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HES 4t 47 96,75 7 7 (Ostreid herpesvirus 1, OsHV-1)%a 48 FL 0 7 UL 2K =58 0k 38 ok, 7 = F By £ 5 40
Ko 10 A7 WEMEEHAE N ZRIEE, AL L EUH PCR %R M HEEE, E#HD
A R R R H G R RFE TP, RN FFIEAZRY 8 (LAMP) A U 80K A8 5 4R Ao
ERBABLFRGE ST, FEFEE., TENFEREDREEIEENSE A, AT £ OsHV-1 HATH F
VAL IR ERL N R E RN AL, R R OsHV-1 4 53% LAMP &0 51 47, & it
WEldr, AR &M, T OsHV-1 B E L LAMP &0 77 %, 2ETZ 7 %57 2019 £k K &
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herpesvirus 1, OsHV-1)E&4L 2 6l fx H & FLT 1991 4F,
518 F 137 K H W5 (Crassostrea gigas)4)y 41 it K B
FET, KX —H AV 3 55 DS 3R 0 7 b o ™
¥J+ (Barbosa-Solomieu et al, 2015; Hine et al, 1992;
Nicolas et al, 1992), HFEi, W AERE 1972 G161
R EERL T OsHV-1 28 N R —Fpi g 7=l ik
SR & 0t SR 2 ERHIF LR Bl 2% OsHV-1 JFJ T
W TATRRE L R AR SR B A T B SR AR 2 4
I 1 WF 5% (Alfaro et al, 2019; Rodgers et al, 2019;
Rosani et al, 2019; Whittington et al, 2016; 12 B4,
2021), OsHV-1 FEMYOENX 4 . RG]
W JCE HEZ R0 15 . 5% WAEHESI Y B0 1
i RIS = 11 FRESEPEANE], OsHV-1 1 Eu FlER
I, HETE RS OsHV-1 YR 10 458, 43
J& X 5¢ 24X (Bivalvia) . 4115 H (Osteroida) . 22k Il H
(Pterioida) . 1 H (Arcoida). 7544 H (Veneroida) T A A
FIRLFE (H B BISE, 2021), [ER), A 2R D2k
DL R 22 o 90 A B B 57 4 DL 2R AU PCR A
OsHV-1 #BHPERIZE R, ANREAE N & A w1
H 2 UEE (Barbieri et al, 2019; Gittenberger et al, 2016;
Mortensen et al, 2016) . iX 25 5 ML A7 SE 0 245 % b A T
o 2 W40 P T R . Sl A 5 AR R 8 e i 1) S
Jit 5 o8 R

HETE & 2R OsHV-1 £l 73k, 41 PCR
(Batista et al, 2007), Ji{yi 2438 (Lipart et al, 2002), Jit
fii PCR (FLAHSE, 2019), LU, B HE .
I PR H(LAMP) (Ren et al, 2009; Zaczek-
Moczydlowska et al, 2020) 1 5 £ fifi B & Bl P 14 (RPA)
(Gao et al, 2018)%5 . HRH 5 3y T A= 4 ZY(OIE) K A=
Y F M EL, OsHV-1 YR #1275 B TR EE 7
PERGIN PHAEZE S, 45 G 4 S0 B T B2 1584 fig
A2 W 5 BT P A R B 3G e AR G D 2R 4 A 0 1)
T7 AR RE T IR Y Z ) B2 (OIE, 2019), 551 ri 4%
AR B LR B AL T A TR B 3 A SR B RE R R LT,
AT DIAE R B IR L 012 0 IR i 5 (ELZs S B A il ) R
B RURE S, T2 PCR SRR S PRA I B il
NI B BT IB FEIR B RL T2 OsHV-1, Jifv 2238 (]
Aot LA A% R Ao 0 e S 1 RN 2 B 57 B A 34,
129 BB () — Fh L L R F B (Lipart et al, 2002),
SR A8 FARFE R, (HAETE R BUE A S | Rl 2
R A BREREEB S (Muro-Cacho, 1997), Z[R
T35 5 BT R LA 22 S B AR A 4 R BR ], PCR 4398 /2
H AT iz - OsHV-1 iATm# A ik, Xl
B AR 22 4% 1R B 1) A 45 2512 1 40 ol 0

