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Abstract

Loop-mediated isothermal amplification (LAMP) is an emerging detection technology for the amplification of DNA under
isothermal conditions. The aim of this study was to develop a rapid and reliable LAMP technique for the detection of Crono-
bacter sakazakii in milk powder. In order to enhance the sensitivity and specificity, LAMP primers targeting outer mem-
brane protein A (ompA) gene of C. sakazakii were designed using Explorer V4 software. Thirty seven C. sakazakii strains
and 13 pathogenic microorganisms were used for comparative detection of C. sakazakii using polymerase chain reaction
(PCR), real-time PCR, and LAMP. LAMP developed in this study could specifically detect C. sakazakii strains without
cross-reactivity with other foodborne pathogens. LAMP products amplified from ompA gene of C. sakazakii were digested
with with Hhal and Nrul enzyme. The specificity of LAMP was confirmed by restriction fragment length polymorphism
(RFLP) analysis. LAMP could detect C. sakazakii within 1 h without bacterial culture and its detection limit was as low as
1 CFU/mL C. sakazakii in milk. In the comparison of the sensitivity, LAMP showed 10,000- and 100-times higher detection
limit than PCR or real-time PCR, respectively. Therefore, this study can conclude that LAMP is a rapid and reliable detec-

tion technique for C. sakazakii contaminated in powdered milk.
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Cronobacter sakazakii= Enterobacteriaceae®} &3l= 1
4 ItolH, IS FAHA = BRI ol
TH(Friedemann, 2007). 1980\ Enterobacter sakazakiie}al
HHE RO, 200839 Cronobacter species® A%
A C. sakazakiiZ. g o] WZAE AT (Iversen et al., 2008).
A &7 Cronobacter sppi= C. sakazakii, Cronobacter
dublinensis, Cronobacter malonaticus, Cronobacter muytjen-
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sii, Cronobacter turicensis®|CH(Iversen et al., 2008).

C. sakazakir= Ao Aske doF 4 9o
W, 53 AT R olatel Ao}, 2o}, AE0 5

o] Groell A FHtd, HES, AAor AV T} 22
=
o

=
2=

T |,
4% doFlt vl A 34 718 ZHdFolth(Arad
et al, 2001; Farmer et al, 1980; Guillaume-Gentil, 2005).
FA7AA AR vhol] 3P, C. sakazakii®] BAK-E o
O} C sakazakiiol ZHHE Frore] AAeE 33-80%
ko 2 ull9- X & o)tH(Guillaume-Gentil, 2005). 19583 <3
oA AEOF C sakazakii 7XF0l oJ&f 2ol AlAolr}
et o 2 APEE AL E Bargk o] % 2003\ 71A] EAY
3t 76719] C. sakazakii 215522 197 0] APEStHIver-
sen and Forsythe, 2003).
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C. sakazakiiz®] 71& AEH-E A<, Bsketz] AL
A B0 UAT o]H g MHES AlRte] Bol &
Q53 AHEEA] grie EAAe] Jtk(Derzelle et al,
2007). W]= Food and Drug Administration(U.S. FDA)= C.
sakazakii®] HEHOZ AltE-E] v, polymerase chain
reaction(PCR), real-time PCR ¥'HS- FH315t}. Al7to] &
o] Q. WY} g2 AlEe] iRl viste] PCR
2 T e} Sol=rt F£ou4 DNAE ERRIsH| <13l 27
FEIET AEHQ] 7IeArE eshy] vl BHz o
2 AME317) o2 ©%o] IEK(Orlandi and Lampel, 2000).
Real-time PCRS PCRYUT} 1171 %7} =31 DNA =Z AL
£ AAREOE gRlo] Thsstal H7195 g jlo] Fi=
AL o] 83t L&t e S1g & YA 1 7
o] Aurstar FspH a17ke] |7t Fasiths Thadol
ATHLiu et al. 2006; Yamazaki et al, 2008).

