5515 % 455 W el TR Vol. 15 No. 5
2024 43 H Journal of Food Safety and Quality Mar. , 2024

DOI: 10.19812/j.cnki.jfsq11-5956/t5.20231231001

) LI PR B SR LR s RS L
FATIOL. 2GR 5> TARAERR 5

HmE " HEEY PEKL R BL A R ARK?
B A2, BERS, 2HE
[1. FTERREEAIL AR, YL SRR .G, T AREHARIIRE S, M 510515, 2. FEZR AT
BRI .00 R, AR BEWAEYEENFEEI TREARVITE G, T4 i BRI be, #hili 528300,
3. RO R AR, BB AN TS sl R B Z O B TR L, T 5106425
4. IO EMZRE L, TN 510410, 5. @A R R B0l S BER, 4124 312000]

B E: BeY  CREE TR LR FUR A A LR P RS ZE AT R R A TR O . SUE R T2
JIHENSE S THRHE. FA5E RAI GB 4789.14—2014 (Eihi A ZhRE EMRUEY A0S 2P R )
X P BB 2 AT A TR I 5 A S o P hi A R U AN R D I e X 11 BRI bk
PEATOFSE, PASTHZ RIS . R N A TGS B SR 4l LTy LR ANl ) LKy e 2 AT
PR A0 11.97% (56/468)F1 20.74% (28/135)0 11 MRACKNMEMSRE 2 NEAT R4 0 22 EH 25 BRbk, kP21
FPA R 11 MR RIS 8 NIZGREDIRN 14 A5E 2R, Horh 2B aE 3K S-S TR SRR IA,
VA K Nres 2 5L (hbl T nhe), 53 B0 1 BRABAT ces FEINFRISHE MU MR bR . 200010 IR, 11 BRIr P A,
AL, 208 10 > ST RL G538 B4 LIy FUR RIS 4) LKA P B E A 2E AP TS SRR, (BRI
AT 24 B AR AT 2R, L2 i s BRIP4 ], LAPRBRARSC B bl ) 22 4tk
KU MR IAT R, LAY, PRy ZEWL; s T

Study on the occurrence, antimicrobial resistance profiles and genomic feature
of Bacillus cereus in infant formula milk powder and rice cereal

CHEN Li-Wen'"”, HUANG Bao-Ying*, YAN Jia-Jun®, ZHANG Juan®, QI Yan®,
ZHOU Chen-Qing?, ZHOU Quan®*, ZHENG Lan-Juan’, JIANG Ai-Min’, WU Wei-Liang"®

[1. Food Safety and Health Research Center, Guangdong Provincial Key Laboratory of Tropical Disease Research, School of
Public Health, Southern Medical University, Guangzhou 510515, China; 2. National Testing Center of Food Quality Supervision
(Guangdong), Guangdong Provincial Engineering Technology Research Center for Food Biohazard Factor Detection,
Guangdong Testing Institute of Product Quality Supervision, Foshan 528300, China; 3. College of Food Science, National Local
Joint Engineering Research Center for Precision Machining and Safety of Livestock and Poultry, Guangzhou 510642, China,

EEWB: 744 SLrb 5 B A 3L R 0F 55 5 K00 H (2020B0301030005) . [ 75 48 b £ 25 E A A -5 08 97 3 05 92 06 3 O B SE 4 W Bh 10
(FMR2022002M)

Fund: Support by the Guangdong Major Project of Basic and Applied Basic Research (2020B0301030005), and the Open Fund of the Guangdong
Provincial Key Laboratory of Utilization and Conservation of Food and Medicinal Resources in Northern Region (FMR2022002M)

#R I S 5 A FR R R — R

#CHEN Li-Wen and HUANG Bao-Ying are Co-first Authors

ERIEEE: RS, WL, SRR, FEME RS S5KIE AR, E-mail: wul108@smu.edu.cn

*Corresponding author: WU Wei-Liang, Ph.D, Senior Engineer, Food Safety and Health Research Center, School of Public Health, Southern
Medical University, No.1023-1063, Shatai Road S., Guangzhou 510515, China. E-mail: wul108@smu.edu.cn



