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Loop-mediated isothermal amplification assay for the
rapid detection of swine influenza virus

. « 13
Eun-Mi Kim ~,

Hyo-Sung Jeon®, Ji Jung Kim®, Hee-Jung Kim', Yeun-Kyung Shin’,

Jae-Young Song2 Sang-Geon Yeo', Choi-Kyu Park'*

College of Veterinary Medlcme & Animal Disease Intervention Center, Kyungpook National University, Daegu 702-701,
Korea, Vzrology Division, Animal and Plant Quarantine Agency, Anyang 430-757, Korea,
RAD Inc., Daegu 718-913, Korea, Mmonitor Inc., Daegu 700-842, Korea

(Received 19 May 2015; revised 15 June 2015; accepted 22 June 2015)

In this study, we developed a rapid, sensitive and specific reverse-transcriptase loop-mediated isothermal
amplification (RT-LAMP) assay for detection of swine influenza viruse (SIV) including major subtypes
of swine influenza viruses HIN1, HIN2 and H3N2, and a novel subtype of influenza A virus that acci-
dentally infected in pig population. The RT-LAMP was completed in 40 min at 58°C and the sensitivity
of the RT-LAMP (1 copy/ulL) was 10-fold higher than conventional reverse transcription-polymerase
chain reaction (RT-PCR) (10 copy/uL) and the same to real time RT-PCR (1 copy/uL). Also, the result
of the RT-LAMP can be confirmed without any detection system. Therefore, the RT-LAMP could be
a alternative diagnostic method for SIV detection in national SIV monitoring system and clinical diag-

nostic laboratory in the future.

Key words : Swine influenza virus (SIV), Loop-mediated isothermal amplification (LAMP), Reverse
transcription-polymerase chain reaction (RT-PCR), Real time RT-PCR (rRT-PCR)
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AY EZF R} H}o| 2 A(influenza A virus; IAV)
£ 29} E9EE Yok LAY HuA f47
Wolst A4 slel, 7] a2l Aol slo] B
pandemic influenza®] A ofofAq HI=o] QFO] H
A8 gEsHe ARe Wl BUT Aol A
Z3FCH(Vijaykrishna 5, 2010). o]o]] whe} AjA|E77]
TU AASEEA7| o= AFE 2 SEFT
ZrA == JAVY] ti3l X &F Q) 7AEEe] e Ade
A7\5Fe] grom, B3] 20099 333 2009 pan-
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demic influenza virus HIN1 (pHIN1)o] 55 % £

Aeje] 2] WerolA SAsHE B2 QlE2elat v
o] & 2 (swine influenza virus; SIV)7F §-H =} | 25l
oJsf| zztE| o] Bral Xl o] Fol= =] Htol of
gk SIV A[&-go] 53] 73t al JITHOIE, 2012;
Vincent £, 2014; WHO, 2010). 3+=-o| 4% 2009 ©]
F W7t AhEgelglel Agow S FEAS o
Ao SIVel digt FEd BUEHY AS A
e glow, ol Foto]l W F=F A ol A
pHINI 9 A |25 Wole] 7helo] helsl np
olthKim %, 2014; Kim %, 2011).

FEATel AaE= 1AV gk a82 20 FHA2
52 9L Solmet UgEsl sowdE o
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A A HesHA o]-& 4= = o] &A-XISHH
Q) sk A @ Ago] Wasteh AARAYT
U AASERATIFOIAE AV AeoR AEA
| wpolelz wjopdsh BANESH AU BE
Aoz iiqg]_ﬂ olob} _7}_]:Loﬂ_‘:_ EHI:I B o] AlE Al

oA HAARZ3E A A2 HH-S(reverse transcription-poly-
merase chain reaction; RT-PCR)©|1} real-time RT-PCR
(RT-PCR)T} 72 PCR 7|9} GAZATH S 1214
9l Moz o]lgstn QrhKim %, 2014; OIE,
2012; WHO, 2010). 221} =] AF Q 2= PCR

rO
o]

71t AGYEE Wipigel el S, S
o} Aot B R a7 uRe] WE AR| 0|9
a4 PRI AFAAE B4 A o
2e B0l Atk mby ol Fue & Yt A
& o) gAYl gFt o]tz 1
3 =] o] 2rrh(Sakurai®} Shibasaki, 2012).

