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Contamination of Bacillus cereus in food and virulence genes analysis in Chengdu
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(Key Laboratory of Qinghai-Tibet Plateau Animal Genetic Resource and Utilization, College

of Life Sciences and Technology, Southwest Minzu University, Sichuan Chengdu 610041, China)

Abstract:; Objective The virulence genes and the antibiotic resistance of Bacillus cereus isolates from commercially

available foods in Chengdu from 2014 to 2016 were investigated in this study. Methods From 2014 to 2016, 330 food

samples were collected from farmers” market in Chengdu and roadside food stalls. Suspected strains were isolated according

to the GB 4789. 14-2014. The house-keeping genes detection and 16S rDNA were sequenced to further identify B. cereus

isolates. The specific virulence genes and resistance to antibiotics of B. cereus were also detected. Results From 2014 to

2016, the total isolation rate of B. cereus was 17.6% (58/330) ; the B. cereus detection rates in different food types was

significantly different (X*=29. 683, P<0.01). The B. cereus isolation rates in different years was not significantly different

(X*=5.835, P>0.05). Rice noodles, ready-to-eat salads and marinated products were the main contaminated foods for

B. cereus. From 2014 to 2016, the detection rates of diarrhea-type toxin genes (hbl, nhe, bceT, cytK, entFM) were much

higher than that of vomiting toxin genes (ces and cer). The resistance rates of the isolated strains to tetracycline (TCY) ,

erythromycin ( ERY ) and clindamycin ( CLI) were 29.3% (17/58), 24.1% (14/58) and 22.4% ( 13/58),

respectively. Conclusion  The result of this study indicated that the virulence genes of B. cereus isolated from the

commercially available foods in Chengdu were diverse, and the resistance rate of B. cereus to TCY, ERY and CLI was

relatively high, which posed a potential threat to food safety.
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Table 1  Primer sequences of B.cereus house-keeping genes and specific virulence genes
S 4 R BIRZERS SIHIF 5 (5'-3") PRI /bp B E/C 27 ik
groEL-F AGCTATGATTCGTGAAGGT
grokL 236 54 (6]
groEL-R AAGTAATAACGCCGTCGT
gyrB-F ATTGGTGACACCGATCAAACA
gyrB 365 51 [6]
gyrB-R TCATACGTATGGATGTTATTC
vrrA-F GCGCGTTTCATTTGATTCATAG
vrrA 300 55 [6]
vrrA-R CACAACTACCACCAATGGCACA
rpoB-F CCACCAACAGTAGAAAATGC
rpoB 174 52 [6]
rpoB-R AATTTCACCAGTTTCTGGATC
nheA-F TACGCTAAGGAGGGGCA
nheA 475 55 [10]
nheA-R GTTTTTATTGCTTCATCGGCT
nheB-F CTATCAGCACTTATGGCAG
nheB 328 55 [10]
nheB-R ACTCCTAGCGGTGTTCC
nheC-F CGGTAGTGATTTGCTGGG
nheC 557 55 [10]
nheC-R CAGCATTCGTACTTGCCAA
beeT-F TTACATTACCAGGACGTGCTT
beeT 303 50 [11]
beeT-R TGTTTGTGATTGTAATTCAGG
entFM-F ATGAAAAAAGTAATTTGCAGG
entFM 596 50 [12]
entFM-R TTAGTATGCTTTTGTGTAACC
hblA-F AAGCAATGGAATACAATGGG
hbiA 884 55 [12]
hbIA-R AGAATCTAAATCATGCCACTGC
hblB-F AAGCAATGGAATACAATGGG
hbiB 834 55 [12]
hblB-R AATATGTCCCAGTACACCCG
hblC-F GATACTAATGTGGCAACTGC
hbiC 695 55 [12]
hblC-R TTGAGACTGCTGTCTAGTTG
hblD-F ACCGGTAACACTATTCATGC
hbiD 1 081 55 [12]
hblD-R GAGTCCATATGCTTAGATGC
cytK-F AACAGATATCGGTCAAAATGC
eytK 389 55 [13)
cytK-R CCAACCCAGTTACCAGTTCC
cer-F CAAGTCAAGATAAGAGGCTTC
cer 370 55 [14]
cer-R AAAGCTCTTGCCAAATAACC
ces-F GCATTTCGTGAAGCAGAGGT
ces 405 55 [15]
ces-R CCCTTTATCCCCTTCGATGT

