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Cronobacter spp. (formedy Enterobacter sakazakii), a Gram-negative bacillus, is a rare cause of meningitis and
central nervous system infections. In England, the first case infected by this organism occurred in 1958. By July
2008, approximately 120 documented cases of Cronobacter spp. infection and at least 27 deaths have been identified
from all around the world in the published literature and in reports submitted by public health sectors. In 2007, it was
proposed by European organizations that the original taxonomy of E. sakazakii would be revised, to consist of five
new species moved to a new genus, and identified as "Cronobacter". E. sakazakii has thus now been reclassified as 6
separate species in the new genus, Cronobacter, gen. nov., within the Enterobacteriaceae family. The new species are
presently Cronobacter sakazakii, C. turicensis, C. malonaticus, C. muytjensii, and C. dublinensis; the sixth species is
identified simply as genomospecies I, as currently including only two representative strains. The objectives of this
review are to provide insight on (1) the classification and taxonomy of Cronobacter spp., (2) its clinical etiology
and pathogenicity, (3) prequency of Cronobacter spp. in different categories of ready-to-eat food other than infant
formula, (4) methods for detecting, isolating and typing Cronobacter spp., and (5) recent research trends for
detecting Cronobacter spp.
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Cronobacter spp. (- Enterobacter sakazakii)+= 1958 <
Fo|H H20 2 fobe] HurdS Uor| YAFOE K 5
=T o] W A 29 ot At S elE Btk
TAEY 2 BHe =derAe FshttJoker et al,
1965). 71 0|32 Z|L71X] 1204 ©]A}+2] Cronobacter spp. 244
S 2 QIFt AFE At HuEGY 53] ERAIET B
2ok A3} 9-gotolA] A AoI Ao] H 109 e
U A HA WHO 55 BIES AA R & BHE &
2 ©717] A& ck(Iversen and Forsythe, 2003). 2ol d&
oM &= X222 Cronobacter spp.°l| 23t XF% A7 211
ol FolA g BHE B8 dole Assaol Hido
(Teramoto et al., 2010). Cronobacter spp.= ZFHNA|HF2] dZ°
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got, 2897 m|wke] gol, 2.5 kg ke AA|F FolsS £
3tcH(Muytjens et al., 1984). T3t Salmonella®} 7| ZA| -5
oA TAE= nBE 5 AF =7t 7HE &2 Category Aol &
St w22 AAAFEH7IFHFAO) 9 AlAEA7]5H(WHO)
o A EF735}13 QItHFAO/WHO, 2004).

FE T Aol A Y= =8 S A A,
9, 982 Sol dlov], FRFOE Az A AU 9 Agn}
H|E UE 7| = Stch(Farmer, 1999; Lai, 2001; Gurtler et al.,
2005). BT 20061 0] ZAEGoIA] AEHo] AHE]Hs]
=o] o7 glem 1 A} §-ohg ZARRIAE MAeR
E4% 71ES A83F93(Yoo et al., 2005; Jung and Park,
2006), European Uniono| A= A% u|BE 7|&S =Y5HR
th(Commission regulation, 2007). =2 §-A|ZZ4 ol 4] YA
H ZABGo|A AEH Cronobacter spp.2] S3tZAMET F
L HUOE A2FTHY SH, A FollA A4k i
(T, gl o] Az 2 HE fAE o el =92 7t
SA0] Ertta HEEE=Y(Mutyjens and Kollee, 1990;
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Table 1. Biochemical differentiation of opportunistic Enterobacter species’ (US FDA, 2002)

Enterobacter Enterobacter Enterobacter Enterobacter Enterobacter
cloacae aerogenes gergoviae agglomerans sakazakii
Adonitol° “)r + - - -
D-Arabitol ) + + - -
Dulcitol’ “) - “) -
x-Methyl-D-glucoside® ) - - - +
Raffinose’ + + v
D-Sorbitol + - v -
Sucrose’ + + ) +
Yellow pigment - - - ) +
Arginine dihydrolase + - - - +
Lysine decarboxylase - + - -
Ornithine decarboxylase + -
KCN, growth in + - v +

* Farmer and Kelly (1992)

®_,0-9% positive; (-), 10-24% positive; v, 25-74% positive; (+), 75-89% positive; +, 90-100% positive

¢ Carbohydrate fermentation

Kuzina et al., 2001), ©]¢} Zo] o] #-& 27 Ff L F+olzte
Zo] AJH & 21 Asf|o]th(Mutyjens and Kollee, 1990; Kuzina et
al., 2001).

2006 o|& 7|=o|| Enterobacter sakazakiiz <27 2]
83 o] Cronobacter spp.2 o] MEA AL HEH
= thoFstA 7= o] th(Iversen et al., 2006a, 2007a, 2008).
OPo = E31al Sh=o)| A= oFR % Enterobacter sakazakii
ot A2 7HAE Cronobacter spp. 0] TFE O] AMGHIL &
A QA RER 9 = AEoRE A (Ao oA =
2z AR HEHS AN o] AR Y= Aol =
WollAl=, &5 B9t ofugt AA)o|x 9] HE F Cronobacter
spp.©ll gt A7} Hol o]FoF =t £ ]9 Tzt A&
H FFE Beisiol SHS BASITL o5 Aolo] tet Bt
A7) @o] A= Ath(Lee and Park, 2008, 2010; Choi et al.,
2009; Chun et al., 2009). watA B =8| A= Cronobacter
spp.9] A WAAS A U3 AEIFENHBUS Food
and Drug Administration, U= FDA)E F4lo=z 7jAH
Cronobacter spp. A@HE A5t AF7HA] Y= A
Cronobacter spp. QTFALE XA} BX319 33 Cronobacter
o BAE F-frordEerade] ArtakE A A skt gt

Cronobacter spp.2| H{Z

Cronobacter spp.2| &7in} At

Urmenyi®} Franklin (1961)-2 19581 AlXjolof|A| ¥t
Yo7l UNFO 2 S PFAJshe tit=(yellow-pigmented
coliform)& |22 B8}, 11 o] % AA|AH LR o] Htof| 9
ot Heue, jE8F, AL o] B H At (Muytjens et al.,
1984; Farmer, 1999). 19653 Joker 5% Denmarkoj| 4] ¥ =
Yt d o] UAHF O Z ‘yellow-pigment production, biotyping,

antibiotic susceptibility 5-2] A2 £3]| ©] = Enterobacteriaceae
9] |28 Z(species) 22 B H319 1L 1980 271 =2
& & Enterobacter cloacae (yellow-pigmented cloacae)2kil
W E A ch(Muytjens et al., 1984). 1980t H €] 8314 &
At Y FE7 &S EHE DNA Ay, a8 18| Ay
315120l B8 A E. cloaceaeol| A Wz £E]Fo] B0 OF
© 2 U=o](Muytjens et al., 1984; Farmer, 1999) Q£ o] u]AY
B384} Riichi sakazakii 2] 0|28 wA] Entrobacter sakazakiie;
2 N EA Y=tk (Farmer, 1999; Gurtler et al., 2005).

