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Abstract: Objective Epidemiological investigation of a foodborne disease outbreak triggered by Clostridium
perfringens in a school in Guiyang, traceability analysis of etiologic foods and pathogens, and exploration of the application
of the new technology of whole genome sequencing in the traceability of foodborne disease outbreaks. Methods On-site
epidemiological analysis was used to collect samples of suspected organisms, food samples and samples from the external
environment for Salmonella, diarrhea—causing Escherichia coli, Staphylococcus aureus, Bacillus cereus, and Clostridium

perfringens for routine laboratory pathogen isolation and identification, and isolates of pathogens for toxin gene detection
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and whole-genome sequencing traceability analyses. Results

Symptoms in 22 cases were dominated by abdominal pain

(95.45%, 21/22) , diarthea (95.45%, 21/22) ; the epidemiological profile was point source exposure pattern with an

incubation period of 6 h to 15 h. Clostridium perfringens was isolated from 5 anal swabs, 3 stool specimens and 1 retained

sample of breakfast meat froth food, and the enterotoxin cpe gene was detected in all of them; Salmonella, diarrhea-

causing Escherichia coli, Staphylococcus aureus, and Bacillus cereus were not detected in any of the samples. Among

them, Clostridium perfringens was 3. 5%x10° CFU/g in the breakfast meat froth food, which was analyzed by whole genome

sequencing to compare the molecular typing of Clostridium perfringens originating from the breakfast meat froth food and

the anal swabs, which was ST139 type, and the strains all carried cpe virulence gene. Conclusion

Through on-site

investigation and traceability analysis, it was determined that Clostridium perfringens-contaminated breakfast meat froth

was the cause of the foodborne illness outbreak, and that the new technology of whole genome sequencing could play an

accurate traceability role in the foodborne illness outbreak.

Key words: Clostridium perfringens; foodborne disease; outbreaks; toxin genes; traceability; foodborne pathogens

75 e AR B (Clostridium perfringens)7E11:1ﬁ§"%L
10 PR 5 R R 1 R R R . FE SR
[, S8 MM T 1998—2010 4F 51 2 41 1 1
TR 5 s 2 i 9 D T T 5 | ) SR RHE 4 5
THYBURE (LY 30.00%) , B AF R B RO Y
R R T AN IR E R RS T OB
SCLVHE AT 5 ) I 6 2R 1 P PR AR A DL B L
25 T G A A 8 AT AN [ U e B
o TR R, 45 SR R T, ) AR TR TR R R A
T TE S R 2R R R R D A
FEAE R TE T A AR SR I P A R L A
i 10.00% . (HEL B i 5 1R A B IR R
R F A A W] AT A B PR O I (R
I SREE V1) R AN A B R A Bk ) s 3k
R R R R W R T W 2 2R U, 2021 4R
A A R | R R s R R AN 3,
AR SCH ) R IR SR BN A 2004—2022 AR
L7 A AR T B R e R R A

TR i 2 A J 0 AT A A BUR T R
3 HT R, A R R 2 A R R S Y 43 B B E AR
A RS, RS Bl b S WY R YR M Y o L
Ry B PR R o A R A I A R SE R BT ARt
o BRI R BN K A 1 R IR AR T 5] B A
BB PR P 7 R R TR AL BB AT 2 A
IR RS2 00 2 R A LAl L 38 4 5 DR A D Y
AR B AR AE B 2 9 2 A W1 b 4 1

1 MME5FE
L1 mfleE X

R A B 28 4 38 W0 AT 2 R A ) i 2
PLF 9 9 7 X2 2022 4E 2 A 28 H LI, 5 BH T A
HegE CR SO LD HX 2 O ) I A e 5 2 A
T fEe i g s b B In , KRS (23 1k /d) A
FATPEIR BCAE | VS P R 0 IR i SRR . —

B 191 2 BT R A A I 7 AR R AR T B
PEF
1.2 F2EAUE 510

VITEK 2 compact 4> [ 3} fil 24 ¥ %5 51 [ 25 o1
Br & 4t (3 B A= Y g 5L 3R 24 \]) 5 ABI QuantStudio 7
Flex SZ B %% Y6 % 1 PCR & 4t (Thermon Fisher 3 [H
FERR R IR A W) ) 5 5 1R 21 2 JE e, UK A8 (A 3 s il 2
EE/ATIDI