Hoe 52 24 sfollA wiztslal W24 DNAE &
=38 = Q)= T25FH(loop-mediated isothermal amplifi-
cation, LAMP)®] 7H=E 1cH(Notomi et al,, 2000). LAMP
AFHE 14 325 SEIT= HolM= PCRI AL
SHARE, A x| =g} glo] 54 A2 F
o] 7Fset7] el WhEAMS @5 S Itk LAMP
+ DNAZ}ER] HAIREE-S 9Jafl 5327 3lollx] Bst DNA
polymerase®} 3% DNAS| 574 @714 G5 vl 5o
o=z taRlE 4l 52 6719 primeret R 7HA] gt
e g 4 FAAE i S5 4 AT (Notomi er
al., 2000). ©]23F LAMP7 2 Campylobacter jejuni, Cam-
pylobacter coli, Mycobacterium avium, Yersinia pseudotu-

-

L

berculosis, Mycoplasma pneumoniae, Porphyromonas gingi-
valis®} 22 WA vAES] AEHE VEE 8 3
o] AFE WA 27HE o] &8 F US Ao
2 A= Qti(Enosawa et al., 2003; Saito et al., 2005;
Yamazaki et al., 2008; Yoshida et al, 2005).

wels] B A= C sakazakiis Eol|Ho = ZFZ3)
4 ¥ LAMP 71&S Wélal, C sakazaki?t L GE %
A &0l A PCR, real-time PCR, LAMP ZH&He] wizk
SolEg Mo zn BHAEHL WA,

y

H

S

WE L

SA2F

C. sakazakii®l LAMP A= /s st C. sakazakii
ATCC 29004, C. sakazakii ATCC 29544 2719 &5
AR, TS, & Al A] /NSt C. sakazakii LAMP
A Holx AL 913 Ao 2HE LelT 354
C. sakazakii @55 TSNSl AFFFtT AFrd=
AN A FEYC ™, Arcobacter buzleri ATCC 49616,
Bacillus cereus ATCC 13061, B. cereus ATCC 10876, Es-

cherichia coli O157:H7 ATCC 43890, E. coli O157:H7
ATCC 43889, Listeria monocytogenes ATCC 19114, L. mo-
nocytogenes ATCC 15313, Salmonella Typhimurium ATCC
43174, Salmonella Enteritidis ATCC 43076, Staphylococcus
aureus ATCC 12600, S. aureus ATCC 10768, Vibrio para-
haemolyticus ATCC 4664, V. parahaemolyticus ATCC 43996
S American Type Culture Collection(ATCC; USA)o A
sty SAANEFLOE ALESHEY. C sakazakiid =
Brilliance™ Enterobacter Sakazakii Agar(Oxoid, UK)oi|A]
37°C 20 AR 13 Hleksle] Bl H2ke Adelg
o™ Tryptic Soy Broth(TSB; Difco, Becton Dickinson,
USAPIA 13} e} S8 2r02 23} wjedslel DNA
Z=20)) AL83IIT). A. buzleri= Arcobacter Selective Broth
(Oxo0id)°l] 1.2% Agar Technical(OxoidyS H7}sle] ALE-35}
o™ B. cereus= Tryptic Soy Agar(Oxoid), E. coli O157:
H7-& Sorbitol McConkey Agar(Oxoid), L. monocytogenes
+ Listeria Selective Agar Base(Oxoid), Salmonella spp.=
Rappaport-Vassiliadis Soya Peptone Agar(Oxoid), S. aureus
+ Baird-Parker Agar(Oxoid), V. parahaemolyticusi= 2%
NaClo] 38 TSAdl ZHzt 12} vjeFete] & ks A
galglom, TSBoY| 22 #¢fzh & DNA F2of ARSIt

