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H IR P R S e e B RIS E AR R K SRR T A R SR
BN KFERTRESEYREEAERE LK FEH 266071)

BE & o M B T Frd ain 4 47 9K 369w 2 (infectious hypodermal and haematopoietic necrosis virus,
IHHNV)E f& F 87 B AT E Em )R, AT — M k3 (k& X4 % IHHNV DNA W77 3%, A5
SRR T B AR AR, % H FTA (flinders technology associates)& itk 7/ i, LA FTA 4k
R . TE (Tris-EDTA)% " ik K& % 8 F A b 2o L, 3T 7 # FTA £ 251 DNA i 7 %, &
WKL EE PCR Bl 7k b F BB M B ER KR S ®RE, 428 R, T4 mm’
B FTA & b, AEHERA A 2.5 L, e A AR B, Sk B A % 98 5 F & 1.47x10" copies/uL
PL b W 3R AR S R AR I R BUE A 100%7: H 36 8 36 % J7 3% 4 50 L TE % T 95 'C T 3% ¥k 5 min;
FE R OB, A B RS F E 1.82x10° copies/uL ML F, FIiE(20~25 C)4& 4T, A FTA #ifhiR
I 3 9k, BA TB & B 2 ok, RBLE 35 5 min, 7RG & E AN R EUEF 100%H
VERE . VL FTA 1R 7 X F & 38 48 & fE )7 % (white spot syndrome virus, WSSV) . ¥ Af i A &
(Enterocytozoon hepatopenaei, EHP) ., #F+ & B #1 %% % 1 (Decapod iridescent virus 1, DIV1), fir 7 %
HI #1 7 # (covert mortality noda virus, CMNV) ., 2 2 1 I ik i 35 70 B 7 1t 7 # (Vibrio parahaemolyticus,
Vopaupnp)Z B, MK BT ZE TR I 7 R BRI SE T 1% 07 3 ot ot o 3K SR AZ B A o OB R
PR T FTA RIRFf ik IHHNV DNA W& Bl 7 £, W E IR G R E . FERRHF
o s K R FfnE i A R T B8R,
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18 VEWR /N TE 25 50 0E (runt-deformity syndrome, RDS)
(Kalagayan et al, 1991), ZIFRELEHREHRZ —, J7E
fo 3 AT HR SR . A S A 2L (World
Organization for Animal Health, WOAH)%! A% [n) H
HIR 1 52253 I RE R (WOAH, 2023) %55 M o
AL e B A I ZH ZURSE G RE(THHNV), 1981 4F
1 36 [E 5 SR b X B vk gk & B (Lightner et al, 1983), il
JEAERE B VKRR, B . Sokpuil, #hiE . =g
A [ 45 4 BR 2 [ 8 F ML X (Saksmerprome et al,
2010; Kim et al, 2011; Yang et al, 2007), IHHNV J& T
Y/ #5 B (Parvoviridae) , 2 H FIT & BUXTERG BE o
/NI EE, R DNA, JCEERE, iR T RK/ANAH
20~22 nm (Bonami et al, 1990) ., 40 ffi I& X} 4F
(Litopenaeus stylirostris)E& 4t IHHNV J5 ] 5 3H: 90%
RYFET- R (Lightner et al, 1983), JL4NX}#F(Penaeus
vannamei )& Yz IR G AN S S EUR R LT R, B
SIRIFERZE | WY, &R REEik, 7
B = AR B IA T  BE THHENV B g o0,
oz I B By AR L

