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In virucidal efficacy testing, the chemical inactivation cannot be determined for all viruses due to
the difficulties or the inability to culture sufficiently or the risk of exposure to the viruses. Therefore,
disinfectants against these viruses could be evaluated by different methods and surrogate viruses
are used as alternative. In this study we developed a method for efficacy testing of veterinary disin-
fectants using one of the candidate surrogate viruses, bacteriophage MS2, as part of the research on

the selection of surrogate viruses for efficiency of efficacy testing of veterinary disinfectants. This
method is based on the Animal and Plant Quarantine Agency (APQA) guidelines for efficacy testing
of veterinary disinfectants. Bacteriophage and disinfectant are reacted in suspension in accordance
with the APQA guidelines and then a newly established double agar layer method is applied for the
efficacy test. The double agar layer method is summarized as follows: 1) The bottom agar with 1.5%
agar is boiled and cooled before poured into petri dishes at volume of 20 mL, and dried under bio-
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logical safety cabinet. 2) The top agar with 0.7% agar is boiled and kept at 50C before E. coli culture
was seeded. 3) The serially diluted bacteriophage MS2-disinfectant mixtures 0.05 mL and E. coli host
0.01 mL (ODyg,, 0.2~0.3) are mixed with 5 mL of top agar and incubate them at 50T for 5 min for

reaction. 4) The resulting mixture is poured over top of a bottom agar plate and rocked sufficiently to
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7} HiQto 2 o] &E 1 ok FA|F o2 FRIHE HAHlo|H A
RARE o Z3oA AY F2o] whe} tiA] 7hset HholH A
St A7 AYHS QI8 4= JrKSteinmann, 2004;
2005; Morin &, 2015; Prodélalova &, 2017;
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ensure that the top agar covers the entire surface of the bottom agar. 5) The double agar layer is then
placed under biological safety cabinet to allow the agar layer to solidify and subsequently incubated
at 37C for 24 hr. 6) Following incubation, the plates may be inspected for plaques and record results.

Bacteriophage MS2, Disinfectant, Double agar layer method, Virucidal efficacy

Eggers 5, 2021).

Bacteriophage: virus9 ¥%0 & uvlg|g]olS &34
22 A7) wizol Ax Hiek AlE gl Aol HA =
& 4= 9lo] H5N1 highly pathogenic avian influenza
virus(HPAIV), Ebola virus, airborne virus, human envel-
oped virus 5ol gt Aol tiAHto|2 AR AMGE o] gt
(Adcock 5, 2009; Turgeon 5, 2014: Ye &, 2016; Aquino
de Carvalho &, 2017; Gallandat®?} Lantagne, 2017). £3]
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Leviviridae®ol| 43} bacteriophage MS2+ Escherichia
coli (E. col)E &FAELR 0]&3l= coliphageEA human
%, 2020) ¥ foot-and-mouth disease
virus (FMDV) (US EPA, 2016; Wyrzykowska-Ceradini %
2019) 5ofl thet A=A Aol thAEte] 2| AR AREE] AL QlT

AA Fioll= Hiol= o) tiet A=AI2 57HE 7] siA
= SI7IA Bl Y AE o] &3t 454 AYAlY A=rt Bast
ARk, ol A AR 7 Qe sfejot/d A Aol thgt 454

A2 FWAIR o] AgtE A (s SAE 27, 2018) 2y
£ 355 AFAIEE a5te 497 Bot T A7t o
=

norovirus (Buckley &

oo whe}, & AFAES 454 AYAE A& S o
A A5 APk Qlek US EPACA
go] 9 A=A 2 HIFE {6
FMDV tAl bacteriophage MS2E& ©|-&3%F 14 (US EPA,
2016)% #1135} bacteriophage MS2S tiAslolg A TR

2 AHHAL, o5 o 8T 254 HANAYS LA

Table 12 £ 7o A8-H bacteriophage®] £4< Uet
WohEiek 41, 2016; U.S. EPA, 2016; Ye 5, 2016; Gallandat
¢} Lantagne, 2017). Bacteriophage MS2+= Escherichia
coli (E. coli) C3000& SFAIRE b= Hio| 2 AR 2Ju]7}
@l3l(non-enveloped) A|&o°] 2F 25~30 nmQl Aol HA| +
zolH, 3.5~3.6 kb9] @A7tt F(positive sense) RNAE
AlsC & 3ttt Bacteriophage MS2 (ATCC 15597-B1)2} E.
coli C3000 (ATCC 15597)x= ATCCOllA Fiste] AR8-SHSATt.

