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O OE: BM YT 2023—2025 )1 T SRR SE AT IE (Bacillus cereus)BIT5 YK, ERRMZGHEN . 5
FIEE RGO S oy FAHE . F53E X 2023—2025 A4 )1 Tl 85 6 bl o S RE 2R AT 1R T YA A 70T,
Xt 51 MR VR SR 2T TR 4 B R S 0 SR A T A SRR AL e, R 5 1A T 2257 455 51143 B (mwltilocus
sequence typing, MLST), & /7L | T2 5L 0020, BT AR IR 2 5 PEXT kAT R Ge b 37 .
ZER 20232025 )T TTE 11 28 384 43 B b FE i LA H S AR ZEAT 1T 51 8K, B % 13.28%, A
TG YKFFE 10~10° CFU/g. 51 ¥REURMEBEFE 2EMFF IR KAT 43 4~ ST B3I, 4 BRI R ST1667 . 3 kI A
ST22 %Y, 2 ¥k M ST1310 B, 2 BB A ST100 B, 2 ¥R A ST1786 M, HARIGIEIA 1 BB, 51 BRI
P ERE SRR B3 5 g R RS IR, ARUBES(BAS3109, cytK, hblA, hbIC, hbID, inhA, nhed, nheB,
nheC) i b iR 22 58.80%; 51 #F & U5 1 i B ZEF A B ARV ML M B K 5 J1 3L R nheA BC #5550 100.00%, %
MBS E hbIACD 577 3y 68.63%, HMIHE R 75 S5 cypeK 37 KK 82.35%; 1 MR R4 MK il AH G I
cesB, HIRIH A IEERIG TR NLR; WA RBRER T Z53LA blaz, fosBl, tet(45), fosB, fosX, Tz
FHHEAT KRy 60.78% o AL TS RN, 51 AR E IR FE 2R AT B 408 T 3 Kb 4 32, ST1667 4 4 ¥R
ST1310 1Y 2 #REAH . ST22 1Y 3 PRI BLS0 N wAk HAT = BE R e . 4838 2023—2025 41| i B ik i A 2
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Analysis of contamination levels and genetic characteristics of foodborne
Bacillus cereusin Tongchuan City from 2023 to 2025

WANG Jun'?, CHEN Xiao-Cao”, HU Yu-Jie’, ZHANG Wen-Hua’, FENG Cui-Xia’,
HE Jin-Ming?, LIU Xin-Li’>, HAN Bei'"
(1. School of Public Health, Health Science Center, Xi’an Jiaotong University, Xi’an 710061, China; 2. Center for Disease

Control and Prevention of Tongchuan, Tongchuan 727030, China; 3. National Health Commission Key Laboratory of Food
Safety Risk Assessment of Health, China National Center for Food Safety Risk Assessment, Beijing 100021, China)

ABSTRACT: Objective To explore the contamination level, carrier status of drug resistance genes and virulence
genes of strains and molecular characteristics of Bacillus cereus in food products in Tongchuan City from 2023 to
2025. Methods This study conducted a quantitative analysis of Bacillus cereus contamination levels in
commercially ava ilable food products in Tongchuan City from 2023 to 2025. Whole-genome sequencing was
performed on 51 foodborne Bacillus cereus isolates following identification. The sequencing data were utilized for
multilocus sequence typing (MLST), analysis of virulence gene and antimicrobial resistance gene carriage, and
phylogenetic reconstruction based on single nucleotide polymorphism profiling. Results Between 2023 and 2025, a
total of 51 strains of Bacillus cereus were isolated from 384 commercial food samples across 11 categories in
Tongchuan City, yielding an overall detection rate of 13.28%. The contamination levels ranged from 10 to 10° CFU/g.
Among the 51 foodborne Bacillus cereus strains, 43 distinct sequence types (ST) were identified. Among them,
ST1667 (4 strains), ST22 (3 strains), ST1310 (2 strains), ST100 (2 strains) and ST1786 (2 strains), and the remaining
types were represented by only one strain each. The virulence gene profiles of the isolates revealed 5 kinds of distinct
patterns. Pattern II (comprising BAS3109, cytK, hblA, hbIC, hbID, inhA, nheA, nheB, nheC) was the most prevalent,
accounting for 58.80% of the strains. The carrying rate of non-hemolytic enterotoxin virulence genes nheABC in the
51 foodborne Bacillus cereus strains was 100.00%, the carrying rate of hemolysin virulence genes hbIACD was
68.63%, and the carrying rate of cytotoxin virulence genes cytK was 82.35%. One isolate carried the emetic toxin
gene cesB, concurrently harboring diarrheal enterotoxin genes. The strains exhibited varying degrees of antimicrobial
resistance gene carriage, including blaZ, fosB1, tet(45), fosB and fosX, with an overall resistance gene prevalence of
60.78%. Evolutionary analysis revealed that the 51 foodborne Bacillus cereus isolates were classified into 3 major
evolutionary clades. Among them, the 4 strains of ST1667, 3 strains of ST1310 and 2 strains of ST22 exhibited high
intra-type homogeneity within their respective sequence types. Conclusion The contamination level of Bacillus
cereus in Tongchuan City from 2023 to 2025 is relatively low; however, the carriage rate of diarrheal enterotoxin
virulence genes is exceptionally high. Moreover, ready-to-eat foods constitute a significant proportion of the sources.
These findings indicate that the risk associated with foodborne Bacillus cereus cannot be overlooked and warrants
further investigation and attention.

