Korean Journal of Microbiology (2016) Vol. 52, No. 3, pp. 286-297 pISSN 0440-2413

DOI http://dx.doi.org/10.7845/kjm.2016.6039 elSSN 2383-9902
Copyright (© 2016, The Microbiological Society of Korea

Article

87 \= ME=S0IM Z2IEl Clostridium perfringens2| R4 £8 &4

88" - 527 - BEOH- RS - 002 - HE - 20/3
A7 EHABAATY FEYRAY

Genetic diversity of Clostridium perfringens form food-poisoning
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ABSTRACT: Clostridium perfringensis both a ubiquitous environmental bacterium and a major cause of human gastrointestinal disease,
and C. perfringens food poisoning ranks among the most common gastrointestinal diseases in developed countries. 120 isolates of C.
periringens were obtained from food-poisoning outbreaks in 2013~2014, Gyeonggi-do. Using PCR, all 120 isolates were identified as C.
perfringenstype A. Of the tested isolates, 49 isolates carried the cpegene, 71 isolates carried the cpbZgene. The outbreak cases of cpb”2
and cpe /cpb2 genes were 7 and 7, whereas the outbreak cases of cpe-gene were 2. The epidemiological relationship between C.
perfringensisolates has previously been investigated chiefly by pulsed-field gel electrophoresis (PFGE) and multi-locus sequence typing
(MLST). The genetics relatedness of the isolates raged from 53.5-100% and 75 district PFGE type were observed. The PFGE results
revealed a wide genetic diversity among the 64 cpb2carrying isolates (except 7 isolates), while 46 cpe-carrying isolates (except 3isolates)
showed a high genetic similarity. The MLST analysis revealed that 14 ¢peisolates ( cpe-chromosomal isolates) belong to a distinct cluster
that is significantly distant from all the other cpbZisolates (cpe-plasmid carrying and cpe-negative isolates). The isolates carrying a cob2
appear to be rarely related, and are more variable than chromosomal ¢peisolates. The results suggest that the cpe-positive outbreak
isolates showed close genetic relation, whereas the cpbZ-positive isolates revealed a wide genetic diversity.
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Clostridium perfringens+ O}3EE FAdH= 7|4 13 F 2 55 Ao 71t Uzal et al., 2010).
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71 9] 3223t =4 (Alpha, beta, epsilon, iota) AYAHF-F-of w2t HHS Joy|=2Q B4 A 9JrtiUzal et al., 2010).
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Table 1. Nucleotide sequences of primers used in this study
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O] g}l A C. perfiingens 7} 21 %
At A o)X C. perfringens 7} &

SRR B ESEN
42 Aeiste] 1671

Application Gene Nucleotide sequence (5' — 3') Amplicon size (bp)  Analysed size (bp) Reference
CPA GTTGATAGCGCAGGACATGTTAAG 100
(alpha) CATGTAGTCATCTGTTCCAGCATC
CPB ACTATACAGACAGATCATTCAACC 26
) ) (beta) TTAGGAGCAGTTAGAACTACAGAC Yoo et al.
Toxinotyping
ETX ACTGCAACTACTACTCATACTGTG (1997)
(epsilon) CTGGTGCCTTAATAGAAAGACTCC 541
ITX GCGATGAAAAGCCTACACCACTAC 317
(iota) GGTATATCCTCCACGCATATAGTC
(E:E;) Multiplex PCR Kit (Kogenebiotech)
Detecting
CPE

(enterotoxin)

Multiplex PCR Kit (Kogenebiotech)

ATTAGAAAGTTTATGTACAATAGGTG

colA 816 670
AAGACATTCTATTATTTCTATCGTAAGC
AGGAACTCATGATTGTAACTC
plc 725 541
GGATCATTACCCTCTGATACATCGTG
CAATACTTATTAGAATTAGTTGGTAG
sigk 643 589
CTAGATACATATGATCTTGATATACC
CAAAAAAAGTCCATTAATGTATCCAG
sod 663 502
MLST TTATCTATTGTTATAATATTCTTCAC Deguchi et al.
ATTAGCACATTATTATCAAATTCCTG (2009)
nadA 821 689
TTATATGCCTTTAATCTTAAATCCTC
ATTGTTGATAACAGTATTGATGAAGC
gyrB 905 735
ATTTCCTAATTTAGTTTTAGTTTGCC
TACAAGATTTATTACCATTACTTGAG
groEL 901 685
CATTTCTTTTTCTGGAATATCTGC
GACTTTAACGTTCCATTAAAAGATGG
pek 830 681

CTAATCCCATGAATCCTTCAGCGATG
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1207119] =25 AT F5-225 $J3l Tryptose Sulphite
Cycloserine (TSC) i A of] ZZ3}o] 37°Col|A] 1824 A7t &
7ok 3, 214 8 ol wa et Refsleick e
%l Z2k2 Multiplex PCR Kit (Kogenebiotech) & ©]-8-5}14 ¢pa,
cpe, cpb2 B4 SR} SEE 2915}9 1(Table 1), VITEK
ANC CARD (bioMérieux)E o] £-510] 22 E43}9c}.

