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WZE B3t 77 & (Enterospora epinepheli) & % 7l /& F & 3¢ # (Epinephelus spp.) 7R 7 7= 0k By & &
R, EZm R B 2017 FRE UK, ROF 2 fETERAN 7 EWN ke, KR UNAHEE 7R E
B AZ A K /N T 2E rRNA (small subunit ribosomal RNA, SSU rRNA)ZE F 4 82 7 7, #%it 3 3 FAN & &
143 (loop-mediated isothermal amplification, LAMP)5| 4, # 1 7%k & 89 LAMP # Ml 7 3%
(LAMP for E. epinepheli, E.ep LAMP), ¥4 EvaGreen™#% B e Lo &l 4k 2 & T 2 & PCR L+,
PL 2.68x10°~2.68x10° ## I /uL 49 F 41 kA7 fE & pMDI8_E.ep HAEM, AW JE 7 7 20 min A %
AR, B REUE N 2.68x107 # /R SL; 44 pMDI8_E.ep 1 H iy 3 B A% B # IL Ay Xt # 8 (X)
5 E AR Ct B ()89 & 0 5 2 G E A 7 s 9 ARE th & y=1.719 5x+23.971 (R=0.996 2); =& i
A R, A P e B AR N B 2 S & #(coefficient of variation, CV)% B 441 0.22%~3.52%7¢
0.24%~1.70%. 4+ 40 ', E.ep LAMP 5 i i 7 12 # (Enterocytozoon hepatopenaei, EHP)fn JJl. 7,
# (Ameson portunus) A & o ft 11 40 B A 2 2 B LR B, E.ep LAMP A I K 2 o Ff AZ B. 4
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FA SRR, TR FRBEMBIAW YR, 2023 AEFREKS
Fh AT BEAA A FRAE = HE AR 24 207 t, FFAAZIL 10
AJE 50 ZFh Al A AT F el B B R 45, 2024,
it LA, 2018), (B F 24U AL BE A 3R 5
SR AT | R A BURE NS T A
B A F2 58 77 M A 8 T 4 4% & € (Hoihuan et al, 2021;
Shen et al, 2017; Xiao et al, 2019; XIH-BH%E, 2019;
Tk A, 2018; BL A%, 2018; MXETEEE, 2024),

KA HUFE D, A U I AR R A B
ARSI U H 2528 . X HAE(2024)7E 2021 4F
3 H—20224F 12 g A SCE 4 5 A (B A st
TR M B T T A R R AT 17 O
P, EitHLUREIEE, XS AT 1976 B FES
ferill 3 A 45 SRR W, B RS 0 AT R
RITHIHN 66.7%F1 30.0%, FFAGIAR b i 7 U
YN 40.7%, Hip, BB A B (Epinephelus
fuscoguttatus @ x E. lanceolatus &) . #2 [E & £ 5t
(E. fuscoguttatus @ x E. polyphekadion &3). & Hfh
(E. awoara) 75 s A BE A (E. akaara) i) i 7t 1 HUs gy
RN 73.6% . 50.3%. 41.6%F 18.1%., HET, f1
B AT 4 B SO R 2 L o SR BT AR g
P4 1 (Glugea arabica) (Azevedo et al, 2016). VCH it
(Pleistophora sp.) (Abdel-Ghaffar et al, 2011), £ K
¥ 23 11(G. epinephelusis) (Wu et al, 2005147 B 1[I
ff3 41 (Enterospora epinepheli) (Bt X%, 2018), £ 5
fapf i A 2017 FE R A TR T R A B,
2018 4E 8k IF XA 44 (Xu et al, 2017; Bk X5, 2018)
DIk, fEfRa. AR W AT P SRR T HLIX R £
BoaptastEyh 2 AT, K rRnl ks
95%, JERYLEE B T B 100%5ET-(Xu et al, 2017;
B LA, 2018; BXARYESE, 2024) %00 L AT A T
RN, ATBURG IR WA R
S AERER , 2O Rk i ROFR 98 B (B LA,
2018).