22 EE S2FZH(loop-mediated isothermal
amplification; LAMP)S HF-S- 2o HIIE Fojof
sl 7]2o] PCR 7|t Aghya) o] ARF ex

ur
2R RS FBY S A AR A
Eo

AR o2 12| Eolmot YHES A
AE &3] B8 §A4E 258 4 Ao
ol glekNotomi 5, 2000). 53] F-&xZ10]4 M
o] o]Rojx i LAMPY S44 AR L7 §
A ezt golw Bgol 7Hsaty] ujiol
BT 17e] B4 A7t gl QA QA Aol
Q4 BRI 7 AT ORE $8F 5 S
Aoz Fgheck

o] AL HAKGe] A 4 i Fa of

Table 1, Viral and bacterial strains used in this study

3ol SIVE Al ‘%% 4> glom, hydroxynaphthol blue

of o] #=7]7] gloje Hhg-
AItE Qoo g uiz 913 4~ 9J= RT-LAMP A
S-S skl

Sl HiOlZA R SMAFE

Aol AR8EE SIVE 9] sx] &2l 4% 5,
A/Korea/D180-2/2009 (HINI1), A/Korea/103/2009 (HIN2),
A/Korea/A18/2011 (H3N2) 2 A/Korea/VD01/2009 (HIN1)
o™, A/Korea/VD01/2009 (HIN1)- 2009 dH=to] ok
Eol A 2] pHINIO|TK(Table 1). F-A] Hfo] 2|2
2 o] 83t BE A LAl odH Ho||A] 23]

sHITE Al Hlolel A= AAl s X A7 oA =3
she 3 o] Esto] W) AFsiol 5T
jopalglom, waetol 4 A mepzrole] Yt
-3 3 HF-S-(hemagglutination test; HAT)S Al A5}
‘ﬂ}"lai A7HE £4% o2, —80°Coll Eyksi, A

3of| AlEstAthKim S, 2014; OIE, 2012; WHO,
2010). 74t ¥ RT-LAMPO] Eolx =S ¢Jale] 7
Bt ol AR A oAl E of A Eﬁ&ﬂ A=
SIV ©o]9] =jx] &7l == HMEVQ} A<+
HijQFo} 0 RHE FUsA HARE FEF o, —80°C
of B3, AJgo A& tHTable 1).

Pathogen* Strain Resource’

SIV subtype HIN1 A/Korea/D180-2/2009 QIA
SIV subtype HIN2 A/Korea/103/2009 QIA
SIV subtype H3N2 A/Korea/A18/2011 QIA
SIV subtype pHIN1 A/Korea/VD01/2009 QIA
PRRSV genotype 1 Field isolate ADIC
PRRSV genotype 2 Field isolate ADIC
Classical swine fever virus Vaccine strain -
Porcine circovirus type 2 Field isolate ADIC
Mycoplasma hyopneumoniae Field isolate ADIC
Pasteurella multocida Field isolate ADIC
Hemophilus parasuis Field isolate ADIC
Actinobacillus pleuropneumoniae Field isolate ADIC

*SIV, swine influenza virus; PRRSV, Porcine reproductive and respiratory

syndrome virus, pHIN1, pandemic 2009 HIN1 strain isolated from

swine farm. TQIA, Animal and Plant Quarantine Agency; ADIC, Animal Disease Intervention Center, Kyungpook National University.
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RT-LAMPZ IZiOIH A