KEY WORDS: Bacillus cereus; contamination levels; multilocus sequence typing; genetic characteristics;

evolutionary analysis
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BRIV A £ 5 T SR B AP S AR RA T PR R T, R 2R
FR 51 & B JaE 2 4 RV S F e TR %h . B fr T
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1.1 #&EXKIE
2023—2025 AFE4R T T L LG Oy K 2R B
SRR T A A L AR R S SRR T A
g NI R B Y Qe ST IS R BEE N
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[E1EIEN

(FOKRANED) . AR Mok . kL B gl | Rk
AahAk 384 AR
1.2 E¥EIR

ARG IS K 51 BRIERE ZEAIAT I 285 A EaR i
FEfh . BT BRI GB 4789.14—2014 (& i L& ER
PRl S RUE YD F AR R WA 2RI BR 55 ) ik ik,
Wik VITEK2 Compact 4= 4 shifZE Y58 RO T R 5
Pt i % FOBHPE AN TR GP %88 REA T2 8 I B T Bk A
FRAF B AE—80 CHBE P IR AF . 4% TR BRI A 2 AT TR b
#E H AR CMCC(B)63301 . 4 ¥ 0 4 4 BR B A 1fE 18 B
ATCC25923() " RAGH AR A BRA F]) .

1.3 {UEE &R

VITEK2 Compact 4 B il Y %5 5€ KA R4
(L E M IR A ), BPX-162 fH iR HFFE4 (g R T 4
WAL A BR AN H]); TGL-1650 A3 5 3 B oL )1 &
PHYLEA B2 1]); BSC1600-11-B2 A= 14 A4 (1L 4 1R 12
I7 f B A B A F)

H# BEOP ¥ £ % W K B8 (mannitol egg  yolk
polymyxin agar, MYP)'V-4i . IR . HFRBE . F22Y
IR ARIAIE D RHCA R A R, 4522 [CRHYE 4TS GP
UE R R E AR IR AD); AR5 2H DNA S B
BRRAARHL L) ARA H.

14 75 %
141 HHFRAFALZ

45 GB 4789.14—2014 25—k FHITEGE, %
23 AMIEEERE, BB 1 mL 4510103, 0.3,
0.4 mL #ERETIIA MYP PR, FHICEE A0 EE 51107
e, 30 °CHEFE 24 h /il g, %02 . A7
142 AARANFEHKELE

PRI EL DNA J5 25 B PG 2= VR B 25 BHE AT B Wl kA T
SIEEAFHME, RH EN108 4 [ 3 30%E 4 R 5
HE SO, ST IHAEY Genolab M- 54T PE150 AL
SR, IR B =15 G I E S HEE>100%, FE
JEPH R Q30=85%, FER7E % =95%, >1000 bp (¥
Scaffold %{<100 %% RN 5006 R FH L DR 4 0 T 27 v
iU (http://www.genomicepidemiology.org/)# MLST 2.0 T.H.,
AR MR 2 05 F 8 R B ok g% B dE R
(http://bacdb.cn/BacWGSTdb/Tools.php), =% 7 11 I T4
P JE (http://www.mgc.ac.cn){FE B M1 8 1 3L, 2 & Hik
ZWF5 B FE (http:///card . memaster.ca/) 1 B - BT i 25 5L (K
T 1 B 2% %L B8 % (http://bacdb.cn/BacWGSTdb/Tools.php),
W BacWGSTdb 2.0 fli 4% Tools ' Multiple genome
analysis #ELLBERE AHI187 CP001177_ST26 NZHF5,
FETF FR R 2 AP (single nucleotide-polymorphism, SNP)
P R AR
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2.1 SEHEFEARISRER

2023—2025 AEHI T8 11 2% 384 fyE fhAE b3t
R R ZE AR AT SRR, A T 13.28%, EATSHK
FAE 10~10° CFU/g, AR HKT4T 10° CFU/g HIRES .