Enterobacter sakazakiioflAl Cronobacter spp.2 HEIHZA

Farmer+= 1980 JA| E. sakazakiiZ 157119) Aslstz 15
© 2 Ba|5tg i Farmer et al., 1980). ©|& A3ketd] 15 7ke] 3
= Z}o]= D-sorbitol 2] ¥ o 5} extracellular deoxyribonuclease
9] AAL=Z o) X|u(Farmer et al., 1980; Farmer, 1995), &+-9]
E. sakazakii*= D-sorbitol2 A st= 582 717 = A TH
Table 1). 20043 Lehner 5-2 16S rDNA sequence®} heat shock
protein 60 (hsp 60) sequencing 5= ©]-&3|4 Farmer?] E.
sakazakii A3¥8HA 15 719] AFEAY phylogenetic TAS =
ARG A3t BREHE o]dAgo] e a1 2 15 E BT
4 Q22 ZHASIHHLehner et al., 2004). 1 % Iversen 52
71&9] E. sakazakii® biotype 100Z} Biolog Phenotype
Microarray A58 o851 oljgh BRata} oA 4E 72
Z7] Y5t M2-& £ O 2 Cronobacter gen. nov. S A5+
O m(Iversen et al., 2007b), 20083 o] A|ete]| &) 5719] 1} 374
9] o}£ 0 7 0|20l Cronobacter spp.7} ZA A S 2 =A% <l
Q1AL WA =it} &7)ol= Cronobacter sakazakii, Cronobacter
malonaticus, Cronobacter turicensis, Cronobacter muytjensii,

Cronobacter dublinensis, C. dublinensis subsp. lausannensis,
C. dublinesis subsp. lactaridi7} <3 tH(Table 2). 7L 3 oJAl
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Table 2. Biochemical characteristics of Cronobacter species (Iversen et al., 2006a, 2006b, 2007a, 2007b, 2008)

C.dublinensis  C.dublinensis

C.dublinensis
subsp.dublinensis subsp.lactaridi subsp.lausannensis

C.genosp.1 C.malonaticus C.muytjensii C.sakazakii C.turicensis

cis-Aconitate® + + +
trans-Aconitate + + +
4-Aminobutyrate + + +
Dulcitol - - -
pr!)rglizlt?on * + v
myo-Inositol + -
Lactulose + -
Malonate + - -
Maltitol + + -
D-Meleszitose + - -
I;—(;luMth;})lgrla?ll(?s}ilze * * *
Palatinose + + +
Putrescine + + v
D-Turanose + v -

+ + v + +
+ + v - -
\Y% + + + +
+ - + - +
- - + - -
+ v + v +
+ + +
Y + - +
+ + - + +
- - - - +
+ + - + +
+ + v +
\% v

\% + %

* -, 0-9% positive; (-), 10-24% positive; v, 25-74% positive; (+), 75-89% positive; +, 90-100% positive

WA £ 02 Cronobater genomospecies I& TZAIF =4 of7]
o= &x] = 79 th® #F7F Uk(lversen et al., 2008).
Cronobacter?] o]9-& | AAS | A3 “Cronos”gh=
Al9] o]2A FEelF=d & A9 o R|2l UranusE
AR Bl T AHS AAAT AAE Aol AR
wiSt7|A] 2 o] Tl 9A Aol oA} ulal HojHFi=t|

E pubh

C. sakazakii

Enterobacter -[

C turicensis
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C. malnonaticus
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Fig. 1. Revised taxonomy of Family Enterobacteriaceae (Iversen et
al., 2006, 2007, 2008).

AL Zdo| ZeusAloA AL WQkth o]= Cronobacter
7t A1A3oto] A|Hjoleke A4S sk gk el A
%l Enterobacteriaceae o] £3l= 4537 FE2] WA= Fig. 1
of e} 9ie.

Cronobacter spp.2| MsIstx EM

Cronobacter spp.~= Enterobacteriaceae I+2] Cronobacter <3
(genus)of| &3 H o2 A X, I 24, oxidase 24,
catalase %4, B E71Awo|H(Muytjens et al., 1984; Farmer
1999; Gurtler et al., 2005). Nitrate 2 $+LA| 7| 11, citrate S o]|-&
3}, esculin} arginine 7}=E-33}12, D-glucose, D-sucrose,
D-raffinose, D-melibiose, D-cellobiose, D-mannitol, D-mannose,
L-rhamnose, L-arabinose, D-xylose, D-trehalose, galacturonate
and D-maltose 258 A& AASIC). Cronobacter spp.+= 5-bromo-
4-chloro-3-indolyl-o-D-glucopyranoside, ~ 4-methylumbelliferyl-a-D-
glucopyranoside, 4-nitophenyl-o-D-glucopyranoside, 4-nitophenyl-
B-D-glucopyranoside, 4-nitophenyl-a-D-galactopyranoside L
2|3 4-nitophenyl-B-D-galactopyranosideE 3|3}, Voges-
Proskauer A} A] acetoing A3t FAPHFE-S Ho|x|gt
methyl red HAMIA &= SAEHES LFEFATE Hydrogen sulphide
A4, urea 7153, lysine decarboxylation, B-D-glucuronidase
oflMe SRS Uetll= Aeksha E4o] lth(Farmer e
al., 1980; Farmer, 1999; Iversen et al., 2004, 2006b, 2007b)

-

Cronobacter spp.2| & 2 ZIHA=A
Cronobacter spp.°l| J3t AL EEA B = F2 YT
YUHE 4A71R] 8] Llgote} fotoll A i EF, H4eute, Aot T
ANAARE 528 Uk 7|H AL 40-80%E TS =rhH(Lai




