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The disinfection effect of UV-C and calcium hypochlorite to shrimp farm
instruments contaminated with EHP (Enterocytozoon hepatopenaei)

Ji Min Ryu’, Eul Bit Noh® and Bo Seong Kim"**'

"Department of Aquatic Life Medicine, ONSE College, Kunsan National University, Gunsan 54150, Korea
“Fisheries Science Institute, Kunsan National University, Gunsan 54150, Korea

In this study, nylon mash and silicone tube mainly used as shrimp farm equipment were con-
taminated with Enterocytozoon hepatopenaei (EHP) which is the cause of Hepatopancreatic micro-
sporidiosis (HPM), and were treated with calcium hypochlorite or UV-C disinfection methods for
EHP eradication. As a result, similar with the control group (not disinfected), EHP was detected
on the nested PCR until the 10 days in the UV-C single treated group. On the other hand, EHP
was not detected from 7 days in calcium hypochlorite single treated group (total concentration 200
ppm as available chlorine), and combination of calcium hypochlorite and UV-C treated group revealed
no detection of EHP from 3 days. It is appropriate that treated with UV-C and calcium hypochlorite
for 3 days or single treated with calcium hypochlorite for 7 days to eradicate EHP on contaminated
instrument used in shrimp farms. In contrast, disinfection effect of only using UV-C is very low.

Key words: EHP, disinfection, UV-C, calcium hypochlorite

7+ 7 v E2F5W (HPM; hepatopancreatic micro-
sporidiosis)& A -¢-79] XHH| 7ol ®] EZ245-<1 EHP
(Enterocytozoon hepatopenaei)7} ZF G o] dA gk
BETEIE st ARAEH R deEA
CH(Kumar et al., 2022). EHP= Z3t&571 B 23}
A ool A 24 B ASE
E3le] AT BAE Ao T

AR
(Chaijarasphong et al., 2021). A v LA FH &

TCorresponding author: Bo Seong Kim
Tel: +82-63-469-1884, Fax: +82-63-469-7444
E-mail: fishpath@kunsan.ac.kr

A Z A (Penaeus monodon), B THE] A -$-(Litope-
naeus vannamei), 3 M| $-(Litopenaeus stylirostris)©
A WA & o] Vietnam, India, Brunei, China, Indone-
sia, Malaysia, Venezuela, Australian 5 A A& <
2 A Bavt o] FojA 1L glom, thEkul=ol A
= 20209 5B 2 AT AS 2 S AR A
(Macrobrachium rosenbergii) | 4] FAY =11 Q= A
A olth(Jang et al., 2022; Kim et al, 2021).

HT AR EZASFH X5 O Z A albenda-
zole °FEWE AANSE AFAATE UAAT
(Subash et al, 2023), TUHANA = AEZHA X5
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g g A g ol S
= UTH Ao v A #E A
FE 233 s FollAl biosecurity &
2 E 4 9o H(Delabbio ef al, 2005), A%
A F714 &g EF3 bio-
security =% (Lightner, 2005; Lotz, 1997) 2 A%
&2 W biosecurity?] A 4 A7 1 F
=)o} $kth(Schuur, 2003). 7+ A A5 S A
o3t7] #l8l FAFANA Fald 4 = biosecu-
rity $HES EHPE B F v EY H carrier
Alol, EHPll @€ Ho] Fo] 54, A 9 A
g 7179 &% 5°] XK Yanong and Erlacher-
Reid, 2012).