2B BIPLA R 24 KO AT 5 0 E A
Table 2 Antibiotic drugs and their concentrations with

evaluation standards

Vi % 4R %ﬁttjf 3 __ Tfﬂ%l@ﬁ&/nml‘ _
e /pg  TWEH(R) AT HUR(S)
MR CLI 2 <14 15~20 =21
i 3 B AK 30 <14 15~16 =17
AHBE CHL 30 <I2 13~17 =18
SNSRI cIp 5 <15 16~20 =21
Uz TCY 30 <Il1 12~ 14 =15
Wi 1 v IPM 10 <13 14~15 =16
AH/E ERY 15 <13 14~22 =23
IRRER GEN 10 <12 13~14 =15

YR EFEZE AT A R E R LRI B X (X =
5.835,P>0.05) , A [ 2 AU £ 5 o 5 A 28 M AT B K
HRERA LI EE X (X =29.683,P<0.01), %
TR P T 2 R U 1T o 2 0 R AT T Y
FEIGRE M. B R RZL 16S rDNA PCR P34 7~
VI e 5 sk 38 Bl AE T BOR (S B bt (NCBI) 9] 3
#EAT BLAST LUXT, &5 0 5 A A o AH 25 i 355 4 25 il

FFTE 16S rDNA [alJEHE AT 35 100% , 5 HAlb 7] 95 4 15
99% . FIH] DNAMAN {4 ¥ £ 73 5 TR ik 1 & 4 ik
R LI 1o 55 4h, 58 BT BS AR Y 4 A4 Z A
(groEL ,gyrB ,vrrA ,rpoB) ¥ Hi K ¥ 4 100. 0% , 45 &
BB DIR I A 16S xDNA U J He X, 43 B 1 bk 7T
U TE N R 2 AT 1R o

2.2 oy BT ARTE I R DA I 45 2R

58 k4 B B MR 4 PCR AN, AR [F] 3 1 ZE 1Y
KM E5 SR Wk 40 7> BT AR 23 ) BRI i &=
BRI S,

b — 253 B g ke D] B P TR] A A H 1 O, & R
2014 4 53 B Y B BR b, U LR RbL R AL (BR hbIB
AP AEE LYE nhe JED 5 R beeT He DA DL K 40 Y
TR optK FENH O 34752015 4F 70 B B9 B Ak b, 3R
W IMAE nhe JE A VA I 2R hOLD BE PAAH X i 475 2016
SEY B BR B, AP RbL KX (BR hbLB A1) AR
FEIMLPE R 5 R nhe B ANMIHE R cpK JEH R
entFM £ R 3 R i 470 2014—2016 42, cytK | hbIA |
hblD .nheA .nheB .nheC Fl beeT 3[R ) HE 7 2235 K i
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Table 3  Isolation results of B.cereus strains during the year of 2014-2016
[T IES 2014 4 (7~9 1) 2015 45 (7~11 J) 2016 4E(4~9 /) “it
A 4.0 (1/25) 0.0 (0/9) 0.0 (0/10) 2.3 (1/44)
i 11.1 (3/27) 3.8 (1/26) 0.0 (0/15) 5.9 (4/68)
R 25.0 (1/4) 0.0 (0/7) 10.0 (1/10) 9.5 (2/21)
K T o 55.6 (5/9) 66.7 (2/3) 23.5 (8/34) 32.6 (15/46)
il 22.2(2/9) 7.7 (1/13) 19.0 (4/21) 16.3 (7/43)
i 1) 37.5 (3/8) 9.5 (2/21) 60.0 (3/5) 23.5 (8/34)
B o b 2 57.1(8/14) 25.0 (5/20) 20.6 (7/34) 29.4 (20/68)
HoAte 25.0 (1/4) 0.0 (0/1) 0.0(0/1) 16.7 (1/6)
it 24.0 (24/100) 11.0 (11/100) 17.7 (23/130) 17.6 (58/330)

T 35 5 R B DA A A it £ B/ A I A 47 K

0.05

2014-BC1-F.seq
2014-BC14-F.seq
2014-BC15-F seq
2014-BC19-F.seq
2014-BC23-F.seq
B.cereus
Bacillus cereus
Bacillus_sp.
2015-BC-1.seq
2015-BC-6.seq
2015-BC-4.seq
2015-BC-5.seq
2015-BC-11.seq
2015-BC-8.seq
2015-BC-2 seq
2015-BC-7.seq
2015-BC-9.seq
2015-BC-10.seq
Bacillus cereus
- 2015-BC-3.seq
2014-BC2-F.sea
2014-BC3-F.seq
2014-BC4-F sea
2014-BC5-F.seq
2014-BC6-F.sea
2014-BC7-F.seq
2014-BC8-F.seq
2014-BCY9-F.sea
2014-BC10-F.seq
2014-BC11-F sea
2014-BC12-F.seq
2014-BC13-F.sea
2014-BC16-F.seq
2014-BC17-F sea
2014-BC18-F.seq
2014-BC20-F.seq
2014-BC21-F sea
2014-BC22-F.seq
2014-BC24-F.seq
B.cereus_strain
Bacillus cereus
Bacillus_sp.