IHHNV A6 00 77 i A 46 2 21 23 . 5 PCR
J5 i LR i PCR (RT-qPCR)K I | 8%
JRAi 4238k . A TR BR (LAMP) FI A= P45
NS5 (Bell et al, 1988; Lightner, 1996; Tang et al,
2007; Arunrut et al, 2011; Sun et al, 2006; Tang et al,
2006; Mari, 1993; Tang, 2000), HF{l, Rz 1
5> FAEW2E o8 WOAH HEZERY THHNV %38
PCR J7 %Ml RT-qPCR Kiillvk o £ 50 A2 A il Jr
b, 909 RE A TR R U L M AN ) o A
BRI, e EFE S, KGR vk LB
BCH A A% R PR AT 3R] O 4 B A% IR (LI A 45, 2013;
PRR 745, 2015) o AEARIR DR AT S5 A RN DRATV W 1) L o3
BRI 1 7 M VR AT RN A R il K IR s i, LR B
5 DX 3 A2 356 vy o — 2 IRIME , Ry LR - — b s R (S 4 1)
I TR RAF B B T K 7= SR 5E 05 9 it i Rzl

FTA (flinders technology associates) s & —F ] T
P . A A Y T A T (Rajendram et al,
2006), A LATFAE | PO R A A R O A B G B 2
MM E M. FTA RZ2%E Whatman 2w & F]
P, R R TR IR A TR L ffE iz
2 IRAEREN, IF ] R PO RIEI TR, FTA
R o R A R R ATk H IO A N fa S R R
mmAb PR, AL FAL PR FTA RIEMEZmREMA, A
VR, FTA RAOAZ TR 1 W PR 4, BB A% R
SHMEE AR L, RR A R  T 2SN I R i
HimHEREr A B3, DNA BEfE R,
AE AR TILAE, Bk, B FTA RAEMHEIRE

i DNA 23|72 H M (Corradini et al, 2019; Smith
etal, 2004), FA7E B 22 KA PIAH OGS AR T T
W55 W (5% %5, 2020; Shalaby et al, 2020; £ J3 5%
2015, AR 2009), BJIHE(Q2015)HF 5 W
7~ , FTA 5 18328 5 B2 7% B (measlesvirus, MV)& 5
B0 TR AR, (R REE 9 1 A AG R o

FTA RE7EAZASh Y B 2 55 U845 21 1z I
PR, 2012; PRI KAE, 2014; X284, 2012;
e [F5E, 2009; TN, 2012; XIEE%AE, 2014),
IR FH T 58 3 9 Jit S0 2 A TR 1) A7t 1 i (2% 01 4
2008; Picard-Meyer et al, 2007; Perozo et al, 2006;
Muthukrishnan et al, 2008; Maldonado et al, 2009;

Inoue et al, 2007). fEK =¥, EAMRER
FTA RH TR HIBESE S 1R 7 (white spot syndrome
virus, WSSV)  #F -7 it H (Enterocytozoon hepatopenaei,
EHP) %% (Sudhakaran et al, 2010; Patil etal, 2013;
Karthikeyan et al, 2020), {H iR X HAT - DNA
VeSO B AH S e i, PR T FTA RGN H .

FTA R T ORAF B S5 1 AR ) R TR &
VEMRIAY, DIEIE S 05 I DNA W4, AR
FTA RAEJ IHHNV B R 214 1 1 HRCR , AR WF5E R
7 B FTA REGUEM 7 %8, dlid RT-qPCR J7 ¥EAG
HFM THHNV R 0 Pe B 8OR I35 FH X R Ji
WSSV, EHP. #F+ 2 B U #Z 5% (Decapod iridescent
virus 1, DIV1) . fii#L%F H #H% 3 (covert mortality noda
virus, CMNV) . 2 PE R R IR L 1) %5 1 9K B (Mibrio
parahaemolyticus, Vpaupnp) H SRR, A T7 vk
FH T AR 255 I PR A7 S DR R RECR , DU Sy vy —
i 2 (1) DNA A7 EE S EOR SC4%

1 #wRERE
1.1 #HEARFRKRIZERIZE

THHNV DNA i il £« BHPAE & o A 5256 %= R
17, 2R H IR HEDT b XY THHNV (1) FLEY X 5
BII A it S SR VT 95 s A b DX 1) v [ 5% MR (Penaeus
chinensis), 4 5IHL THHNWV [ 1 BF 1 A X6f i 25 21
30 g, fli ISP ALUILH 4 DNA $2 B0 & R
AR LR A BRA 7R DNA, BT 52 %1157
UL

