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XHE? # 57 BREES EFE AmE?
FHE? wEE® # @
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HE DL REEAAE N 2 NGRS B RO, & Al TagMan qPCR & R4 Il AT Ji% %
w6y EF B L 2 (Enterocytozoon hepatopenaei, EHP)# &, T 4R BUH DNA # & 4% 5 3 1(5: 1), 25
F 1(25 1 1). 50 3F 1(50 : 1), 100 3 1(100 : 1)F1 150 3F 1(150 : )BEATIEAE, B EAEh EHP # &,
WA B R EA B E REEL, €A B & 2R R IFFARE, WRFREFFER S
BMEEE, PHRBE. DR EEZANXAUR T EREHRE, £R%W, BN REUER
1K, & IRE RSN st MERAE 30%U L, SR NBNE RS B G0N A4
MR BHERLWHERTIRT 6.7%0, 50 1 1 LR FFEERFEBMNER; KEERL
By PR AT 16%0, 251 LA FERFHREER; GHEREN 13%MEFEMEEE
RSty 8% MR 8 R BT A A HIABIARER; 2 FEANARFWLHHRME, 50 1
HHWLW REUES OIE AREIRFN 5 - 1 N EIT; £IHF RN M EHP 2 & 5 324 & A0 73
Az A 027283 e, —HHFEREEMXE, EHHFHEANEERNERERER KT
ABERWAHENTFY EHP HE, AR A KEFWRRL HARTRFEENFELLMNERT S
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it P AR P I A5 HE T A 1) 952 055 12 W 245 SR 0 RT A 1 3
TR A 98 2518 10 A, H X — SR AE AR 7= v i
2 o XoF— A RER AT RANLRAERS , 355 95% 1] {5 B
(14) SR 556 T 5 4 5 ARG 000 81 %) A 0 S R A v e
AR RN A TR R KOG, L&A 10 TTADL
AR R R B, 76 2% B AT 3R B AR
A REAR K Z R KB 1505 10% 37 17 R I ZR ik 5]
30 MREAS (Ossiander ef al, 1973), 3FERSRARERLESS
B 25 7 (432 W7 7 T Hp o SR AR A 7 o ARG I 2 s
I RAS , (B FREE MY E LA AR ZZ T A I U] B
FEARAA , HWARE 2 s I B4 . Rk, @
X FERERT I 7 LA T VEAL , SR ARIE IS W 2 5 iy m] Sk
Al £5 P (Williams et al, 2001)., 7E OIE Fiife & 3¢ [ Ax
e, A RZE 5 AR T IR AL, (HaX R
1) 5 2% 8 7K AR Sh B o A 5 v 5 T A B i ) A0F
FURAESCRF(OIE, 2017; FHS, 2014) fEREA: S 41500
o, A B /D 5 b 58 i) 18 (Mufloz-Zanzi et al,
2000; Arnold ez al, 2009; Rovira, 2008), Hitt, A L%
XoF 7K A Sl R AR ) AR T LT R ATE 5T

H 2003 4ELIK, 78 [E 3% 5H B 15 X BF (Penaeus
monodon) 1 LA K N2 LR A AE(MSGS), # L T/ E
H 22 55 10125 (Chayaburakul er al, 2004), 7E 2009 4,
7 5% 3 7 A 4K 2 15 1) B X 0 JRE R+ G ) 1)
48 BT B 8 B (Enterocytozoon hepatopenaei, EHP)
(Tourtip et al, 2009), EHP &Y -1 A 1A & 1Y I R I
AFRFAE X200 JE A 32 W7 3 T a4 2 R
PCR 7 | M 2 FRic A R ER S R A 24 38 75 L S LAMP
Kril 75 9% (Tangprasittipap et al, 2013; Suebsing et al,
2013), 2013 4F, pEZKRHAOTSE BE B KI5
FT SR AR R AR S o TR R R =N T
EHP 1) SYBR Green qPCR J5&, I8 IRAEH [ 5750
1 FLAN X R (Litopenaeus vannamei) P ¥ 4 EHP, #f
— X FRFE AT U A R SR EHP 288 AR K SC R 0
Mre i, Xt iR B AR AR i 5. DNA(HpDNA)H EHP %
H7E 10° copies/(ng HpDNA) LA F I, AR26 T 4855 19 X
KSR %, 2016), Liu %5£(2018)%57 T EHP 1y
TagMan #£%F qPCR Fik, REER T SYBR Green
qPCR FIEZ PCR Jrik, JFUESE iR EHP it 5%t
WA K SE R BUAFAE, X BEAFSE R BHP ARG A B 4%
AT 2T AR FE

EHP 114 2 £ A6 I X6 T 57 58 XU 1) ) o LA
TS, AR R AR A7 A e A R A e R A
[, AT 4R EHP KGNS AR R, A
B RN IR 28 . AWFSELL TagMan qPCR
() EHP R 7 v R i, % 2R T4 )7 484 EHP

I A EE , LA S K Az 2l 4 SRS B AR #5521
FHRIK A S AT 2 M 0 i AR AR AR

1 #MH5TE
L1 HRRIR

2017 4 6 A~7 H B IR BHEEY 2 K55
AR AE FLANIEXTUE ¥ PHAE & 45 S 60401~60450,
e D7 RE B S5 N 60301~60350 . 61401~61450 Al
70701~70750, HFREIGEFA 3 5 LA FARFE 95% 4 1
HEATIRAE
1.2 BFRERR S DNA 2E

