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Analysis of 97 emetic Bacillus cereus strains in prepackaged pastries in Taizhou City from 2020 to 2022
WANG Ping, CHEN Lin, QTAO Yongsheng, HU Hui, DONG Guijun, ZHANG Zhanlin
(Taizhou Institute for Food Inspection, Jiangsu Provincial Key Laboratory of Market Supervision—Risk
Identification and Key Analysis Technology of Food for Special Medical Purposes,

Jiangsu Taizhou 225300, China)

Abstract: Objective To understand the diarrhea-type virulence genes, the antimicrobial resistance and the molecular
typing of emetic Bacillus cereus from the pre-packaged pastries in Taizhou City. Methods The Polymerase Chain
Reaction (PCR) method was used to identify the vomiting strains of 97 Bacillus cereus strains which were isolated from pre-
packaged pastries in Taizhou and detecte whether the vomiting strains carry diarrhea virulence genes. The sensitivity of the
vomiting strains to 19 antibiotics was tested by disk diffusion method, and the molecular typing was carried out by
multilocus sequence typing technique. Results  The results showed that five emetic Bacillus cereus stains were detected of
97 Bacillus cereus strains and divided into ST 26 and ST 1186 two types. Non-hemolytic enterotoxin gene nhe, enterotoxin
genes entF'M and bceT were the main diarrhea-type virulence genes of the five strains. The five strains were completely
resistant to penicillin, ampicillin and cefotaxime. The resistance rates to cotrimoxazole, rifampicin and cefazolin were 80%
(4/5), 40%(2/5) and 20%(1/5) , respectively. The sensitivity rates of amoxicillin, clindamycin and cefoxitin were 40%
(2/5), 80%(4/5) and 80% (4/5) , respectively, and they were completely sensitive to other antibiotics. Conclusion  This
study showed that the detection rate of vomiting Bacillus cereus in pre-packaged pastries in Taizhou was 5.2%(5/97), ST 26
was the main type, there were a variety of diarrhea-type virulence genes in the five vomiting Bacillus cereus strains.

Key words: Emetic Bacillus cereus; pre-packaged pastry; virulence gene; antimicrobial resistance; multilocus

sequence typing
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(CytotoxinK , CytK)™/ . WX i 7Y itk B 2 i A 3 45 7= A=
S5 R BT T o AR E B MK ik B R (Cereulide) , — HL 7™
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Table 1 ~ Primers of virulence genes in Bacillus cereus

H A SI¥FsI(5'—3") 7K E /bp 275 3k
F:GCATTTCGTGAAGCAGAGGT

ces . TG AT 699 (1]
R:CCCTTTATCCCCTTCGATGT
F:CAAGTCAAGATAAGAGGCTTC

cer 370 [12]
R:AAAGCTCTTGCCAAATAACC
F:GACAAGAGAAATTTCTACGAGCAAGTACAAT

EMI ) ) 635 [12]
R:GCAGCCTTCCAATTACTCCTTCTGCCACAGT
F:ATTAATACAGGGGATGGAGAAACTT

hblA 237 [13]
R:TGATCCTAATACTTCTTCTAGACGCTT
F:AAGCAATGGAATACAATGGG

hblB 2 685 [11]
R:AATATGTCCCAGTACACCCG
F:CCTATCAATACTCTCGCAA

hblC 695 [13]
R:TTTCCTTTGTTATACGCTGC
F:ACCGGTAACACTATTCATGC

hblD 830 [14]
R:GAGTCCATATGCTTAGATGC
F:ATTACAGGGTTATTGGTTACAGCAGT

nheA ) o . . 475 [11]
R:AATCTTGCTCCATACTCTCTTGGATGCT
F:GTGCAGCAGCTGTAGGCGGT

nheB 328 [11]
R:ATGTTTTTCCAGCTATCTTTCGCAAT
F:GCGGATATTGTAAAGAATCAAAATGAGGT

nheC ) 557 [13]
R:TTTCCAGCTATCTTTCGCTGTATGTAAAT
F:GACTACATTCACGATTACGCAGAA

beeT 303 [14]
R:CTATGCTGACGAGCTACATCCATA
F:CAAAGACTTCGTAACAAAAGGTGGT

entFM 290 [11]
R:TGTTTACTCCGCCTTTTACAAACTT
F:CGACGTCACAAGTTGTAACA

eyik 565 [15]

