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Abstract

Cronobacter species (Cronobacter spp.), previously known as Enterobacter sakazakii, are gram negative food borne
pathogenic bacteria. They pose a very high risk of infection to neonates and immuno-compromised individuals and can affect
the human central nervous system. Consequently, survivors often suffer from severe neurological impairment including
hydrocephalus, quadriplegia, and developmental delays. Cronobacter spp. were not only isolated from plant food and
products such as cereals, fruits, vegetables, legume products, herbs, and spices but also from animal source foods such as
milk, meat, fish, and products made from these foods. Therefore, rapid detection of Cronobacter spp. is essential for food
safety. Many detection methods have been developed since the Cromobacter spp. were first reported. However, the
development of more rapid, sensitive, and easy-to-use detection methods for the Cronobacter spp. is required. In this review,
our aim was to study and compare the available detection methods for Cronobacter spp., including culture-based, molecular
biology-based, and immunology-based methods. This study will contribute to the development of new and rapid detection
method for Cronobacter spp.
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M B (WHO) & H|ZS A AAF L2 & s E8der]7]

A2t (Iversen & Forsythe 2003). 0|2 Ao\ X = Cronobacter
Cronobacter species (Cronobacter spp.)= 2006%1 ©] & 7}X] spp.oll &%t A2 = Alav) RuEHA FUoA B2 T4

Enterobacter sakazakii2 28]o] grom, Al Yole} HHo] oF 2 A H A& o] Eth(Teramoto 5 2010).

3 ARSAAE TAPROR FeiA gx AEoA) HY Cronobacter spp.i= TAFFZ) &3H 1% SHFOE &

o] t(Strydom 5 2012). Cronobacter spp.~= 1958 F=+9
A gote] wismllg dorle dAFoR AL BuEch
Sk o] wf 2% e] folrt ol ofg A2 ATIIASO
T 76t A77F &S] o]Foj AR ERchJoker 5 1965).
71 0|3 1204 ©]Are] Cronobacter spp. ZHEHLZ2 QIS AE =
A7k maEgen, S5 ERAET Belo] Atk we
2002 % - ofolA AWHolek iAo, AR A7

Y2 7P, A4S B Yt 7Y FeE B 9)

TH(Nazarowec-White & Farber 1997). Cronobacter spp.~= Salmo-

nella®t &7 ZA BTN LA vBE F A= 7}

Z E& category Ao &3 FoZ EFEI QTHFAO/

WHO, 2004). &9 & AAotAIN Yelhtes F8 S42 I

d A9, v HES 58 4o, FRFeEE AY
A

I+ Y A g AAuEE YeR)7| = K Gurtler S 2005;
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Lai KK 2001; Farmer JJ 1999). Cronobacter spp.= Sr=ro| A=
20061 30] AN HEH, o= A F - 7ok =
AEFolMe HHcE EFE 7|22 F8s5t92(Jung &
Park 2006; Yoo 5 2005), G-H A= 4Z% u|PE 7]
Z& =93} thCommission Regulation 2007). ©]& 3l ©]&
izl Cronobacter spp.©fl thet Al&3kar Helsim, @S
72 A2 BoFoltk. ujeby, o SHo|HE WA}
A W= Cronobacter spp. HEH ol thale] AL B
Agto 2, Bt FAE Cronobacter spp.2] A48 a8
Zolm, Jegt HES T 7I2ARE AlFstaA Aok