=1

A2 SR Hh 2 B v BIMIRAR YR A S R K T A 8 (73.91%,
17/23). TR A3 (23.08%, 6/26) ., HREK A (18.37%,
18/98) . #k 5 45(9.09%, 2/22). T il i 3 A il 5 (8.70%,
2/23) B AK THT AT (6.38%, 3/47) B 4 TR B i (6.06%,
2/33), FEAE(4.76%, 1/21), BYILE T R &E&R . %
R AT R AT SRR . AR 1.

2023—2025 F4R) I &R R EHEFRITER L ER

Table 1 Detection prevalence of Bacillus cereus in commercial food products in Tongchuan City from 2023 to 2025

WERE ZE AT 15 4K F/(CFU/g)

R FE S ECRA gy KB % 5 — — — -

10~10 10~10 10°~10 10°~10 =10
WA LBC T B A 256 B 1 40 0 0.00 0 0 0 0 0
TR K T8 A= i 23 17 73.91 7 10 0 0 0
AR K THT 2] 47 3 6.38 2 1 0 0 0
PR TH B i 98 18 18.37 17 1 0 0 0
BRI 20 0 0.00 0 0 0 0 0
U] R B PR (ORI 23 2 8.70 1 1 0 0 0
U B S (FK LT 31 0 0.00 0 0 0 0 0
YT 26 6 23.08 4 2 0 0 0
g 21 1 4.76 1 0 0 0 0
B 22 2 9.09 1 1 0 0 0
KRR R 33 2 6.06 2 0 0 0 0
At 384 51 13.28 35 16 0 0 0

2.2 MLST 77845 R

51 ARETRMEIRE 2R AT 1R 2 RE IRAT 22 067 s 7 41 43 28l
(multilocus sequence typing, MLST), &5% B 51 AkbEF:
ZEHUFT R L5 R 43 AT, Hod ST1667 B 4 Bk, SRIE N
BRI A 3 AR(TC24112, TC25041, TC25042), 3%
K TEIAE )5 1 AR(TC23010); ST22 %I 3 Bk EE, IR NAF K
Kby 2 BR(TC24014 . TC24015) . IHFEAK W 4 1 ¥k
(TC25046); ST100 I 2 #RH, SRFE NEHKREESS 1 %
(TC24122), AT AH M 1 #£(TC23020); ST1310 # 2
PRI, SRIE AR KM | #R(TC24019) ., BEHOKIEE AL 1
BE(TC24119); ST1786 B 2 #R TR, SHe 535 Sy s A K T A= ol
(TC23076. TC23077); Hifth ST BIHHN 1 £k W3k 2.
23 FHERERMAEEIETER

51 ARERVENAE ZERAF AL R B 5 Fhag ) BEE A
Rk, B EI (BAS3109, cyiK, hbld, hbIC, hbID, inhA,
nheA, nheB, nheC)\5 i £ (58.80%, 30/51), HAMKIR Ft
1T (BAS3109, cytK, inhA, nhed, nheB, nheC) (23.50%,
12/51), #zNIAY(BAS3109, hbIA, hbIC, hblD, inhA, nheA,
nheB, nheC) (1.80%, 4/51), #2VEI(BAS3109, inhA, nhed,
nheB, nheC) (7.80%, 4/51), X VIHY (hbIA, hbIC, hbID,
inhA, nheA, nheB, nheC, cesB) (1.90%, 1/51),

51 BRETRPEES R SR AAT R A I B T s R B )
B, Hh AR i 1 R B ) B (nhed+nheB+nheC) 1
HPh 100.00%, ¥ I K 5 71 5L K (hblA+hbIC+hbID) 145

N 68.63%, AN EE K B 1 I (cptK) #5778k 82.35%
(42/51); 51 MRETRMESAE AT AR 1 BR(E R GR 5
i TC24116) 5 MR AHOCEE A (cesB), HLIRIIN #5456 8% 1 I
ERIGE R NILH, FHORE D IR & & A Tk
Bkt inhA BEIR, BAS3109 HIHEH7 2%k 98.04%

51 AR EIRTERSREZEAAT I P 31 ARTEVEAS I RL B HE P
i Z53E 0 B B R 2IEH blaz, TR 23N
fosB1, fosB, fosX, W25 ML IIREIL rer(45), Tt
LR Ny 60.78%, HIRN METHLGFERMEN . K 2.
2.4 KSR