232 Song et al.

Table 3. Symptoms of Cronobacter spp. (formerly E. sakazakii) infection (Gurtler et al., 2005)

Elderly patients’ infections

1) Pneumonia

2) Bacteremia

3) Urosepsis

4) Infection in a vascular graft and a thigh wound

Adults’ Infections
1) Appendicitis,
2) Biliary sepsis

3) Coinfective agent (amongst three bacteria) isolated from an ulceration in the foot of a diabetic

Infants’ infections

1) Conjunctivitis

2) Bacteremia

3) Infections associated with catheters

4) Necrotizing enterocolitis in neonates

5) Brain abscesses and meningitis in neonates

6) Meningitis leading to ventriculitis, brain abscess, infarction and cyst formation
7) Ventriculitis, cerebral infarction, brain cysts, late development of hydrocephalus and brain abscesses
8) Meningital patients displaying early signs of illness such as grunting, pallor, cyanosis and collapse, bulging fontanelle, convulsions, twitching

and hypertonia

9) Bulging fontanelles, destruction of the frontal lobes of the brain, seizures, spastic quadriplegia, hypothermia, fever, Cheyne—Stokes
respirations, bradycardia, poor feeding, irritability, jaundice, grunting respirations, instability of body temperature, hemorrhagic cerebral
necrosis, meningoencephalitis, necrotic softened brain, cyst formation, liquefaction of cerebral white matter and severe neurologic

complications

2001). &gt 739= o9t ¥ 2] Aol53kAd (Neonatal Intensive
Care Unit, NICU)o|A] £84= HAu XlAYo}ol| A Cronobacter
spp. Aol A&H o2 WA E o], @A HIALHLLE =L
AthLai, 2001). FZ7HA] & 1204 °)4+9] Cronobacter spp.
ZrAT} 2779 AFgAIa) B =gl o, dinfTo)l k= Cronobacter
spp.ol ZHAE ForSo] A2 Folw ARFHE(uk, Aot
u] 593 Aol AAHE § A2 $-45S ehigict
3 B 3}FtH(Mange er al., 2006). X|27HA] tHE ol A
SPY S| ol A1) et Cronobacter spp. AHEE
43t 9740] Qo H(Gurtler et al., 2005), thE-E AFEZ
(bacteremia) % 2 =} @Z0]Sitk(Table 3). W62 AL
bR Hotel WAL SUAT L coli OIST:HTS
Listeria monocytogenes?] 73-9-¢} v|w3)] &2 w 43 3 log
CFU/ml ©|A}Q] Cronobacter spp.7} L FHE ZA|EGE 35t
FE ) HHEE AoF F=3)31 Qlrt. Raghave}l Aggarwal
(2007)2 Cronobacter spp.7} enterotoxing AJAFgtchal B 315}
Ak ol 2o] WA A= Belol Y= AL el
sl o e BRiaT} Basid,

Cronobacter spp.2| ZE2

Cronobacter spp. o2 EFAZAEAE, theFst A1E, 713
37, Aot WA -REuA, 7P e Aad 5 diREEe $
AMZ]| A AZo| E 4= 9o (Lai, 2001; Gurtler et al., 2005),
Lg2x ke 2 uleef A Fet 22 wiZiAI7} S Aol
3 F=HtKSeo and Brackett, 2005; Song et al., 2008; Lampel
and Chen, 2009). YEZE=o] Q= 9712 A E3|Atol| A ALE-L
A4 23 Fa7] e WA 2Y71E A 2ARgE dat 2
T34, 23R, Al E3H, ARAETH o2 28t

5709] FA|A Cronobacter spp.7} &= (Kandhai er al.,

2004), 16709] 733 AF3H47] W HA| ZH7]& $A%
ZAReE A3} 57090\ A Cronobacter spp.7} A<= A tHGurtle et
al., 2005). ©2}A Cronobacter spp.7} AFAE7F o 3FH 51|
AT S5 YA BRAAE ZARGY A2F0lA0] X
ol F9 Zrg¥ e 2 o AR Yrh(Lai, 2001; Seo and Brackett,
2005). o= &5 F7HIA HEE 9 5= e fobg AlE
W} ol 2t A& A Zo| A= Cronobacter spp.2] 2 Fo] H1E
HE QI A=, &5, T57, 8|8, AR, A7HE, BHE, A

SN = A& AHRichards er al., 2005; Kim et al., 2010).

Cronobacter spp.2| HLtAZ

@A7HA] Cronobacter spp.2] H WA 2= LA &
A A| YA, THARL 2AME I} T BE 2 A E-f-(powdered
infant formula)& §3F Aot wabA 7 HAEA 5 24
A& Fol A A= o] 7HE 2 o, @A 2] & EfAI=
I 5 whEjel 22 2ol F Foll YA ERTH AT T AL
< (post-contamination)©] EX| == =-FH3ljof gtth(Kandhai
et al., 2004; Mange et al., 2006). =3t HAo| A E-G-A)|=of A}
L5 £/ Y AR -f Z8|2g oA 8] Cronobacter spp.
T LEAHE o] 7PY BatAQl it o|th(Iversen ef al., 2004).
w2} A Cronobacter spp. 23S 243} 517] YA AZEAZ
Amoh 339 &M BUE Aol WA Basie)

s WES MAEOR AFePA AASHIHUS FDA,
2002)(Table 4). A=&HuR]2 VRBG (Violet Red Bile Glucose)
=AM 0] SR o] F BE A7 Fo) BAH| A7)
= Ach(Song er al., 2008). Song 5(2008)-2 7|Z2] AeHu] x| 2]



Table 4. Comparison of 5 different methods for detecting Cronobacter spp.
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Old FDA method for
detecting Cronobacter
spp.

(US FDA, 2002)

Sanitary Control of
Livestock Product for
detecting Cronobacter spp.
in Powdered Infant Formula
(Korea National Veterinary
Research & Quarantine

Korean Food Code (KFDA)
for detecting Cronobacter
spp.