s Ji %) R BURE S 12 DR i it 0 R 87 4 1Y)
FEA, EA B £ 780 HR Y SR A% R A AN AT R R
PCR (Xu et al, 2017)H1 TaqMan 154t 746 E & PCR
(Liu et al, 2024) 2 #J5 % . % # PCR K LfFETER £
gl i A ARSI B )5 A R R, % it PCR ik
D R B H A SR, (EDCHRG I 15 25 T AP EER vy, PRI
T AR 5 5T T IR RS () g FHEEK . B A3
SR P H K (loop-mediated isothermal amplification,
LAMP)/J&—Fp5E R Y HH R (Nagamine et al, 2002;
Notomi et al, 2000), LAMP ¥l Jo s & % 45 . IiE
TEAFNHIK B a5 20 B8, FE—A 181 2y W 1E I 26 5 (a0

IRV B T 4 JE T S ) Hh BRIV RT S R S R, HL A R
PO R R R AR B E S
FE AL 5 7K AR 20 9 AL B4 45 o TR I B 7R & T
&N T £ 47 4 (Xie et al, 2013; Zhang et al,
2009; #FIGE, 2022; HEEESE, 2020; IEHRAE, 2022;
H354F, 2016, FRHEAE, 2019; AL SCAF, 2019; 48%
45,2020), 7E LAMP AR ZR F, fin Al EvaGreen®
SERTRYLRL, B TER PCR XD, WX = 5
DY RIS A 5 DR 5 ISR /AT, SEBTE 3
PR IC R BT S5 1F T A o) 30 35 PR A4 52 s e A0 (4R 22
45 2020),

B A BXE £ i 7t XA B £ 7 G P R A, AR
AF 2 400 3 57 n] e BAE S R 4 B B A R D Y
LAMP 7%, LU R SR 4 & 1) £ B0 At HUme 1)
12 W K B 4 AR I T ik

1 HEETE
1.1 SEIedfl

BER e JE A B A0 B VKA AR R 2022 AR
2024 AEJTAR . MERRIILARAE WA B IR Y . BUW
A LEERES, S Y H SR 4 DNA
FEWOAF) & (R, dba)f2 ORI 4 DNA, FIH]
NanoDrop 2000c¢ 433t {Y (Thermo Scientific, 3¢ [F)
XFPTEE L DNA 903 it EA T DAl 00 ok B, 4R HU
DNA & F-20 CUKAi% H
1.2 LAMP 5|#i%it

FIFH Primer Explorer V5.0 #X{4:(http://primerexplorer.
jp/e/), EFXFABEM A HL ) Small subunit ribosomal
RNA (SSU rRNA)JE[K (GenBank: MH345732) 4% 5
FEH1E T LAMP (E.ep LAMP 514 3 %, 51416
5 2 %7 LAMP §" 8451981 1 X Loop 51#I(% 1), &
FEAE TAY TR () B A7 FRAA 7B 5o

1.3 JRAARERBIITE

KH Xu 45(2017)H2 38 1A BE AR - R 5
¥ EnterF125: 5-~AACTAACCACGGTAACCTGTGG
CTAA-3'H1 EnterR1153:5-CATTCACCATGCCTTGA
TGAGGCACCGTT-3', VIHRHAY 1 pL JEYLf 5 £n iy
il S B R IR BE A 2021 DNA Rt , &% H
PCR PR FHATY 1S, I 5rHrit, B 3.5 pL
PCR =WIiHAT 1.5%IE e MBE RS FRLVK o FHERY PCR 74
PEATIE [IS , #% pMD18-T vector (TaKaRa, K )ifF
BURMAT T #iRiE B E 4 Tk pMD18_E.ep,
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&1 E.ep LAMP#i5|4
Tab.1 Primer sequences for E.ep LAMP assay

5|#) % FX Primer name

51# %% Primer sequence (5'~3')

