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Swine is a common source of Campylobacter coli human gastroenteritis, for the treatment of which erythromycin and
fluoroquinolones are recommended. The prevalence of antimicrobial-resistant C. coli differs significantly depending on
countries. We investigated the prevalence of C. coli in swine from a farm in Buan-gun, Korea in 2010, and determined
antimicrobial susceptibility of the isolates. Rectal swab specimens were used to inoculate Campylobacter Preston media
and incubated microaerophilically at 42°C for 48 h. The species were identified by phenotypic tests and by detecting
hipO and glyA genes. PCR was used to detect mutations of A2074C in 23S rRNA gene, and quinolone resistance-
determining region (QRDR) of gyrd, which are associated with high level resistance to erythromycin, and with
ciprofloxacin, respectively. Antimicrobial susceptibility was determined by the disk diffusion and agar dilution tests. Of
the 100 specimens, 55 (55%) yielded C. coli, and 23 of them (41.8%) had A2074G mutation. A2074G mutated isolates
showed the lowest MICy, of imipenem, while those of ampicillin and clindamycin were relatively low. The majority of
both A2074G mutation-positive and -negative isolate were susceptible to ampicillin, cefotaxime, and chloramphenicol.
All isolates were resistant to ciprofloxacin, and had mutation in QRDR of gyr4. In conclusion, C. coli was detected in
55% of swine, and A2074G mutation was detected in 41.8% of the isolates. All isolates had gyr4 mutation-mediated

ciprofloxacin resistance.
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A z3t7] o, webd AAIA FFRAe] FA7L
= At 5). C jeuniet C. coli®] o12] Aol thak
uide] o] vpetellA] BarEar 9lom (6), 1990 o]
= macroride WAE°] £71E 1 ot 7] 9] Vanhoof
T2 (1) Aol A B2 C jeuni 5 8.4%7} erythro-
mycin®] WAYS B33l C coli®] erythromycin U
FES okl A 50% (8), 2=FN1NA 34.2% (9), =Y
oA 29.4% (10), olEfZ] oA 24.1% (11), "=l A 4~9%
(12)2 ®aEAch

Erythromycin WA C. colit= 53] S A NA, C. jejuni=
ol A Helgo] o (2, 13, 14), T3 I ZHE o
299 Atedo] Al X825 Wk Fo| = Aol U
= ol P2 28] 2] macrolide Y
4 Aok A TeAo] FopAaL Qlvh R
9] erythromycin®ll tiet 1% WA GAA1A wizlo]H,
erythromycin®] 2F-&7 91 23S rRNAS] 2,074 20752
nucleoide X3+ WliE-do] <A A=, o] YX= Heli-
cobacter pylori®] 2,1429} 2,143 1A, 18|31 Escherichia
coli®] 2,058%} 2,059 9ol sFHT} (15~17).

Zpaet 2uQle A #2]d erythromycin L% ]
UMY w5 el A2075G Wol7h flglal
A2074C ¥olx= =E-QIt} (18~20). T3t $-2vtet #e
C. colidll th3t g Ao A= A2075G ¥ o|Rbo] By
At 21). ey oA 23 C jeuni 1279k C.
coli 115 T2 125 erythromycin®l] %= WA o]+=H,
o] Eol A= A2074C ®iolvt HEE| QAL A2075G WOl
A G2} (16). o] AFARSO] AT HolA e
3t erythromycin 2% WA C. jejuni 75 tIF-EolA &=
A2074C Wo|7} HAZH AL, 3 ol A= A2074CS} 5
Alell A2075C Wol7F HEE AT o] ¢} o] A2074CH
A2075G ®o] 9] H]Eo] A7tAtel] wepA thE A
erythromycin L% WA F2 Aot THE R 1%
o] t=7] wiitd s Aow AAHrh

olef & AFrollA= HE Fete] & = HAE o
FO R C. coli®] BatE-S W]l 23S tRNAS] A2074C
WolE PCR AlEH o= E3h, A2074C Wo] d 7
A 779 erythromycin 74 2 T2 ShtAllol gk

=
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Campylobacter coli®| 22|92t =X