(Korea Food & Drug
Administration)

Milk and milk products
- Detection of
Cronobacter spp.
(Enterobacter sakazakir).
ISO/TS 22964:2006
(IDF/RM 210: 2006)

New FDA method
for detecting
Cronobacter spp.
(Chen et al., 2009)

Service)

(Enrichment Step) (Enrichment Step) (Enrichment Step) Sample preparation/ (Enrichment Step)
Sample X g + Sterilized ;| Sample 100g + Sterilized Sample (x3) 100g pre-enrichment Sample X g + Sterilized
DW 9X ml DW 900 ml + Sterilized DW 900 ml  { Weigh x g of the test portion DW 9X ml
l 1 l in 9 times x ml BPW l
36C/ 18 h Incubation 36°C/ 18 h Incubation 36°C/18 h Incubation 36°C/ 24 h Incubation

Cultured broth X ml + EE Cultured broth 10 ml Cultured broth 10 ml Incubation at 37°C (Isolation Step)
broth 9X ml + EE broth 90 ml + EE broth 90 ml for1I8h+2h 4 sample bottle
l 1 l Selective enrichment in (4x 10 ml)
36°C/18 h Incubation 36C/18 h Incubation 36C/18 h Incubation mLST/vancomycin medium: ;| was centrifuged 3000 x g
(Isolation Step) (Isolation Step) (Isolation Step) Transfer 0.1 ml from the for 10 min, decant
Streak plates on VRBG E.sakazakii Medium or i Chromogenic Enterobacter i cultured BPW into 10 ml supernatant

(loopful) and spread plates
on VRBG (100 pl)
!
36°C/ overnight
Incubation
(Confirmation Step)
Streak 5 isolates onto
Tryptic Soy Agar Plates

!
25°C/48-72 h Incubation
Select yellow-color
Colonies and confirm with
API20E

Chromogenic Enterobacter
sakazakii medium
!
36°C/24+2h
Incubation
(Confirmation Step)
Tryptic Soy Agar
l
25°C/ 48-72 h Incubation
Select yellow-color
Colony and then additional
biochemical test

sakazakii medium
or E. sakazakii medium
or Violet Red Bile
Glucose Agar

I
36°C/ 24 + 2 h Incubation
(Confirmation Step)
Tryptic Soy Agar

y
25°C/ 48-72 h Incubation
(Biochemical-Test Step)
Oxidase(-), L-Lysine
decarboxylase(-),
L-Ornithine
decarboxylase(+),
L-Arginine dihydrolase(+),
sucrose(+), dulcitol(-),
adonitol(-), raffinose(+),
D-sorbitol(-),
x-methyl-D-glucoside(+),
D-arabitol(-)
(+); Positive,
(-); Negative

mLST/vancomycin medium
l
Incubation at 44°C
for24h+2h
Isolation on selective
chromogenic agar:
Streak from the cultured
mLST/vancomyicn medium
one loopful on the
chromogenic agar in Petri
dishes (Typical colonies
on the chromogenic agar
can be considered as
presumptive
E. sakazkaii and
reported as such)
l
Incubation at 44C
for24h+2h
Confirmation: Production of
yellow pigment
Select five typical colonies
and streak on TSA plates

Incubation at 25C
for48 h+4h
Confirmation: Biochemical
characterization
Select one yellow colony
from each TSA plate for
biochemical characterization

!

Interpretation of results

Resuspend pellet
in 200 pl PBSI
l
Spread plates (100 pul)
onto DFI agar and R&F
agar

Real-Time PCR

(Confirmation Step)

!
36C/18t0 24 h
Incubation
(Confirmation Step)
Two typical colonies form
each plate are confirmed
with Real-Time PCR and
Rapid ID 32 E

Chromogenic Enterobacter sakazakii agar DFI (Druggan-Forsythe-
Iversen  formulation)ofl4]  alpha-glucosidaseE  AJAJs=
Escherichia vulneris7} =22] $]9FA(false positive)S Hol=
EAEE 31 Z3H7] 8l glucose & M7 24 wiR] 5L 7Y
Ash= A4S T ol Cronobacter spp.+ glucose 27143
Hof| TA Qo] B %A (true positive) S R 11, Escherichia
vulnerise= SFQFA Q] 24 (true negative)?] AIE H 50

AFE ZAEE A2 5= ATt o] AFELE L83t A

& 48X 7} N E o 2 71 E vl= FDA S BAMo]| &
=0} QITHUS FDA, 2012).

