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Research progress on detection technology of Cronobacter spp. in
infant formula food
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ABSTRACT: Cronobacter spp. is a group of foodborne opportunistic pathogens widely present in the natural
environment, characterized by their ability to tolerate desiccation and high osmolarity, enabling them to survive for
extended periods in dried milk powder. Infant formula products may become contaminated during production,
transportation, storage, and even during the reconstitution process. Infection with Cronobacter spp. can lead to severe
illnesses such as bacteremia, meningitis, necrotizing enterocolitis in infants, and may result in serious neurological
sequelae or even death. Therefore, establishing efficient and accurate detection methods for Cronobacter spp. is

crucial for preventing and controlling these diseases, and holds significant importance in ensuring the quality and
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safety of infant formula products. Currently, the main detection methods for Cronobacter spp. include traditional

culture-based methods, molecular biology methods, and immunological methods, with numerous studies in recent

years reporting various degrees of improvement and optimization based on these methods. This article systematically

reviewed the principles, advantages, and disadvantages of the various detection methods currently available for

Cronobacter spp., aiming to provide a reference for further research in this field and for the optimization and

updating of national standards and industry standards.

KEY WORDS: infant formula food; Cronobacter spp.; detection technology
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o B W AT & (Cronobacter spp.)f— 2 &R PEEURTH,

JERR R B0 B FF B, A2 06 T ARSI iE v, & T3tk R
S [CBIYERF T, B TATE AN, 2012 48 JOSEPH
SR WSS S B AT TR 4y 7 AR, Bk HAT PR
N T8 B R R A28, e 3 R T A R 0 8 TR A
B AR5 7 5 S FF R0 N R B v B R AR, O AR e
B AT BRI JE IR 0 50 B o AT B AR D B R G,
A% 3R EEON IR A T, T B A R BUR TS 2
BR . NERISIMEE A, BBk 2R
KPUSHAER B AT FERMIE R R 1 R, Heppri
5o B T B e AU RN 53 1) 32 R

L LIRS . IS K BR S Z R i PG
F), HAk %R A FERORE . W TRl R
R FRART 2500 g RN, HA R m ARG R . o2
VAT PR S LI B A ] . IREME NI A I 4% . UL
iE . ARG B B AR G 1T AR R S T A LB A
W AFTE B 5L B AT IR TS g, SR A T AR I R
30%!"8 20, IS AT A7 TR AR B E I, A T
TRAF 2 T AR R AR BT, E LT 32 390855 A 20T AL 74 o )
. A5 WF 5T 2 WA L RE AR B R b KA P2, 1SO/TS
22964:2017 S E B b5 K A 16— W5 2 U B A6 b
HE, FLEUR 2006 4R, H4 G I T BB Ui 52 7 S5 AT R 4 K
BRATID AR . TR E S P A L A MBI £ R
25 ] GB 29921—2021 ( B & EZRRE M Rhd

FURHEBR L ). GB 10765—2021 (k2 E R b 2L
Be 7 Bl ) S hnifErh, BUE TR & A hh [ 2Lo0~6 H
WLy B . FEIR B 2 Ak B LBE 7 & S R e B E A I
J& (BRI R AT DR AR o ST VT . = R0 v B i A A
JE RN A SR WG HA R AN EETB, MUBRME
R EERRE, AX A TA L St BA W
MR,

H AR 2 5 e e E R ARELL GB 4789.40—2024(
B EGARME EMMEY R R R ) %
GEER SRR AN bR, 205 s TR A LS U B
B LA A FLCLR Y B OB b o B AT R R
5, EEAUTERTIE AR R T . arE. RAERER
Ji (polymerase chain reaction, PCR)% & GEM) ML % E
SEEHEAT B AN, (HILR TN K B 5 &2 BI85 SR A
(] AN B3 B Ml AG I BB T 55 R B2 . AN SCHUNS H RTA
TE AR UL RS DU 5 B VR A i 10 5 1 AT RN A, DA
WA SR BRI TR & 1 — 2P R ABIEE LR I S
e SRS

1 LUERSREN S BEF AEMBRNTE A

GB 4789.40—2024 DMEGIEFRU MRk, &R
D 5 2 5 TR ) ] Rt b o, 30 e T BT A B
PEMESG TR B R, PRIBCAT S B 7 01 726 Ak %8 8 i PCRASS:
(B 1o AR YRR HERR B = FLARE, (RRE I R B e
RGPEAR, 532 N R ZE 50

Fx1 RFENHERSAE
Table 1 Classification of Cronobacter spp.