HHXIEHQF A =2

2002 U5 AFIREPAT AL 24| Cronobacter
spp-2] AEHS YESHFTHUS FDA 2002). o] ®®(Fig. 1)
2 2892 Cronobacter spp. (Enterobacter sakazakii)s A%
gk W (Muytjens 5 1988)1} B3t Wor ERE %
HEgol 43 2&(MPN) RS Blge 2, F 333 g9
HEGAZ(3%100 g, 3x10 g, 3x1 g)= AR&3) Enterobacteriacae
Enrichment(EE) o 4] AbA kst ZFHleke sk, Mg
HZ] Q1 Violet Red Bile Glucose(VRBG) HIA|E o] &3] £t
ot 23k 31A9F VRBG vl A]&= Enterobacteriacaco] o
3t Xl & Q1 ujX| 2K Cronobacter spp. B+ Eo|Z o2 A&
st7]= ¥ 7] ol Cronobacter spp.2til 4 == 5719
colonyE- T}A] tryptone soy agar(TSA) vl X]of] 25°C, 48+72A)7F
HjQF & =AS W= colonyE AY3FEA Q1 B} oxidase
testE 0]23) Cronobacter spp.& &3ttt A3t 314
gl o] B2 Cronobacter spp.2] A&l 7Y o]Ato] AKF
L 59 BEA|™o] A|7)E o], Cronobacter spp.2] a-glucosidase
A4 7MA T = EAS 24 Druggan-Forsythe Inversen
(DED) vz 7} 7= it X9k DFI Hj A& a-glucosidase S
XM= Escherichia vulneris7} =2 2] 9]9FAl(false positive)
& wolx BAHol Utk ol 2] A glucosed
Arbge gy wixs8& Mg 23, Cronobacter spp.=
glucose 7} of Fof| A glo] B5F e (true positive)S B
A Oo.W, Escherichia vulneris= S}k 2] Z-S-AJ(true negative)
o AE vepy, Fobd BAEE AT 4 AATKSong
S 2008). o] AFAIE viFoZ 2 AgulR] 7} AEE
o, 2012 5] AFeleREekiEe] BAMO] EAEol St
(US FDA 2012).

AR, St AFoorE A AEFF - Cronobacter
spp. AEHHE A FAE T2 YFoto] BHFF
oA 7t &, 35-37ToA 18-24A7F St 3 &
1 ujFle EE vjR|of 7Fste] 35-37C oA 18~24A17F 22k

Cronobacter Species®] &0l I3t A5 24 729

3X1g 3X10g 3X100¢g

e TR

1:10 dilution in distilled water or BPW

Pre-enrichment

10 mL into 90 mL EE broth

Overnight
incubations
Selecti VRBG
e

Direct spreading method: 0.1 mL
Direct streaking method: loopful (10 pL)
Direct pour plate (1 mL)

Five characteristic colonies

TSA25°C, 48-72 h

Identification
Yellow colonies

API 20E biochemical profile Oxidase test

Fig. 1. Quantitative Cronobacter spp. (E. sakazakii) isolation
procedure (Yu JH 2009).

ST GS Tk o2 9 £E $15F9 Chromogenic
Enterobacter sakazakii(CES) agar, VRBG agar B=+= Enterobacter
sakazakii(ES) agaro]| =43}o] 35~37Cof| A 2442 A1 7F v 93}
o] CES agaro| 4] =4, VRBG agarol| A 54 5l ES agar
oA Aurake] 2] (366 nm) A} stol FHE L
AR A FehESol tiste] SAAES AATTE SAARS
5719 AF A2 colonyS F38to] TSA R0 %A 25T ofl A
28~T2X17F v &, A colonyE At Y3F5HA] AHS
A A8t Cronobacter spp.©fl tjste] ¥4, 545 Tt
(Korean Food Standard Codes 2012).

BARELR WL WS A7ro] 2R WA o)
=4g Belm, AkeiA ABS AFelsd A8EE
] F shuoth. B4t RS SEAIA St W
Ho 7 o] WHTFE 53 polymerase chain reaction(PCR)
o 2ENES ANLOE 27

sho] BABRE RS 2
Z8h= realtime PCR 7|2 B4H & 2 S0l 78
A% 7]¥o]tHChon = 2011).

