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Antimicrobial Susceptibility and Genetic Analysis of
Campylobacter jejuni Isolated from Diarrhea Patients in Busan
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Background: Campylobacter jejuni is an important
food-borne pathogen that causes human gastroen-
teritis. This study was conducted to investigate the
incidence of isolation, antimicrobial susceptibility pat-
tern, and C. jejuni genotype from diarrhea patients in
Busan, Korea.

Methods: A total of 97 C. jejuni were isolated from
diarrhea patients during five food-borne outbreaks
from 2014 to September 2017. Antimicrobial suscept-
ibility tests were carried out by the broth micro-
dilution method for ciprofloxacin (CIP), nalidixic acid
(NAL), tetracycline (TET), chloramphenicol, azi-
thromycin (AZl), erythromycin (ERY), streptomycin
(STR), gentamicin, and telithromycin. To investigate
C. jejuni genotypes, pulsed-field gel electrophoresis
(PFGE) profile analysis was performed.

Results: The isolation rate of C. jejuni was 2.0% for
the last 4 years and increased annually. Antimicrobial
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resistance rates of C. jejuni were shown to be in the
order of NAL (90.9%), CIP (89.4%), TET (13.6%),
AZl (3.0%), ERY (3.0%), and STR (1.5%). The pro-
portion of multidrug-resistance was 18.2%, and they
commonly contained quinolones (CIP-NAL). Analysis
of PFGE patterns of Smal-restricted DNA of C. jejuni
isolates showed 17 clusters; cluster 11 was the ma-
jor genotype pattern.

Conclusion: This study will provide useful data for
the proper use of antimicrobials and the manage-
ment of resistant C. jejuni. Also it will help to provide
data for the epidemiological investigation of food-
borne diseases caused by C. jejuni, which is ex-
pected to increase in the future. (Ann Clin Microbiol
2019;22:42-49)
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A C. jejuni® quinoloneAl WA E©0] 6.3%A& X502 Ky

[413F o] % o] H7lellA] &2 WAES Harskal §lo] quino-
loneA] A X 8ol FAIK o] A7|¥|olom ARl= eryth-
romycin, azithromycin@} 742 macrolideA] & A7} 2 A4
=3 9leh1,2].
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MATERIALS AND METHODS
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S AL A Al C jgjuni 2455 Rel3g)
31, 20179 149, 29, 54, 99 AEA A SellA] kAR 4719]
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C. jejuni® H2lE $l3l modified Charcoal Cefoperazone
Deoxycholate Agar (Oxoid, Basingstoke, UK)oll Tl A& =
TEH WEog Tty CampyGen (bioMérieux, Marcy
I’Etoile, France)S 7}slod 42°Col|4] 48X 7k v]&7] wfekslad
o ook F 93 T BT eSS4 Reke A
o] &< Belela, catalase ¥4, oxidase 9FAgQl F= API
Campy (bioMérieux, Marcy I’Etoile, France)@ Al&g3slo] A3}
sk EA1S #HQlsld el EEdt Campylobacter Triplex Detection
kit (Kogenebiotech, Seoul, Korea) & ZAH a5 7hoiuiAl e
AR 610l WE hipO FAATY ER1E 75 C jejuniZ FHE

ek

TH 2Ty HAb

@
oo

oo}'

VAl 254 AR Sensititre™ CAMPY (Thermo scien-
tific, East Grinstead, UK)Z o]-gslo] A|lzALe] Agul ol
2} A& $}3L minimum inhibitory concentration (MIC)< 245}k

o, AA ) ALt 959 A= erythromycin (ERY),
chloramphenicol (CHL), ciprofloxacin (CIP), tetracycline (TET),
telithromycin (TEL), gentamicin (GEN), azithromycin (AZI),
streptomycin (STR), nalidixic acid (NAL)o|c}h. Alg w4+ &
N ufAlell 42°C, w|Z7IA] =AellA 24417 wiRE F
Cation Adjusted Mueller-Hinton Broth w/TES (Thermo scien-