£ olgol SIVE EHOR 2T 4 9l pri-
mer setS AWsl7] €18Fe] 2012~2014F Alo]of In-
fluenza Sequence Database (http://www.ncbi.nlm.nih.gov/
genomes/FLU/FLU.html)o]] S2% SIVE] matrix &7
2} 9714 HRE AMSlo] pHINIS Zakeh HINI
o}a 85671, HIN2 o}3 62371, H3N2 o}3 7367 ¥
7€} oFg Q] SIV 65 7l & & 2,2807]2] matrix 83
A 471 NY YRS usych BuE gre 94
A F7IAE B4 2ol DNASTAR®Lasergene
(DNASTAR, Inc, USA)©. 2 H|mEAH3le] 713 914
Q1 H9lE Adgt of3, LAMPS primer A A Z&2
Z13 Q1 Primer-Explorer V3 software (http://primerexplo-
rer.jp/e/index.html; Eiken Chemical Co. Ltd, Japan)&
0]-g35}o] 229] W primer [forward inner primer
(FIP)Q} backward inner primer (BIP)], 2%9] <% pri-
mer (F32} B3) @ 239] loop primer [F loop primer
(LF)2} B loop primer (LB)]E A5} th(Table 2,
Fig. 1). AA|3t primer setE primer A3 YA (Bioneer

Co, Korea)ol| 2|=|5lo] gH/d3}3ict.

RT-PCR

RT-PCR-S Shin 5(2011)0] K13t BE ofg o
SIVE HEY 4= Sl primer sets ©]-85to] Al

one-step RT-PCR kit (Qiagen, USA)E Al-&35}o] =3

3}91CHTable 2). =, 5 uLo] 5 X RT-PCR buffer (2.5
mM MgCl, 3}, 0.4 mM2] dNTPs, 0.5 uM2] 7} pri-
mer ¥ 1 pL9] enzyme mixE 3 7}§F RT-PCR HI-3-oH
of HARE RNA template 5 uLE 7138t o}, Hdt5
TR 2F &= 25 pLE =453tk RT-PCR ®E
&2 W4HEF7](Genetech, USAYE ©]-§-5to] 50°Ce]
Al 30871e] RT IS AX o 95°CollA] 1587t
225}z, 40 3174 2] PCR 7% (denaturation 94°C 40
%, annealing 55°C 40%, extension 72°C 50%)S # %

=, 72°Cofl A 1087 2F ¥h-&-31%it) RT-PCR &
ZAHES 2.0 % agarose gelof] A7) gF5eF & zpelA
7H= 7] (Bio-Rad, USA)& FHES}O] 242 bpo] Eo] ul
cE gkt

SIV-F3 SIV-F2
atgAGTCTTCTAACCGAGGTCGAaacgtACGTTCTCTCTATCGTCCCGte
SIV-Flc SIV-LFc
aggccccctcaaagccgaGATCGCGCAGAGACTTGAAGATGTCTTTGCag
SIV-B1
gaaagaacacagatcttgaggctctcatggaatggctaaAGACAAGACCAATC
SIV-LB
CTGTCACCTCTGACTAAGGGGATTTTAGGGT TTGTgttcacgctcgecgty
SIV-B2¢, SIV-B3c

ccCAGTGAGCGAGGACTGCAgegtagacgctttgte

Fig. 1. Location of primers for reverse transcription loop-mediated
isothermal amplification. Locations of primer-binding sequences are
indicaed over the sequence of the matrix gene of Korean reference
swine influenza virus isolate A/Korea/VD01/2009 (HIN1) (GenBank
accession number JN043432).

