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Abstract: [Background] The isolation and identification of Cronobacter forms the theoretical
basis for precise treatment in clinical medicine. However, the current biochemical identification
methods can only identify them at the genus level. [Objective] To develop a simple and reliable
method for species identification of Cronobacter, we established a numerical identification
system and evaluated its identification performance. [Methods] The biochemical reaction
formulations required for the identification system were concentrated and integrated into a set of
plastic containers to prepare identification strips. The numerical identification system of
Cronobacter was developed based on the numerical identification theory, and the identification
accuracy was assessed with the standard strains and isolates of Cronobacter. The identification
results based on the sequencing of fusA were taken as the reference and compared with those
obtained with the numerical identification method. [Results] We established a biochemical
reaction positive probability database for distinguishing the 9 species/subspecies of
Cronobacter. Simultaneously, we defined the calculation methods and result evaluation criteria
for the numerical method and developed a numerical identification system. Five standard strains
of Cronobacter were correctly identified by the numerical identification system, and the results
were evaluated as excellent. Among them, strain DSM 18707 was accurately identified as
C. dublinensis subsp. lactaridi. The total identification agreement between the numerical
identification method and the fusA sequencing method of the 84 Cronobacter isolates in the test
set was 100%. The numerical identification method clearly identified other strains except
C. sakazakii type IV (one strain) and C. dublinensis type III (one strain) with unacceptable
identification results. [Conclusion] The numerical identification system developed in this study
for Cronobacter. has simple operation, low cost, and high accuracy, which can provide an
experimental basis for clinical diagnosis and food safety detection and demonstrates a promising
prospect of application and popularization.

Keywords: Cronobacter; biochemical identification; numerical identification system; microbial
safety
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ve & i+ 1# J& (Cronobacter) S8 J& T M #1 &
Fl(Enterobacteriaceae), A # >4 [ BA I TG ZE HLAT
WL, SEPEDCAR, AL 7 Wk Hh E S A AL
2R E". 2008 4, Iversen 45— &4
B ar 1 Ao e B F BT B U i A
(Enterobacter sakazakii)FEARFEAT T ZHEMES>Hr
Je DNA 225850 Hr , 3 K B e i T J 87 U 288
KB AT EE ; BET, P EATREE N
7 AN, o B BR IR 7 AT I (C. sakazakii) |
N R L 78 B AT 1 (C. malonaticus) . 75 22 i
7 B AT B (C. turicensis) . #RHIAK 58 B 15 FF I
(C. dublinensis) . JU JE ik it w % i ¥
(C. universalis) . ZL4: B v & 7T 16 (C. muytjensii)
FHERT 5 42 v B i A1 1 (C. condimenti), i,
ORI S B AT T S5 R 3 A, AL G HR
MK 32 B v AT TR #R AT AR P (C. dublinensis
subsp. dublinensis). #BAAMK 5L 2 15 T B 15 4 IE.
il (C. dublinensis subsp. lactaridi)Fl#R ik 7T
% % K i % AP (C. dublinensis subsp.
lausannensis),

SR VAT Z AR T . &R .
Wty wYETREW, Dy EiER
B SE . AR . REMEE T AR I IGR
WM. R £ A7 A 51 4 B (multilocus
sequence typing, MLST)%{(# )% (https://pubmlst.
org/cronobacter/) 2024 4= 4 J] 8 Hiy#ed, 7EE2
B 4 180 BRASIRI R e B EAT I,
C. sakazakii (71.2%)#1 C. malonaticus (11.0%)H
ARG 2R, C. sakazakii &
WL 5e B b AT TR R U A R B AR 1 B (L BR
C. condimenti &b, At T 50 B i A 14 & 1R Rl
BRSPS a7 S e
SRR T RS R, R L. Bk
JL. gL AN I RAEAR 58 A L K
TSR S AR, T E R T R BUR AR