23} wjeko] B 3709 C sakazakii®} 13719 43 U

Z7 FFE 47 1.5 mL FHO &4 ©al 100°C #= &

o 1087t T3 & icedllA WZHAIHTE. 8,000 rpmol] 25

7+ 94 st AEds MEE 1.5mL FE A4 &
b

C. sakazakiie] LAMP Z4&4 7l

LAMP & /NS 913 14 F-A=2= C. sakazakii
o] g} d3/do] 2 4% outer membrane protein
A(ompA) gene(Genbank accession number: GQ845410)<
FAFAARZ DA LAMP Zetoln tARRlell=
Explorer V4 software(Fujitsu System Solution)Z ©]-83}%]
O™, C sakazakii ompA geneS S+ 4 = LAMP X
gloln| TRTS th HSE § ou|dTolA HSo] Bt
o] gle HA] Zeto|nE AAst] & ATl ARE
3} cH(Table 2).

LAMP ZAZSHE 3835}7] 93l 1x reaction buffer (New
England BioLabs, USA), 20 mM dNTP, Bst polymerase 8
U, inner primer®! FIPS} BIPE Z}Z} 40 pmol, outer primer
o1 F3¢} B3S ZFz} 20 pmol, template DNA 2 pL& ¥-3-
&3S 7433 & diethyl pyrocarbonate (DEPC)-treated
distilled waterZ 5 885 25 uLE 95U} o] T3
£ MJ MINI Personal Thermal Cycler(Bio-Rad, USA)Z
64°CAllA] 60°, 80°COllA] 1027t RESAIHTE. LAMP product
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Table 1. Comparison of PCR and LAMP detection in the reference bacterial stains used in the study

No. Original ID LAMP PCR No. Original ID LAMP PCR
1 C. sakazakii 1 FDA + + 26 C. sakazakii FSM 292 FDA + +
2 C. sakazakii 2 FDA + + 27 C. sakazakii FSM 293 FDA + +
3 C. sakazakii 3 FDA + + 28 C. sakazakii FSM 294 FDA + +
4 C. sakazakii 5 FDA + + 29 C. sakazakii FSM 295 FDA + +
5 C. sakazakii 6 FDA + + 30 C. sakazakii FSM 297 FDA + +
6 C. sakazakii 2.40 FDA + + 31 C. sakazakii FSM 298 FDA + +
7 C. sakazakii 2.44 FDA + + 32 C. sakazakii FSM 299 FDA + +
8 C. sakazakii 2.46 FDA + + 33 C. sakazakii FSM 300 FDA + +
9 C. sakazakii 2.47 FDA + + 34 C. sakazakii FSM 302 FDA + +
10 C. sakazakii 2.80 FDA + + 35 C. sakazakii FSM 303 FDA + +
11 C. sakazakii 2.81 FDA + + 36 C. sakazakii 29004 ATCC + +
12 C. sakazakii 2.82 FDA + + 37 C. sakazakii 29544 ATCC + +
13 C. sakazakii 2.83 FDA + + 38 A. butzleri 49616 ATCC - -
14 C. sakazakii 2.84 FDA + + 39 B. cereus 10876 ATCC - -
15 C. sakazakii 279-1 FDA + + 40 B. cereus 13061 ATCC - -
16 C. sakazakii FSM 262 FDA + + 41 E. coli O157:H7 43889 ATCC - -
17 C. sakazakii FSM 265 FDA + + 42 E. coli O157:H7 43890 ATCC - -
18 C. sakazakii FSM 270 FDA + + 43 L. monocytogenes 15313 ATCC - -
19 C. sakazakii FSM 271 FDA + + 44 L. monocytogenes 19114 ATCC - -
20 C. sakazakii FSM 272 FDA + + 45 S. Enteritidis 13076 ATCC - -
21 C. sakazakii FSM 273 FDA + + 46 S. Typhimurium 43971 ATCC - -
22 C. sakazakii FSM 274 FDA + + 47 S. aureus 10768 KCCM - -
23 C. sakazakii FSM 275 FDA + + 48 S. aureus 12600 ATCC - -
24 C. sakazakii FSM 287 FDA + + 49 V. parahaemolyticus 43996 ATCC - -
25 C. sakazakii FSM 290 FDA + + 50 V. parahaemolyticus 4664 KACC - -

