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Viral inactivation of chemical disinfectants on fish pathogenic viruses
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In this study, we studied the use of 10 commercial disinfectant candidates in aquaculture field
conditions for fish pathogenic viruses; Marine birnavirus, Infectious pancreatic necrosis virus, Hirame
rhabdovirus. Sodium hypochlorite inactivated more than 99% under the treatment conditions of 23
ppm for 20 minutes, 150 ppm for chlorine dioxide, 40-80 ppm for povidone-iodine, 50 ppm for
glutaraldehyde, and 150 ppm for didecyl dimethyl ammonium chloride. The virus inactivation ratio
exceeded 99% under the treatment conditions of hydrogen peroxide at 1,050 ppm for 60 minutes
and Formalin at 500 ppm or more, and the virus inactivation concentration of hydrogen peroxide
and formalin was too high. These indicate that its disinfection effect was insignificant. Quaternary
ammonium compounds were not expected to inactivate viruses even at 225 ppm of active ingredient,
dichlorobenzen at 2,250 ppm, and copper sulfate at 3,000 ppm, so it was showed that it could not
be used as a disinfectant. As a result of this study, sodium hypochlorite, chlorine dioxide, povidone-io-
dine, glutaraldehyde, and didecyl dimethyl ammonium chloride were confirmed to have antiviral

effects.
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T O glon, I P8-S 438
2 WA vlo] g 2 Fabs WA S A5
HA A oE ARG FAHYE ALY
g nviol2j 2] AE g AEZA LA EFAS)
o &3t A=A Infectious pancreatic necrosis vi-
rus(IPNV) 2 Infectious hematopoietic necrosis vi-
rus(IHNV)E tl’4 S 2 Phosphate buffered saline
(PBS), Balanced salt solutions(BSS), Minimum es-
sential medium(MEM) W] ol 4] E&Ad3}ol djs}
o] Amend(1970), Mackelvie$} Desauteles(1975), Gos-
ting ¢} Gould(1981)5°] B33 v} oL}, ofF
A2 FF oMY nholg] 2 7Vl WSt
gk A= A &) Toranzo 2} Hetrick(1982)°]
st 2 714, 355 9] poliovirus type 18] A&
& IPNV, THNVSF vl g 3 2 IPNVY] &l 55
o] A&EAS A ETE Z(Toranzo et al., 2005) 59|
At A, poliovirusE BIES IA 209 enter-
ovirus®] ST Sl Tl A o] EAS AT
vhol] o) 5t®, o] 23t nlole 2o A FEFES
H A= °IZ}§HL AE Z F2(Lo et al, 1976),
3}8FEZ(Salo and Clliver, 1978), Pl YA 2 24
(Labelle et al., 1980), 7] A & (Fujioka et al., 1980)%
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ZAE AFES Ay BX X

A=A o] ARGl ARG AFf FoA FF
of ZbFStHA of Fell FA4o] AL As =2 HA
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U] AlF A=A = hydrogen peroxide(H,0, 35
%, pH 1.3, Hansol Co., Seoul, Korea), sodium hypo-
chlorit (NaClO 1.5%, pH 12.1, Samchun Co., Seoul,
Korea), chlorine dioxide(ClO, 5%, pH 5.0), povidon
iodine[(C¢HoNO)nl 10%, Samyang Chem., Seoul,
formalin(CH,O 35%, Duksan, Co.,
Korea), glutaraldehyde(CsHgO,, Samyang Chem.),
quaternary ammonium compounds(QACs, formula of
NH4Cl, Samwoo Chem. Co., Seoul, Korea), didecyl
dimethyl ammonium chloride(DDAC, Samwoo Chem.),
ortho-dichlorobenzen(C¢H,4Cl,, Samwoo Chem.)%} cop-
per sulfate(CuSO4 -5H,0, Sigma-Aldrich. St. Louis,
MO, USA)E AH&-3A T

