-&5I3lth. 7+ Bt#ke] Zol& 4
Z517] o1 t-test?} one-way ANOVA A4S A5 0
™, Ducan®] tHd9] A7(Ducan’s multiple range test)S %
stel p<0.0se] S0l frolE AFelch

HEU| 222 Y ¥EB0 48

5> 2010; Jang 5, 2010)E 12 5o 80% HIEHE, 95%
oflgtE, 80% OHIE, EE AHtact. & &7 25
£ 54 7Axsto] 29| &2 vln HEI ZIKTable
D), &S F2E > & 525 > &2 F2E5 > oHE
FE= > AGEY ¢O0=% BT o] F HEEo] 37.74%=
7P o b, AFEL 725%2 TP W & £8S
Ho] 3t} Jang 5(2010)2 F-3- THHD. kaki T. cv. Fuyu)
= FEEs, 4, A, TAE FHEste] ol WEE,
o, oMAlE, BE 7t FE0IGIL &2 AES A
& FE2=9] 0] A4, A, BAHH fojFog =9ko
H(p<0.05), HER(91.02%) > OfEF2(75.95%) > E(17.60%)
> O E(11.64%)Y] =02 HIEQH S5 &ufo e
F=g0] HghZoll A 7H} =11, ot oA 7 Rk Aol
Al 2 Aot fARRS Hof a1 Qich

Table 1. Yields of persimmon (D. kaki T. cv. Cheongdo-Bansi) extracts

Methanol Ethanol

Acetone Water Juice

Yield (%) 37.74 14.87

7.41 15.38 7.25
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YEHA| 2258 © 52 B

2 HfolgA avkE Uil 83 A&(Kim 5,
1995)0]88 583} 559 T TS vanillinfo &
24619 cateching EFEA R ofo] AFAE 2/Jst A3t
(Fig. 1), HAL y=0.42x+0.050]%.0H, AFAISR?) 0.99
2 eyt A3 (limit of detection, LOD)2} kA
(limit of quantitation, LOQ)+= A]&2]2Fx] 9] QJokE U A|g
1 validation 7ho]=efRlo] whe} 22} 3.3x4(RhE20] EF
HA/S(FEZITAIS 7157), 10%0/SE A7gstieH, 1 2
3} LODE} LOQ: 7zt 0.23, 0.68 mg/mLE YERITh 0.25-
2.00 mg/mLe BHE HYNA IJlE(recovery)S 79.68-
121.43%2 A #EFHAHrelative standard deviation, RSD)
£ L14-647%2 2=t Z2T40ane 255 9
2559 vl RS 7% ZiH(Table 2), 258 > oM
E FEE> & FEE > S FEE > vEE FEE
&0 ZF2Eo||A 36.13+0.17 mg CE/gl & {oxog 7}
T =0oH, oE FEE, EFEE TR 22 Ed 9
ZFE e ITHp<0.05). BHY, oekE 2530 Hghs &
EoXE FoFes w2 gl o] SAEItHp<0.05).
ol & AEE AR 725%E 7P B2 e
Hd 2FE0o4 o es =2 g o] S vt

1.0

=
o0
T

v=0.42x+0.05
R>=0.99)

&
=)

OD (500 nm)
e
Ny

&=
o

0.0 L L 1 ]
0.0 0.5 1.0 1.5 2.0

Concentration of catechin (mg/mL)

Fig. 1. Standard curve of (+)-catechin hydrate.

9, 37.74%% 7P w2 88 KW HEgE FEEA
W w2 Bl deRs YRRt

Sim 5(2016)2 & A A} FARSHA FEREAI(D.
kaki. T.) v]&3t0] & 2&E9] ¥ F7FS 2.88 mg/go 2
H gk ¥, Kim 5(2015)2 SAI(D. kaki T.) olgtE =
£9] B 3RS 0.18 mg/gC 2 H st} e o] ke
7ol 5 9 8 A7) 121 280 wet 11 Het
ohFol, HERbA ofehe &89 vhd 3H0.08+0.03
mg/g)°| Kim 5(2015)2] AETH= 28] H= WA HEd
olfE= 79 E5 E 58} AJ7] Alolof| miE A2 SAHTt
(Bian 5, 2015).