Table 2. Oligonucleotide sequences of PCR, real-time PCR, and LAMP for the detection of C. sakazakii outer membrane protein

A (ompA) gene

Primer Oligonucleotide sequence Reference

F3 5'-CCC GGT GAA GGA TTT AAC CG-3'
LAMP B3 5'-CGT CGT TAG GGA TAA AGC CG-3' In this study
BIP 5'-CAG GCC GCA CCG AAA GAT AAC AAT CGT GGA ACT GGG ACC A-3'
FIP 5'-TGC AAT CGC GAT AGC CGT CTT TCA AGG AAA AGC GCA TGG C-3'
Real-time Forward 5'-CCG GAA CAA GCT GAA AAT TGA-3' .
PCR Reverse 5'-TCT TCG TGC TGC GAG TTT G-3' Liu et al., 2006
Probe FAM-5'-ACT CTG ACA CAC CGC GCA TTC CTG-3'-TAMRA

+ 1% agarose gel AME-st] H7]9E5S AAEoH,
Launch DoclIT LS (UVP Advanced Biolmaging Software
version. 5.5.5a, UK)Z EAJ35}t}.

LAMP HE®Ho| S0|= HAL

PCRoI| 9Jsle] Hojz]= DNA 2H=3 93] LAMP HE
Ho 470 DNA ZEZAE-S AAsie 2 #7958 4
A= 75 AP (ladder-like)?t 22 802 Yephdtt
o]2gt DNA SF4HE9] Solx RS fl8liA 554
o] EA3= Eo]971<ES GeneCutter (DNASTAR)E 3+
ol18}At}. C. sakazakii ompA FEZFE2] G7|ME H40
A ZelEl BAZS Hhal?} Nrulg AH8-81 restriction frag-
ment length polymorphism(RFLP)S <=8)3}a] Eol= AA
2 359t} RFLP= 1x reaction buffer, 10 U Nrul B== Hhal,
2 ug® Bovine serum albumin(BSA), 4 pLe] LAMP pro-

duct DNAZ HES- Z39100S 52431 & DEPC-treated distilled
waters o]-&3t FHF W3 &FS 20 pLE SHAH
RFLP= 37°C ZZ0l| A 2417k HFgA]F] AL, 65°Col| A 258
7 WRSAIA BAE B8NSl dde V9T &
Launch DocIT LSZ #4313

GA iz 24 izl S C. sakazakii LAMP
AEH] Bol=E AT flst 2FdTE X3 37
Mol C. sakazakii®} 13712] WA njAE<] tisle] LAMP
2 PCRS A3t LAM 7&% < & @7lA AN
W38} C. sakazakii LAMP ASHS ARESI¥H o™ PCRS
ok} o] 4238313t PCR mixture= 1x reaction buffer
(Bioneer, Daejeon, Korea), 20 mM dNTP, Top polymerase
1 U, template DNA 2 pL2} forward, reverse primerE 24z}
20 pmol¥] X &3IH o™, LAMP =W 7Iike 95t A
Z+E outer primerd] F3¢} B3E PCR primer2X ARE-3FA

L
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Fig. 1. Restriction fragment length polymorphism (RFLP) of
LAMP DNA products using Hhal and Nrul restriction
enzyme. M: 100-bp DNA ladder, Lane 1: Negative con-
trol, Lane 2: C. sakazakii LAMP product. Lane 3: Di-
gestion of C. sakazakii LAMP product with Hhal rest-
riction enzyme, Lane 4: Digestion of C. sakazakii LAMP
product with Nrul restriction enzyme.