Nair?} Venkitanarayanan(2006)-> Cronobacter spp.(E. sakazakii)
9] outer membrane A(ompA)E S22 U FUIAEE EA5)
of B8 WA Eo|H 02 Cronobacter spp.& HEFH= %
HE R3] o] WS 0|23}y Cronobacter spp. & 74
Fohe] 12407k0] AT F|&stom, ol 2ol Hi
10° CFUMIL 59| 70| 7hsstgom, 24 Wellas 10°
CFUMLE #HZo] 7}53ictal B augich

E3E Liu 5(2006a)2 Cronobacter spp.8] AZZ 43l
TagMani} SYBR greeng ©]-&3t real-time PCR £41H-& 7]



730 CEER

51 =d), TagMan2 Taq polymeraseS ©]-&3] 42 PCR
AHEE FBHESE YEE o853, SYBR greens
0] 85t B2 SYBR green dyeS DNAO] ZAgstS] Cronobacter
Z3t "y olth. Cronobacter spp.2F non-Cronobacter

spp.2Fe] wxHFE-A] A AT}, 3589 Cronobacter spp. & &
o|F oz AET 4 ATk T3 B 100 go| A Cronobacter
spp. 1.1 CFUE 2% olU= HEE 4 Utk 7|&s3h

Liu 5(2006b)-2 £9]|2] PCR primer®} oligonucleotide probe
£ ©1-83+ Cronobacter spp.& HA&3te WS AAIR
o] WS o] &S o £4 28 AR BATE|leH, H
SU=E #1100 gollA 1.3 CFUE A& 5= A E=3L,
Cronobacter spp. & th2 H3+2] wxRESA glo] A& +=
AT

Kang 5(2007)2 real-time PCR-E ©]-&3} Cronobacter spp.
9] A& &AW dstsl=tl, TagMan HEHS 0|83}
Cronobacter spp.& ATt 7]&Uc} =, 16s IRNA A ¥
2 7]dto. 2 3}o] TagMan real-time PCR 24 7idts) Al
&35t uZrEo|n, AFA O 2 Cronobacter spp. & HEJ=
g, 100 fg2] Eo°]& DNA E+= 2.3 CFU/tube®| Cronobacter
spp. & HEY 5 Aot B3Py E3E Bacillus cereus
(ATCC 49063) €] 229 A Zvlj70 g Y=t 1+2] wARESA |
AEO| XX Cronobacter spp.Rt E0]H o2 HAET 4= 22
o5t

Zhou 5(2008)2 Cronobacter spp.= zirconium hydroxide
(Zr(OH))E ©o]-&-3to] 13X &, PCR S o83 A
S5t WS AASHTE o] WS F3lAl 10 g &5 ol
A 3x10° CFUmMLS] A&IAE 2 5 Uk Eugc

Stoop 5(2009)2 rpoB gene< ©]83] PCR WHOoZ A=
3t WL = Eo|RH ol B-& A7t ¢t Cronobacter spp.
£ AT & o 7eA

Ye 5(2011)2 a-glucosidase geneS ©]-&3]] PCRZH 2714
9] Cronobacter spp.(ATCC 51329, ATCC 29544)9] HZEHH
off tsll 7]&Fct. o] FHE o83 5 W 10° CFUMmL <=
29| Cronobacter spp.& T2 BUw1}+e] wajere- glo] &
ooz HEY & UMk

Wang 5(2012) &85t ofy e}, Ao, 5ar7]ol ¢
Ol& Cronobacter spp. & S5}9] real-time PCRE ©]-&3f
Cronobacter spp.& HZdh= Wil dafA 71&en, &
3l internal amplification controlTAC) ¥} H| . 2443} ch.
=3, TFE AEREARTY AN B 1ACS
H| W3} o real-time PCR 40| Z3 & 24417 o]y
o |- Eo|H O Z Cronobacter spp.& AES 4= Ut &
AP TH(Table 1).

