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BE  ARUIEERT 2010—2025 445 WD S5 B 312 BRESHEZERUFF R UEA T AE AL RIS E A e I Z
HEPOE = R A M SN A B R BRE Y BURE 5258, TRl T SR 2010—2025 4304 0BG
FELFIIAT IR 312 Bk, BANFEASKUE 284 bk, W rh kI 28 bk, Hrb 408 78 #k, i 112 Bk, R 122
Bro AR, AMEIL, S0 WERMAF DS 2 bk 225, WIINiRe, REmRz, AWLTiRmg. 5
FEZEFUAT 75 1 LA G0 97% . ILHILNTY A nheB FERFI hbIC FRALFHYE, (51 52.82%. XS Pk
(ampicillin, AMP), 7 %% (penicillin, PEN). k@7 T (cefoxitin, CFX) 7K M Fi b (oxacillin, OXA) AT 24 %)
i 90%, XJERN VS A (ciprofloxacin, CIP), %% & (chloramphenicol, CHL), KK %i % (gentamicin, GEN)., Ji 1%
Z (vancomycin, VAN) . Y¢85 75 (imipenem, IMP) 100%%8{&, 251 AMP-PEN-OXA-CFX 5 H £ 55(60.90%).
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Study on the distribution trend, virulence genes and drug resistance
characteristics of Bacillus cereusin Ningxia from 2010 to 2025
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(Ningxia Hui Autonomous Region Center for Disease Control and Prevention, Yinchuan 750004, China)
ABSTRACT: Objective To understand the distribution and prevalence characteristics, virulence gene carriage,

drug resistance trends and multi-drug resistance situation of Bacillus cereus in Ningxia Region. Methods This

study conducted biochemical and mass spectrometry re-identification, multiple fluorescence quantitative polymerase
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chain reaction for virulence genes and microbroth dilution method for drug sensitivity tests on 312 isolates of
Bacillus cereus obtained from monitoring points from 2010 to 2025, and analyzed the results. Results A total of
312 strains of Bacillus cereus were detected from 2010 to 2025, including 284 strains from food samples and 28
strains from food poisoning. Among them, 78 strains were isolated in the early period, 112 in the middle period, and
122 in the late period. There were regional differences among the 5 cities of Yinchuan, Shizuishan, Wuzhong, Guyuan
and Zhongwei. Yinchuan had the highest rate, followed by Wuzhong City, and the lowest was Shizuishan City. The
carriage rate of virulence genes in Bacillus cereus exceeded 97%. The dominant genotype was double positive for
gene nheB and gene hblC accounted for 52.82%. The resistance rates to ampicillin (AMP), penicillin (PEN), cefoxitin
(CFX) and oxacillin (OXA) all exceeded 90%. The strains were 100% sensitive to ciprofloxacin (CIP),
chloramphenicol (CHL), gentamicin (GEN), vancomycin (VAN) and imipenem (IMP). The most common resistance
pattern was AMP-PEN-OXA-CFX, accounting for 60.90%. Conclusion The number of Bacillus cereus detected in
Ningxia has been steadily increasing. It showes diversity in terms of time, source and region. The carriage rate of
virulence genes is high, and the drug resistance situationwas is severe. Continuous monitoring of food and patients

should be carried out, and effective measures should be taken for control to better ensure food safety and public

health.
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AREO,

FIAT FE B A ZF AT IR g, ZRETRA
BERRIAE . B i 5 e D) sl e O ik 25 4 20, = IX
AT GRS RGN, X R ) S A
15 245 1 B0 25308 K5 QR IR L BB S IE AN AL, Ik
B SRk, M LIRS T S WA b TR A T S TR 2 RRAET
I, A i BUAT BE 5 22 O B — 4R B I B, R SE B bR 42
FE L BESAGIN R 2 AT BB AR T, TCIE N AR MR 2
TR ()7 N B2 R 2 e T A0S N S TR et
HEEF XA L |l PR