WA NS R . T AE AR B ET . ok A
% B & ah 2y ah W E 9 3 R (Food and Drug
Administration, FDA)R W ZEEH, 1 5 LIFEL
i) C. sakazakil AR N+ T 02—, MJEGESET
HIE 40%-80%" . IEAL, 8B AT IR R
N FH T A AR AN TR] 9 D AR B 0 N 3R
J1. FEPERR AT A R 2t A AR P,
I, S B VAT TR TR K B R S
JE XS ST B T T A T IR AT ST 1 A
AR, P8 o B vk (R4 2 06 57 51 43
Fr. 16S rRNA &[N 751 73 A b e S A S TR e
G oA T Bh YO A I R R - AT I T J
i (matrix-assisted laser desorption ionization
time-of-flight mass spectrometry, MALDI-TOF-MS)i:
L PCRIEWE 2 B T 58 2 VAT 1 s 1) 0 b 4
SN SR Ty 1 TR 2 T 3 5 — U A 5
PX v BV TR BT A T AR R X o S Ah,
HY 75 S R BRSO B ,  XE LATE R Tk i X
R N, BT, 5 AT AR AT LA R
STEEERARN T A E R e B IR E
B B v o A A B i R A B A TR X R
Wy 5t ik RE 1 B9 AN ] B2 FEARI 7 10 1) 25 3 %o 4
PRIUEAT 4 , AL MR | A | R AL
& A B PRI A5 . [ R GB 4789.40—2024
(EaZeEZRE BRMEwERE w®
WEFFRIRGLES ) BUE 16 bl e B T T T A G
ik, RRARESh Rt TR L SR Al ik S AL TR
A TR e Y AR, SE X
T ) G A o AN ] o 00 T ok M 2 v B U AT R
B K, D012 S BN v B T B4 D A Ao
I RUX ) o
20 TR R S S VR SR T A A S S R S |

G55 B 8 FIE 7 A 0 — AN R A e
B HAEANE S . RN, A S LR F
S E PIE T — K, DTS2 B A 121 48 7 1
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RGAL . AR LRI ART T TE A R
AL M BUE S E RS FEA APL K E RS
Enterotube II (Roche) % % & 4t . Micro-1D
(REMEL)% & & 4¢ f BBL Minitek System % 7&
ARG %  Hh APT R EFPRAINIRRES E R G,
FI45 15 FhUEESS, 291000 FhA AL i, A%
EMEEZ) 600 Flr, J& HAETHEA b5 )
() —F =i, B (0 A 56 7 i Xt 7 B T AT
WA S R K. 245 1k, ENAMY
¥ TG 3 T A A RN X 43 5 B U T D AN [ R
P18 200 B 50 45 5 D vk I A G . SR Tt
W R 32 AR A 5 B AT O e N
FRE (S 8 R Gt , AMRBIEAME N/ &b Ak ™
an S R, IR RE SN N P AR B U4 B A
D=, XFI RIS W B B e 4 W B

=D
=X

1A

1.1 #m
AT 5 8k e B AT I 8 s MR I
452 MR BT R o B R )R AR IR B
Pt Hod FrifERk o C. sakazakii (ATCC 29544)
C. muytjensii (ATCC 51329). C. dublinensis subsp.
lactaridi (DSM 18707). C. universalis (NCTC
9529) % C. condimenti (LMG 26250), Zr&5tkN
AR S 5 A 4 R B AR S L R R
Wiky . P . K7 il S S KRR h
S EIRAS N, BT B RR B R AT Y AR A A
—80 °CUKHH o W 452 Bk va B i T 11 J& 43 5 Bk b
LA Mg ke, IR R (368 )
FH T 57 50 2 VT TR AR 4 7 1Y BRI A R
P, MCAE R (84 #R) T B0k v B v AT AL
(LR 5 i ) T B
1.2 FERAFIFNH

OER . B -SSR PR IREL, LR

FEEYIPH R A IR A] 5 e -0-D- M IR 3 4
BEFY . FLBE . N-ZMr 2 E iR, Ligbhn T A
R A R A R TP meE, Bl A4
FHCARA R NN, 2B TAEY TR (L)
et A R A s PR TR . Jor B A A 5
FERE BT, AR BUM A PR A PR T

WL R RIRR BE T, BE 2RI 4 7l 5
P TR, Bl —ER A RA R =
Tyt att, AU IR il i A PR A

Al HPVEREE A, T AHIBAEY R A
FRZS ] .
1.3 1ExE

A I B 97 R R TR R R R BRI (TS A) B 57
B, TR YRHEA R A
14 HUWRNEEREFHIHIA

A AR N 2 A He MR VR R (sialic acid, SA) . 5
WE (indole, Ind). ! ¥ (dulcitol, Dul). F|B#
(lactose, Lac). N itk (malonate, Malo). ALEE
2 -o-D- Mk AN W 45 BE
(methyl-o-D-glucopyranoside, MDG) M & 4 g
(ornithine, Orn)#4 i . 455 W EARCER | T 5T
TR YEZ B S N TS 2 TN R, e &
A AR B e A S N S o
1.5 EEFHFIE