THTable 2). PCR ¥-3-& 94°CollA] 5837 DNAZS WAIA]
2 % 94°CollA] 30%, 57°ColA] 30%, 2°coﬂxi 3025 1
cycle2 3Fo] & 35 cycleZ HFSAIZI & 72°Col| A SEZE
o Z&AIZILE PCR products 1% agarose gelE ©]-8-3}
o] A71%9-5S AAISkAL Launch DoclT LSZ #4133t

LAMP, PCR, real-time PCRe| &

£ 0iZs H|1m

A ZAEH powder®d AFAAM C. sakazakitd ] 7
= 715AS olsl] 98] Al £0 ZARGE 1A}
of A& W= 4P ANET AEEe BETT

C. sakazakii ATCC 29004Z brain heart infusion brothol]

5 W C. sakazakii

M 1 2 3 4 5 6

A2 Wk, A SREl] PEdlez Fna
o} ZAEF+= 0.1% bacteriological peptone water(PW)%=
20% EFAS BERlo, 10 mLe] B/l C sakazakii
ATCC 29004Z 7 Log, 6 Log, 5 Log, 4 Log, 3 Log, 2 Log,
1 Log, 0 Log, -1 Log CFU/mL 0.2 Z}Z} 219] L GA]
A}, C. sakazaki} 219 FEH AZ2] DNAE Genomic
DNA Extraction kit(Bioneer)S A3}l F&313 01,
LAMP, PCR, real-time PCRS Z}Z} XSt C. sakazakii
o) FE NPEE e st

LAMP % PCRY-2 C. sakazakii®] 5°|%= AL &Y
SHA A3Y8F 21, real-time PCRE Liu %‘(2006)01 AL
JTroll A B 13t TagMan probetHS ©]&3te] ASVAE
£ HwsH T 1x premix Ex Tag(Takara Biotech, China),
C. sakazakii 16S-23S internal transcribed spacer(ITS)S 3
HFHARZE FZ3= forward®} reverse primers 217}
uM, probe 10 uM, template DNA 2 uLZ Hk3- E"?}"?E
T8+ = DEPC-treated distilled waterS ©]-8-5fo] 1t
FS 25 uLZ 9=t} Thermal Cycler Dice Real Time
System(Takara, JapanyS ©]-8-3}] 95°Col|A 10%, 55°C9|
A 20%, 72°ColA 1527t & 45 cycle®2 PCRS 434513
THLiu et al, 2006).

o

Oko ﬂ.l[O W

A

[

a

LAMP Z&He| S0|=

37709 C. sakazakzﬂ‘—rgr 137H«] A Eel HAA

HAES A3t LAMP A&7 PCRY Q] 50|55 4

=3 A3}, LAMP A& ‘;l PCR*:H 55 37709 C. saka-

zakiit ol theiA = FARRES Bom AR E
= EiE]-(Table 1 and Fig. 2). ¥

HelM e 25 SR

[o:

7 8

9 10 11 12 13

Fig. 2. Specificity of loop-mediated isothermal amplification (LAMP) for the detection of C. sakazakii using reference strains. M:
100-bp DNA ladder, Lane 1: negative control, Lane 2: Cronobacter sakazakii ATCC 29004, Lane 3: Salmonella Enteritidis
ATCC 13076, Lane 4: Salmonella Typhimurium ATCC 43971, Lane 5: Arcobacter butzleri ATCC 49616, Lane 6: Listeria
monocytogenes ATCC 19114, Lane 7: Listeria monocytogenes ATCC 15313, Lane 8: Vibrio parahaemolyticus KCCM 4664,
Lane 9: Vibrio parahaemolyticus ATCC 43996, Lane 10: Escherichia coli O157:H7 ATCC 43889, Lane 11: Escherichia coli
0157:H7 ATCC 43890, Lane 12: Bacillus cereus ATCC 13061, Lane 13: Staphylococcus aureus ATCC 12600.
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Ao A AR LAMP products GC GC G71XES &
o]z o g Husl= AFEL Hhal 2 WH-A1Z] A3}, 27)
9] cutting site’} A3+ 66 bp, 90 bp, 24 bp 37 EHE
FZEH AT T3 TCG CGA, AGC GCT €714¥Ee 9]
Ho g Adshs AFEAL Nulo 2 ¥hEA1Z] A3, 3 7Y
2] cutting site7} A3}t 212} 164 bp, 79 bp 27| EH =
TEE AT} ©]9F o] LAMP productsl] T RFLP 23}
% C. sakazakii LAMP ZZ&We] 3] 53%% DNAZL C.
sakazakii-specific ompAd°] A= AThHFig. 1).