Toxinotype =0l

1207 3 9] toxinotype= &H215}7] 93, CPA (alpha,
cpa), CPB (beta, cpb), ETX (epsilon), ITX (iota) &2 2=}
of thet PCRS AAISHALE 470e] B 2%} S8 I3t
primer 2 PCR 2712 Yoo 5(1997)¢] v o 2 435} c}
(Table 1).

Pulsed-field gel electrophoresis (PFGE)

C. perfringens ) PFGE 242 A8 7he] s iiof o] uhaah
PFGE A8 W- 1% A A+t protocol}t Jin 5(2013)2]
M hastel et o] AAlskelth s BelE 2
cell suspention TE buffer (10 mM Tris, | mM EDTA, pH 8.0)
of ¥o] 1520%2] FH =2 AtA T o FEY 170 ul
o] lysostaphin 20 wl, lysozyme 10 ulE- 4132 37°Co| A 2027+
HES- AT} 1.2% agarose solution 200 W& F=718F3L 7FHA|
4 5 HE=Z plug moldo] g o] 3t &3l plugE 1.5 ml ES

Table 2. Clostridium perfiingens strains used in MLST

buffer (0.5 M EDTA, pH 8.0; 1% sodium lauroylsarcosine), 50
2] proteinase K (20 mg/ml)of| 7] 11 55°C g} g} =20
A 1A 759 HES-A1 71 & plug wash TE buffer (10 mM Tris,
1 mM EDTA, pH 8.0)& 205-7F 5% plugE A &5} ¢ict. A1 A
o] Tt plugE 1 mm F74| 2 Zre} 80 U/ul Smal (Roche)E ©]
88101 25°CollA] S AL 53 HRGAI AT AlftaAE A =gt
plug gel2 A 7] 95 AX|(CHEF DR3, Bio-Rad)& A&-3]
initial time 4 sec, final time 38 sec, gradient 6 v/cm, included
angle 120° 271 © & 14°C, 19A|7F 591 A7 g 5819t &
T2 S. enterica serotype Braenderup H9812 (ATCC #BAA-
604)E size marker 2 AR8-519] O, AH 2 Bajot5d
a7 A A8k 17] 0] 9HEE W SYBR gold B4 Alok
(Invitrogen)o]| gel& g o] 304 HAY 5, 2hAl3to UVE 24<1
3}k 2ol w] ARl BioNumerics (Applied Maths) & o]-&
3}4], 1.5% tolerance, 1.5% optimization Dice coefficient 2 -
A S ALtelgl on, UPGMAY 0. 2 G312 f-AWA S &

Ao,

MLST (Multi-locus Sequence Typing)

MLST 242 Deguchi 5(2009)3} Xiao 5(2012)2] 1Y
2 Fmste] et ol 2Lt 120 F% % 167)
cpb?2 strains, 157}] cpe strains 2] 31711 9] 75 A @3] =&
%l genomic DNAE- template 2 AME5IITE 8712] housekeeping

Location of cpe
cpe negative, cpb2
cpe in plasmid, ¢pb2
cpe negative, cpb2
cpe negative, cpb2
cpe in plasmid, ¢pb2
cpe negative, cpb2
cpe in chromosome
cpe in chromosome
cpe in plasmid, cpb2
cpe in chromosome, cpb?2
cpe in chromosome

cpe in plasmid, cpb2

Accession number
AB477538 - AB477916
AB477484 - AB477866
AB477554 - AB477932
AB477555 - AB477933
AB477485 - AB477882
AB477560 - AB477938
AB377486 - AB477892
AB477487 - AB477895
AB477488 - AB477896
AB477575 - AB477953
AB377490 - AB71985
AB477495 - AB477908

Reference

Deguchi et al.
(2009)

cpe in chromosome
cpe in chromosome

cpe in chromosome

JX307716 - JX307835
JX307718 - JX307837
JX307730 - JX307849

Xiao et al.
(2012)