WSSV . Vpauenp. EHP. DIV Fil CMNV K A:

FTA 4 | GE Healthcare UK Limited, TE 2%
# (10 mmol/L Tris-HCI, 1 mmol/L EDTA, pH=8.0)lly
B R AR A BR A |, FTA 2ifbiks g B g4
B A= PRk A B A F o
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1.2 IHHNV DNA REHERH &R RERERE
B E
¥ THHNV DNA #2BU&#E T 107", 107, 107,
10°%, 10°, 10°, 107 f5BRRERRE, 45 BEph BE
BEPR % FE 431 AT, W FH RT-qPCR Jy 32 0 5 9 75 28 0t
HRPEAS I 25 R B, Gl B B, FAAE FTA REEA A
F: BRI .

1.3 =8

# China FTA™ Card (Whatman™, 3% )57 {34
Kb 2 mm WIEFTER R, KR &g, 55
TEA R b 45 B0 BE VR B 1) THHNV DNA, 4 F ik
2.5 pL, BCEBIVER R GRBERER), IR SRR %
T T 1 do [RIE, XTERZE AR (WSSV L VPanenn «
EHP., DIV1, CMNV)—Jf & ¥, A7 A,
AREBEE 3 AT
14 BEBEAFR

HRYEAS R A BE R IC U, Tt 7 P 2,
BRTFEMRE 1 IR L 1 ZERAMT, e FTA
i fbIRFIENE 3 Yk, FH TE S Pk el 2 7k, Bk
Y1 S min; 7 2. FWAMT, SeH FTA 4ifkidi)
PEME 1 Uk, PR TE Z2 Pkt 1 ¥k, B340 S min;
FEIMGE 4 HE TE Zobhwseli 1k, Belint
B8 5 min; 5. HAHEE TR 2 1k,
WIR 5 ming 4 6: N LB FKUEN 1k, Ve
BFIE] 2R 30 ming %€ 7: HH FTA aifbilFIveii 1 ¥,
VELETE] R 2 mine i3 r R E | T VRS8R
W, 95 CYEM TN PCR {Um#k, Hrh % 1.5
H 7 S5 i — R Ve BB TR B8 e 1 I R 247 = 0 T g
1h, P40 RUEME BB R JCTF AL . THHNV DNA

RN T SR DRI VRIS S BR e, JF i 1 4
28 Pk B T4 T A A R R B Y I R R AT
RT-qPCR £l .

1.5 RT-qPCR #&ill

RT-qPCR £l IHHNV ., WSSV, EHP. Vpaupnp .
DIV1 fl CMNV 4 6 il AR, 51 H%E . R &R
FFEF S5 B L3R 2,

¥ TagMan ¥REF A= T A Y TR )Ry
B2 Al A . PCR WK Z . Luna Universal Probe
qPCR Mix 10 pL, 10 umol/L ) _E Fii#F51 4145 0.8 uL,
10 umol/L HJ#R4F 0.4 uL, JoKERRHEE/K 7 uL, DNA ##
B 1 pL, BUAFH 20 pL, IHHNV SUWFERE : A 95 °C
5min, A8 95 °C 15, #Ef 60 C 30s, 40 ~F
¥F, EHP. Vpaupnp. DIV1 1 WSSV W FEF: FiAs
£ 95 °C 5 min, Z5PE 95 °C 155, ZEH 60 °C 20s,
I 40 MEFR . CMNV KW FE T« [ % 5% 55 °C 15 min,
WAEYE 95°C 5 min, 28k 95°C 15 s, HEfH 60 C
20s, k40 MEH,