Ye 5(2012)2 real-time PCR-E o] &3}o] ARSAME Y9

=4 EFIYEIA

Table 1. Bacterial strains used for specificity test and
results (Wang et al., 2012)

Bacterial strains stsr(e)l?;c?l/) Number MM};fSlIliC**
Cronobacter sakazakii ATCC 29544 1 +
Cronobacter sakazakii ATCC 12868 1 +
Cronobacter spp. JSCIQ 2 +
Corynebacterium variabilis NMC 2 - +
Citrobacter breakii NMC 1 - +
Enterobacter aerogenes ATCC 13048 1 - +
Enterobacter aerogenes NMC 3 - +
Enterobacter cloacae ATCC 13047 1 - +
Enterobacter cloacae NMC 5 - +
Enterococcus faecalis ATCC 13433 1 - +
Enterococcus faecalis NMC 5 - +
Enterococcus faecium ATCC19434 1 - +
Enterococcus faecium NMC 4 - +
Escherichia coli NMC 7 - +
Escherichia coli 0157 CICC 21530 1 - +
Klebsiella oxytoca NMC 1 - +
Lactobacillus plantarum NMC 7 - +
Listeria monocytogenes ATCC 15313 1 - +
Listeria monocytogenes ATCC 19115 1 - +
Listeria monocytogenes ATCC 19112 1 - +
Listeria monocytogenes ATCC 19117 1 - +
Listeria monocytogenes CICC 21583 1 - +
Pseudomonas  sp. NMC 4 - +
Salmonella enteritidis JSCIQ 1 - +
Salmonella typhimurium JSCDC 50013 1 - +
Staphylococcus epidermidis NMC 2 - +
Staphylococcus haemolricus NMC 1 - +
Staphylococcus saprophyticus NMC 2 - +
Staphylococcus sciuri NMC 1 - +
Staphylococcus xylosus NMC 2 - +
Tetragenococcus halophilus NMC 2 - +
Yersinia enterocolitica CICC 21565 1 - +
Yersinia enterocolitica JSCDC 1 - +

* MMS: micromolecular synthesis
™ JAC: internal amplification control

Cronobacter spp.°ll gt A& s Risiyct A=z
ZAHE0|| Cronobacter spp.& Z1-5}9] real-time PCRS ©]-&
so AT ARE T AFFEIATNN ATSHE
Wi 3 DFT vi A - S E v wstg =), ol& W R
gL Eo|FoF AZFLANE Yol A Cronobacter spp.2] HZE
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Table 2. Detection of Cronobacter in dry aquatic products
by FDA, DFI medium, and one-step RT-PCR methods (Ye
et al.,, 2012)

Positive samples

Samples (numbers) (1;2?:85 FDA DFI medium

Dry shrimp (28) 3 2 3

Dry fish (23) 2 2 2

Dry shellfish (19) 1 1 1

Dry fish meal (11) 2 2 2
Total (81) 8 7 8

o] 7153l tH(Table 2).

Ruan 5{(2013)2 PCR} capillary electrophoresis-laser-induced
fluorescence(CE-LIF) detectorS- ©-8-514 A1 Wollx12] Gronobacter
spp. & A&t WS AART o] WS 168-23S 1DNA
9] internal transcribed spacer®} Cronobacter spp.2] ompA F
7He] Eol& 3212 duplex PCROJA A Z]ste] PCR 1<
AL 5 CE-LIF detectorE ©]-83} Cronobacter spp.& A&
gt olt). o] WS o839 W HA&EIAE 1.6x10!
CFU/mLzral 2 gych

Xu 50142 PCR E43 AR UL ol gstel A%
St HHE el A] Bt Probe-magnetic beadsE ©]
88 BAeR St T beadsol RA5}o] of 2] WHE2
X F PR 2L olo] 28 AZATHFe 2. o] L ol %
3HAE o 4AZF o] B xzte] Waglon, 10° CFUmL
FEAA #& FET = UeH, 71EY PCR 7|Hte =
AEshe HHEEY A0S Bl €Y + e =2