95% £ T T DR A 14 % U T i Ji 26 21 28 JC T ¥ 7K
MPERBR COBERS , H—WR MM ] R P12 30 mg,
FI e S M e UL R 2 DNA 2 B0 & CRIR A=
AR A B2 a4 B PR A B9 A 5 I i L DNA,
253 M1 (NanoDrop 2000c, Thermo)ill & # i )
DNA W, I M B DNA Jii:, 85 4% DNA
WeRERANTR], X HGEATIE S H AR FEJS , ¥ DNA FE i
BT -20CUKAE AT o

1.3 # & EHP HEHHE N

1.2 PLRAERY DNA A5 Liv 46 (2018) 27 19
TaqMan 41 EE S0 9656 qPCR HEATREIN, AR IE AT
G - AE G0 HsF g JF A X R S 0 BH 4 0 26 1
H(Cn) M 31, XIEHEM EHP s b5

1.4 HmBFERN TR

1.4.1 & TEA S 69 FFARAE M) Bl A FH Y 50 1
FE A% BRI, B S A 1AL, XHREARE R
I 10 pl DNA £ 1.5 ml B.08 1, mMRAE, i
HIRBEFE 200 ng/pl, 53] 10 4~ 5 : 1 (SP)IFFE K
FORESY . 43 W6 4% H5PO1~H5P10, FEXFiX 10 MHE
R BRI RE 9 TR R AT OERE, 193] 2 4> 25 1 1 (25P)
IR FESY, A alar 44 H25P01 A1 H25P02,
XX 12 ASHIFFAERRE S BT BEHP A, 5 4 Py % bz
R it A 5 SR O S (07 7 b

1.4.2 235 & 09 SH AR PR 3 Ik
IR B SRR P 5 A S B L 2 BERE o G TR O T
WEATALEE, BEALEESLASE] S - 1 (SP)FEEJS I 10
s, R4 WSP01~W5P30, X 30 MRES R
BRI B i T R, 193] 6 A4~ 25 1 1 (25P)FfAE
T RE Sy, a4 o W25P01~W25P06, #5354}
X 6 MRS 2 AN HEATIRRE, 53] 3450 0 1 (50P)
FERERESL, 239444 8 WS0PO1~W50P03, Xif S0P )
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3RS I ITEE A5 5] 34100 = 1 (100P)JfFERE N,
A3 5l4E 44 WI100PO1~W100P03, )5 % 50P A9 3 4~
FEMPEATIRRE, 53] 1 4 150 @ 1 (150P) AL T
W150P01, X IFFEJS £ FE i EAT EHP Rt kil
55 BN ARG Y 4 SR AT LR

1.5 FEENEEMSES T

N T 25 EEAEAN [ FH PR 55 BE A KK T IR RE XS BE A
Rt B2, ) A [ A (BUE e SR FRMEL(C)
35 PR T PRI DA S ) EHP AS D A6 25 IS EL(C)
5 C I, HMmT LA CEZATHE, W G
< C,, WUFIE N Hr B, B HrBATE, KA
[ C, (EAYAIFREALBHPEFI B PERC H o AR R I AR L Y
FAANKE 2 BT B PR AR B, BIOFREZE
A AL AL E R B, WFRE O B
PR o DA B SR B B Rt o 2, AN TR i e
i S B0 (BT 114 28 0 FE P 50/ 80 ) BE A S AN TR]
PIRES S WU TSR ok <o iU e ke SN N T T St A R
FRB A% TR AR LA 0 FE A4S D 0 ) B R L AR
PEATFRE LA 0 FE P ORI FH P A TR A
WYL R T2 R 571 (OTE, 2017)

1.6 FHEKNHEES

1 Microsoft Excel 2016 1, #R ¥ B8 —4£ 5 Y EHP
o, HAIEHIET Y, HREIFREA EHP 2
. 55 S PRl 2k 2 257 e, m1E
THE R IIAE 5 O 0 28 (B ) 22 (R AR S R 8L, i
2K 5 S BRI 2 [a] A A SE REL(R), AR HiE bR ALK

P=TDIST(, df, 2) (Ferh, 1=|R/\JA-R>)/df |, df=
n-2, n AFEARE)ITEBDRMAEP), LI P<0.05 fF
N EIKF-, P<0.01 VE R KT

2 #R

2.1 #HMEHP HEHNKNER

SPINAEEBH 50 ANFEM AR HEYT 3 UCRFERY
150 NEESL 2 B 74T EHP (g BRI (% 1), Hp,
T IHRERRE A 18 ANPEYE, 32 Bk, FHPERA
36%; HEDIER 1. 2 UCRFERER HPORE o 238 B M 5
553 UCRMEREAR AR S 23R8 BRI, PR 2R 100%,
22 FHEKRWLERHOEESH
221 FRMBEZBOLT ARG REE 5
S Xk v B R 4 37 i 2R A5 AS TR X ) R REAGI , He%
AR C, 5T, FFRELLE 50 BH P BORTAS I BH A4 5L
(F 2). 4iRn, ENBERTET, WHENIE

FESZBRAGIN 2 S0 BB TE, 50 1 JFRERY, 7EZMR
OB T AR AEAS B BH PR BSOS R AR 0, 1 5 A
JE T SEBRAI ) AR A A 0 B MR, 177 50 1
Db A R ARG I 2 A = T M R AR AP R P Y I
222 RESFARAEX 69 R A Feds 2 N RER
PR FIF R B e 16~31 NIl A 1 1
FE R R Y B0 BH M R R IR R I PH M R (R
3), BN, BEIERT AR LSRR T
FRACI AR T B R NS BRI 50 ¢ 1~
150 : 1 FAER T A PHME R T IE R, X —F
mOFFER 10 DIFRE SN BRI R R R A T IE A
B, JEREC AN BH M R AR FIAF A R AR
AR BH P 2R < A v IR 2 10 BH Pk 26 < AR T B R A FH
PRI T AR R AT AR . Y IR T4 4 PH %
AE A, IR G S0 R EE R BRI R, 2SI RERTA 4 0F
AR 2 R B A o A N 55 SR A S A 8 260 B P SR s
fo X IR A T S BRAS I T A5 H 1 B PR

