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T T DRGSR 2 R K 8 R i 24 M B
UEAN, O AT 3 DB SR St v a3 i T X Sk ey
MEPEAR TR TR R B AU S B AT, Ul
W H A ve B AT R 250 B R A R,
X b U R B LR b s B T DA R I 2 M A T 5
N R El g S P8

AHFFE LA SN A T B 1 350 43 PIF KE S AF5E T
% R EFRZEF 16S tRNA J B vk ok HH# 47 7
BB 53 B R Rl 4 B AR G A fh e A 4 A |
LR 4y BRI A FE T 2450 o B e s 0 B8 B S A T
PIF P58 B 5T B RO AR AE , B 7 0 53 )N 44 T 8 PIF
o B R T B s B AL B AR

1 MR5AE

L1 R

PIF K5 ;350 {3 PIF B£4h T 2018 4F 1 A 2 2019
AE 1 ARET NG S DR, Hd 85 7 5 Fhal
JEY PIF, Z350ARIC A A (B C.D FI E, 455 i R 4
70 {3 F

F2H] P AT EARERME C. sakazakii ATCC
29544" Fl Escherichia coli ATCC 25922 H [l 46} e £
LA A W) T R R RCE By 8 FR BiUIR (nutrient
agar) B 7% R (nutritious broth) 2% AR [ k7K ( buffer
peptone water) P R H FERLGRRR 8B FI R N -0 iy
%% % (modified lauryl sulfate tryptone broth- vancomycin) .
JERAE U R 35018 (tryptone soybean agar) | 50 %7 i FT I
A1 % 3 ( chromogenic medium of cronobacter) , 7 &
A YA PR F] APL 20 2B Ak e 170 6 Sl Bk
B E A g BLIR N A 40 S SE R 2 DNA 42 U
& 2xTaq Master Mix, JE[E Omega 23 Al ; 2580840,
SHEYRHARA A8 Fhi AR UE AR ( E
i) AR AT PR A ]
1.2 EEMEF

DNP-250 BUR A BRI B R A, M 3R S5
#8) 3SI-CI-1FD @ TAES , TN SRR BRI A
FR 2\ 7] ; Sartorius Sigma 2—16KL 5 & 4 B AL, £
FEZ FHWr Sartorius £ ; 1A 4R T100 B6EE PCR 1Y, ¥F RS
5 B YT AT PR A 7] 5 Tanon 3500 i % 434 &
g, 1 MR AR B Ay A 7
1.3 {®A*E
1.3.1 AF#EHEAG S BHEL  LI(CB 4780.40-
2016 E i 7 FEZARE B BUEY R SO AT
VA (R0 f AT A7 ) Az ) 70 0 D 12l 4 b ofe, X PIF

B T ) S B TR B R T 0 A B PR 40 B 1
HARIEATHET 168 rRNA Y3 T %5

1.3.2 API 20E & & 45 & £ I Nazarowec-white
U8 BRGE R APT 20E (177 35 X6 58 % V5 AT 8 AT
AR L C. sakazakii ATCC 29544" ft) 36 BUBRAE &
SCRA A1, HoAx oy B i ik 5 H R A = H R,
Wi AR 2B Ak R, O B B 25 S A A R B B 4t
RN T AR 1 BRI 2 SUR 55 A —Flogr
B A RY ) DA B 52 20 T T T 8 R A U 25 5
1.3.3 %155 5 %] 5 A (multilocus sequence typing,
MLST) 247 M8 Baldwin 28" iy, b €@
S AR A B2 B S8 U5 1Y) (atpD \fusA  glnS \gltB |
gyrB infB Fl ppsA) B 1. LASEZ VAT DNA Ry 5
Hx,PCR WA 28 (50 wL) : #4H DNA 2.0 pL 2x
buffer 25 pL, I F#5 9145 2 wl . ddH,0 19 pl, ¥
A4S 18 Baldwin 551" BUHRGE . FIFH 19% 35 I8 A E I
HLYKXT PCR Py AT 30 UE , 758 E T K
AT 5 5 3 Ry 8 78 50 2 345 FF B MLST %40 /%
(http ://pubmlst.org/ cronobacter/ ) FHEAT HEXT, 3875 5
VT AT ) 25 07 35 TR 2 i, R A8 T 7 %) 458 37 356 TR 2
e T 22 7 B AR I )P 3