O I 2 W g (PF22 SST A W] ) 5 A i K
[ ¥ Ay IR B £ 8 PCR A7) & (b 5t sl s A= A4
) 5 7 e AR TR N B 2R DA R R A I 1) &
(BN AFHIE A 7)) 5 408 DNA $2 B0 5 & (HiPure
Bacterial DNA Kit, Magen) ; H 5 i U1 8% £ %6 i £ B
JE CAb 3 Bl B ) 5 U0 1) T €8 3% 3% 61 Al (3 [ R 34
B ) 5 IR MR -0 O PR - 22 SR B R AR L E R A U B
I EE R YLEE 37 3L | Baird-Parker 55 3% 2E (b 5Bl
B A5 o BT AR X 7e A SO A .
1.3 Jiik
13,1 B iAT s 8 &

X B A ML N B R TR P AR AR AT A SR A
A IEAT R IR PR AT 2 2 A

(1) B8 R < ] 7€ G2 — W 1) — W8 3R X% BT A
FEE 0 LRt R N T IR AR/ ER
RS IT GORE T 115 O

(2) il i 0 7 = ) 0 98 A D5 4R W6 ) Ll PR % R
S 2zt R AT R, X A 8 9 19 i R R AE | R
e N 1 B Y TS i B 1 By
1.3.2 &ah DAAA

ViR B TAE A B K B 58 A A B AH DG %
(A0 35 7T 5B B il 1 0790 5% 0] B8 TR B 3 B AT BE
B AL D7 VBN TN BUAY R Bl 4R ) (B i
A ACRAE (RS At I T A B a s ok f L AR
N G RRCIR B A5 ), 45 ) W A 3 PR SR HOHE A
Tt



SEINAE — R 7 IR T | YR P % P ) R A RO SR IR —— Tk, 4

—559—

1.3.3 FEACREE

WA B P BRI R S TE G i SR R
£ 2022 4F 2 J] 28 H PLSk SN 4 ST HX g —
B AL U M 5 R R S 1 o 91 2 R AR (AR
T 2 ) SMIRIRIR Y (GRTT ki B R ) VR
FERSD B TAE N TR IRY G FE 5 .
1.3.4 SLREKK

£ M SO TR Y R I . AR i e SR R Y
T AR U1 DI DR A MR A5 A AT 0 2 e A 25 R 90 20 )
Wi n] B BOR B R VP T CBUS R R A TR A B
0 7 25 BT R 2 M R R R R VDT
B (GB 4789. 4—2016 £ i % & [H R hrifE & & ik
Pk g W I IR R 56 ) (BU5 K R A IR R (GB
4789. 6—2016 £ it %4 4 [E K AR £ 5 Ik P 2 K
5 S K REAREKRLE) 4% a8 8ERE(GB
4789. 10—2016 £ & % 4 B AR £ & A ) o
R 50 4 B (0 B 49 3K DR R 50 ) S R ZF AT I (GB
4789. 14—2014 B & % 2 H Zbr i B & Uk Y+
K 56 W R 28 M FF B R 58 ) A R 38 R AR TR (GB
4789. 13—2012 £ it & 4> B K br 1 il i A= 9 2
oI 7™ A R TR RS 6 ) ) A T e PR AT £ A
] bR fE AT AR

PR I R AR T SR A < SR P PCR ¥
2 B A AR TR S R B 2R DR A R e i ) &
(RN A= BHIE A &) Ul B A3 3547 77 R IEBE M T cpe
ple(a) .CPB(B) .ETX .iap fl CPB2 T3 2 KA

A BEDRLZH D < % 7 AR T R AR D B 2% A DR A
g5 5k BH M YRR R (T 40 B DNA $2 BCIR ) &
(HiPure Bacterial DNA Kit, Magen) 5€ i, DNA £ Hi ,
FE ¥ 260/280 (IMHAE 1.75~2. 05, DNA ¥ Ji 2 /b ik
F) 10 ng/ L (A # R i 2% 2 J0 50 R BRI A
B w) 04T 2 BE MY B clean data A B K&
TR PR PR 43 F I U5 X 2% (TraNet) 098 722 H 52 il denovo
Pz A4 5 TR 4 B A T R 2 5 M 4 T (wgSNP) | i
W 017 5 AR PR B A7 3 o 2 2% JE A, R AT
SNP 22 507 AU, B Je AR 4l SNP 22 55 07 50 B A=
M, HET PubMLST . VFDB #il Resfinder 3¢/
JE AR BB A ST B (75 7 5 K RS 25 B R, i e 1T
PR s /N— MR 80% o
1.3.5  Jia &l

S0 BT AR ¥ 28 Ak A e mome o B R 3 Kt
N H ARG WA A% o B bR B FE DT IR
(ATCC14028) . 315 K I 3% 4 G & (ATCC25922) |
4 B (0 F % PR H (ATCC6538) | Wl #F 28 i 4T B
(ATCC11778) J= S KM T (ATCC13124) .