TCCAGGTAGAGTCTAGAGATTTCATTTTTTTTGCTAAATATTGCTAGCGG
GAGGCGAAAGCGACGTTCTTTTTTCTAATCACTTTCAATACTCCAGC

E.ep F3 AACACGATGATAAAAATCGTAGA
E.ep B3 TGCTAGAATTACAGCGGTAT

E.ep FIP

E.ep BIP

E.ep LF CCTATACCACGTTCCCTATCCATT
E.ep LB AGACGTATCCGAGGGTCAAG

FHE AL A K W FF 5 (Escherichia coli) DHS5a J&AZ 2541
ffl(TaKaRa, Ki%), ¥ K¥EF: /5 P 0% 58 4 Bk I 21
1k, fii F§ NanoDrop 2000c | 2 Bk &, ki H 1)
DR % D10 JE (copies/uL)=(6.02x 107 x [ (T kL ik J&
(ng/uL)x10°°)/(& 4 A A BE B BRI IE < 660)] . kL
T BEET, A EASY Dilution (for Real Time PCR) (TaKaRa,
FIEPAT 10 FAEREMEZE 2.68x10°~2.68x10° ¥4 Il /UL,
=20 CIRIFH .

1.4 E.ep_ LAMP [z Rif&k Z 0 f j7 &% 14

E.ep_ LAMP il T 520 5 5 1 PCR X (Bio-Rad,
ZE)P T LAMP [ 50 1R 22 2% 1 E 955 (2024)
B3t 1l B 3% it (Hematodinium perezi) @57 () LAMP
Jrik, B 25 pL A7 10x Isothermal amplification buffer
25uL (%A 2.0 mmol/L Mg®). 100 mmol/L MgSO,
1.0 pL, 5.0 mol/L Betaine 1.0 pL, 10 mmol/L dNTPs
3.0 uL. 20 umol/L E.ep FIP/BIP 2.0 puL. 10 pumol/L
E.ep F3/B3 0.5 pL. 20 pmol/L E.ep LF/LB 1.0 pL.
8000 U/mL Bst 2.0 WarmStart® DNA %4 i (New
England BioLabs, £[E)1.6 uL. 20xEvaGreen® Dye
(25 umol/L, Biotium, J2[H) 0.75 pL,DNA #i4 1.0 uL,
JE4MFE e RNA ik % 25 uL, E.ep LAMP &,
2 95 CAMEIG TR AR i DNA BEHUINA B 1A &
o, R R A DL AR R, R S W IR 65.7 °C o
K 60 NEFR, BEAMES 1 ming K R 25 5 74
ZET 80 C, 5min & IRV,

1.5 E.ep_ LAMP B4 MiE A,

DIV E Hy 2.68%10°~2.68x10° ¥ Il /ul (10 {546
i B pMD18_E.ep FuhibrifE i i, JC RNA fiff
B KAE R BATEXTRE, HEFT E.ep LAMP (RGN 35 SR 1
il o AR 7= A 7 18 il 2 X IO 1) S5 AT I B AR AR A T 2%
ARG I R BLRE s K3 pMD18_E.ep Y H ALK A% R 4
DUBCHXTHEE ()5 X CefE(y) gt e R, 3
A 7 2 AR i 2 5 KA [l — L ORI [R] 3 bk b

R 3 A TATRA IS R Y Ct -2 E AR
22 (SD), 1A 5 2% (coefficient of variation, CV)=
(SD/Ct ¥J{E)>x100%, 43 HliH54Ht N FdtmEe Cv 18,
X AR 7 0 RS DU 25 SR R AT A PP AL . A
FWBERIRAT 3 A AT, JFRA 3 AN RNA B
IR AR 1) BA 4 X L

K Xu 55201 7) 38 % 1 B 9 H A
FIPCR J7 % 2.68%10°~2.68x10°$£ 1 /uL 1) pMD18_E.ep
HEATAREIN, AT 2 Py A I R AR A PEA

1.6 E.ep LAMP B4 S0

S A o I R L (3R 2) S H AR B DNA
MR H5k A 528628 (Xie et al, 2025), A7 BEAf iz 4 H
YL B e DA B £0 i 41 20 DNA FE R BRI RR, G
RNA 7K 25 XTI, Ml EE 3 K.