B AT BHFHAZE AAS C. sakazakii®] ompA
= A A71KGe] Wolrt AL, F FolA<l 540l 9l
o] AsyATo A JTsF PCR X+ real time PCR 7o)
AR ATH(Ye ef al., 2009). ompA A}l 2jsle] gHA
Z+= outer membrane protein A= 13 4 FHAlT Y]
A eute] EAjshs Tl E N-Zeo]| B-barrel =<1
L 7HAH C-EHE q-helix R 2 R FZRE 7HA 3
2t} (Alex and Georg, 1998; Singh et al., 2003). E. colit}
S. Typhimurium¥} 2-& 18 54 JAldT 2o C. sa-
kazakiizt2] outer membrane protein A= U7F] A% A
Alazel] Hde el Fefgittal B ax]o] 9lth(Mohan
Nair and Venkitanarayanan, 2007; Singh et al., 2003). B=3F
C. sakazakii®] outer membrane protein A= HUAAS 71X
2] e a2y Bhe|g] 2Ale] F~8A= 2H8-star, tiAA|
9] ALEAHapoptosisy&- 2o} MO HFeh= 7150)
& A AtH(Alex and Georg, 1998; Singh et al., 2003).

LAMP ZH&Hol| 2|8t 25 W C. sakazakii A& BIL=
LAMP ZAZ&Hol oJst B0l HEH C sakazakii® 73
Z3H)= 1 CFU/mLo)QItkFig. 3). ¥HA, PCRH &3+ 7

M 1 2 3 4 5

3= 10* CFU/MLo]R12. ™, real-time PCR¥H ]38k 7
=31 10° CFUMLOIRIH o5 Faf & AgtollA 7
3 C. sakazakii LAMP &% o] PCRO| ®ls] 7%=}
10,0008}, real-time PCRol| ®13}] 1008] =2 A& 13}
ATt

LAMP ZZ&W ol AM8-%= Bst DNA polymerase= 5'—3'
exonuclease 0] APE|oJglo] F-HALY] o] G oA
primerS FA|ol| ARSI T} inner primer”} outer primer
off Wafl WEA] @dar SFo] rhsdit). ek LAMP HE
HE ) &2 6719 primerZ Ydl= FAAE 21531
=% g dom ARl flojx] PCRe| HIgte] & 50l
£ 7} tH(Nagamine et al, 2002). H= A7H 10 wp=
LAMP #HEHS 3528 ©]83FAHY pyrophosphate
o]-29]] 2]3} magnesium pyrophosphate2] WA HHEo] &
g ol8sjo] AIZHel BRE o 4 2] ] 2]
9% #gdo] A 4= lth(Hara-Kudo er al., 2005; Mori
et al., 2001). =3+ F-AA} SZ W3] 60-65°C2] 52 %
2 sfol SEl7] Wl vle] Fulsk W gl B
st e AT Slew B JFsaithe Aol 9
CHHara-Kudo et al, 2007).