2 HBR
2.1 48R B I R R B

HX H2g47 284 1010 N (R4 382 A B i
4628 N HIRT 59 AL 33t 1069 Ao ZKAUA
— AN PR AR AR AR O SO A AR
PR SETEAR . FR SR AN R PR R
A GBI BOR TR HEE . AR B )
VAR AR A FBOIR T T & o AR s 1] 5
I 22 4499 B, I A R 3 22 LA IR VS (95. 45%)
I (95.45%) R E , D BUREA &0 (22.73%) K it
(13.64%)F5EMR (K 1),

1 HX R 22 05 £y b AR IR 3 A 1
Table 1  Symptom distribution of 22 cases in HX middle school

JE AR I EL/ K %
JERE 21 95.45
16 9 21 95.45
BTN 5 22.73
M 3 13.64

2.2 IR A AR

"MW (L, 14 %, LERFEE)T3IH2H
13:00 1A, FEAEIR A IETE 4 ), L IE .
BRTZX DAL, RSB atkmE %7
A s 191 15 5 22 ol & W AT il £k, 22 240 1 3
2 H 13:00~22:00 &% , A MR I 6 h, B i R0
15 h, BRI i % 12,25 h(E 1),
2.3 RIS [B) 3 A5

RIRI) 22 B 2p AR R AL T 13~15 2113 % 9 f4i
(40.91%) .14 % 9 f4](40.91%) .15 % 4 {4](18. 18%) ;
a6 (27, 27%) B 16 411(72. 73%) ;50 Hi 9 4
PEG , Horb LA 9 18 1 (81.81%) . JUAE 9 3 1
(13.64%) J\AEY 1 B (4.55%)(F 2) .
2.4 B DBAFRMA
2.4.1 BETAMHA

HX 12 1 AR, BmAE T iHEA O
A 2023 4F 10 H 11 H) o 8B L Pk # a] b 1 40
BT 2, REAT B D6 X 1] R
BEFT 2 B AE A8 53 2R I = 7 B A 58 A, A
KARTRATE 2 5 BR AR BT F e 23 18 HE AT 05 Uk L oK
50T B b B 0 3R 2R K BB K b I, K
P Ry T B K R i TR N B AATIE R 1 IR

FREEEIT 16 4R T AGEFEHNMT
NGB ARG ] o 2 A@ e I B F B A
B 0 (1 emx] em) . VA H YK, Lo LK
15 M8 9 A R
2.4.2  ATERHAKNE B

1 H R K o i B K I A H R RO
K Ry T BOHE K 28 Ak A B TT I AR



AR AR

—560— CHINESE JOURNAL OF FOOD HYGIENE 2024 4F56 36 55 5 1
14
12
10
= I ]
g 8r
2
B 6
=
4 -
2 -
0 1 1 1 1 1 1 1 1 1
SPILFLFF LSS LTS LSS
V.V a0 0 0 0 AN N N N N Y 0 oy oy oy N
NN P A AR A AN RN AN R R
R S )l o L L S e S S
N M R M S S M N AN A N AN N i e T ¢
PP BT AT AT AR AP >
I 1]
L1 HX AP 22 0T A 3 1) i 9 1 18] 43 A (n=22)
Figure 1 Temporal distribution of all cases in HX middle school (n=22)
F2 HX A 22 95 5] 23 (] 43 A7 I 1 2.5 SIS E KSR
Table 2 Spatial distribution of 22 cases in HX middle school 2.5.1 FEARFAESL
e R SR HRLAE B 04 T AN .3 ) 2~3 H A TR
LAEG S B 5 2272 FE ST 0y, o B REE S 110y AEYIREAR 26 03 (21 1y
;jrgzgi : D AR T .5 Y3 REA ) SMIRBEIR TR 14 03 (50T
i ; 000 R B AR TR 6 0y (3 TAE A
JNARG 3B 1 4.55 FREEY) .
JUAEGE 1 BE 1 4.55 . e
AR 2 BE 1 455 2.5.2  EURMEEOW BRI 25
LA 8 B 1 4.55 11 53 BA A i 34 R A L0 I A 2R AT T B K
&it 22 100.00