2016-BC-1-168.seq

1 (>30%) ,hbIB FED UG 2R A 5 40 25 TR AR 45 7 1Y
MEVERIFE ZE FL K (hbl, nhe , beeT , cytK , entFM ) ¥ H %
TG f TR ik 7R 5 2 I (ces FlT cer) o
2.3 G BT BR 24 ORI 45 2R

R 45 245 SR K ) 2 45 R, 58 Bk B AR X 8 Fhgit
A B AR TR R B i 24, UL IR 2. BT AR X
TCY .ERY I CLI 1T 25 J8 55 i, 43 5 29.3%
(17/58) .24. 1% (14/58) F1 22.4% (13/58) , 2014
AEHY 24 PR FE ZFMEAT I, XF TCY (CIP Al ERY f i
254k 37.5% (9/24) 25. 0% (6/24) Fl1 25. 0%
(6/24) ; U R BB 190 AK IPM Il GEN , fif &k %
Y18 79. 2% (19/24) . 2015 4E (1) 11 Bk i FE 25 o AT
B, % TCY |, CLI Fl ERY A9 1 25 5 4 5] 4 27.3%
(3/11) 18.2% (2/11) F1 18.2% (2/11) ; i A B 1
¥IxF AK . CHL IPM /g%, 2016 411 23 BRI A 25 i
FFE, %F CLL, TCY . ERY (¥ it 25 % 43 51 & 26. 1%
(6/23) 21.7% (5/23) F1 21. 7% (5/23) ; BT 45 B bk
BIxr AK F1IPM #Ugk, AT 0L, 2014—2016 4F 43 25 1)

BT AR B 168 DNA (591 Hoxt i b S RE2F I FF B X TCY LERY I CLI ) Tt 25 3% 34 ¢

Figure 1 16S rDNA sequence alignment phylogenetic BB Bk RN 2 AP R L i R R 2k

tree of partial B.cereus isolates AT 5 2k ,iiﬂi% 6.
4 2014—2016 4F 7 25 W bR 55 1 SE R A 4 (%)
Table 4 Results of virulence genes detection in B.cereus isolates during the year of 2014-2016

IR YIS i 2014 4E(7~9 H) 2015 4E(7~11 ) 2016 4F(4~9 A) T
ces 4.2 (1/24) 0.0 (0/11) 8.7 (2/23) 5.2 (3/58)
cer 4.2 (1/24) 0.0 (0/11) 8.7 (2/23) 5.2 (3/58)
eytk 54.2 (13/24) 0.0 (0/11) 43.5 (10/23) 39.7 (23/58)
hbIA 41.7 (10/24) 0.0 (0/11) 34.8 (8/23) 31.0 (18/58)
hbIB 0.0 (0/24) 0.0 (0/11) 0.0 (0/23) 0.0 (0/58)
hblC 37.5(9/24) 0.0 (0/11) 34.8 (8/23) 29.3 (17/58)
hbID 37.5 (9/24) 90.9 (10/11) 47.8 (11/23) 51.7 (30/58)
nheA 37.5 (9/24) 81.8 (9/11) 60.9 (14/23) 55.2 (32/58)
nheB 41.7 (10/24) 54.5(6/11) 69.6 (16/23) 55.2 (32/58)
nheC 100. 0 (24/24) 36.4 (4/11) 60.9 (14/23) 72.4 (42/58)
beeT 50.0 (12/24) 0.0 (0/11) 39.1(9/23) 36.2 (21/58)
entFM 0.0 (0/24) 0.0 (0/11) 69.6 (16/23) 27.6 (16/58)
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Table 5 Main types of multiple virulence genes

E I S 851 TR AR A HH %/ %
nheA+nheB+nheC 23 39.7
becT+cytK 15 25.9
hlbA+hIbC+hibD 10 17.2
cytk+entFM 9 15.5
bect+entFM 8 13.8
ces+cer 3 5.2
1201 n R
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Figure 2 Drug sensitivity to 8 antibiotics of B.cereus isolates

from 2014-2016
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Table 6 Main drug resistance types of B.cereus isolates

it 245 25 A R
TCY+CLI 2
CLI+GEN 1
GEN+ERY+CLI 1
CHL+CIP+IPM+ERY 1
CHL+CIP+TCY+IPM+ERY+GEN 1
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