Korea], Seoul,

HiO|2H A

T FAFERTYH £y & A7 B
%% Marine birnavirus(MABV)$} Infectious pancre-
atic necrosis virus(IPNV)= CHSE-214A| 3£, Hirame
rhabdovirus(HIRRV):= RTG-2A ZE o] &3} Hj
FoFAT volH 2= e Eol7] flal 44 2
3o Athui S 2AEA ™ MABV, IPNVE
75 cm’ tissue culture flasko] Dulbecco's Modified
Eagle Medium-5(DMEM: 100 ug/ml penicillin, 100
ug/ml streptomycin, 5% Fetal Bovine Serum, pH 7.4)
£ o] &3t @ ke CHSE214M 2 HES
% 20°CoN A Wl FEl AL, HIRRVE 75 cm? tissue
culture flaskoll DMEM-5E ©] &3l &% dj ks
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HIO|H A titer

CHSE-214 cell line¥} RTG-2 cell line Al th vl &
3t] 96 well microplate®l] cell=7} 2.5x10° cells /ml
ZYE A 100 ul T3 F 15°Col A 15A3F vk =+,
DMEM-0°]] 108] 3] 4AQ = 3|45 MABV, IPNV
= CHSE-214 cell lineoll 100 ul® HF 3 20°Col| A
Z18]31 HIRRVE RTG-2 cell line®l] 100 ul® 3 Z
T 13°Coll A 743 wietE A CPEE #EstaL
Hlo] 2 2~ 2+ 7F= end point dilution assay B €1
50% tissue culture infectious dose (TCIDsp) (Reed &
Muench, 1938)2] W o2 A4St}

a - 50%

Index = a-b

a; % infected at dilution immediately above 50%,

b; % infected at dilution immediately below 50%

Hio|2{A E&st Ht

AEA 0 ofF W
A7} g A o wek zhol7) AEA
dotr 7] 93 AP E ANALFAE Ao E
3t 1 HEFH S-S 3000, 1500, 800, 400, 200, 100,
50, 25 ppme] HA ZA3I} A=A Y3} MABV,
IPNV, HRV H}o] & 29 & 2x107° TCIDsy/mlE %
Aste] FHE vlol g 2d S 1R 204, 603t
W3 Al7) 3L, HhE AIZE AR & A o] vk
< BAAAE H5H 2549 F3A4 24 DMEM-
0= 1:100°.2 WHAIAA, M7} &5 vl Yk 96
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of m& ntole} o] ZHE7Fe] W3} A+ Table
1, 29} 39 YEFY ATh Tableoll &= Bio] 22 Ao
2 2843 &35 TCIDsymlZE A A eFH 3, £
ol E83E8E TCIDs/ml &< %E HEs}o
Aretdth A A& F 5 5.5 TCIDsymlo] A
AL, 2 TCIDsyml®]3h= &4 E7bsto] 2= #7138}
AT

Hydrogen peroxide(H,0, 35%, pH 1.3)2] & &9l
Agd FRAYEFE 8.7, 17.5, 35, 70, 140, 280,
525, 1,050 ppme] Z71o]=Hl, HIRRVS 7%
1050 ppm 609 Mg Zzdol A 99%°] E&3}&
< HQl o]9jo] 1 o]ate] w2 B AHARtE
Aol A 359 BE ulolg] 2o thste] 1 o]s}e
S dlo]g 2 EEstE-S Ve o] AAIHQ] %
27 A8 violg 2~ e GoRAN FEALS |
EHoA w9 7t F gle AEE ATEHAST
Hydrogen peroxide= 1,050 ppm©]“d-¢ll 4] HIRRV ]l
At Bgsl a5 BP A, dj4koiol tigh HkeX]|
AP =7} 200 ppm AEE B1H AFA o] tH(Kim
et al., 2008). Hydrogen peroxide®] w}o]# 2~ &3}
& Tilapia lake virus(TiLV) thA 2 3F A
A A Hy0,5 300 ppm 28°Coll A 108 =& T
ZAHE A3 10° TCIDsyml ©]742] TiLV vl 24 3}
E Ueh, & A7 3 A=Y U2 FRoAE
ntol# 2~ B8A43L a7} &S Bt ol
AEAEC] vlolg 2 FEE -
Aog £d g domn FAF g #HA Aol A
TiLVe] Z4ke At A5A o] HAg AL
S Al oF st A A8 th(Jaemwimol et al.,
2019). Hydrogen peroxide= 714 % TAAZ AE
=) 1 © ™ (Sahan, 2020; Montgomery-Brock et al.,
2007) o} 78 Yutol# 2 axa ol g A=
WA ¢t} Hydrogen peroxide= &7] @ 3ol =
S5H 9 4, =2 pH ¥B5F ol 54 H 35
= ol wet w2 45 E 548 2k 254
o]t} Hydrogen peroxide®] 4+s} ATtol A F7] <}
F718 2002 15°C} 20°C FFol A Fiksha
A % 10-100 ppme 2~3Y Fo| =4 B}
, 371U f71Ee] fle AAE FF5dA4E B0,
T A R AT 1097 o HEH &
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Table 1. Inactivation of marine birnavirus (MABV) following treatments of commercial disinfectants (logioTCIDsoml)