= wjAe] Azt 2ad
LG, Aol AFgEE ZAglassware)s 121CoIH 158

(deionised water, DI water)&

Characteristics of bacteriophage MS2

Host Escherichia coli C3000 (ATCC 15597)
Family/genus Leviviridae/Levivirus

3.5~3.6 kb single-stranded positive sense RNA
Morphology  Non-enveloped, 25~30 nm in diameter, icosahedral

Genome

OF4E - P48 - 5= - Yy

BiH(autoclaving)# X }H-E& AX F ARSI

Culture broth

Tryptone (BD Difco, Franklin Lakes, NJ, USA; Cat.
211705) 10 g, yeast extract (BD Difco; Cat. 212750) 1 g,
sodium chloride (Sigma-Aldrich, St. Louis, MO, USA; Cat.
7647-14-5) 8 goll DI waterg #7}slo] 950 mL7} =A St
T 121ToflA 1587 Edote] 50CE 43 & supplementE
718t Supplements glucose (Sigma-Aldrich; Cat.
50-99-7) 10 g, calcium chloride (Sigma-Aldrich; Cat.
10043-52-4) 0.294 g, thiamine (Sigma-Aldrich; Cat. 67-
03-8) 0.01 goll DI waterg 7}sto] 50 mLo] A g & o
shastel Agslsich

Bottom agar

Tryptone 10 g, yeast extract 1 g, sodium chloride 8 g,
agar 15 goll DI waterg 7}t 950 mL7t §4 & &
121ToA 1587 E4tsto] 50CE 413 & AH59] supple-
mentE F7F5cE 20 mLA 90x 15 mm HEZ H$(petri
dish)oll Fof 23 & Ag-5k3lt

O

Top agar

Tryptone 10 g, yeast extract 1 g, sodium chloride 8 g,
agar 7 g°l DI waterE 37}Fsto] 950 mL7} EA gt & 121T
oA 1587F "#slo] 50CE A3 T A59] supplementS
F7¥ettt. 50T dry oven©ll A ARG A7HA] E st

BF

DI water 1,000 mLef| calcium chloride 0.305 g%} mag-
nesium chloride hexahydrate (MgCl,-6H,0) 0.139 g(w/v)
< TR AL Auigith. & Aol AeE (F)FolHte|
(CureBio, Seoul, Korea)oll A +J3to] AR8-351SLY.

8712 349

Ao wE A=A 3|43} Hio]H A0 SJAZ fl3f A
|5= F71ES TR ASE uitth Aol Hls3H56T
o 30& A&))= 5% (v/v) FBS (fetal bovine serum: Corning
Inc., Corning, NY, USA)& -3t A2 AM&-31Sch

%ﬂﬂﬂ
=79} Hlo] g A0] H-20] BUE 4EA0] HEL Fola
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7] Sl3to] AL C

FBSE &3t Z& A8

Culture brotho] H]&3}5F 10% (v/v)
59Tt

Culture broth 25~30 mLe]l E. coli 0.1~1.0 mL<S HZ&s}
o] 37T shaking incubator (100~150 rpm)°llA] 2k GAI7t &
ot viF & 4% ZHoptical density, ODgyp)& 0.2~0.30.2
Z7Jsto] Adofl ARE-sHRTt.

Bacteriophage®} £574]9] HHSTHAE SYSAH G BY

Al A2018-163 A=A EHAHAA(EHSAIHGER,
2018)°] w2t A5kt 4T 9] bacteriophage MS2 1.0 mL

S 4T 9718 34 H 19.0 mLo] 4L T A 25 mIE 7
vl 4Tl QU EH £EA Sof Yk AW Y1 B
o ohe 4Tl A 3087 WHE2 AYIE 50 108
njt} S5tsta] =9ith. oluf AEA] qp;_] o7 Ao Wo
AS] g2 HIEA] ISHA|A A =

Z7do] Q23 B V& SHYo R I F ARSI
Bactenophageﬂ- AEA 9] ghgo] EUH AFAC 52 F

5t7] Yoto] FA] 1.0 mLE Aol 37C Y 552 S3HiA]
o] ¥x &3lsla, 3t Bd SFNE culture brothS o]

stel 108 B 342 shict.

Z=A 82 AHof double agar layer methodE %-8-3}o]

73'3 oSttt £ Ao A ARESE double agar layer method&
o]8] AFtofA B 1% bacteriophage MS2 A1 (US EPA,
2001; Cho &, 2005; Cormier} Janes, 2014; A &, 2019)
oflA wiA 24, HiRIF, BESY] W U € 21 5= ¥F
sto] ghstlet. 2H2te] Aol top agar 5 mL¥} E. coli
0.01 mLE dEsto] 283t & 537t E4 bacteriophage
MS2-45A] ¥-g-19] 108] T4 34 0.05 mL= 242 7+
Ao g Aokl FEHA Atk Top agar’t 2= A&
5171 el Al8 S 50C dry heating blockel] o] 587t
SA1Z1 & bottom agar7h -1LE HE t4]o] W EIL
ol JFotdrh. Agar7t 1= HEZ HE F5d0] 57°C
ol A 24A1ZF viFSt & BAFE S E ALt Akl o