[X o OsHV-1 JFifii PCR Kl Jr :A4E M IR A7 24 38 HE A1)
TEM, B T IR A58 R (WA, 2019), {H
UYRFAEBRAERR T B 2% . T2 S H T R A& (N2
PI R PCR T AE 35 %5) ) [n] 8 . AHIF 5% $UUAR 9 DR o7
LAMP ARG, gy — & m R | i s
) OsHV-1 #liJr ik, JERIHIZ I X 2019 4E LIk
SRR B 2 9 DU REAHEA TR, A OsHV-1 ¥ 7E &) %
T 0 2 AR AR 5 (R ERH AR 20 BE AEB s R Y
II AT LA RN SR g

1 HR5HE
11 HARESREF

RELRTEERAE T 2018 4E 9 H, JUT AL LAMP
FRE A5 P B2 RIS I 7 3 B 57 o A | A g
(Crassostrea angulata) . 5Lk U1 (Chlamys farreri) .
WR 5 B D1 (Mizuhopecten yessoensis). -E !if(Scapharca
subcrenata) Fl13E 3 F i 11-(Ruditapes philippinarum)k
AT 2019—2021 R4 A AR XOMFRIE AR IEH
FET-ZBI(ER 1)o RAEM A W IEFEA T i 11 IR TTIR
HhH) ., WseHE A4, RNVIRHT, SNEREZE S5
PRAEAR o PR BRI ACAE AR () B A4S rh S 532 i e 1A 5
RNESS . WERSELS . TERRAMA . KRz
WIS % 5, e R A DM | L AR
FIAFEIEHAERE, VIR S mm &, VIR AZR
D10 FE T R SUAFLR) Davidson's AFA [&
B2 24~48 h J&7 , EAZHEATLH LY 80K [ 412
HOULBE A 70% & BEE W 3 AT IS A A 1A Rl
RALP BT 30 mg AMEREAL, BT 1.5 mL &
O, EEHT DNA B E-40°CIRE 5

1.2 DNA ZEE5RFHENE

G E YA S 4 DNA 25U &
(DP324) (dtmt RARA AR AT B A FREUS DU HEAS
HAUE DNA, G G Ui F#4E . FIH TagMan
SERT R PCR (QPCR)FE AN & HEAHT OsHV-1 #1245
HHE( T 5 i (Martenot et al, 2010), S 51 ¥ R4 5351
Jy. EUFS14) BF: 5'-GTCGCATCTTTGGATTTAACA
A-3'. F#54) B4: 5-ACTGGGATCCGACTGACAA
C-3', H4H K AEY ERiC B-6FAM-TGCCCCTGTCAT
CTTGAGGTATAGACAATC-BHQ-1., 51 ¥4t i 4=
TAY TR R A RAF G . PCR i Fast
Start Essential DNA Probes Master i 7] & (Roche, Cat.
No0.06402682001), JZ M {AZ: 12.5 pL 2xPCR mix,
RS 910 pmol/L)4% 1 pL, #%1H(10 pmol/L) 0.5 pL,
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544 %

DNA 4 2 uL, WHIKAHRIERCE) 8 uL 2B N K
Z M 25 Lo RNFEF: 95°CHiZEHE 10 min; 95°C 10s,
60°C 20 s,40 MG, W R P 7E Bio-Rad CFX Connect
Real-Time PCR Detection System (Bio-Rad){¥## il
ToEM . LK qPCR ¥ 10 f586 B B (1> 10°
1x10°, 1x10%, 1x10°, 1x10%, 1x10" #% D1 /uL)Abrife
i FEA T BT S

1.3 LAMP RRE5| ¥R SHEIE

M ¥& Zaczek-Moczydlowska %5 (2020) B 75 H 1Y
OsHV-1 LAMP # J ik, AMUE . RS 45050
OsHV-LP-F: TTTCAGTTCGTGCTCGGATT, OsHV-
LP-B: TCCGGAACAATTGACCAAGC., WM I, F
W5l 2 FrAm, LiF51% OsHV-LP-FIP
9 Fle (CCAGTTGTATTTGGGCATGCCC)#1 F2 (GA
GGCACATTCCATTTCCCT), i Hi 4 4~ T (Thymine,
PRI RE A (F 1+ TTTT+F2); #5149 OsHV-LP-BIP K
Blc (TCAGGCAGGCATTCAATTTGGC)H1 B2 (CCCCAG
AAACAGGTCACAG), H[i]H 4 1~ T (Thymine, HifEHEIE)
HEFEBIHTTTTHB2) . FEfH Y% Zaczek-Moczydlowska %5
(2020)BFFE YN A5 1915 B LA |, S35 LAMP
() SR BE RS E M, i LAMP 51 ¥ it
(PrimerExplorer, http://primerexplorer.jp/lampvSe/index.
html) i1t 4 XF3R51%7, IF0fi 15 209 88O B A )
1 X} 35| 4) OsHV-LP-LF ; 5-AGATA CAGTAGTTGGG
AGTCTTACT-3"#1 OsHV-LP-LB: 5'-ATGGTTCACGG
GAGTGTATCC-3', LA FEY) A E k4T LAMP 4
B B A s 28 B I IR

