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Evaluation of reverse transcriptase loop-mediated isothermal amplification
(RT-LAMP) assay for detection of infectious hematopoietic necrosis virus (IHNV)
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A reverse transcriptase loop-mediated isothermal amplification (RT-LAMP) assay was evaluated to monitor
infectious hematopoietic necrosis virus (IHNV) from artificially infected rainbow trout Oncorhynchus mykiss. The
cumulative mortalities of fish challenged with IHNV at 10*° TCIDsy/fish, 10> TCIDs/fish and 10*° TCIDs/fish were
40%, 0% and 0%, respectively. Dead fish and survivors at 16 and 28 d post-challenge in each group were employed
for ITHNV detection by RT-LAMP assay and virus isolation using BF-2 cells. IHNV from 10** to 10** TCIDsy/ml
was isolated from all the dead fish and also detected in all of the examined dead fish by RT-LAMP assay. In survivors
at 16 d, 60% (3/5 fish, 10**-10°" TCIDsy/ml), 20% (1/5 fish, 10" TCIDsy/ml) and 60% (3/5 fish, 10"*-10** TCIDsy/
ml) were found to be IHNV-positive by virus isolation in fish challenged with IHNV at 10°° TCIDs/fish, 10>
TCIDs/fish and 10*° TCIDsy/fish, respectively, while 20% (1/5 fish), 0% (0/5 fish) and 20% (1/5 fish) were
[HNV-positive by RT-LAMP assay. No IHNV was detected in the survivors at 28 d and control fish. These results
indicate that the RT-LAMP assay is useful for detection of IHNV in diseased fish although it is not enough to monitor

virus in IHNV-survivors.
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HFAZE 7| TAS (infectious hematopoietic necrosis, Q1 TN virus (IHNV) += Rhabdoviridae T} Novirhabdovirus
[HN) 2 AAAH & dAoja} ool thgullaks &l 31, 67§9] gene (3-N-P-M-G-NV-L-5) ©.&
FHlslE= vlo|g A Ao g oA Qlct (Wolf, TAE 9F 1.1 kbp2] negative-sense RNAES 7}tk
1988; Bootland and Leong, 1999). THN2] Q1 WA (Tordo et al., 2005).
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S e dskEA 1990-191d ZFAmollA] Al
o] FR|7W<%0] Oncorhynchus mykiss X AR} O.
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masou X|ofol| A HAYE T, TRkt A Hof| iA|et
FAN Fol THAC R AP (& 5, 1993;
Park et al., 1993; Kim et al., 2007). Z|Zofl= FA|7l4
o] Zjojint ofte} AJojof A= IHNoJ| oJ5t thg)
AR EASSAL QlTt (7] <5, 2003). oA THN-S- 1990
d ojF2 Il dofat of oA HAY AEHS
Yo7 FA Ade fgska qlck

IHNV d& WO 2s ofRFSAEE AR
wefulrR, & TNV IS AR F3AR
(fluorescent antibody test) I} enzyme-linked immunosorbent
assay (ELISA), [HNV 9] -9-AR}S HE3}= polymerase
chain reaction (PCR) ¥} real-time PCRY, o{A|uUje]
HNVo] tgt Sol3AlE AE6h= ELISA 50| 21
%]o] QIt} (Yoshinaka et al., 1998; Overturf ef al., 2001;
Kim et al., 2008; OIE, 2009). o] = PCR{-2 w2
AZERel BLA|e] HEe] 7hsstal dEd=rt =
of ol HHlol2|AE HESh=t] de ANEAL
e} T1Eu PCRYS: A 2012 ff8f 217|950
gt WS A9l 8Ho] tha WiARHAE
SA 2=l (thermal cycler) & =273t 3o
Aek 7Fssiths TS 7HA1aL itk 2 Notomi
et al. (2000) & PCRH O] THls Hokgt ekl
loop- mediated isothermal amplification (LAMP) S
Arsksich - PHL 3] primer (1%] inner
primer, 128-9] outer primer, 148-2] loop primer) £ A&
slo] 674e] B G2 cEte] ZEAIE
oz PCRHIE D] AT & (52) oA
annealing 2! extension®| 7}53}o] LEZA
ZAsHA] o, TS AIEA, o
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Suebsing et al. (2011) 2 THNV HAESHOZA
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7} o} HNV 211& 27]0] Silsher] $-8}
ok Rl

