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Campylobacter jejuni is an important food-borne pathogen
causing gastroenteritis in human. We isolated 208 strains of
Campylobacter jejuni from 430 diarrhea patients and food
employees with 17 food-poisoning outbreaks between 2014
and 2016 in Gyeonggi area. The strains were tested for genetic
relationship and the genotype distribution using PFGE and
multiplex-PCR typing. Among the 47 Penner-serotypes known
for C. jejuni, it was identified as a genotype consisting of 35
genotypes by multiplex-PCR typing and represented 7 genotypes
(HS2, HS4A, HS8, HS15, HS29, HS41, and HS53) in the
selected strain. From the PFGE analysis of 11 food-poisoning
outbreaks, 5 group of PFGE profile were obtained, and genetic
similarity in these clusters ranged from 61.8 to 66.6%. This
study examines the genetic diversity of C. jejuni that have been
separated in the Gyeonggi area through various genetic analysis
methods and identifies the correlation between strains in
patients who have been infected with the disease in the future.
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% go| 54 HEE 7HA] AL gloH, o] = Qlaf mi-- 544
F2F-~FZ(cork-screw) HE] 2] &F5AS H It} &3t
~10% Abaof A 2 FASH= 1] 271/ atolm 42°Cofl A
F541517] titoll £94 ot o= ERETHEFSA, 2005).
F2 2ute] A5y o9 22 2F 542 A7 7o
21=mCCDA (modified Charcoal Cefoperazone Deoxy cholate
Agar) v x|of| FF5}o] 1] 2714 27(5% O,, 10% CO,, 85%N,)
O 42°C oY 4] 48 A|7FHIOFSE B, API CAMPY kit (bioMérieux)
£ o] &5t AETHA 45 T 5 Ah(Poly et al., 2011).
WIS HFE AL W, 55, G, AAR, TE 53
B 3o A S A e A5 XREFA o] Al5HA] oFal o
FE 15 gl A 757] wfjiZofl 38 A| 2| =7t 2 26kR] &
= Aor deA Sl FAdol vt B¢ A EzntolAl
(erythromycin), F}&=2(quinolone), HIE 2k [0 |E W(tetracycline),
oFx| E zuto] Al(azithromycin) T2 ARE-SH=Tl 2L A
A /S Hol= w50] S76kL Y= F+A4| oIt Zaman, 1992;
Szczepanska et al., 2017). FR AN 0 7= Q &|3}A] &2 7}
FRAES ATAAS D AL TR AFL AT
et A2 =R 52 -] A5 ol Ytk Wei et al., 2014).
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ule 25 0) 78 91910 2 oFed 4 9lrk(van den Bergeral,
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1 &

ol e = Ao g 551 Qe dg-ve S A
7 2ehe AlFY TYES5S =2 Penner heat-stable

(HS) A& HS192} HS4121 7 o 2 815 % tiTakahashi er
al.,2005). o213t el A FS ] QAL Tatel 3
4 Bae) 44 Azl S9ol wast.

SAAATRAE FP] $l5tel B Fo) HEYL L
A3l= W MLST (multi-locus sequence typing), PEGE

(pulsed-field gel electrophoresis), T+ multiplex-PCR typing
59 FA%S A5k ol qtk(Noormohamed and
Fakhr, 2014).

el = FE2HE Ay 9] Eel&o] Wol 1 5
f/do] YA H7t Hofjgtont, 201497 A=Y A=
o] YA o7 F7HS Holn, 1 Qe S-Eue} 7]
7o) 2joflA otz o] ¥Fof whE 7|5 213k, Hl
U, Har7] 2nlsk 57159 AZ ] ¥gt 5 o
5 2 o AFEIti(Jeong et al., 2017; Oh et al., 2017). O]
w 2ute] A2y o) Halg 271e) €918 Belal]
P ke Ay we) B4 SEe 2% 499
Fo| Aasich. FARUE AR 29§44
T 2 pulsed field gel electrophoresis (PFGE)
L} multiplex-PCR typingt-& &2 AFE-3F1L ItHRevez et
al., 2014; Samosornsuk et al., 2015). =Ujo]| A= PFGEE &
S Aol A Bel B et AT o) § e T
Aol Bt ATt th4 211 QA 9K(Cha et al., 2014; Oh et
al., 2017), multiplex-PCR typing®-& ©]-&-5t 72 2H}g| A
=1 o] §R8HE EAATLE 79 v v} g,
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e)of}. 7 b A5 9] He)% 18I mCCDA (Oxoid)
Bl x| of] AA| S =@t 3 Campygen (Oxoid) S 2 7}5}Ho]
42°COl A 48A17H5<F 1] 57| b 2 vl b € T
252 Yefe] sua Fers s Beleioict HelE
2+-2- campylobacter triplex PCR kit (Kogene), catalase, “12]
3L API campy (bioMériux) & AH8-3f] 2% 545kt w2l €
5= 0.2% yeast extract, 20% glycerol, 5% FBSE 715t
BHI (Oxoid) U] of] o] -70°C 24} & 5-710] B pkaheick
7} Aol ARESRTY.