Kl

mrEAr:u
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B Fig. 1014 18] H715H%

Bacteriophage®] 83280 Q] == Et2E AS
skleh. gkt 227t %’157—, 1719 ﬁﬂEﬂ 4 10~10074
o] ETaE AT AS gsto] &2t 5 Altshe S ¥
oz SHATHUS EPA, 2001). ot el 74]*&*4 13} oA Lyt
o Hie} o] 3t HE T H4ld ST ol A4 3] AulSol
Z3F0.05 mL)E =3t & U0l 1 A E plaque forming
units (PFU)/mLZ YeRHCY,

T(EFa s
Plaque forming units/mL = ) (1)

SIEET N

A AD*
gauls  EeE 4/dED 04 sloldA BEF (m)
o - 0.05
1:10,000 80 0.000005
1:100,000 10 0.0000005
1:1,000,000 0 0.00000005

*(80+10)/(0.000005+0.0000005)=90/0.0000055=16,363,636 PFU/mL,
(A& AR Log,,16,363,636=7.21)

HUA RS 254 A A4S Yol Ak Fohrg
SANH HEA A7 mLF 2x10° PRU 01492 Felst
Stk E3, YA A A4F WAL B4 oIt
JEAo] S A B0 ol Y5188 SIsHEe)

49 223t v wete] YA mLF 10938 B

AE 7Eol

G5t gt 4) ol4) A8 E 2P} ShelE A%
itk Wsteict.

A
o

4T B3+ 1.0 mLE 4T 71= 349 19.0 mLofl A2 &
S 2.5 mLE Aol 4T U= T £5A47F E01 A
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1. Mix and reaction

+

4°C, 30 min
Disinfectant Bacteriophage MS2

2. Neutralization

Bacteriophage MS2-
disinfectant mixture

3. Serial dilution

%O_R 100 L. 100 pL 100 pL. 100 pL
__ __ _ | __ I
la00 _guc# [s00 @uo? 000 gmv

4. Inoculation and reaction

Top agar + E. coli

50°C, 5 min
5. Pouring tube into bottom agar plate

Bottom agar plate 10+ Bottom agar plate 105 Bottom agar plate 10-¢

6. Incubation, count and record results
37°C, 24 hr
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Schematic representation of
double agar layer method for dis-
infectant efficacy test.

= Ao Wi S35t o2, 4CoA AEFs] 3087t v Bottom agar®} top agar+ agar powder $Fgo] 22t 1.5%
A7 o) 108ntt &8sto] £t A4t A=A ¥ (w/v), 0.7% (w/v)7F BA sH93L, W% 20 mLet 5 mL
<ol EU4H ZA] 1.0 mLE Ao} 37C 9 53 S3HaA| ol oA Eet=7t 7 & BTk E. coli 0.01 mL& top agar
23 5315} double agar layer method 23S Ad¥5}+Ich 5 mLol| AF & o2 7MHA =8H 41 bacteriophage
A7 A=A Al FAdo] lthal ®A st MS2-45A4] ¥H-&-Y 0.05 mL & FEsto] HiA| HlolA 8=

o] 9t&E 4= JEE ST o 7|EHEL nYES B2 5
=2 HZE3H= g4l 50T dry heating blockol] A|g#-& ZZo}

59 UE 7 WS AR ol EStE F4el H 2 E 5 %)

E AL bacteriophage MS2E 0] &5fo] 4&4] a8 =2 3}99tt. Dry heating
glshr] gt Al 7S JH & £35ko] double agar =
layer method& &¥5t31 1L, Fig. 104 teFs] ®7]5k30 b EFAL2 ZA] bottom

block AH&-2 water bath& AH&-s}

[e]
A Hh o9 7FsdE W & e Aol Sk wheel &
o

agar HEZ t4lo] Fof 20} &
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Clear lysis zone (plaque)

Example of phage lysis pla-
que phenotypes observed in bac-
teriophage MS2 onto E. coli C3000
lawn. The presence of phage can be
identified as clear zones, or plaques,
on a cloudy suspension of bacterial
cells growing in the soft agar.