JrRah RS AR, HE— 20 T T B X R
AT R IRAT S 25 00K, A5 2010—2025 T H
5 WE I A 3R R AR SIZ 6 28 4 1 1) B i R B ) P iR DG TR AR,
R VITEK 2 A= A0 55 0 456 A TR R] B30 7 R R B2 A%
WoE, Wil £ H 9% 0 R A W5k U N (polymerase  chain
reaction, PCR)IEAN B S 3L R4EHF G 0L, A FRE ARG
Bt 15 A bl 2T R 25 USRS58, X Lt dr
ANEAEDY AN R R SRR 2 AT TR0 R B0 A: 2R T 2415
0, TRAKEEJIRRAE | T 2595 R 25 e . AR B A 835
DX 355 B0 T I B, R R AN T A 2E AR TR B 4
TR R BEAE L B, A G AORS i FH 25 | RIS U e X
IR A BE B, IRA XA M7 e 5 A I DA
Ko

1 R 57E

1.1 # #®
1.I.1 Ak

R 25 4F B IS8R S v Yoy A 2 I8 28 XUy s 00 T
VETIE) MBSk, Yok 2010—2025 AE N T EAR NI . AW
W, SRR, T . A T W S A AR S )
B R R AT I A 312 Ak, Hoh, &4 B
Bk 284 ¥k, Y EEREA B H] 28 B ARUERRAR ISR 2R
T CMCC(B)63303, 4 H (A ER I ATCC 29213 H{f
FEFARLLE .,

112 & %

VITEK 2 Compact 60 4= H shif A P15 e R 5k E A

Y HLIR /2 F); BRUKER Smart K47 HFa] BT (£ = £
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B A); Q7 ¥k s PCR ANCGEE N AV RGE A H);
BIOFOSUN-IIE B s 25 i/ R e ( Bl R KRAEE 22 F
A RA ),
1.1.3 & Al

RN 2R R TR . PR (T R
BHEABR 2 \]); BCL 22 [REFHUAT 8 R (L E A Yiis
BRI, 22 PR 2RO AR (1 B AR AR BR 2= Rl
PR D), A A D ZH AR G G [ RARAE AR R (b D)
AIRAF]], SR ZEAT R = FH B ST Y PCR AT
P& RIERHRAE YRR R AH).
1.2 75 &
12,1 BHY>BREZET

HR A A3AF C IS8 S T YoM A o I8 28 XU s ) 1A=
FWEY MRS R BT, 45 W s R AR S 30 = 43 R AR
FEAS, FFHEATIEAE P AT I 0 B 080, 4318 1Y T SR ME A 2
FFFR A S R E % el B EEIT: Rk
FEFI T R OW B 2R R B AR AL 30 °CHEFR 24 h, PRAA
PEEERD LB 30 °CEEFE 24 h, WIER ML 45 B, BE
Ao [P S, SR AT VITEK 2 Compact 60 4 H 84
ABAUFT BRUKER Smart AT [A] B3 {74 AL 3 o #F
AR BT S e A RS L IR s g . ROIREFAUFF Y
DERE, dE—B AT SIS RN AR 0T B A A e T, AR
SER RN [ BT RE R 45 A SO0 E A I 0 TR UE A R 2R A
FFAPL,
122 FAEEEN

FH KA A BT 4 5 DR 2 4 BB &, X B ZE AT T
AT RFEE A DNA $REL, RIS ZF AT 8 = S 5
[R5 PCR SN 3R & i idd B 13, Xob A 2 FELAF T 11 4 Bk
K4 DNA #E17 = D6 PCR 71, LUK R S A b T B
TR R R I cesB 2 . BIMm#EEZER hbiC
SEDRE 7 1M B FE N nheB SEHP,
123 ZHapH b L

AR LWREH 15 FPiER, S50 Nk
(ampicillin, AMP) . 7 % & (penicillin, PEN) . M Jf k
(oxacillin, OXA), £[%i % (erythromycin, ERY). TEMEFR
(clindamycin, CLI), RN > A (ciprofloxacin, CIP), iAFE%E
# (daptomycin, DAP) . & # ¥ #i B (trimethoprim
sulfamethoxazole, SXT). Ji7i% % (vancomycin, VAN), Y
I (tetracycline, TET). %% Z (chloramphenicol, CHL) .,
PRK % &K (gentamicin, GEN) | k774 T (cefoxitin, CFX) ., W
¢ K5 ® (imipenem, IMP) Ml 41 % K / w W % &
(erythromycin/clindamycin, E/C),