Table 1. Antimicrobial agents used for susceptibility testing of Campylobacter jejuni isolates

Antimicrobial agent

MIC breakpoint (ug/mL)

Class Antimicrobial agent concentration range (ug/mL) I Reforence
Aminoglycosides Gentamicin 0.12-32 >2 EURL-AR
Streptomycin 0.03-16 >4 EURL-AR
Ketolides Telithromycin 0.015-8 =8 NARMS
Macrolides Azithromycin 0.015-64 >4 EUCAST
Erythromycin 0.03-64 >4 EUCAST
Quinolones Ciprofloxacin 0.015-64 >0.5 EUCAST
Nalidixic acid 4-64 >16 EURL-AR
Phenicols Chloramphenicol 0.03-64 =32 NARMS
Tetracyclines Tetracycline 0.06-64 >2 EUCAST

Abbreviations: EURL-AR, EU Reference Laboratory for Antimicrobial Resistance; NARMS, National Antimicrobial Resistance Monitoring

System; EUCAST, European Committee on Antimicrobial Susceptibility Testing.
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tific, East Grinstead, UK)ol] &€}s}o] 0.5 McFarlandZ XA 3}
%t o] 7 100 #LE 5% laked horse blood (Thermo scien-
tific, Basingstoke, UK)7} 47} 11 mL MHBol| H&s}x 41
% Sensititre’ CAMPY MIC plate (Thermo scientific)ell 100
1 LA HEsto] 42°CollA] 48417 w|E7] wigdt § foto s
=31} Breakpoint=  Campylobacteroll ™k EUCAST
(European Committee on Antimicrobial Susceptibility Testing,
2017), NARMS (National Antimicrobial Resistance Monitoring
System), EURL-AR (EU Reference Laboratory for antimicrobial
resistance, 2012) 7|57l wgktk(Table 1).

4. PFGE 24

PFGE #42 57} 5 A4 PulseNet el iz}
Agslott o 229 7 1T Wil 3, 2 mL cell
suspension TE (0.85% Saline)ell #o] VITEK colorimeter

(bioMérieux, Loveland, CO, USAYE A-&3led 20%2] FHE
2 deksigich dgl 200 £LE 1.5 mL tubeol] &7 o,

proteinase K (20 mg/mL) 20 xL2} 1.2% plugd seakem gold
agarose 200 «LE 9ol 42 ¥ ulZ plug moldell Yol £3
tl. 2 mL tubeol] cell lysis buffer (0.5 M EDTA, pH 8.0 : 1%
sodium- lauroyl-sarcosin)$} proteinase K (20 mg/mL) 30 «L7}
247}H lysis solution 1.5 mLol] F plugs Y1 55°C A&k g+
ezolA] 100 pme.2 147 St Aeletele AHE 93
4982l plug wash TE buffer (10 mM Tris pH 7.5 and 1 mM
EDTA, pH 7.50% ¥ol 55°C R1& sh&F2ollA] 4057 13],
2087F 43] Helslodct. AlFo] £ plugE 1| mm AR 2}
2 kS 50 unit/ #L Smal AIZFEAE(NEB, UK)Z o] &}o]
25°Cell A 4217 5} HE-g-A171 3L %17] %357 (CHEF Mapper
XA chiller, Bio Rad, Hercules, CA, USA)ol|
6.76 sec, final time 35.38 sec, 2%} 6 V/em, angle 120° 2710
E 14°CollA 18417 Eet A7ldssiaict ArldE ke ¥
SYBR Gold nucleic acid gel stain (Invitrogen, Eugene, OR,
USA)E geloll ol 3027+ A3t 3 FH7T5 ol83lo] 2
A|A UVE 2ls}ic} PFGE pattern Bionumerics Z.2 124
(Bio-Rad Laboratories)o ©]-3-5}o§ 1.5% tolerance, 1.5% opti-
mization dice coefficient® FALLES AXs9 om UPGMAH
o7 FA3 fFAfAE EAsGH

o] initial time

RESULTS
1. C jejuni®| 22| Ast
201435 20174 997EA] HAF Aol A E2lE C jejuni
o] ¥ F 977 E, AR ZAIARIONA el 615
oF 22 717P S AR A T C jeuniZt AYTE
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I tiTable 2).
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Fig. 1. Prevalence of C. jejuni isolates from diarrhea patients by
month.
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Table 2. Antimicrobial resistance rate and minimum inhibitory concentration (MIC) distribution of each agent in 66 C. jejuni