1.6 AEERAREHRRZEF IHHNV DNA AHER

RT-qPCR #5ill 7 77 58 Yk Wt ok 78 v Pk 0t vk v
IHHNV DNA A5 a2k i, WU [R] 98 i 7 vk e it it
PP &V Y BE THHNV DNA B35 A5 00, S it
BEEE R 107" BB T 7 Ryl 7 24T R, 4G 4%
A B BepE I THHNV DNA g 2738, S UEAS [ 3k
W7 AV B B AL IR o
1.7 FTA £&%F IHHNV SE%B & EHHE

H4 RT-qPCR il 7 Fh 7 & h Ji — R P Rt 0 Fl e
JG—UR LS BB A IHHNV DNA B sigks, 454
K HRAELES M FTA RORE THHNV SefERe i 24

®1 THEBRAR

Tab.1 Seven elution programs

e Eluent/pL Ve 451 Elution conditions
JI% FTA ek s EETK i o RBRUOR ERESL
VT TE b o i 2 I} [i) . f
Program FTA purification Deionized o . . Elution References
TE buffer Temperature/ C Time/min .
reagent water times
1 200 Z= & RT (20~25) 5 3 AMF5Y This study
200 ZEJE RT (20~25) 5 2 ZRWFFE This study
2 100 Z & RT (20~25) 5 1 AMF5Y This study
100 ZE & RT (20~25) 5 1 AWF5Y This study
3 100 ¥ RT (20~25) 5 1 ZRWFFT This study
4 50 95 5 1 ARWEE This study
5 200 25 RT (20~25) 5 2 [E &4 5(2008)
6 50 95 30 1 Karthikeyan %%(2020)
7 200 Z i RT (20~25) 2 1 Shalaby (2020)
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Tab.2 Information of six pathogenic primers and probes

s Jir 519 RRE ® J¥ 51 bR/ 225 Sk
Pathogens Primers and probe Sequence (5'~3") Standards/references
IHHNV 1608F TACTCCGGACACCCAACCA WOAH

1688R GGCTCTGGCAGCAAAGGTAA
41 Probe ACCAGACATAGAGCTACAATCCTCGCCTATTTG
WSSV 1011F TGGTCCCGTCCTCATCTCAG WOAH
1079R GCTGCCTTGCCGGAAATTA
% Probe AGCCATGAAGAATGCCGTCTATCACACA
EHP 157F AGTAAACTATGCCGACAA SC/T 7232-2020
157R AATTAAGCAGCACAATCC
41 Probe TCCTGGTAGTGTCCTTCCGT
VPanpnD VpPirA-F TTGGACTGTCGAACCAAACG SC/T 7233-2020
VpPirA-R GCACCCCATTGGTATTGAATG
% Probe AGACAGCAAACATACACCTATCATCCCGGA
DIV1 142F AATCCATGCAAGGTTCCTCAGG Qiu %(2020)
142R CAATCAACATGTCGCGGTGAAC
41 Probe CCATACGTGCTCGCTCGGCTTCGG
CMNV CMN-CP-TaqIDT-F2  AACTACATCTGCACCCCATG Wang %(2022)

CMN-CP-TaqIDT-R2
%l Probe

TTGATGGTGTCGCTAGTCTTC
ATCCCTGCCGCTTAATGTGAGATCG

e a: BRER 5N FAM FRic, 390 TAMRA ARic .

Note: a: Probe was labeled by FAM on the 5’ end and TAMRA on the 3’ end.

1.8 FTA FEREIRIIE

4 THHNV FTA RUEME 7 2245 5, R BUs it m
T, WUFRTE S e WSSV, Vpapenp. EHP
DIV #1 CMNV 4§ 5 B i L 1 R FH AR . WSSV,
Vpanpnp. EHP. DIV I CMNV 7EA% R AR 5 IR )
RT-qPCR il 22k 543 74 6.40x107, 1.41x10°,
2.39x10°, 1.94x10° F1 4.22x10° copies/uL, Mk iE+HE
FEM 4, L KNG — KRG R, J7
% 4 R 55— R VR o

