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Comparision study on disinfection systems for decrease in viral
haemorrhagic septicemia virus (VHSYV) of olive
flounder (Paralichthys olivaceus)
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Viral haemorrhagic septicemia virus (VHSV) is mainly transmitted horizontally by water-borne
transmission. To prevent the spread of infectious VHSV in the aquatic environment, the water treatment
is needed in aquaculture system. Although several studies have investigated to reduction of VHSV
titer using the water treatment system, comparing of viral titer reduction in seawater by using different
types of disinfection system has not been studied yet. Here, we determined the disinfectant effect
of VHSV in seawater by using 4 types (UV radiation, plasma-AOP, electrolysis, ozonation) disinfection
system. Moreover, cumulative mortality and detection rate of VHSV in olive flounder (Paralichthys
olivaceus) after cohabitation challenges was also investigated viral reduction by disinfection system
(UV radiation or plasma-AOP) or by untreated system. VHSV copy numbers were decreased from
10> copies/mL to 10*'7*%%* copies/mL, 10***%* copies/mL, 10****?7 copies/mL, and 10*'*!! cop-
ies/mL by the UV radiation, plasma-AOP, electrolysis, ozonation, respectively. In cohabitation chal-
lenge, the cumulative mortality and VHSV detection rate of olive flounder by the plasma-AOP treat-
ment is lower than that by the UV radiation treatment and positive control. These results suggest
that the plasma-AOP treatment system can be useful for efficient inactivation of VHSV.
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TH(Wolf, 1988; Ishiki et at, 2001; Skal et al., 2005;
WOAH, 2021). VHSE A @& =71 wh2 31 o) 2
AFE doA AEHZQ A B A7 Qs
MAEER 7] (World Organisation for Animal
Health, WOAH)olI A #e] tid Aoz 24 = o
ATHWOAH, 2021). BVt E HYHAIH
© 2 A A&} (Aquatic organism disease control act,
2021) el F o2 Fefstal lom, A E
A1 VHS7} A EHA =A dAE ] o] /9] o]F
At D ALALS =F T s &5 Hgx
A7} o] FolA AL At

VHSVE Rahbdoviridae®} Novirahbovirus <59l
= &h3k38 o] o] 2 2~ F A negative-sense RNA
7FA 3L A tH(Tordo et al., 2005). VHSVE] 3= 7+
AZE FEAEoE 4HA )OS M (Hershberger
et al. 2011) VHSV R 7 E2HEHY 779 9 o

= 3ol A9 VHSV Fdel 9 &
] HOHH = AHSE&5 #Y7E g F838)
OIE]' olelgt #He]E Al A&
=V deHeE AAT + U= 4
“ﬂo] ﬂ]"]ﬂJ— RNom F2 2
2 FZ 1)UV 2, 2) Sghzo) ua,
T2 2831 4) A7) B o] th(Kang
et al, 2015). UV 2] x|y 2o dS
o]-g-3t] WY W AES] DNA E= RNA EAE A
AIA APE e 2843 A7 dEE 4 A
A3L(Kang et al., 2015), Zet=n} W2 o] At ]
He % FALFAF(Reactive oxygen species,
ROS)S AyAdste] =59 Al 2 ulo]g] 29 &gt
I} DNAS dH3st= 2122 424 A th(Deng er
al, 2006). 2F LA o] Ay AELS
FAA Mz 7 W3t B AN A DNAE
Hste] atste WA olm, A7 Ao
Ay A7)Es] A AR zobd A4k
(HOCH T} AFo}P A4t o] 2(0ChHF 2L FEYA
2 Aeks oz 2elx Ythlee ef al, 2013).
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VHSV el & Hi

