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Vibrio parahaemolyticus associated with acute hepatopancreatic necrosis disease (Vp,..,) and Enterocytozoon hep-
atopenaei (EHP) are the two most important pathogens in shrimp aquaculture and they have caused enormous losses
to the shrimp industry worldwide. In ponds, the major target organ for the two pathogens is the hepatopancreas,
and infection with EHP is a known potential risk factor for Vp, . = infection. This study aimed to develop a PCR
(polymerase chain reaction)-based diagnostic method for simultaneously detecting Vp, .., and EHP. The newly
developed PCR diagnostic method could be used to test various samples, such as seawater, shrimp, and feces. The
diagnostic method exhibited high sensitivity and specificity for both pathogens. This will help reduce the potential
economic losses that may have been caused by the two major shrimp pathogens, Vp, .., and EHP, and will allow for
the efforts and time spent combatting them to be dedicated elsewhere.
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N 2 Lee etal., 2015).

UrtA] 0 = AHPNDO| 191 U= 54 S5aGd4HpirA,
piB)E 33kal 11 9lon], WA Zakau|=(pVPA3-1)S 7
X Vibrio parahaemolyticus (Vp, )= LA \th(Han
et al., 2015a). Z=1(2009)o 4] A Hil o] HWEZH2011

fd

A7 2 A (acute hepatopancreatic necrosis disease,
AHPND)Z 2Atte| Ay, Srte| d5A5- oF4olA 100% 7
AE QoA A £AS AN o 417k Gl

AHPNDo| T A= Aol DojA|aL, 7ol Hlof 3l
o, 7ol Mo g WAL HIFAH 07 A7]7} Fof
EE= 59 S0 #2H(Tran etal., 2013; Han et al., 2015a;

@), deolAloH20111d), B=1(2012d), HA|:(2013d), 2
27 (2014), #=(2017) 5 o] =7k= H45] LA
JI(Lightner et al., 2012; Tran et al., 2013; Joshi et al., 2014;
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Nunan et al., 2014; Leobert et al., 2015; Dhar et al., 2019), %]
oll= =l A FA A HarE BE7} Qlek(Han et al.,
2020a). A|A1%E-2 57 7] 7H(OIE)= 20162 E] AHPNDE
o] i A o &2 x]AJsto] whefskal 9o, ol A = ¥
Aol 9 ALE AR oA Ao Srhe stk Aquatic
Life Disease Control Act, 2021).

NEASRE UAR Bl olRE ZESH TR 430
AL ol 4 EAE FAske] 718 4 ol TAIE e
59l A2 7|50 tK(Texier et al., 2010). FAA$- oA =
u| LA}l Enterocytozoon hepatopenaei (EHP)7} B 1% Q]
on, o= A9 IH-E AN A 23}, F5 750l dF
= 7|1A7] ol Ak Aol Az, A A frERt(Tang
etal., 2015).

EHP Al Wejel gz Is) 2% Aol ef
317 W (Newman, 2015), @A7H4] Vp,, S E33 o}
et A kol BHPSH BagtgoR wud v gt
(Aranguren et al., 2017; Tang et al., 2017; Thamizhvanan et
al., 2019; Han et al., 2020b; Jithendran et al., 2021). 20043
Blmoll A AR S Hole ST IS ollA olFo] &
HA|A| k2 nxEAF0 2 A2 B 11131 (Chayaburakul et
al, 2004), 2009 Bj=2] FAlAol A S48 U W o]
(Tourtip et al., 2009), HIE(20104), $=(2014%), Q1=
(20164), QI:=HIA0K2016\) 5 012 oFAlol=7hE F43H|
ke 31 QItH(Ha et al., 2010; Sritunyalucksana et al., 2014;
Rajendran et al., 2016; Tang et al., 2016). Z|Lo]l+= Hujof A
= EHP Zrdo] R 31%| @Itk Tang et al., 2017). EHPol| Zr %
- ol Ael QA FAto] akElX) oha A elatd B
= PCR (polymerase chain reaction) 42 Z38j| A1t Ztho]
715517] th el QF Aol 4 o] ke 7} - of 2] 9] AR A 0.5
A7k BA|2 WA

[€)
9] G712 hEt A7 A0 2 B Ut

2 ol AJ0-0pAlRtol| Al EHPS} Vibrio®] B3k7red why
6% oo HAAENCH, HlEET Hi=rof Al A
HIE Vit EHPE] 237190 b4 1127}
1531 QItHFAO, 2015; Babu et al., 2021). T3, 21314
A WS Aol A EHPo) 248 A= Vp,, ZFel o
St A o] S7ske Z1e2 HalE Al QITH(Aranguren et al.,
2017). =il A= e M= ST A-olA Vp, 2t
EHP7} 540l H&% v} ?Ith(Han et al., 2020b).