2 #R

21 IHHNV DNA RESERENHE

S E S AR SRR EE , R RT-qPCR 5 kAl
ANFEFG BB A THHNY &, 258K, RO
PEDIE N 2.75%10° copies/uL, WIREFFE 10 f5%, ¥
DUBCRRAR 1 A8, MR 107 e a s DL Eeh
1.78x10* copies/uL, FiREE] 10°~10"7 g 46
A9 R DUBIC . AR i b SR o B D T R R R R B
107", 1072, 107 A1 10°* FHfE FTA KRR SRR B
FRie o

22 AREEBREAREREH IHHNV DNA AHER

R 7 iy v it ok R v PR VR P ) THHNVY A%
PR oL, 25003 3. & 3 nl g, M€t
Jask A5 v B PR R v A R L e LR, TR 1 R
FTA 2lifbif7] 3 P Mims 245 DUEUH 22 Rk, TE %
P 2 R VRIS 7 5 DUEIOR 22 0% K F FTA 4lifb a7
VR, 0 A VR DU IR 2ZE AR T
229, TE Sy ve b5 i 5245 DLW & T FTA
Rai iR Ve S e s LB PR S, K&
BFK 2 VB, RS DB ZE A K % 4 Fl
Tr%E 6 Ve e e iE#5 DUEC L Hofth 5 Fho VRS R
BB 1 MRS, HFE 4 BB S T
F 6, KW, FTA RAEASIR AL R o 24 17 78 4%
R
23 FTA £3R%F IHHNV BERREEHBE

N7 b7 58 0 25 B B I d5 Je — IR PR R
FIE A ) THHNV DNA #E47 RT-qPCR K|, Bk
WA ZE RN 4 FiR, WRE IR Z0d 10MM5 0 B n
PEAT S, 45 MR R 2 P MO YR R A I AS B B,
107 T PRAH P R A G H o s R B A e 6 5,
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R 3 7T RAE LM S AR ER BYIA B JL(DNA )/ (copies/uL)

Tab.3 Lose of nucleic acid by eluate during the elution process of seven programs (DNA concentration)/(copies/pL)
Sy 3 U FTA AEA A 2 U< TE ZEnii v v 2 WRE T KU
Program Eluted 3 times by FTA purification reagent Eluted twice by TE buffer Eluted twice by eionized water
1 2 3 1 2 1 2
1 2.06x10° 2.02x10° 2.81x10° 1.91x10° 7.87x10° — —
2 5.38x10° — — 7.86x10° — — —
3 — — — 4.98x10° — — —
4 — — — 2.32x10* — — —
5 — — — — 2.70x10° 2.90x10°
6 — — — — 2.05x10* —
7 1.55x10° — — — — — —
e =" R R RS I8, T
Note: “—”means no virus copies was detected, the same below.
*4 AESRERERR 7#HAREREH IHHNV DNA RT-gPCR #&ill 45 R
Tab.4 The RT-qPCR results of eluents from 7 programs with different concentrations of virus
PIES # RS E ALK {E. Serial dilution
Program  10%(x10* copies/uL) 107'/(x10° copies/pL) 107%/(x10° copies/pL) 1073/(x10? copies/uL) 10*/(copies/pL)
1 0.54+0.05 0.77+0.06 0.93+0.11 7.41+1.19 —
2 10.11+4.60 7.67+0.57 1.11£1.20 2.45+0.53 —
3 3.93+0.78 4.89+0.63 2.33+2.03 13.60+17.50 —
4 20.72+2.30 20.32+3.00 4.02+0.50 3.50+1.05 —
5 1.9540.56 2.88+0.28 1.26+0.80 15.90+3.40 —
6 22.20+2.80 20.4042.40 1.43+0.92 4.87+0.57 —
7 3.46+0.99 1.54+0.60 1.63+0.96 7.92+0.00 —