MR 11 52 24 A B AR A BRZA ) i) i) 3 2% [ BH
O UL S, AT R AR BRI ST, KA R AT P
FEZFAOAF PR BB, A B 2 G2 ot 1 45 L, PR

P B R 4 B AT BRI ATCC 29213 FI%s (1R 41557
FEXTHR, 36 °CHEFF 20 h 5, SR BIOFOSUN-IIPE H 3l 25
SIFT R G FLE, MR 2 B S B A e AR R Y
/M M (minimum inhibitory concentration, MIC)%%
TZ5(R) . (1) BB (S) s R 14 5 2 I 6 [ i PR 52 5
FARUEZ D12, PR Y BUSRAE SE I AT AR ESS 35 W
(Clinical and Laboratory Standards Institute M100-S35, CLSI
M100-S35 )by KOG SCRR[10-1218047 o FFARB T 25 25
TR 2G5 et 2538, JEPEATAS IR 4E 0y FIA 5] 7 Bk R
TR 25 %8 LU BE AT

1.3 HIEAIE

i Execl 2023 X IAEEEIA T AT, SPSS 22.0
WA TS0, R A R BB 25 5,
K 0=0.05, LA P<0.05 NZERHGIT¥E X,

2 FER5HH

2.1 TEEHFHRTREARREEEHERS

AW IRAEFEA 3191 ), A B8 AE ZEAUFT 1
336 bk, EALMERIIIA 312 MOMIREZFIOAT IR, IEAHRN
92.86%, WEAEZFIRFT AR HHEEN 9.78%. AT FTHe Wil J]
BRI H 3 ASEFEIEE, 2010—2015 4F g Wi, S
BEkR 78 ¥k, & 25.00%, 2016—2020 4E i AW FR 4,
FRAG 112 Bk, & EE 35.90%, 2021—2025 44 Wil
JEH, PARERS HHEA B, 3L 122 #k, S 39.10%. M
WA S 5, A ARG R AR B ) B 32
2.2 TEWEHFRTREERRIELIN S

AMFoE TG SRR ZERIAT T 312 Bk, b kA ok
TR 284 Bk, EWIhEEITR 28 Fko 2010—2015 44 W)
W, RS ERE 78 Mk, WMCRIER T, FESRIE T
A (28.21%) . KT ) 5 (25.64%) . L5 FLE 5 (17.95%)
KBRS 2B (15.38%), 4 B AL R PR & L 80%;
AN I WA N 1 T T S T S o T
2016—2020 4FiE AWEIN A, PERRRY AL A 112 8K, o5
Eb 35.90%, % - —BrBro R T:, W s sl — 24
B, K] 5 (37.50%) B 12 9 B d5e 3 2 14 TR AR SR TR, 7L
55 3L i (19.64%) S "E A2 48 (19.64%) 1 DR B0 o 1, W)
B O SR 5 S2 B S BRI AR T LK TR, JRBR A . BR4hL
DK TRT ) it B PR 55 PR it v R ZEFRLFF ERTAS: HE O LA TR e,
FMRIEFE T2 R0, 2021—2025 45 Wi js 51, ke
WA RS, 3t 122 Bk, AL 39.10%, MOy FREa B
P o H R IR 2R T (24.59%), 8RB BE R ST AROR R 1A
IR it ARG T 2R R I & 14.75%, 2R 48 KR B (0]
W5 14.75%, L5 W G 28 b 2L 55 2L TR o BRI e
7(1.64%) o Jo W BEFE T 5 R GO TR S A %
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AR TR R, B B, BRI 1,
ZARITHEI, *=108.88, P<0.05, A~ [7] Wa i psf i) B 12 A% S Y8
SERERGEITFEE L,
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Fig.l1 Distribution of Bacillus cereus isolates from different sample
categories in Ningxia from 2010 to 2025

23 TEBEHFETEREXSH

2010—2025 4, T E BEFE AT IR 7E 5 T A4 Hh 43 Ai
SR B AL, FE—EE2E S, HEA%I¥%E
M (*=54.67, P<0.05). MAFBEATR G kA, )11
7 55 =5 (28.85%), 2% ML TT IR 2 (25.00%), A1 Wi 1l 7 55 ik
(12.18%) . GRS, BRI TH A5 AT A 32 A X,
BTk 50%. M4BT BLRARAR LA 4RI T R
R 12.82%, I EFHE 37.50%, JEHAMEEZE 31.15%,
RIETHRR AR RET MBI, =5 K
WH 25.64%. 21.43%F 27.87%, WEhEER /N, 5T
ST RN RIZUE S, TIHERIEE 26.79%, 5
BMEZE 8.20%, ™ LLili W<V Rl 3, IR EARE
5.36%, JEHHIRH A 22.95%, A WL 5 SR AL,
3 W43 BN 20.51%. 8.93%7F1 9.84%, Aih b k. B
R 1,