Anti- Percentage of all isolates with MIC (ug/mL)

microbial R*(%)
agent <0.015 0.015 0.03 0.06 0.12 025 0.5 1 2 4 8 16 32 64 >64
GEN 333 515 152 0
STR 1.5 485 424 6.1 1.5 1.5
TEL 13.6 409 333 7.6 1.5 30 0
AZI 54.5 333 6.1 1.5 1.5 3.0 3.0
ERY 53.0 318 106 1.5 3.0 3.0
CIP 6.1 4.5 1.5 30 S561 227 6.1 89.4
NAL 9.1 1.5 379 515 909
CHL 45 50.0 424 1.5 1.5 0
TET 6.1 1.5 228 409 106 45 1.6 3.0 45 45 13.6

*R: Resistance rate.

Abbreviations: GEN, gentamicin; STR, streptomycin; TEL, telithromycin; AZI, azithromycin; ERY, erythromycin; CIP, ciprofloxacin; NAL,

nalidixic acid; CHL, chloramphenicol; TET, tetracycline.

A thick black line indicates the breakpoint and gray shadow area indicates the test range (ug/mL) of each antimicrobial agent.

Table 3. Antimicrobial resistance patterns of C. jejuni (n=66)

N.O - of Antimicrobial class Resistance patterns No. of isolates (%)
resistance

0 5 (7.6) 5 (7.6)

1 Quinolones CIP 2 (3.0 49 (74.2)

NAL 3 (4.5)
CIP-NAL 44 (66.7)

2 Quinolones-Tetracyclines CIP-NAL-TET 8 (12.1) 11 (16.7)
Quinolones-Penicoles CIP-NAL-CHL 1 (1.5)
Quinolones-Macrolides CIP-NAL-AZI-ERY 2 (3.0

3 Quinolones-Aminoglycosides-Tetracyclines CIP-NAL-STR-TET 1 (1.5) 1 (1.5)

Abbreviations: see Table 2.

t}. Dendrogram B] 24 A3} 177) cluster2 E-75 =6 o]
% cluster 110] 25537.9%)2 7P 2 n|&-2 2Alslg) o
822 & cluster 100] 83(12.1%), cluster 7°] 75(10.6%)%3.
tKFig. 2).

DISCUSSION

5 A FAAAAR A NA Cjejuni®] 447 H
# B 20%gom, drxr BalgS 20144 0.9%, 2015
9 1.5%, 201617 20179 9€71A] 7 3.7%A o2 wijd g
o] Z7ksich ol ArRe]| 259 201217 20154 &
AAAASE A4 ZAA A5 AF AR ZiA
70,4067 F 71652 Campylobacter spp. 5 226+ A
Balg-2 20124 0.67%4 20154 1.51%= <F 2ulf o)A+ =7}
slolekar sk 2kget dA|sieich
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B o719 69ellM 99744 7 el ge] £3kem, o]9t

22 A =] ofe] Haf7-10] Rk obel 5ei[1,2]e]
A 22 7o), gk AW te| B kgl wpEd Fe
AlZ= ol HAX E colivh Salmonelladll B3| Campylo-

bacter®] 735 A&l we} gl frolahA Fhskvka B
518k Yo, & 713 281 Z QI8t Campylobacter A%
5 Z7P} S22 Campylobacter 2552 9. 919l &
2719 SIA8AQ Az, sxes] WA Foll gk Fo7t v %
Ra 8 ol