2.2.3  RFE M SEA 6 A B F AN R IFHE
P AMRAY FEPER X ], ST 16~31 AN IG AIE R
IR E 2 SRE T 45 I FF 4 43 BARE 4 22 10 B 9
B PHPE B, 5 TR 2 2 S G RGN T A5 ) R i
AT (R 4)o BR TR, HHMERTE 0.1%~10.0%
B, 25 1~150 = 1 BYFFREALERIME FHYE, FHMER
9 10.1%~20.0%F5, 348 I 2H iy 52 35 0 R 15 19 FH
HegE 5 AR AT A, 20.0%FHMERT, 51
FEAEZ AR B AT PE PR 172 B B E s BHPER
TE 40.0%[% 5 ¢ 1 FEAEA M BH M S B A BH A
DEFES, H 30.1%~40.0%FHPERE 25 1 1~150 : 1
FERELL P A RE AR T 0 BH M B A [R] B 2
s S MRS IR A S I TR 5 B
HIPHPEBCR B 22 5% .

XoF A 2L P PH M 23 (B A 0 v 0 SRR it 7 PH
RV BEA R G B T AR M (3R 5), 45
R, ElFEHEES T, RLIFHHQRS : DIPA
2 & LA X IR SR FHAE (BH A 32 8.0%)E, HAHSCHY 5 ¢ 1
125 145 ERNBHE A TR 4 R REAG H BRI 5 B
FFRELLAT 3 R XTUR A B (BHPE R 12.0%)F, HAH G
B 5 1 CAIFEMER IR AR F o PE R, (H 25 11
FFRELL AR GRS s A I RRAL TP A 4 X UF Sk BH A (P
PR 16.0%)F, FHEH 5 1 HFRELA F 4y IR
e, H25 0 1 IR BERL o FEMEDTRE SR, B
ZIEREAL(150 © 1) 2 BXTIF MR 1.3%)
B, HAH R 5 1 1~150 = 1 IR 4R RERS T FH
s A7 6 BXTIF M BHIE(PEE R 4.0%)0F, EAIBHMES < 1
FERE AT REAS B, H 25 0 1~150 : 1 fFfREA
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R 1 FLAEXTENE &P ATRRAREY EHP #5013
Tab.1 EHP copies in hepatopancreas of farmed L. vannamei
BEfgi s AMATAMEIR ) REE R S BT i A Femgn's SR d) eSS BT i A
Sample No. EHP Sample No. EHP Sample No. EHP Sample No. EHP
60301 0 60401 0 61401 0 70701 (4.74+1.30)x10*
60302 0 60402 0 61402 0 70702 (9.68+0.29)x10°
60303 0 60403 0 61403 0 70703 (6.39£0.59)x10?
60304 0 60404 (1.79£0.25)x10? 61404 0 70704 (5.49+0.47)x10?
60305 0 60405 (1.45£0.17)x10? 61405 0 70705 (9.99+1.76)x10?
60306 0 60406 (4.92+0.10)x10? 61406 0 70706 (5.15£0.68)x10?
60307 0 60407 0 61407 0 70707 (2.17£0.02)=10*
60308 0 60408 (9.63+0.49)x10" 61408 0 70708 (2.02+0.33)x10?
60309 0 60409 0 61409 0 70709 (9.720.11)x10?
60310 0 60410 0 61410 0 70710 (9.720.11)x10?
60311 0 60411 0 61411 0 70711 (1.04£0.17)x10*
60312 0 60412 0 61412 0 70712 (1.62+0.02)x10*
60313 0 60413 0 61413 0 70713 (2.05+£0.03)x10*
60314 0 60414 0 61414 0 70714 (5.11£0.60)x10*
60315 0 60415 (2.36+0.17)x10? 61415 0 70715 (1.70£0.17)x10?
60316 0 60416 0 61416 0 70716 (6.64+£0.90)x10?
60317 0 60417 (2.36£0.66)x10? 61417 0 70717 (3.98+0.11)x10*
60318 0 60418 0 61418 0 70718 (3.46%0.56)=10*
60319 0 60419 0 61419 0 70719 (3.53+0.08)x10°
60320 0 60420 0 61420 0 70720 (1.98+0.50)x10?
60321 0 60421 0 61421 0 70721 (1.58+0.02)x10?
60322 0 60422 (1.83£0.15)x10? 61422 0 70722 (5.27£0.07)x10?
60323 0 60423 (2.02+0.16)x10? 61423 0 70723 (3.78+0.27)x10?
60324 0 60424 0 61424 0 70724 (1.27£0.03)=10*
60325 0 60425 (1.2240.11)x10? 61425 0 70725 (7.42+1.51)x10?
60326 0 60426 (1.20£0.16)x10? 61426 0 70726 (7.82+1.68)x10°
60327 0 60427 0 61427 0 70727 (1.18+0.06)=10?
60328 0 60428 (1.06%0.08)x10? 61428 0 70728 (1.06+0.19)x10°
60329 0 60429 0 61429 0 70729 (3.07£0.17)x10°
60330 0 60430 0 61430 0 70730 (2.32+0.45)x10?
60331 0 60431 0 61431 0 70731 (2.4420.22)x10?
60332 0 60432 0 61432 0 70732 (9.52+0.76)x10?
60333 0 60433 0 61433 0 70733 (1.63£0.77)=x10*
60334 0 60434 (2.48+0.23)x10? 61434 0 70734 (9.24+1.08)x10*
60335 0 60435 (3.88+0.45)x10" 61435 0 70735 (1.91£0.06)x10*
60336 0 60436 0 61436 0 70736 (3.76£0.17)x10*
60337 0 60437 (7.47£1.03)x10" 61437 0 70737 (3.88+0.01)x10°
60338 0 60438 0 61438 0 70738 (1.77£0.14)x10?
60339 0 60439 (2.312£0.10)x10? 61439 0 70739 (6.52+0.70)x10?
60340 0 60440 0 61440 0 70740 (3.10£0.24)x10*
60341 0 60441 0 61441 0 70741 (6.26£0.14)x10?
60342 0 60442 0 61442 0 70742 (5.77£0.09)x10?
60343 0 60443 (7.81£0.81)x10? 61443 0 70743 (8.71£0.38)x10?
60344 0 60444 0 61444 0 70744 (1.01£0.09)x10*
60345 0 60445 0 61445 0 70745 (2.84+0.66)x10°
60346 0 60446 0 61446 0 70746 (1.03£0.07)x10?
60347 0 60447 (1.3420.07)x10? 61447 0 70747 (1.24£0.79)x10°
60348 0 60448 (5.45+1.21)x10? 61448 0 70748 (5.41£0.29)x10*
60349 0 60449 0 61449 0 70749 (1.630.08)x10?
60350 0 60450 0 61450 0 70750 (4.74£0.10)x10?