=

:CGTGTGTAAATACCCAGTT

F2 o WEREZF MR BT A RN T Y S

Table 2 Primers of seven housekeeping genes in Bacillus cereus

FE 5l (5'—3") iR JGRBEE/C
. F:GCGTTTGTGCTGGTGTAAGT “
&w R:CTGCAATCGGAAGGAAGAAG -
\ F:ATTTAAGTGAGGAAGGGTAGG .
em R:GCAATGTTCACCAACCACAA
- F:CGGGGCAAACATTAAGAGAA s
wo
R:GGTTCTGGTCGTTTCCATTC
F:GCAGAGCGTTTAGCAAAAGAA iy
1
pia R:TGCAATGCGAGTTGCTTCTA
F:CTGCTGCGAAAAATCACAAA 3y
pur R:CTCACGATTCGCTGCAATAA
F:GCGTTAGGTGGAAACGAAAG
pycA e . 57
R:CGCGTCCAAGTTTATGGAAT
. F:GCCCAGTAGCACTTAGCGAC o5
o R:CCGAAACCGTCAAGAATGAT

PRt s 1 5 R A beeT S 40%(2/5) 5 4 14 3 A
W hbIA hOLC 2 hbID WYKL 35 20% (1/5) , 1
hbIB £ S1-S5 W ¥R K s A EE R LN ey 8y
KK o S1-S5 BEAR A AR AR AT 3 DL TS AL

JIBEH L ST #E4F 4 A~ (S2 #al 8 > .S3 #EAF 3 A4~ .S4
o 54> .85 #Eal 4 Ao WEREZEMOAT I CICC 10 352
X HE PR R At X ik R B ) BE R K Y nheA | nheB
nheC bceT .entFM ,cytK 6 A~ IE15 B3 J) L .
2.2 WXk Y SR 2E HOAT T 2 SO IR 45

5 PRI ik 70 05 R 28 BT X R R CEUR IR
Sk 61 E 5 B4 T 25 R 100% (5/5) , B 97 Fik W N
80% (4/5) , FI 48K 40% (2/5) , 3k L M obk 4 20%
(1/5) . XFBaBEPa Ak vi pREE R S fLVE T Y Uk oR
IR 40%(2/5) .80%(4/5) .80%(4/5) , %F i 5. b
B ORI E KRER KR AE B % FE UF
R AHR NTHER AER EPHM 100%(5/
S)FURR . B BUR A A 25 M DL 3R 4.
2.3 WX A SRR ZF B AT B MLST 43 4 45

5 B X ik AU W R ZF AT B, 43O ST 26 Fi ST
1186 P A~ HI 50, A~ 18 51 By 7 A 25457 56 (K5 0 AS A

F 3 SRR AR 25 HOFT B A 35 7 22 DI ARG Y 2

Table 3 Detection results of virulence genes of 5 emetic Bacillus cereus strains

N 8 R g B A JEE T F ) SR
kL Atk ces cer EMI nhe hbl beeT entFM cytK
nheA  nheB  nheC  hblA hblB hblC  hbID ’
B A B S1 + + + + - - - i i + i
;A A B S2 + + + + + - + + + + -
SE/NGIS S3 - + - + + . - - _ _ _ ¥ _
e S4 + + + + - - - - + ¥ _
1 41 S5 + + + + - - - - _ ¥ ;
o o TR Bk CICC10352 - - - + + + . - - - + ¥ +
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Figure 1
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Table 4  Drug sensitivity and resistance of the emetic Bacillus

cereus about 19 kinds of antibiotics

A PR 1T 245175 0

aERA®R TR/ 5 > < o =
HEHE 10U R R R R R
] 5 7 b 25 g I I S I S
ZR PR 10 pg R R R R R
3k ¢ 5 30 pg R R R R R
Sk At s b 30 pg S R S I I
R R 10 pg S S S S S
BN 5 pe S S S S S
RKRFE R 10 pg S S S S S
Fap ok = B 30 pg S S S S S
BER 10 pg S S S S S
UEZS 3 30 pg S S S S S
AFHE 15 pg S S S S S
MR R 2 pg I S S S S
E + 3 30 pg S S S S S
Wikl 1.25 pg R R R R S
AEH 10 pg S S S S S
F A 5 pg I R I I R
LB EW 10 ug S S S S S
KA T 30 pg S I S S S

1 S U (Sensitive); T: 141 (Intermediary); R : i 25 (Resistant)

], k25 5 L3 5. ST 26 BIRYHIMRA 4 Bk, 5 &
KU 80%(4/5),ST 1186 BRI bk KA 18k, 5 &
Ky 20%(1/5) .