2

Heke] @k EAel A AR )1 #iA] 100wk €]
2o 2] 2010 1€el] g0z W HAE AF 3] Al
Hell ARE3IATE C coli -85 #1314 Campylobacter
Preston agar (Oxoid Ltd,, Basingstoke, Hampshire, UK) B
of AAE WEoR =udh vy wgolR E skl 1l
2had B3O A 42TE 48AITE HjoFsle] 3|uiale] o
P Ee= A3 s At o Eed Al
Ak AlE, 1A FE, oxidase A1F, 30 pgel
nalidixic acid®} cephalothin T]2~= 7+4=4] A]&, hippurate
7hrEE S AEA Rles AFste] 4FS T4
sholom (22), =3 PCRO 98t hipO2t ghyd FAdAHE
AZE3t] C colie 53T

e g5 ik el 37T, 4841 gt
S &2 15% glycerol BHI broth 1 mloll X3HA] Eo ¥
o] -70°Coll W¥E Basiivirt Adell ARgsk3it

o

PCROIl 28t hpo=t oA HE H HO|
A2074C HO| 23S rRNA A&

ayrARt

C. jejuni®t C. coli®] 2143 54& 934+ Wang &
(23)8] ol wet 242 hipost ghvd AR BAES, C
coli®] erythromycin %= W3+ 7HHS 93141 = Alonso
S (159 2ol W 23S tRNA A2074C WHo| HEE,
ciprofloxacin W3 1ol 4] gyrd 71 412] quinolone resistance
determining regions (QRDR) o] 2018 $]3)|4 = Zimstein
s (250 Well mE HES PCRE A Psk3ith

A9 a Ao AFste] 37T it E7 A
48A1 2 e Jes SRl FrAlA 1083 E9)

£ 12,000 rpmell A 1027 G4l gk $ 5S PCR
4 FYPo = ARESISILE AR primer €714 92 Table
13} 7+o, Genotek Co. (Yuseoung, Daejeon, Korea)ol] 2|3
= Tt

Forward$} reverse primer Z}7}& 2 pl, PCR mastermix
(dNTP, Tag polymerase, MgCl,) 4 ul, 8-MOP 12 pl, 53
DNA2 ulE Fo] PCR ¥H3-9] HE NS 20 W= 33Tk

PCR %H-&-2 thermal cycler (GeneAmp PCT system, Perkin
Cetus, Norwalk. CT, USA)E A}8-3}o] A|8s}da, 9 3

THo FAA FEZL 94T A 587F pre-denaturation,
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Table 1. Primers used to identify Campylobacter coli and to detect mutations in gyr4 and nucleotide 2074 in 23S rRNA

Primer name Target gene Sequence (5' to 3") Amplicon size (bp) Reference
CJF C. jejuni hipO ACTTCTTTATTGCTTGCTGC 323 23
CJR GCCACAACAAGTAAAGAAGC
CCF C. coli glyA GTAAAACCAAAGCTTATCGTG 126 23
CCR TCCAGCAATGTGTGCAATG
CampyMAMAgryA1-F gvrd TTTTTAGCAAAGATTCTGAT 265 24
CampyMAMAgryA5-R CAAAGCATCATAAACTGCAA
23SRNA-F 23S rRNA TTAGCTAATGTTGCCCGTACCG 485 15
ERY2074-R AGTAAAGGTCCACGGGGTCTGG

94°Col| A 3027t denaturation, 57 Coll4] 30%%} annealing, Table 2. Prevalence of Campylobacter coli isolates and their

72CANA 1323t extension®] =702 303 HHEol U5,

72CANA 587} post-extensions A7 & 4ToA S
& TEAFHL U F A EL ethidium bromide &
b3t A 2% agarose geloll A A 7153l AxE 3