YEHA| 225 © 2E5E9 2|0 ME M= =4

LU 55 9 Z5E0] RAW 264.7 AL P&
H|2|= FFE MIT assay= 2461931, 1 Ayl= Fig. 29}
2ot HghE 25 (Fig. 24)2] AlE BEE2 5k &4
O % ZAdh= HFH600 ugmLe] 5= ALy Hol 3310
™, 800 pg/mL2] SLoA= TR thH| 86.19+5.53%E &
SJZRl 20| & Hof FUthp<0.05). ol I3} ofe= &
E(Fig. 2B)9] A2 FE2E&2 FZ FAISH} 600 pg/mL
9} 800 pg/mLY] EHLof A= 91.75+6.98%2} 83.63+2.61%=
2 52l Ql AfolE Kol FAtk(p<0.05). 1 2jof of
A& F5&(Fig. 20), & F==(Fig 2D), A<5&(Fig. 2E)
DE AE AE2E2 FE2E9 57t 57l wat 7rAst
L A3FS Ho] 29t A8 JT ATE EfjZ(Inwasawa
=, 2013; Yoo 5, 2014) 80% ©oJAIe] A& YZLS Hol=
FE2= 4 A5EY 55 cut-off FoE A, Je
ZHpogA B3} HES A3 2= € FA5EY I =
HekE T offehe2 217t 800 pg/mL, OPAIES 600 pg/ml, &
228 9 =22 200 ng/mLe}t 400 pg/mLE 2SI

HEMHA| 228 U YE20| F-2ujojziA Ei}

HEah 222 9 4529 Pearlolds Ak g
T o] segolels Seta P48 UAE el
o] 522 Fig. 37 Table 30 237} LERHGIE Hlolel 1%
A AT $2% 9 HFES A20) H(pre-reatment)H
A, ek, oS, oMIE, B 22E 9 M52 el
A wHlolase] Boia 94e @ dad wavolga

Table 2. Tannin content of persimmon (D. kaki T. cv. Cheongdo-Bansi) extracts for different solvents

Methanol Ethanol

Acetone Water Juice

Tannin content

d
(mg CE/g) 0.08+0.03

0.04+0.019Y

6.13+0.55° 2.3240.03¢ 36.13+0.17*

YValues are meantSD (n=3). The letters (*%) indicate significant difference within row by one-way ANOVA (p<0.05).
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Fig. 2. Cell viability of RAW 264.7 cells treated with (A) methanol, (B) ethanol, (C) acetone, (D) water, and (E) juice extracts from

persimmon (D. kaki T. cv. Cheongdo-Bansi).

The symbol () indicates the significant difference between control and extract treatments by t-test (p<0.05).

110
100
920
80
70
60
50
40
30
20
10

o
)
I-Im
®

T LA 7707777

7

Plaque formation (%)

Co-treatment Post-treatment
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Fig. 3. Antiviral effects of persimmon (D. kaki T. cv. Cheongdo-
Bansi) extracts on murine norovirus.

The symbol () indicates the significant differences between control
and each extract treatment by t-test (p<0.05).

The letter (*°) indicates the significant differences among extract
treatments at the same time period by one-way ANOVA (p<0.05).
The concentration of methanol, ethanol, acetone, water, and juice extracts
were 800, 800, 600, 200, and 400 pg/mL, respectively.

BE= ZZF 96.19£1.59%2F 0.29+£0.19 log PFU/mL, 98.45+

1.33%%} 0.11+0.07 log PFU/mL, 96.35+0.53%2} 0.27+0.03

log PFU/mL, 82.40+6.64%%} 1.65+0.43 log PFU/mL,
96.26+2.05%2} 0.27+0.06 log PFU/MLE UERdT). E3], &
F2E Aol 2Hlol#A0 EUE F4E7 Ha
¥ Erl oF 82040} 1.65 log PFU/MLE TR diH] 89
Ao T ik RIS Hol F0WH(p<0.05), HIEHE, °f
E&%, OMIE 228 W AEE AzlTolME folael Aol
RATHp<0.05). ZF FEE3} 5E9] g Ik Table 2)
1_39*2':>°}"1] FEE> T FEE > S
WERg 225 golglok & 7o) ATk & 338 A
TolA FRlH o= 7P E%O -rﬁoﬂfﬂ—‘:— A9 m
27} g Ao Uehieh. ehd Telat Fulolziao] via
AaA o #ef AXE ATL(Fukuchi 5, 1989; Kammimoto
5, 20147} B35 7] 5} oY, o5 H5F pre-treatment A]
Zo] opd co-treatment A4 Q] B3t HF HILE EE
% Zolme 2 A7 Asiel AL QT At 5,
pre-treatment= 7} &5} 25Eo| L-2Hlo]|# AL} A%t
o= RAW 264.7 A|229] receptord] U]R|= IS HESH=
ZA0F & FZE0| A2 receptoro] FFS U|A L-ZH}O|
220 A AAFO 2N FraHol2 A AE 2= A

oz AmEtkLee 5, 2011).