AT N Vi, 0 BHPE FA10] 2053 42 9= du-
plex PCRYZ 75 @let. 7 S A R A2t of
Uehale, 2 5ol thopst S50l Aol 487Hs e o
SERECES TR

27 g
VD, op 2t EHPE EAl0]| ZIeket 4= Q1= duplex PCRYH-S
S f1sted, 71& Hare PCR W o= ek MES A
2519 cH(Han et al., 2015a; Tang et al., 2015). AHPND #<
HEL FAE 8 AN, FAE =(N=3), L5 A
$-(N=8), AHPND Vibrio parahaemolyticus (N=4), AHPND
V. campbellii (N=1)E, EHP 7] AMEZ2 HEY 49 A%
(N=12) (Han et al., 2020b), %A1 427 A|-X(N=6), FA1 4 &
(N=1), A9~ ER(N=1)2 AH8-3F91tE AHPND Q15742 9]
3l 22 L] 4=x9] 1.0-1.5 g2] A& 10° CFU (colony form-
ing unitymL 9| T2 ZHAX 5, HAF -] 2HIE AE
2 351tk AHPND V. parahaemolyticus?} AHPND V.
campbellii="TSB" (tryptic soy broth+2% NaCl)of| 4] 18A|7F
o]/ %1% v ¥ (28°C, 200 rpm) T Al FH (1 pL)2 PCR &
A& 913 template= ARSI FAIH A AEL VD2t
EHPo|| ths}o] 717} ¢}/ Q1 DNA AHE&-2 E3sto] ARg-513ict.
%1% AE-2 DNeasy Blood & Tissue kit (Qiagen, Hilden,
Germany)E AH8-5Fo] Al-9-9] 7H7%(30 mg), +4(30 mg), 3f
43300 pL)ollA] ZH2F DNAE 3% ¢ PCR #4]of AR8-519]
on, Zek FA of] ARE-RE A1E 52 Table 19 e SiTt.

VO, op 2t EHP SAIZIE primer XZ

VD V5 primere= SAGHAKpirA, piB)E S
= YA Z22v]=(pVPA3-1) (Genbank accession no.
KMO067908)2] 4714 9EE vleto & 1-step PCR primerS]
AHPND-729F/R¥} 2-step PCR primer%! AHPND-377F/R<-
A& A2t

EHP Aot primer+= 71290 A2 1-step PCR primerE Ak
4-5}% 3l(Jaroenlak et al., 2016), 2-step PCR primer+= spore
wall protein (Genbank accession no. KX258197)2] ¢47]4 <4
5 vjgho 2 EHP-203F/RES A& Al &kstct.

A3 o) ARS8t primer+= Table 20]] LR It A 2HE prim-
er= Primer 3 (Version 0.4, primer design software)& AH8-5F
o] A5}, oligonucleotider= Macrogen©]l &]#|5}o] A}
& H71A] 20°Cof| Bakstict.

Duplex PCRE &8t Vo, 0,2t EHP SAIZIEE

& Sl A e AR primeret Vp, .., EHP £
o AZ3e] W3- of 2= duplex PCR 2402 Holatqict.
1-step PCR amplifications 510, =35 FJAUE2] DNA,
AHPND-729F/R primer, EHP-SWPIF/IR primerES Z}Z+ |
LA PCR premix (K-2016; Bioneer, Dagjeon, Korea)ol] &
st} PCR 2352 95°Col|A] 557t pre-denaturation A
71 3, 95°Col|A] 30 denaturation, 58°Col| 4 45% annealing,
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Table 1. Sample list and PCR detection of the duplex PCR assay