No. Strain Type Isolation
1 BL-D1 A sepsis
2 F5603 A Sporadic diarrhea
3 MRI-1 A Healthy
4 MRI1-2 A Healthy
5 MR2-4 A Healthy
6 MR2-9 A Healthy
7 NCTC8239 A Food poisoning
8 NCTC8798 A Food poisoning
9 No.2 A Food poisoning
10 OSALl A Food
11 P-1/09/03 A Food
12 TM138 A Food
13 VWAO001 A Food
14 VWA009 A Food
15 VWA326 A Food
16 W4232 A Food poisoning
17 W6205 A Food poisoning

cpe in chromosome

cpe in chromosome

AB477497 - AB477856
AB477499 - AB477912

Deguchi et al.
(2009)
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genes- toxin genes (plc, colA), stress response genes (sodA
groEL), sigma factor for sporulation (sigK), putative metabolism
genes (pgk, nadA), DNA replication (gyrB)©] 1L, AR5 primer
+ Table 13} Z2t}. Templates+= Gold multiplex PCR Premix
(Bioneer)E ©]-8-3}o] £Z3}¢tt. = PCR products+=
QIAquick® PCR Purification Kit (Qiagen)2- ©|-&35Fo] A
stk AA1E DNA ABI PRISM 3730XL Analyzer (Applied
Biosystem) = 7|4 9-& £435}91 thMacrogen). & 5,092 bp
O] A7\ AL Q) &A= ple, cold, nadA, sod, pgk, sigK, groEL,
gyrB <0 2 A E3}9) 01, DNAstar (Lasergene) software S
0]-8-5}4] Clustal W format 0.2 A3t} 2131 17452)
715l

accession number+= Table 2]
2 1

Frsn| Y S
2013d3}-2014¢

7715 A= A 17471(3,3087) 5 C.

perfringens©]| 23t A1£E-2-237(1,223) 0. & AA|2] 13.2%
(36.9%)°] =] ABHL ASlsha /1 o WS
S ® §ItiKorea Centers for Disease Control and Prevention,
2012~2014). AEHE, AAE B &g Aw B, A-1AF
BElo] 3 WSS NBAAYL P YRS Y
A Aol A AL
SO 201410l 571 15 FeH A o e
(Korea Centers for Disease Control and Prevention, 2012~2014).
015 579 o2 el A C. perfiingens 7} 2] 2}k A}
o] ZE|FARI B Ao X C. perfringens7} E2|H A5
52 167(1209) 2.2, cpe Bt = 495, cpb2 B+t
71530

P R A, cpe SHEEMYZIS 271(1058), pb2
S T7(455), cpe, cpb2 ST 77(655)
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Table 3. Isolation and toxin genes of 120 C. perfringens isolated in Gyeonggi-do

Region L Major toxin gene PFGE MLST
No. Isolate . Occurrence Isolation origin
(si/gw) cpa  cpb  etx  iap cpe cpb2  profile cluster
1 2013-01-01 ) patient + - - - - + 71
2 2013-01-02 Yongm Restaurant patient + - - - - + 50 1
giheung
3 2013-01-03 Foodservice employees + - - - - + 16
4 2013-02-01 patient + - - - - + 2
5 2013-02-02 patient + - - - - + 5
6 2013-02-03 patient + - - - - + 32
7 2013-02-04 patient + - - - - + 37
8 2013-02-05 patient + - - - - + 10
9 2013-02-06 patient + - - - - + 39 1
10 2013-02-07 . patient + - - - - + 17
Siheung Restaurant .
11 2013-02-08 patient + - - - - + 35
12 2013-02-09 patient + - - - - + 42
13 2013-02-10 patient + - - - - + 28 5
14 2013-02-11 patient + - - - - + 16
15 2013-02-12 patient + - - - - + 7
16 2013-02-13 patient + - - - - + 36 1
17 2013-02-14 patient + - - - - + 8
18 2013-03-01 patient + - - - - + 35
19 2013-03-02 patient + - - - - + 18
20 2013-03-03 Ansan patient + - - - - + 54
School
21 2013-03-04 sangnok patient + - - - - + 5 4
22 2013-03-05 patient + - - - - + 15 2
23 2013-03-06 patient + - - - - + 70
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Table 3. Continued

