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Table 1 Primer sets for novel influenza A (HIN1) virus and seasonal influenza A (HIN1 and H3N2) viruses.

Primer Sequences (5-3)

Final concentration (uM)

Novel influenza A (HIN1)

swF3 AATGTAACATTGCTGGCTG 0.2
swB3 TGTCTTGGGGAATATCTCAA 0.2
swFIP CCACAAYGTAGGACCATGAGCTTTTATCCTGGGAAATCCAGAGT 16
swBIP CAATGGAACGTGTTACCCAGGATTTTCCTTTCAAATGATGACACTGAG 1.6
swLF GCTGTGGAGAGTGATTCA 0.8
swLB CGATTATGAGGAGCTAAGAGAG 0.8
Seasonal influenza A (HIN1)
HuH1F3 TGGAACATGTTACCCAGG 0.2
HuH1B3 CCGTCAGCCATAGCAAAT 0.2
HuHIFIP TCGAACCTCTCAAATGAAGATACTGTTTTCATTTCGCTGACTATGAGGA 16
HuH1BIP CCAAAGAAAGCTCATGGCCCTTTTGTAAAAACTGCTTTCCCCATT 1.6
HuHILF ACTCAATTGCTCCCTCAG 0.8
HuHILB AGTGTCAGCATCATGCTCCC 0.8
Seasonal influenza A (H3N2)
HuH3F3 CCTTGATGGAGAAAACTGCA 0.2
HuH3B3 CGTTTTGAGTGACTCCAGTC 0.2
HuH3FIP GCGTTCAACAAAAAGGTCCCATTTTTCTAATAGATGCTCTATTGGGAGAC 16
HuH3BIP GTTACCCTTATGATGTGCCGGATTTTCTTTCATTGTTAAACTCCAGTG 1.6
HuH3LF TTGGAAGCCATCACACTGAG 0.8
HuH3LB TCACTAGTTGCCTCATCCGG 0.8
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Table 2 RT-LAMP assay evaluation in clinical specimens and culture fluid

Specimen Virus isolation and RT-

RT-LAMP assay results

PCR assay results

novel influenza A influenza A influenza A negative
(HIN1) (HIN1) (H3N2)
Clinical specimen? novel influenza A (HIN1) 0 0 0 0
influenza A (HINI) 0 10 0 0
influenza A (H3N2) 0 0 10 0
influenza B 0 0 0 5
Culture fluid influenza A (HIN1) 0 10 0 0
influenza A (H3N2) 0 0 10 0
influenza B 0 0 0 5
other? 0 0 0 12

athroat and nasal swabs

binfluenza C virus, adenovirus, respiratory syncytial virus, metapneumovirus, parainfluenza virus, and rhinovirus

63C, 4040 & L7z HmidpichEgksns ¥
Oy VR TATTLADEERY) TIVY A AEEHE
i LA-320C (79 Xy 7 R) THETHE EDHIT,
RIS T BRI PhOL)F27a L8759 27 TO
BRELEBIR T I LI VT 72—k
DWCIIIEEY # 2T 5720 3% 7T Ha— 27V
W2 &) BRKE Z T 7.

4. RT-LAMP O RFEOHIE

RN DOWCIE HA Bn T o355 111-549 O#ipH O
PCR #¥ % QIAGEN PCR Cloning Kit (QIAGEN) %
JAWT pDrive 7 @ —= > 7 X2 % — (QIAGEN) IZ
SA4AH4¥—3a L, av¥s v+ )DH50
(TOYOBO) I2hS Y AT+ —A—Yary&ifol.
ZLTC, KBRS HNOBEETWREETST IR
I FDNA # MonoFas 79 A X F#ilh & v IO
(V=W AV R) ZHWTHEL, MEGAscript
(Ambion) 12X ) RNA #/E# L 7-. fE# L 72 RNA
WEEZNE L CaE—KZ2HI L, BEREKT
BREGRL-bD%E T 7L — MIZRT-LAMP Kt
i THRIBBERZRKD /2. A v E# A FEIC
DWTIEZENZENT A VA5 BERR 3 A Hh S L7z
YA IVARNADF ) AaV¥—¥%1)T7ILV¥ 445 PCR
THIER, WHEHEEKRTI0HEBEARN S Y — X2 1E
WML, 2hz7 7 VL= FMIRTLAMP Ut =17 -
THRHBBRAZHEE L. A VEE AFEROY 4
WA ) ha¥—#uk, ESIRGHENIZE 2 ORSh
7o [WEARBI~ = 2 7V HINL 354 > 7 vz v
(2009411 A ver. 2) 1 ®) 7V % £ & PCR #FIHE -
THEML. &b, AVHERIIOWTIZHA #ET
DIFI 1724 ZHAAATET T AI FE, AFBIIC
DWW TIE HA BT o3k 11141 2l ARATET T
AIPFNERAY V¥ —=FELTHW.

