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Distribution of virulence genes of Bacillus cereus in several specimens

ZHANG Hui-juan, ZHANG En-min, HE Jin-rong, LI Wei, WEI Jian-chun

(State Key Laboratory of Infectious Disease Prevention and Control » National Institute for Com municable

Disease Control and Prevention s Chinese Center for Disease Control and Prevention, Beijing, 102206, China)

Abstract: In order to investigate the distribution of virulence genes of Bacillus cereus in different types of specimens and e-
valuate the potential risk, we detected 11 virulence genes including genes encoding enterotoxin (hblC, hblD, hbLA, hblB,
nheA , nheB, nheC, entFM , bceT and cytK) and voitoxin(gene ces) with PCR method in 333 Bacillus cereus strains collected
from food(packaged rice flour and dried milk) , soil and clinical specimens(rice and cold noodles associated with food poisoning
and patients). Analysis of variance and Chi square test were performed. Results showed that the average gene numbers of tested
strains were 5.97, there were 8.75 genes from patients, 8.20 from cold noodles, 7.13 from rice, 6.22 from soil, 5.78 from
packaged rice flour and 5.71 from dried milk. respectively. Both the numbers of virulence gene from patients and cold noodles
were higher than that from dried milk and the differences were significant. The total carrying rates of genes for nhe, entFM,
beeT, hbls cytK and ces were 89.19%, 79.88%, 49.85%, 48.35%, 47.75% and 1.50% , respectively, in the 333 studied
strains. The carrying rates of gene hbl from clinical specimens was higher than that from other specimens(¥X* = 8.230, P <<
0.01). However, the differences for other genes were not significant between the two kinds of specimens. Comparison of intra-
group differences showed that the rate for gene hbl from soil was higher than that from dried milk and rice flour. The rates for

genes nhe and entFM from soil were lower than the latter. This study showed us the distribution of virulence genes of Bacillus

cereus in several kinds of specimens. The higher virulence gene

E R B E K% 5 (No.2018ZX10712001) numbers and carrying rates of the gene hbl in clinical speci-
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Tab.1 Primers for virulence genes of B.cereus

RH 519 S (53" KIJE/bp
TTACCTGGTAGAATCGTA-

holA  HAF 164
CAAGATC
CCTGTATTAATCGCTTCTAC-

HA-R

CATTG

hoIB HB-F  AAGCAATGGAATACAATGGG 2 685

HB-R  AATATGTCCCAGTACACCCG

hblC HC-F CCTATCAATACTCTCGCAA 695
HC-R TTTCCTTTGTTATACGCTGC

hblD HD-F  ACCGGTAACACTATTCATGC 830
HD-R  GAGTCCATATGCTTAGATGC

nheA NA-F  GTTAGGATCACAATCACCGC 756

NA-R  ACGAATGTAATTTGAGTCGC

nheB NB-F  GTGCAGCAGCTGTAGGCGGT 328
ATGTTTTTCCAGC-
NB-R
TATCTTTCGCAAT
nheC NC-F  TGGATTCCAAGATGTAATG 684

NC-R  ATTACGACTTCTGCTTGTGC

GACAAGAGAAATTTC-

ces Nrps-F 635
TACGAGCAAGTACAAT
GCAGCCTTCCAATTACTCCT-
TCTGCCACAGT
GACTACATTCACGATTACG-

bceT  BeeT-F 304
CAGAA
CTATGCTGACGAGCTACATC-
CATA

entFM  entFM-F GTTCGTTCAGGTGCTGGTAC 486

Nrps-R

BeeT-R

entFM-R AGCTGGGCCTGTACGTACTT
evtK eytK-F - CGACGTCACAAGTTGTAACA
cytK-R CGTGTGTAAATACCCAGTT

[
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F 25 pl.fuE 2 X EasyTaq™ PCR SuperMix (4 H
et e e HEARARAFD12.5 pL, EF 5]
P4 1 pLGERJE 10 pMD ,DNA BEMg 1 pL G E N
100 ng/pl 2245 s TG B ORB 4l K b 2 2 25 pl,
PCR W 25 95 “C HiAE 1 5 min; 95 CAEHE 1
min, 55 CiB kX 1 min, 72°CZEff 1 min, 3L 30 7§
M 72 CHLGIEAR 5 min, FEHIZE 1% B AE M 5L e H
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16 3 LA A AR 5 #) 88.29%(225/333), &% A 5
BRI HEEE DL E BB AR &7 67.57 %6 (294/333) , BRIK
B 28 FE A Ah A 10 /S5 ) DR At 0 TR Bk o
12.31%(41/333) (& 1),

80+
60
40

20+

Numbers of strains

O_
0 1 2 3 4 5 6 & 8 9 10
Gene numbers
B1 BEH®ETSHNERITH

Fig.1 Distribution of gene numbers of studied strains
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FESL B ] JC G0 2R 22 5 (R 2),
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Tab.2 Distribution of virulence gene numbers of B.cereus

in different specimens

B iy 2 Al B b B B ) B 8
AHy 96 5.78
LUy 125 5.71
+ 3 92 6.22
KR 8 7.13
7958 5 8.2
BH 4 8.75
&t 330 5.97

FEH (49.85 %) M BL JE K (48.35%) cctyK J&
R (47.75 %) Fl ces FEP (1.50%) , Hirb, ¥ i v 5
P hoL B A AR (38,14 %) , Hifth 3 b (hblA |
RbIC FI holD) HEHF R .