1.7 E.ep_LAMP F1E# PCR ZEDIAHE S HIAE M b 87

AT B Xu 2(2017)% 0B #L PCR, 43
A%E 2022 F1 2024 FERAEATAR . IR AILLZRE S 50 4y
B ERIR IR A B A AR S AT A B i A R, Ay
PSR S AR H B ) pMD18_E.ep FRibRifE S,
DK e A3 D A A T s e T R H 1 A
AP (3 D /mg 21 20)=( H Y 3 K7 A R Hh e
(#% D1 /uL)x50 pL/(30mg 41470).

1.8 E.ep LAMP ByHL3% & @2 BT

E.ep LAMP iR &R R YRl EvaGreen®
GeneFinder i, W AE/K i EshiftT, BEMLEL 6 453
Gike i) DNA AZ R R BEA A I, A b A s i
pMDI18_E.ep FURLARIEMELIC RNA Hig/K 7354k BH
PEFTE X FRAE , 2 2102 20 min, A5 80 “C . 5 min
SRR, P 2% B L TR N AZ R %2 B GeneFinder®
TR o 12 W aE S A A BH X R A
R NP EEk e, BT A Bos R, Wkl
AR
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* 2 E.ep LAMP #2444 dhimE
Tab.2 List of pathogens/samples used for the specificity of the E.ep LAMP

P 9o SR i i IE RS eSS HA
No. Pathogens/samples Sample No. Host Tissue
e oy
1 IRICHNE Vibrio campbellii 20160604017-1 "%&%g‘* AP
Portunus trituberculatus  Hepatopancreas
e oy
2 R IMYKEE V. parahaemolyticus 20210817005-2 "%M¥%ﬁ Uil
P. trituberculatus Hepatopancreas
ST . . N Wi JHT F i
3 VR i V. alginolyticus 20200523006-1 ;
IR ginoiyt P. trituberculatus Hepatopancreas
AR 7
4 IGYEICINTA V. harveyi 20210817004-1 "%Tﬁ%g& FFBRIR
P. trituberculatus Hepatopancreas
R RS 7
5 RN V. rotiferianus 20160604015-3 Jﬁg%& Bl
P. trituberculatus Hepatopancreas
R RS 7
6 i ENINEE V. natriegens 201606040172 LB THE g
P. trituberculatus Hepatopancreas
N Y SR EINA rol0s0d014s PR T T B
P. damselae subsp. damselae P. trituberculatus Hepatopancreas
o TRBIERESE 2022009 SRS B
Decapod iridescent virus 1, DIV1 P. trituberculatus Hepatopancreas
A% 5§ ¥
9  #J5{A Spiroplasma eriocheiris 20220803001 RS LA
Eriocheir sinensis Muscle
o VIBESEA RS 20220614 SR A
White spot syndrome virus, WSSV Penaeus vannamei Muscle
| PR T R L2 T 7 20201125016 =g T4 A
Infectious hypodermal and hematopoietic necrosis, IHHNV P. trituberculatus Muscle
12 UFH %M 3 Enterocytozoon hepatopenaei, EHP 20211222002-1  FLAAXTEF P. vannamei ALA Muscle
BN R LA
13 Ameson portunus 20200910007
Mk P P. trituberculatus Muscle
BRI B WL
14 A7 HR E. epinepheli 2021_GD_1 E. fuscoguttatus @ x
Muscle
E. lanceolatus &
BN A B WL
15 ABEffpfid E. epinepheli 2023 GD_1 E. fuscoguttatus @ x Muscle