e Exposure concentration (ppm)

Distinfectants time 25 50 100 200 400 800 1,500 3,000
Hydrogen peroxide 20min 5.5 5.5 5.5 5 5 5 5 5
(H20, 35%, pH 1.3) 60min 5.5 5.5 5 5 5 5 4.5 4
Sodium hypochlorite 20min 5.5 5.5 5.5 5.5 4.5 3.5 2 <2

(NaCIO 1.5%, pH 12.1) 60min 55 55 55 55 45 25 < <
Chlorine dioxide 20min 5.5 5.5 5.5 5.5 5.5 5.5 5 4.5
(Cl0; 5%, pH 5.0) 60min 5.5 5.5 5.5 5.5 5.5 5 4.5 3.5

Povidon iodine 20min 5.5 5.5 5.5 4.5 4.5 3 3 2

[(CeHsNOYNI 10%] 60min 55 55 55 4 3 2 <2 <«
Formalin 20min 5.5 5.5 5.5 5.5 5.5 4.5 3 <2

(CH20 35%) 60min 5.5 5.5 5.5 5.5 4.5 4 <2 <2
Glutaraldehyde 20min 5.5 5.5 5.5 5 4.5 4 <2 <2
(CsHs0y) 60min 5.5 5.5 5 4.5 3 3 <2 <2
Quaternary ammonium compounds 20min 5.5 5.5 5.5 5.5 5.5 5.5 5 5
(formula of NH4CI) 60min 5.5 5.5 5.5 5.5 5.5 5.5 5 5
Didecyl dimethyl ammonium 20min 5.5 5.5 5.5 5.5 5.5 5 4.5 3
chloride (DDAC) 60min 5.5 5.5 5.5 5.5 5.5 4.5 3 2
Ortho-dichlorobenzen 20min 5.5 5.5 5.5 5.5 5.5 5.5 5 4
(C6H4Cl) 60min 5.5 5.5 5.5 5.5 5.5 5 4

Copper sulfate 20min 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5
(CuS04-5H,0) 60min 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5

Table 2. Inactivation of infectious pancreatic necrosis virus (IPNV) following treatments of commercial disinfectants
(IOg]()TCID50/IIll)

L Exposure Concentration (ppm)
Distinfectants time 25 50 100 200 400 800 1,500 3,000
Hydrogen peroxide 20min 5.5 5.5 5 4.5 4.5 4.5 4.5 4
(H20, 35%, pH 1.3) 60min 5.5 5 4.5 4.5 4.5 4 4 4
Sodium hypochlorite 20min 5.5 5.5 5.5 5 3 2 <2 <2
(NaClIO 1.5%, pH 12.1) 60min 5.5 5.5 5.5 5 2 <2 <2 <2
Chlorine dioxide 20min 5.5 5.5 5.5 5.5 5.5 5.5 5 4.5
(CI0; 5%, pH 5.0) 60min 5.5 5.5 5.5 5.5 5.5 5.5 4.5 4
Povidon iodine 20min 5.5 5.5 5 4.5 4 4 2 <2
[(CeHsNO)nI 10%] 60min 5.5 5 5 4 3 2 <2 <2
Formalin 20min 5.5 5.5 5.5 5.5 5.5 55 <2 <2
(CH,O 35%) 60min 5.5 5.5 5.5 5 4 4 <2 <2
Glutaraldehyde 20min 5.5 5.5 5.5 4.5 4.5 3 <2 <2
(CsH30,) 60min 5.5 5.5 5.5 4.5 4 <2 <2 <2
Quaternary ammonium compounds 20min 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5
(formula of NH4CI) 60min 5.5 5.5 5.5 5.5 5.5 5.5 5 5
Didecyl dimethyl ammonium 20min 5.5 5.5 5.5 5.5 5.5 5.5 4.5 3.5
chloride (DDAC) 60min 5.5 5.5 5.5 5.5 5.5 4 3 2
Ortho-dichlorobenzen 20min 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5
(CeH4Cly) 60min 5.5 5.5 5.5 5.5 5.5 5.5 5 4.5
Copper sulfate 20min 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5.5