B o) AMEE VHSVE F4F 7135 2|99
WA ZFE £ 3 KJ2008 2] F(genotype IVa)
= A48+ tH(Kim and Kim, 2011). VHSVE Hj %k
3}7] Y&ked 75 cm? tissue culture flaskell Epitheli-
oma papulosum cyprini cell line(EPC)& ©FO 2
< £ nlol Y25 HF sk 15°CoA A 73T Hi
k3l A A cytopathic effects(CPE)S 24T} Al
2] 90% ol o] B3l HW Wil Ha) AR
2](4,000xg, 10+, 4°C) & syringe filter(0.45 um)=
Aiele] HE RARE AAD F AolT A

& AR ALEE] A s0°Ce] WEBL

S5 A7 AAH -

2 ATFNA AFES & Adria Ed2 Uy,
ZEZPIAOP, &, 7|83 whale] At Al2-H]
< A8 Ao, AYLHFY &5 FAZFS BT
FY(HFYBZ 15W, Flow rate 25 mL/s)3t == A
A 2 ARAATHFig, 1), 439 BT AL F

UV 49 A9 0 30x200(mm) 742 UV A&
I 2] ZALEFLS 1232 ml/em’2 A A5 0.
(Fig. 1A), Ze=vFAOP WA f& A4 o3 &
H| & o]-&3te] 40w S-S 7hate] Gul <ol
ek Aol 7hsstES A S thFig. 1B).
A7) g e] At Al=HlY] Ae A A
o] 120 mg/hr, A €] HP%Z‘_{— 450 mLY] 12 =
A ZH3F A 3L (Fig. 1C), && W29 Z - 0 30x200
(mm) 7749 WA %—gxl shal o & T TS 84
mg/hrZ A7) 3} th(Fig. 1D).
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Fig. 1. Schematic illustration of UV radiation (A), plasma-AOP (B), eletrolysis (C), and ozonation (D) disinfection

system.
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Table 1. Primers used in this study
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Primer Sequence(5°-3’) Used for Reference
VN-F ATG-GAA-GGA-GGA-ATT-CGT-GAA-GCG Conventional PCR  WOAH (2019)
VN-R GCG-GTG-AAG-TGC-TGC-AGT-TCC-C Conventional PCR
pVHS4b-F2 GCC-GGA-ATC-CTT-ATG-CCG-ATC RT-qgPCR Pierce et al., 2013
pVHS4b-R2 CCC-TTG-ACG-ATG-TCC-ATG-AGG-TT RT-qPCR
pVHS4b-INT ACT-GGC-CCA-GAC-TGT-CAA(Labelled with FAM) RT-qPCR
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E A" F A AT v2E cf¥HES A
A 7] 9] AETFA~DYE FHISFATE (A) UV W
o] g 2slo] HEH AldT, (B) E2k=
PFAOP g4 8] At Al 2glo] 85 AlFT, (C)
AL o] HEHA 2 FdH=ET, (D) &
A =E o] A5 e FAWET. A~Ce A
ST Fxd =249 eorte] FA(FET 207H)
= AT VHSV 10° TCIDsymLE 100 uL¥ 57
FAFSEAL, DO AT 2ol ©XE 20vHE |
A= PBS 100 uL¥ H7FFAMSFAH A~DO] ZE
HI A ST 2ol &x14 8ovte] FA(F=x7 207t
e oFFAE HFoHA BTk HFT F 353
T2 15°CE fFAs e, 471t oA
T 1%l siFst= o ALRE 1Y 13] Fol3k3
o 258 4 oA dFole JdSA, HAL
oFE vwid B F FHAHAES A8
I VHSV HEES 2AH] Sl 4 oxo] A
goje] A3} v =4S AF kel WOAH (2019)
WRjol whel VHSVE %= (Conventional PCR)3}31
tH(Table 1).