F1 20102025 FTEHEHFRTERE D HIFRHIR(%)]
Table 1 Regional distribution of Bacillus cereus in Ningxia from
2010 to 2025 [strains (%)]

HiIX 2010—20154F 2016—2020 4F  2021—2025 4E

il () () E2:5)) it
T 10(12.82) 42 (37.50) 38 (31.15) 90 (28.85)
AWEILTE 16 (20.51) 10 (8.93) 12(9.84)  38(12.18)
RABTT 20 (25.64) 24 (21.43) 34(27.87) 78 (25.00)
BET 18 (23.08) 30 (26.79) 10 (8.20) 58 (18.59)
T 14 (17.95) 6 (5.36) 28(22.95)  48(15.38)

43t 78 (100.00) 112 (100.00) 122 (100.00) 312 (100.00)

24 FHEHEEWER

B FEERISE R R, 312 MROSRE AT B A
8 MR PE R A A HhBE 7 SE DN, JCEE ) Bk R T R 7 AR
2.56%, T4y 304 BRI HRIGHEN /0 1 Fh BAREE RN, F
NEREE R EIL 97.44%, FIIEREMSNFEHBEES,
HA nheB 5 hbIC FEHIUHME N FERFEF R, 314
H o161 H&(51 60%)' HIK K nheB FEHFAYERBE 123 #k
(39.42%); Ay 3 FRILFEBTEE 5 I FEAKE, o
A hbIiC $E.fgﬁ P, cesB PAFLNBHM: AN nheB 5 cesB
U PR PR R R R e oA 52 45 5 0 i DRI P GRS, 1

TR A SR 15 )23 18T HE AT 40 AT, £l R TR Pk i T SRR 4y
%ﬁ 5 MR, L nheB Fl hbIC WL B A 5

HE, HIbik 52.82%; nheB BAFEEFAMERZ, SNl
39.79%; HARFEHE A Y 34 FHRAVKT . B EskiE
PR EE ) ZE o A 5 B SR TR R AR — 22 5, TR RE DA
nheB BN hbIC FEPIRUAYE A E, 5 H 39.29%, nheB %
I BEY: 5 1 35.71%, [RIBHZZRERR T cesB J DR BB ME:
di R 7.14%, 3X — 7 L B B B T R U TR AR
1.40%, HARWLZ 2.

R2 20102025 FTEMHFATES NERE
DEERIR( )]
Table 2 Distribution of virulence genes of Bacillus cereusin
Ningxia from 2010 to 2025 [strains (%)]

BHIERBEY A A giﬁ;ﬁ; Lt
nheB 1K 113(39.79)  10(35.71) 123 (39.42)
hbIC 3L 8 (2.82) 1(3.57) 9(2.88)
cesB H:H 4(1.41) 2(7.14) 6(1.92)

nhel JEIA 150 (52.82)  11(3929) 161 (51.60)
hbIC HH
nheB JEWA 4(1.41) 1(3.57) 5 (1.60)
cesB H:[H
JoEE i3 5(1.76) 3(10.71) 8 (2.56)
a3t 284(100.00) 28 (100.00) 312 (100.00)

2.5 USRS R
2.5.1 R At 25 SR 3F S0AT A A i O

U SEIG 45 SR R, 312 BRIERE 2RI 1 TR A
TETT 25 1 TR IL T 310 Bk Horr, 2010 4F1if 24 B kA4S AR L
{5 1.28%, 2012 4EFF IR 4 2218 BT, 2018 4F 5 IRiE %
B BE 1 = 04 10.90%; 2019—2022 45 #4) i b 28 25 [B1 7K, 2022
HEREZE 3.21%; 2022 45 i 25 74 ) b B PRGH B B, 2024
AETFZE I s B 10.58%, 2025 4E/INMIE [l 9% 9.94%, (B
kb F ALK HARE 2. KKK, ©=49.13,
P<0.05, Klﬁléﬁh‘%*ﬂ%ﬁ%%@ﬂ-nﬁ@ﬂﬂiﬁéﬂ‘ﬁ%ﬁﬁ
AR L,
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Fig.2 Antibiotic resistance of Bacillus cereus from
different strains sources
2.52 R EAMRRIRSAE FIOATH @ 2L