(CuS0O4-5H,0) 60min 5.5 5.5 5.5 5.5 5.5 5.5 5 5




aEA0] g o F WY

3 wpolgze] E83} a3 51

Table 3. Inactivation of hirame rhabdovirus (HIRRV) following treatments of commercial disinfectants (log;oTCIDsyml)

- Exposure Treated concentration of disinfectants (ppm)
Distinfectants time 25 50 100 200 400 800 1,500 3,000
Hydrogen peroxide 20min 5.5 5.5 5 5 4.5 4.5 4 4
(H20, 35%, pH 1.3) 60min 5.5 5.5 4.5 4.5 4 4 4 3.5
Sodium hypochlorite 20min 5.5 5.5 4.5 3.5 3.5 <2 <2 <2
(NaClO 1.5%, pH 12.1) 60min 5.5 5 4 3 3 <2 <2 <2
Chlorine dioxide 20min 5.5 5.5 5.5 5 5 4.5 4.5 3.5
(Cl0, 5%, pH 5.0) 60min 55 55 55 45 45 45 4 3
Povidon-iodine 20min 5.5 5.5 5 4 2 2 <2 <2
[(C¢HoNO)nl 10%] 60min 5.5 5.5 5 3.5 2 <2 <2 <2
Formalin 20min 5.5 5.5 5.5 5.5 5.5 5.5 5 <2
(CH,O 35%) 60min 5.5 5.5 5.5 5 4.5 3.5 <2 <2
Glutaraldehyde 20min 5.5 5.5 5.5 5 4.5 3 <2 <2
(CsHs0y) 60min 5.5 5.5 5 4.5 3.5 <2 <2 <2
Quaternary ammonium compounds 20min 5.5 5.5 5.5 5.5 5 5 5 3
(formula of NH4CI) 60min 5.5 5.5 5.5 5.5 5 5 4.5 3
Didecyl dimethyl ammonium 20min 5.5 5.5 5.5 5.5 5.5 55 4.5 4
chloride (DDAC) 60min 5.5 5.5 5.5 5.5 5.5 4.5 3.5 3
Ortho-dichlorobenzen 20min 5.5 5.5 5.5 5.5 5.5 5 5 5
(CeH4Clr) 60min 5.5 5.5 5.5 5.5 5.5 5 4.5 4
Copper sulfate 20min 5.5 5.5 5.5 5.5 5.5 5.5 5.5 5
(CuS04-5H,0) 60min 5.5 5.5 5.5 5.5 5.5 5 4.5 4.5

al. 2003) Russo 5(2007)> #4& o7} o F71

© I AXRANA F2E WESE 0,9 B4

£ H2ESY =, H0, A& 55+ 1.2-26.9 ppm

HAFEH, 1IN & 55 BE BadA A%

=0 FA BEA FUAR 44T F BE WA

= 04-08 ppmoE A AR, F

Aol A z=71 H202 TE7F 247} 6.46-13.60

ppm&] F 7] AR 24Xt T F=7) 12 ppm

o2 A vE wmEA AHslEE AFA ot
(Russo et al. 2007).