FFe B AR Bt malllEa97S| ik
1 R 185 58 2 545 FT i (Cronobacter sakazakii) Zj;f’if:fz;;z’pg g ghﬂly;esciz, [6-12]
2 PN R ER B M: 52 B i AT T8 (Cronobacter malonaticus) aut, cpa, rpoB, EIEF Y recN [7-8,10-11,13]
3 I ER M 78 BT B (Cronobacter turicensis) rpoB, yibP, ®FEH Y recN [8-11,14]
4 B4 W5 B W FF I (Cronobacter muytjensii) rpoB, 3R recN [8,10-11]
5 FRAAMR L Z T T (Cronobacter dublinensis) rpoB, &ILRY] recN [8,10-11]
6 JLJC IR i 2 AT B (Cronobacter universalis) rpoB, &ILHU recN [8,10-11]
7 Rt 52 3 v B V5T 1 (Cronobacter condiment) rpoB, GFEHH [8,15]
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KiFE100 g (mL)
+BPWH5 #5900 mL

l 36 °C+1 °C, 18 h=2 h

HIE T 1 mL
+mLST-Vm 10 mL

l 41.5°C+1°C,24h+2h

SES T A . I SR

l 36 °C+1°C,24 h+2 h

PRI BE R 7%

|

TSA

Y

PCRYSE (M)

l 36 °C+1 °C, 24 h+2 h

PR
A E

|
iy <

AT

7 BPW: ZZ 0P ZE 17K (buffered peptone water); mLST-Vm: 2 R HESE AR ER

EAMRNG-T 8 2, TSA: BERE K F KBS (tryptic soytone agar),

FElL SEB AT IR R
Fig.1 Cronobacter spp. testing procedure

B A A e T A R L U0 R RS 2 5R0  FH
AR L PR O BPW, S TR IR ] B 42 h 45502
24 h, KIRZAEL 7RIS, HAEWARAnHAE BbrE. 2
G IR R PR 2 O B AT IR R BN R R A B ey
(R FRIE AP | MR 22 SRR PY, PR AE SR A A
i WL EPEAN TR ) G AR BT 1 T S R IR B, B Lk AR
S o A A S s VA R S R BRSS9 0
TS VAT R R OSSRy, AU TR R A K,
HAEN TS GERE A i 1 BR T 353 10 CFU, th BRI RIE
GRS IR AN A, 2 T JE S PR RGN 5

2 S TFEYF AR E

2.1 PCR#HAR

PCR J&—Fl I FHORY 1472 ) DNA R B4 T4
WEEAR, Wi SN G U R DNA B, RIS
A IR AR SR R A S B AT, R H R
B AT B B R AR k2 —, EEA
Pk . RAL, FERE LS, GB 4789.40—2024 5
GB 4789.40—2016 Jift, #T PCR % Jr ¥t ik
250 AT FRUE SN/T 1632.2—2013 § H 1 5045 v BRI Bz AT
LB AT H BB i ) 565 2 #4): PCR Jrik, #5771k
FA T4y o A9 B AR R A 11 (o 20 T AT T ) ) Rt P A
i PCR J7i.

AR, LA HL PCR SHFEAHE A% FoH ) PCR HiAR K
KR FHE ARSI B, ol £ o Bl A T P ) ke A e
faT (s FLERAN T8 M PCR HA R SR B .
2.1.1 #ERHIKTEPCRER

SEHFE% Y6 E 1 PCR (quantitative real-time PCR, qPCR)
HARJE—FTE DNA T8, Aotk 49 Bl 4K
PCR UGG P= 4 i 0 v o REAERG DN s vy . Bl
U AU R T T A LR & P T g AR
HRAE 5 2 U A 1 J8 DNA BERC 1 B 55 (gyrB) BB RS X7
SN R ST . R B S SRR, RS
TE TR E B AT, IS T SERT S PCR kS
XL JLBC )y B Sh e & b 8 S B AT B A ARSI .
FHFEEPVHES 42 70 B W FF R B DNA R E— 47 A bk 52
B9 5E 5 PCR 7 — IRk ik &=, @ itk nr
AR MR ARLE 40 min PITERRL, KGR T R HS ]
LR POGE R PCR HE ARSI TG b v 3 2 i 10 KR,
BHFHSI B . BTEe X BN AR 8 R FE S
MR R e, BRI Tz N
212 3 FERAEZPCRER