78

B 24 iR AR I 2 4l

4. Guangzhou Center for Food and Drug Evaluation, Guangzhou 510410, China; 5. Department of Agricultural Economics
and Management, Zhejiang Agricultural Business College, Shaoxing 312000, China)

ABSTRACT: Objective To comprehensively investigate the prevalence and the molecular characteristics of
Bacillus cereus in commercially available infant formula milk powder and infant rice cereal, including antibiotic
resistance and virulence. Methods The Bacillus cereus in the samples was detected and biochemical identified by
GB 4789.14—2014 Food safety national standard-food microbiological test-Bacillus cereus test. Further research
was conducted on 11 representative isolates through antibiotic sensitivity experiments and whole-genome sequencing
to obtain molecular characteristic information such as resistance phenotype and resistance and virulence genes.
Results The detection rates of Bacillus cereus in both infant formula milk powder and infant rice cereal were
11.97% (56/468) and 20.74% (28/135), respectively. Furthermore, multi-drug resistance was observed in the 11
typical strains of Bacillus cereus identified in this study. The results of whole-genome sequencing revealed that these
strains totally carried 8 antibiotic resistance genes and 14 virulence genes. Fosfomycin and f-lactam were identified
as major resistance genes, while the enterotoxin gene of ib/ and nhe were found to be the predominant virulence
factors among the isolated strains; additionally, one strain carried the ces gene cluster as well. Multilocus sequence
typing indicated genetic diversity among the 11 isolates which could be classified into 10 different ST types.
Conclusion The detection rate of Bacillus cereus in infant formula powder and infant rice powder is low, but the
resistance spectrum and genetic characteristics of the representative strains are diverse, so it is necessary to further
strengthen monitoring and take effective measures to control, so as to ensure the safety of related food.
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ERE 25 MU AT B (ATCC 14579, J7 2548 T Ak 90 o b A5
J p0 ), HEE B B EE £ K 1 &K OF AR (mannitol  yolk
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[llumina NovaSeq 6000 Z& R34 (3 [F lumina 23 F) .
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TR GB 4789.14—2014 { &b 4 ERARE B8
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TRy LK B R 2 AT B BR A, RIS 25 MO I
BTV 2 £ A v SRy 1 2 LT 12 i R 25 A T PR
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142 HAZHASEKE

SR FEBCER: TR vk 0k SR &0 JLBE 7 L0 S 2R 40y LKy
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PEATHA: UL T2 QPP B 25 AR S b iR B 4%
P e R RAVAE LB, R BT 4 i A ek
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Table1 Group, name and concentration range of antibiotics used
in antibiotic susceptibility tests

P F B R AR JoT e vk B2 S /(ng/mL)
E=RNUTPEN 0.25~8
HEER 0.06~4
W e 55 1~32
EBHw 1~32
, ] 5 Y AR - i 2 R 2/1~64/32
aliise B LLYAN 1~32
KA 2~64
kA 0.25~32
kAL i 2~64
KAV T 0.5~32
IRKFER 1~32
PR TR 2~64
BRI BiPoK R AL 4~128
i 4~32
- ENIR A 0.016~32
TR LAY A 0.5~16
, T &ER 0.5~32
P BEhT 0.5~32
s FAR: 0.25~16
IR SR % 0.25-4
R R RS T 1~16
IEE-SUES I IR 22 [ 4~128
MRAT Pk M 25 TR 0.25~16
[ERIREES AHH 2~64
T et 52 75 i e 0.25/4.75~16/304
UIpZNS UIEZS 0.5~32
Pl R F T 0.5~32

