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Isolation and typing of Clostridium botulinum from milk powder of an enterprise associated with
a case of infant botulism
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LIN Lan', CUI Shenghui'
(1. China National Institute for Food and Drug Control, Beijing 100050, China;
2. Yantai Food and Drug Inspection and Testing Center, Shandong Yantai 264003,China)

Abstract: Objective The aim of this study was to detect botulinum toxin and Clostridium botulinum (C. botulinum) in
30 batches of infant formula milk powder obtained from an enterprise and to analyze the whole genome of the strain of C.
botulinum type B isolated from the samples. Methods The samples were subjected to C. botulinum isolation and botulinum
toxin typing experiments according to the “National standard for food safety microbiological examination of C. botulinum and
botulinum toxin” (GB 4789.12—2016). The whole genomes of the isolated strains were sequenced and their genetic
characteristics were analyzed. Results Botulinum toxin was not detected in any of the 30 batches of samples. After
intraperitoneal injection of the enrichment solution into mice, four batches of milk powder samples induced symptoms of
botulism, but C. botulinum was isolated from only one batch of milk powder samples. Genome sequencing revealed that the
bacterium was C. botulinum group I , type B, the toxin gene cluster was type Ha, and the toxin gene was subtype B2.
Conclusion The detection of C. botulinum in infant formula milk powder with a complex background of microorganisms
should not be based on the isolation of bacteria as the gold standard but should be confirmed by a mouse toxicity test of the
enrichment solution combined with a botulinum toxin antiserum protection test. Whole genome sequencing can accurately
identify strains and analyze relevant genetic characteristics , providing reliable technical support for handling poisoning events.
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JUTC 5 Lk 5 i R 2 rh # A
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Table 1 Name and number of milk powder samples
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Table 2 Name and number of raw material samples
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1.2 7
1201 PR R PP 35 AR T R 30

% W8 GB 4789. 12—2016¢ & & 2 4 [ % br 1
B E Y E RS AR B I R R R AR )X
FEG AT R B 5 R MR B0 DA 00 o B 109 URE
5 PR R I B B K R bR AT
i P RS 1A B 3% 5 R TPGYT K5 35 S 40 1, A= Fa b5 1
CMCC (B) 64941 7£ £ 55 &3 & v 4 S 5% 3% 1 A %
1.2.2 MEPEWA TR R A

B BE S BUA SR AR K R R R R 2
HUTPGYT $5 955 1 4 4 43 I B3 W 3 mL, T
3000 g &0 10 min, L LV H FREHE R A H
o1 R PR R SRR L E 1.8 mL, A 10% Ry
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Table 3 Toxic symptoms of mice injected intraperitoneally with milk powder sample enrichment solution

TPGYT

Joi 1A 15 77 S Ak 2y X

A oA+ e A A A A+
Y-2 — 0.5h%ET:(3/3) 0.5h3bT2(3/3) — —
Y-9 — 0.5h#ET(3/3) 0.5 h#ET2(3/3) — —
G-3 — 0.5h4ET(3/3) ’ — —
G-6 — — 0.5 h#ET2(3/3) — —
G-9 0.5h%ET=(3/3) 0.5h%tT=(3/3) 0.5 h3tT=(3/3) 0.5 h3tT-(3/3) 0.5 h3ET=(3/3)
G-11 — 0.5 h#ET(3/3) 0.5h%ET(3/3) — UL
G-17 — 0.5 h#ET:(3/3) 0.5h3ET:(3/3) — K LS
o ﬁ%{um%ffﬁrﬁ* - o o
#EAEIR T (1/3)

os HEMAERE P EER, ARUNFEREPEER, AR ERE P EER B

9hJEHETZ(3/3) 9hJ%T=(3/3) (3/3),9 h 5 4ET=(1/3)

. . A AU P AR B P AR IR

G-8 0.5 h4ET=(3/3) 0.5 h%ET(3/3) (3/3).9 hJE FE1-(1/3)
G-16 — — _ _ A IR TR E b AR

(3/3),48 hJ54ET=(1/3)