£ : EHP 4 ng PR & DNA 9 EHP SSU rRNA JE[A (545 D1 % (copies/ng HpDNA). 0 fUK KT 31 4~ qPCR ¥ 111

PR TR A I 45 2R

Note: EHP means copies of SSU rRNA gene of EHP per ng total hepatopancreatic DNA (copies/ng HpDNA). 0 means
negative result above 31 cycles during qPCR amplification
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Tab.2 The positive number of sample detection at
different assumed sensitivities

U Il 5 AN TR A 1 2 60 B A A 0 I 1
HEFR Y. Ratio of known positive numbers to detected
Assumed positive numbers by different pooling
threshold 5 : 1 251 50:1 100:1 150:1
cycles (n=40)  (n=8) n=3)  (n=3) (n=1)
16 0/0 0/0 0/0 0/0 0/0
17 2/0 1/0 1/0 2/0 1/0
18 5/2 2/0 1/0 2/0 1/0
19 6/4 2/1 1/1 2/0 1/0
20 9/5 2/2 1/1 2/0 1/0
21 10/8 2/2 1/1 2/2 1/1
22 10/9 2/2 11 2/2 1/1
23 12/9 3/2 11 2/2 11
24 12/11 3/2 1/1 2/2 1/1
25 14/11 4/3 1/1 2/2 1/1
26 17/11 4/3 1/1 2/2 1/1
27 19/13 4/3 1/1 2/2 1/1
28 20/17 4/4 1/1 2/2 1/1
29 20/19 4/4 11 2/2 /1
30 20/20 4/4 1/1 2/2 1/1
31 20/20 4/5 1/1 2/2 1/1
A7 Sum  196/159  45/37 15/13 30/22 15/11

TE O BH P 2 AR PR it A D00 45 R A 2 (R R R 4 45
R, IR AT — A BRE L TR BOE e SO PMEL(C) R HE
B, WISy E R s C, 36 1B0E 1 ) BE v A
I B e PO PR, A A DN B 1 AR ERBOR T o L,
FEZRE A B

Note: Known positive was resulted from the detected
individuals in the pooled sample group. If an individual in the
pooled samples was positive under the assumed threshold
cycles (C,), the pooled sample group was decided as a known
positive. C, is the critical cycles to determine positive and
negative. If non amplification was detected above C,, the
sample was determined as negative

YrRaeR i PHM; A 10 A1 17 EEXTER R FHE(PH MR
SEIA 6.7%F 11.3%)F, EFIBHMER 51, 251
150 = 1 FFFEALREA FHMERH, /H 100 2 1 A 150 ¢ 1
FIFERES N REAG H o

2.2.4  FHERAR W 89 RABE AR W AR 4t
T 16~31 AN A8 P A R RV T AR R
A5 2 A 8 260 B A R 28 200 B 1 0T 7 A 00 B A ARG T
FAPE R, Hod, 00 BEPE AR AG: H A BEE D0 A 3
B, C0 B MRS H ok B U A B BE A, B T A
HE R BH PR ) R ECRH P 60 BH PR AGE A B D A {1
PE, TR 45 IR T A2 I R A5 A2 Wi S
PE(EE 6), 45N, 50 1~50 : 1 IS R U AMIK

T 80%, H.5:1M150: 1 (IZWi REERET, 100 : 1
~150 : 1 (IS REUEA BT RS © 1~25 1 1 2T
FERE R 99.5%~98.8%, 50 : 1~150 : 1 HiSWiEER
P 100%.