143 AL BEan
S 908 200 1 4 5 IR 2 SR B35 6 106 W 5 o B2 4 LI 7

U BB ) LA W B 28 BIAT T 43 25 6k DNA #1733
SR i R A% S E R A BRA F# A Illumina
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GJ5, M maffi(v7. 47T Z)FFI XSS, {#77] FastTree
(v2.1.10) R RR LR, MEGAN 11 1R
1.45 SEAFFROAFE S455 550 5 A

1 BRE R 7 AN E KL (glp . gmk . ilv.
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FI ST T #2525 PubMLST Bidli 2, J R 158 45 -

1.5 EEALE

KA SPSS 22.0 Gt BTG 00T o K Hh R PA
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2 HER5HH

2.1 ZB4y)LEC A R EE ALK S PR SRR
RIRITIER

mFk 2 FR, T 56 2Rl JLEC T FLR e A 2
JHAFEE, # 3N 11.97% (56/468), T T 28 524 LK Ky
rhok AR 2R AT I, R ROl 20.74% (28/135), B4l L
KA A BE AR 2 LT A AG: 1 6 S v TR 0y L LR v it
FEZE AT K HH 2R (P<0.05) o X T/ Huifi 75, 1 101 224 LI
J7 FLA R AR 2 MR PR R HE 3 [ 2R L AR Y
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A 2 7R A 285 51 K AR GBI 5 7Ol A, aE FR Y
B SR JLEC )7 FUR ARGl J LKAy v 1) A 2 LT 7R 15
AR, EAFTE—E MR, R 57 i — 2 s 22 4)
JUTC J5 L A0SR Gl LK A 7 2o i v S 25 JELFF 1 1) B
P, BEAh, “BRALKKD o B BERE ZE AT R RS R T L)
JUHC 7 ZLA 0 0 25 A B A6 R X — S5 3R, S5 1
1 A RO 2 A APV R B A S, 0T RES R LK R I
FHI SRR A A IR R 3 . K R4 ) 2 I A 2 BT
PTG YA G . XA LBy FLR I &, ASBIESE b & Bk
P14 JLIEC 7 LA ARG H 3R A ] 7 By LR e, B ARk
PRI B D, (AR — R FR I R TR X TR
4y JLTC Ty LAY 1 AW A it A AR o

2.2 EHEZFRAENMERHGE

HOA AL S S5, Te 11 BRAC I A B AE 25 T
PR A B RREA TR A T 2 T A A S AL P . o ik
Hi'5 N A0 B A11, Hid A01 Z A06 9 R4 LKA R4y
B RBEAE ZE AT B A0 B PR, A0T & AL MBS LIS 5 FL
o0 i SR ZE R TR 4 B bR . P R A U S 2
S 1R, 11 ARG BRI 7 8 AR PU AR 2 A
AR 2, HR R TR Sk At 5 (90.91%, 10/11) . &
JrE N (81.82%, 9/11) . SkALMEIR(63.64%, 7/11)F1k 76 Hh
(54.55%, 6/11)if2y, $EREFE ZEMFF X —C . 28 =A%
A PUA Sk A 2t AR 2R AR A: LA B it 251
SERG 2 B RS HGE AR eAh, A BT SR
AR ZG, W A2 XTEERE K2y, A09 XHEE Ry, 11
PRISHE 2 MOFF IR 4 B bR RS- . il R . BB T,
YIRE . BAER, ERAVE. BL05T . ARVA.
BTSCPAR s AEmR . 22 Kim . WK R . DRREEZE . Bl
KR, ki RIBER 15 Fhbid Rk, Hd, 1
FRON BRI R - BRI 458, 5 GAO %1 ZHANG
ZRUF KONG W8 9245 RAFE £ 5, TREE S FE
ZE AT T 4R PR A TR A K o