Table 2, Primers used for the detection of matrix gene of swine influenza virus

Method Name of primer Sequence (5'-3") Reference
RT-RAMP SIV-F3 AGTCTTCTAACCGAGGTCGA this study
SIV-B3 TGCAGTCCTCGCTCACTG
SIV-LF GCAAAGACATCTTCAAGTCTCTGC
SIV-LB GACTAAGGGGATTTTAGGGTTTGT
SIV-Flc ACATCTTCAAGTCTCTGCGCGATC
SIV-B1 AGACAAGACCAATCCTGTCACCTCT
SIV-F2 ACGTTCTCTCTATCGTCCCG
SIV-B2¢ TGCAGTCCTCGCTCACTG
SIV-FIP(F1c+F2) ACATCTTCAAGTCTCTGCGCGATC-
ACGTTCTCTCTATCGTCCCG
SIV-BIP(B1+B2c¢) AGACAAGACCAATCCTGTCACCTCT-
TGCAGTCCTCGCTCACTG
RT-PCR M30F2/08-1 ATGAGYCTTYTAACCGAGGTCGAAACG Shin et al. (2011)
M264R3/08-242 TGGACAAANCGTCTACGCTGCAG
rRT-PCR M-Kr forward AAGACCAATCCTGTCACCTCTGA Kim et al. (2013)
M-Kr reverse CAAAGCGTCTACGCTGCAGTCC
M-Kr probe FAM-TTTGTNTTYACGCTCACCGTGCC-TAMRA
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Real—-time RT-PCR

RT-PCRE Kim S(2013)0] H18 HE ofs o]
IAVE HES 4 Q)= primer 9 probe setS ©]-&3}
o] A]Zt one-step PrimeScript’ RT-PCR kit (TaKaRa,
Japan)E A}g-3lo] =385} tHTable 2). =, 12.5 uL
9] 2 X One-Step RT-PCR buffer III, 0.5 uL 2] TaKaRa
Ex Taq™ HS, 0.5 puL2] PrimeScript "'RT enzyme Mix
I, 0.4 uM2] ZF primer ¥ 0.2 uM&] probeE d7}sH
Hh-Sollof] 7 AME RNA template 5 pLS 37}t oS,
BT FrE 2T 895 25 pL2 2453 Real
time RT-PCR Whg-2 AAIZFaAS37](Applied Bio-
systems, USA)S o|-&3}o] 42°CofjA] 587Fo] RT
e AX o3, 95°ColA 1027F Ast$laL, 40 3
7 9] PCR #}#(denaturation 95°C 10, annealing 60°C
202)e AR ok, CTEo] 38 ol A9 34e=
=9l

RT-LAMPE 913t Hh-&-o1 9] 242 Ma 5(2010)°]
Hugh vkgR o] =4S F83krh 5, 1 ule Bst
DNA polymerase (8 U/uL, New England Biolabs,
USA), 1 ul. AMV reversed transcriptase (10 U/uL,
Promega, USA), 2.5 uL dNTPs (10 mM), 8 uL Betaine
(250 mM), 1 pL MgSO4 (150 mM), 1 uL HNB (3
mM, Lemongreen, Shanghai, China) 2! Z+ primer 1 uL
(FIPL} BIP Z+ 40 pmol/uL; FL2} BL Z} 20 pmol/uL;
F3¢} B3 7} 5 pmol/ul)E H71sto] WhH-g-H-& Ajxs}
Fom, A=t vkgHo] FARAROA FET RNA
A& 5 uLE H7IR v, BdsRaR HE 8%
= 25 pL®E =AYk SIV HEol Aedst HH
RT-LAMP =< 293t7] 9fsto] FA] violg|&
(PHIND) vjfY o 2 HE FE3 RNAS o]-&stof vt
SEE@E5~65°0)9 REEAIZH20~502)S Eefsto]
RT-LAMPE HAIFE T, 80°CollA] S&3F A 2] stke]
U e aa BAde AASe Wheo] Sy
FEO REgAS Setow yhaksto] Mz WIS ¥
zsto] P o FE A=A, FAlO 2.0% agar-
ose gelof] A7]95S HAT thE, ALAAEE7
(Bio-Rad, USA)E ©]-§3}%] LAMP Hl-g-olA 5ol
OS2 Yehs Atk 2o A S5 e FA
o715 sk
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g RT-LAMPO] £0|%