Kim 5010/ 84} 4ok e] 4310 SA=o] g 3
29] C. sakazakii 2-2]8]X|(VRBG agar, Enterobacter sakazakii
[ES] agar, Chromogenic Enterobacter sakazakii [CES] agar)©]|
o5t B oA ES agar®} CES agar’} VRBG agarol| B3}
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o] FUT AT BFE YA BTG Aol A}
83t 3029 C. sakazakii= BE vjZ|oA] 100% HZE
C. sakazakii7} ©Pd Enterobacteriaceae w5=0] t)8t exclusivity
Algo A ES agar®} CES agar: 100% HEEE H AT
VRBG agar:= 0% 2 ] At A3E YeERJATHKim er
al., 2010). ©]Z-& 2002 u]= FDAJ|A ARE-E|3l¢l VRBG ]
A9 & BojFs Aro|r|k sHARL, QIYFor HE3h
Al Z o] A 3|48 ES agar, CES agar, VRBG agar 3% u|X] &2
T Y2 o] vt 29E Bk 2ARFoll= ATt
7t Wof ARgEE iR E 7hell RpolHo] WEER| = Ao,
AR T AAFY 77 22 ARE ARSStY FEHAY
28 Hlmal Aol Aurt e S slof olo] et 37}
A77} Wag Aolc TRe) FeE U4 AR
At 27] FDAS) HBAMEE 27ho 2iH0) FhglE
2 24 Y 2AEAl ti’ Cronobacter spp. HEW&
AASF A=l VRBGHAlO] E. sakazakii Medium E+=
Chromogenic Enterobacter sakazkaii medium 5-2] AHulj x| &
27k 310] BAo|THTable 4). E3t 3 APOIAE 0|2} 5
Azt Cronobacter spp. HEHE 21E-3A0l AXst=H A
HjX] 2 VRBG ©]Q]o]| 2&2] Aeu|X|(E. sakazakii Medium FE+=
Chromogenic Enterobacter sakazkaii medium)S 3713t Zlo] £4
o]cHTable 4). ISO (International Organization for Standardization)
2} IDF (International Dairy Federation)= 3522 97 9 &
+ A AFN A Cronobacter spp. 5 AE37] H3t 35+
o] 7149l ¥hH o2 A] ISO/TS 22964:2006 (IDE/RM 210:
2006) B TrEsld=d 2 EAL buffered peptone water
(BPW)J| A ov] ZFg & mLST/vancomycin brothofl 4] A1}
)AL, Enterobacter sakazakii Isolation Agarol| A 2] uljF
sl Aeg Hojglen, ¥4 FAFSEE FY ol&(EH),
decarboxylase &/, '3 4 Fofl 7] Z5to] FlgTh(Table
4). Z vl= FDAO| A= F & 647 o)A Z|of 24A]7F ¢t &
froll A Cronobacter spp.& A1&381HA HEdte HHS st
AOACY <=2 3FE3igon unZ FDA BAM (FDA’s
Bacteriological Analytical Manual)9] 34| A|[@Ho 2 4=~&3}
R THChen er al., 2009, 2010; Lampel and Chen, 2009) (Table
4). MEA AR o] HA AERY EAL AHujX| 2 DFIL}
RF (R&F” Enterobacter sakazakii chromogenic plating
medium, R&F Products, Inc. USA ) X & ARE-S}9 1 EolE
A © 2 real-time PCRY I} Rapid ID 32EE AR5 Aot &
3] real-time PCR2 A& ZAANE $J8) 718 o= ZFE =T
o] HIH.2 2005 t]= FDA9] A Seo2} Brackett (2005)°] 2J3f|
A o] o 59 59 W2 A4 Cronobacter spp.
9] FE 39l Ao AREEo] Ytl(versen et al., 2007b;
Mullane et al., 2008; Kim et al., 2008a; Almeida et al., 2009;
El-Sharoud et el., 2009; Chen et al., 2010). ©] 2]ol|%= Cronobacter
spp. AES I3t ekt A7 s o] oy hRE AxE
T ZAER7E AEANA 2 AR E] o] 2P A=l A Cronobacter
spp. AES AT AW AL A7t AlFT AA ol kst
W, 428D AL 52 AHujR| o)A Cronobacter spp. 2t

AL A == Aol Blnd HA EAfste] HEo] vl
7 golsit FAAN RS ¢ HFE o] Bol EA5H]
o 29| Cronobacter spp.2] A&l Ea|7} 7ltt2& 4= Q7]

Zolrh 3 BEARAFNA A& FESHA Cronobacter
spp.& #HE3}7] fl8lA= Real-Time PCR #'Ho| §-83t A&
2 B 3%l 2 ®(Chon et al., 2011), T thE HFo||A(Chon et
al., 2012) 1157]19] AZA1Z|| A 18712 Cronobacter spp.E £
2] A% 5191l Real-Time PCR W& 2|5 SR157H H3 2
2 BoE o= ARt GFole ARe] e QA 24
3}t g7 A Z o] 4] Real-Time PCR W' 5-& &-8-3t Cronobacter
spp. A&7 BT A& AlmHTt

kA AF3t kel ZHo] Cronobacter spp. 2] 7H 11231 A
e AEAZEA RUEHIE Ba 2uAol] G|
A&HHoR N4 B8N BANR BA ALaTI
AFEjolof g 0.2 el

Cronobacter spp. LA E 1} MEHAZH

Z|Z2 Cronobacter spp.2| SEAENQ} Ha|5ist

Kim} Park (2007)& ZAEG S0 A% AEFH A0 L2y
o] Aobd& Cronobacter spp.= 8 AEH AN E =& A4
= B3S Bt ohyzt A2 Aol & w7 o 2 A W
S Bt Bustgioh o] it AR 2AESo Aobd
ot 9= Cronobacter spp.= F7H4Q Ao = & Ao
T AL FAAE AR ALY X R2of= o R0l Yl
= Stk A& AR 3L QUTk Lee 5(2009)-2 EhoflA] A
EO2HE 1107]9] Cronobacter spp.& £t =0 tHE
Az 73t WAL 7HA I Slo] ZAIESR 59 ARAENA
LT Aol A& 5 UNAT FE7t =2 A= ARE
E°] ¥ BEustgth Kim $(2009) 5 £7 9 F-fof
2 Z o) A B3t 14719] Cronobacter spp.-= polyethyleneo] A]
biofilm Y4 5L BEL, 147 F 7709 FF(50%)= pH 4.1
ol A= A 4= Qlo] o=19] w0l Hls| v A W ik
< BQL, HEE BE d5olA 842 TEEHA It
EEr =

20089 7| =EAF AT LA E F-fote] £ 9 4
¥ % Cronobacter spp. X H3-S ARG =Y, & 64079
EH 7P ENAE Cronobacter spp. #5= EAZEAA T,
Zo|qg A} 179 E o)A Cronobacter spp. 1537} AZ&E 9]
A A AE AR AEET L Busglt o] AtAnE
&3l Cronobacter spp.&] TE S/ 540l o5 HAL 5ol
EAo] ofzt 23] ZAolv f@Folgte AS TP = &
4= QUTHGIHE, 2008). £52] Z-9ol= A, Haeahd,
8% 5 A2k 24L of|a 4 Utk Ao iR EA
2te] BARBTANAE foks BN AT 7122 A
3[4 Zelskar Itk (Chon et al., 2011).