Region L Major toxin gene PFGE MLST
No. Isolate . Occurrence Isolation origin
(si/gu) cpa cpb etx iap cpe  cpb2  profile cluster
24 2013-04-01 patient + - - - - + 30
25 2013-04-02 patient + - - - - + 51
26 2013-04-03 patient + - - - - + 13
Icheon Restaurant
27 2013-04-04 patient + - - - - + 43 1
28 2013-04-05 patient + - - - - + 6
29 2013-04-06 patient + - - - - + 20
30 2013-05-01 patient + - - - - + 33
31 2013-05-02 patient + - - - - + 39
32 2013-05-03 patient + - - - - + 49
Ansan .
33 2013-05-04 Restaurant ~ Foodservice employees + - - - - + 35
danwon
34 2013-05-05 Foodservice employees + - - - - + 15
35 2013-05-06 Foodservice employees + - - - - + 52
36 2013-05-07 Food + - - - - + 73
37 2013-06-01 patient + - - - + - 57
38 2013-06-02 patient + - - - + - 56 8
39 2013-06-03 patient + - - - + - 56
40 2013-06-04  DUPON g0l patient + ; - ; + ) 56
wonmi
41 2013-06-05 patient + - - - + - 56
42 2013-06-06 patient + - - - + - 56 8
43 2013-06-07 patient + - - - + - 56
44 2013-07-01 patient + - - - + - 68
45 2013-07-02 patient + - - - + - 68 8
46 2013-07-03 Seongnam Restaurant patient + - - - - + 1
bundang
47 2013-07-04 Foodservice employees + - - - - 29 5
48 2013-07-05 Foodservice employees + - - - - + 75
49 2013-08-01 patient + - - - + - 67
50 2013-08-02 patient + - - - + - 59
51 2013-08-03 patient + - - - + - 65
52 2013-08-04 patient + - - - + - 66 8
53 2013-08-05 patient + - - - + - 59
54 2013-08-06 Suwon patient + - - - + - 59 8
School
55 2013-08-07  yeongtong patient + - - - + - 59
56 2013-08-08 patient + - - - + - 67 8
57 2013-08-09 patient + - - - + - 67
58 2013-08-10 patient + - - - + - 67
59 2013-08-11 patient + - - - + - 67
60 2013-08-12 patient + - - - + - 67
61 2013-08-13 patient + - - - - + 4 5
62 2013-08-14  Ouwen School patient + ; - ; + ) 67
yeongtong
63 2013-08-15 patient + - - - + - 67
64 2013-09-01 Foodservice employees + - - - - + 25
65 2013-09-02 Suwon Foodservice employees + - - - - + 19
Restaurant
66 2013-09-03 paldal Foodservice employees + - - - - + 44
67 2013-09-04 patient + - - - - + 23

=32l A Als2d Al3E
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Table 3. Continued

No. Isolate Re:gion Occurrence Isolation origin Major toxin gene LGS BAEL
(si/gu) cpa cpb etx iap cpe  cpb2 profile cluster
68 2013-10-01 Foodservice employees + - - - - + 55
69 2013-10-02 patient + - - - + - 67 8
70 2013-10-03 S;(;:s::;n Restaurant patient + - - - - + 1 1
71 2013-10-04 patient + - - - + - 67
72 2013-10-05 patient + - - - + - 67
73 2014-01-01 patient + - - - - + 46
74 2014-01-02 patient + - - - + - 61
75 2014-01-03 patient + - - - - + 47
76 2014-01-04 Hwaseong - Restaurant patient + - - - + - 68 8
77 2014-01-05 patient + - - - + - 68
78 2014-01-06 patient + - - - + - 68
79 2014-02-01 patient + - - - - + 45
80 2014-02-02 patient + - - - + - 62
81 2014-02-03 patient + - - - + - 62 10
32 2014-02-04 patient + - - - + - 62
83 2014-02-05 patient + - - - + - 62
84 2014-02-06 patient + - - - + - 62
85 2014-02-07 patient + - - - - + 7 6
86 2014-02-08 patient + - - - + - 69
87 2014-02-09  Pyeongtaek School patient + - - - + - 63
88 2014-02-10 patient + - - - - + 53
89 2014-02-11 patient + - - - + - 62
90 2014-02-12 patient + - - - - + 48
91 2014-02-13 Foodservice employees + - - - + - 62
92 2014-02-14 Foodservice employees + - - - - + 11 1
93 2014-02-15 Food + - - - + - 62
94 2014-02-16 Food + - - - + - 62
95 2014-02-17 Food + - - - + - 62 9
96 2014-03-01 patient + - - - - + 21
97 2014-03-02 patient + - - - - + 74
98 2014-03-03 patient + - - - - + 38 1
99 2014-03-04 patient + - - - - + 38 1
100 2014-03-05 Suwon patient + - - - - + 40
101 2014-03-06 ~ gwonseon School patient + - - - + - 58 8
102 2014-03-07 patient + - - - - + 24
103 2014-03-08 patient + - - - - + 38 1
104 2014-03-09 Food + - - - - + 27
105 2014-03-10 Food + - - - - + 12
106 2014-04-01 patient + - - - - + 34
107 2014-04-02 Foodservice employees + - - - - + 26
108 2014-04-03 S§$§:$ School  Foodservice employees  + - ; ; - + 3
109 2014-04-04 patient + - - - - + 22
110 2014-04-05 patient + - - - - + 9
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Table 3. Continued