E. lanceolatus &

2 H#R
2.1 E.ep LAMP #&iiEfG

A IR i T 11 JE2 T O A & (3 7 5=l
pMDI18_E.ep Tk brifi s AR 145 5% , E.ep LAMP 1E
20 min PN ARG I 5450 RE N 2.68% 107 % D1/ 52 1 (1] 1A).o
43HF pMD18_E.ep H H 143 [RAZ i #5 DU X EU(E (x)
HHXIR Ct H(y) A M:, 155 E.ep LAMP /L1
FrifEthi 4. y=—1.719 5x+23.971, R*=0.996 2 (/& 1B).
K Xu Z5(2017) A BE A A HUR H L PCR J7 744
2.68x10°~2.68x10° ¥ Il /uL 19 pMD18_E.ep #EATH,
WA BB 72 K/ IN R 25 Xk 07 P e I e PR A P 45 5
% PCR R R 4353 S 2.68% 10 # D1 /R i (] 1C), Ui

B E.ep LAMP 5% PCR J5 ik BAS I R A5 A 24
22 E.ep LAMPHIMEES M

A PRSI H A P AN DA 9 AR S R B OV
43R 0.22%~3.52%F11 0.24%~1.70% (3 3), it
B H R R 2.68%x10%~2.68x10° $4 DL fUTE N, R
FAA 7 A6 I v] S AR TSR i 45 2R .

2.3 E.ep LAMP #4504

SRR R, ATk S R e T IR Y EHP
LR, PAR AT A9 R 55 6 o | S Ak
JEAT RSN Rl PRSI IR U DL BELs
B TESE 3 MR, St 13 R (G 2)B TS R
BL(1E 2), FWIATT AN HA ARG i 51k
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5000} 25 B y=—1.719 5x+23.971

20 R*=0.996 2
4000} 2 000
=) 15+ 1 000
5 3000 5 750
2 000 10t 500
1 000 5t 250
100
0 0

o 2 4 6 8 10
log;, (copies number)
K1 E.ep LAMP K 58 &5 5 Rk o fih £&
Fig.1 Sensitivity and standard curve of the E.ep LAMP assay

A REJERI: 1~9: BN 2.68x10°~2.68x10" #5 UL ¥ pMD18_E.ep; 10: FIMEXTHR; HANMKER 3 P17,
B: fRifiilizk: B4 2.68x10°~2.68x10% 5 UL i) pMD18_E.ep H i)k R 5 DA % B E () 5 AT R Ct fH(y)
MR, AR 3 FAT. C: Xu %5 (2017)% # PCR A6 LR (35 AMIEIF) -
M: S Fibiif; 1~6: BN 2.68x10°~2.68x10° #5 U1 (1) pMD18_E.ep; N: FPEXSIE .

A: Sensitivity testing; Curves 1-9: Tenfold serial dilutions ranging from 2.68x10°to 2.68x10" copies of the pMD18_E.ep plasmid
as templates, respectively; Curve 10: Negative control; Each reaction was performed in triplicate. B: The standard curve:
The curve was generated by analyzing the cycle threshold values (y) against the common logarithmic copies [log;o (Copy number)
as X] of the pMD18_E.ep ranging from 2.68x10* to 2.68x10° copies; Each point represents the mean of three replicates.

C: Sensitivity detection by a conventional PCR assay described by Xu et al (2017) after 35 cycles.

M: Marker; Lanes 1-6: Tenfold serial dilutions ranging from 2.68x10° to 2.68x10° copies of the pMD18_E.ep plasmid
as templates, respectively; N: Negative control.

%3 Eep LAMP @ UE S MHMTIE
Tab.3 Repeatability results of the intra-and inter-assay for E.ep LAMP

pMD18_E.ep #% Il % #LNE E Intra-assay HEME K Inter-assay

pMD18_E.ep copies Ct (MeanSD) CV/% Ct (Mean+SD) CV/%
2.68x10° 8.08+0.06 0.75 8.17+0.03 0.37
2.68x10% 9.42+0.07 0.71 9.26+0.13 1.43
2.68x107 11.12+0.08 0.67 11.06+0.03 0.24
2.68x10° 12.84+0.07 0.56 12.54+0.21 1.70
2.68x10° 14.36+0.03 0.22 14.19+0.13 0.89
2.68x10* 16.33+0.20 1.25 16.34+0.13 0.82
2.68x10° 17.82+0.53 2.99 17.32+0.11 0.61
2.68x10° 20.26+0.71 3.52 19.32+0.12 0.63