Shyakt G T 25 BN SR TS Y KR, T A R K
AR SRR — R A e B, E A LAMP 973
ROR, MR AR S, A% IR I AR A A
2K, 43 35 Biotin Al 6-FAM #7ic N 5[4 OsHV-
LP-FIP F14h51 4 OsHV-LP-F [ 5%, 44> LAMP 2
MARZRIL 25 uL, WHGUTF 445 10xThermopol S Jif
ZZ P 2.5 uL, MgSO, (100 mmol/L) 3.5 ul, 514
OsHV-LP-FIP, OsHV-LP-BIP (20 pmol/L)% 2 pL.
OsHV-LP-LF ., OsHV-LP-LB (20 pmol/L)% 1 uL.
OsHV-LP-F ,OsHV-LP-B (10 umol/L)#% 0.5 uL .dNTPs
(10 mmol/L) 3.5 uL, #f3H%(1.2 mol/L) 6 uL, 8 U Bst
DNA R4 Tf(New England Biolabs), T #:HUX DNA
HEMR 2 pLo W AE PCRALH AT, SO IREE A 65°C,
SR [E] R 60 min, fe)5, 85°CK{f 5 min,

1.4 OsHV-1JEfL LAMP #4545

WO EVEAT YR L R R G, RS R R A B
o, BlJST7ER Ao Hl(Leica HI1220) F4EREZY 12 h, fif

Y AR [ MRS BN AE YD R b, B 1k % b R VA R A
LAMP & 22 /E5 R A LU R . OsHV-1 J7 /7 LAMP
K22 Chen %0195 TR, FAREAEWT -
141 Pl 5Kk TG, B TS BB R B ) B0
RUAEZLACHT Y, F R AT R S Ak fe . R
5 min (3 ¥K), /K LEE 5 min (2 1K), 95%Z % 5 min,
85% B 5 min, 70%Z P 5 min, 50%Z P 5 min,
142 #HftsEH 02 mol/L HCl FiEIZH 20 min;
H A K (20 pg/mL) 37°CiHAL 15 min; 95°CZEM: 5 min,
RiG, BT 4C¥#H 5 min,
1.43 J&1i LAMP ¥ 3% B R ETRaEY, %
TR 3A 1.2 W RrRECH] LAMP i 2 [ FH AR A H
ESEFRICHY ANTP (Roche)], 45K i il LAMP J
MAKRZ 150 pL, # L@¥H, EZEhH 65°CH 1
60 min, Z43CTEMUG B LTI A, AT AR A
FH SSC B 28 whiliZ 1 . 2xSSC & 5 min (2 1K),
1xSSC 37°C 5 min (2 ¥K), 0.5xSSC 42°C 15 min,
0.1xSSC 42°C 15 min, THMRIAEFERIEGS .
144 FARBH ] B 5K U1 3 I A1 F (MAB -
10% BMB : I=E 1% )5%=7 : 2 : 1) | mL, =i N
M1 he W ATZAACHE, T4 500 pL HUAARRE & W[k
P Bl 2 Tl B 10 B0 b 5 2 BUAR (Roche) = AT 57 =1 -
10001%# 5 90 min., WEHF MG, WU R BRI
frep, B 26 fdi ] Buffer I (Tris-HC1 100 mol/L. NaCl
150 mol/L)i#Z %k 10 min (2 ¥X), BlJ5, fdi/f] Buffer Il
(Tris-HC1 100 mol/L . NaCl 100 mol/L , MgCl, 250 mol/L)
1ZVE 5 min,
145 Ré&58 % W HC 200 pL e i 0 w1 i
i T VS 40 8. €6, 77) (40 pL 25XNBT A F] 1 mL 1xAP J2
P Z MR MEY) AR L, BENERE6
(R AL : 30 min, 45 min., 60 min), AfikiE
4t 2 min, E4e5E U5 , FH Buffer Il (Tris-HC1 100 mol/L
EDTA 10 mol/L)iZ%E 30 min & 1L, I A .
146 MAkS5HE U R R AE A AR, H R
T TGRS EE LK . 50% LB 5 min, 70% %
5min, 85%Z % 5 min, 95%Z B 5 min, Jo/K L%
5min (2¥K), W2 5 min 3K), —HEEH, &
BE3EE A, %S (Nikon Eclipse E80i) F W24 4147 Fr
4225 5 I IR
15 EFEAL LAMP #&iMFER OsHV-1 5 EEEE