Choi 5(2008)2 ¥ 2359 A= FollA chAnt 2, F
A &2, d@n) 2, A= 22 © A% EolA Cronobacter
spp. & £2]3}o] RAPD (random amplified polymorphic DNA)-



genotyping AxJ3te] HEHoR sre] Belg 1Fo=
molecular typingsFAth E3F Kim 5(2008b)-2 2006 37}
10¢Y Afo] & 11463 9] x}=2] BEHoA 47)€] Cronobacter
spp. & B2319.0H, E. sakazakii ATCC 37439} 16S rRNA
sequence alignments ¥'H 2 2 0wt A3} AEA]0] 99% o]AFS]
72 3702 BHE L) o] A= E. sakazakii7} Cronobacter
spp. 2 FER o] HHH7] Ao S E|o)A YR ERF| 2
Cronobacter spp. 9] FE1}2] TAE ZAPIA = ot -
et A E. sakazakii 2 £2]H H+FEE M2 EFAA - ot
£ Cronobacter spp. £2 2 U034 4= )t} Kim (2008)-2 o
TAIW 523 AY G &G4y EFH 018, SAqt,
Z1E &£5o], o] F5F A Y 5ol 9 HAMATIALY] & F
ol A2 ugEL BEE A=, 1 At ol5d #9789
£5gol9} Sx|atol| A v A gk Alto] HEE G 0H, WA
A9 &of| A= 1.2%9] E2&Z Cronobacter spp. Alto] &2
At ©] A= Cronobatcter spp.7} A1F o] 9]of Tt &7
of EAtaL Y23 & Ko Qo

Hwang 5(2008)-2 = ol A A4k, R-E=2L Y= 9 fohe-
£ ZAER 9971 E-S 235+ FAO/WHO Category A A<t
Q1 Salmonella®} Cronobacter spp.2] LEE=E EASIH =T,
RE AFANA AEEHA Gk SHA]9E Category B Al
99719] A|E F 25709 AFolAN =2 HEER5%)S RHLE.
cloaceae, K. pneumonia, Pantoea spp., E. vulneris, E. hermannii
T 20%9] thekgt Aol AEE Y=t o5 HURAA|
2oA EeEE #0017 WiEe] FAH A-o] SlojA] H|
AFAE 2AEG) S A Gl mUE o]
A&Hoz Basjtn ma. st A7E Fie)
W, Cronobatcter spp.«= S B8} £7], G459 ¥4,
2o By, TR £7], FAF, AR, AS, 2AR, &
AR, @2 5 S AFolA vt =Hglon Bt
4, AlE g 34, 238 3, FARE 3 oM = HAE
o] F2o|7} @=th(Richards et al., 2005; Yoo et al., 2005;
Jung and Park, 2006; Choi et al., 2007, 2008; Kim and Park,
2007; Kim et al., 2007, 2008a; Hwang et al., 2008; Kim, 2008;
Lee and Park, 2008; Moon et al., 2008; Chen et al., 2009,
El-Sharoud et al., 2009; Lampel and Chen, 2009; Lee et al.,
2009; GIHE, 2008; Chon et al., 2011, 2012; Pearce et al.,
2012).

2|29l Cronobacter spp.2| FAA] WAl tigt ¥4lo] =of
)21 Qltt. Farmer 5(1980)-2 Cronobacter spp. w7 gentamicin
(100%), kanamycin (100%), chloramphenicol (100%), ampicillin
(100%), nalidixic acid (87 %), streptomycin (87%), tetracycline
(87%), carbenicillin (87%), sulfadiazine (71%), colistin
(67% )l N3 ATE, cephalothinolli= 13% =9 W=
Heloh 2E #57} penicilline]] AgHdo] 11ew 1007 5
% U et5to] BEAEAlo A3HdS B ATH(Farmer et al.,
1980).

Chon 5(2012)2 1157]19] ARA|ZoA E2H 18719
Cronobacter spp.2] YA WA AAL A cephalothino]] A<

Cronobacter spp.2] A A1LFEF 235

H A9, ampicillin (83.3%) ciprofloxacin (100%), tetracycline
(83.3%), gentamicin (100%), nalidixic acid (100%), chloramphenicol
(100%)°fl+= WS HolA] gkt 84A|9t Cronobacter spp. £
ot 25 PR A (multiple drug resistance)2 LFERLFR] 9k
tH(Chon et al., 2012).

UETA © 2 Cronobacter spp.+ YAl €J$t X527} =]k,
A717E ARGA] A WA ST Bk oh et A A R5S fE
Btk B %] Qith(Lai, 2001). T3t Lai (2001)= 2E Cronobacter
spp.= ampicillin, cefazolin®} H ¢ HY-AlH(extended spectrum
penicillins) o] g+ o] QAAR|TE aminoglycosides®} trimethoprim-
sulfamethoxazoleoll+= W73}, A| 34|t cephalosporins}:
quinolonesel] SIS TRFEE WS Btk mebd Lai
(2001)+= ot =Fe] ZAte| =7} Fhj-5 A| 3MH cephalosporins,
trimethoprim-sulfamethoxazole -+ carbapenems& ARE-SH 7
2 AT wabA 32 Cronobacter spp. £-2]w2] 33 A|
gl chat st 9 k] e 27b4el 97k A

Cronobacter spp. M0{ & ot

20069 TR Atas AR A2 AR A1E 2AKFood
Trradiation) 7]&& o884 11z EL-fota]o|A Cronobacter
spp. o] WAL ZhpAd 371 BastgEt] A8 A Y8l =
AFSRE MAPS] 3] 1 G of 174l 3kGye) TS 5 3
(min) F= ZASPH 594 Cronobacter spp.a-2 &3] A|
A 5= glow, 2T A4 455 ARLE £8-2 norovirus
8} E. coli O157:H7, Salmonella, Vibrio cholera 5 T2 A5%=
+= 3 AA 7Fssickar stEthLee et al., 2006, 2007). Jin
5(2008)-2 Cronobacter spp.t-©| Bacillus cereus BTt HFAA
ZAto]| gt WA (radiation-resistant) 2 2 G A9 10 kGy ©]5}2]
Zobk ZAHgamma irradiation)S sHH E-fof A5t F2
RUAZE AAT 4 ek Basigic. SolN A
A7} Sl §HT Sl A1E-2 ok, T4 2, ok, 2, 7
A5 5 26714 E50]H(Byun and Lee, 2003), 72| 7
S5 AL 24} 318 BB ZPE 4 YES B T AE
93t A o]th(Raghav and Aggarwal, 2007). 0= 4]Z 9]
FEFAH(FDA), Al A E77]-HWHO) 5-°] 50 o4 A3t
2 PAM 2AF AFoA Aol HEEHA g okl
fFrAEgsHE ez A ZAI7E gle A= BHEATHLee et
al., 2006). @A AAA 527l=0] 2504 Al F5 AR =
Ab 71&2 0|85k Qlon, E3] nle ofdo] AFEAILE
A A 5= Ql= 7P At o2 WAL AlE 2AL
Z HASE Ath(Yoon et al., 2010). WA oA WFARA
AF2A] gt AFet £3] F-fobAlEel tiEk 710l Ale
8] gFslolor & Ao AR EL,