AR bR A B Sy FE 4 R 22 (R 25 5%,
HEAE A FICRAR ot Bz R P 4 R 8 S8 3 1 b AR B
Ab AR BRAS 1 25 5 PR AT R LB R ORI K
Wy R A I ol PR R R R AT et R
PE =15.071, P <C0.01) , KBy Ry i) 35 47 S 4
I o A 5 v 5 T AR I Il P R R U AR B
AR AR A 8 8 (XF =9.603, P <C0.05) 5 en-
tFM R TE + 58 A%, B AR A ih 8 s (X =
21.634,P<C0.01) 5¢ytK bceT Fll ces 3 K 7EA [A] bR
KPR LGt EF BEEGR 3.,

BEAE AR B D BB A B T BB AH G 5 26
B2 W I AR A Y 35 S R A S DL, R 4 BN
P S PR PE 5 s A A v 52 e v A e T2 25 S/ (X0
=8.23, P<C0.01) , H A2 JE K 78 W 2 A AR v (1 48 75 %
G2 5%,

3 3% 8

IR AT B A DA — o B ) TR B g R
TEEL il v 35 JAR B A RE ) & R 23 A S AR R T2
K. FFERCHE s, 8 R R R B R AG HH R 2 A
1020 b B4 L& b g5 A v AE 1026 ~ 306, 24
il K T ] R AE 2000 ~ 3096 2 AL TE PRV B BR
BT i S T S S P TS L AT RIS 5000001,
JEEFL 28 B A AR OK R B W RE R R AT gk
8026, IRV B e PR L AR TR O R A 1Y
B IR N rP IR T TR A B R L TR
WRALEZ UL, S0 B S5 20 T 1 HIR A 48 v i A 25
JRAT BT SRR AR AR T 4 00 A B L R 2
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Tab.3 Distribution of virulence genes of B.cereus in different specimens
A S N [7] 28 B AR A% (19 2 PR 4 2 3 (00
B (n=333) 12953 KR Ko ik T+ RNR  MEEE b
(n=75) (n=28) (n=96) (=125 =92 (n=2) (n=2) (n=3)
hblC 48.35(161) 80(4) 62.5(5) 38.54(37) 38.4(48) 67.39(62) 100(2) 100(2) 33.33(D)
hblD 46.85(156) 80(4) 75(6) 38.54(37) 38.4(48) 60.87(56)  100(2) 100(2) 33.33(D)
hbIA 45.65(152) 80(4) 62.5(5) 38.54(37) 36(45)  60.87(56)  100(2) 100(2) 33.33(D)
hblB 38.14(127) 80(4) 37.5(3)  32.29(31) 31.2(39) 50(46) 100(2) 50(1) 33.33(D)
W& 4 A kol 37.24(124)  80(4) 37.5(3)  32.29(31) 29.6(37) 48.91(45)  100(2) 50(1)  33.33(D
TAL— hbl 48.35(161) 80(4) 75(6) 38.54(37) 36.8(46) 68.48(63)  100(2) 100(2) 33.33(D)
nheA 84.38(281)  100(5) 100(8)  83.33(80) 87.2(109) 80.43(74) 50(1) 100(2) 66.67(2)
nheB 72.37(241) 80(4) 87.5(7)  78.13(75) 81.6(102) 52.17(48)  100(2) 100(2) 33.33(D)
nheC 82.28(274)  100(5) 100(8)  86.46(83) 86.4(108) 69.57(64)  100(2) 100(2) 66.67(2)
FIEf % 3 4~ nhe  61.86(206) 80(4) 87.5(7) 67.71(65)  68(85)  44.57(41) 50(1) 100(2) 33.33(1)
T AE— nhe 89.19(297)  100(5) 100(8)  90.62(87) 93.6(117) 80.43(74)  100(2) 100(2) 66.67(2)
ctyK 47.75(159) 60(3) 50(4) 48.96(47) 36.8(46) 60.87(56) 50(1) 50(1) 33.33(D)
ces 1.50(5) 0 000) 1.04(D) 3.2(4) 000) 000) 000) 0.00
entFFM 79.88(266)  100(5) 87.5(7)  87.5(84) 87.2(109) 59.78(55)  100(2) 100(2) 66.67(2)
beeT 49.85(166) 60(3) 50(4) 44.79(43)  44.8(56) 59.78(55) 50(1) 100(2) 66.67(2)
TE o0 FORBEA BB A5 5 BT R 7R A I S L 8 BE AR R
x4 EREXGREASHEENREAFIENREERTER
Tab.4 Different carrying rate between clinical and enviromental monitoring specimens
P HE AR AR I3 W AR A
R A X E P1{E
PR % BHPE=R (%) FH 1 % FHPEZR (00
hbl 14 82.35 146 46.65 8.23 0.00
nhe 17 100 278 88.82 1.11 0.14
ctyK 9 52.94 149 47.6 0.18 0.18
ces 0 0 5 1.6 0.24 0.77
entFM 16 94.12 248 79.23 1.40 0.09
beeT 10 58.82 154 49.2 0.60 0.15
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