1.3.4 5 F5BRZARFAGME M GenBank
T B B U TR S AT TR TR AR DG PR R T TR A 1
16S tRNA JFFIE RS 751, [R1I0 5 35 A5 09 43 15 BT A
5 16S tRNA J@ 9l L W17 R G L& . ZJa,H
PERR 7 DR P9 ERERAS B R 3 036 bp (Y5
P FNHATRGE R B 50T, FIH Mega 6. 0 3, L+
R RREILIAT R G R E 001, R A $6 1 F #oow
T FEBR B 7 AN FIbR o TR AR I X I 1) E B ] R
YERSHHMIT I, MR MR R G L TR,
1.3.5 AFEAFR G HRSH  ERU\E LK
8 L AE R AN IR KB R B RE Sk AT Tl
ZATHENA AN E WK K, A&HEZE, U
Escherichia coli ATCC 25922 1£ } 4% B#ikk , F) i Kirby-
Bauer 4CH 7 BOR 562 43 W 58 B AT B 6 kAR &
R 251 K BT B R 0.5 (AZEE Fovk L AR
TF) 4 B2 AR R (0 U W 5 R A TR AR AR DL 254
FHURAE SR B AT B 7 ( CLSI-M100-S19) 12! % 45 5 if
T,

2 ZEREHSMH

2.1 RFEFENTRER
PAFEAR B AGIN 25 2R D A ofe , R 16S rRNA A
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E

WP AT 2 TS G5 RN 1 s, S sh

YN 22 MRATBEREVERR S4 ABR A FF i , AR RIS
Y N BRI, SHNE T PIF rh s B G B A
RN 6%, AL, 168 rRNA He R FE45 5 B 7R L 99%
RS, 21 BRFCD TR A 18 Bk R B 58 AT R

J3AI 3 R EE AT 5 B 5w B VR AT TR R Y IR ER
BATHE A RIE Y 5 08% UL b, dE— 504 ARl
ARG PIF Hh 5w BT AT Yt ol , 25 SR 1 fis |5
FROANTR] SR AR PIF W, C SR TS YR i, o 8. 57%, A
an AT LR IR, Tl 4. 28%

#F1 API20E ¥ 16S rRNA $F &R
Table 1 API 20E and 16S rRNA appraisal results

API 20E %78 455
Results of the API 20E identification

k73 TR SR 16S rRNA %72 25 11
Strain Strain source I i'ézﬂﬁ@ gg%*ﬁ{uﬁi T 16S rRNA identification results
[dentification of strain | "nOPIC Wentificatsi . el
characteristic milarity/ %
ATCC 29544" TEB AT Cronobacter 3305373 98. 4 1.00 By 5e B AR C. sakazakii
I A b Cronobacter 3305373 98. 4 1.00 C. sakazakii
2 Cronobacter 3304373 97.3 0. 84 C.sakazakii
13 Cronobacter 3304373 97.3 0. 84 C.sakazakii
X1 B i ff Cronobacter 3304373 97.3 0. 84 C. sakazakii
X2 Cronobacter 3305373 98. 4 1.00 C. sakazakii
Sl Cronobacter 3304373 97.3 0. 84 C. sakazakii
S2 Cronobacter 3305773 40.5 0.82 C. sakazakii
S3 C g Cronobacter 3305173 51.2 0.92 Bk 58, %5 v FF AT 2 P R k5w B AT T
C. sakazakii B, C. malonaticus
W1 Cronobacter 3305373 98. 4 1.00 C. sakazakii
w2 Cronobacter 3315373 60.3 0. 60 C. sakazakii 5%, C. malonaticus
71 Cronobacter 3305373 98. 4 1.00 C. sakazakii
72 Cronobacter 3205373 98. 4 0. 84 C.sakazakii
S4 E. cloacae 3305573 95.2 1.00 VA FF I E. cloacae
H1 Cronobacter 3305373 98. 4 1.00 C. sakazakii
w3 D it Cronobacter 3305773 40.5 0. 82 C. sakazakii
X4 Cronobacter 3305373 98. 4 1.00 C. sakazakii
X5 Cronobacter 3205373 98. 4 0. 84 C. sakazakii &, C. malonaticus
X6 Cronobacter 3205373 98. 4 0. 84 C. sakazakii
T1 E i Cronobacter 3305373 98. 4 1. 00 C. sakazakii
T2 Cronobacter 3304373 97.3 0. 84 C.sakazakii
D1 Cronobacter 3305373 98. 4 1.00 C. sakazakii
Ml Cronobacter 3205373 98. 4 0. 84 C. sakazakii
2.2 EFEMHENRESE REJE UL K VP A Mg REM E R, %R