%2 T S B %% 6 % & PCR (multiplex quantitative
real-time PCR, mqPCR)H A &7 3L 98 Y 1 PCR ARk
fith b, R — B oA 22 X 5 1 2 45 A T 11 )
EP RGN Z2 b S R B AR D, B s i L s R A Y
o PREESEAEDIE Sy T R B I v B AT IR . & M A
BRI AV T TR mqPCRAZAR, KA N, N Ti5
Yep i P s BRI T TR K BR R 10° CFU/mL,
G OEEERE N 10 CFU/mL, ZH AW B T 52brkE i
o DU 7 B, ST AE TR i e [ s A 22 P 00 TR
B FZX 51 2Z A E R, ¥ R8O E, 7E9pri
R B 55 e
2.1.3  fi# X3 F PCR &K

Wi %5 PCR (droplet digital PCR, ddPCR)F; A &
—FP LT PCR SV B B3 -4 % 5 B HR B 75 I 9 DNA
FEAR G # BT 7 AN N T, 3 2o A S
MDA - T o, HoA s RO . ket &
BB SN/T 5364.8—2021  H F1E i v 3003 B A6
Jrid oM ECT PCR L) 56 8 #84r: w B AT 1A JE (R
PAAT OGS 73k, BEar T 4T X bl o v 25 T 18 A i
BT PCR ik, Kt FRik%] 1~10 CFU/100 g (mL). %]
WGHT 2 BN S T AT T B AT H R A ddPCR K ik,
MFEI DNA 5] ddPCR Al AT 1~2 d KW 2 e 00 J 34
THZH AR —E R B, BT BEEABUN, 38065
FHE & =N ==t o ==
214 BKAHERK

Wi PCR HARMKRE, Migiavr 2Ry
PCR H ARBH, XL ARMBA, AMUEH T PCR EARK
RS, H4 TRMER . SN/T 5439.4—2022 (H &
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i PR PR B T PRGN 75 PCRARAUR: ) & 4
g1 B EFFRRII AR EE A SR IC i S iR
WP, 715 PCR™Y) RS IEREAR L TEE S M
M2, SCUN5E 2 3 4 s 1Y PR A I . SN/T
1632.4—2022( i F LB 5w 2 kT i (U B AT B el
J5 1 )45 4 #B43: PCR-CRISPR, % PCR 5 5% B0 b) %
P 46 0] SC R 42 7 1) A IR 4 4 (clustered regularly interspaced
short palin-dromic repeats, CRISPR)A; il AR F F 7a & i
TR (B U5 A AT ) ) s RGN . T BR AR 5 DO 3o e v
BT A SR R S B A, A R BORLAR HEAE i PR
Rl 5o B AT, AN RARFERCN T 6 h, ELAE R R HE
REGRES, A I PCR LI TR0, B E5 58 R BH M
i PR AR O A T B, KRR B AR . YUAN
ST 3 SR PCR S DNA BRI AL I LIRS 5,
TR B A= (E S T E R B E B AR . L
F B FH A A 2 O R, eIk T PCR AN 2, S5
T REE . EIREERME . RS, Bk S
VAT TR 8 A AR B AT TRIFSR vl
22 FRiEEARS
22.1 DNA SFA-FREBIHHEK

DNA A SEEY MR (loop-mediated isothermal
amplification, LAMP)2&—Fi& Fl 3 2 Wi i 18 IR AZ R
HEAR, Wit 4~6 RSPS9, FIH Bst DNA B4
W AT A SEIR AR R Ay 1 B bm A B, AR . R
i, RN AEC SKEE D CRISPR Al 4 AR 1041
5 LAMP J5ikABES G, 51X 58 B 1T 18 e e 5 G s
JFH T LAMP 51901 S RNA $ER)P3, X T4
PO FEREAIN, 2Tk REUEISF T 0.1 pg/pL; A
VG YRR AR RN <10 CFU/100 g, HL AT K I 45 e 6
IS E] A1 ARSI AE DO YRS LAMP 838 7= 45 5 )
FE A R AR B AT SE S E AR I, A YRR AT s F
8107 CFU/mL. SRR AF I3 3o 5 | 49y i 156 A0 S 1R 2R A1
b, HEST SRS PG LAMP 3, R i 48 i & FLERE
SR HEAT OO R X, SRS EAR B, HiZr kR A T
EHRFEL S . iR LAMP AR 5HAE ARBCH, 94N
LAMP . RMAR, FeFrkE s, {H LAMP WAAESER