3 iTFig
T4 2 R 5 FP A B Y 97 R SRR ZE AT I, 3
5 SBRAX 7Y AL ZE M AT T MLST $ds 43 M 45

Table 5 Results of MLST of five emetic Bacillus cereus strains

WS glp F gmK  pta  ilvD  pur pycA  ipi ST

S1 3 2 5 31 16 3 4 26
S2 234 8 30 8 41 17 17 1186
S3 3 2 5 31 16 3 4 26
S4 3 2 5 31 16 3 4 26
S5 3 2 5 31 16 3 4 26

5 R X I 260 8 A 2 LA T PIX ok 780 4 g 5 PR 1% Bt Ml A el ik )

Argarose gel electrophoresis of the vomiting virulence genes of 5 emetic Bacillus cereus strains

K th 5 Bk MRk BUEE ) SER R Rl 5. 2%,
ik MLST 43 #4,5 ¥R TR PR3y ST 26 BIAT ST 1186 #4 .
ST 26 Tl J& i i &k 3L A7 WX ik 3 28 36 9 P 91, 02
iR ) IR BB L R AR R A E LAY
ST #17 H A 76 PubMLST 4 5 h 0 i b i £ |
A 112 ¥k o ST 26 B I A% 52 56 rf (1 O 3530 1], oy
b 80% (4/5) ,3X 5 B VG 44 i B 22 4 JL £ 5 FOK T
B 2 R — BT, ST 1186 MU AR SL 5
Hdi b 20% (1/5) , #F H i) PubMLST £ 2 1
A 1AR,JE 2008 Aok E AN HIEP BRI .
) TR N i 5 L) S S U I e
PubMLST %40 A 45 A4~ 78 551 %) 5o o bR — 309 .

i o iV A R SR R RIS AR P A
IR 2E AT B R HE A T MR TS R A SN, B RR
PR RR 4 5 0 B g 3 DR RT  R PR BB DL IR VS B 5
F,Hoh S1.S3.85 n[ 3Rk 2 Fl S2 nf ik 4 Fp sS4
Al I8 3 M. AEE LM R R L nheAB )
FIH et FM #5731 %0 100%(5/5) , 8 LK
beeT WY HE AT RN 40% (2/5) , % i1 s & R &AW
hbIACD B9 R K 20% (1/5) , 4 B K 3 H ek
KK H o nhe.entFM . beeT J2= 5 K MK i Y B 25 iy
FRo 0 EZE RS AR B, X S 97 FR I ZF
FE 1R IE VS 7 2 0 B G A S D02 — B0 . B
38 V5 0V B R bl FE TR A /0 A7 AE T K 50 il e
ZE AT B 2, AR S S2 Hh G T hbIACD FETH
XA HE S ST 1 186 B %k i b, B w58 580 A K
W5 R S A R AR E AN OB
T S g K o AR R 2 AT RS A B, RS
A K RE IR, 3 T RE 4 7 A IR VS RE IR, X T B
14 16 3 B B o
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19 Bl Az 28 A 24 552 56 0 /s, i bk X ok 8 I A
ZFMUAT B0 4 B DL B ST A R 2, EE R R
FN VUK Sk FE B 2 T R T TS AR D K v R
BEZF N AT 1 51 Y B PR B B I PR IR ST T 25 5 E
5 BRTE BRI XS VR SR R RN YD R R RE R (BTK
TR EHER WHR AG5R T HER AH5ER.
I B 5 v R, AT 2 AR A P i 2R I R 2 R AT R
A A BT PR AR B B W R 16 9T 25 5 X A 40 A R AR
AT AN TR E It 24, m] UAR 3 ELAA B0 5 DR R AT 245 9
ML F

AUCHIESE T A T 2% M T F90A0 2 A v K
U5 2 TR AT T A S R D0 LR T S DR A R 2
P& MLST 73 844 Bl , 3 1) Bodli A7 B 7 A AT 142 v
Xt MK o TR AR 2 AT T 14 A X 2 N T R 2
FEAE R B 42 BAT 48 5 0 o (HMK k35 R AL A &
IR AR B A 2, ax S K ik R TR R 2 A K
R, 0T AR B T B O 9 I AT N 1]
T VRO € 3 - BT A A SRS AT AR
XA IE T — 2 T BT ST A A, T D 28 N T
IR 2 T B W v R Y B 0 B I EOR SRR o
R 20 TR T TR i 149 DXL DAl B 5 i
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