W2 [ 20 min J5 , 30 5 AE R S R A8 FR O Az R e Ak
GeneFinder™ , A4 FAMEXT B4 F1 2 A BHMERE S 45 (B
RGN R, ATTIAN S0%MMER 4524 20221024001 F 20241121001)H &7 1 2 2
RELTH M PCR (Xu et al, 2017)/9 42%R BHTE 77 5 £ 76 kG P A5 (RE 5 46 5l 20221024003
K I KSF, K IAE S b B B 2R RO 4.54%10%~ 20221024005 . 20240919012 Fl 20241121003)H i
3.23x10° ¥ Il /(mg 4 4) (3¢ 4). weIEER (K 3), &SRS e R A b BH M2 B
25 1ERIIFLE éﬁ%—ﬁ}@ﬁ% 4), Ll?E%%HA%\}ETZIKﬁ%ﬁI@FH
T8 Gy IR 2 X RE & i B T2 Wi o 53 6 BH M
R fE K s b AT, BEVLEL 6 S IIGHE Y SN = Tk, R EH LAMP W =)
DNA Wik, #4745 7 2k IR I I . A LAY () B AR S5 (B R ) o

2.4 E.ep LAMP X} I35 @ A4 M 4 47



156 ook B

FA

= i

547 %

3000 - _

2500 /]

2000 [
=

E15001 [

1000} [

|

500} I
14/ 15 1~13, 16

0 10 20 30 40 50 60
Cycles

2  E.ep_LAMP 455 A
Fig.2 Specificity test of E.ep_LAMP assay

Mk 1~13: A6 DNA X7 AR L7350 A IR ECIE | &
MDA . P ERes . PS4SR . 58 HORes . FRANSINE |
NI RS NAEFY TP ARG EIRRUAR | ABEZR G
SERREE . TR HEDRIREE 1. Y RCT FiE 2 USRS
B AR BRI B2 14~15: DNA $REUH ABE
16 BRI B BRI A B 2L Mgk 16 BIMXTIR,
Curves 1-13: DNA of different pathogens/samples extracted
from V. campbellii, V. parahaemolyticus, V. alginolyticus,
V. harveyi, V. rotiferianus, V. natriegens, P. damselae subsp.
damselae, S. eriocheiris, WSSV, DIV1, IHHNV, EHP and
A. portunus, respectively. Curves 14 and 15: DNA extracted

from tissue of E. epinepheli-infected E. fuscoguttatus? x
E. lanceolatus &'; Curves 16: Negative control.

& 3 E.ep LAMP A 5 J5 vl #i4k 2 Wi
Fig.3 Visual inspection of E.ep LAMP
amplified products by the naked eye

JREAS 1: 2.68x10% copies [ pMD18_E.ep;
A 2~7: 214 DNA FE i (485 43514 No. 20221024003
20221024005, 20240919012, 20241121003, 20221024001

F120241121001); FZI % 8: FAMEXTHECEHK).
Tube 1: pMD18_E.ep (2.68x10* copies); Tubes 2—7: Tissue
DNA samples (N0.20221024003, 20221024005,
20240919012, 20241121003, 20221024001 and
20241121001, respectively); Tube 8: Sterile water.

3 it

TRLFEL - HU R Y I S F B S I ST R A 7l A
S e Je 1) HE B A AR U R AR At R AN B B
(Tourtip et al, 2009; Wang et al, 2017; &t X%, 2018),
A RO R AT . X A5 (2024 5 21

ARSI I VU 23 T i 1 I 2 7 NI T e SO 7
18.1%~73.6% M A1 B FmATIE O, R df oo A7
EEXT B F5 , A R TR S 10 2 1R 7 vk R AT
fiF P, DA AR TN R A T A A0
U SR AN [ A B0 e At HE 5 B it 114 o) B A A o

ARG T E. ep LAMP #:J7%:, KA %
R RIN A% BR Je Bl EvaGreen nJ SEEE JCIRET BRI Y
FERAIN, 5L TR AR . ABIFST H T Y EvaGreen
YuRl 5 # # SYBR Green 254kl HAT 47 1Fa 2 1,
X} PCR KT 7= A AR R S e 3, sk e fif
FHBSE AT BT SR 58605 5 M HE A R AR (Lee et al,
2017; Mao et al, 2007), A7 EAeE mkm g, nsers
Ja NS AT, AT RO IRE AL LAMP &
A ) B K 0 BT S A A B TS T Y 1) B (N iru
et al, 2008).