It

Cronobacter Species®] &0l I3t A5 24 731

Hoshy 7|uke] HEWHe FY-FA A5 2E-S o8
3 Alat, EX}, vlo]g A, B4 58 AESHE WH O E ELISA,

flow injection immunoassay, enzyme-linked fluorescent assay,

bioluminescent enzyme immunoassay, enzyme-linked immunomagnetic
chemiluminescence, immunochromatography strip test, immuno-
magnetic separation, agglutination test, radio-immunoassays &
o FAWEol oy 7HA] AFm Y] A&l o8
3 glckSong X 2014). FU-FA We] Bolge BA 4
Ald 52k AlZe] 54 @ subtypingol] o §Eo] groul, Al
o BYl Y E- BUEAS o] ge ALHZPHZo| o
FoHA AEE o] FHKim 5 2003). FA-FA| o 22t
€ AYE o83 U] Cronobacter spp. HEH ol
e Y © B ATES g 2k

Zhao 5(2010)2 cross-priming amplification(CPA)%} immuno-
blotting assayS ©]-83l Cronobacter spp.& HZEdH= W
ts) Bk CPAL 32420t B4o] gl AlSFSTIS
Q2 3}, immuno-blotting assay+= BioHelix Express strip<
olg3tol 2% ATE Arv] of 5-108 A% 2adcky 7]
&k CPAQ} immuno-blotting assayS ©]-&3l Cronobacter
spp-& HAET= wf vt ol| X o] HETHA= 88+8.7892 CFUMIL,
BooAE B4 100 gofl 3.242.0569 CFU L 7|43t}
Blazkova ${(2011)-& Cronobacter spp.2] ]2 primerE ZZA|
7 PCR A= Yol & immunochromatographic strip O 2 &
3 HFH-S 2 73t Immunochromatographic strip-2 nitrocellulose
membrane2 AR5} O, test line2 anti-digoxigenin antibody,
control line-2 biotin conjugateS F-AF5}] immunochromatographic
strip& A2t} A2 immunochromatographic strip& PCR
AHET o AloFES ERIRE BEg o Yol 108 A= ARt
o] At o]F St ® A AAE FRIF o] AR
o] &3t%= W Cronobacter spp.2] &A= PCR 4H=9) 8

Hojsty HEUY ngo| Rom, Ef AR 10 goll A Ho= 10 cells®] F& HE
Target cell
~\ Impunty
© © Non-target
© ._ gene
Non-target cell © IIIrrn o > —_— PCR
= amplification
Target gene

7 Op ©
0_

Probe-magnetic bead

Magnet

Fig. 2. Schematic diagram of probe-magnetic separation PCR (PMS-PCR) (Xu et al., 2014)
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Fig. 3. Schematic diagram of immunochromatographic
strip test. Panel A: schematic side view of immunochro-
matographic strip test and its detection principle. Panel B:
schematic front view of immunochromatographic strip test
(Blazova et al., 2011).

T 4 AT HuFckFig. 3).

Li $(2013)2 PCR¥} enzyme-linked immunosorbent assay
(ELISA) EA9H-S o]-835}9] Cronobacter spp.©l| i3t A<
< HuFch $4 DNAE F&351 A g 4] 5 primers
t]z}el5lg 01, PCRE ropB geneS £E & PCR AR o
Qich oS0 2 ELISA HhHof w2} 96 well microplate] strep-
taviding I3}, PCR AHEE A& ste] HH-A| AT vt
20| YW AA % antidigixigenin-detecting antibodiesE &
7kt vkgA 71k WhgA|7to] XU 5.5 mM 2,2’-azino-bis
diammonium saltsE A &8t ¥-§-& FA|AIZ] & 405 nmo]|
A FFEE &3t Cronobacter spp. & HEdH= HHE
B34 o]& 535ty Cronobacter spp. BjSFA T} £ U
oA ZZ3H4 glo] ZHzF 1.06x10° CFU/mL, 1.06x10° CFU/mL
o #& HAET & Utk BuFrh 7]E 9 hybridizationS
2Eshs dAE At 25 o A& o1 ARHE HoF
g 4 vk HuFch