Multiplex-PCR (CPS typing)

Multiplex-PCR- -3 2] T}l d& 7HA| L Q= v 2] of 32
Hol| B3k 20] 34 2 g 2} A H polysaccharide
capsule (CPS)& §d 3= F- A& o] &3ttt o] 23 CPS
=719 AR Al 12 AP S 4771 Ejle s
T > Q= Penner typed} 1> A 2[5k A o = 2l E of
AR Ay 9] AP Aol wol ARSE AL Uk
(Pike et al., 2013). Multiplex-PCR-2 53t -3- A &2 3213} 7]
f18H Poly 5(2015)2] W& a1sto] §-5old& 2= =
gho|mig2 AAFskAA) 47719 @A o FEHT = Qe
Penner type-2 7|40 2 5}o 357 2] Zafo|m#-S A 251
THTable 1). AM8-8F= Zefo|m] O =7} gh7] wfjiZof 49 of L}
o] skl o Zh etoln S-S HY o, B, v, 6
-mix 2 FESF9 3, PCR A &S] 3719 2}o]71 207112 &
71 ol g 4= e E s Aol & Hl=A] 2l
317 1) P 0.8 mE ek ARy Fold 5
AsHA EHl7bs skl v HEA Q1 FAAL [pxAE v-mix
PCR 2] 331 bpof| &1 4= Q1A vH= ATk

A12}0] PCR WFS-& 2231 23 DNA (1~10 ng), forward
2} reverse primer (20 pmole/ ul) Z+Z}F 1 ul, PCR mastermix
(Bioneer)E AH8-8F0] 2|5 20 pl7} = A| H3ick. PCR 2702
94°Cof| 4] 57} pre-denaturation$lt 3 94°Cof| A 157} dena-
turation, 52°CoJ| 4] 157} annealing, 72°Co| 4] 117} extension
Z70 2 30 cycle W25 TR 72°Cof| 4] 1027} post-extension
5h3ick PCR REG- 5 A /d &2 QiaExcel (Qiagen) ol 4] %1719
&oto] A5 ghelskth(Fig. 1).
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PFGE (Pulsed—field gel electrophoresis)

FAuR]o) = Bold #& W5l 3d oF cell
suspension-8TE buffer (10 mM Tris, 1 mM EDTA, pH 8.0)¢] &
0]20%9] £ = &2 HEFAZ Tk oF AN 200 plof] lysostaphin
20 pl}lysozyme 10 pl S 4131 37°Cof| A 2057+ ¥ A AT},



27|20 22IE C jegjunio)