No. Isolate R?gion Occurrence Isolation origin Major toxin gene HGE RAILST
(si/gu) cpa cpb etx iap cpe  cpb2 profile cluster
111 2014-05-01 patient + - - + - 60
112 2014-05-02 patient + - - + . 60 8
113 2014-05-03 patient + - - + - 60
114 2014-05-04 S‘;‘Znagk School patient + - - + 14
115 2014-05-05 patient + - - + 31 1
116 2014-05-06 patient + - - + 31
117 2014-05-07 patient + - - + 14
118  2014-06-01 patient + - - + - 64 11
119 2014-06-02 Gimpo School patient + - - + - 64 9
120 2014-06-03 Food + - . + . 41 3
cpb2 BHF= 135910k 75-0] ] F cpe HA-HTE3 NFE 70 A ae 2013 o] WA 10719) 455
2, ph2 W 4591 TK Table 3), % 679| b2 YA NFEL BT A7 T2 AN
A~E Toxinotype PCR A3}, 120 w5 K57 cpa TH594d < BRI A} 3719 cpe, cpb2 EFFA A F52 A4 B2 cpe
type A SH1E|AITk(Table 3). SAANDE WAL, ph2 - 27} 12 RS Lep)
Ak 1749] qpe 4 A1FE-L X 2 fHAT S 1Y
PFGE 241 o} 2014100} AT 6710 A1 55 5 1200] opb2 O A5 E
120522 C. perfringensS Smal A|$ta A2 % 2|8t PFGE = AR ol S, 42 pe, opb2 EXGY AT
4 A3b= Fig. 13+ 0] 53.5-100% 2] A= 2} 7571 2] =5 3, B, MMET ATES 4 22 epe A
profiles 2. & L 91tk 65% 0] AL 7] 2.0 2 g2 o A-E 57} S B, ATt QMM EA A A
A 2502 BRHCh A, C, D, E 1522014060355 PH2FIAHTEE U, 14 ape, A HE S22
Ao T opb? 18 G o)l B o201, AN EEEN) BRE ST PP ug oLy nEy
ol A & Bl E wtF= pb2 3t T1E(A) Ol E5hH S thE

03-0655 A 2J3}al B cpe Wit 2 A= ATE A 5
2 67.8-100%9] GAHEQL S5 @ o e, 7o) B2
Aol A 2215 2014-06-03 55 A| ]85}l K57 epb2 W-ft7
Ak pb2 FA AFE F 2014 MRS A S5 43
(2014-05-04~07)2} 2014 =P AT A FE 35(2014-03-
03,04,08)= &4 sel& Yt ek o]9] 22 e =
AFFE2 A HE ATHoR Aol fIlaL, tiii
AR E S Bk B 152 70.6-100%2] G-ARE 2}

° , QPAPAFEL Ehxfol| A 2] 2013-03-06
A JSFAL W5 cpe Bofrat= ATk 2013E R v 4
5671, 20139 2R 9] ARt A5 27, 3702 27}
U AN AE B, 201349 AT AT EL2
7HA] epe AR o] Aol QleS & 4= AASITh 20143 ¢F
AIEA AT 35 B 107, 25, 31 37 A 242
A AATE-S H T C-E 152 53.569.6%2] -G-A
5 B, B eph2 H{t & o] FolFlom, 17 57t
S FAHES B cKFig. 1).
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16 cpb2 R-G-F51}+2014-06-03 cpe R-G+F+=cluster 1-7
of] 311 3L, LFH ] 14 cpe H-w5-= cluster 8-110] 3
ALk Cluster 10i= 7 7] ol A w2 E 10 epb2 HA{+5
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