MY LAMP ZIeho] Solm=g 29lsr] 9jsto]
Table 10f] AJAJE theFsh ofg o] SIV vkl i} FA]
A vrol s gl Mgt wigHo Ry WAkE 2E
gk o, JiEE RT-LAMPE o]gsto] ghyd =4
o2 WheS AR, 7] Zisd giel wet
Zt dtolgs §HATL BolHor FRE LA off

£ sl

JfetEl RT-LAMPS} 7|&  o13z}e] RT-PCRI}
rRT-PCR7FE] I E=E ERIst7| st SR
SIVO] matrix F-HAFe} FA] Hfo| 2| AE B]A o] 2}
ARt ST AE vl wskeleh WA FAEkol2{ X
A/Korea/D180-2/2009 (HIN1)©] Hjokol o & HE] RNA
2 223}0] Hoffmann £(2001)9] HF & 1,027 bp
9] matrix FHAAS ZFE31 2, PCR purification kit
(Inclone, Korea)E AFg-3lo] A A|8}19 3L, TOPO vector
system (Enzynomics, Korea)& ©]-83}0] A| A X
Alo wet F24Y3% 2, A]® FE kit (inclone,
Korea)& AH&sto] plasmids F&E5kith. F&3
plasmido] Z3E FAA7E 224 AJE A=A &
Q1sl7] $J3te] AEYA|(Cosmogenetech, Korea)ol -
QA7 EHS elFato] i SIVE] matrix &
AL A 22YHALS st B4
plasmid®] s%=%& Nanodroplite (Thermo Scientific,
USA)E ©|-&3sto] 43 thE, Parida 5(2011)2]
Holl wel “plasmid®] & =(g/ul)/[(plasmid Zo] X
660)%(6.022x107)]°2] &2lof 28} matrix F%1#}-2]
copy 5 AL, ©]F 10™10° copy/ul 5E=7}
7 10014 ©A) B4 0L, 7F sAolg oo
& RT-LAMP2} RT-PCR 2 rRT-PCRS z}z} AA]3}
SHAE Hlaskoieh E3E FA] SIVel tigk 4
F H|usl7] 9]sko] 4F9] FA] HpolH A
It R HE wulrtol S A 3sto] HAT
tol HA 97b8 2°0 2 243 b, 4=
FRaL, 2F Mooy F&E3 ks
RT-LAMP2} RT-PCR ¥ rRT-PCRS AlA]5}
3t sholskeict.
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4 1}
RT-LAMPQ| HISZXH 2t
TA] SIVO|A] 253 LS o] 8-alo] H-3-AI7H20~
504) T} ¥k 5(45~65° Ye 2e]5to] RT-LAMPE A

AlRE o, S0 3 A7 9 HEs AR Aok
SAIRR 40 B3 WhERes 55~60°Col A
gubeol 7P & I E gl dey ke teof 9l
oAM= A7 s o= E 55 58 Y 60°Col 4] LAMP
EQ 9] opAuiEy) HAE oL |etog= 58 W
60°Col A 71 SERiatA Fgutsel A4k s B

A SACHFig. 2). whebA] o] %o me A
S8°C] NH-E o} 4080] HhgAIREe R WhgT
mAate] AAErgch

e 4 £
_]

o rlo r

RT-LAMPO| £0I

o

A SIV 453} =2 el A 8 A=l Al
E3t Ak o] 8-5te] JHE RT-RAMPE A A|gt
o, FA SIV 4+°1W %J 3 AV YR

£
9 SIVQ] atrix ?‘*X}”PT% SolFer 2
Mee FAsHAThFig. 3)