Choi 5(2007)2 &7}F9] AxHHo| W& B. cereus?}
Cronobacter spp. <& A EA AT A mro|2=w} X7t
g3 x ARt A7HEo AU nPESHH A
SHoA o 783 22} ok 2 uskgich Chun 5(2009)
& A3} w27} F o] UV-CE ZAFSHY Cronobacter spp.& -
ER R AR, Bl FIE P4 et Luet

o B

o]
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Stk o) e A8} oirs o gobrk Aaishe Eaol 4
A ZAL wto]2238; A7, UV-C A 2of tigh 28|A-E2] vt
$ol 9ol & Aom ArE

Lee$} Park (2010)2 &, AdAEA|, YA St Cronobacter
spp. Al012] AT A #45A] Zo) A sodium hypochlorite (15
-25 ppm)<} benzalkonium chloride (5-15 ppm)&= Ao G317}
ARTHL BBt 7|E0 AMEEE AdaEAol gt
Aol Holx] oot F7| Al A& 9| AdL5AE AL
3 250 o] 3 golakl Aold 4 & HelFr.

20089¥ A7| =R AZAATLY Ao mEY, H4L o]
4] 822 [olo|A A& Z-$ Cronobacter spp. ZHH
ZHHg o7t sy, AFARFTZAL 2 ehdgol FRE
- ol TRIFTES AFoolol Grk B 3HITHGIHE,
2008). FAA WAAS At 23+ Ampicillin, Amoxicillin/
Clavulanic acid, Cefazolin Ao YAS Uely o] =4
Cronobacter spp. ZXHA} 2HY A trimethoprime-sulfamethoxazole
Y FAE -85, ZAER 34 9 A4 AR A Fagt
65C oAFe] Br(hot waten)S AFESHE Flo] SHESIT W1
3} THGIHE, 2008). 3t u]=k FDAE 70C oj4ke] d4-5
T3} 9JthUS FDA, 2011).

Kim 5(2008a)2 A2t Aol €45 7Ist3s o 2
Ao L= Astel ARG B A4 5o BE HFd4
biofilm& AYAkste] Y EA o] £7}=+= Cronobacter spp. 2] £43
& T3} 70C o] Aoz ZAES L A4 5& B3t
= Ao] Foha Busth. HAAH IR npo| A2 uHE o]-§-5}
&y Cronobacter spp. 2] A 35 A3t A3} Cronobacter
spp. & Alofst7] ¥ste] 100 m19] ¢ 90% o) 7HEsHAY
LEZAo] 2R Aol A2 B AW AE T Y
Ztato] A#Ishe Ao] ARRCT sk,

Park 5(2008)2 4 AHoRHE HEg S FolA
Enterococcus faecium JH95= Cronobacter spp. 52| -3-3|=] A3
B9 ASA NS B AL, YA kanamycin} streptomycin
o THshH 100 pg/ml7kA] TS - WS Berkn B a5ty
o} mEba] o] H 3t 3-8 AE-2 Cronobacter spp.& Aol A|
A& = 9= GRAS (Generally recognized as safe) 2] 7i'd2
2 3% olgo] Z/ Ao AlrH

Lee®} Park (2008)-2 A-53a<l 2] A% 4)7] 2% 771
2R 9] Fu|BE EZS A3 Y8l Cronobacter spp. 2] vl
FHE 771, T, T4, 2" A H(stainless steel) F-Eo
3 Ax T ASAEE EA50E, ol aSFEHAAY
At 2323} Cronobacter spp.oll gt w42 227} 7}
=T 7], FARY, 2HRIEAAEH FEREH 02 U
E}stt}. Cronobacter spp. 2] F-8]0]&(Cu’") H 2L A =
=25 ppmo| o, fejot=s thEA A HAEE 2 Y= &
7] 2745 AEAR B0l A A T8 IH 34 Al
o A 4L BTHO R A7 4 9 A0 welth o
oF3t A=A (disinfectants) S AR5} Cronobacter spp. AFE
BIE FHrEsE Ho|A] stainless steelol] A= Cronobacter
spp. biofilms& A7) AAEA ke wiR, Aokl AlE

(planktonic cells)+= a3} 2 AAEAHKim et al., 2007).
webA, &E5AE AREStY] BERAR FlA Cronobacter
spp. 2] biofilms& A| AT -9 Zd3t F9)71 F 5}t

Seo 5(2008)2 Gompertz WA A& M4 Cronobacter
spp. 2] A& A AT} Cronobacter spp. 2] AL 2%(5-407),
NaCl 5 %(0-10%), pH (4-10) 5o W2 P wh=rtil B 11
sttt whaba] o] Al7FA] 8.4%1 25, NaCl 5%, pHE &85}
oy Cronobacter spp. %3-& SAE 4= Yot B3}

Pearce 5(2012)-& turbulent flow 2| A 2AHZ A}
A 5 w7 AFEATY Goll tie AES 2AHEET
Cronobacter spp.i=67.5Co)| 4| 6.7 log o|AF A5tk 211
st

ol&gt AT ATE £ B, Cronobacter spp. A7 o=
WA AL, UV-C, #2=A, G5, fANES o] 83 3, 25,
NaCl, pH 59 & a8 o2 g88 = Q& AR Hel
o} SEA|RE A1E9] 2ol Ao FE-E FHA Cronobacter
spp.& AAE &= 3= “hurdle concept™E &3t HHof gt
A7 FE AFH o2 FgE|ojok & Aot