Chen 5(2014)2 immunochromatographic strip ©]-83}¢]
Gronobacter spp.S AE3= "Hol| thsll &713=dl, Gronobacter
spp.+= silica-coated magnetic nanoparticles separationg ©]-8-3}
o] AE31A} 3= 79 nucleic acidE &
9} probeE- hybirdizationd}1, immunochromatographic strips-&
o] 43l HERt E It Test linex anti-digoxigenin
monoclonal &AE ARES}H M, control line2 biotin-BSA
conjugate & T Hoko @ BHeMo] e ooz 7}
Fct o] WH-S 0]-83] Cronobacter spp.& AEJS W 7
T &5ulokol A 10° CFU/ML, B-8-A1F0fA 10° CFU/mL

2 nucleic acid

[e)

of

O

HERERDBEE

Cronobacter target DNA

15?? streptavidin

b
anti-digoxigenin mAb ﬁ[’

conjugate pad ( absorbent pad

lestline control line
sample pad

o

biotin

ESA

|

backing card

NC membrane
Fig. 4. The schematic illustration of the principle of the
immunochromatographics strip (Chen et al., 2014)

2321 B u3Ick(Fig. 4).

Park 5(2012)-2 sandwich ELISA B'H © 2 Cronobacter muy-
gensiis &= W el Rk A= C muytensii
o ™t polyclonal FAE E75 ©]&3l AAitsto] HEEA
o] AR Oo ™, HEFAZ = rabbit anti-C. nuytjensii 1gG (1
pug/mL), capture A2+ chicken anti-C. muygjensii 1gY S A}
£3) 2434tk Sandwich ELISA W2 0|83t C nuytjensii
£ AE3S ;oA AEAlE 2.0x10° CFUML,
29 YolA e AEFHAE 63x10° CFUmLo|glon thE o2
Al F 7N AT RS glo] BolH g2 C muyensii
£ AET o= Yt Rk E3L SongT} Kim(2013)%=
E7NNA AR C muygjensii 1gG FAE AHE8l HHI18 S
-ELISA HI'H O 2 C muytjensii Z4Z°) A E1f+=d|, o
£ AEWAE Ao xRS AF NN T C muytensii
TS BolFe g HET o slen, apujdalA Y A
A= 6.5%10° CFUML, 88 25 g 1 celle] A&3HAE U
B} $l=d, sandwich ELISA Rt B 3= 0] Aas
HojF:=ioh

Xu 5(2014b)-2 T 711 2] ELISA ®'H-& ©]-83) Cronobacter
spp.o] B&A HEY ol s EuFych A WA Yo
Z = polyclonal gA]719e] 7H-ELISAS} polyclonal % mono-
clonal ¥}A)715F2] sandwich ELISA 282 AA Rk 7HE-ELISA
HH o] W aH-S-A | AE | A= Cronobacter spp. 98 £
AZSE 4= QA AT sandwich ELISA B2 4714] £29] Crono-
bacter sakazakiiS A& 4= Yty Bach w2ty 7+
-ELISA ®W'H-& Cronobacter spp.2] A&l A &35}, sandwich
ELISA H}H-2 Cronobacter sakazakii®] <ol A3 H il
Pt =35t 7HY-ELISAYH Q] Cronobacter spp.d] HAEZSHA =
10> CFU/mLo] ¢1.©.™, sandwich ELISA® ¢] A &34 = 2x10°
CFU/mLo| vt 7] =itk