BB R B RRvE

20min 30min

RT-LAMPi1l RT-PCR, rRT-PCRO| BIZIT Hlul

M= RT-LAMPO] W =& &=A3}7] Y5t &
J3F SIV matrix G-HAE 10°-10° copy/uLZ 108}
S B4 he, Y S S0 e
7|9 RT-LAMP9} RT-PCRZ rRT-PCRS Al A3t

T}, Z+Z- 1 copy/uL, 10 copy/uL ¥ 1 copy/uL7}A]

Zt]o] 7| RT-LAMP7} 7]2¢] RT-PCRMETH-=

24
A
ne
2
<
A

M1 2 3 4 5 6 7 8

9 10 11 12

Fig. 3. Specificity of reverse transcription loop-mediated iso-
thermal amplification for amplification of the matrix gene of swine in-
fluenza virus (SIV). Lane M; 100 bp DNA marker, Lane 1; genotype 1
porcine reproductive and respiratory syndrome virus (PRRSV), Lane
2; genotype 2 PRRSV, Lane 3; classical swine fever virus, Lane 4;
porcine circovirus type 2, Lane 5; Mycoplasma hyopneumoniae, Lane
6; Pasteurella multocida, Lane 7; Haemophilus parasuis, Lane 8;
Actinobacillus pleuropneumoniae, Lane 9; SIV subtype HINI1, Lane
10; pandemic 2009 influenza virus HINI, Lane 11; SIV subtyoe
HIN2, Lane 12; SIV subtype H3N2.

A0min LS0min

M12 3 4 M1 2 3 4

M12 3 4 M12 3 4

Fig. 2. Optimization of reverse transcription loop-mediated isothermal amplification (RT-LAMP) condition by different reaction temperatures
(A) and reaction time (B). The best results of the RT-LAMP were obtained at 58 ~60°C and 40 min. (A) Lane M; 100 bp DNA marker. Lane 1-7;
different reaction temperature of 45, 50 55, 58, 60, 62 and 650C respectively. (B) Lane M; 100 bp DNA marker, Lanes 1 to 4; 24, 20, 2 *and2 *HA
unit/25 pL of cultured influenza virus HIN1 (A/Korea/D180-2/2009), respectively.
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Fig. 4. Amplification results of the matrix gene of swine influenza virus using various molecular diagnostic tools. Detection limit of reverse tran-
scription loop-mediated isothermal amplification (A and B), reverse transcription-polymerase chain reaction (RT-PCR) (C) and real time RT-PCR
(D) for amplification of the matrix gene of swine influenza virus (SIV). Lane M; 100 bp DNA marker, Lane 1-9; 10%10° copy/uL of matrix gene of

SIV subtype HIN1 (A/Korea/D180-2/2009).

Table 3. Comparative sensitivity of reverse transcription loop-mediated isothermal amplification (RT-LAMP), reverse transcription-polymerase
chain reaction (RT-PCR) and real time RT-PCR (rRT-PCR) for swine influenza virus isolates

Virus titer (HA unit/25 pL)
Virus Method
26 24 22 20 272 274 276 278 2710 2712 2714
HIN1  RT-LAMP + + + + + + + + + + -
RT-PCR + + + + + + + + + - —
rRT-PCR (CT value) 17.07 18.08 20.83 22.33 25.36 26.88 29.6 31.01 32.95 34.09 -
HIN2  RT-LAMP + + + + + + + + + -
RT-PCR + + + + + + + — - — -
rRT-PCR (CT value) 21.99 23.7 26.12 27.77 28.73 31.7 332 36.06 - - -
H3N2  RT-LAMP + + + + + + + + + - -
RT-PCR + + + + + + + + — — -
rRT-PCR (CT value) 20.94 22.99 24.49 26.68 28.48 30.97 323 33.74 34.96 - -
pHIN1 RT-LAMP + + + + + + + + + - -
RT-PCR + + + + + + + + — —
rRT-PCR (CT value) 18.42 20.78 22.67 24.7 26.22 28.81 30.83 31.78 33.7 — -
104 o)At WZHE 7} =31, (RT-PCRO}= FFH 422 n At
O MIAEE 7H= AL SIEUTKFig. 4). 3t
SAHPO B AE v fRt EEhe] uptol S iAo SIVe #ixjollA g4 57188 94l 29
2 J§2 RT-LAMPS} RT-PCR @ rRT-PCRE AlA]& Ak AT dRbA o2 i xjof| A o) At
of H=& YIHEE H|u3t 2y, RT-LAMPO| A= Z} = ZulstH, 7] 159 ool F)&o] H7| ujZo
"ol AHZ HINI o} 2 > HA25 pL, HIN2 of OFE AbJof A9 Ha= 18] FA Qrh(Van Reeth
2 2 'Y HA/25 uL, H3N2 of&2 2 ' HA/25 1L, = 2012). 18} 2009 A|AF o2 H8-8st pHINI
[e]