5B A B A0 i 70 ARG T R E A, ARG T A
SPE b, ABIGER E.ep LAMP {335 4 44145 | W 7E
P LAMP A5 00 5 A3 T Xu 46 (2017)% #1 PCR J7
By 2 51 E BAR S fER REUE b, ARTIrEm
2.68x10° 5 D1/ B REEUE S Yang %5 (2017) 4R %
ZE(2020) 2 7 1 [FIHE R HL T EvaGreen YA S 41 2 4~
E T LAMP BRI A, 15 Xu 5 (2017)%
[ L PCR ) R AR Y, (HAIKT Liu 55(2024) &7
) Taqman R4 E & PCR A 10 $% D1/ 07 A4 A6 0 7K
s FERINEE ] b, ATy vk B RS DU 5 1 b AL 4 R
S B A — X Loop #5147, 20 min BV AT 58 1% 2.68x
102 % DL/ 2 17 () A4 356 A1 A PR st RG0S0 e ) 11 4
5T R AYIZE E R PCR FIE i PCR J7 ik 1EA T
Dy R L, TV S B Rl 8 75 B X i A B
BRI, T SR ARG, (AR &2
WEZ R BRI, FRE P 205 L P R
Wi iE, AN @57 1 E.ep LAMP J7ik il e
i8] 27 TR A5 P (T 4 i Y AR K i 258 ) Pk 5 s
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*® 4 E.ep_LAMP FIEM PCR X L IHHEE MAIIK T Eb 8
Tab.4 Comparison of E.ep LAMP and conventional PCR for E. epinepheli detections using clinical samples

o B (75 DL /mg 4140

I i AR (75 DL /mg 4 41)

b G 5 ) AL PCR FE i ) H#H PCR
Sample No Concentration of SSU Conventional PCR | Sample No Concentration of SSU Conventional PCR
*  rRNA (copies/mg tissue) " rRNA (copies/mg tissue)

20221024001 - - 20240919018 -

20221024002-2 - - 20240919019 6.40x10* +
20221024003-2 1.44x10° + 20240919020 6.56x10*

20221024004 - - 20240919021 - -
20221024005 4.97x10* + 20240919022 - -
20221024006 - - 20240919023 4.00x10° -
20221024007 - - 20240919024 6.48x10* +
20221024008 - - 20241121001 - -
20240919001 - - 20241121002 - -
20240919002 - - 20241121003 2.27x10° +
20240919003 - - 20241121004 2.98x10° -
20240919004 - - 20241121005 -

20240919005 - - 20241121006 1.17x10° +
20240919006 - - 20241121007 3.23x10°

20240919007 - 20241121008 -

20240919008 1.57x10° 20241121009 - -
20240919009 2.04x10° 20241121010 8.18x10? -
20240919010 - 20241121011 6.40x10° +
20240919011 4.54x10? 20241121012 1.48x10* +
20240919012 3.68x10* + 20241121013 5.14x10* +
20240919013 3.73x10* + 20241121014 - -
20240919014 2.22x10* + 20241121015 1.81x10* +
20240919015 - - 20241121016 4.47x10* +
20240919016 - - 20241121017 1.91x10* +
20240919017 2.94x10° + 20241121018 1.39x10* +

TE e <R3 HIRER IR R PE AR 2551 o L PCR 2R AT Xu 48(2017)i977 1%

Note: “+” and “—” represent positive and negative detections, respectively. Conventional PCR assays were performed

according to previous reports described by Xu et al (2017).
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Abstract