%} H& Control — — _ _ o

KM {8 A (15.943.40)x107 copies/uL, fx 35T 9) 6 Sk
WO R, DR A SRR 2, A
{8 M(2.45+0.53)x10% copies/uL, B[ 7 8 R, 047
2R BEEE T BRI 2 A s 75 PH A A HH 2R (3R 5), 3R 5
FIHT, 2 R B A5 o 7 PH M A 1 2R e e R 4R

x5 ARREREER 7 #5%HARRRERK
RT-qPCR fm &R H &
Tab. 5 Detection rate of eluents from 7 programs with
different concentrations of virus by the RT-qPCR

Jr & £ B bR B2 4G Y 2R Detection rate/%

Program Jgiy Stock solution 10" 102 107 107
1 100 100 3333 3333 0
2 100 100 100.00 55.56 0
3 100 100 8889 4444 0
4 100 100 100.00 55.56 0
5 100 100 8889 2222 0
6 100 100 7778 5556 0
7 100 100 4444 1111 0

HE2. 4,6, ¥h 55.56%, HAbABEM 7 20046 H
RYRT 45%, £, SRR ELE 10° Wi
(M FE 1.82x10° copies/uL), 4577 5 M iR B 24 411K o

TR 2t 107 BT, IR A A Hh e e vk
FELLU MM 5 4, K 49 (4.02+0.50)% 10° copies/uL,
UL R LR TR B, B R e s (R vE
W52 1, Ki{E 4(0.9340.11)x10° copies/uL, HJR
B R o AT IR B T B 5 2L A 75 P MR AG: 1
R(FES5), ME S M, ZRBRME S TR EE T
R 5 e P A PRI 7 58 2 4, 3428 100.00%,
A PR T SR R IR T 88.89%. 5 LA AT,
Fie YR 7 28 4 SEATRRPEMG , R VR VR A Al 21 7
R, AT ARAS B v Y R RMERR . 25 b, SR
FTA KAEN THHNV DNA AR, i B A 5 5k 7E
1.47x10* copies/uL VA I,

A DU R SRR, (A VeI 6 1 BEARAS KL 45
W, HAL DT ZWEE R BIOR R (LR 6), HAS
R PR Ao0 2L (ARG HE R340 100% P, R A
9 THHNV SRaEAmasits , S ERvei F 2R 1.
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FHET, LBEH) DNA WBEEAS] 1.82x10° copies/uL
R ar i o

24 FTA FHATHEMZBEREFEREIE

K8 FTA 1347 THHNV DNA 7 Fhye I 7 22 i 45
WO SmBEEAENTZE 1M 4 SRIE WSSV, DIVL,
CMNV . Vpauenp 1 EHP DNA FRAERCR 455 5

AN, 5 RZRRY N TR 1 R TR LB T T R 4,
W8 (B EHP 405 A 5 4 DU H A A IR AT I
PEULEAR 1 NBCRY%, EHP MK 2 MRS, hT
5 Bl IR A A BE AT A0 SRR RS LRI 905 T 107,
I, 4535 THHNV PRl sh SR — 20, )20 vk Y i
07 2638 T T HAMR 5 o5 MR 2 Ry A Ve 45
RIE T,

x6 ARRERERERE 7#MARERT IHHNV DNA RT-qPCR #ill 45 R
Tab.6 The RT-qPCR results of eluted diaphragm from 7 programs with different concentrations of virus

VR BERRE KA. Serial dilution

J7 % Program

10%(x10° copies/uL) 107'/(x10* copies/pL) 107%/(x10* copies/uL) 107/(x10° copies/uL)

10*/(copies/pL)