2 Aol oA THNV EuE[of RT-LAMP
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e} RT-LAMP Y} o RA 225 ARG e
2 olgale] NV A Uitk

3
oA 2008 QlFrAe T3l Falet W 21419
Aoy 0. keta 2|oJ2HE] E23F Chyy08.1 F-e]5
(Genbank accessin no. HQ638077) & bluegill fry-2 cell
line (BF-2) of wjFsto] AT, AT 73
oAl SRR FANE] Ao =R Z9F
HRE B} Ro] (% 1:29) B 42 0:1C2
A 10 L 42 4ol 217} 200} 583
[HNVE- 10% TCIDsy/fish, 105> TCIDsy/fish 2! 10*5
TCIDsy/fish= SOul% E75=Al sielch th2te
Hanks’balanced salt solution (HBSS, Gibco) & A5}
of SOuI%) 7ol ARl 28907 HARES T
stlom, siafo] Bl AlEof (FF: 16U} 28UA 2}
T50] sute) StV TNV HARS AASISIcE

THNV HAF A== HAte] gl AEofol 4l
HIAZ A& AZ3}9] poolinggt & HBSSZE 1:100
(0.01g/ml) o] =A A2|sfo] Rt - 3,500xg= 30
22 QAR elslo] e st Relop
of o3t HAk= BF-2 HlZE ARE-519] Reed and
Muench (1938) o] o] 2Jsf jolel s Zrei7l2
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TCIDsyH 2.2 Z45}9It) RT-LAMPH-2 300 pl <]
ZZujaf|ol © 2 2 E TRI Reagent® (Molecular Research
Center) & ARE-3}o] RNAE H2|519 1L, Suebsing et
al. (2011) o] "ol wet RT-LAMPHS TSI
10x thermopol- supplied reaction buffer, 0.6 M betaine,
6 mM2] magnesium sulfate, 1 mM deoxynucleotide
triphosphates (ANTPs) mix, 8 U Bst DNA polymerase,
0.25 U AMV reverse transcriptase S 73} mixture ]|
67119] specific primers (F3: 5-CAGCCAAACCGTCCA
ACC-3', B3: 5-“TCGTTTCCGACCGACAGG-3', FIP:
5'-CAGAGTGCATCCCTCGGGGTAG/TTTT/CGA
CACCGCAAGCGAATC-3', BIP: 5-ATGCCTCTCAAC
TGAGATGCCC/TTTT/ATGTGGGATAGGCAATCAGC
-3, LF: 5-TG AAGAGCGGGTTTGACCAG-3', LB:
5'-AGGATCTTCGATGATGAGAATAGGG-3") & &
T3t 5 63 CoflA] 3087t REGAIZL 0.1, 2% agarose
gelollA] 171952 ~33to LAMP assay 52
coRet 27]9] band7} AEE A9 ofrg Baks}
sict
2o 9 o
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Fig. 1. Cumulative mortality of rainbow trout
experimentally infected by intraperitoneal infection with
THNV. @ 10* TCIDs/fish; B, 10 TCIDsyfish; O, 10*
TCIDsy/fish

A% ATHs Table 1o UrEpoich mAto] (1059
TCIDsy/fish®] ITHNVZ HE5t Asl-h) o A= 100%
(88 w2 NV} He]el 9l ol HloleiA 7}
71 10431068 TCIDsy/ml S LFERHSITE RT-LAMP
HolE BE AAA NV AEE (A%
£ 100%, 88 112)), 1690 A3t RIS o
3} THNV A} Ao A= 1055 TCIDsy/fish, 105
TCIDsy/fish, 10* TCIDso/fishe] IHNVZE A =31 A4
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ofoi] 1) RT-LAMPHo] A= $12] Aol 212k
20% (1/5 TFal), 0% (0/5 |}e)), 20% (1/5 mfe]) <]
AZES ol 289A) A2 1R L gxT
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Tablel. Detection of IHNV in rainbow trout inoculated with
[HNV by virus isolation using BF-2 cells and RT-LAMP