Enterospora epinepheli are a major pathogen for cultured groupers (Epinephelus spp.),
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located on the coast of Fujian, Guangdong, Shandong, and Hainan Provinces, as well as the Guangxi
Zhuang autonomous region, and can cause large economic losses to the grouper farming industry.
Early and specific diagnosis is essential for the treatment and management of this emerging pathogen.
However, since it was reported in 2017, there are only two nucleic acid-based techniques assays
including PCR and qPCR assays, based on the TagMan probe assay for the detection of E. epinepheli.
This study developed a method for quick and accurate detection of E. epinepheli by loop-mediated
isothermal amplification (LAMP) with three primer pairs by targeting the small subunit
ribosomal RNA gene (SSU rRNA) of E. epinepheli (LAMP for E. epinepheli, E.ep LAMP). The
sensitivity, specificity, repeatability, and clinical applications of the developed E.ep LAMP assay
were verified. The constructed recombinant plasmid standard pMD18 _E.ep, diluted with 10-fold
gradient into different concentrations from 2.68x10° to 2.68x10" copies/uL, were used as a template
to generate the standard curve and used to evaluate the detection sensitivity for E.ep LAMP. The
results showed that the detection limit of E.ep LAMP was as low as 2.68x10? copies per reaction.
The standard curve, y=—1.719 5x+23.971 (R*=0.996 2), was obtained by plotting the threshold cycle
values (y) against the common logarithmic copies (log;y, [Copy number] as X) of pMDI18 E.ep
plasmids template ranging from 2.68x107 to 2.68x10° copies/uL. To assess the repeatability of the
E.ep LAMP, the intra-assay (variance within runs) and inter-assay (variance between runs) were
evaluated, the coefficient of variation (CV), which are equal to the percentage of the standard
deviation (SD) to the mean of the Ct, of intra-assay and inter-assay values were ranged from 0.22% to
3.52%, indicating that this assay was highly repeatable and reproducible over a wide range of
detection from 2.68x10° to 2.68x10° copies of the pMDI18 E.ep plasmid template. To test the
detection specificity of E.ep LAMP, different gDNA extracted from different pathogens and diseased
grouper tissue was used as templates. The results showed that the developed assay was also highly
specific to E. epinepheli and had no cross-reaction with Enterocytozoon hepatopenaei (EHP), Ameson
portunus, and another 11 pathogens, including Vibrio campbellii, V. parahaemolyticus, V.
alginolyticus, V. harveyi, V. rotiferianus, V. natriegens, Spiroplasma eriocheiris, P. damselae subsp.
damselae, white spot syndrome virus, decapod iridescent virus 1, and infectious hypodermal and
hematopoietic necrosis. In validation of the E.ep LAMP on clinical samples, a total of 50 g DNA
samples extracted from clinical grouper samples were applied to detect the quantitation of E.
epinepheli copies by the E.ep LAMP assay, and to detect by the conventional PCR assays described
in a previous report, respectively. The results showed that 50% of the total samples were detected
positive using E.ep LAMP, and loads of E. epinepheli in these positive clinical samples varied within
the range from 4.54x107 to 3.23x10° copies per mg tissue. By contrast, 42% of the total samples were
detected positive using the PCR assay. These results showed that the E.ep LAMP exhibited more
sensitivity in detecting E. epinepheli in clinical samples. The E.ep LAMP can be carried out on a
simple heating device for incubation. By replacing the fluorescent dyes EvaGreen” with GeneFinder”
in the tubes of LAMP products, green fluorescence can be observed clearly with the naked eye in the
positive control reaction tubes and E. epinepheli-infected samples, whereas it was orange in the
negative control. We are currently exploring the development of a diagnostic kit based on this
developed E.ep LAMP assay. Taken together, the E.ep LAMP diagnostic protocol developed in the
present study was rapid, specific, and sensitive, and can be used as a diagnostic tool for the detection
of microsporidian disease occurring in grouper culture.
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