. VP, eno” detection EHP? detection
Sample' ID Origins
1-step 2-step 1-step 2-step
V'DAHPND
Shrimp (6-8 g) 19-021B Korea + + - -
Shrimp (6-8 g) 19-022A Korea + - -
Shrimp (16-20 g) 20-090B1 Korea - + - -
Shrimp (16-20 g) 20-090B2 Korea - + - -
Seawater 20-090A1 Korea - + - -
Seawater 20-090A2 Korea - + - -
Seawater 20-092A1 Korea - + - -
Shrimp (1.0-1.5 g) 19-023G2 Bioassay + + - -
Shrimp (1.0-1.5 g) 19-023H1 Bioassay + + - -
Shrimp (1.0-1.5g) 19-02312 Bioassay + + - -
Shrimp (1.0-1.5 g) 19-023M1 Bioassay + + - -
Shrimp (1.0-1.5 g) 20-078D3 Bioassay + + - -
Shrimp (1.0-1.5 g) 20-097A2-1 Bioassay + + - -
Shrimp (1.0-1.5 g) 20-097A2-2 Bioassay + + - -
Shrimp (1.0-1.5g) 20-097B2-2 Bioassay + + - -
Bacteria* 13719VC Latin America + + - -
Bacteria® 15-250-20 Latin America + + - -
Bacteria® CH50 Thailand + + - -
Bacteria’ 13-028A3 Vietnam + + - -
Bacteria® 19-021D1 Korea + + -
Enterocytozoon hepatopenaei (EHP)
Shrimp (6-19 g) 19-004C-1 Vietnam + +
Shrimp (6-19 g) 19-004E-1 Vietnam - - + +
Shrimp (6-19 g) 19-004H-1 Vietnam - - + +
Shrimp (6-19 g) 19-004J-1 Vietnam - - + +
Shrimp (6-19 g) 19-004A-2 Vietnam - - + +
Shrimp (6-19 g) 19-004F-2 Vietnam - - + +
Shrimp (6-19 g) 19-004F-3 Vietnam - - + +
Shrimp (6-19 g) 19-005f5 Vietnam - - + +
Shrimp (6-19 g) 19-005D4 Vietnam - - + +
Shrimp (6-19 g) 19-006-5 Vietnam - - + +
Shrimp (6-19 g) 19-006-13 Vietnam - - + +
Shrimp (6-19 g) 19-006-21 Vietnam - - + +
Shrimp (16-20 g) 21-079B1 Korea - - + +
Shrimp (16-22 g) 21-079B2 Korea - - + +
Shrimp (3-5 g) 21-079B3 Korea - - + +
Shrimp (3-5 g) 21-061B Korea - - + +
Shrimp (6-7 g) 21-064B3 Korea - - + +
Shrimp (3-5 g) 21-084B3 Korea - - + +
Seawater 21-044A2 Korea - - - +
Feces 19-003C Indonesia - - + +
VpAHPND+EHP
Shrimp 21-SH?® + + + +
Seawater 21-SW1'° - + - +

'The species of shrimp in the samples are Penaeus vannameli. > Vibrio parahaemolyticus causing acute hepatopancreatic necrosis disease.
3Enterocytozoon hepatopenaei. “Bacteria species is V. campbellii, 2016, unpublished. *Bacteria species is V. parahaemolyticus, 2015, un-
published. ‘Bacteria species is V. parahaemolyticus, 2019, unpublished. "Bacteria species is V. parahaemolyticus, 2013 (Tran et al., 2013).
$Bacteria species is V. parahaemolyticus, 2019 (Han et al., 2020). °EHP positive shrimp sample (19-004H1) and Vp, .., positive shrimp
sample (20-078D3) mixed DNA. "YEHP positive shrimp sample (21-044A2) and Vp, ., positive shrimp sample (20-090A1) mixed DNA.
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68°Col| A] 45% extension HH3-2- 30 cycles 4343t
587} final-extensionA| %5 t}.

2-step PCR amplification ¢35} 1-step PCR product,
AHPND-377F/R primer, EHP-203F/R primerS 212} 1 LA
PCR premix (K-2016; Bioneer)o] &3}3}3ict. PCR &322
95°Co| 4| 5871 pre-denaturationA| 7] 3=, 95°Cof| 4] 30z dena-
turation, 64°C||A] 302 annealing, 68°CoJlA 20% extension
HE-3-2-20 cycles 4343 & 68°Col| 4] 557} final-extension A|
Zict.

PCR £4 & ethidium bromideE §H3-3F 1.5% gelol 4] PCR
AHE-S loadingdlal gel doc (DAIHAN Scientific Co. Ltd.,
Seoul, Korea)& o83 2115 &2ls}4ic).