Sodium hypochlorite(NaClO 1.5%, pH 12.1)&
EAEES 29,58, 11.5, 23, 46, 93, 172.5, 345 ppm
o] o2 HEaHeul, o] A5AE HIRRVY
735 23 ppm 209 Az o] el A= 99% ©l
o] B83t A7, IPNV 2 MABVE] 7 %ol
50 ppm B = odel Ael z=xdolgk 99% o]/l
23S 7IoE Zoletal AehE o
F T}, Sodium hypochlorite= 1820109l &+&A &
go| Be|Fo) we} AF5AE de AE AR
(Coates, 1985: Topic et al., 2021). Z}o}H AN E

O] }~/\E

Q%)= WEAA WA FA =T (Methi-
cillin-resistant Staphylococcus aureus, MRSA)Z} &
S FAA JATFE 17 ool AFEAZE = S
A2 g &Ado] Hojuth(Lee et al., 2009). L
A nk o] 7 vlol 2o 3k Abdl= BA &t
E Ao A Sodium hypochlorite= 3 HFo] & 29|
i3] 50 ppm ©] el A 99% o]/de] E&3 vt
H2 = AA 7 Depjolol| A WA = = Tilapia lake
virus(TiLV)E 28°Col A 10872 =& % 10° o]
o] nlolg] 2~ B3 §3E X (Jaemwimol et
al, 2019) & =0 W2 B3 97} g Ho2
AL ] T

Chlorine dioxide(ClO, 5%, pH 5.0)2] 3%, f+&
AEeFo] 1.3, 25, 5, 10, 20, 40, 75, 150 ppm®] ==
TR 2144 Aol gstAHEd H1 v
150 ppme] A& d& A HIRRV 2 MABVe
o3l A9k 99% o]de] E&slE e FRIsta, 1
ojste] Az utoly 2~ E&3}go] v
Al VERY AR F QL el A o] vhole 2 WY
GO ALT AF olBT £ FE| FEF



7FA 3L TH(Volk et al., 2002).
2 A S FA3= A
N7 A A Theget mA =l i3l
A Ee 54S L3cke Ao® dEAa ok
(Huang et al., 1997; Gordon and Rosenblatt, 2005).
ClO,9] A+ 9 vlolgjx E83} 3= vj¢ 2
U A QL ojFuloly 2~ BEs) AFEE ofF
k2] Zn] =& ool 100 ppm ClO,Z 4°Col A
582 4AE3)o] infectious salmon anaemia vi-
rus(ISAV)E 10* TCIDsy/ml ©| 32 B84 3} A2
F DS AASE I (Smail et al., 2004), 2 A
N = FASHA 150 ppm BE2 A P39S o
99% o]/d2] nolE 2~ B3} avE Rl

Povidon iodine [(CéHoNO)nl 10%]2] 4%, &
AEEE 25,50, 10, 20, 40, 80, 150, 300 ppme] =7
o2 YIS W 3F "ol HMAE o=
40-80 ppm F=2] Aol &5t 99% o]Fe] B
3} FHo] &lx At} Povidone-iodine2 H}o] 2 2
AL dAgstr] fEl A F ARG A5 15-100
ppm, 30-60% A% d8] AHEE o] Sl (Warren,
1991: Smail et al., 2004; Chalupnicki et al., 2011)&
Aol A= 40-80 ppm TZFl A IPNV, MABV %
HIRRV E5F 99% ©]Jo] 883l a37} F<2l5 o]
71E AT FAS AE gRlskth g A
WSBV E&3} AlA] 30 ppmell 1A17F % 2] 51
oy 583 a9E HSA Xg A E BalE
o] IThH(Heo and Shon, 2000).

Formalin(CH,O 35%)%] 7%, 8.8, 17.5, 35, 70,
140, 280, 525 & 1005 ppm FrEEE 7oA o] F
A7 A A 500 ppm ©]Fe] FEFE F79]
A Eold 7 g-ollwt violg] =9 A7t 7d &
Ad F Qe o= FRIF A, HAA|FHOZ ofF
FAN AT 2NA oS T HEE T
ASoe A4 5 ¢le v 2HoE AZE o
F ok CH,0= wlol#f 2~ WAl A 2kzkg o A 0.1%
TEE AEste] niolg 2o B&3} A7]=H| A
S olgtth. 1= ANE ge}ujo} TILV 80 ppm X2
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Do A vtolej 2~ ESA S HATkar Bk A
d7F 21 o(Jaemwimol et al., 2019) o F ¥ n}lo]
2 2EAZ AgEslolE AES aTH,