2.3 SERFSFREATEIA Z EMAHHE

11 BRESFEZEBAF IR 2> SR Z B 2 1A bk, A2
MG RA LR, NFEZEB LM, B 2R 250
FARL, W 3 Frw, o BRA LN 5B 0 SRR ZE AT TR T
FRUAHEMZE N T, G 27.27% (3/11); 1R824 LB
FL 53 25 0 WA 2 HAT TR T Rk T R B 2 Bk DU R i 24 R,
a7 LA 18.18% (2/11), FLURH | MNEMI 2T, 1 bR E
T 2GR LA S 1 BRONTE TN 2 bk . Horb, J\FRTH 25 TR R
Tiif 24535 k5 B 3% -0 T e - S A0 A8 - 0 T AP - Sk A s A -
SRR SR A G- R . BALEC T A 1 bR
LM AR, 1 BR/S T 24 TR AN 4l LKA 43 B 19 1 4k
L E i 24 P R EL A AL R TR 2, A% R 3R -5 -
S A AN - SR PG ARk A RS T AS T 25, 3 Ak T
TR PR 25 R T IAMR], R 225 R 2
PEo HHSCEE R, B4 LRy LA gl LKk 2 2
T 245 A AR 2 A P s Y o T R

F2 Ba4h)LEA TR L) LR sh i T AAT E AR T IR LR AG H 2

Table 2 Prevalence and detection rate of Bacillus cereus in infant formula milk powder and rice cereal

. Ko th % 5 gL >100 CFU/g FE&5 H 43

<100 CFU/g >100 CFU/g /%
U APIN R ) 11.97 (56/468) 53 3 0.64
= 11.29 (50/443) 47 3 0.68

biign| 24.00 (6/25) 6 0 0
By LA 20.74 (28/135) 16 12 5.92
N 22.12 (27/122) 15 12 6.56

bid N 7.69 (1/13) 1 0 0
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Fig.l Antimicrobial resistance of 11 strains of Bacillus cereus
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Table 3 Distribution of multi-drug resistance profiles in Bacillus cereus
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FSAEHUAE TR MR, 4575 B 25 AT 7 AT BE X X
S R PRSI, FosB NWMUAE VI R RS HUAE R4
i 25 MY 3L N 2 —; Bacillus Cluster A intrinsic macrolide
phosphotransferase (Bacillus Cluster A intrinsic mph) K
N R RR e R M ) S B B DXL, mer-4 SEDN S — Fh B IR £
B R g, A DR IR O BN T A, BUBAR BT
G5t EARTEXS 2R R A2, HS vanRA AU,
AR 2 B Xl R SRS AR R A . IS, 4
FETRIZE I 30 ¢ IR SV A 2 AT T 0 s A 8ol G e 2B

2.4

ZHMEFE LR fexd,

e 4 FE 2 FroR, 11 BRISAE 2 HEAT 18 20 B pR 45T
FosB 3E[H, T 9 M4 BIMRHENT Bell FEH, #7172 K7 81.82%
(9/11), B AO1 {LHEHF FosB —FhR 253 R 41, HABRHRS
o AN R DL B2 3, (AR EEASE, A09 W T S
P25 3L N, 43502 FosB. Bell . Bacillus ClusterA intrinsic
mph . fexA #1 mcr-4.

45 BT 25 RIUFNIE DN BYJEAT 0B, W5 20 AT B 00
BIPR AOT TER LA 5 b R R AT g i 2 2 L kAl
b RS 5 e S B AR R A R, (BRI T X B-
PATE IV 28 A B0 A R TR 2, 33X T BB 5 43 B R A2 AR Y i 2
HLII A O B R 2 AT 0 23 B Bk A09 FIl AL #5748 T Bacillus
Cluster A intrinsic mph TZ53EN, BARFIHEXTLHE RN
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Table 4 Molecular characteristics of drug resistance genes in 11 Bacillus cereus strains
WS FosB Bell Bel vanRA Blal Bacillus Cluster A intrinsic mph fexA mcr-4