FIH AP 20E A= b 25 78 i B AR A3 22 Bk (L 46
C. sakazakii ATCC 29544") | BRIHE S4 % 5E 45 R N A4
WAkF IR, BN 2 5 R B4y T 538, APT 20E AE 4L 50
G5 NIR (3R 2) A B TRARAE R 21 T0A: Ak 5 v kA 7
YERE OMAZTIR | 2R ki LR | L2 5 Fh

Nazarowec-white %3 5 5354 J5 5% v B 7 AT e iE 47 3%
RGP RY S5 RS, 22 Bk B R AT E 6 FhAEIER
B R R0 1 P R fe i (o 45.4%) R0
BITRRIY FEBERA
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wn
1

8.57

5.71 5.71

C D E

fh A Brand
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Fig.1 Contamination rates of Cronobacter spp. in different brands of PIF

®2 EFEMERBESBER
Table 2 Results of phenotypic typing of Cronobacter spp.

Cikta27] FRL FAL2 A3 FAL 4 FARLS 6
Assimilation substrate Phenotype 1 Phenotype 2 Phenotype 3 Phenotype 4 Phenotype 5 Phenotype 6
K= IR

- + + + + + +

Arginine
B IR

+ + + + + -
Ornithin
i it ~ _ ~ R _ B
Urease
JULE

+ + - + + +
Inositol
VP i85

+ + + + - +
Vopes-prokauer test
et ) . ) . . .
Sorbitol
Kokt

10 3 1 1 3 4
Number
He A

45.4 13.6 4.5 4.5 13.6 18. 1

Ratio/%

TE 7 SRR N A B ; © =7 s UV B

Note: ‘ +’ means positive. ‘=’ means negative.

2.3 BFERFENSTFHE

2.3.1 16S rRNA 4 & FI[H MEGA 6. 0 £ X B bk
(1) 16S rRNA FEK P 1T R G LT oA, 45 RN &l 2
FIE7n BT BRI RR 20 LM 25 BE , 21 MR B T bR 5 e %
VEFT BEBRIE R R AL T [/ — 258 Group |, & KR
T, TS B RE S4 BT e B BRTA A KT B Group T 1Y 55 2% 56
REE, X5 16S rRNA 5 %@ 45 8- — 5, Hop
21 BROF B RRIE—20 000 3 A 280, T TE IRl — 2R Y
HHRGE KRB LREIR,

2.3.2 MILST 4  FIH MLST £ ARM 2 B kA 51
B ZER AN 3 TR 21 BRSCE AT IR0 R 11 NP5
Y, 35k ST193 (7 #%) (ST157(3 #k) .ST189(2 #£) .

ST208(2 #k) .ST37(1 #k) .ST212(1 #k) .ST336(1 #k,
W FRER T B VAT 1 ) . ST4 (1 Bk) (ST142 (1 k) .
ST17(1 ) M1 ST23 (1 ¥k) , KW/ A St & T 8
PIF 1) o0 & i FF o B A B i st A8 2 pE e, o,
ST193 Fll ST157 1Y 5L % VAT T B R 50 53 0] o s o e
B 33. 3% M1 14. 3% , iz X i 8 PIF g 2 35 4T
WS 51 3