SERFIHE 24 - 33

Table 1. Nucleotide sequences of primers used in this study

Target Forward sequence Reverse sequence I.’roduct Accession
size (bp) number
a-mix
HS2 CAGCATTGGAGGATTTACAATATAT CATCCTAGCACAACTCACTTCA 62 AL111168
HS3 GGTAAGGTTGATTCTGGGTTTAAT AGATTAGGCCAAGCAATGATAA 149 HQ343268
HS4A TATATTTGGTTAGGGATCCA CCTAACATATCATACACTACGGT 370 HQ343269
HS6 CATACATTTGCTTTCAGATTCTTTAC ACACGCCTATTGTTGTTGTTC 185 NC009839
HS10 TCTTATGCAGCACGCTGAT CAAATTCAATCGACTAGCCACT 229 HQ343271
HS15/31/58 ACAGGTAATAAAATGTGCGAGTTT ATGCATCTGCAACATCATCC 325 HQ343271
HS41 CTTACATATGCTGGTAGAGATGATATG TGCAATCTCTAAAGCCCAAG 279 BX545857
HS53 AGGCAAGCAGGAATTGTTT TTAATTGCTCTTTGGCAATCTT 251 CP000025
HS19 CGAGGATGAAAATGCCTCAA GGCAACAAACAAACATATTCAGA 450 BX545860
HS63 AAATTTGTTTTTCATATTTTTACGG TTAGGTGCGGTTACCAAAGG 522 KT893438
HS33/35 GTAGCGGATCAGCAGCATTA CATCAAAATCATCTTTTAACACCAA 819 KT893436
3-mix
HS1 TTGGCGGTAAGTTTTTGAAGA GCAAGAGAAACATCTCGCCTA 610 BX545859
HS4B GTGGACATGGAACTGGGACT AAAACGTTTAAAGTCAGTGGAAA 652 AASY0100000
HS8/17 TTCACGTGGAGGATTATTGG TTGAACATTTCATGTGTATTCCCTA 342 HQ343270
HS23/36 GCTTGGGAGATGAATTTACCTTTA GCTTTATATCTATCCAGTCCATTATCA 161 BX545858
HS42 ATGGTAAAACCGGCATTTCA ATGCTTCAGTTCCACCCAAA 440 HQ343274
HS57 GGGGTAAAATAGCCAATATTCCA CCAACAAGCCATATTTGTTTTTC 100 KT893428
HS12 GGAGGTAAAACGATATTCTCCTTAAA TGAAGATTTTGAATGGATGTGTG 201 KT868848
HS27 GAATAAATATTGCTTCCATACTTTCAA  GCAAAATGAGAATCTCCACCA 280 KT893437
HS21 TGGATGGGATATTGATGACAA CCCTGGAAGAGTATGGGACA 801 KT868849
HS5/31 GGCAAAGAGCTTTATTTTGTTGA GCCGTAGCAACATCAAATACA 857 KT868847
V-mix
HS44 AGAAGATGCACTAGGCTCTAG GCTATCTAATTCCATCCCTG 148 JF496678
HS5/32/45/60 TCCACTTGGGATGAAAAGGA ACCGCATACTTTGAGCCTGT 128 KT893432
HS29 CCCATATTTAAACAATGGAGTGA TCATACTTTGAAAAACATTATCTGGA 185 KT868846
HS22 TCATGGAGCTGGAACAACAG GCTGGAACTTCTTTTGCAATC 216 KT893439
HS9 AAAACTATTAGCTTGATTTTACCTTGG ~ GCGAAAGACGGATTGTTCAT 278 KT868844
HS37 TGGATGAAGGGGACTTATGG TGGTTTGAAGAGCATCAGCA 541 KT893431
HS18 CAGCTATAAATCATGGGTATTGGA GTAATCAATACATTTTTCCTTGCTT 653 KT932997
IpxA ACAACTTGGTGACGATGTTGTA CAATCATGDGCDATATGASAATAHGCCAT 331
6-mix
HS32/58 TCCGGAAAAATTTTATTTAGATTCTC AACAATACCAGGATACCAATCTTCA 85 KT893427
HS52 AAAACACGCTATTAATCATGGTGAC ATGTAGGCCAAGTTATACAACCTTTT 170 KT893429
HS60 GAAATCATTTTTATGATATTGTGGTT TCACAGTCACAATAAATAGCCAAA 241 KT893426
HS55 GAGATGGTGGTGGTCATCAA ACGTTGCAACCAATCCTTTG 341 KT893433
HS32 GCATACCAGATGGCTTTGG AATGCAGCGTGCTTCTTATTT 420 KT893435
HS11 GAATTGGACATAACCACGGAAT ATGCAAAGTGCACATATTCTCC 540 KT868845
HS40 CAACCCTTGGATGACAATAGAGA ACCGTCAATATCATCAGGATTTA 636 KT893434
HS38 GCCGCAGGAGATAATGAAGA TTTGCCTTTTAGATCTTGAGGA 741 KT893430
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a By b Map y & Ma B vy 8
; 342b
331 bp : 325 bp 331 bp 331 bp
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251 bp 331 bp
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MoapB y 3§ Ma B v &
= 331 bp - 331 bp 331 bp
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(F) HS29 (F) HS4A (G)HS2