ARG R PR AR AR T2 312 BRERTRE TR 15 25t
AR NIRRT I, S5 REREH, A2 RE 2T R R
i 250 50 A S B B S (R AR AR i, e i 24 5 Mgk
TS 245 55 4 UK ZS AR DX A0V B o Ly, B 2R AT B T
AMP. PEN, CFX #l OXA 4 Fiid: 2 Bifi 245 4bF =i 247K
N, BTZE R 90%, CFX Tl 25 K55 98.72%. &Y
FREE AR B B RE SR AUAT X AMP, PEN., CFX 3 Fidt
HERBRIN TR L, WLIHN 100%; BEREZEFRFE T

ERY . SXT Al TET 3 FiiA: R AL THAKTPfit 2y, Gt 22
PIHET 10%; Brf iEAE 258 #%F CIP, CHL. GEN, VAN
FIMP 4t 5 Fhbiid: 2 43R BUK, HAR L% 3,
2.6 MWHERESTH

WX T 312 BRESAE SFAAT B AT 25 350E 1 T 4 AT,
Horh 2 BUKERE 2 $7(0.64%), THZ5HEHR 310 $£(99.36%).
LRI 9 BRI 2SR, HmREMAR 6 Eiif
2. 4 TR LT ZEEARAL 292 #:(93.59%), BoR4ikZ
B FR &L B £ M 245 4 (multidrug-resistant, MDR)4H1E ;
HXF CFX A i 32 M Hofth 6 e A= 2 0T 32 5 i bk o
Fo R 1.28%; 2 i 24 (PEN-CFX) 2 #k(0.64%); 3 it 25 14
B A 12 Bk (3.85%), A Wi R T 2 5, 4> Bl A
AMP-PEN-CFX #1 AMP-PEN-OXA , 4 7 it 2§ i
(AMP-PEN-OXA-CFX) it m, 3£ 190 #£(60.90%), AN
Pt 25 3% o 5 E 253550 96 K (30.77%), Hh
AMP-PEN-SXT-OXA-CFX #£:4(34 ¥, 10.90%), AMP-PEN-
OXA-CFX-DAP #l AMP-TET-ERY-OXA-CFX X2, 5 Eb/34]
H7.05%F 6.41%. 6 FEMIZHRME 6 $8R(1.92%), 2R
AMP-PEN-ERY-SXT-OXA-CFX, &1 i 8 A2 STt 25 s A 24
HFFRRAATE, BRI 4,

N

F£3 20102025 FTEAEEMKIBEEHFFRITERAER

Table 3 Antimicrobial resistance status of Bacillus cereus from different strain sources in Ningxia from 2010 to 2025

Tl FEAOR IR R R REAOR IR ait
PUER mZis bl SURB W2 WY POy BURE mizg W2 PAEL BUR mw
¥k LS ¥k /% tk R ik 1% ¥k ¥k Bk 1%
AMP 276 0 8 97.18 28 0 0 100.00 304 0 8 97.44
PEN 278 0 6 97.89 28 0 0 100.00 306 0 6 98.08
OXA 268 0 16 94.37 26 0 2 92.86 294 0 18 94.23
ERY 26 38 220 9.15 0 4 24 0.00 26 42 244 8.33
CLI 0 14 270 0.00 0 0 28 0.00 0 14 298 0.00
cIp 0 0 284 0.00 0 0 28 0.00 0 0 312 0.00
DAP 16 172 96 5.63 4 12 12 14.29 20 184 108 6.41
SXT 38 0 246 13.38 2 0 26 7.14 40 0 272 0.00
VAN 0 0 284 0.00 0 0 28 0.00 0 0 312 0.00
TET 18 26 240 6.34 2 2 24 7.14 20 28 264 6.41
CHL 0 0 284 0.00 0 0 28 0.00 0 0 312 0.00
GEN 0 0 284 0.00 0 0 28 0.00 0 0 312 0.00
CFX 280 0 4 98.59 28 0 0 100.00 308 0 4 98.72
IMP 0 2 282 0.00 0 0 28 0.00 0 2 0 0.00
E/C 0 284 0 0 0 28 0 0 0 312 0 0