VY SRR S TOER X AR B I TR A )
222 EMBmRAHYIBEA

H MR G EEEEY 1 B K (recombinase polymerase
amplication, RPA)&—FH KMt T RE 45 A ML 1% R 1) =1 201
fitf . B5E DNA 455 8 UM A 55 B i0E M 1) DNA R4 1
(R R S T 00 B R Y, sy 3 LV N T A o B R e
WFFE . WITIREMANE RRA VIR R, &L Rs:
37 °C'F, BRI TS 20 min, BAT5E 5 P Fh 00 B 11 7]
PR . RPA BORG I BcHfai o . SO REHE & . FR Rk
SR, AT LAJLIE SCEUE R Bl . DR e (HH DA
Gt RIS O . BIRY I O S R, R HORTE
Ko v 2 AT R B B s AT i — R
223 BREAFEIHHK

JiEHie B 20 251 71 (enzymatic recombinase amplification,
ERA)F A — PSR I HOR, Hd 2 F e R E AR
5141 . DNA RAHE 5 B 5550 14 U BV A& & &k
AR MR TFAEGERY PCR FiR, i ARIRIERI B R
HEP, RPUE R, BXHERRSERAL, ARSI ER
B P TR . MR AR T A% B L ALk
TGS R B VEFF . YT TIGE . A MG A 2R R I
RS v O AERI 4 FhE RSN R AR ERA PRk
Dk, WiETE 6 hJE, RS TPECR K HBRATiA 1 CFU/mML
TR RS . REUE S . BAERER, Sy BLEr 2k
PRSI VAT A 7 2 B B RGHUR I T B, ] Bt Ay At YR
97 T A T AL L %
224 RIFIEEMBEA

TR B (rolling circle amplification, RCA)J&—Fh%
R SRR SRR, i BEE DNA 514 531k DNA
W46, 7 DNA REEFER T 51 e SRR L, 7™
HAERETERE FBKEE DNA 4+, MIMSEEERRE S
KWL ZHANG %5057 RCA Jr i T o B P H K6
W, JCA A sl = % BT e B R TR A RE, A
A T8 B IEAT R AR AR R BB, S B AT R R
PR SRR . RCA FRIHAER RN, Wit BRAEfRIES L
B0, AH HATGE G MR, YE A

O3 F A W2 B ARG 5 B IEAT R T L3R 2,

R2 STEYERARNETIETER
Table 2 Molecular biology techniques for detecting Cronobacter spp.

RCA =R 1 %}

fEIASIN | R RAE

U T RE PEA I

HAR R TR 514 e i

PCR AR 1%t GIL7/ - W AR L WEERE S Zi5 Y

gqPCR AR 1 %t T S EERE . JITE 4R
mgPCR AR L%t iR, R ST By BB E
ddPCR AR i 1% RIGEER . gxte KFE R . Rt . it
LAMP L=k} 2 Xtk 3 %t PRGN, b . SR SIS B R B

RPA LIERI 1 %t TEEAGI R ER . B Sl R A K . 2 BB

ERA LiERH 1 %t TR, PR . RS R Sl 2

i
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3 AGREFAEMMBIEN A

BT A AR TR R A DN 149 D A ke i) 4 LR S M i
s, PR -BUARRE 2 A B R B A . R R
O . R A s AL, E R T RUE YR
M K R L W
3.1  ESEK % IR A M4 AR

it BK B 93 W% B A6 U (enzyme  linked immunosorbent
assay, ELISA)H AR O H BT sl b A4 J 7 B AH 28004 %=
18], A EFPRIC BT R SN A A R I AT, VR RIL
FEIBRE T AU R A DR, DATAT IR T R AR A Y
PP SR ST T T BRAR 58 B AT TR A U e O il
Bty k, ERATFREN 6 My EirwE, A4S
HoAth 5 L A BOR B & AR R R N, B R RS .
ELISA Jriki el | Fefedhag . A siAfs, v sesit
B,
32 REBEMRERZA

12 )2 iR 4L 2k (lateral flow strip, L) AR, HFF 5 min
RUe] 52 1 BARII 508, HICTHATR AR 45, PR BIAT L
SRLEIRPY, WRATHAE W G EATAAES S RPA B, B —
FRTRTEE . PRI 3G 5 I (0 A B R 5 2 A DR I i
(RPA-LF). %y alili s HAREAR RN 1.7x10° CFU/mL,
N TTGYRE S R LA F 1.7x10° CFU/g i, 53 ATLAZE S h
AR B2 40 JLTC 7 WA FROK K3 58 JsAar ), 327 3k 2 O s
FES MR, EAUMSHEA.