2 AT E HEA Q] &7 A2l vy,
Z=FAOP, A7) &3, @& WS

WAy 2] W59 4= W VHSV copy number
=43t VHSVol tigh g ads A48
ZF Ak UV W21 ] bt A 2Hls Fal A2 E
VHSV FE+ 10*'™%% copiesmLE &2l o,
28 A 8] W VHSV F%(10>** copies/mL, ©]3&}
Z2-5) tiHl 99.96%2] At &8-S YER) QATK(Table
2). Egk=rtAoP WA A A e o
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VHSV X 10292 copies/mLE E<¢lEQ.0H,
AT EEL 99.94%= e ATE A 7]EE 2
o2 A" ¢ W VHSV F5E 107 copies/
mL(99.92% A EE), F W] A A|AE o
2 A9 i W VHSV F=E 107! copies/
mL(99.92% A E8)Z 717t 15Ut VHSV
= UV Ao 523} Ha1, 44 e xfoldiit
T 2L A5A] 283} He Ao dHA
ATHWOAH 2021). @A)7}A] VHSVe] tale] th
&St A A WAe B AgATFIE A E
7 ¢k} (Kang et al., 2015; Oye and Rimstad 2001;
Afonso et al., 2012; You et al., 2020), F& UV
2l e] At Al 2"l gk Aqtol shale] Halg
vl ok B AFoME 45 &4 AdA Y Alx
g2l UV, &F, FeF=vtAOP, A 7|&E3) WAE o]
83t VHSVO] At avs #A¢ 43 ZE A
T8 Ao A B Z7(10>* copies/mL)¥ H] w3}
o] 24 10*" copies/mLol A ZHth 10" copies/mL
o] "lolg] 2 FE = Hlo]E 27} 10**~10*Y copies/
mL(99.6%~99.9% Ad&A&E 4ad AL &3}
ATHTable 2). £3] UV W2l A] VHSV AR
10**7 copies/mLo] A AF}ES HPEH), o=
Afonso et al. (2012)9] 4 %= UV H3H2)(3.28 ml/em?).S
2 iR 9] VHSVE A7 A3} 10° pfu/mL
o] TEIt FAEte] B AgolA e A fALS
Al YERSTE E3E You er al (2020) ZEF=m)
W02 VHSVE A A& o AP0
TCIDsy/mL)S ™ Z7(10**" TCIDs¢/mL)3} H] L3}
& 10*% TCIDsymL(Z-T &8 99.99%)2] <7} 2}o]
7} vER gl nloly 2~ B84 avE g1l
st B Aol A Aite}l vl=siAl YERRT

430 85 AFAY A2d F 0F WA 4

Table 2. The copy number of VHSV in seawater before and after the treatment by UV radiation, plasmia-AOP,

electrolysis, and ozonation disinfection system

Logl0 (VHSV copies/mL)

Disinfection system
Before treatment

Efficiency of disinfection (%)

After treatment

UV radiation
Plasma-AOP
Electrolysis
Ozonation

5.54

2.17+0.53 99.96
2.31+0.22 99.94
2.44+0.27 99.92
3.14+0.11 99.6
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10*! copies/mLE TFE 3% 2]
2 AT EES e A
7HA 2F A AFAZALHS VRt =
VHSVel tfg ddass 43 Az Qivh
Liltved ef al (2006)2 VHSVS} 28 o]F RNA H}o]
2l HAGA AW E S ulo] 2 2 (Infectious sal-
mon anaemia virus, ISAV) Bl A4S tjF o2 UV
HpA w0 = wpalo] /\LﬁLX]a_E__ =3 A7rE 7}
v B8 A7V} Atk 2 ATl A [SAVE
UV 2o 4 99.9%9] Ada &S 2l on,
L= oM E 90%E FQEHAT a2y 4T
I A}S5n}o] 2] 2~ (Nervous necrosis virus, NNV)E Tf
Pi 2F AEgt A3, nloly 2 B a9

£ 21359 L (Arimoto ef al, 1996), VHSVS} 2
rabdovzrzdaeoﬂ &8 XA T Fnko] 8 2 (Ve-
sicular stomatitis indian virus, VSIV)= 2&3]8] &
843 dds &g vl At (Murray et al,
2008). o] st AT Aol o) g xjo]rt
olyz} thfdl ol F T 715 ulolg i EA|
2 AT Aol U= AR AlRHH Ho
BEA WA o Ads AslA A o
gk vlolj 2~ At a3 Foll gk F7F A7t
o] Fojxjof & Flo|t}.