FEULIERE X R R IEAT R R B o0 bT, 45 R
el 3 frs , BT AR 5> R R BREATRE S3 41,20
R Y 25 TR PR 55 DR 5 5 V5 B A o B R TR 48 T Group
I, [FE Group 1 #f—20%014324 3 4, A& [R]—7&
TR AR I 15 (5 B, SR R, Group 11445 2
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X4

T2
X1
W3
X6
I3

92

85

89

S2
S1

— C. sdkazakii NCTC 8155

ﬂ"”

D1

— X2
—71

T1
72

Hl

2

W1

C. sdkazakii ATCC BAA-894

Group 1

Group 2 = Group I
C. sdkazakii ATCC 29544
X5
W2 Group 3
M1 C. malonaticus LMG 23826

84

S3
C. condimenti LMG 26250

C. dublinensis LMG 23823

C. turicensis z3032

59

C. universalis NCTC 9529

Y E. cloacae ATCC 13047
S4

—
0.002

&2

C. muytijensii ATCC 51329

}— Group II

ETF 16S rRNA FIIMR/NMIRRGEEZER

Fig.2 Minimum likelihood phylogenetic tree based on 16S rRNA sequences

A H PR S3 5 €. malonaticus LMG 23826 [ i
T Group I 1, Nifij i — D44 BT bk S3 IHJE T R £k
FHE 5o B VAT R R A AR RS R B 4RI,
I EIPRIE 2 OC R 5 HOR IR (TR A ) JC B B N 7E
I F
2.4 REFEVEMMAMES T

H1¢ 4 RIHT, 21 AR 50 20 5 AT TR U 2 28 T ol
FM 2R, 43 9 M 80. 1% Fl 90. 5% ; 1M %f 28 % 74
MR K %5 R AR B R R o BURK BRIk R
95.2% , L N IR INVD B (76. 2% ) Sk famEfT (71. 4% )
FIBE ¥ (66. 7% ) .

3 itig
A WHTEE PIF I A RBUR R, ™ HfEH

A LRIHERE , D, X B0 T A I — B A
JEH I, O Brien 52 A T RO ¥ PIF FEE LK

i o B AT BR TS Y I L, & B PIF HOZ B0 B 1)
TGP 0, FE MG A T LAY o E LK
i, Santos 251N 42 4Nk A ELP Y PIF KE &R
Sy ESH 12 MRS D AT B, V5 YR Ik 29% , Fatimah
AT K R K BN PIF Hhog B AT B 075 Y Rl
5.2%, Fei %5172 F 2015 4FF1 2018 4F X 38 [ 11
PIF #6477 50 5 i FF o R I, 35 G 353 31k 3. 5% Fil
2.8%, AW, SN & PIF 5d B i AT 1R 1)
S5 YR 6% , W B 41 LA f B A7 AE T AE 1 S
NEZGT— M EM, A, 76 S Fd i, C &R
SY R B, N 8.57% , A S TS g R AR, K
4.28%, AN, ST193 J& A C Al D i v 58 B 35 T
B AR BT IR AE B S A AR & 0, T ST189 J&
B it b 5 B TR A TR R DL A A