DA EAZE S AY3tr) AT AP
© 2 EHP sporedl] TF3E 254 A8 & &3
EZAsE AT A3, ALAHEF(KMnO,)
2 & A4A|(Chlorine)’} £33 Ao E RuF T
22 U (Aldama-Cano et al., 2018; Pattarayingsakul
et al., 2022), 1€ AT A+ EHP sporeo| E&A
I #AHE S BF JATYRES Rl FE
S = DNA FF° AFE7]Zt] tigk A= w|H|gh
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wehA, B Ao YAl SHFEE &
2o A ASE £ e B AE<Q nylon
mesh @ Z7]7]7F9] dF AR silicon tubes

EHPZ 29AIZ] &, chlorine A A1 2ol AAakzt
% (Calcium hypochlorite, Ca(ClO),)3 2] 7ol A
vl A FASHA AFE-7HE 3§ UV-C (Ultraviolet C)
£ o= 9 53 A2 w4 DNA FFoll A EHP
APE 7S ATl H4 0] ot

HA EHP 58 ¢lal 1A v| 225 o 7+
8 I A HAAS vkl sk Percoll gra-
dient method& ©] &3] EHPE #&]3lo] PBSO
HE3}H AL, hemocytometerol] A Al 3k 2.62 x
10° cells/ml ¥ 52 %4 3}9 tHAldama-Cano ef al.,
2018). Silicon tubeE 0.25 x 1 cm TFH L2 F 327}
o] MZS A|Z3E 5 1.5 ml E-tubeol] SHZ o=
st EHP spore @EN-S ZHZF 200 pl (5.24
x 10° cells)® EF3t A8E A28} o F
UV-C (40W, SANKYO DENKI, Japan)$} x}o}<d 4
L@ HA W T L, Korea)S AFE3F A5 WY

HE

- 7B A

of Wl 4T ET F A 13702 U
on RE AYPL AL WyPHA

A ) 2FS A Fo] PBSE 200 pl F7}sta
UV-Coll =&AI71A] &2 #0224, PBS EF &
Ao A WAt AP AEL 5719 3, 5, 7,
102kl 2719] Al8E 242 AH AT A3 17
2 Uv-Col 3 &5 &% 532 Jstr] 93
TO 2 A, A Zo] PBSE 200 pl 748k A& A
Z AHPBS =& ¥ 3,5, 7, 10¥)7HA UV-CE
24A7F F712 il AT = E3AAT A 2T
2 Aol it dEe] O5 a5 895 #E))

2 EEF

;

=
7] g Fo2A, A8 AE 27 FYS T
SO Aot ittt 8 200 plE

UV-CE 2443 F712 wijd 1AM wad &2
2 AEY F7] 2709 NEE A2 AHFH s
nylon mesh= 0.5 x 0.5 cm 77422 AA| S} sili-
con tube®} TAF WHOZ 24719 AES A&
2 &% AEsa 3, 7, 1093t AEFF s

) 22 3
T, L9717 AA $ ko] EHP A& 100ul,
gL 443 A A F E-tube2 4o EHPO)
DNA EAAF-E AL AT FeFstA|, A E=
¥ AEE Patho Gene-spin™ DNA/RNA Ex-
traction Kit (iNtRON, Korea)E Al-83}o] A FAL2]
W o| el DNA % % Table 13 2] primer
set ¥ F7-& A-83}] SWP-nested PCR #4-&
Y5} H D(Jaroenlak et al, 2016). PCR 2HE2
1.5% agarose gel “FNAl A719 &3t first PCR
amplicon (514bp) 2 nested PCR amplicon (148bp)<2]
Mes el

3YARE 1092kl tHek = 9 AF 9
DNA T 0.0~27.6 ngul o2 YEFGTE ¥

Wt

=
=

Ay
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Table 1. SWP-nested PCR primers and condition in this study