%510 3]

TRAMETR, AF:2010—2025 47 B WAL SRR R A0 AT A S L B N L T 2 REAE AT 267

F4 TEEHFEITETHE

Table 4 Resistance spectrum of Bacillus cereus in Ningxia

[FESER it 245 7% WHRBUMR T 255%/%
1 CFX 4 1.28
2 PEN-CFX 2 0.64
3 AMP-PEN-CFX 10 3.21
3 AMP-PEN-OXA 2 0.64
4 AMP-PEN-OXA-CFX 190 60.90
5 AMP-PEN-TET-OXA-CFX 20 6.41
5 AMP-PEN-SXT-OXA-CFX 34 10.90
5 AMP-PEN-ERY-OXA-CFX 20 6.41
5 AMP-PEN-OXA-CFX-DAP 22 7.05
6 AMP-PEN-ERY-SXT-OXA-CFX 6 1.92

ait 310 99.36

H: CFX #n JXF CEX i 24, Xt L2593 Rt 24 .
3 SR

ARWFFR AR R, 2010—2025 4F 72 5 AR 2R A B A
A 9.78%. 4 [ 55 M AY: 2R AT I S S A e —
SE (I 2 SO R ST BRG H R AR TV
1117 (20.57%)' VR = 19 8 B W B 2E A FF TR A AR R
31.48%!"Y, 508 TIT Y WERE SEHUFF TG 82 (10.210%) VR
BT, AR T st i@ X 15.11% 946 220 AT A5t ]
SRR 25K . SIS AR S A R A
) B 5 2 T A AR [

2010—2025 457 B IR 25 AT DARG: H 250k B A ) et
Vi) B (R HEAS T 48 22, LS [i) e J) B P A R 45 4 A
EEA, AT 2R, XS5 R AR H U i
Py bR R ZE AR B TS Y KU Rk BT, B IR B
W TAEAR W R T o8 3%, 0630 My KR 7y B R
KR, YRRk TR 5 LB AR R, B P R
FEDTAERIA R, L OB AR, Ul B B R R
WA W AR 2R (AN 8 38, XA 5 R B ) b R R R B
LGAE E TS, ROZT R R

2010—2025 477 B MSRE 2R AT B I A7 AE — 8 il 2
S, FL7E A B ) B 9 S BB Bt AR Ak, nT REIR R T 5 45
WAERE, |fE. AN, KFEREFRAELER, Hi%
S T R AE SNSRI BE A7 3% I S (i v 1 B4 AR TG
R E, RABTRZ, AW LTRSS REAL BT
ST A X, ATk AL 50%. A1 TR
AT RS B — EAL T AL, AN AT AR R AR T
T EE R, WRTENBGA . AT, Sk, A
MR RZ . SREMFIREFEE, AEEMTE MR
PR R BRI T AR I B Ty w4 i, R
MR TS et L, R R SR, HE R AT REHEA T
TLIG G, R A O BT e s . T
R FNEAE 5 208 T RE, ULBHZ T T B A A, h T

TG BARS HR B T, B, RR S W I3 A
JIEE, BN BRI R, R T . A
WL T — BRI 1, TR A WS LT 2 —A Tl 3T,
RENBAE AN, N FIREUN, &R 28 F & R
i DRI, AR B 45 b DX 0 B R 20 A R s, REBGE A A i
DX WA )y AR S A 7 A )

LRSS R, 312 MRISRE AT AR )
BRI 97.44%, AhFREIKF, Sk E NI
bR 103 B 1 FE AR I 10— BT A i [R
AW B 25 5, Hh nheB 5 hbIC BRI XA MR+
B IER R, FR N nheB FE DR BBAYE, HAYFED R bk &
FE B4 TFHAR A o it — 2 UL nhe WML | hbl fp75
FSLPUE BERE 2R AT B A B T 2 I, R
PRIE B0 T A A0 T IR R LR . 3% MO TR 2Kt &
B, B R R R R B S R, gy
BEORIR AR BE 1 SR A AR AE—E 22 5, Vb nheB 1 hbIC
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