Fie 1.4 Bk r A AR SO S e i 45 B £L
TAEW, WMZRIrET pH J5, M 0.45 pm ffLUERE
HATHIUEBR TS . BC— @ B e 1F, LWiv £
DRI IETT RAETH T o 4 Bk SO TAEW 20 5 ]
5 mL B R IS , ARUCIA SIS 3 WORE 1Y)
0 1-8 B, i Z MBS R T
(BENFLESES &R 30 pl)o B 2w ng a3 20k
B TIER b, BT EA TR T 3 he
TEoeRe, B E S BPIGRRE, B 48 Sl 5
TR — IR ARZ R PEE, T 4 °C%
PE R AR o

(inositol, Ino) .
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1.6 E£HEE

TR TERRAIET, B ORAETERAT
B TP Y v BT TR R B I R PR AR T TSA SR
., (36x1) °CH 7 3F(24+2) h.

YT SR IR U A MR TR R R L
i ARG 20 . N TSA SFA b Pk BOGHT ff 5%
I B U R R BT, P DI 7 B R G R A
P& 0.5 McFarland (%) 10* CFU/mL), il i 44—
PR . IO B8 VR A 1) G I 45 0 25 1 T AL
(1-8 SFL)yF - 5liEA 150 uL WEER )G, 1E
WEVR R . FH 3 -o- D- M g 7] 26 W T 2 55 S IR S g
FL b o3 SR N 34 T JC TR A i A VR I
SRIG TG B, B T (36+1) °ClEIR I TR
HBEERT SR 1824 ho 5 FREER ST, RIS Wk L
FLrE N 12 wEEE L BN, SRRk aRies
LIGLER, AR ESL 3 Wk, LIRS R
. AT,
1.7 fusA EFEMFELEE

ARSI S ARAGFAY 452 B4y B AR I fusA 3
PRI PP vk R A T4 RS R, DAAE Ry S 2% TR ol
E NS BRI

B DNA Bl 4 76 0.5 mL g &0
A 100 pL JCIE7K, FH— M JC TR E e
IR(1 )Pk R fif 455 55 10 43 25 bk B TR Vs ¥ TG
wAKH, IRFHIRAE, T 99 C&lEiniizff
10 min J&, 12 000 r/min &.0> 10 min, |35 H
RRCE SN T

PCR ¥4 . #4820 5507 5 o B PR
(https://pubmlst.org/cronobacter/)$Z LY Cronobacter
W E T3 22 i 51 W B S5 0% BT A 4 s kR iR A T
fusA JLH Y, P IEmBIY . 5-GA
AACCGTATGGCGTCAG-3"; 414 /161 514y -
5'-AGAACCGAAGTGCAGACG-3', PCR JZ ¥
fAZ (50 uL): #itlk DNA (20 ng/uL) 2 L, F .

TG H1(10 umol/L)4% 2.0 uL, Taq (5 U/uL)
0.5 pL, dNTPs (2.5 mmol/L) 4.0 pL, MgCl,
(25 mmol/L) 3.0 uL, 10xPCR Z& % 5.0 pL,ddH,0
31.5 pL. PCR Wi &f4: 96 °C 1 min; 96 °C
1 min, 58 °C 1 min, 72 °C 2 min, 30 ™ME¥H;
72 °C 5 min,

WP 55534 38 e R S ik AR A
FHEA BR A m] RV T P50 E . P45 2R
& PubMLST %54%/% (http://pubmlst.org/cronobacter/)
HEATEERT, B RS
1.8 it oh

B A5 Bt Y38 i Excel 2019 #4474
Mro KJH Visual C++2019 JEAT 58 8 V% AT 4 Js 41
B S E RGNS .