A01 + - - - - - - -
A02 + + - - - - -
A03 + - - — - -
A04 + + - + — — —
A05 + + - - + - - -
A06 + + - - - - -
A07 + + - - - _ _ _
A08 + + - - - -

A09 + + - - - +

Al0 + + — — - — - -
All + + - - + - —

TE: HRAEH N AP AE RPTHEIE R, RGN A RPT R E

100 -

7%
Wi
S

FosB Bcll Bcl vanRA Blal mph" fexA mcr-4
iy 25 5L A
1E: *4 Bacillus Cluster A intrinsic mph.
P2 11 BRESAEZE AT T 20 B AR AT 24 35 [ 455 R

Fig.2 Prevalence of drug resistance genes in 11 strains of
Bacillus cereus
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BT BRI 14 R RE I, 235K ces FERIFE (cesA |
cesB. cesC. cesD. cesH. cesP. cesT). hblA. hbIC. hbID .
nhed. nheB. nheC Ml cytK, Hr, 11 ¥R EHRPIA A0S
I BRI ARSI I RE R () ces FEAIFE; AO1. A03 A All
O3 ESRRAEAT G I TE B R HE IR (hbIA | hbIC | hBID); B A1l
Ab, HAl 10 #RABEARIIHERF nhe IR TR (nhed .nheB .nheC).
AL, 6 BRIEFEZFMUAT B 70 B AR #5007 S i) 20 3 2R 10 B A
cytK, PORIX 6 MROr ERRYRZE I, AR Y A e
20 L ) 975 0 5 T e i

P SCHRAGE, 57Xt 7 R A AL R ces FRIEAEZF
AT BRI 43 B8 MRAH X L), A 2 B0 14 3 B A SR U T 3 11
B ILAN . 3 MRIEAY hbl TS BE 2 R (Y A 28 AT
T ESHR, AOL I A03 735 H IR 224 LK, 1 All
VT4 LFIR . Horf AOT L AO3 [ b5 G i
MAERRER hblA. hbIC. hbID FER A Mk I % %
nhed. nheB. nheC F:[H *Eﬁ*ﬁiﬁﬁ?f[m, T A03 43
R R A AR TR R BN ok, G RIS R A A
PRI BV XU B

RS 1 HRERFRTES BRI S HERE S FHHE

Table 5 Molecular features of virulence genes in 11 strains of Bacillus cereus
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All

+

+

+

+

+

+

o+ o+ o+ o+ o+t
I S S
o+ o+ + o+ o+ o+ o+

N

\
+ o+ o+

T HR B AL B 1 S D, AR AR I A9 35 T 2R
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11 ARIEREZFIAF LIRS 10 N FESI R, v WAFSE R
UERE SRR /B bk ST BULEA &8 20, S5ERTIarsE
ZER 528 o A03 7 ST4. A05 K ST26. A02 1 A06
4 ST92. A04 4 ST371. All 3 ST378, A0S ST611, A09
4y ST1421. AO1 & ST2196., A07 b ST2622, A10 g & B
RYFFFIRY, T ST B 5k 3277, liad 247 5751435
(multilocus sequence typing, MLST) %15 & ¥, A0S NAET]
PRI TR B VS TE S 3 1Y ST26 RITRK, A st
ST26 15 HEREZEOFF 35 | £ IR 22 & S %%
PIHISE, BIANCO 2B 5% 21, ST4 g Femx it
BRAGAP T, (BEARHIFE T A03 AOFE ST LRI BY fp 3 A A6 3]
ces FH#E, BARFENIEAFHISE 54041 . PubMLST %d 43
Mrat e R, 765 RS IR 5 25 0 04 0 RF ZE AT B 20 2
FEFR A ik, AR REROA =, 5 55.3%, MG HY
i 31.2%, MRnEFIIEVE & A 12.7%0",

27 BEFREFENRFELEELSH

GuiE 3 FR, 11 BRI R SEREAT B S RiETR I ATCC14579
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