5. VT VIALART-PCREISBLITIT Xy 3

F )V RT-PCR K&
R A NAD) T VE A4 5 RT-PCR B:EHH, A

FRk224F 7 H20H

VAL B XA FERO RT-PCR #i%, [HH 1 >~
T NIV A ) AR GRS & AR E A BT
A4 GH3H EEhi ELEGSENFFEAT) | 12K
D&, ENEAYEM LI SR IR [RIEARRH <
Z a2 7V HINL #Hf A > 70 ¥ (2009 4E 5 H ver.
D] 2otz #Hr A4 VA0 7V 4 5 RT-PCR
i, HA #EfzTRIBE 754 ~—7u—-7%M
W72 TagMan Probe #1012 & D 3 i L, QuantiTect
Probe RT-PCR Kit (QIAGEN) & LightCycler 480
(Roche) W TATo72. B, HFMAL 7V
FOFNTHRHLAENIMEDL LD A IV ARIBITE
7% RT-LAMP #: & V) 7V % {4 & RT-PCR 0 M.k
T, [F—Hfk2 S L7z RNA 2 v, Wbz
AT LT T o 72, ZOBSHIRBIEIC 2 - 72Kz ow
Ti%, RT-PCR#EB LU MDCK MIBIZE B 7 A4 VR
SEC LD BEHWEA TNV UL L ZOH R %
1o 7.
A
1. £ Y7V F AV AHER O RT-LAMP K
IS

PR D ERIRIRAR 10 #ifk, A VERB IO AFK
BRICOWTIE, BRI 10 ik & MDCK
MR DB 3¢ 1% 4 10 ik % W T RT-LAMP %47 -
7o TRTOMBPSHE, A VER AFBRE
NZNOBHRICB W TEEY T 5 M TR TIEIRD
Btk OS2 R Ea ) Y= 7R A OHEIBILE
EN, A VA EEB X UTRT-PCR DR E#F & —
FL7 (Table2). ¥ VB AT T MDA
FB=ZF =52 T A AEEENEEEE I X 2 R
BT 10 540 5 20 5T H LS D ifisd, 40 43D
NICILER T ORI RECThH -7z T2, VTNS
A LB EERE2EE ThYE % R L 22RIRIE 3 RS
WCZYF2rusT5y 7 TOLRIKRELH»SFR
WZEEL, HEICE > TO BB SEY T
Hotz FE, AVEIE XA FER OGRS



434 HA

Fig. 1 Agarose gel electrophoresis of RT-LAMP
product. Detection of (A), novel influenza A (HIN1); (B),
seasonal influenza A (HIN1); (C), seasonal influenza A
(H3N2). Lane M, 100bp ladder; Lane 1, novel influenza A
(HIN1); Lane 2, seasonal influenza A (HIN1); Lane 3, sea-
sonal influenza A (H3N2); Lane 4, influenza B; Lane 5,
negative control.
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Fig. 2 Evaluation of RT-LAMP cross-reactivity among
novel influenza A (HINI), seasonal influenza A (HIN1
and H3N2), and influenza B viruses. (A), novel influenza
A (HIN1); (B), seasonal influenza A (HIN1); (C), seasonal
influenza A (H3N2).