Glutaraldehyde(CsHs0,)] 72-¢- F& F=4 97t
2.5, 5.0, 10, 20 ppm&] A= nlojH =9 BF
ste oy 2oz AEUL, 50 ppm ©]F]
HR|ZAOR 99 % o] de] AFaANE A&
& Zloz zEe o, F7] Fol 713k B
A HERAR 48T 5 A AolA AHD

ANA ] A Aol A G %

Aol A= AeH & 55 et AT
S Ao 2 AAFH AT CHO= oF& F4F
2EAR FAH JAA FTh

Quaternary ammonium compounds(QAC, formula
of NH,C)9] 7% 1.9, 3.8, 7.5, 30, 60, 113 B! 225
ppm 2719 FAEFE WA AES £ A} b
ojg]2o AngOoBAY AR FA B A
o & #ohEojHn

Didecyl dimethyl ammonium chloride(DDAC)<]
A 2 FE8E 5571 2.5 ppmel A 300 ppm<]
Abolo] F& FREolA Aol o] Fo] HEdl, 150
ppm °]F o2 A HAgH a3& 7|g
= e AlFez AZ4Ho A Y. DDACE 45
T dFOR At AEH o T2 A F
S Ao wn 3 AdyE ol A e
2 4#H A 3 (Takasaki et al., 1994), =3+ o] =3}
AR5 H(EPA)S] A5l WEH, DDACE 4)F 2
A v B 7T AES BHOR A48T 4,
FEEEE 800-2,400 ppm O E TFA3II A (EPA,
2006), FF FAHEoFFoR FAEHE A
QAARANA 717 R A 25AZA TS G F
e AFoletr ATEEATH

Dichlorobenzen(CsH4Cl,) 2 Copper sulfate(CuSO,-
5H0)9 A+ Adx4d A v5 FEAE
Z+7} 2,250 ppm 2 3,000 ppme] 2N E 99%
ol4el EZ3ES YEtA Rk, A A&
g O A BAIFT vk s o 7P 2 A8
7Fede Bom, F AR BT o7 utoly
2o thgt A& Alell= A<l glth. Dichlorobenzene
£ A cresol HHE = A5AZA I8 /35 4
A= AT

ek o2 A

ox o

L=

¥Rt ol v 3 S

At



aFAl wg ofF WA HlolHxe| £33 ax} 53

=, TH(Yabuta et al.,
2019). Copper sulfate= B3l 5T 9 F2
ol 79 7| AW FAS XNEE HHOE AL
Exo] gtom, ¢ A A Dol F A A
% sEaRARE B2 FUlA AEEHAT
(Calomeni et al., 2018). Copper sulfate &l &3l =]
o FEjo} kg o] o2 By Fa, o] A T
= o2 @d SR dRE FATEA
N Z At A F83F IS gty 2By =3
TEl= Mz FAo] Ae AR e ZES B A st
1 SAFNA B2 EE fU|Al S4oE AHE-
& 4 Slth(Afaghi and Zare, 2020).

FTHSAHGER 3] AmA EEAPAZ
of oJgtH nlolH 2o AZF I HFo A ¥
o FEFAFxRMNA BAA 2T H vl

o BAAZ} mlF 10°9](EE TCIDso, EIDs,
LDsy) (&= 243k 4k 4) o] 3] AMd =
st ElE MurE FETERE ST
(FEFAAYGEFEITA] A2018-16%5). o]l 23}
™ Sodium hypochlorite, Povidon-iodine, Formalin %!
Glutaraldehyde Fto] 7]&d) FFate AAE B
o &2 AFE Tl AREHE 1059 &54 4E
o FAHER AT S HAESAL, ol
o 7 dH 2 AT FOE ARA AF
A vlolH 2 BEgsl E824Q A5A A9 H
AE FH4E 87t o

o

ook

aAe 2

2 AT 2021 S FratE Ao R e
Aty eEde] AYE ol FYHAFUT
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