l;ces Primer Sequence (5° - 3°) size PCR condition Reference
SWP I TGCAGAGTGTTGTTAAGGGTTT [1 cycle] 95T for Smin
First IF 514bp [30 cycles] 95 C for 30 sec, 58°C
for 30 sec, 68°C for 45 sec
R CACGATGTGTCTTTGCAATTTTC [ cycle] 68C for Smin Jaroenlak
et al.
SWP I TGGCGGCACAATTCTCAAACA [1 cycle] 95°C for Smin (2016)
Nested 2F 148bp [20 cycles] 95 (, for 30 sec, 64C
for 30 sec, 68°C for 20 sec
R GCTGTTTGTCTCCAACTGTATTTGA [1 cycle] 68C for Smin
WA DNAFE7F 3 ASE oises At Aol o3k g2 AE7IRe] AR AAHA T,
A 3] A AT E-tube°ﬂ/‘1 3 ng/ulo]3tE e ol olo] & f8l FUIH R SFH A
4312 Tk nested PCR A3 ¢4 HEE 0T & A BHP A &5l g AFE F3gsljof & A=
AT DNA & =9} nested PCROIA 9] A A3} Atz g
Z o] &3} Logistic 3] AE4 3 ROCEA S A3 Ag 1FPBS F7F & UV-C BEAED)olAME
g A3}, DNAE =7 EHPEZl SlolA 24 20 iz fAHA AEE FEAE] 10274
2 Zgshe Abks obd Z1o0E EEEo B AT A EHP7} 7 &% Y THTable 2). ©1&3+ &> EHP
o)A DNA %% PCR Ao & F&F& vAA 7F sF7F Qle A A4 5L 109 Abol ol
RE Ao=E AL e s deteE FS AU u(Pattarayingsakul

Silicon tube & nylon mesh A 2] o ZT(UV-C
u)xe] @ pBS EFT)S 7UA 270e] ARl
Al BT FARESE B o 10€ Al A = 50%
AN B4 FAHEES Hole= ZAo=®E YeHt
(Table 2). "] Z2}5-2] 72 7’?”1“:} e Bfise
- Foldk Ao 2 ey, oW 157 41 |
d7HA AesE 7HE o A ﬁgi a4 9tk
(Li et al., 2003). B A ] &5 A Fultk
] - Aolgt Ao 2 YeY=t, Nosema apisi= El
FFol 24A7F = F T = "g—%ﬂ'ﬁo‘% Nosema
necatrixe Bl ¥l SALG =& T AEFS
+ ZS=® B QtKCali and Takvorian,
2004). € A v X7/ 9] alternative respira-
tory chain® AFAE A& ATPS] AJ4kS £
e Aoz dHA d o H(Williams et al., 2014),
EHPE >33l Enterocytozoonidae® 749 ATPE
A7) 913 iAol Ao EHo e AR
A A JTHWiredu Boakye ef al, 2017). ¥ -
A Uehgd tiz2e] 1093 EHP HEE Uas
g e Ao 71Q1% ATPAAF & A5

L E717¢] Blamd UV-C @54
Ao ZA AT 5 S o=
AR ET Al A A UV-C HEle &8k
oA F=atA DA M) B8

et al., 2022),
= xl—xH Aol 7

S|

& A=
ARl ZAag fFdshr] 98] Abgste HHoE &
H A 0O (Teitge et al., 2020), DNAS} RNAS] 3}
I E &3 glo)g] A~ £Es HA AHLS o4}

5171 SE2A AEHORE AAAZXCRE
ARS8 = WH ol tH(Chang et al., 1998; Kasai
et al., 2002; Li et al., 2023). 3tA 5k, T w2}
Foll A DNA repair®} #HH QAAEo] HAF T
9J 0 ™ (Mascarenhas dos Santos et al., 2022), EHPoﬂ
/1% DNA repair®} #HE F-1A7F AEH1 9
o] UV-Cell 2]gk DNA &40 3|84 74 = 3
S Z0 7 AR HTH(Wang ef al., 2023). YF AT
A= UV-C & T A5o] mE2AZA =
 H= ‘ﬁ‘l::—% g g e AR 4HA e
(Keeling and Fast, 2002), EHP spore®] =3 W&
'lQrE‘C At Aol gk AP S w9 @&
B3 5lo] I Th(Chaijarasphong et al., 2021). Bl =
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Table 2. EHP detection rates of EHP-contaminated instruments using various disinfection treatment by SWP-nested