VDot EHP SAIZIEE primere] S0|= & 212t
= ol

68°Col 4|

40«-

VD, onp2F EHP A XS primer7} 322 24 €] o}-2 W A
oflA= R YLo7|A] Sethe As EIsh] fl8 Sol=
(specificity) 871 AAI5HT A d o= AHPND S 2 5}H4]
&= V. parahaemolyticus (N=4), V. harveyi (N=6), V. camp-
bellii (N=3)&} 3lu-uto]2{ 2 (white spot syndrome virus,
WSSV)oll A A--(N=7), %1 H/d »]5}5 28 | AS(infec-
tious hypodermal and hematopoietic necrosis virus, [HHNV)
of A A-(N=2), F+HA|-$~(Penaeus vannamer) (N=1) A4
Z5 AREsEth ARlol AREE A= Al A EA
of QAR FHANA 7Y 5, Slche|A$-2f df 22 YA
(VP EHP, THHNV, WSSV)Z PCREA G A3} 34
= HE=H AES ARkt 3 E ME2 DNA 33, At
M2 VP, o™t EHP 2 A E 3 ) A gt i o

= 3= et

VDumpt EHP SAIZE primere] WI7HE(sensitivity)=
VD, o2t EHPOll ZH2E 2 Aj9-2] DNA (19-004H1, 20-
078D3)=5 10814 ATk 3]4(10°~10°)5}of ARE-8FATE 4l4f
VD & primer (729F/R, 377F/R), EHP (EHP-1F/IR,
EHP-203F/R)%} 7]& Zehel] A8k Vp, o, XIS primer
(VpPirA-284F/R, VpPirB-392F/R), EHP (EHP-1F/IR, EHP-
2F/2R)%] =& vl sl¢ith(Han et al., 2015a; Jaroenlak et
al., 2016).

2

PCR=A Zut

PAG 2R AN, P BONI), ABLD A
(N=8), AHPND V. parahaemolyticus (N=4), AHPND V.
campbellii (N=1)2] & 207} Vp, .. ME 5, FAHEL 1-step
PCR&} 2-step PCRO| A 242} 75% (N=15), 100% (N=20)%,
o MIE Y 00 ARHN=12), A 53 ALHNS6), 4%
E(N=1), A EHN=1)9] T 20709] EHP M1E &, A&
2 1-step PCRE} 2-step PCROJ|A] 212} 95% (N=19), 100%
(N=220)53c}. A2 Vp, oo, EHP SAIZFE ME(N=2)<]
1-step PCR&} 2-step PCRO|| A 22} 50% (N=1), 100% (N=2)
o, B4 A4 primer?t WARES-2 Lojubx] ket
PCR 4] A3}= Table 1] e et

Solg, Ui HAE

Solw FAE 9la) ALSE AHPNDE 14 gk V.
parahaemolyticus (N=4), V. harveyi (N=0), V. campbellii

Table 2. The new duplex PCR primer sequences and PCR condition used in this study

Diagnosis Primers Sequence (5’ to 3') Amplicon size (bp) Reference
1F TTGCAGAGTGTTGTTAAGGGTTT
1-step 514 Jaroenlak et al. (2016)
EHP 1R CACGATGTGTCTTTGCAATTTTC
203F TGATCATCAACGCAAAACTGT )
2-step 203 In this study
203R CACGATGTGTCTTTGCAATTT
1ost T729F GGCTGGAAAGTGGCTAAATC 799
-ste
P 729R ATGCACATCAGAATCGGTGA )
Voo In this study
ot 377F CGCCAAATGAGCCAGATATT 377
-ste
P 377R ATGCACATCAGAATCGGTGA
1 cycle 95°C, 5 min
1-step 35 cycles 95°C, 30 sec/58°C, 40 sec/68°C, 45 sec
" 1 cycle 68°C 5 min .
PCR condition X In this study
1 cycle 95°C, 5 min
2-step 35cycles 95°C, 30 sec/64°C, 30 sec/68°C, 20 sec
1 cycle 68°C 5 min

EHP, Enterocytozoom hepatopenaei; Vp, ..., Vibrio parahaemolyticus associated with AHPND.
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Fig. 1. Result of sensitivity test. DNAs of 19-004H1 positive for Enterocytozoon hepatopenaei (EHP), and 20-078D3 positive for Vibrio
parahaemolyticus causing acute hepatopancreatic necrosis disease (Vp, ,..,) were used. EHP PCR assay using (A), previous EHP primer
(148bp); (B), new EHP primer (203bp); Vp, ..., PCR assay using (C), Previous Vp, . = duplex primer, targeting pirA (284bp) and pirB
(392bp); (D), New Vp, .., primer (377bp); Lane M, 1kb-plus DNA ladder; Lane 1, negative control; Lane 2, original DNA; Lane 3, 10
dilution; Lane 4, 102 dilution; Lane 5, 10~ dilution; Lane 5, 10* dilution; Lane 6, 10~ dilution; Lane7, 10 dilution.