2 AFdA e g W blo]ef ol thek A s
I EUHEE A A=A WA conven-
tional PCR == RT-gPCR A& S o] &3t =)
ol= FAA AZE 7|dto)] st Ao FZ vlo]g X~
A5 AZd #g AL o] FAARA A FdTh
Jeong et al. (2019)91XE & Aol A AHEEF Hlo]
H29} 53 F- 128 Q1 VHSV genotype [Vas
o2 s U AEsS A A8 FrAxt
AZE 7|9kl RT-gPCR# A% FAMS 913 44
7Htiter)E Pl 2438t Th o] & F3l i W
VHSVE 10* copies/mL ©]&}ol| A wlo]g| 9] E&
A3t (A Eelet vholelx HA7hE F1lst
ATt ol Ay B AFelA AFg Be A

ﬂll

pul

A2 W2lo) A VHSVE A2 d-& ¢ VHSVE
10*" copies/mL ©]3}E, o]+ FAE
A3t A nlolel2g F F AF

A585E tAeE B71R
219] A Al 2FS At A ] g of

BAE B F3F48E(Total residual oxidants,
TRO)# & SAEH] AFE7] wiol S48
Eoll gk b Fre o 2-o] BWrh(Liltved e
al, 2006; Park et al, 2018). 53] L&9] 7% H4F
2l HEAHABroy)o] A EEH ol e
A7 AA = JOH(EPA, 2019), LE2 7]E o]
}\]-_,] TEE /\}J@Lo}u:] Ok/do]‘:—"‘ B2 /\ggsl-ﬂ
A}z AYMTAE F5E 4 JthPark ef al,
2018). FE8F At ubalE VHSVO) thk At a st 4
Poll A UV 23 Ze=utAOP ol Hls) A
7Sl A o FE Ao A ase e
2o o= geld vt ok o]Hq3 o] = &
Aol A= VHSVE T E oA ZRE HEH=
Hho] g 2o thte] ko] EH o] ¢F2At
}\1 /\]—ﬁﬂ o7 7(4_9_5:451 g = uv l:lol-}_q_ﬂ]_ %ﬂ._z_
U}AOP u]—/d,] /\L_;L;\]/\Eé]% ‘:H}\]'OE }\]AE{H ;G
& 5o WE AREES Hrietaa sk A
TAEE S A 8314 &2 A dx2TdA HE
MAE HE 79A5E dA) A5t AFAzE
&2t 100% +A #HAE-©] YEFSTHFig. 2A). HIH
TMA e A5 1292H5H FAL EAdste] A3
71308t 35%9] FA HANE o] #FE AT Kim
and Oh (2020)= @ X VHSV tale] =374
S 53 gx|ol oJAF VHSV 10*° TCIDsymL
AATFAT HEToNA 100% F+2 HAMS
, FEAFESE HIHEANA ANA 60% T2 HAME
glgt vt Ut} o]H st AHE F3| VHSVe
AE NAZFRE HEE vl s &5 v
FEAFEANA N R HAVE RS 5
== Rl UV W2 9] A 25 o] &
A @TolA JAENAE 79AFH HAPE
E}}7] Al&ste] 100% 72 HARS o] YEFSEO T,
HIHENA S -5 AF 712 &<t 777 HAbst
S THFA HAHE 35%, Fig. 2B). Z&+Z1lAOP W
2le] A ~He] 488 AT B9, AEN
Ae HE sUAFE HA} %“23%}%121% gz
o vla)] e 75% A HARE©] YEFTHFig 20).
HIHENA =5 18U A FE HAE A st A
H71ZEERE 10%] FH A ES FA A &
A iz A AV st AEANA L By
TNA E5F #HA A EAEA] e tth(data not