H&E

I3 OsHV-1 J5U LAMP Flll Jr A%} 2019—2021 4
(O R . A et . FSFLAR DL . MR FE RS DL
B AR TR AT 00 A DR TSI (R 1),
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TP LA i 0] 2 [ PN A i A OsHV-1 4% T
I PHAEZE 48], R TR [ AR R AE A e b (R e
BBkt Z OsHV-1 B2 1 IEdE . REFEARE
22 FFH qPCR 5 5% BRI AR AR 3R G S5 LA I BH A A
o7 OsHV-1 R HS DU T, Ikt FE e AR
AT ZUE 2 | FIVEA D) R R A . R gk AR
WFFEFTIF % OsHV-1 J5 457 LAMP #6105 5 i Fa i PE
S5, PRSI Y L B LAMP §°
W PUARIEE , fE R e R i a0 B AU
i T AR 5 A B AR 5 AN R AL 28U i 7 AR 1
BIFHARE . AHLE A LAMP 45 4F o F v Y48 B E %0
JEYe T &Y OsHV-1 (1) i 20 2850 R4 A B FH
PEXT IR f# ] Kappa it &K% qPCR #1755
157 LAMP K3 5 ik Xt A ARG 45 5 ) — 250k

2 #R

2.1 LAMP M35 ¥R 5I81E

AT IMN . IO LL ARG % W3 1. R
TRYCAS I 45 5 R, JERY OsHV-1 A9 LRSI 25 51
FHAE (I 10), 1 ARG OsHV-1 Lo ) 52 107 45 5 15
FIME(E 1a), W% LAMP &2 A] )W T s 225 or
LAMP I3,

F1 OsHV-1JR{I LAMP RREERFTASIY
Tab.1 Primers for the OsHV-1 in situ LAMP reaction system

EiL7] J¥31 Mg
Primer Sequence (5'~3") Purpose
OsHV-LP-F 6-FAM-TTTCAGTTCGTGCTCGGATT  sMill5 |4y
OsHV-LP-B TCCGGAACAATTGACCAAGC Outer
primers

OsHV-LP-FIP Biotin-CCAGTTGTA-TTTGGGCATGC
CCTTTTGAGGCACATTCCATTTCCCT WIS

I
OsHV-LP-BIP  TCAGGCAGGCATTCAATTTGGCTTTT pr;?;rers
CCCCAGAAACAGGTCACAG

OsHV-LP-LF  AGATACAGTAGTTGGGAGTCTTACT  3{3|¥)

OsHV-LP-LB ATGGTTCACGGGAGTGTATCC Loop
primers

22 B LAMP#MAEEL

AWFFRAERNT OsHV-1 J57 LAMP A6l 7 ik i 7
1, 2% Chen % (2019)HGEM T2 HITEMKE 1
(Decapod iridescent virus 1, DIV1)JE{; LAMP Kl 52,
VAR A A BAAETT & 16925955 B (Haliotid herpesvirus 1,
HaHV-1)J5i4. LAMP 5 AR o B i B R Y 2850, B
ZIERANFT IR E) OsHV-1 JEf7 LAMP A6 B4k 45
TR F R EOR R AT, B WS M 105

K1 BRI LAMP 4551
Fig.1 LAMP amplification results
detected by nucleic acid strips

a: BIPEXTIE; b: FHMERA; C: F¥s4; T. MHALK,
a: Negative control; b: Positive sample;
C: Quality control line; T: Test line.