2 EREGHN

21 HELERGHIERER
2.1.1 EIMPEMEEEIEE

BEFALREARE 43 AR A
FEA T B B0 368 MRINGRAR s B V5 HT I )& 43
BIbk, Rk %E R AT AR S . BRI
[F) B8 o ) 25 2R AR SO PR PR32, S5 SRR IR 26
T AR SCHRAE R}, 57 A C. sakazakii |
C. malonaticus, C. muytjensii, C. turicensis,
C. universalis, C. condimenti, C. dublinensis
subsp. dublinensis, C. dublinensis subsp. lactaridi
I C. dublinensis subsp. lausannensis (¥ 75 %' if
FF 0 & TR BE PSS B R 1)
212 HEZEPHERENHE

PARTFI R 8 Pt R G, &
FEE I 57 A BH P i BE P S s 2 4 A AR . B
S5 45 A Ay B DU XoF 7 2 Ak e e PR AR 54
A A BIPE N 100%080 2 26 Ak 350 Ay PR A 324
R B EERAEATA 0%, 100%, T FH T R (E
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Table 1

Database for numerical identification of Cronobacter

Strains SA Ind Dul Lac Malo Ino MDG Orn
C. sakazakii 98 0 1 96 8 83 99 95
C. malonaticus 0 0 0 99 99 54 99 100
C. muytjensii 0 100 100 100 100 100 0 100
C. dublinensis subsp. dublinensis 0 100 0 100 100 100 100 100
C. dublinensis subsp. lactaridi 0 100 4 100 0 63 100 99
C. dublinensis subsp. lausannensis 0 50 5 5 5 5 100 100
C. turicensis 77 0 100 100 100 100 100 92
C. universalis 0 0 100 100 100 100 100 0
C. condimenti 0 100 0 100 100 100 0 100

SA: MEWEFER; Ind: "|WE; Dul: TOFEE; Lac: ¥LBF; Malo: N _FREL; Ino: WIEE; MDG: H JE-o-D-PWG & ZMiH ; Om:

AR, PR S AR A RORE BT A (%)

SA: Sialic acid; Ind: Indole; Dul: Dulcitol; Lac: Lactose, Malo: Malonate; Ino: Inositol; MDG: Methyl-a-D-glucopyranoside;

Orn: Ornithine. The data in the table are the rate of positivity for each biochemical reaction (%).

1% 99% R o SR I Fic HE 41 T A 6 2 5 FHIE
BRI AR . SRR . £
TS R SE A A BRI T
BRI E I, B E T anT

(1) B—srERoomy AR =125 R
JG N A 20 A 0 RS R A AR A e A

(2) B—4rJE BT E B R =i o 2
BTG N A AR 2 A 1 S B AR 3 1 SR B

(3) Z IR A= A 43 25 BT Y
HH AT ) B

(4) %58 A 3 EU(%)=(F— K H T S
P A/ Z2 IR A A 42) < 100, 42 1A 53 T 434
Z RN AT 100%:;

(5) BEXAULK HAE T H(%)=(F—4rJE 5o
4t B 28 /1% 3 S BT R U 3) < 100,

R T BGOSR AT AR, R IR L
CHIE 1. SR 2. CHE 3 AR AL
AR B, A4k ¢ AEMiEE D sk T
ZEIAI . ANk 2 R

EHIE L, EHE2, EHE3IETRY
MR 9 AR LR AT R 3 B, BRI AL

B. C. D} 8 MEAKI HAE R 4 o

E R 1 R R . 0.98x0.99x%
0.92x0.95=0.848 0; CZ1FH 2 MIREIA K .
0.99%x0.99%x0.99x0.99=0.960 6; T HIH 3 MBI
B . 0.77x0.99x0.99x0.92=0.694 3

C A 1 R B R . 0.02%0.99%
0.08x0.95=0.001 5; TLHITA 2 B H BLAAE .
0.99%0.99x0.99x0.99=0.960 6; I 3 1) H
PSR Z . 0.23%0.01x0.99x0.92=0.002 1.,

Z IR AERE, 0.001 5+0.960 6+0.002 1=
0.964 2,

x2 FMEEHURRERSENERZAMR
Table 2 Biochemical test results of the tested
bacteria and the positive reaction rate of known
bacteria (%)

Strains Test A TestB TestC TestD
Bacteria 1 98 1 8 95
Bacteria 2 0 0 99 100
Bacteria 3 77 100 100 92
Strain to be tested — - + +

—: Negative; +: Positive.
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ELHIER 1 B2 RE H 0 %8(%):0.001 5/0.964 2x
100%=0.16%; CHIE 2 M52 H 75 8(%):
0.960 6/0.964 2x100%=99.63%; . FIHE 3 FJ%
EHE(%): 0.002 1/0.964 2x100%=0.22%.