Hﬂml

]3]
h=

L=

=

o 9 |l U?l m[o f ool >



44 248 -

(A) 100 (B) 100 -
- === Donor —_
F4 80 = R ecipient 4 0
£ 60 | £ 60 -
g B
£ 40 4 £ 40 -
s E
| £
< 204 S 20 4
0 - 0 -
1 3 5 7 911131517 1 3 5

Days post challenge(DPC)

Days post challenge(DPC)

(©)

100

=== Dionor
== R ecipient

80

60

Cumulative mortality(%e)

9 11131517 19 1 357 91113151719
Days post challenge(DPC)

Fig. 2. Cumulative mortality (%) of cohabitated recipeint fish after VHSV-infected donor fish in the cohabitation
challenge(Positive control) (A), treatment by UV radiation (B), and plasma-AOP (C) disinfection system. The donor
fish groups (n =20 in each group) were intraperitoneally(IP) with VHSV(VHSV 10° TCIDs/fish), naive fish(recipient
groups, n =20 in each group) were cohabited with the donor fish.
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FANE élkﬁ—% =& AR GaFE 7] il
o]

ﬂl*}gi 010124 4:‘74
za@ ér ) E‘r VHsv—t— T ﬂ?égi

z

3]
aEEte] AR W A S §8H0 7 o)
37l flsi= Fia FE ASE 7]
7b - S8t 2 Aeld e A8 AT
2] fr7ol wWE YA VHSV 3 4 =3l
Hholel 2~ 8 At Al W AZERT ds
31915} A th(Fig. 2, Table 3). HIZ 2Z UV, Z

ZolAOP) AN 2ES 88 AETE hET
st wmste] AZAIT Y& FAshgou,
UV o) B9 Eehzetaop WAlel Hs Az

ko
R

aEAe Ao ® YetRth ol UV 1149
grot &7 W /718 T o
FS wbA| & o](Kang et al, 2015), %9 |

2o A A Fo FEFS ol FjHoR
[e)

&

VHSV 9 1713 o] @ojzl Aoz AtgdH. &
E}ZU}AOP =} o }\L.;L}\]/\I—%]__ ;(LQ_O}cq _Q_/‘\
£ A9 % ZANAZREH BEE = VHSV

o S A HEANA S} TEASANAL] T A
£ HALES aHoE AT Aoz g
A3+ Lee e al (2013)9] 93slA FEk=v} v
2] 9] At Al 222 ROS A0 2 W AA At
9 ole} f71%, A4 23 5o o nh

T2 Fole dFS A Aoew dHA 213}
(Schroeder et al., 2011; Spliliotopolulou ez al., 2018).
olel Az FehzvtAOP W) WA~

& kAR 9% 28319 w) VHSV o)

Table 3. Comparison of the numbers of recipient fish and PCR results after cohabitation challenge with VHSV-infected
donor fish by UV radiation or Plasma-AOP disinfection system

] PCR result
Group Total no.  No. of dead fish  No. of survived fish — -
Positive/total Detection(%)
Positive control 20 7 13 12/20 60
UV radiation 20 7 13 8/20 40
Plasma-AOP 20 2 18 2/20 10
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AFEEC] 5 & USS AlAFEHH Faisal and
Winters (2011) 2 Faisal e al. (2012)= 9279
U2 Diporeia spp.olA 7ZEE S Ad VHSV
(genotype IVb)7} SHRIE] a1 op o] F-o| A €] VHSV
DA T FaAS gt EFAE] VHSVE
w7 st iAo HEs & 5 Avkal Biske]
o} ol st At A= AvAE] A|LHS o] 83}
of AFSE& W HHA B ofy g} w A xR/}
2o vholg 2 wiyfA = A 7ete Zlo] FashH,
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