25 AT . 554 HE(E] 2B) o AN I AR 4 B 1 % R
RS 5 (- 2C). K 2 Al FHE ATUEY: OsHV-1
(B ZH 280, HEAT R, LAMP Kol i 75 21 45 52 1) 7R
i, MLV HE YLt 25 Bal DIA 1, 5.
PR EL 32 HE IR 32 B2 & A R 25 4 4121 (K 2A), LA
HLVICRIE N o 5595 BEULEE 25 Tkl — 2%, s 7 FH A
55 A B K A A SRR A5 R S B R Y 4 4 4
gl MR YR AN MY A R A A, SIS B PR
5 B £ ot 9 £ 400 Y RN BT 4 4 (P 2D).

23 ETFEA LAMP #M7A%R OsHV-1 B REEE
BE

3 FH B T & B JEAL LAMP 7 7 XHF- A7 110 5 e kg
ARPEATHEI . S5 WoR, SR AR AT IG | R
W7 . AL R DU 0 3 DL AR S A A TR AR A A )
TREREEYY, MWK B REA R R 2] OsHV-1
YL E 5 (F 2). JRAL LAMP #3177 5 qPCR
RO 5 2 KRR AR O ARG 45 SR 28 Kappa — EUPEARG G, B
g2, KAE N 0.638 (3 3), OsHV-1 Z¢5¢1(%
5 TE TR Y A 22 A B R IR A O 96k EL 40 i P
WEEH], d A b T 20 B X200 2 S k. T e
/N B R RE 1) b e AR SRAE | H 84S, 1B
B 5 LB AR5 4 2 4 | T /N A () 92 i) 1) .
WKL A (8] 3)o AN IR AS 45 4L 20 BB 4% IR BE
JUL PR 2E 20 45343 i 40 JH 3 ) o AR 4R 1 B 2 BT
LAMP #6025 55 | 40 4% 2 4 20 rb gl SR e B 4 it 24 7
F2 A BT A 240 i RN 95 i L 9bR £ A 5 AL IA) 2 2 ek
(A L2 B A A0 A% (L 4) . LAN M BB 5 1 2 58
155 I AE 8 S LR 2 4 1 28 2 F A 52 b e 2
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Fig.2 An example of the test results during the development of OsHV-1 in situ LAMP method

A: HE Zt(t; B: J5fi LAMP Al ; C: Jifiz LAMP R INA NPT BAPEXT B D: B B A R @5 HE X J5 R

m: JLAZHZ; c:

GRS *. MANMUIRIE ; RO KRR

AL

.

A: HE staining; B: In situ LAMP detection; C: Negative control (without antibody) of OsHV-1 in situ LAMP tests;
D: High magnification graphic of regions labeled by rectangular boxes in Fig.2B
m: Muscle; c: Connective tissue; *: Haemocyte infiltration; Black arrows indicate viral hybridization signals.

%2 OsHV-1EfL LAMP #M 2019—2021 4 8l % Jm M LA T &

Tab.2 Samples collected from 2019 to 2021 for verification of OsHV-1 in situ LAMP method

R — — R Al RO It Loa N
Sompling RftL W peevionce oopyne L LAMP

time Sampling site Host species rate /%  number % total DNA) in-situ LAMP
2019-05 114 3EM Laizhou, Shandong it S. subcrenata 90 15(10)  93.3 4.39x10°
2019-06 (L% 3 Laizhou, Shandong Eif S subcrenata 95 30(17)  90.0 8.69x10°
2019-06 L% 3 Laizhou, Shandong EM S. subcrenata 72 30(14)  96.7 3.84x10°
2019-06 J7Z M Chaozhou, Guangdong #&H445 C. angulata 60 60(10)  43.3 3.65%10° -
2019-07 L Z<HP 5 Jimo, Shandong K415 C. gigas 35 30(8) 0 / -
2019-08 1l Z<iEY; Weifang, Shandong jﬁﬁé%%ﬁ 50 30(7) 0 / -

R. philippinarum
2020-03 £ #: T f% Ningde, Fujian K405 C. gigas 30 22(10) 0 / -
2020-03 1§ % T Ningde, Fujian R 5 C. angulata 40 38(5) 7.9 8.64x10! -
2020-11 L4 #EY7 Weifang, Shandong Uit S. subcrenata 60 20(10)  40.0 6.24x10? -
2020-05 1117 K & Changdao, Shandong  #ifL Il C. farreri 30 30(6) 0 / -
2020-08 1117 K & Changdao, Shandong  HifLA& Il C. farreri 35 30(8) 0 / -
2020-08 [LIZ=4H {5 Yantai, Shandong EF%EJD_IT M. 90 20(11) 0 / -
yessoensis