LT SNP IR R R AL S5 o, 51 AR B IR
FEZRFEAT IR 0 I8 T 3 Nk 32, a3 A I bk
25 Bk, by B AIEAT TR RR 24 Bk, dEfbSr 3 C P
PRIR 2 Bk, [A)—EAb A3 S ZE A0 DR A ik LA B 1Y
GRF, AW 4 Bk ST1667 BRI, 3 ¥k ST22 U5
WK . 2 Bk ST1310 B FE Rk 4> 5L F W] — Ak 43 32, [R) 7
SRR A BIE RGO R . Hrh, ST1667 19 4 k&
TC23010 FEFRSN 5 H 2023 A K T8 A= il o 05 1 A 2
BEH . TC24112 4355 A 2024 Atk Bz i, TC25041 438
H 2025 BURERRIE 2 Th L TC25042 4385 H 2025 bk 5
ST22 1Y 3 AR TC24014, TC24015 4385 H 2024 4E48K
MAAE U T, TC25046 4y 85 A 2025 F i k4,
ST1310 HY 2 BRE TC24019 4385 H 2024 4EIEHUB .
TC24119 43 B H 2024 FHiFEa %P, W 1,
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Table 2 Molecular types and genetic characteristics of 51 foodborne Bacillus cereus strains
bR S T hnZEn) FESRATR STAY ﬁ?ﬁ el [REZERS]
AR
TC23010 FACKHAN  ERMERES 1667 I BAS3109, cytK, inhA, nhed, nheB, nheC -
TC23011 #AKEERS  E BRAMPE 1150 1l BAS3109, cytK, hbiA, hbIC, hbID, inhA, nheA, nheB, nheC ~ fosBI
TC23012 KA R ZRRER G A 15 I BAS3109, cytK, inhA, nheA, nheB, nheC fosBI
TC23013  EACKHAGT  HASEH 2150 | BAS3109, cytK, hblA, hbIC, hbID, inhA, nheA, nheB, nheC ~ fosBI
TC23014 B HIA FHpE 233 11 BAS3109, hblA, hbIC, hbID, inhA, nhed, nheB, nheC -
TC23015  BAAKIAA EeCily; 2710 1l BAS3109, cytK, hblA, hbIC, hbID, inhA, nheA, nheB, nheC fosBl1, tet(45)
TC23016  BAKIH A= il il ZE 2241 I BAS3109, cytK, hblA, hbIC, hbID, inhA, nhed, nheB, nheC  blaZ, fosBI
TC23018  FEUACKTIRH & pe-Aes 18 i1 BAS3109, cytK, hblA, hbIC, hbID, inhA, nheA, nheB, nheC  blaZ, fosB1
TC23019 EACKHIZAG  HBHRDA 2119 i1 BAS3109, cytK, hblA, hbIC, hbID, inhA, nheA, nheB, nheC  fosBI
TC23020 FAKIEAGS HEPESPA 100 il BAS3109, cytK, hblA, hbIC, hbID, inhA, nhed, nheB, nheC  fosBI, fosX
TC23056  BAMIHA: il il N 2102 I BAS3109, cytK, hblA, hbIC, hbID, inhA, nhed, nheB, nheC ~ fosBl
TC23076  EAKMAR  BRREAKE 1786 11 BAS3109, hblA, hbIC, hbID, inhA, nhed, nheB, nheC ~ blaZ, fosB1
TC23077 HAKHAN  HFEEETE 1786 i1 BAS3109, cytK, hblA, hbIC, hbID, inhA, nheA, nheB, nheC blaZ
TC23078 BAKIEARM  BERTEAR 1058 il BAS3109, cytK, hblA, hbIC, hbID, inhA, nhed, nheB, nheC -
TC23079  HAKIEA R HBFRRE K 13 I BAS3109, cytK, hblA, hbIC, hbID, inhA, nhed, nheB, nheC ~ fosBl
TC23080 EACKHARW  WERIRZER 878 I BAS3109, cytK, inhA, nheA, nheB, nheC -
TC23084 BRVRKMARGh  FAMERBER 378 i1 BAS3109, cytK, hblA, hbIC, hbID, inhA, nheA, nheB, nheC -
TC23085  BRVRKIEA: ok R 2208 \Y BAS3109, inhA, nheA, nheB, nheC -
TC23086  HiKmEAgS W ERE 2146 \ BAS3109, inhA, nheA, nheB, nheC blaZ, fosB1
TC23088 MR AM A il i A6 B 1672 1l BAS3109, cytK, hblA, hbIC, hbID, inhA, nheA, nheB, nheC  blaZ, fosB1
TC24014 TR FRUA 22 I BAS3109, cytK, inhA, nhed, nheB, nheC fosBl, tet(45)