H=Z2 7PHA 59 top agar’t FI1F HAA 5131 L

Fig. 2%= double agar layer methodZE ©]-&3t bacterio-
phage MS29] A=A RYAIY 279 d24 43 29
10°~107 A Ao| A 45 Seta9] mHolot 454 of
Al 5718 314 99L bacteriophage MS29} #5471 & 535}
IS AA 108 @A 34 skar, Z+2+9] 514 H 0.05 mL
< top agar 5 mL¥} E. coli 0.01 mL E3tof F&, ¥-8 &
bottom agar 9Jo 0] 37CoA 2417} v Fol ATt &5FA
FEOl E. coli2 €9 Y& agard] SAEA 7} otz 5 B
St 2835 JY(clear lysis zones) E&t7} A 7Hse
A2 RISt TabA, g HEZ] H4d 10~100719] &
235 AT 10° 549 Aats A=ste] A9 229
7} Aol AFgeFY T ti2te] A7k 107° Sl Hof|A] 25
e} Eekart AAEe] 259 FAuiel 103 HEF 0.05
H3t #E Yol 5x10'° PFU/mLelH, A-&d=2 kst
2 °F 10.7°]tk. FMDVol mgo] &RIE A=AE A=t 4
o] Hiolg A Y A A= 574 A tx2 v st
ETE 7t 24-log AT gRlste] 2 HOoE 454

A BVt T SISk,

o

==

=l

fol 9 ok

A=A AYAIY Al vlo|HA0] £G4 HiFe] olFAY 7
go] ot S AT & U= AS dHAMIHAE AHES
of Al¥Z sk, o]t thAHtol# A0 =Y 8 U4 B
ol# A9 A&} B0 et S 83 YRS Al55kal Utk

Bacteriophage MS2+ Hiolg]lA 2@ AAA Q] &5
BFrbote b 7 dHrH o2 o] 8EH thA|HFo| g Aoy
(Wyrzykowska-Ceradini 5, 2019), #ifo] 753t EA2 o
Autol AR g AMEE olf F Shyoltt (Turgeon &,
2014). €3] bacteriophage MS2+= FMDV 24 A|# o] &
el AsA o e AoR HiEJHWyrzykowska-
Ceradini &, 2019). & A9 B4 454 gAY a&
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3= 91t tiAHrol2lA 5 Hiol#A F SFURl bacterio-
phage MS2E& 0|85t A5A] A FH-E E7sk= Aol

Double agar layer method®] A4} A& r= Set=9]
7M1 FHo] mE A3 Sl E9HE Aol T =t
Agar layer®] /37 iR, 5413221 v 2lote] HEF 5
o] & 9] x7o] oid A%, E=7t S AY HF Ao} gt
ot A4 B7PF e wEbA AERt o s Sk A9
L5 I7HA E2t3 S g ste 2ol S5t & A
o4l et AlFH O 2t AlE Al bacteriophage?] 3]
o] AYEE E24 47t AT L A7t 7S BEE A
oA skof whet #shs A ST 4= ISl

Lillehaug (1997)% top agar’} FEH (L agar $H)
=5 phaged T4 57 EolA A, YRS AlFst=
bottom agare= pH A& &350t RFEgI F+E 7}
AdE EolEthL skt wEhA & AFolAE top agar®t
bottom agar®] agar®] 35} vj2| 9] F& 2Fdto] E4A9]
TP EESHL AT HEE Skl

8= ol o9 7HA] WRiol /1o, Ao} uijAE o
T TE AYRYS BEFZHog ol gt B AAofA
= top agar©] bacteriophage®} £F A2l E. coliS 85}
o] bottom agar®l| F-014 HEst= Wi (pouring method)S
Aeisteich. o] WHE TR 5t= W (spreading method)E
o} ZHHSEA|T, agarZt &2 W phage”t 2614 Ho] E. colig
UL FEO] FAIZF o] AY Al agar
FASHL 5 AN F SA He2 F &

=5 5 Sh= Zlo] Fa5k3tt. HiA o

supplementE H7FstO =24
cose, thiamine)& A&t AZHS] £3+4-& Z7HCaCl)A]
# bacteriophage MS29] S-4]3} <A 22L0] HH-gof =2
FAHCormierd} Janes, 2014).

ARG Al Al o] ZAoly g4 njgE] ot 7 A
ot AHE AT 4= QUARE 7129 AAHA A StAY

Mesl= Ax £33 cHSanders, 2012). & Ao A= Hhg|

1
o)
1



golE SFA|EE ARGz Hlol2|AL] EAS o]&ste] 7|&
9] double agar layer methodol|A A=A, viR|<F, v &
o] ¥k W 9 27 52 WAt A9 AlAHE FEskal
ot 2 AtollA JidE B AR EYAIEE HI6) bacte-
riophage MS2& WA 2 $H= AT, Ee2t3 E4o| 7Hs
gt o2 &34 phageol®= A& 4= & A0 & AlrEHH

ABEE SstATh A L A BAZAAGER 14
A2018-162 254 ZHABAACSEEAAGER, 2018)

< 7|F0=2 oo, YA bacteriophaget AL
o] vjF 24 9 vhE 24 52 &Hoto] double agar layer

method& 7Nttt

2 ATE 5ASAPAREY] (YL ol S Qrh(-
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