EAIEE 11 T{E(%):0.001 5/0.848 0x100%=
0.18%; ELHIE 2 1Y T1E(%):0.960 6/0.960 6x100%=
100%; B H1H 3 9 T{E(%): 0.002 1/0.694 3x
100%=0.30%,

WL BTSRRI, SR AR 2N
B2, %EEDECN 99.63%, TIHHN 100%.
2.1.3 WHESERIFNIRE

— M, B A B A 2R O
PRREIN T . AELIERE [, AT DL ok R
B AREARUSR LA T (BRI 5 25 2 45 R 1Y T A5
FEUA B RUR O T (E8EEIT 100%, i
R TR 7EIZ 53 2 B0 T B9 3L B th A 58 5% oy
FKHIGT B i KR B R T, S
FEATRE AR AE A MBS TE KN, HiR
22 3 TR PN R IR A 2 SR B AT A B TR

B G RV Al 4 RS . — 26 B

*®3 BEEHERITN

Table 3  Evaluation of appraisal results

MM ELE A, AR S a5 ARAF 4
TEZEIL | U 5 A R AT A7 1) M A
M7 — 2 AN S e 25 0L, A6 TSRy %
TELE R AT HEZ MBS R
2.14 HELERGRHHRST

WTARTT W K 9 Mooy 8 A
BN, B DU TR 9 2 5 2R 9 Aok
BT S A OB UR U T . BT
NTAFETAER K, e AH R B fe & 5] F
WATTH AR DA o TF R 558 RGO W A,
S FSE 2.1.2 REE e Rk dn R TR
F RO AN S R . FRATRA Visual
C++2019 4w'E T 50 B W FF 1R @ 240 T EUE 48 0 &R
G AR AR e S RS
REME 25 th AT 2% BT B9 % A R X
ISR AR T 8. [FIEE, S R P ik 5 %
E 25 J v 43 2 TR — B0 A= AR L 81
o R ERT, X2 ottt T Se A
P T SCHYXTIR, DL ATCC 29544 Jf5), & 1 @
TN T RGN E G R T BN

Identification percentage (%) T-value (%) Result evaluation

>90 >90 Excellent identification results
>90 >50 Very good identification results
>80 >60 Very good identification results
>90 >20 Good identification results

>80 >30 Good identification results

>70 >40 Good identification results

>60 >50 Good identification results

>90 >0 Acceptable identification results
90>Identification percentage>80 >1 Acceptable identification results
80>Identification percentage>60 >10 Acceptable identification results
90>Identification percentage>60 >0.01 Suspicious identification results
<60 >10 Suspicious identification results
<60 <10 Unacceptable identification results
<90 <0.01 Unacceptable identification results
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2~ NumideZE# iR &
{ReeEE ImER FHRISER S HEHE
BH: 2024-03-28 HFES: FiR: e y
A b
SER iTED
Cronobacterq‘upimensfs Crpnob?cler dublfngnsrs
SCISZED

B 1 RIS SIEFFE ATCC 29544 X T RE R
Figure 1

Figure displaying the identification results of Cronobacter sakazakii ATCC 29544,
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22 RTEHERERREESEERE
A 96 JE
2.2.1 FREEKIEE

XF 7l B AT AR MERE C. sakazakii (ATCC
29544) ., C. muytjensii (ATCC 51329). C. dublinensis
subsp. lactaridi (DSM 18707). C. universalis (NCTC
9529) )% C. condimenti (LMG 26250)id@ 1t vi ' i
FF A 8 250 4T T Ak, 855 403k 4 s .