2.3 FERNHNEESHF

2.3.1 SHAAERE L T30 XoJ g BH i
Di BRSO EHP 28 - Y E A FER DN 7Y EHP 2
AT R (R 7). AR TR, WRHAES B 1045 1 1
IFFERTIE A 4 D T A YE, 6 ML T A
mn ERME, o, 3 SRR A RE R 50% LA
by 2425 0 1 FFRERASIUAE 43 0 AS 1= AR 73
Y 50%. PELRESHI 5+ 1 3FRET, 20 DB IRE
H1 AR T SRR, HARBITPEIRRETE 31 MBI
5 R B 5 9 A BHME AL A R B 34 & TP 3 (E,
2 SR B R E Y 10%~183%., HELIAESS 25 0 1 JF
e, 4 NBAMEIREEA 1 AT 31 MBI T 55
FEME; 2 ASBEMEIRE AR I E KT E(E, 225708
JELEHIMEE) 5%~50%3E . 50 : 1~150 : 1 AYFFRE
W, BT BRI A B SR R B, LA B I
FERRCIMME K TP 9(E, 22T 0RELE 14%~61%31
Bl BRI, 76 31 ARSI R B X ], i
FHATHEDTR 5 0 1~150 = 1 FFRERY & A 45 5 5 2
ANHE il B 7 (BB FEABLTE (0.27+0.28)~(2.83+0.08) 3
FEIPY, SFH4°8(1.26+0.78), Ui B ARl HREAL T 15 1Y
E ARG 45 A e K - BE K SRR R i -1
EHP # i

2.3.2 A4 EHP REM T A MA L H M4
FeyARAE  HTITEER) EHP 30 59 A I AE
(%1 £ (LgD) 5 IFFE AL AR 3 5o — A S SR 2 2 0
T H(LgKM KRR (E 1), g0 ER, —HRLE
K FR(R=0.9741), FIIMEM i (P=2.64x10""), LgD=
(1.055+0.028)LgK—(0.153+0.095).

3 iTie

2017 4 GE MR 7 M B AR A 22 T T 114 s 2l i)
g o, UFHFIA M HU(ERP) B FE P E RS R R A
Xz, FElZR . WA, 195, Bl WL, MR
AT T R S Y A S (A R B A . EHP
TR | 7S 7 AR AR AL - B8 (HP M) 2 3 4T 52 5
X WR 28 e A A K G 8 Y BB, R T B vh
EHP HY#E7E 10° copies/ng HpDNA LA Fif, 0T
B B (25, 2016), 1 A AEFE, EHP
FFPE AR A 1) S 22 1A o LU B R AREAARATR 30% , ARV
P 2 5 B E N (X REMESE, 2017) HI T EHP J&
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Tab.3 The positive rates under different pooling modes

SRt FFEEE I FHYE R Known positive rate FEAEEI I P R Detected positive rate
Pooling mode i PERER, B R, T PERE R, B R,
Haiyang samples Weifang samples Haiyang samples Weifang samples
1:1 12.9% (103/800) 21.5% (517/2400) - -
5:1 40.0% (64/160) 27.5% (132/480) 30.0% (48/160) 23.1% (111/480)
25:1 50.0% (16/32) 30.2% (29/96) 34.4% (11/32) 27.1% (26/96)
50 :1 56.3% (9/16) 31.3% (15/48) ND 27.1% (13/48)
100 : 1 - 62.5% (30/48) - 45.8% (22/48)
150 : 1 93.8% (15/16) 68.8% (11/16)

T IFREC MBI E R O R O PR B TR SR A LR, RE N B 2 AP R G EA T, LA 1A DL B R A
FRPE, DU D JF A C PR s A0t B 1 3 A S 0 P03 1) B M T AR B SO AR B, ND: R - AAEFEEUE T
", TR

Note: Known positive rate is the ratio of known number of positive groups of pooled samples to the number of all sample
groups of pooled samples. Pooled samples was grouped according to the combination of samples to be pooled. Known positive
groups are the number of groups with at least one positive sample in the group. Detected positive rate of pooled samples is
detected number of pooled positives to the number of pooled samples. ND: Not detected; —: Not exsit or unable to calculate, the
same as below

R4 T[EIPAME A FAERD S EN/AG N Y BE 1 R0 PR LB
Tab.4 Comparison of known and detected negative or positive numbers of pooled samples with
different positive rate of single sample in pooled group

FFERELH P B R ATFFHFERY B FEU/KE AL Ratio of known number to detected number by different pooling
Inner positive rate of pooling group 5:1 25:1 50 : 1 100 : 1 150 : 1
Negative (0%) 444/469 83/92 33/35 18/26 1/5
0.1%~10.0% - 3/0 1/0 6/0 3/0
10.1%~20.0% 45/23 8/2 2/1 2/0 2/1
20.1%~30.0% - 1/1 0/0 2/2 3/3
30.1%~40.0% 45/42 12/12 1/1 4/4 77
40.1%~50.0% - 0/0 1/1 16/16 0/0
50.1%~60.0% 14/14 2/2 0/0 0/0 0/0
60.1%~70.0% - 2/2 1/1 0/0 0/0
70.1%~80.0% 17/17 1/1 1/1 0/0 0/0
80.1%~90.0% - 2/2 1/1 0/0 0/0
90.1%~100.0% 75/75 14/14 7/7 0/0 0/0

TE: JFRELE N BH M2 g IR A v Y B0 B 8 B 532, 0% BRI 32 (0 5030 S I 21 8 60 /G I £ B P 258, 0.1%~100.0%
FRBSCHE 140 R JE AR 2H © /4G 1Y B0 2H 4L

Note: The inner positive rate of pooling group means the positive rate of individuals in a pooling group. The numbers in the
row of 0.0% are known numbers/detected numbers of negative groups of the pooling groups. The numbers in rows of
0.1%~100.0% are known numbers/detected numbers of positive groups of the pooling groups

WHAEARIGTAZY, A= A TAE P TR T, FRAR R A B 1 32 2 A I DB AR e 146 8 SR
9o S ) PR OE TERTI , XTIz R A B RICHORSZM, Rk, IR Rl ME— g
o ARHFFEX R 2 DRERARE T8 A, B DL il s