2|31 pHINI o}g-& 2 ' HA2S pL7kA] getsi
Zro] 7p53lck RT-PCRE RT-LAMPO} tj5%
Z3745 Yehd o, RT-PCRS RT-LAMPET} 3
alole] 2of whe} 4~16] SA| HZE K Table 3).

f
ol e
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Ay ool 2 5 Aol HAL AR mHE
QAEFAA vholef 29 AxFo] Doluh EF7]
e & 4 97| Wl SIVel et A BE =

f240] F23HA tF5ckHass 5, 2011). gh=tof
A= 2009 pHINIT 2HAY o] S 5E A7 2pd o] =
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{1 o

HUE g W SIVO thgt ®o] o fof thgt A&
=9 o1 YrHKim =, 2011; Kim £, 2014).
A4 SIVE 33 1AVe] tigt A EFo=
RT-PCRo|U} rRT-PCR¥} Z-& PCR 7|8F gk o] K
HAoZ AE-E 3 QItKOIE, 2012; WHO, 2010). 1
EM PCR 71u} z %t,g uu -8 Aot 404:%

|

Asgow AgEIl Alatol slol Utk olelgt
PCR 7%t Aghyle] THUS IR & ol WY
9] 3}}E Notomi 5(2000) =2 E
£ AHRAE Sexd solq 4
A4S ZEF S 9t LAMP 79SS of
LAMP 7]§-& 7122] PCR 7|4 A5k

+= Taq DNA polymerase?} 2] EX-FHA}E strand
WAl ofs) dig SEFL

DNA polymeraseS ©| 830 2H AR &
A

BESD e £6 slee

L

displacement

olol /] W] A gte] @R Wk ozl
Fesxol 2o A7t URE Hhgo] sl
eba AE AAS BE ko] Aule} Aok @
HEQlgo] Hg)z] ok Agpmo] Aot &
8 5O 1 28us: 98 g Aow
LE]-(Dhama =, 2014).

o|2]gt LAMPO] Zyef wte} A7 LAMP= A7
Ho=m ofekgt A, 718 9 vholy A9 Xdo] 4
2] o] &AL glom, A AAIX] RT-LAMP
7} e WA AV = thekst RNA  Blolg] Ao 2
tho| = $-8% 37 QtiDhama 5, 2014). THtolA %=
2| o5t Fokd] ofy dA4AEo] LAMP 7|H&
B zghol| 838 Biv} gloy g A A
o] Adl(Hwang 5, 2011; Koh 5, 2013), Axdla}
(Cho 5, 2013), EHZJ‘E(DOHg 5 2014)0] tfsto] 2§
Elo] gttt violeiAA Aol dfaljA= 7 ¥-%(Cho
5, 2005), FEEobtaH(Yoo &, 2012)o A8
HEZ7F Qle) of4] FEoluf 279 1AV Ztho= 4
|5 87 AY gle AR aobEm, of o)A
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