22!:1 >
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Table 3. Reduction of murine norovirus titer (log PFU/mL) after persimmon (D. kaki T. cv. Cheongdo-Bansi) extracts treatment

Extract Pre-treatment Co-treatment Post-treatment
Methanol 0.29+0.19"% 0.02+0.17¢ 0.07+0.16°
Ethanol 0.110.07° 0.25+0.10° 0.30£0.28°
Acetone 0.27+0.03° 2.14+0.20° 0.37+0.30°
Water 1.65+0.43 1.69+0.16° 0.25+0.19°
Juice 0.27+0.06° 2.96+0.16 0.04+0.03°

YData was expressed in log plaque forming units/mL. Values are meantSD (n=3).
IThe letters (*“) indicate significant difference within column by one-way ANOVA (p<0.05).

AER] 25 4 AFES 24Ol A FA
Z(co-treatment) 3t A}, OMHE FZE, B FEE, AGES
Ao A le=rpolHA e 27 tiRA thH] 71.50+
4.24%, 77.62+2.92%. 59.76:2.36%% UFERFow, 74
rEdlo|HA = ZH2F 2.1440.20 log PFU/mML, 1.69+
0.16 log PFU/mL, 2.96+0.16 log PFU/mLZ 3-2]49l 74
£ HoFUoKp<0.05). ¥HH, WgkSdt ogks 25 A7
FE YT o] R9l8el Aol Uehhx] ggtonz 3
LEHpol2A gt SRRIEA] ottt & Aol 7H) =
< B SRS BRl A5E Aol foHeR =2
LEHpolgiA JItE Uelon, ol 7|EY A4S
(Fukuchi 5, 1989; Kammimoto 5, 2014)2] Ax}e} Ax|s}
= A= HojF3 Ql} Fukuchi 5(1989)2 co-treatment
Aol Al BHA(10 pg/mL) A 2]7-7} herpes simplex virus
(HSV-1)E 3 log PFU/mL ©o}} AsiAIZ L, #]2|% &do]
Az} wlolzise] §2e AHHOR AafgtonA gifol
A aE Uity B35tk Ueda S5(2014)2
co-treatment A|ZAo||A ZF ZEFE A7} influenza virusS]
AU 9F 5.5 log PFU/mL A|SHA[Z 01, o]:= 7 A5E2
ghdo] influenza virus9] THHA} 4} 5 2R85t0] Hio]2| A9}
Al O] F2S AsfiRittal Barsielth & dAtolM= 4
= 9 2550 o 3ol wet HlolHA Bie] /9
Q] 2lo|E HojFglom g ghdo] Hlo|gArL AlxE F2&)
k= AZ Aok A= A& & ok

oo H|3f|, Hlo|HA HF o|F HTRH] FE2E 4 25
EZ A2 (post-treatment)Tt A}, HgHE, oghE, oMAlE,
E 55 4 2559 AYolA kz2HolA ST §
e TAHE s 22 99.04+£3.06%2}F 0.07+0.16 log
PFU/mL, 95.86+4.002} 0.30+0.28 log PFU/mL, 95.15+
3.85%%2} 0.37+0.30 log PFU/mL, 96.64+1.12%2} 0.25+0.19
log PFU/mL, 99.32+1.39%2} 0.04+0.03 log PFU/mLZE &H1

At A FEET ASE B post-treatment AJFOA]
ZHlo|2A B9 T HYou a2 oiv] {4l &

ook

of= LeLA) glgieh. o] EHI(10 pg/mL)] post-ireatment
7} HSV-19] 3] @ie2HlolH A avE Holx] ioith=
A3y Aot FARE B3RS ERITHFukuchi 5, 1989).