PCR
Grouns Disinfection Instruments Sampling date
P method 3 day 5 day 7 day 10 day
Piece of silicon 100% (2/2) 100% (2/2) 100% (2/2)  50% (1/2)
Control Solution 100% (2/2) 100% (2/2) 100% (2/2) 0% (0/2)
E-tube 100% (2/2) 100% (2/2) 100% (2/2) 0% (0/2)
Piece of silicon 100% (2/2) 100% (2/2)  50% (172) 0% (0/2)
Uv-C Solution 100% (2/2) 100% (2/2) 100% (2/2)  50% (1/2)
Silicon E-tube 100% (2/2) 100% (2/2) 100% (2/2) 50% (1/2)
group Cale Piece of silicon 50% (12) 0% (0/2) 0% (02) 0% (0/2)
N zccﬁﬁinme Solution 50% (1/2)  100% (2/2) 0% (0/2) 0% (0/2)
P E-tube 0% (02)  50% (122) 0% (02) 0% (0/2)
Calcium Piece of silicon 0% (0/2) 0% (0/2) 0% (0/2) 0% (0/2)
hypochlorite Solution 0% (02) 0% (072) 0% (022) 0% (0/2)
+ UV-C E-tube 0% (02) 0% (02) 0% (02) 0% (0/2)
Piece of nylon mesh 50% (1/2) n.d. 50% (1/2) 50% (1/2)
Control Solution 100% (2/2) n.d. 100% (2/2) 0% (0/2)
E-tube 100% (2/2) nd. 100% (22) 0% (0/2)
Piece of nylon mesh 100% (2/2) n.d. 50% (1/2) 50% (1/2)
uv-C Solution 100% (2/2) n.d. 100% (2/2)  50% (1/2)
Ny“)}? E-tube 50% (1/2) n.d. 100% (2/2)  50% (1/2)
mes
group Cales Piece of nylon mesh 0% (0/2) nd. 0% (072) 0% (0/2)
. a‘;ﬁ“’:ﬁ Solution 100% (2/2) nd. 0% (02) 0% (0/2)
ypoctrortte E-tube 0% (0/2) n.d. 0% (02) 0% (0/2)
Calcium Piece of nylon mesh 0% (0/2) n.d. 0% (0/2) 0% (0/2)
hypochlorite Solution 0% (0/2) n.d. 0% (0/2) 0% (0/2)
+ UV-C E-tube 0% (0/2) nd. 0% (072) 0% (0/2)
N.d.: not determinded
B AFo A= DNA =304 EHPS] A|A7} &3 ANE e &FAE 20la e AR
o2 YehyA] &kA5 EHPY A S P+ (Yanong and Erlacher-Reid, 2012). 4 44= A<
7] 1% WH o2 A Uv-Col A7t EHPllA =3 Azt T3S WA A7 DNA, RNA, ©iid &
WE fE 2 dggae g AstE S Z4E AdEAEC] 2AHA st B
QA ek F7HQ A7 o Ao g A 5 9lE BRE ob)2(Venkobachar er al., 1977), Ul
R 2AF) EANE AEse] B 23 P&
W, Ay 27 (Rbet g antd s A T) T HAste] AE8HE 7eS @7 U]'*T_(Zhang et
silicon tube®ll A= 5Y =}, nylon mesholl A= 3¥ 2k al., 2019), A Mz} £4dl 7|13 g d &
7hA EHP7F HEH AT ofo o g2 43 3 Ad 2AE4 72 59 &35 Yelit(Jena er
T(UV-C 9 Zpotdaitzd s 5 Agd)dys al., 2017). S-2luet A Al FaAAME <

Hz AEF AR 3LAFE EHP7F HE0] 5
2] ¢kTHTable 2). A4Al AEAE Blwd 714
o] A&} 1 (Mohammed, 2019), AT, Hko] &2, 7]

A, S I3 B2 el HdAE £

27 £2EAQ Aol LML FE B NER A
83 78 254 F SHEA(Kwon ef al, 2019),
Aol 2o KA 25 ARl A 1}
ol B WEAFY HARS BN & Y
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Ao 2 BF 3 t(Leblanc and Overstreet, 1991;
Limsuwan et al., 2008).