Fig. 1. Multiplex-PCR pattern of C. jejuni genotypes.
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Table 2. Distribution and Multiplex-PCR typing result of C. jejuni causing outbreak in Gyeonggi

Occurrence Outbreak origin Strain
Year Month Region
place Patient Employee Food Subtype Isolated Typed
Total - - 208 175
6 Yongin Restaurant 2/2 0/2 - HS29 2 2
2014 8 Gunpo School 41/62 3/11 0/24 HS15 44 42
11 Hanam Restaurant 12 - - HS4A 4
12 Suwon Restaurant 1/1 0/3 - HS2 4 2
4 Anyang Mass feed 24/26 5/51 - HS53 29 25
5 Kimpo School 35/49 1/11 0/27 HS8 36 30
7 Seongnam Restaurant 4/9 0/2 - HS2 4 4
2015 7 Yongin Mass feed 14/18 173 0/4 HS2 15 12
7 Hwaseong School 16/26 0/9 0/6 HS2 16 14
8 Pyeongtaek Restaurant 2/4 0/5 - HS2 2 2
11 Suwon Restaurant 2/4 0/3 - - 2 0
4 Anyang Mass feed 13/24 0/14 - HS2 13 13
5 Pyeongtaek Mass feed 6/16 0/3 - HS2 6 6
2016 5 Anyang School 13/19 0/6 - HS41 13 11
6 Kimpo School 13/24 1/7 0/71 HS15 14 8
6 Anyang Restaurant 2/5 0/2 - - 2 0
8 Yongin Restaurant 3/3 0/4 - HS29 3 1
ShQIsFGITE. Table 12] 357 9] 3-Fo] Zefou-2: 0|85} WA= 2 EH(Table 2).
o] 17:9) 47| % A5 f A el B4 AT, 24 o g Bl Py ARy 3o fagel
ALfRE 15719 AF=M THG MR T E FAF 2 -2 FUT Ao BRIE A 2 AES A Fske HE AL
S A BRI 4= ATh(Fig. D). 218 5208w 5 2 ZRlEth 2 FARN AN = T % o] =3
175250] 0% S SRISIATE 20159 11957 2016d v Bz 2helEl 797} o} 22 S A1xje] o3 kel e}
69 Y A2 HA ] 7 F o A KL A E Tk HS2 e AEFS AR =M AT o2 o g A e
L1570 3 7P W TS AFE Aol2ol A BRlbgda AR 39 FAGAF0] AMPA 0 2 whsle] o8 5
20149 WRE 20169 2710 YUY Ao T AALG A4S ST 5 YU T AF) PR AR 2
%1% F HS532 a-mix PCR2] 251 bp= 241131201513 4 O AT gt A4 el -85 el S S5t WA
o QrFoll A LAY AF=of A A = *{Tk HS8L- 3-mix PCR = AT 5 S Aoz oA E:
0] 342 bp = 1% 913120150 5 7 Lo A AT Al S
of| A ¥FA =] 9l th HS15%= a-mix PCR 2] 325 bp = 3F1 5] 3] 11 PFGE 241

2016 6 Z Lol A WAYRE Al 5=k 2014 8 3L of| A
A S A S-S ol 4] ' =] 9le). HS41-2 a-mix PCR 2] 279 bp
2 ZRIEI1 20161 5Y ol Al HAYSE 4] S0l A
=9t} HS29= v-mix PCR2] 185 bp & 21 %] 2] 312014 6
A} 2016 84 -§-2lof| A HAYTE AlFFo A WAE SATh
HS4AX a-mix PCR®] 370 bp& 3+¢1%]9131 20144 119 3}
ol A whAY g A g ol A WA = 9l T HS2+= a-mix PCR 9]
62 bp = BF1E] 211120141 129 2291, 20151 7€ 314, 821,
242015 8 Hel, 20161 49 9k, 2016 5 H e o) A