2.4.3 fEfhHFE A

(DfEEMER .3 A 2 HitE BN T A
17 N AR A S 1E B R4 5 A A AR i IR T
W E AR TR R ENHIR TA
28 N AERAE B B R AR

(2) f& o PR 22 A < AR A0 > SR R 2, o5 101 B i 4
s p g S AR 3 0 2 HARE AR R
KA W22 20 B4 M AERE 3 A 2 A
BRAN  ERMARE DA% HESM3I A 2 HWA
KHK3H 1 HE&, HRERRA;A 140, f/E3 A 2 H
AR, S EmEE 3 A 2 HEEWAR
T BEE

() arBe il 4.3 A 1 HR LR Rg %
AR (20 kg 2247 ) BB LB VR TR L, 29 17:00
I S 7K 53 0 R FTERAS | B T b 55 8 IR IR A
232 HREGHCERRAARELZ 140),3 H
2 HE AR,

3 2 HRAIH 4 24 &5 TENGHER
B, BAR Sy T o K o ECIR R ik B
BB 1N T AR BT 3 B8 — YK v
FE& b WA TAENG W8 F4MG, = A 55
TR IR .

WA WSRO ITE, 1
AR (AR BB AR, L RErE
i AR R TE AR TR 5 26 10 AR W RE AR R A 3L
5 K 35 Ay TQ A L 4 060 7 28 3K o AN UD 1] 1, L
50y RLAC A 3 0y 2S48 R A K Hh 7 BRI
(36 3) ;14 AN IRBERE AR 6 1 A3 18 U P #E A
BIRR M BE KR aw o7 R &6
BRI ERE MY TR . dE 9 Iy BEARKR = R JE
2 T o
2.5.3 PPN R BE 2 SE DR KT I 45

FERE = R IERERR B 1 4y BREE (017 5)
(3 H 2 HRERAK) .5 W ALEF(007-011 %) I 3
ZE4H (029,035 1 037 5 ), BIKG ) cpe FEH (] 2) 0
2.5.4  ASLPA Iy g R

O Uy BHMEREAS P AT 7 Oy K it 24 3k BRR 2 O 3k
017 5 AR RS J2 010,035 F1 037 595 A B Ak
Y18 ST139 #Y,014 54K A\l ST184 i, GZ006 5y
ST344 #,GZ007 5 R #T ) ST B, BR 014 F 9% A4
B AR, AR IR R R PUE R 2y A, K
H1ER 006 5 Fl 007 5 & Bk #E 47 tetd FED SN, AN TE
RBEHE tetB FEIN . ST139 Y () B MR B HEHF cpe T 17
HH(FE4).

wgSNP i1k 73 B 45 R R, 017 5 A AR 43 B



BN A — PR I TR 5 | A 1 U 5 e A R T 1 R A R DA I U —— sk R, A —561—
3 HX PR U B 2R & 0 U BORS DR R ) 25 AR
Table 3 Detection results of foodborne pathogens in outbreak of foodborne diseases in HX school
LSRIE =R 7
=)
RS SR PR WRAMIE s ROmtRE S hhal A ERRE DI
001~006 NIRRT R A / — — — —
007~011 HEPREAR (ITALT) / — — i —
012~016.018~028 AEYIREAR JLAKT) / — — — —
029,035 i1 037 W FEAS (FE45) / — — K —
017 HAEER(AER) <10 CFU/g — — K —
038~047 FAREE & (A <10 CFU/g - - - -
030~031 YIRS (ZE10) / — — — —
032~034.036.048~057 IR BEHEA / — — — —
AR B " R AR
Amplification Plot
1E07
1E06 |
165.405,342224
& 1E0s |
<
1E04 : e —
2 e z S
- e TR, T e BT e
1E03 = = NN LY = \ o Te o it s \._ "

2 4 6 8 10 12 14 16

Cycle

Lag
[;A: BECHMDMENFEGEH I

B2 PR R 9L PCR Y 45 12

Figure 2 Fluorescent PCR amplification plot

1872(7) 22 24 26 28 30 32 34 36 38 40

Fd4  SEURPEGR 2 A OF A OC R JUBR R R I8 2 R

Table 4  Genetic characteristics of nine outbreak related isolates
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