B AFo| = EHPYll 28F ANES
YA HF%E 200 ppm)o] Zpobd b4
502 A5YS ) 5421714 EHPS| DNAY
ZSEH YA, 7Ll AZo] HA v AL
ElL} DNA 72] EHP AFE S 934 & =
Mg 200 ppmlE FH A 7ol AFS AA
oF 3t= AL 2 YEYT. o]& STEL water (elec-
trolyzed water)E AH&3 A5HolA 39 F<He
Zke] Q4 (Cl) LCspol E3}olA 2.3 ppm, A5 22
H X3}l A 3.2 ppmel A& 7S wj(Park ef al,
2004), HE| A §- 24 F EHP TFAZA] 2o}
PauHel AeL olele Aoz ARH, g
2 A AEA 258 95 A8eE MR 19
Ak Dok UV-Cal AhA £ E sk

FTRNE SN

25350 o, 3Y A} FrEHP =4 AH=E U
Bt A FARA LEE AT TE AHES
ol = s Wy o] 74 ééé}ﬂl EHPE A AT
T A= o E ARHY. $5ATEA EHPE 7}
Z AESA AAL = A= UV-C B 2ot d a4t
Za 5 425 AgPHs Ao A %
NA =URE W] A Aw 2T LA
A el e ZSE AF7}F FUHH 0T Fag
Zew AsHEH

B AFoA Zpotd aitdw Age 771
0] A9 gle 2A FRFHA Y, Fr=0l
B A A FANA Y A=A aRE F
AA L 4= Qlo](Leal ef al, 2018), A7 TS G
2 AFstA fF71ES AAT F Aot d s
28] & 3k o] EHP &59 &3} & o=
ATHET ¥ E & AFoA 2 AT E e

7} Ba Goln=2) T et BAEN S =4T F
AAA T, UV-C &= A 2]= EHP A A Qo] &
7} vlHl stk Zé.ﬂr UV-C ¥ Aol b+
E3 A2 E T3 EHP AIAE 9% &57|HS ¢©
=Y 7 e MEL HE ATt HollA
om7E Aot

HIE 27] AASTE 98 AR A=A A
g = A TR A FolA <l 2ol & YERHA]
Foptis A7 A7} YA WHBratvold et al., 1999),
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o] A § FA oA A A EAFH
o2 7191% 18EtE(ha) T 180i024 ton *3
A L=l

F(Patil et al., 2021), 2+FH o2 wj

2 9FE 71N EZ Azlo] HA S EHP FA
(biosecurity = & =& ) AFS7] T F714
?l A= B3 A EASE dpde 9% o
A7} d 83ttt

£3], EHP+ chitin 44 9] 9/¥& B
(Yuanlae et al, 2024), <5 8F 9537 o o gt
@/go] A7l wZoll(Weber er al., 2015), 27 3}HA|
AALD 5 A= FHZ ¢ Wolo] FFE ofof s}
2 AT A3 AFS7]F A& we}l oA EHPY
AEEo] "dE2A Yetwtet, SAtolA A7
A Aol whet nAES] SFETF THE (o], 1984)
I FAGAANAAAE HAEY FHET OE
& H|39](Watanabe and Yoshimizu, 1998), EHP
o PRI AT AEHEE OE F US AL
2 AREY. maA, 35 AFolA = Al &
AUl AT AEE 2 E Sl B AIRF
TAMEH ] ek Foll g A7 X Eojof &
2o ArRHET

]_

ol
_>¢ K

-

—

A AL
o] =L TN gy FAHE AT A B
AT Aol o5t AFEHAS.
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