A 0.8

—@—novel influenza A (HINT)
——influenza A (HIN1)

o
=3

——influenza A (H3N2)

ey
5 —>—influenza B
-g 0.4 r —O— negative control
=
0.2
0
0 10 20 30 40
Time (min)
B 0.8
—@—novel influenza A (HIN1)
—l—influenza A (HIN1)
06 )
- —A—influenza A (H3N2)
% —>—influenza B
‘;g 04 r —O— negative control
=
0.2
0
0 10 20 30 40
Time (min)
C 0.8

——novel influenza A (HIN1)

—Ml—influenza A (HIN1)

0.6 r —aA— influenza A (H3N2)
—>—influenza B

04 B —O— negative control

Turbidity

0 IIIIIIII)(lII)(11Ixxxlllxxlllxlllxxllll

0 10 20 30 40

Time (min)

200046 A5 9 HEFTICY LY ¥ —~FbiA T
N A VTV VHFEN O 139 BefkiZ DT RT-
LAMP #& ) 7 V% 4 A RT-PCREIC X BHM A >
TINVI AN ZADMM %47 -7z, RT-LAMP T
1 139 Btk 5 5 110 BefkAskatk, V7 v % 4 & RT-
PCR % TIX 139 #fhD 9 6 112 RIKA TR TH - 72
(Table 3) 7%, MEICHBEEIRO LN LD 5 /2
(McNemar 7 A I+, P=050). RT-LAMP & TRtk &
o 12RO ) 7V ¥ 4 A RT-PCR T O B 5 i i o
VB ERYKRA Y (Cthl) 13 157~406 Th - 7-.
—7J, RT-LAMP #:Cck, ) 7% 1 & RT-PCR
ETHMtE o 28MkD) 7V g 4 4 RT-PCR @
CtfHix 39.1 £ 416 T, V7% A4 A RT-PCR TDE

528

GUEFHERE 84k 4 m



£ IV T4V AD RT-LAMP 435

Table 3 Comparison of RT-LAMP and real-time RT-
PCR assays for detecting novel influenza A (HINI1)
virus.

RT-LAMP assay

Positive Negative
Real-time RT-PCR Positive 110 2
assay Negative 0 27
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Rapid Detection of Novel Influenza A Virus and Seasonal Influenza A (HIN1, H3N2) Viruses
by Reverse Transcription-Loop-Mediated Isothermal Amplification (RT-LAMP)

Naoki SHIGEMOTO, Shinji FUKUDA, Shinichi TAKAO, Yukie SHIMAZU, Yukie TANIZAWA,
Masaru KUWAYAMA & Sachiko OHARA

Center for Public Health and Environment, Hiroshima Prefectural Technology Research Institute

Reverse transcription-loop-mediated isothermal amplification (RT-LAMP) assay we developed detects
novel influenza A (HIN1) of swine origin and seasonal influenza A (HIN1 and H3N2) viruses. Individual
primer sets targeting the HA gene for novel HIN1, HINI, and H3NZ were newly designed to specifically de-
tect these subtypes. No cross-reactions occurred among novel HIN1, HIN1, and H3N2, and 7 respiratory
viruses-influenza B virus, influenza C virus, adenovirus, respiratory syncytial virus, metapneumovirus,
parainfluenza virus, and rhinovirus—had no reaction to 3 RT-LAMP assays. RT-LAMP is assayed at 63C
for 40 min. In our RT-LAMP assay, Eriochrome Black T was added to the reaction mixture as an amplifica-
tion indicator to detect virus genomes without using real-time turbidimetry. Positive reactions were indi-
cated in blue and negative reactions remained purple. Of 139 samples from suspected novel HIN1 subjects
tested by both RT-LAMP and real-time RT-PCR assay, 110 were positive in both assays. Two samples with
low copy numbers were positive only in real-time RT-PCR assay. Of 27 novel negative HIN1 samples, 4
were positive for H3N2Z on viral isolation and conventional RT-PCR assay. RT-LAMP assay for detecting
H3N2 obtained the same findings.

Our RT-LAMP assay is thus potentially useful in rapidly detecting influenza A virus such as novel
HIN1, HIN1, and H3N2.
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