AA7IA] =A] A shexlo] 4 FE55 4 A5E e
£ gHpolgiA a3 BT =Fo| =93] ARF oy, Ueda
S(2013)2 7 A5ET MNVE Aol FEgE 23, MNV
9] FL7} & thH] 4.3 log PFU/ML ZAE AL, 2 A
of Fle} BUSP & HEBo| waujole ek Amete]
A Asfeto 2 FrgHiol2|A NS YEhS H1L
Skl Qltk 71 9], Su 5(2011)9] AFollA= Eke 4 ofek
FEEZ MNVY}F FAlo] JFS 23, MNVY %7t
0.82-1.73 log PFUML ZHAsts 712 slelslar). Ea,
Lee 5(2016)> E2AF A o&F23559] FlezHlo|2A
A7}E pre-treatment, co-treatment, post-treatment® =t
A7}, MNVO %%7b 72 3.03 log PFU/mL, 3.93 log
PFU/ML, 3.07 log PFUML ZAES Selsigin). wehA,
YA B 3385 OMIE 228 1907 A58l X
T A ogks 55 9 5284 ogs 559 YeEH
g g} vjAgSt E2tg g4 A4S SRIE 4 U
t}. Kammimoto 5(2014)2] HL0)| A= co-treatment A|Z0]|
A 2+ 215200 9Jsl MS2 phage7} °F 99.9% HAE AL, <
A zHPO[HAE 90%9] HAES HolFqlth B3 Li
5(2012)9] AoA= co-treatment AIOIA X A 2EE
of 23] MNVOAE 99.9%, A L-guto]#HA0)AE 99%
9] ZAE-E HoJF]T) Surrogate® ARE-E MS2 phage ¥
MNVS} Q1] = 2njolel 0] 4713l o) 52159l Hol
+ B3lou, FrEHtolg A a3 AAole Ut A=
Ho=qloh webA], 2 AtollA] MNVe Hfs avE HQl
325 9 IE5EL QA aulo|HAoAE g 2Hlo]
HA RIS HojE 5= 9IS A 0= AISH) o= HEHH
FE2E 9 52 o= FraHoldA g 7154
22X S-87 42 AAISHIT.
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>

2, S, oMM, B FEE 4 5= AXst 429
&3 B RS B 2 82 e FEE >
B FEE > OHE FEE > oOHE FEE> 3l
U, Bl 2 AFE > oM E FEE > EFEE >
NetE FEE > WehE FEEY £o= dEE 23
HoF9 ok MTT assays &3 A& A2& 27 Edi=2
et} o2 77k 800 pg/mL, OFAIE-S 600 pg/mL,
= 555 % ASE2 200 pg/mLe} 400 pg/mLE FHto]
A 3 A4S 3t HF 5= 24oth MNve] if
St gt-2Hlo|#A A3ME time-of-addition assay= E-ASF
23}, vHlolg A HE A FE2E 9 253 Aol A=t
pre-treatmentol| Al & FE= A 2|47t Y 2Hlol#A 3}
7} LS BRISH 4= QIQith TSl &8 W ZEET} Hio]
HAE FAlf| HETH co-treatmento 4] OMAE, & FEE
9 2559 Ao Edta g/d&0] 4 71.50+4.24%,
77.6242.92%, 59.76+2.36%= JERGFO ™, 2.14+0.20 log
PFU/mL, 1.69+ 0.16 log PFU/mL, 2.96+0.16 log PFU/mL
2 {92 L2HogA FE A BIE Hof ok
I8y Holga FE ol FEE ¢ FAFEZ AT
post-treatment| A= 5714 & 9 2559 L2Hlo[Y
A EZF 9 A4S 2 T4AE =7} 95.15-99.32%2F 0.04-
0.37 log PFU/mMLE 2 Hlo|HA 9] 1A= HFPOoLr,
2T ofH] Rel4Rl AlolE UERAIE ottt 7 2=
4 25Eo] AFHoZ MNVY| mXE JFe AES
co-treatment Aol A= gl ShFo]| W} 2 -2 Hlo]
A BIE HoFQot 22Xo= 7t A58 B¢, >
Z F82 Woron, v =k g 2Hlolg|A Bk Tt
=4 YehdZ g1 5= ot wEbA, & F71AR1
ATE SOl HEHA] AEES] PrEHo|gA tg 715
d 22X B8 TIsdS FAAE 5 UZ Ao E wd
Hrt.

A =

B AT 2004E FEvh 3 PelolEs w3t A5
S5eA780] oJsto] SYEIGHIc
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