Ve CRRBLRH
2.3 FLBRE A B PCR KGN K T il 43 5 45 SR
Z M8 GB 4789. 12—2016 H1 ) PCR J7 i %t £
/N BRCBE B0 PR B B E R A9 G4.G5.G8 il G16 B i
B8 TR R AT R, 45 SR R G-5 RN G-8 B S A B
FREN B AINEH R MY WM, G4 1 Gl6 #E
sty 3 DRV A5 ol I R 5 PR B A B . s BRUEE LY
FEHHEARAY G4.G5.G8 Hl G16 #£ &b 44 1 i 75 )

TOMLER RN DO SRR W VR S R R 1T B e S Y i R R i RE IR

B HUNG 20 B O A b 3 H B R TR A Y Y B R TR BT
LU 7% B S 7 RS , & A K GO R R,
TRV S LRI DL 7L £ 0 UE S B T R 3R T I Bk A
WLE . WAEE T R L R R AT SR AT
R AR — i, S ABL X BR AR, 3% B AE ISP B AT L
MLFR, 28 APL20A A= AL %58 | T3l %5 Al 16S rRNA
JEHNIE 5 A MM (C. sporogenes) ANRE X 43
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2.4 A EER Y5 PCR 4> 5k

Z 8 GB 4789. 12—2016 1 () PCR J7 %% 43 55
4l £k 1 P BE AR TR BE AL AT VR R f s, G4 .G8 il G116
FE SR TR T VR Y AR K N R A, G5 ROk
JRTE % G-5p2 B AV N R R ALY B BH % . G-5
FE R R TR T AR TR AT BE TR VR G-Sp2 JE IR I SR &
1:10~1:10 000 i B, Bl BUNRAE T (2 H/4),
AN RFE R REREIR N SR SRS 1. 5~2 h B
B D R R, O I PRI X S XUA 2 T TV R
8 A5 WE B, 4~48 h BT T IF WL RRIE o 1: 100 000 #i B
Ja PN I I B R, e 1 KR 1 HE
T=51:1 000 000 i B Je , M /N BB o O v s i ik
H O T A3 43 8 R R R PR 5 75 0 % /)N BRI SR (IR BOAE A
4 20 000 MLD/mL. B I 4 735 Z 40 L 75 %/ B
AT TE WA AR IS 55 329 % /N BROR WL 2R
2.5 TFEWRTE G-5p2 JE P 40 FF 5 40 By

XF A HERR B G-5p2 Kk DAL ZH D P 45 R g b
IR B TR R e 8 R K/ R 3902 164 bp, #E A —
A~ 21 598 bp FkL, kL b oA UL EE F A SCIE I (% 4) .
TE Type (Strain) Genome Server M ¥4 & K Patric
Ui B Y Similar Genome Finder 73087 )i , 79 &5 & Ak G-
5p2 %52 K 1 BER R (Clostridium botulinum ) .

fili F VFDB 04 2 X6 I 5 485 58 20 0, Sk U1

ha-17  mtx  potR ntnh

F4 WFMRIA G-5p5 HE R A M T S HE Bk
Table 4  Statistical Information on Genome Sequencing of

Clostridium botulinum G-5p5

ik e 2H B iR GC L
T kb MR KJE/bp  SE/% K /bp

Pk 3902164 3657 3217590 28.25 879.84

Sk 21598 33 13 990 25.47 424.09

W7 B R G A S (2 5) , RAST B x H ik
A7 B R B R, B AU PR B 4 3R R DR R AL T e (A 4
I, B g A5 SR R A oK R B A R R OGRS
PHASTER 43 #7 R, Qe ok b POAS W w47 51, (5
PIATERE RSB . B AIN R KL 5 4
FEDZH AL, J& T hat 56 DR AR 28 Y 32 R A% 19 iy )
[H A o %0 ) BE 2K 1 Chp) A% B8R 41 U0 8 (exo SbeC)
(K1),