X PIF w50 B U5 AT B 47 A= Ak 2% 280 4y 8RN st %
ZREE BT BT T R R RE, LA ) B X Y
Bttt > . APT 20E AR Ak S5 JE 3L T 20 FlvE ML
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®3 RFEHE MLST HHER X Sl B VAT T AT M AR A o B X RN T I A
Table 3 Results of MLST analysis of Cronobacter spp. —E M IHE A@WT . 16S TRNA M F v IR R Z
bR A A FEI AT X 9 % AT BRZEA TS, 0 TR R A T2 A 3 Y H
4 AHC]C (Y N A e Y N e
Stra;“ Seff“"’“"’"’ AT HER AN &, T s AL A B Y CL
number . . e
atpD ~ fusA  glnS  gltB  gyrB infB  ppsA v sakazakii 5 C. malonaticus X4FFF°1 . MLST 4381 T
A S FUBB G (LIS AT 2 P | R 3 O P T 40 5
J3 5 8 13 40 15 15 10 193 67\%53\@0 ;FIJH:JJ:Z"ZE 3 ﬁﬁ/fXd_ﬁgﬁgH%jE%?ﬁﬂ
X1 20 8 15 96 9 89 105 157 TGRSR EAMER , — M ekl LA RS EA 3 AP s),
X2 0. 7790 ot 2200 152 202 HATE— ' — L X ERh i 280k, K, A0
sl 337 13 1 95 63 122 189 o : . o
$3 07 6 7 148 147 71 336 AT LAAS B S A T RO, DA T 4 g X Bt M A T
Wi > b3 s s s 4 PIF rh g B 3 A IA TR
w2 20 8 15 96 90 89 105 157 o [ N e
A AT, 21 BRI R, 20 B o
72 5 8 13 40 15 15 10 193 WFFRE, 1 AR TN R ER e B T A T, BRI 408 A SN
HUS %6 e 9T o 66 07 M2 ayiofe PIF B O O3 0 2 T
w3 20 8 15 96 90 89 105 157 RN . 9] 4 [20] pr N
X4 55 1 8 5 5 36 131 208 B, 0X15 Fei % Fll Joseph 5% Ay HIE — 2L, AL,
X5 5 8 13 40 15 15 10 193 W 21 BRSCBRATE 20 11 A AL, Horp ST193 Al
Xo s 813 A IS 15 M0 I3 STISTREEAFAIR, R R, AN R Y
T1 55 1 89 5 5 36 131 208 S
™ p g B340 15 15 10 193 S5 M ST1 ,ST40 ST9 Al ST3 408 H PIF N H N T34
DI 3 12 16 5 16 20 14 17 B s B AT B L FFI RS Muller 5 & B
M1 20 18 16 10 3 20 27 23 ST83J& i -+ PIF I A= 7= B 5% vp vl B s 4T 1 19 1 805
x4 2 KREFIETEMWEGED R
Table 4 Antibiotic susceptibility of 21 Cronobacter strains
{HE i fif 24
Sensitive Intermediate Resistant
LA REA L7 N
Antibiotic regimen Drug name PR B URES TR A i R TR A [EES
Number Antibiotic sensitive Number  Antibiotic intermediate ~ Number Antibiotic resistant
of strains rate/ % of strains rate/ % of strains rate/ %
ﬁg%ﬁé& Ek%? 20 95.2 0 0.0 1 4.8
Aminoglycosides Gentamicin
T Tfife
Sulfonamides Sulfanilamide 14 66.7 2 93 5 2.8
LIRS kAN
Cephalosporins Cefotaxime 15 .4 3 14.3 3 14.3
e TR
Glycopeptides Vancomycin ! 4.8 ! 4.8 19 9.5
HHE 2RI
Penicillins Ampicillin 20 95.2 ! 4.8 0 0.0
TR 2 EIN A=
Fluoroquinolones Ciprofloxacin 16 76.2 4 19.0 ! 4.8
ILLII’F%% [A[}/j;%‘f. 4 19.0 0 0.0 17 81.0
Tetracyclines Tetracycline
Amide alcohols Chloramphenicol 20 93.2 ! 4.8 ! 4.8

HIR Fei 2100 %4385 11 3% 1R 42 b A b D X T B
PIF H () 72 & i AR W 2R 47 7 90 Fr, & B ST1 ., ST4 Al

ST64 NARFTFH AL, FRBFFE I, 208 A AN Rl X
B 78 BT DL R ) BN [R] X AT fiE S PIF 720
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2| T1 ST208
X4 ST208
— C. sakazakii ATCC BAA-894 ST1

> C. sakazakii ES15 ST125
84

—MI1 ST23
W3 ST157
X1 ST157
W2 ST157
H1 ST142
D1 ST17
J1ST37
C. sakazakii NCTC 8155 ST4
C. sakazakii SP291 ST4
W1 ST4
— X2 ST212
C. sakazakii ATCC 29544 ST8
T2 ST193
J2 ST193
o J3ST193
99 X5 ST193
X6 ST193
Z1ST193
30_ 72 ST193

|S1ST189
100152 sT189

34]