Zhao 5{(2013)-2 nuclear magnetic resonanceE 7|52 C.
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sakazakiis A< AET 4 ¢+ immunoassayS NIt
Bagct oA Bask ®H-2 polyclonal rabbit anti-C.
sakazakii A S superparamagnetic iron oxide nanoparticleso]]
233 NMR biosensorE ©]-8-8f H&sh= Wolztar A3l
t}. Zhao S(2013)2] AFoNAE Bg$-SQol X =o|| C sakazakii
£ A% AE2aE Hasiged], 2 2 A=2E 1/1,000
ol 345t AEWS W= HAEol EVFsten, iy
AZto] 4AIZEETE dojA|al, pH 7 ol wf HE A=t E
ol&thal Huch weba o] AFolA Hugt A&7 H
= L1~11 MPNo|ztal 7]&3ch wabA, Zids BHe Al
@9 =7t 52 4-5(>1,100 MPN)oll= AsHA] b2 ¥
Holgtal 7leFth

Song 5(2015) FF7|5ke 2 EE HARAYPOe=R C
muytjensii’s A&tz ol tis Ruch LI A
Zo| 8 Aol BAtE o] JE o ArYH R FAPH= |
7| o9 o]F QA Ee g FAHH T kot =2
=& 0|83 2719 AT FE AlEZae] I Aot
o|% orE A Hopel FHAE &Rt 752 A et
A&H A2 A2/ o] &Em, 22 Y EAol| Rt
A B FEA717] A AR E7| = gk HEZES
OJekRobe]| S-EEHA thFet FEE R A £
Zheto] Agwio] &bstA W E A=, olFA AdE
UHES ZE2EFS AASSE RopoA EA=F=2 o]§T
T Y=F PYokKim F 2003). o] 2|3 S4L HIF S 2 Song
F2015)2 YEEFS EAJS o-8sto] FFE2 2 sulforhodamine
B(SRB)E 23t g|azFof| EZE o83l dojl anti-C. muy-
gesii [gGE HAZZZS A 5, o|F o83l C muyyensii
£ ASY 71eqch FF7INE g E2F Y R4
o8l & HESt=t 225 AR 13AZFog e,
£ AE N el wARkEAd HAEANXE C nuytjensii
T Soldom HEY 4 U C muwygensii®] HETHA
L koA 6.3x10° CFU/mLete 2uFch

Lee(2015)= U =R B|EE o] L3 C sakazakii®) A&H
gdAEHo| s Rk o] HH-E rabbit anti-C. sakazakii
FA, BFEZESQ SRBE ZAT 2EE, 30 nm&] AU
AR EE 7IREC R C sakazakiis: A& HESH= HHS
BOPT}y C sakazakii®) $=vjoFl o] A&FA L= 3.3x10°
CFU/mLo]om, E-3oA 9] H&dA = 3.5¢10° CFUML
o], w4 A NNE C sakazakiis E0|H =2 3
AlZE olUle]l AEE + e WS EuFth

=1 =5]

7]Et HHE o|Sst HE4H

ro
I

Almeida 5(2009)2 peptide nucleic acidg ©]-23}4 fluore-

Cronobacter Species®] &0l I3t A5 24 733

scence in situ hybridization(FISH) % S 2 Cronobacter spp. &
A&ste ol sl Ea3c) FISH W2 dubE o= A
w2 Elof] AMEE= WHO 2 5% DNA E+= RNAS B
© 2 3= nucleic acid probeE Eo]F o2 Agtel AL 7|4t
° 2 3t} A& 1A} = A E2 hybridizationd}t1l, ¢HAlo]
A ke & 3N o8 HEAT L 7leFlh ol ¥
= o] &= Wl 1+ 10 gollA 1 CFUS HAESTAE &=
[e]