#5 R G-5p2 K H L A7 2 4 A 3

Table 5 Toxin genes related to the G-5p2 genome of

Clostridium botulinum

ESER i 1k a5 FEH I fE

alx 944 915~948 790 ST B B R
colA 1795 213~1 798 842 i ) Je T i
cloSI 2095 136~2 096 710 i i 2 1 IR 2 11 Tl
orf01496 1626 909~1 627 547 i B9 1L R
orf01628 1761 625~1 762 275 i BV 1R
0rf01844 2017 502~2 018 338 it 75 1M %
orf02857 3076 642~3 077 781 EIEIEAES

bont

@) neeeee—s)) E——

T tha-17: 15 25 A 56 3L K 5 mix : Mosquitocidal toxin 2R 3E K 5 botR : #3 2 RB PATEIE K s nenh  E R R AL M X FE N NTNH £ H 5
bont : A T B 2 4 5 B [H]
Bl TEH P SP2 75 Kk A S R v R

Figure 1  Gene annotation of Clostridium botulinum 5P2 toxin gene cluster

¥ G-5P2 BENA P RFEHRENFI 5EHM B
BRI RB A 8 A 15 2 3L =% 7 5l
Mega-X tH# R4 & & KIF R & KM )T 0 2 5 .
s 2 fros AR AR K E W TR G-5P2 5 B2 BN #
M BAC22064. 1 EZ Kk R it

3 iFit

PR3 1 T e A A | A RN R DRRRAIE W) 43 ol 4 A4
FECT ~IVEE), ok B0 FF 52 80l ° 2 A i 26 B RN
FEHEBRRAET . HOM R RN 2R, B BT T
%08 A A AT A AE L, K 4 B R TR A R
W43 B RS S A R AR 2 [l 8, IS = N BERE R Y
A= FRAR TR PR B AR B 2o A K 43 BT 16S rRNA )7
SEARARAME X 43, X 7E A R 5% P AR B agE— 25 56 E
1 P 7 1R T DX 1) Gl A AR — A SR R REAE 2 2
AR RN ATER. B I EEYWREDEN

WEEAR 2 & T T AR WA BIF 5% 43 25 1Y) B
Jo 1B B BRI BEAR A % 8 A IR B SR 7 0
20 000 MLD/mL, X 28 % 45 4 7~ % 7 Fh — Ho g 22 )L
A AT RES I K R .

T 2L 38 TR RS {4 R A o R R 2B Y
IR PR B A, DA AD B4R A B TR B 48 B 2E 96 AT AE i
GEAH VB AR FRER . IRE R, BILE T
Mg R SR BEILMAE R ENERZ - KT
SR UT J5 Wk AE 77 ok A2 v B A ™ B SR B
Hohn] BTG G 1 PR BE AR TR 2 S0 v B ARG, ok 4
B —E S5 EHEYILY A B ILN S,
XF g B LB B R AT 43 AT o, R REAR T A
6189 9 BE AV K 0. 38 MPN/100 g™ 1 e AEG ke BiE 7Y
PR B 2F fLTR 2 5 18 215 s AR b, A ) B 5%
SRR R AT B R TR R R . A, 3t
TH 4 HEUFLRYRE 1 RO s S S L AN B BT



AR AR

—1480—

CHINESE JOURNAL OF FOOD HYGIENE

2023 44 35 %45 10 1

—— ABM73977.1 neurotoxin B Clostridium botulinum B3

99 —— BAF91946.1 neurotoxin type B Clostridium botulinum B6

R2

99

H
0.005 0

5P2 Clostridium botulinum neurotoxin type B

AFN61309.1 neurotoxin B8 Clostridium botulinum

BAC22064.1 neurotoxin(plasmid) Clostridium botulinum B2

] —  ACQS51206.1 botulinum neurotoxin type BvB BoNT/BvB (plasmid) Clostridium Ba4str.657 B5
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Figure 2 Phylogenetic diagram of 5P2 botulinum toxin gene sequence and Mega-X reference sequence of botulinum toxin gene of 8

subtypes of Clostridium botulinum type B
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