Campylobacter 7932 tF-5 A7) AgHE 0| a1 &) A3
A 7 FAE 93t Bz oy o9 X5+ A A H
o A} 3k, o] AZsAY 214 FHedol = skt
735 GtAl X85 dFaL 9=l F= ciprofloxacino] A2 A
£=]9i}. QuinoloneA] A2 ciprofloxacin &4, AA}, 2|
z3+ ol a3k §49] DNA gyrase®} topoisomerase IVE
Fo eplog sha glom L o] Aol tidk WA Ha
7} 7k = A0 A AAll= erythromycin, azithromycin

I} Z+8 macrolidesA] g A X535 AZs}a 9t Macrolide
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Fig. 2. Dendrogram of Smal PFGE patterns for C. jejuni isolates from diarrhea patients.
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Al A= F2 23S rRNAS} ribosomal proteinol] Z2¢s}ho]
chil AR & Afiel v ZakE Jebiedl A% 317 X
89| o] fE &7 ARA AdFela, G F7tellA] 2
WAS Adoka B1[11,12]5] 3 9127, macrolideA] &4l
ofl WAQl Campylobactere 7354 5ol vl Q1A 743 A
FArge 9, AsA Astew Wb, A 5] fdedrt
O =& 7o Hy[13]5%

T7V AN K 20149 AR [14]0)] w2 ol A &
2== C. jejuni®) nalidixic acid$} ciprofloxacin WAI-E-2 2013
W 715 93.5%, 91.3%% WAl Eo] =20, azithromycind} er-
ythromycinel| A= WA F7} &Qlw]A] ghgheta Haslgict 1
2|3 7k 9 7ESelA 2B’ C jeuni®] Al g el
B AT F Chae S{13]< 20109 7} 9l =327 A8 (&,
A, hellA Felgt 7#529] 745 Ee FEollA ciprofloxacin,
nalidixic acidel] WAJo]91 3L, erythromycin®] A& il 4]
7.0%R2H, Tl 715 3 A ZelFolA e WA Ee] ohE
vretell vlal] =3 AglellA] A 7HsAle] glekar it

B ol ol A 2] WAIE2 ciprofloxacin 89.4%, nalidixic acid
90.9%% quinoloneZ| WAEo] & 40|93, azithromycin
I} erythromycinoll A= 3.0%2] WA &S YeERASILE Park 5
[7]< 20051d-20061] 10€74HA] 4421 AASEALo 4] el gt
C. jejuni®] A WAEL ciprofloxacin 37%, nalidixic acid
33.3%R2H, erythromycinoll= BE #5771 Ao B
s, Aol 35 7)EellA HpolFle] glont B o
T 7478} vl el Hoke Wl 10094 Bt FAEA o ARkl
A B2E C jejuni®) quinoloneA] A WAES v Eol3
o1 macrolideZ] & Aol A= Ao YehtS-S &
Uit ol T} Al AE Al W Fo WATe Al
WAl ket A 1510014 FAkA o] ahatA]l A ulgol
2002147} 20131 B A] quinoloneAlE 8%l 4] 12%, macro-
ldeAle oA 1% SR, A el S 2%
o] &g F7t 5 ofe] agle] 2ggle Zlolgka A4t
Quinolone| &-FAl WAE F7h= vl=i(16], d={17], vldgt
I[18] & el QoA BaEgon], s g T
35 Z371%[8]19) 7% nalidixic acid, ciprofloxacin Z} 95.2%,
Q1[10]- nalidixic acid 93.1%, ciprofloxacin 96.8%& ¥ <15
o} nlgk ol ek B3k macrolide] dHFA| WA 737,
v 19]19] & H31ollA erythromycin 4% ©]3}, 2~#H]21[20]
3.8%, 9] 771 5[8] 24%2 B AT ZAne} u]s3t dekS
vk S50 AL 2 E X 8A|Z A8l gentami-
cinoll gk WAL obA7HA] U2 Zle g Hafl]E s glom,
B AT E gentamicinoll= BE 57t A o]l