T FHAEACRBE A BRI R R 36% 5 M b HEIAR T 2 YR TE R R RS R AR 2D 198 BH P X Ay
FEILTE 100 BAHERR, 2 31 MERY YRGS DK EHMERINNREIT , R R A 1R AR
PE, RUIF R T AR 2 AR ARC RS, T2 ARG, BT IHPEEAR SR R, X B
AT RAEAR B BRI . PCR R A AR T 38 0 5 v A AR i 1 28 St RN ke S ok (B AR, 1998;
40~200 Jo/J N, FEINIE L5 2 R A I iY sliAS vl g Arnold et al, 2009), HE K = REFBF 5T B B K P2 0F
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Tab. 5 Detection of pooled samples with low positive rate

BH P 25/ i K PH R 5:1 25:1 50 : 1 100 : 1 150 : 1

Positives/Total ~ Positive rate K/T D/T K/T D/T K/T D/T K/T D/T K/T D/T
1/25 4.0% 1/5 0/5 1/1 0/1 - - - - - -
2/25 8.0% 2/5 0/5 1/1 0/1 - - - - - -
3/25 12.0% 4/10 2/10 2/2 0/2 - - - - - —
4/25 16.0% 4/5 1/5 1/1 0/1 - - - - - —
2/150 1.3% 2/30 0/30 1/6 0/6 1/3 0/3 2/3 0/3 1/1 0/1
6/150 4.0% 5/30 3/30 2/6 0/6 1/3 0/3 2/3 0/3 1/1 0/1
10/150 6.7% 6/30 5/30 2/6 1/6 1/3 1/3 2/3 0/3 1/1 0/1
17/150 11.3% 9/30 6/30 2/6 2/6 1/3 1/3 2/3 0/3 1/1 0/1

TE s FVERU S B R ZOF BRI B A RCE S AR 2 L, AT 4 17T BIRER, )5 4 A3 e AL s KUT:
AN B I RE R BT AR D/T: RT3 i BE M IR BT REAR

Note: Positives/Total is the ratio of the number of positive individuals to the number of total individuals in the final pooling
group. The above 4 rows are data of Haiyang samples, and the below 4 rows are data of Weifang samples. K/T: Ratio of known
positive pooled sample / total pooled sample. D/T: Ratio of detected positive pooled sample / total pooled sample

® 6 AEFHHRKXHISH RGEMISEEF 1T

Tab.6 Diagnostic sensitivity and diagnostic specificity of different pooling modes

FFHERIR Pooling mode  ELFHYE TP FEBIME TN {RIEM: FP RFIME FN 2 REUE DSe(%) 2 Wi 14 DSp(%)

5:1 171 442 2 25 87.2 99.5
251 36 82 1 9 80.0 98.8
50:1 13 33 0 2 86.7 100.0
100 : 1 22 18 0 8 73.3 100.0
150 : 1 11 1 0 4 73.3 100.0

T 2 W R AR = FC R/ (LR B )5 12 W S k=L B/ (R B A+ B B )
Note: DSe =TP/(TP+FN); DSp=TN/(TN+FP); TP: True positive; TN: True negative; FP: False positive; FN: False negative;
DSe: Diagnostic sensitivity; DSp: Diagnostic specificity

R BMEEER 2 MRS RER

Tab.7 The comparison of two kinds of test results of samples from Haiyang

o) FE AP HE FERERINE 218 5 AL
Code Mean of pooled Detected value of pooled Difference Variable
samples (copies/ng) samples (copies/ng) (copies/ng) coefficient (%)
H5P01 (6.48+0.80)x10? (1.22+0.99)x10° (5.71£10.7)x10? 88.3+179.1
H5P02 (1.18+0.03)x10? (9.70£1.70)x 10" —(2.07+2.0)x10" —(17.8+31.2)
H5P03 (4.73+0.34)x10" (6.06+0.77)x10" (1.33£1.11)x10" 28.1+49.0
H5P04 (4.72+1.32)x10" (7.17+0.41)x10" (2.43£1.73)x10" 51.9+90.5
H5P05 (4.31£0.34)x10? (6.11£0.89)x10? (1.80£1.23)x10? 41.8+47.4
H5P06 (4.51£0.46)x10" (4.1420.54)x10" —(3.76+10.0)x10° —(8.2£146.5)
H5P07 (5.73+0.54)x10" (5.25+0.35)x10" —(4.87+8.90)x10° —(8.4+128)
H5P08 (6.10+£0.41)x10" (4.46+0.91)x10" —(1.64+1.32)x10" —(26.9+46.6)
H5P09 (1.56+0.16)x10? (9.96%0.78)x10" —(5.65+2.38)x10! —(36.2+43.6)
H5P10 (1.36+0.25)x10? (6.77£1.50)x10" —(6.80+4.00)x10" —(50.2+66.0)
H25P01 (2.58+0.27)x10? (3.42+0.23)x10? (8.35+5.00)x10" 32.6+51.5
H25P02 (9.11+1.08)x 10" (5.3240.80)x10" —(3.79+1.88)x10" —(41.6+49.1)
W5P01~W5P16 0 0 0 -