TC24015 e S FRIEAURY 22 A BAS3109, inhA, nheA, nheB, nheC fosB1, tet(45)
TC24016 2 Y AEHUR 154 I BAS3109, cytK, inhA, nhed, nheB, nheC fosBI
TC24017 TR SR FIEAAE 1001 | BAS3109, cytK, hblA, hbIC, hbID, inhA, nhed, nheB, nheC  blaZ, fosBI
TC24018 TR S 2155 i1 BAS3109, cytK, hblA, hbIC, hbID, inhA, nheA, nheB, nheC  blaZ, fosB1
TC24019 TR Aok Ll TEARURY 1310 I BAS3109, cytK, inhA, nhed, nheB, nheC blaZ, fosB
TC24044 JEIZH PR BHBSTR A 1688 I BAS3109, cytK, inhA, nheA, nheB, nheC blaZ, fosB1
TC24048 MRk fif LKL 1219 I BAS3109, cytK, inhA, nhed, nheB, nheC -
TC24053  HFEKIEE G AT R 869 i1 BAS3109, cytK, hblA, hbIC, hbID, inhA, nheA, nheB, nheC ~ fosB
TC24059  THEKIE ) 24 \ BAS3109, inhA, nhed, nheB, nheC fosBI
TC24082 VRV A /INBRIA 975 Il BAS3109, cytK, hblA, hbIC, hbID, inhA, nhed, nheB, nheC  tet(45)
TC24107  HHEKTE G THI I 1417 | BAS3109, cytK, hblA, hbIC, hbID, inhA, nheA, nheB, nheC -
TC24110  HFEKAIE S [ii)7a 1171 i BAS3109, cytK, hblA, hbIC, hbID, inhA, nhed, nheB, nheC ~ fosBI
TC24112  FFEKMIE S i3 1667 I BAS3109, cytK, inhA, nheA, nheB, nheC -
TC24116  HHEKMEIE S [ 26 VI hblA, hbIC, hbID, inhA, nheA, nheB, nheC, cesB -
TC24118  DWHKMEIE L THI 2 1050 I BAS3109, cytK, inhA, nhed, nheB, nheC -
TC24119  HHFEKAIE 5 lrdcd 1310 il BAS3109, cytK, hblA, hbIC, hbID, inhA, nheA, nheB, nheC -
TC24122  THEKIE ) 100 il BAS3109, cytK, hblA, hbIC, hbID, inhA, nhed, nheB, nheC  blaZ, fosBI1
TC25002  FEFEKHEIE b iy 205 I BAS3109, cytK, inhA, nheA, nheB, nheC -
TC25040  DHEKTE G HA R 549 i1 BAS3109, cytK, hblA, hbIC, hbID, inhA, nheA, nheB, nheC -
TC25041  DFEKIAIE S oA R 1667 I BAS3109, cytK, inhA, nheA, nheB, nheC -
TC25042  FERFEKIMIE S i3 1667 il BAS3109, cytK, hblA, hbIC, hbID, inhA, nhed, nheB, nheC -
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TC25045  TEHEKTE 5 113 2117 il BAS3109, hblA, hbIC, hbID, inhA, nheA, nheB, nheC -
TC25046  DEFEKTH 5L WAL 22 I BAS3109, cytK, hblA, hbIC, hbID, inhA, nheA, nheB, nheC fosBl1, tet(45)
TC25054 FRHT B ERaREa i 1465 il BAS3109, cytK, hblA, hbIC, hbID, inhA, nhed, nheB, nheC ~ fosBI
TC25099 FeHTEE4; i 2560 Il BAS3109, cytK, hbid, hbIC, hbID, inhA, nheA, nheB, nheC fosB
TC25158 R £ KBRS KR 267 I BAS3109, cytK, hblA, hbIC, hbID, inhA, nhed, nheB, nheC -
TC25161 iR o e KR 471 I BAS3109, cytK, hblA, hbIC, hbID, inhA, nhed, nheB, nheC -
TC25166  FEHCKIEIE S T} 1161 il BAS3109, cytK, hbiA, hbIC, hbID, inhA, nhed, nheB, nheC ~ fosBI
TC25169  TEHEKTH 5 WRATS 142 il BAS3109, hblA, hbIC, hblD, inhA, nheA, nheB, nheC fosBI
TC25172  TERHEKTE 5 113 463 I BAS3109, cytK, hblA, hbIC, hbID, inhA, nhed, nheB, nheC -

T R R TIT 25 26 1
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