Ye 5(2009)2 16S-23S tDNA internal transcribed spacer
(ITS), ompA gene, o-1,4-glucosidase gene(glud) | 7}A]
AAE AES 4 JE PCRE 243749] ZA 9] C
sakazakii S DEE ZAVSFHIL, 21 A3} ompA geneol] TigE
PCRo] RIFHES} Sol=rt 718 %2 08 Husigirt
Liu 5(2009) ITSE B2 CARIE 4709] primerS:
AMEEI] LAMPE 3881l Efoll LAE C. sakazakii
2 10' CFU/mL $571#] A&tk B sl thLiu et
al, 2009). B Ao X L3l C sakazakii LAMP 74Z&%

oY o

(R

>

6 7 8 9 10 11

Fig. 3. Sensitivity of loop-mediated isothermal amplification (LAMP) for the detection of C. sakazakii in milk powder. M: 100-bp
DNA ladder, Lane 1: positive control, Lane 2: negative control, Lane 3: 7 Log,, CFU/mL C. sakazakii in milk powder,
Lane 4: 6 Log,, CFU/mL C. sakazakii in milk powder, Lane 5: 5 Log,, CFU/mL C. sakazakii in milk powder, Lane 6: 4
Log,, CFU/mL C. sakazakii in milk powder, Lane 7: 3 Log,, CFU/mL C. sakazakii in milk powder, Lane 8: 2 Log,, CFU/
mL C. sakazakii in milk powder, Lane 9: 1 Log,, CFU/mL C. sakazakii in milk powder, Lane 10: 0 Log;, CFU/mL C.
sakazakii in milk powder, Lane 11: -1 Log,, CFU/mL C. sakazakii in milk powder.
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2 10° CFU/gZIA] ZEE]°] Liu 59 A7l vlsl] o =
& s Jehidel Hu 52009y C. sakazakii 16S-
23S 1RNA geneE 535 T U= LAMP HAE9HS /i
Sk, ZAEFl Q¥F e E Q9H C sakazakirs 71E5}
%Att. Hu 5(2009y PCRe] #HE3H7}F 10° CFU/mMLY] Hl
Histe], LAMPHY HE3HA= 1.1 CFUmLE W17 =7}
1,0008] =2 Fo= RISt TE Hu 5(2009)2] A<
TE= B AFA /s LAMP A& AEsHAQl 10°
CFU/gd} T53 FF0|0 o}, 16S-23S rRNA genee
Cronobacter species®} Enterobacter species 7] 73-5/40]
o} So|m9} WIzEr} "ojx]= Agho] Ut o)<}
zAHo g2 B AFE C sakazakii E0)=7F =& ompA
genes A 0F At WIZIES} 0|27t & LAMP
HEHES Mt Aol T

B ATto|q /WSt C sakazakii LAMP ASHL W7
9} Bo|mrt =8 Wit opE} Bfol 2dE WA A
o= Z-8o] 7hs3ldt. 53] 1AIZF o|d] 2d
Aol xS 2 4 = LAMP AESHLS C. sakazakii
S Xete] WA vEe] o3 AFE Alal HA A
21431 GA] YJAE 7S F e dFF Lol 8]
& a3l =72 ARE AoE TdiEn.

e of
£ AFeXs dfrotellAl XA 2Es dodle C
sakazakii® D3] LAMP AZH-S /Nasisith. LAMPHY
o 93} C sakazakii®) 7EE-C 100%3.21 137]2] 24
Azt HiMe BT 54 1S B So|=r) -
=& Ao AT 8, Hhald}t Neul F 719] A
F4F LAMP productl] RREAIZ1 A3}, f31210] 54 4
7ol AaE= RS gRIsen, o5 F3 LAMP
=}
H

AEHN o8] FZH DNAY} C. sakazakii-specific ompA
de RIS ARl 29 @ C. sakazakiis LAMP

Hog A& A A&ETAIE= 10° CFU/MLe|Y L™ o] 7]
Z9] PCRH O real-time PCR¥] B]3] 100-10,0008] =
2 FFo g ALY} ol B2 Ao F FAGFHIIL o)}

o] & Eo|xd} HIZAEE 71X LAMP AESHLE C

§ A4FE WA BN BAAES DA A&
AEY 5 e Tl JloEd
ZtAtel B

B A7 SHMMER sEHE 7189
AR BLATARY (#112089-3) A ol] &Jafe] o]Fozl A
o]

-

10.
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