2021-05 1LiZ<FL 111 Rushan, Shandong K445 C. gigas 40 30(5) 0 / -
2021-06 11 43EM Laizhou, Shandong it S. subcrenata 90 20(6) 95.0 9.37x10* +
2021-06 L% 3 Laizhou, Shandong R £ 50 2 100 3.69x10° -

R. philippinarum

*. FES NECTE B E S HURE AR, *: The number in brackets is the number of wax blocks.
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*3 OsHV-1[E{I LAMP #&ill 5 qPCR #ill 45 5 Kappa — & 1% 53 #7
Tab.3  Analysis of Kappa concordance between OsHV-1 in situ LAMP assay and qPCR results
J5 4. LAMP
PCR Kappa {H
q FHE: Positive BAE Negative &1 Total PP
FH M Posm\'/e 54 8 62 0.638
BAME: Negative 1 11 12
4 Total 55 19 74

WS RI(E 5 MK 6), XLEAERUL, BREHIAL

B3 HFBARIEA. LAMP 45 5%
Fig.3 Insitu LAMP detection in the hepatopancreas

A: HE %:ff; B: JRfi LAMP 6l
*o MANMERIE I #: AFBRAIR/ME b RIRBE; PREFT S OsHV-1 S A 40 i .
A: HE staining; B: In situ LAMP detection

*: Infiltrated haemocytes; #: Epithelial cell and tissue necrosis of the hepatopancreatic tubules;
Black arrows show OsHV-1 signals.

3 it

YT OsHV-1 FYSEIEPERCHR o FF 43 MARBE 22 A
PRAR B b, e ) B 22 v oA ot 9 B A0 R, O
LR TR IR 5, HEM 2432 (55 IE 2R IR TR Y
Mk EARAE(E 7). HFBERR B B 20 AR FR B 4258
(ESTEAS B AR T RRUE B, HERERF IR R ik
Ye OsHV-1 ZHZUBE 57 LAMP K 09 8 1% HARSSE

DL 2SS0 7 2 T A K 5% B 7 M 1) B 4 A
Ay, FERIE 20 tH22 80 4EAC, LUES DI 3RAE 9K Bh )
S 10 T I VK SR B = IR, 5140 T TR K 3R
B SRR R T L [ 20 tHZE 90 ARR LR, DIk
FREH AR WK FRAE B B &7 AR R 70% L -

500 pym

Kl 4 SMERRESL LAMP R4 R
Fig.4 Insitu LAMP detection in the mantle

A: HE Z4f4; B: J5ifi LAMP £l
m: WIS o S54FdH4; *. MANRERNE; BOSLRREREES.
A: HE staining; B: In situ LAMP detection
m: Muscle; c: Connective tissue; *: Infiltrated haemocytes; Black arrows show OsHV-1 signals.
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K5 2 JEJEA LAMP K5 5
Fig.5 Insitu LAMP detection in the axe foot

A: HE38; B: J5fi LAMP il
Pl B i R A HT Sk R B OsHV-1 L2
A: HE staining; B: In situ LAMP detection
Black arrows in Fig.B show OsHV-1 signals.

K6 HISENUESL LAMP 645 R
Fig.6  Insitu LAMP detection in the muscle

A: HE Zt(t; B: J5ifii LAMP 5l
*o MLANMIRIE ; PR OHK R OsHV-1 L A AR .
A: HE staining; B: In situ LAMP detection
*: Haemocyte infiltration; Black arrows show OsHV-1 signals.