4= Qe Cronobacter spp.2] AFH Q] HAEo TA3H A
e 1247 YT 7% U000y ol usiHEe

o]
Ay A A-gste] 2l W 2A &5 EA5h= Cronobacter
pp.0] SYPHEE HFHOR 2T 4 Yk TolSUE
W3t o] W2 Cronobacter spp.2t T H| Y& E3HY
< microtiterd]] TAERE o] B N3 T, Z}F wellof] 7iLsE
salicin brothE Z7}5}o] 16~24A17F 59t vl oFs}H, salicin:
BE|& 4= = Cronobacter spp.7F ZA5h= well2] -2 n]
A=Y 4% % A= A8 pH7F 4ol Wt bromeresol
purple R|A|eFo| =gt o 2 H3lck= 2|2 Cronobacter spp.
o A& ol AMEl e, AP E w2 A
BAE €L 2H HFgHEY oL agAl HE
Hrolatal B 1 gich Zhu $5(2012)-2 impedance technology
9} rRNA 7]¥19] lateral flow assayS AEs5}S Cronobacter
spp.¢] A4 AZo] ofet 472 B P} Impedance ZHL
BacTrac 4300 Microbiological AnalyzerE A3}, RioboFlow™
Cronobacter kitE ©]-&3to] 2F HAEsIAT} HEol 285
£ AIZHE 204171 o[ 687HS] 5.9 BBl N Cronobacter
spp & AET 2 85%E FEY 4 9o, & F19
N2PEHA AFH A= Cronobacter spp.RHE 100% Eo]& S
2 S & Aok BuFch

2 o

Cronobacter spp.~= Salmonella spp.2} S ZA|E-F-of A
HAEE nAE 5 HRE7F 7P 2 category Aol £3H=
Fom PoA ok 19589 FRIH HLom fope] wg
qde] Ao Z HuEglow, g & Aot AN ZAL
QA 8 52 oA SRS AL HY YA E
A7gukelE do7)7|% Fith ol2|et AFA whzoll Cronobacter
spp.2] A% HE 9 AT AF= ool oA Fasiet
wEba] 2002w AlFOFEPATAAE EfolA Y
Cronobacter spp.E EE broth, VRBG H|X| & o] 83| o4& &2
StaL, TSA HjA|o)] =pie] & =T W= colonyE A
sfoka AR Bo) A&k e ANRT B Sl
2t AEFFAANAE W2 E 0]-§3t Cronobacter spp. & BE
Bh wpsol ohs) SAISHATh SHAEE B pE S F)uke
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2 3}= Cronobacter spp.d] AESHHE A& 285+ A
23} 58 Sol ulmgHolek B0l ook weh Be
AlZbo] 2 Q== vjx|ufFHES EstaAF PCR, real-time
PCR ¥ 9 Z|Lolli= PCR7|¥ 1} ELISA, CE-LIF 5-& A%
sto] HESh= Wiio] W= o] Cronobacter spp.o] HEol
ARR-E 7| = 3T} Cronobacter spp.2] A& AFEEAL Q=
A ESHE 7]9Ee] PCR Y real-time PCR 7|2 1=}
Eol=7F Fom, uijxuigFHol ot HEWH vl A&
AR g718 o2 29 4 vk 3ol ok sk 7tk
& AT 2o QlojA] Fadt HAEAQl 7ol 2o
T AAH o= AfmET. WS BPHof| o7t Cronobacter
spp. A&l T3 AFE B3, EXo 285 E AT
5T = Adlen, Mstal o]l FEo| 7FeEE B
ofFqich 53] i AFEIoA HESHY HEUHE 17}
o] w7t da glow, 7det Ao wet RUEY 479
Fego] 7hsstotaL siley. HHsHA] HEH ol ELISA %Py
Qo= immunomagnetic bead, liposome, immunochromatographic
strip 5-o] 7HEEHIL Qo
FEuhet AZFYFEPAA A= G - froF dAd A
A S Aslstatat Cronobacter spp.oll daliA= &
R 7SS 2H - 295 Jlen, A&H oz o] #et
I Q= AAolth b, AlEANIA 9 AE
fr& @A A ZUE o] 7hsshH, Al
AETHY N2 A& ofof gtk

i
1o

&, Wgsta Bolel
A 2

o] =F-2 20149 % {3 &R o PO R AT
tho] 291 Hlo} 23] & TLQJ(NRF-2014R1A2AIA11053211).
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