1 4.50+0.47 5.90+0.59 1.35+1.68 1.25+1.32 —
2 J— J— J— J— J—
3 J— R R J— J—
4 _ J— J— _ _
5 _ J— J— _ _
6 J— J— J— R R
7 _ J— J— _ _
X & Control — — — — —
x7T SMEEZBERER
Tab.7 Elution results of nucleic acids of five pathogens
sl AR I IR VEBU AL
Pathogens Type of nucleic acid Program Load of pathogen.nuclelc acid in Load of pathog.en after
FTA/(copies/uL) treatment/(copies/uL)
WSSV DNA 1 6.40107 5.93x102
4 3.44x10
DIV1 DNA 1 . 2.42x10°
4 1.94x10 1.73%10°
CMNV RNA 1 . 4.58x10°
4 4.22x10 4.52x10°
Vv DNA 1 2.64x10°
PaseND A 1.41x10° 1 79%10°
EHP DNA 1 s 5.20x10°
4 2:39x10 2.86%10°
T RAFRSERETR . AP0 THHNV DNA T
3 itig

FTA R [E5E R 2 A T 208, AL IR BN T
B A B KA #H, Karthikeyan 5(2020) 8T
FTA-DNA B[k . i &% DNA $#HCH %
(DNeasy” Blood & Tissue) AN, e &
PCR 43 Hr DNA #2508, %Pl FTA K DNA [a1 i fR
9107, R AN 1072, EhRIE N 107, WLUE
H, FTA RHEEGE AL DNA %R %1 ; Sudhakaran
(2010)fF ] FTA K M IESLAF LAk EL A 10 A5 5 B
il & DNA H i, 3 E & FE i PCR 40#7, 348

FTA K b, FIf RT-qPCR J7 3K 356 Bt s i) 35 e o
K, [T HEA 7 Al 5 AP RIS (DIVI . CMNV
WSSV \Vpauenp A1 EHP)FZ R 1 5256 0 iF , iiEB] T FTA
RAEARAF H S22 I 7 T 2 Tz A N 2 )
HAG, X FTA KBRS £ 0L F H AR iz
VRS B RSCR , SRR L Bk
K SR B X R AREED . ARSI, AR 1
12 (R R B R e I R BSOAS [ T A i Y i
IR PE R B s e ke M 25 R TR 3 fl4
B 22 S Al A, YRR IR P S Ay 45
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HE S M7 YR A AR AT A, PER R ARt 2
SRS L aE . I, FTA R FUR% AL R AT,
AU i B R TR A SR, AN TA) B B R Y i 4l
ELIERZ MR O ARG 4 R AR ST 4 R R, TR AR I
TR R —E AR T, R LR IR = T
10* copies/pL, PCR il T 3545 AR fr) 72 £ i 2 AG )
HEfRBE s TER R 1 Je b B, PR R EE AT Z—,
FH A 220 W06 14 58 AAORSE A A5 AN 380 AR %) o5 S A R 9
HERCR, ON FTA R L& MR AR R
BRF 750 BEL RS AZ TR ) s, T 0 350 0 A 2 L o ot % ek
I (] B R M R I 25 51 . AP SRR 6B, R 4
FTA 2lifbikfl . TE 22 ol B L 85K BEME, & BBt
Y BRI, S BB R hRRE E 1 FRIL,
HET R B R, R, 2 B A AR ) e M T
A DR A EARIES T PCR A, ] LAFR#N FTA RAEH
A A I r s SR AN 2 o