3.3 GEBRHERSBREA

1 ¥ W5 R 43 B (immunomagnetic beads separation,
IMB S ) AR 2 76 G5 B TR 2 11 [ 2 4 A PR Sl A 437,
iz 5 BbraF RER RS, WS BArsr+ 14
ERVE SR, 0T LATE S P b 4 B R AR H AR PR
SHUKLA %SV T 48 WEER 43 15 H ARG I L e J5 0
MR B IEFTE, %O R R, AR, T
PR S ARSI T B AT R R . IMBS H R BB R A
HI R, SRR A, (AIAAR RS, BRI,
Al e & AR A R o

G S F AR T B i R L3R 3

£3 REFHARURTIETER

Table 3 Immunological techniques for detecting
Cronobacter spp.

BARL PEsi B R
WAERL, RS, .
ELISA Py RAEMWE. % T
LA e et e AL

R0 [ 7
BAS . BRI 2%

IMBS PSR . REUE S

4 HApRERMRA

P W) A T 1 F S — i i T e S B U
(hybridization chain reaction, HCR)H ¥4 1) 3% Bl A i Bk ¢ 5
it . 5 HCR P*IE5 G DO HE /R & AR T3 ik
JE ARG AR5, MM SE BN Al SE T bR A I, £
B 4 A VOOV sk A ST AT T B TR TR S A W A S
W, AR R IR Ry 2 CFU/mL, XM 4G th
MR 8 CFU/g. %75k RA o DNA $2HL, DUk | etk
PR e RS R R RO A AR, DR b S BB R A A T 17 B
Gyt St T —FARA W1 05 i

LT B O U R B T RAT ] BT % (matrix  assisted
laser desorption/ionization time of flight mass spectrometry,
MALDI-TOF-MS) & I 4F 8 37 5 Ji A o f) — Tl i 2= ) 4 5
P RIEAR . —FBr B B AR P PG HOR, BERSE TR
FIBT. IR25. DNA. JEZHE . NRIEMEZ I M HAR REDL 25 1
PRI 53755 Z RN T U (9 4370 B 2 S O L e s
R BRI AT BE RV 5 MALDL-TOE-MS % M, ¥ Bk
TR — e MR B R, Sl B B 0 SR B R AR
B R S IR AR SRR, RS B P R AR P
FEHETT OIS, 3R] S B R FE R KT e AR
F1F MALDI-TOF-MS Fl PCR B HI S8 T X} 5 ' it b 17 g
e IRAE BT BER K S ARSI, R
T VAT TR 1 AW 00 A s SR R R S -

5 4ERIE

BT R B R SR EUR A, X R BN B
REJD, EX THRIR AHE, JUHESILEEWCR, f8S 206
LRSS . SRFEPE/ NI RS, FHRGIRIET: . 2004
A E R & KR4 21 (Food and Agriculture
Organization of the United Nations, FAO)AItH % 11 4= 24 21
(World Health Organization, WHO)¥ 5¢ & i AT 1 571 A 2 &)y
JLEC Wk i A B0 TH . TR (TR 1 5 2 o e e
TV e N SRR B A 3k TOAE (), BRI Ao 2R 40 LG
10 T 5 TR T TR R g R R 2R A0 LA R AN B b Al
Y R SR A R L

1558 B bR HER I Jy AR e o, A 5 B A
VR (9 A br o, (RS R A . W] BE TRV I i 12E 2 2
HARNG N Fsmn, B IGHxwE L3S 57 000 It B A TR DU,
GyIeHer o LA W5 Ry A R RSy R A B [ i, R
SRR, (HOERI A R . XA Bt SRR e . R
AR XA, HOICHE X Ar SR LA RS I, & s PR B
PEo DU o SRRl R Oy vk, RR Rk, S,
55 T o FLLe TR 254 AR 3 FAASHIN i e i 2% 14 B T4
NGB RE BRI, ANEAES RIS e

H A P 2 AR L 0 e AR 56 R L A R R
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