Bl 7 HRJELL LAMP K45 R
Fig.7 Insitu LAMP detection in the gill

A: HE B CREF SR W Z A0k L A0i); B: AL LAMP K& (8 (335 Sk /- 9 OsHV-1 BG4 )
A: HE staining (Black Arrows show increased haemocytes); B: In situ LAMP detection (Black arrows show OsHV-1 signals)
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(A T4, 2016). Fifi 5 DU FREH 7 M S AR AR (8 AN e
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Survey of Ostreid Herpesvirus 1 (OsHV-1) Susceptible Hosts
Based on in situ LAMP Technique
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Abstract Ostreid herpesvirus 1 (OsHV-1) has caused a serious economic loss to the global bivalve
aquaculture industry. Given its wide host range and the frequent emergence of mutated strains, OsHV-1
infection threatens mollusk production. Unlike the common vertebrate herpesviruses that generally exhibit
high host specificity, more than ten bivalve species have been identified as potentially susceptible to
OsHV-1 infection, including members of Ostreoida, Pterioida, Arcoida, and Veneroida. A variety of
OsHV-1 detection methods have been developed, such as PCR, in situ hybridization, in situ PCR,
histopathology, transmission electron microscopy, ring-mediated isothermal nucleic acid amplification
(LAMP), and recombinase polymerase amplification (RPA). The sensitivity and specificity of
transmission electron microscopy detection are low, and specific complementary detection methods such
as PCR are needed to confirm the occurrence of OsHV-1. In situ hybridization, although highly specific,
has the disadvantages of low sensitivity, complicated procedures, and high investment of effort. PCR
methods are still the most widely used for epidemiological investigation of OsHV-1. However, PCR
cannot alone confirm infection, which has led to the emergence of unconfirmed cases of OsHV-1 infection
in many species and regions. According to the World Organization for Animal Health’s (OIE) Aquatic
Animal Manual, positive nucleic acid-specific detection combined with histopathology and transmission
electron microscopy is required for the confirmed diagnosis of OsHV-1 infection. Other detection
methods, such as LAMP and RPA, which use nucleic acid amplification alone to detect OsHV-1, can not
confirm infection as the presence of nucleic acids is not equivalent to viral infection. As a result, the
susceptibility of several bivalve species to OsHV-1 infection has not been evaluated. Instead, several
obstacles remain with regards to the development of epidemiological surveillance programs and the
implementation of quarantine, prevention, and control measures for OsHV-1 infection. Compared with
traditional in situ hybridization and in situ PCR assays, in situ LAMP has the advantages of low nucleic
acid amplification reaction temperature, less damage to tissue, constant temperature amplification that
does not require special experimental equipment, and more convenient and efficient experimental design.
In this study, we selected a set of LAMP primers designed for specific detection of OsHV-1, and a pair of
loop primers were designed to improve the specificity and stability of the LAMP reaction on slides. An
optimized in situ LAMP method for OsHV-1 detection was developed, which provides a rapid diagnostic
method with high specificity and sensitivity to identify hosts that are potentially susceptible to OsHV-1
infection, and to characterize the distribution pattern and tissue affinity of the virus in new hosts. The
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optimized protocol and quantitative PCR (qPCR) were then used to detect OsHV-1 infection in bivalve
samples (Crassostrea gigas, C. angulata, Chlamys farreri, Mizuhopecten yessoensis, Ruditapes
philippinarum, and Scapharca subcrenata) collected from 2019 to 2021. OsHV-1 hybridization signals
were observed in S. subcrenata samples alone, although positive qPCR results were obtained in more
species. Further investigation of pathological characteristics and associated viral hybridization signals
indicated that OsHV-1 infection always occurred in fibroblasts and hemocytes in the connective tissues of
the mantle and hepatopancreas, nucleus of muscle cells in the foot, and adductor muscle. Signals were
also occasionally observed in infiltrated hemocytes between and within the gill filaments. OsHV-1
hybridization signals were observed within the hemocytes infiltrating several organs of the furcula
visceral cluster. The hemocytes of S. subcrenata seem to be particularly susceptible to OsHV-1 infection.
Histopathological lesions and viral hybridization signals in the hepatopancreas organ were consistently
observed in individuals with clinical signs, and we recommend the hepatopancreas as the preferred target
organ for histopathological and in situ LAMP assays for OsHV-1 infection in S subcrenata. In situ
LAMP-based detection indicated that S subcrenata was a susceptible host for OsHV-1, and the
connective tissue, muscle tissue, and hemolymph cells had a strong affinity for the virus. At present, the
susceptibility of many cultured and wild shellfish to OsHV-1 infection is still unknown. Since the
emergence of mollusk mortalities associated with OsHV-1 infection occurred in China in the 1990s, its
host range has expanded and changed along with the environment, which has complicated its prevention
and control. In recent years, the scale of artificial breeding and cultivation of triploid C. gigas has
expanded in China, and larval mortalities are frequently associated with OsHV-1 infection. The in situ
LAMP detection method for OsHV-1 infection developed in this study proved to be convenient and fast
and could be a valuable tool for the rapid detection and confirmation of OsHV-1 infection.
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