W HRTEIZ BN EE DNA A7 B 7E 15 X 5 1 s
B 1o AR R DR TR 32 B 2% 1 %) IR A 2 Ko A O 23
HE AR R AR R, B TR9F DNA B 2B
FH T S5 LAV A DR AV Y1 80 4 4 58 3 38 i v 2
B PEAKES 1 1Y, 2T S0 = A N A PR A YRR
136 S, FTA RI#7F DNA A] IZER IR F it fria
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Optimization of DNA Elution Method of Infectious Hypoder mic and
Hematopoietic Necrosis Virus Preserved by FTA Card
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Abstract Flinders technology associates (FTA) card (Whatman®) is a paper-based matrix designed to
fix, purify, and store genetic material from various biological sources. It can conveniently and quickly
preserve nucleic acids and may fulfil the requirements of long-distance and cross-border sample
transportation. The FTA card can store and transport tissue, nucleic acid, and other sample types at room
temperature (20-25 ‘C). Nucleic acid can be extracted directly for detection and be sent by express as an
ordinary parcel without being treated as dangerous or as special goods, eliminating tedious processes,
saving time, and ensuring sample quality. It is widely used in the human and animal medicine field. It has
been successfully used for the storage and transportation of livestock pathogens and viral nucleic acids. In
terms of aquatic animals, the FTA card has been used by researchers to store white spot syndrome virus
(WSSV) and the shrimp Enterozoon hepatopoael (EHP): However, there is no relevant research report on
the elution effect of the nucleic acid stored in the FTA card, which affects the application of the FTA card.
The infectious hypodermal and haematopoietic necrosis virus (IHHNV) is an important shrimp pathogen
and severely impacts the shrimp culture industry. It was first found in Hawaii, United States, in 1981 and
then spread to several countries, including to Australia, Singapore, Malaysia, South Korea, Brazil, and
China. The THHNYV infecting Penaeus vannamei does not cause high mortality, but growth would become
slow and deformed, resulting in great economic losses. Early detection and prevention management are
particularly important in current situations, which lack effective control measures for the disease. Several
IHHNV detection methods have been established that use molecular biological methods, including
conventional polymerase chain reaction (PCR) and real-time PCR (these are recommended in the aquatic
animal disease diagnosis Manual of the World Organization for Animal Health). Nucleic acid extraction
by the above methods meets the requirements for samples, usually frozen, ethanol, or other nucleic acid
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preservation reagents. Low temperature preservation conditions and composition restrictions of
preservation solutions present certain difficulties in disease investigation, surveillance, and monitoring of
shrimp farming. It is particularly important to address this dilemma. To find a fast method for the
preservation and separation of [IHHNV DNA and provide complete nucleic acid materials for subsequent
research, we selected FTA cards as the preservation medium, and designed seven kinds of FTA cards with
attached DNA elution methods based on the FTA purification reagent, TE buffer, and deionized water. We
evaluated the elution and separation effects of different nucleic acids and the minimum amount of dot FTA
card nucleic acids through real-time PCR detection. The appropriate solution was spotted onto FTA cards
according to the manufacturer’s protocol, labeled, and air-dried for 1 day at room temperature. The result
shows that on the 4 mm® FTA card, the sample volume was 2.5 pL. When the eluent is used as the
template, the minimum FTA card nucleic acid concentration needs to be 1.47x10 copies/uL above the
best detection sensitivity, and 100% detection rate can be obtained by washing the FTA card with 50 pL
TE buffer solution at 95 ‘C for 5 min. Using the FTA card as the template, the nucleic acid concentration
of the dot FTA card needs to be above 1.82x10° copies/uL, eluted with FTA purified reagent thrice at
room temperature, and then eluted with TE buffer twice. Each elution time is 5 min as this can obtain the
best detection sensitivity and demonstrates 100% accuracy. The elution effect of the above two schemes
was better than that of the other five schemes. The nucleic acids of WSSV, EHP, decapod iridescent virus 1,
covert mobility Noda virus, and Mibrio parahaemolyticus causing acute hepatopancreatic necrosis were
preserved using FTA card to test the efficiency of the established elution method. It is assumed that this
method is universal for the elution of other shrimp pathogenic nucleic acids. At present, research on the
application of FTA card is mostly seen in the nucleic acid effect of its preservation and transportation of
tissue samples. There are few reports on the relationship between the amount of preserved nucleic acid,
separation methods, and detection effect. This study shows that FTA cards used to preserve pathogenic
nucleic acid requires a specific amount of nucleic acid in the sample and directly affects the detection
results of the sample with different FTA card elution methods. This study provides a feasible scheme for
the preservation and elution of IHHNV DNA with FTA cards. The application of this technology has
potential use as storage and transport strategy for surveillance programs and can enhance biosecurity in
shrimp culture, which provides a scientific basis for the preservation and transportation conditions for the
collection of wild shrimp samples and the regional transmission of viral nucleic acid samples.
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