W A= A B0 25 A v AT A 2 A
B2 0E RGN LIRS R R AT R, 25380
x5

FRPRME RIS 2 T IEM %, 45807
Wi e 458 . Horf, DSM 18707 #4ifE
488 BT FIOKY, % 45 R AR A AR e B
FFHE 3583 I 1 (C. dublinensis subsp. lactaridi),
WETH BN 98.16%, T1H N 100%, X KA
WFFE T G ST 00 5 2 T TR R A R B 2 R G
AT DL SEBER A AR o B 1 R TR A A A R X 48
222 NEHRNLEE

T fusA BRI 7 2t e B IR AT e 7 4

PR R 22 TR X 43 A e A 4k TSR ekt AL,
3 BRI S RE DL fusA JE DRI v 1 45 SRAE R =
ZAnife, SEUE K LRI A SR T I
DAAR A ] 1 e 2 T A T A T R 8 E R
GEAE LB At i v AR I ROR

TEAENEE RS . BREG. Uik,
PO 7K™ i B OSSR B R AR 1
MR IR E L fusA SR P81 40t ikt 1
BRI 45 B R, {E 84 ¥k Cronobacter 43
Bk 37 bk C. sakazakii (44.05%). 27 #k
C. malonaticus (32.14%). 16 # C. dublinensis
(19.05%). 3 # C. turicensis (3.57%) M 1 £k
C. muytjensii (1.19%), K& C. universalis }
C. condimenti,

I 5 2 T TR T 4 0 S %) i A AR 4
BIRREEAT TS E, R 6 iTLIE Y, 84 1k
STEHRIE I 16 PP AE RIS AR A DTS
HENT Y v B VAT TR R TR A 20 R B S v
HEATHEAL, 1 8 45 AR ARG S AT N (Y 4 2R BT
R MMK 7 s, W ER S AR EUE

4 RTETEMERNELCEESER

Table 4 Biochemical identification results of standard strains of Cronobacter

Strain SA Ind Dul Lac Malo Ino MDG Orn
ATCC 29544 + - - + - + + +
ATCC 51329 - + + + + + - +
DSM 18707 - + - + - + + +
NCTC 9529 - - + + + + -
LMG 26250 - + - + + - +

—: Negative; +: Positive.

x5 REETERERNBELEEER

Table 5 Numerical identification results of standard strains of Cronobacter

Strain Identification result Identification percentage (%) T-value (%) Result evaluation
ATCC 29544 C. sakazakii 99.99 100 Excellent
ATCC 51329 C. muytjensii 98.99 100 Excellent
DSM 18707 C. dublinensis subsp. lactaridi 98.16 100 Excellent
NCTC 9529 C. universalis 98.15 100 Excellent
LMG 26250 C. condimenti 98.01 100 Excellent
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Table 6 Biochemical reaction profile of Cronobacter isolates
Results of fusA gene Biochemical SA Ind Dul Lac Malo Ino MDG Orn Number of

sequencing method type strains
C. sakazakii I + - - + - - + + 3
C. sakazakii I + - - + - + + + 21
C. sakazakii 111 + - - + + + + + 1
C. sakazakii v + - - - - - + + 1
C. sakazakii \% + - - + - + - + 6
C. malonaticus I - - — + + _ + + 24
C. malonaticus II - - - + + + + + 3
C. dublinensis I - + - + - + + + 2
C. dublinensis 11 - + — + - — + + 9
C. dublinensis 11 - + - + + - + + 1
C. dublinensis v - + - + — - + _ 1
C. dublinensis \% - + - + - - - + 2
C. dublinensis VI - + - + + + + + 1
C. turicensis | + - + + + + + + 2
C. turicensis 11 - - + + + + + + 1
C. muytjensii I - + + + + + - + 1

: Negative; +: Positive.

*7 RTIENERIBHROBEBEEEER

Table 7 Results of numerical identification method of Cronobacter isolates

Results of fusA  Biochemical Identification result of identification Identification T-value Result Number Consistency
gene sequencing type strip percentage (%) evaluation of rate (%)
method (%) strains