2014358 20163 8L71A] ZHERYE AlFY 4HSo
2 2RIE 1749) A5 TollA 22l 1109 4F-5of o
w79] o] thsto] PFGES A4 5H3Ith DNAE Smal A
B4R A2 5 PFGE A9H o2 FA9S EAsI3AL &
A AP 01 80% ol8Hel B¢ M 2 The TE o2 25t
oh. AT 17]2] 4555 Alo] 2= 570 9] TH(A~E) o2 7
FE A TH(Fig. 2). 117]9] AF-57 o] 20l A o] |l wF5=9] f
g AW EH T1F A=20161 69 7oA LAY A1F
E3}120141 8Y 7 Eof| A WIS A1 %5 © & multiplex-PCR

o b ot
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Dice (Opt 1.50%) (Tol 1.5%-1.5%) (H > 0.0% S > 0.0%) [0.0%-100.0%]
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Fig. 2. Dendrogram of Smal PFGE patterns from C. jejuni causing outbreak in Gyeonggi area.

typing©l| 4] HS15 2 QI ot 5=0f AA|SIGIT. 15 HiolA
= 86.8%2] 4] FAM S Kol om Alo] A Ttofl= =
2 EAAL S 61T 100%2] A& Kol =qlT 1
FB=20161 5 QhFoll A WY A S50 2 HS41 =2 1<)
=0k AAISHAIL 100% 9] A& HoAF=3ieh 15 C
20149 643 20163 8 G-oflA WA AFHo =
HS29 2 BHolE 59} 2 %519 1 81.23~93.3%2] GAM S
Hof 33 Zhol| &= - ol 7h ARt Zlo] QI it 155 D
£20149 129 5291, 2015W 74 314, E-2lo A AT A5
S HS2 2 2Rl w50k AR 814 014201413 11 sheof
A Y A S E-2 HS4A R S1E #7=0ke UA]8H3IT) 11
FEE20161d 49 2k, 2016 59 B Eof A A 4] 55
I A3 Yol €A% 15 A, B, C= multiplex-PCR
typing? PFGE 2] sl o] g2ts] AX|7 A& HojF=At 11
£D,EL UX|51A] Y9ttt 1B DO HS2 5= HS4A 2 8}
Q1 20149 119 shofl ] WAYE 2553} 93.3%= vf--

=32l A Als4d AllE

FAREZ} 42 Wi 22 HS20) &8l 18 BO) @aohs
77.3%% FAHE7F 4] b2 1S Eelshqint. 71&9] a1 A
AEF A EHF LS ol gH= AT FH S 7|uke
£ -/ =|= multiplex-PCR typing&] - vj-9- &2 FAM
< HolFA|N PFGES] A2 #5-9] AA4-425 gl
sto] JHA1817| wfof A o2 e fAMYS Mol

ole} Ay zpeic.

AR o] EATHS 2l 4= L%1AL, multiplex-PCR typing
< o] 83 A A2 7 2HFE Al o] f-A8A
£ Bk B Ao 2 Y-S 2RI 4
UL, 7]Eof CPS FHAE Wdsto] @S B4k
WS wl- BAdekal W vl8-2 Amgiehal g A Qlrk
(Bacon et al., 2001). T3 |22 57 AL UL ) 7]E o
=9} B A ljof Sh= PFGESH= 22| multiplex-PCR typing
< o] &3 FAA HA2 NE AR BT = k=%
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A 2HE A=Y w(Campylobacter jejuni)2- Alat/d ¢
QU Lol FAYAE LR Fast g2
A A Uk 2014 EEE 2016 E@7HA] 77| A o) A

& H o] AF=ol|A ZHd =ube A=Y ool AEE
4307 2] afer el EAR ol A 20871 9] FE A
o A 0| A RS f AR RS HeIsh)
213}o] PFGE 2} multiplex-PCR typing B2 A8
24 3191ch 47742] Penner-type &% 25| 7}
AFEY 2] % -2 multiplex-PCR typing-2 ©]-8-3}o 357}
of 3 08 FEI 4 Sl AS TUSIAT APEE g0l
2] 77)9) 47 3(HS2, HS4A, HSS8, HS 15, HS29, HS41, HS53)
o2 FHEE AS TSI 73 B Aol ol 2]
B AR HS290T 7209] 4557 0] 20 4] BHlE] ek
PFGEE 550 11719] AFHollA] i 57H2] 150 = &

o
_OIL
&
o
El

i)
fu
=
i

FE R 2EIF] AL 61.80014 66.6% k. B =

oheket f AR EA S Sshe] A7 =l A e E 3

2ule] A=Y 9] F-314 ohFdS mhefshar g Ay

A SRRt B o The) A A g obe HE REkE

29 WAy 9 SRk up|of) i @ 8} 7| 22w 5 vhd sl A} gict.
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