100 C. malonaticus LMG 23826 ST7

S3 ST336

90 100

64 C. dublinensis LMG 23823 ST106
C. muytjensii ATCC 51329 ST81

C. turicensius z3032 ST19
C. universalis NCTC 9529 ST54

0.005

Group [1

Group 12

=— Group [

Group 13

Group II1

= Group Il

C. condimenti LMG 26250 ST98 Group 112

B3 7AMEBRERBEFZI(3 036 bp) R/IMAK RS L EH
Fig.3 Maximum-likelihood tree of the spliced sequences of the 7 house keeping genes (3 036 bp)

7 o R M BRI G, TR LA B AR L IX
PIF PR S22 Vi AT B R AT 35 1% 22 RE PRI TS, AT 4 16
AESE R BT

WFFE R, A58 A B i 1 e BV AT AR A 52
FISNFPUER AR, W R 2B hi AR AR AR
I I AR R BOA A e e A IR T A S B VAT
RIS R B SUA R AR R,
BAB AR, Z IR E bR ] B2 ke A R AL ul s FE
IO RS | B 2R E AR,
Tl RA S BT, 208 1 R B i PR BRI v B e B v
FPA X PR AL R P AR B R OK 2L Sk A b i A I
JHie s g £ B RV R B (A A R 251 iedh,
TS VAT R A B 07 A A P R RE D, (AR L RE
G I M) RG PR £ PIF 2R 7= B 25 R i, F kS Bl A A
B TR RBIRRVE T, IR, A= B0 5 2 T A T 4
PR H A 2GR T A, Fei % BFSY

FIL, oy AR E T PIF 1 58 B AT B X DU 3R &
FSk 6L i TS 25 PR 350 O, I FEAS S o, 23 F 5t
N TR PIF H iy w2 A BT DU A 2% K F e i 1Y
Mt 2505 K 81. 0% Fl 14. 3% , L B ASHIF 5% H 19 52 1 A AR
X DU 24 2 RSk AW i (R it 52 A b v . IR AR
WA PIF Hh vd B VA TR 24 T A 4 S ) M 42

4 it

ARBFFEIA T S T8 PIF e B i i i5
e B, & B HL X PTF 52 % 35 FT B8 B 675 Y2 R R
6% , XS4 LI g BLAT VA B B . R APT 20E
HEACSERE R 58 16S tRAN & BRI 3 A1 MLST 4341 48 7~
T BERRIAE AL BN SE N 240 3 B 19 31 21 Bk
e B AT B, o 20 B8 BRIGS 5 B AT B, 1 RO TR
TIRERTEBIEFTE , 40 M 6 AL F A 3 A ERER 11
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Y DL AR EERRAE , 1 A 12 B0 B A ET X B 45 AR
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Contamination and Characteristic Analysis of Cronobacter Isolated
From Commercially Available Powdered Infant Formula in Guizhou

CHEN Xi HUANG Daomei® MENG Fanbo ZHENG Xiuyan LI Guolin

(Institute of Integrated Agricultural Development Research, Guizhou Academy of Agriculrural Sciences, Guiyang, Guizhou 550006 )

Abstract ; The aim of this study was to indicate the population and characteristics of Cronobacter spp. in powdered infant
formula (PIF) collected in Guizhou province. A total of 350 PIF samples were used as research objectes to isolate and
identify the Cronobacter strains. The biochemical phenotypes and genotypes of isolates were performed by API 20E
system, 16S rRNAsequencing and multilocus sequence typing (MLST) methods. Finally, the antibiotic susceptibility of
isolates was evaluated using Kirby-Bauer diffusion method. The results indicated that 21 Cronobacter strains were isolated
from 350 PIF samples, with a contamination rate of 6%. These isolates were divided into 6 biochemical phenotypes, 3
eroups and 11 sequence types (STs). Among them, ST193 and ST157 were the dominant STs of Cronobacter isolated
from commercially available PIF in Guizhou. The results of antibiotic susceptibility showed that 21 isolates were highly
resistant to tetracycline and vancomycin, while, sensitive to smpicillin, gentamicin, and chloramphenicol. Our findings
provided a theoretical basis for the prevention and control of Cronobacter in commercially available PIF collected from
Guizhou.

Keywords : powdered infant formula, Cronobacter, isolation and identification, typing, antibiotic susceptibility