W5P17 0 (2.35+1.21)x10" (2.35+1.21)x10" -
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gk
g R {E FEREAG DB ZE{H LET Y
Code Mean of pqoled Detected value gf pooled Difference Varigl?le
samples (copies/ng) samples (copies/ng) (copies/ng) coefficient
W5P18~W5P20 0 0 0 -
W5P21 (1.48+0.31)x10* (2.81£0.37)x10* (1.33£0.68)x10* 89.9+69.3
W5P22 (6.17+0.24)x 10 (6.76£1.57)x10° (5.95£18.10)x10? 9.6+70.0
W5P23 (2.00£0.17)x10* (4.58+0.36)x10* (2.58+0.53)x10* 129.0+33.0
W5P24 (1.73+0.16)x10* (3.01£0.59)x10* (1.28+0.75)x10* 74.0+55.9
W5P25 (4.81+0.16)x10° (6.54+1.05)x10° (1.73£1.21)x10° 36.0+34.4
W5P26 (2.67+0.43)x10° (6.31+0.84)x10° (3.64+1.27)x10° 136.3+59.4
W5P27 (2.80+0.26)x10* (7.71£1.27)x10* (4.91£1.53)x10* 175.4£59.9
W5P28 (7.90+0.53)x 10> (2.12+0.21)x10? —(5.78+0.74)x10° —(73.2£18.5)
W5P29 (4.14+0.36)x 10 (1.170.02)x10* (7.56+0.56)x10° 182.6+18.3
W5P30 (3.71£0.22)x10* (7.08+0.27)x10* (3.37+0.49)x10* 90.8+19.7
W25P01~W25P02 0 0 0 -
W25P03 0 (1.54+0.85)x10" (1.54+0.85)x10" -
W25P04 0 0 0 -
W25P05 (1.26+0.14)x10* (6.30+£0.41)x10? —(6.31+1.81)x10° —(50.0+36.6)
W25P06 (1.60+0.12)x10* (1.52+0.03)x10* —(7.53+15.0)x10? —(5.0£159.4)
W50P01~W50P02 0 0 0 -
W50P03 (1.43£0.13)x10" (1.16£0.40)x10* —(2.68+5.30)x10° —(18.9+85.2)
W100PO1 0 0 0 -
W100P02 (7.14+0.65)x 10> (6.13+2.05)x10° —(1.01£2.70)x10° —(14.1£102.2)
W100P03 (7.14£0.65)x10° (2.81£0.32)x10° —(4.33+0.97)x10° —(60.6+28.6)
W150P01 (4.76+0.43)x10° (3.49+0.86)x10° —(1.27£1.29)x10° —(26.7£61.0)
r B Green qPCR 45 T & 19 RAUHE ARy S5 (Liu et al,
L = (1.055+0.028)x — (0.153£0.095) sl R o ,
Al R2=0.94879 " “ﬁf 2018). FESLIEAL I, ASHFFE I BH AN 55 77 58 R
. =4 e PLAB BT IFRE AR S BIREAT S < 1, 255 1, 50 ¢ 1
33 %+f 100 : 1 F1 150 = 1 JFFEARIN . o TOFRESIR S, FEA
P AT, Ay 3k A fofT DRt RS AN AT W L A R A
T ome® B I 4 R L G HL B, ASBF TR T 3 %T
1 . . . . ﬂ%ﬁ%ﬂﬁ%ﬁ%i@ﬁ%ﬁfﬂmmR
! 2 Lok ) > TR IR Iy, MﬁﬁaA#mmlmdwR
B PR BHP B 05 LR (815 MERIERGET I 16 1 WAL BTHORUE. PO 7
IR 2L B A FE dh AR T RIS T 5 B AR AR B 15 T 7 AR Y

Fig.1 The correlation between of the detected amounts and
the known amounts of EHP in pooling groups

LegK: A3 B MR K £ EHP & X4
LgD: faE| I EHP 2 i X 4L
LgK: The logarithmic of EHP amount of the pooled samples
calculated from the data of single samples;
LgD: The logarithmic of EHP amount of
the pooled samples directly detected

G T I 7K 35 5806 35 W7 48 5 43 9 B S 06 5 ST 1Y
EHP /) TagMan %%} qPCR J5 1%, b 23 PCR Fl SYBR

ZRAEIRE

XPIFREBHE R T2 B, JFERER R, JFRERE
A5 380 11 IO 23Rk v 9 B PR AR SRS R I ()
AT LL3E i JF R B (n) FNIFRE B MR (), & A K
r=l-(l=rp)! MW, £ () #E ik A R
v=[ry(1=rp) " DY’ TS, Hor, T HE S 8 (K line
et al, 1989; Jifi L75, 1998), iR RN T4 %
B T RE R A DUIR 22 AR K, FHASHIF 93 Fp it BH AN i

Yy 5 0 1 JFFERY B AT BH M R HEE A B A R Y R
SBRBAE I 2 R EGE 25%~71%. MWASHEIT B e
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KT, IR RS BRI IR <42
o R 1) B 23 < AT A 3R 10 T o3 A g A
RIBAIHER" KR,

XF EHP (ARG IR d , o o B 25 SRR AR
SRFERER DS A A IR . BRI IRAT R,
T 1) R B R BAIE (Ossiander et al, 1973), ARAF5ENE
P s, RES A RBHE R >20%0F, 51 1~150 ¢ 1
14 45 - 2EL RS I 28] f) BE PR 3R 5 L N 1 4 o6 4 — 38 1
TERE S A AN A B PR 2R <20% 0T, FEAREAG I 45 525 1 3
ER . YRR, FIPER <10/150 B, 100 : 1~
150 : 1 JFREERA RO R EYE, 2501 LT
IFFEA B E R MR <6/150 B, 25:1 LU
L RIERER O R M PR <2/150 B, BT A
JEREY TG P . 7RV FHAYRE S, BHE R <
4/25 BF, 25 ¢ 1 WA TG AU H FHEE, BHEER <
2/25 W, 51 DL BRI oA YR . BB
[RIAAT R T 7 KR (Ossiander et al, 1973), 1 Fid
TEBCHEM, S 1 AR R T 1 AR N,
RAAE B L RER AT 7%LL EAYPRTER, RR
£ 50 BAEES A IEN 1 ASFERERIN 5 1 0 SR A A 1)
SF-14 EHP #5 7E 10* copies/ng HpDNA [ 7K, I Af
AE BB 16% LA R BEYE, RREE 25 BXTIRG IF
A1 ASFEEER . Mufloz-Zanzi £5(2000)i# i A 43
BT 0, o 2= T 18 A ARG 0 ) 5 M1 AR 5 0 R g
AT RA R, FATHRIE 0.5%~3.0%EF N, HKL
A IERERLE 15 0 1~6 : 1 70,