Cronobacter spp. A& ZiE4HH

Kang 5(2007)2 16S tDNA sequences®]| ZA3|A NEA|
7i¥tE TagMan Real-Time PCR ®'H-& ©]-83|4] Cronobacter
spp. AEo] WSt AT E RO =Y E. sakazakii-specific
DNA 9] 100 fg7}A] AZo| 7F535t5th. Seof} Brackett (2005)
2 71&9 6 AE 2R F+= Cronobacter spp. HAEA|IHE 29
oY 2 5T 4= 3= Real-Time PCRH-S 7idsl ¢l om A3}
314 B4(Rapid ID 32 E X API 20 E)2 tjals)A] A
(true positive) SAAAL] a}Z o2 AREEUTHUS FDA,
2012; Chon ez al., 2011, 2012). Hyeon {(2010)-2 IAC (Internal
amplification control)& 7} multiplex Real-Time PCR H'H-S
12A)17F 54512 h post-enrichment)3}o] ZA|Eo)4 0.1 CFU/g
TR Salmonella®} Cronobacter spp.& FA|o| AE71s3S 2
o3I} Wang 5{(2012)2 TAC (internal amplification control)&
ARE5E Real-Time PCROJ|A Cronobacter spp.©l| t3t =2 Eo]
A (specificity) ¥} F17 % (sensitivity) S -5-A|SFHA] $]-2-4J(false
negative)& AAT 4= Y= ASHEYE B ustqt

wEtA] o]e} T2 AGHESHE AFA 2 Y G ZUE
ol A5807 Egsl= Ao] oY A= AlRHM Yu
(2009)= ZA|ESY Cronobacter spp. A&AE A| 7]|E0 A}
L= PP hAlof o] WAL HY - A g5t o
o} gl 2AEFo] EASl= Cronobacter spp.2] L8FEZ 4
FH o7 2T £ Gl 7ol AHHE st o] WY
Y= salicing £3) & 4= = Cronobacter spp.7} ZA5h=
wellZ BlBESY 4 9 A= s pH7L F2Edl
bromocresol purple A A|2F2] Ajo] B 2} o]l A L-gkA] O 7 W35}
L Aoltk(Yu, 2009). Park 5(2012)-& Sandwich ELISA
(sandwich enzyme-linked immunosorbent assay) 7<= ©]-8-5}
of thoket A& oA Cronobacter muytjensii, C. turicensis, C.
sakazakii, E. aerogenes, E. pulveris, E. helveticus -2 T}Fst



AMlat-Eo] ZA5= 7129l Cronobacter muytjensiiit-e X453}k
3 A A& 4= Qlrkal B uskgi)

g o|ef Zo] Al&3kal ARgo] Bolgt HEdR ol tigt A
T7F HobA ok g frof AE9 uAEEE A el 2A
Z1g A o= HojXin),

Ze

19584 J=toj| A 2222 Cronobacter spp.o]| 2|3t AlF=A}L
T Q13 259] fobrk A o) A 1208 o] A F
ZAL 7 B QA R A 279 o|AF AVdstE T Enterobacter
sakazakii+= Iversen 5(2008)°] 2J3l| Cronobacter spp.2 N5
Al BB E R, Cronobacter spp.o] Tzt A3letz £ Fof
A alpha-glucosidase & AJJsH= 545 o|-8-af thafgt 33l
A7} L= Ak, Cronobacter spp.= B3 3L FE 441714 9]
RAolell A Wt ®ak op ek IAYR Y, BE, A Bk
5 47k 24 ob1% 4 U, Alolsk ok, WelElo] Aat
& Aol A Aol Azket Holg e 5 ok 42
Aol NE AT 6714 v]Ete] - folg SRZANE F 2
WA Zo| 3Hste] Cronobacter spp. 4 71222 T3t
o Tebd 9 fobd dAeR s 2414, ZREAN 0 5
R GE 59 AEANA Cronobacter spp.& A& £
A& 4 9J== Real-Time PCR¥} t}oF3t Chromogenic agar
7h 23R AFFA 9 SAETFAEY /iAol a4EaL Sl
Cronobacter spp.at= OIF-E9] FHA| RN HEOl E = N
on, g2} 7ot 22 WiAE B3 23 2ol Thsd
Ao g2 F=3513 Qlth. AA7HA] Cronobacter spp. 2] 73 s}
Azt Ao B AR oL, FAATS 3k 2
H A} g HE ZA - (powdered infant formula) & 53+ A 0]
oAk webA Eo R % 0 QUL Bo} AATRE Rol 7
T2 oz A HT glon, EAY & ERAIE Y F 1
2o} 22 230l F Foll YAl A2 F(post-contamination)
o] FX] Yr& =jjof it} T u|= FDA A= F4 64
ZrollA Z|eff 24A7F Qbol] BF-o)l A Cronobacter spp. & 41455}
Al AEsH= S 7dste] AOACY Q15 g53tgem 1l
= FDA BAM (FDA’s Bacteriological Analytical Manual) 2] &
A Ao 4S5t A AN of ARl 5L
A eu X = DFI$} RF A=uiRE AMSFGLL SlIEFHe R
Real-Time PCR ¥} Rapid ID 32EE ARE-SF Aot} 3k A]oF
A2 HIESHTER! G- Fof tiAt 2159 HaTe & 3]
A3t Cronobacter spp.2] RUEH ZA1E vlEo2 20061
1095E Cronobacter spp.&] BFFE S ‘BAE' E 4429
st glom R&H o7 fASE 3lstar Qltk. e w4k
GAARERE AR D 7IEt2ARERolA Cronobacter spp.
EHE 7IE 9 AAEE Mg F2ole HAMRAL
UV-C, #&5A], G4(hot water), -4t o835 WY, 2,
NaCl, pH 5-& ©]85}9] Cronobacter spp. & AAE + Q= ot
oFsl whH o) o3t Q- t¥al ofu) g} Multiplex Real-Time PCR
T} ELISA Y& o] 83 A& S ol tiet d47F Wol 213

m %o

2

Cronobacter spp.2] A1 A1FEF 23

=3 Qlck ZEZ 0 2 Cronobacter spp.© 23t 4 --JoF g
Aol BFRJskal ) Al AR A 2E YA HEER
ofet ofshAl Bek ozt A o) ik ATk B A
Hslolof 3 Ao AlREr) meiA o Be BUHY A7
oA L FdTerE EY R flal a4 S8 7]|E (HACCP)
5 3499 4-fol4E SQPEABo] ATE olof T Aol
S o] HE-Q) 3| 7HMicrobial Risk Assessment)o]] ARE-SH 4=
Q= Cronobacter spp. 2| BFE7 Wi o Al HF HolH
ghEof T3t A7t ol Fag Ao|}

=2 o

2ol g

o] =E22012W % AR (LS |eR) o HEo R =
ATA ko] Akl TR}A] YA (2012R1A13A2012009237) L
ZAATAR YA (2012R1A2A2A01015344) 2 )4 43
B AUk

E AR $393 WA BK219] R2A<] Q1Au R Y

2 werh
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