A HAIA kol thell A Ee 2A]9G o] el WA
S JeERE AW TS 12F(182%) 2 FEH 2 & quino-
loneA] &FAIQ] CIP-NAL 3HEl-& Z3slar 9lglar, 3A| Lol

YAS el 75 1551.5%) A9k 538 quinolone]
¢} macrolideloll 4-& VFERHE CIP-NAL-AZI-ERY €19
FF7} 270w, ol FHAAAL BAAS] 20159
63 3elel 159} 2015 79 ;EekellA] WA ek A
F= 7ol Beld 4% w5old vehd sfElelgiet. ol
o] AdollA Campylobacter X S| 2 A-4-=]= quinolone|
¢} macrolide] Aol FAloll WS vebli= WA I+
ARlellAl A4 A AL o] A7 BAIE Qo 4 St
£ Rapipl gens A Adel He FolE 71golol
a2t

A A AT BRdste] B odrol|A] AE3E A
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ATl = o FE7HA] WA= vYehllEA] o e o
Y= Aol ik 2Bl Campylobacteroll Wt break-
point®] 7-%- CLSI, EUCAST, NARMS % 7|Zhujc} g4 £
T 4 7lo] thekel, ojm3t 7o A=l eA] AAE
o] QA ob Fawdle] ¢ west WAE e A 37
nro 2= A3} ulatel] ol Fo] glev® 3tA A 7%
gl 3719 2538 Sol oY Alew A7t

PFGE®]l wh& 418 Aol 4] A A% el 61579
5 case?| A= TEF 57 1709 vhekdt
Row, 7H4 B2 vlEE XAE Cluster 112] 75 2014115
B 201747kA AN A ohd Belsl 235
o} 2015 783 2017 19 A5 EelF7E 3 o] glo]
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cluster 17011 2017\d 59 A5 F2l¢) 20174 F4944
A3k ZAARRellA] el 277 EE o] gl

E ol Tl A= 201437 E] 2017 997EA] B Ak
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RAIR|O! AARIROIN 220t Campylobacter jejunid)
YA UL QERG 2

o= v [Liay |
SAHOA| BABHATH LUHHATE 0|42
HIMS|, ZIME, HHS|, o1, MAs, 8f25, XME

U Z: Campylobacters Al Agke] a3t ATz, & AFolAs TR o AAtAtell A E2ldk Campylobacter
Jouni®) B217%, A AR, SAAR Bl thal 2ARISIc,

HHH: 201435 2017 9L7bA] FAAAARE THAIART B 5719 455 Aol A 97522] Campylobacter jejunis 52
stdch Al AA AAE 9572 I Al(ciprofloxacin (CIP), nalidixic acid (NAL), tetracycline (TET), chlor-
amphenicol, azithromycin (AZI), erythromycin (ERY), streptomycin (STR), gentamicin, telithromycin)ol] tslo] Hx|ul) <] ] =k
Ao g AAsIE T, A2 pulsed-field gel electrophoresis (PFGE)ZE £43}93ch.

A3}k Campylobacter jejuni®] 437+ 37 2 &L 2.0%R2ow vt el S7lsiich &4 WA &S NAL
90.9%, CIP 89.4%, TET 13.6%, AZIS} ERY Z} 3.0%, STR 1.5% 20|93, tHAA &2 182%3 o thAluA#% 25
quinoloneA] S+ A|(CIP-NAL)S E3}sl3 YAt Smal AlZFEAZ * 2|8 PFGE IN¥lS 25 1770 cluster 2 7% 9o
v o] Z cluster 110] FAR| o)A Ee|=]= Campylobacter®] F2 FAAE sf€lo]git).

AE: & A= AAR A AL A WA BeElE SR 783 ARE AR, &% STPt didEe
Campylobacter® Q3+ AF=2] 3t 2AZ 93t 2t8 ZH 6| £go] F Zo|tt [Ann Clin Microbiol 2019:22:
42-49]
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