Dose of IHNV
injection
(logTCIDsy/fish) condition No. (TCIDsy/ml)
Dead 5.8
6.3
5.8
6.8
4.55
6.3
43
5.8
<0.8
2.8
5.05
3.3 -
<0.8 -
<0.8 -
<0.8 -
<0.8 -
<0.8 -
<0.8 -
<0.8 -
<0.8 -
1.05 -
<0.8 -
<0.8 -
<0.8 -
<0.8 -
<0.8 -
<0.8 -
<0.8 -
3.8
4.8
<0.8 -
<0.8 -
1.05 -
<0.8 -
<0.8 -
<0.8 -
<0.8 -
5 NT
<0.8: detection limit, NT: not test

Fish  Fish Virus titer

RT-
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at 16 days
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4.5
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= 13.3% (15 i) of &8 AL 2894

RES ofFolAe INVZE HE=A] okt (0714

O} 28UAY AESE ofFoll A= IHNVE
SIStk dHbA o 2 THN Y717 o= o)
ofollA] THNVZ} Z2|=ut 2R 2y 3 oF 502
Aol HholH 27} Fe|HA] o=t Bl
%o} QIt} (Bootland and Leong, 1999). Kim et al.,
(1999) 9] A-ollAl= IHN AEofollA 7H4/d vlold]
27} ER] A $Fo truncated HRo|2|2 IA7F A
< (nested PCR ) Hlofar HarsiGic) 2 Ao
A= nested PCRETH A&7 =7} =& RT-LAMPH
2 X831 O} (Suebsing ef al., 2011) 28L& A=
Sk 7oA = THNVZE HE=A] 3tk ol2f3h o]
S target $7A0) Fo] (2 ATINH AR
RT-LAMP2] B}l gene: G gene) 4 ALE FAHE L}
Ak AL ] i B et A
So] sElojof 3 AITk Kim e al, (1999) €]
oI Lo] A L gene®] 72 88.9% (16/18 IHN Ag£o)
O] AZ 8-S B O} N geneol A= 50% (9/18) <]
HEEo] FlHIT

1697 AEolE tiFoz 2 IHNV FE 21,
EajujoFH 1} RT-LAMPH A ZH2F 46.7% (7/151}
2]), 13.3% (2/15u}2]) o] &8s Hol FEd=xe
el A Yehhdth ZRlde] B
200 o] ZArko] HEE ALg3te] vlolelsg
et Wb, LAMPO] 74-9-300 plof A mpfel o=
HE B2)gt RNAE 9F 100 119 diethylpyrocarbonate
(DEPC, Bioneer) -8-2o]] F-F-AIX1 5 (RNA Z|F5=
1 100 ng/nl) 2nlE ARESH] HARE AAISISY] thie
ol ZE7ES vlast=d] g7} Stk sl A1

Ao HelE RNA 255 LAMPHOE 24 sl=
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ok At} B IHNV HE 2 1693} 28U o]
Aol A ARt e suEE ider
THNV A 23, sjAfojof A THNVZ} 100% (8/8 Hf
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10°5-10%5 TCIDsy/ml), 20% (1/5 B, 10195 TCIDsy/ml),
60% (3/5 T}2), 1019510 TCIDgy/ml) ©] AEEL &

ok LAMPH O A= 20% (1/5 mike]), 0% (0/5 uf
2]), 20% (1/5 uf2]) of FEa2 Uehl sl 2894
AR S Spe] offol S N 22
AZER] kel olAre] A7LATE LAMPH
BNV AEolol ] ol el 8 u]els) sherl 3
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