C. sakazakii 1 C. sakazakii 99.79 20.48 Good 8 100

C. sakazakii 11 C. sakazakii 99.97 100.00 Excellent 21 100

C. sakazakii III C. sakazakii 82.85 8.70 Acceptable 1 100

C. sakazakii v C. sakazakii 58.60 0.85 Unacceptable 1 100

C. sakazakii \Y% C. sakazakii 99.96 1.01 Acceptable 6 100

C. malonaticus 1 C. malonaticus 99.65 85.19  Very good 24 100

C. malonaticus 1II C. malonaticus 97.52 100.00 Excellent 3 100

C. dublinensis 1 C. dublinensis subsp. lactaridi 98.16 100.00 Excellent 2 100

C. dublinensis 1I C. dublinensis subsp. lactaridi 94.10 58.73 Very good 9 100

C. dublinensis TII C. dublinensis subsp. dublinensis 51.15 1.01 Unacceptable 1 100

C. dublinensis 1V C. dublinensis subsp. lactaridi 94.07 0.59 Acceptable 1 100

C. dublinensis V C. dublinensis subsp. lactaridi 91.67 0.59 Acceptable 2 100

C. dublinensis VI C. dublinensis subsp. dublinensis 97.84 100.00 Excellent 1 100
C.turicensis 1 C. turicensis 99.89 100.00 Excellent 2 100
C.turicensis 1II C. turicensis 93.17 29.87 Good 1 100

C. muytjensii 1 C. muytjensii 98.99 100.00 Excellent 1 100
Total 84 100

—BUR(%)=EUE % E 15 fusA JE DRI FP 7R 25 2R — S50 TR AR 0 ) fusA ik DR e 7 2 A9 TR R K< 100
Consistency rate (%)=Number of strains with consistent results between the numerical identification method and the fusA gene
sequencing method/number of strains identified by the fusA gene sequencing methodx100.
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YoE ks fusA LR F ik 0 B AE E —BOR N
100%. E—Hh, ISR 3 H PR bR i X 4L
(B2 T S S AR TS BEEA T T R, 82 Bk
Sy B ARAS BT B 0 5 25 R (AR AR AT Y
EER RIS SR % g R ]
ez S a5 0L, 2 BRIM S 45 AN (1]
e S5 . 2 MRS E S5 RN Y 43 B Pk
£ 4% 1 ¥k C. sakazakii IV %1% 1 #k C. dublinensis
1 %, C. sakazakii IV %4 kk i T 2UH AL
Pt S A B, B A {RTE S C. dublinensis
subsp. lausannensis 1 #i 7Y A= b 3% A1 {01,
C. sakazakii )% 5E H 70 ${A F) 58.60%, T1H
7 0.85%. 41, C. dublinensis subsp. dublinensis
() JULIE J52 107 BE 2R 4 100%, 11 C. dublinensis I11
RGBS PR B UBE S 0 S BV, 3k TR I 45
WA 22 ; C. dublinensis subsp. dublinensis 1) % &
AN 51.15%, TIER 1.01%. HR EIRH
PRI B9 % E LS A0S fusA FEDRIN 3 ik 45 R —
B, AHGE PRI AN AT A Y S e A

3 W54 ®

WA REEE TR 7 DRI AR S
R 7 (TINE P NS 4 D 0 WNE X .95 4 R 2N 9
25 7% o Bk C. condimenti 5 A& HK L CAh,
Her 6 MR A A BE AR L. C. sakazakii H
T 5 B A LW AR O 1) 2R G S 09 A = BUE
A 32 RTE , HAE TR T s A A A7 RE T2
i Z e M EZ S A", C.o malonaticus
5 C. turicensis BEf% i 1 52 V5 Y 1 B i G 4%,
AWM. RE 5 C. sakazakii ML, &F
XA e 240 R A SR B TR R e Y SR A0 T
UL, BB B B I K O
C. dublinensis. C. universalis #1 C. muytjensii 7£
H AR A 0L, X NI BREAS) B i) Jal it
A, (X B AT 5T X R A B AR LA A A A

FOVE A (et B XU B M (ED) . s, BT
YR KPR BRI, A TR R ) R A
FIfK T C. sakazakii, X2 FEUH B E
Bl A5 B D R 22—