BN 28R AR G0 B IR R0 5T . 78
TFRERG I R SR AVEE S T, BRI L 201 )/ 5
T R RURE SR IR O R R R i B BH R
FAL TG BEE ] . Mufioz-Zanzi 25(2006) % 521 -
FERGIN A R AR AR SRR RAT R | IR | JERe B
B DR R ARG Iy 2 ) ARG I IR A S B AT T M
T, AT NG A SRR A s, ot E REE T
JUTAS A EL 0 BEE o L0 BH P | ARG B R A B
HECE, A 4E OIE 12WrJr i S iE AR fE(OILE, 2017)it54:
15 A I RERECR 1912 B R BUE RS Wiks 1 o 45
T, TR IR IR G R A (S Wi ke S 5
LW RELE 5 0 1~50 : 1 HEER T HAMMET 80%,
5:1 F1 50 0 1 iz REE T4r88E, {H 100 @ 1~
150 : 1 (2B REEF W TR, NX—akE,
OIE F i 192 AR v FL A REAS B AL 5 ARG 2R
(OIE, 2017; FHS, 2014), 7EZ40IE O T AT L% &Y
F] 50 A

EHP &Y i KUK 5 Hak A Bom i L R (KB4,
2016), ERHIXTT EHP &l oA E 8 X, AW

FEWLER B IR I ) 2 2 235 SR 5 B — A A T ) 7
PI(E AT B 038 A et (P=2.64x107"7), T5E (54
RS- A FUAE 0.27~2.29 TE R, AbTF R — % 2%,
Al DL R I e RS

25 ik, a3 T TagMan qPCR # EHP 46
FIIERE T, T e L EPRARE R HEER 5 0 1 JFE
K g7 AT AP R 50 ¢ 1 g9 =, AT o EEAA R
FETE 7% LA b 110 3% S5 AL e Joit o it 1 R PR AR AS 1
Mm%, H2WrER ez R80T S 5 1 IR
DT, AT D26 S A A 1), 15 48 4G 3% . TGk
e SR A ARG T 7 88 A R ARG I sz 1 R h SR, A B
FEHE R 1M 23 B AR AT RIS A B 7 5 IR REAS I 1) 72
45 LG8 T RE AR 38 /K S AL P o TR A I
PEAS R oK A sh W e s 2 W MU A TR - A A it T 2
AR
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Evaluation on the Detection of Enterocytozoon hepatopenaei in
Pooled DNA Samples of Litopenaeus vannamel Based on TagMan qPCR

SONG Zenglei'?, DONG Xuan®, ZHAO Ruoheng’, WANG Xiuhua®,
WU Heying'?, YU Danghui'?, XIE Guosi’, HUANG Jie"*"

(1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306. 2. Yellow Sea Fisheries Research
Institute, Chinese Academy of Fishery Sciences; Laboratory for Marine Fisheries Science and Food Production Processes, Pilot
National Laboratory for Marine Science and Technology (Qingdao); Key Laboratory of Maricultural Organism Disease Control,

Ministry of Agriculture and Rural Affairs; Qingdao Key Laboratory of Mariculture Epidemiology and Biosecurity, Qingdao

266071; 3. College of Fisheries and Life Science, Dalian Ocean University, Dalian  116023)

Abstract Two populations of Litopenaeus vannamei from Haiyang and Weifang in Shandong
Province were sampled. TagMan qPCR was used to measure Enterocytozoon hepatopenaei (EHP) in the
shrimp hepatopancreas one by one, and then the extracted DNA samples were pooled by 5-pool (5 : 1),
25-pool (25 : 1), 50-pool (50 : 1), 100-pool (100 : 1), and 150-pool (150 : 1) to test the EHP in the
pooled samples. The amplification used a special threshold cycle value (Cy) of samples lower/higher than
an assumed critical cycle value (C,), differentiated as an analyzed positive/negative ratio in the single
sample test and pooled sample test. The relationship between different pooling modes and the analyzed
positive rate, diagnostic sensitivity, diagnostic specificity, and quantitative accuracy were compared. The
results showed that the detection for high pooling rate samples could be reduced in very low analytic
sensitivity. When the positive rate of individuals in the pooled samples was above 30%, the detection
results of the high pooling rate were consistent with that of the single sample detection. If the positive rate
of individuals with heavy infections in the pooled sample were not less than 6.7%, satisfying results could
be obtained in the sample with a pooling rate below 50 : 1; while the positive rate of individuals with
light infections in the pooled sample were not less than 16%, the satisfying result could be obtained in the
sample with a pooling rate below 25 : 1. The pooled samples with a positive rate below 1.3% of
individuals with heavy infection, or a positive rate below 8% of individuals with light infection, might
lead to false negative results in all pooling rates. All of the pooling modes have good diagnostic specificity.
The sample with a 50 : 1 pooling rate had a similar diagnostic sensitivity to the sample with a 5 : 1
pooling rate, which is the highest pooling rate recommended by the OIE standard. It had a very significant
correlation between the mean of the detected EHP load of pooled sample, and the mean of the known EHP
load calculated according to the single sample, with a ratio of 0.27~2.83. The quantitative test results of
the pooled samples could roughly reflect the average EHP load of the single sample at the order of
magnitude. This study provides a reference for sample detection in aquatic animal disease diagnosis, and
epidemiological investigations.

Key words Litopenaeus vannamei;, Enterocytozoon hepatopenaei (EHP); qPCR; Pooled sample
detection
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