(N=3)%} 2lutdutol 22 (WSSV)oll e M--(N=7), A
J 1ot 2 E D ARS(ITHHNV) Ol 2 E AH--(N=2), FHE A
(P, vannamei) (N=1) A& EFof| A AHES-2 L ojibA] ¢FeF
t}. Eo]% 24 A3H= Table 30f| R 9ict.

Table 3. PCR result of the specificity test

EHP VpAHPND
detection detection

Sample

Type Number

1-step 2-step 1-step 2-step

WSSV

IHHNV?

Vibrio parahaemolyticus®
V. harveyi*

V. campbellii®

SPF shrimp®
'White spot syndrome virus. “Infectious hypodermal and hema-

- w o A~ N N
1
1
1
1

topoietic necrosis virus. *non-AHPND vibrio parahaemolyticus.
‘non-AHPND vibrio harveyi, *non-AHPND vibrio campbellii.
Specific pathogen free Penaeus vannamei.

Y= HIAEA = 7] Vp, o A5 primer (Han et al,
2015a), EHP (Jaroenlak et al., 2016)2} Al5F 714 primer?]
=g ST At Vo, A primer?] A& A=
%4 DNAS] 10°H 84 AZ71 AU, 712 Vo,
primer}2th 108 WzFsl4ict. Al5f EHP primerd] H< $HA
= %/ DNAQ] 1074 3|4 ME712] HE= AL, 7] EHP
primer®} 543t A== HEE e PCR #4] Z¥= Fig. 1
of| Lefu it
L.

ol Aoz FAA7I7E AT F7HA BEA VP, oo
2} EHPO] SA| A TS 913 Al 22 nested duplex PCRYH S
Atk A H 0 2 bAoA £ o] ofg AAA, e
A EAE Haslely] YA wEL AJoket AT3edS 5
3 o] £ HAH(Vp,, e EHP)E Z7]5HANA 23k} 2
W A2 2 4sek 20| BRstch AU Vp, ., EHS
3l pirA 2 piB =4 FH1AE 4 0 2 5= PCR, real-time
PCR 5] of2] 2ALE sk ekilo] /ure| 917 (Han etal
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2015a, Han et al., 2015b), EHP =3} PCR, real-time PCR, In
situ hybridization, LAMP & o{2] ExAE52] Xtk o] 7j
Y] A h(Sritunyalucksana et al., 2014; Tang et al., 2015; Ja-
roenlak et al., 2016; Makesh et al., 2018). o] = 2 H-& o}7|3}
= HYA (VP pny EHP)= BEONA B3 o] RIFISHA B
%31 QIAWHHan et al., 2020b), o] FAlofl AHe 4= Q=
PCR¥H-&- o}2] 7 E] 2] kgl

o|¥l A7) A 7 nested duplex PCRE S Af$-
A 83 = 72| Al AHPNDS EHPO| E3Htw
HES W 2k 4= Qlat, 710 2tk primers
£ UEh7] izl 27170 TAll A A A
= 5ol ok E3 Vp, o2t EHPOIRE S0]4]
7] dizoll 198 Aol o3t Ao eREE
2L FA AR ST op et AFAY QlF
A HEol golstH, Fe|H Aletolut 874 Al=
ol A= A8 7Faslet. whabA, Algskar ekt Ay
3ff FAE Wol A Bt a&2]el it ks
crElt 7o 2 7dhE PCRY 9] 2831 2434
SHHE 9laf, Hot ookt AE o E w4, el Pir
A 5 & A5 D asiha Azl

O
i
o 30 oy Ll oX

o &
SRR G

(U
ik e
I

|o
Ja)
2

d
¢

e,
4
50,
T

w5
o of
- 2
SE 1

rﬁTirﬁ
o o
o U u
lo @ & o

r
IYe

Al AL

o] RO FYSAEEAPT Y] AU HHel7|$7)
% =23 2o TAIR2021071)2 AR EHHE
B m8ne] Yo shlTAcie] 29 wol g
712 A+ A Y TtHNo. NRF-2018R1C1B5086350, NRF-
2019R1C1C1006212, NRF-2021R111A1A01040303).
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