2 T ) T A A R I RV T R AR S 1)
it TR, — RNV FE BT
BB B, B, 16S rRNA £ [H F 4
3t MALDI-TOF-MS 8% PCR 5 k120
S5, SR S8 7 PR oK o B 7 AT T D sl I
P RCX 43, Jo 6 A i PR A 0 S B8 7 Bl 97 42
Ko AHFFE A E A fusA JE DRI k2 H AT IX.
Sy LB AT E 7 A BRSO SR AR,
AHERRmT . AR s, IF B AR o b id
T e B 5 AN RS B A8 (i HOXEE DA fe . Ak %
IR L T e, S R A TR S Y R
k. 20 thad 60 4R, HUE 2 (numerical
taxonomy) Fl 5 {H % %€ (numerical identification)
PR ST RN ] T Y or 265 . X —Jr ik
FEF YN A=A R N G pr, B R
BT AR AR AL RR AR AR SR AN TR 1
Fof s, d# R EERE A APT RS0 —
Pz o E W e T H, LR . Al 5
PEFUH P AP vz I R G A= 2 il
T AEYE SR = o X P ARSI,
2 E APt IR A R E T 2R R T8 APLIK
FIEE, W API20NE %5 JE i 18 55 2% QAT 14T
API20E  HI T W FF b A0 o Ath 5 =% FQ A MEAT 1T 1Y)
Y5E , API STAPH T %5 5 ) 4 BK T FH IOk T/
SRR, API20E X v % 5 FF 1 J 41 T A ]
K RCm K. A, I APL 7
PR R R B AT, DL A AR IR = Y
[#]  PE Jal B h PT e S B A A AR AR S
FHME R 22 . REIGE T EMFE BN
K RS HERR S E B AL TP R BT R R A I 2
“FIKE M 808 RERB YR . Hir,
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O A — SO T AN AUE X8 RGBT,
AL AT RN R B E S 2 R R
FF % 19 25 30 Rl B BB 26 % &R 48 (Numide-Listeria
v1.0)PEE (ARG 5 2 A 3 T RS IR A
HUAEAA, AR,

AHFE BN AL T 5 B I T 2
BUESE RS, Hr, A4k O 44 0 i 2
HHE T REMOR . SO feE R s TR
RRIATHE . EEEEZ I E R, R TS
SERBYPTEETE . M SR T B — A TR R A
Jr A THERAE L RE, IR HESR T A5 SR B
PEo BAPEAE SR E PR A RGO E, ZR
30 1 PR 2R R 0 B P A MR i 9 s vk R A T R
WL 5 Gt A8 1, IFTER IR B b AT T
ZUAEB, PRAIE T BB 0 MERR IR 5 i A
3 20 S 3 i B 2 U T T bR A R T o
WHRE, 45BN, 5 HArHERPRIYE R T IR
YEOE , 84 BRINARAR 7 B AR ) BV — B (A
YOERY fusA TR P i S 25 SR — 3 L)
7 100% . & B T B ST 1) 5 2 AT 1 T N T R A
(B 255 0E Ik BAA B e A, AR S
VAT TR 8 23 R QI ) 28 0 1Y T A7 T B FRATTHTBA
AT IF & T R FF T B 4 T 2000E 28 8 A Ak R
£, T API20E, HERVEHE NRIGE | ik
m HAN AR, (AL RENS S P AT TR S 2 R
AR ABIESE T AR A DI o8 3 T 1% % B
i, HE—2LH R T RPN A ETE

AW T M AEE O A L fusA L]
JF 80 3B 7 AL RN s B VA AT R B T AR S 2
KoK, TR . Bk, A
HRAE T3 BIRR S E Y, BRI B S
X} C. dublinensis %5t 1 MEFOKF B9 %51, H
k= ATSER S B AR e, Toihi e 45 SR v
o 5 2 n] A A 4 2 DR Al AR (e 2
)%t fr Ay C. dublinensis #1755, #fiiA

HoOr @ AR, o — BB uE P i) 50 2 o
787 200 TR £ %2 E R SEAE C. dublinensis MEFf
KV B SETEMERRRE . Ah, ST AR
A TR AP B AT IR, R I E— 25 KA
O, DLRE M EINA N E RS

i b, AR E RN T B T T I
[F1) S 1 A R 0 A 1, (i 8 AR Akl
5 B 58 i se B AF IR N 9 A Fh /A ——
C. sakazakii, C. malonaticus, C. muytjensii .
C. turicensis, C. universalis, C. condimenti.
C. dublinensis subsp. dublinensis, C. dublinensis
subsp. lactaridi, C. dublinensis subsp. lausannensis
AT R o3, TR A AR A 1 [ I ORAIE T i
W, B, R E RGN B R IR R
W SO JG 1 2 A S i 1 — b s s A B
MR, BB TR B . b, &
T H B A A0 T R S E R G AR EE g A L
JNE, kZ SRR S, PR A TR A A S
FOPRCOCHE . s RN Sty &
Fd 5 A S E W E B T A2 R
PERE, LA AR, JR8 T o — R
SESR, W RARMITERIH T
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