Qlaheict,

goH dad Al

et

5 g2 g (2502 Al o) A=
5% WY dNE Y Muller-Hinton agar (MHA, Difco
Laboratories, Detroit MI, USA)S AF&3}5 T} vl &
&S tryptic soy broth (TSB)oll F-+-5}%] McFarland 0.5
7 EE R mE AHEo S uk5olt)h o] AL o
2 Azl HEe * taaE Fi37C "k
3o A 48A17F H gt Fofl AdE AEEGIoH, 4
=25 HENA Escherichia coli ATCC 259225 A3}
o} tade
30 pg, chloramphenicol 30 pg, erythromycin 15 pg, amikacin

=)

ampicillin 10 pg, cefotaxime 30 pg, cephalothin

30 pg, gentamicin 10 pg, kanamycin 30 pg, imipenem 10 pg,
nalidixic acid 30 pg, ciprofloxacin 5 pg, tetracycline 30 pg,
trimethomprim-sulfamethoxazole (co-trimoxazole) 1.25/23.75
ug (Becton-Dickinson, Cockeysville, MD, USA)S A}-&3}
Aot
-3 X4 H (agar dilution method)> Fitzgerald 5 (22)2]
k ‘?.lﬂ"ﬂ upsitt. @A gullel &A1 A AlE 5%
dols H7FeE MHAC Yal FaujxE REEQlvh AR
¥l 3} A= ampicillin, cephalothin, clindamycin, erythro-

e

mycin, gentamicin, nalidixic acid, ciprofloxacin, tetracycline

1gma emical, St. Louis, 5 > lmipenem erl
(Sigma Chemical, St. Louis, MO, USA) % imi (Merk

mutation rate in 23S rRNA A2074C

Test No. of specimen No..(.%)

tested positive

C. coli isolation 100 55(55)
23S rRNA A2074C 55 23 (41.8)

mutation detection

Sharp & Dohme, Rahway, NJ, USA)o| 1t} s=5=u e §
< TSBOl %-f38le] McFarland 0.5% Ef%=2 ubs 2]

FNS THE T Replicators: WA FEsta, vl
3 3, 37°Coll A 4841 wiFsh Fol sl S
kA3 AN Ha FtA TEE HAA TR

(minimum inhibitory concentration, MIC)Z -3} T

al=|
BT
e
KN
=

Z 1}
C. coli 2e|g81t 2] 459 44

201013 1ol F-9kA] S EHX] 100e] el A 275 53
A W HAE gt 555(55%) 2] C. coli7} -]
Ak C. coli 5559 H%k%*é# *ﬁi}?‘w Gt
Aol o}, o9& nalidixic acidoll <Al #FE ¢l
ATE PCROI| o3l R ol A ghyd %ﬁx}ﬂ A&
AL, hipO FAARE HEHA ok F@ Pl 93 C
coli 737} L3} tH(Table 2~3. Fig. 1~2).
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Table 3. Phenotypic and genetic characteristics of Campylobacter coli isolate
MIC (ug/ml) of: Detection by PCR and mutation

Isolate Hippurat.e Erythromycin MIC

no./source  hydrolysis Nalidixic acid  Ciprofloxacin hipO  glyA mﬁgtfon rﬁftgt?(tga (ng/ml)
Co1-1 - 128 16 - + + - 4
C01-2 - 128 16 - + + - 8
Co01-3 - 64 32 - + + + =128
Co1-4 - 128 4 - + + - 4
Co01-5 - 32 8 - + + + =128
Co01-6 - 128 64 - + + - 4
Co01-7 - 64 64 - + + + =128
C01-8 - 128 8 - + + - 1
C01-9 - 128 8 - + + + =128
Co1-10 - 32 4 - + + - =<0.5
CO01-11 - 32 32 - + + + =128
Co01-12 - 64 32 - + + + =128
Co01-13 - 128 32 - + + - 4
Co1-14 - 64 32 - + + - <0.5
CO01-15 - 64 32 - + + - <0.5
Co1-16 - 64 16 - + + - =<0.5
Co01-17 - 64 32 - + + + =128
Co01-18 - 32 8 - + + - 2
Co01-19 - 64 8 - + + - 4
Co01-20 - 64 16 - + + - 4
Co01-21 - 64 4 - + + + =128
C01-22 - 64 32 - + + + =128
C01-23 - 128 32 - + + - 4
C01-24 - 64 8 - + + - 4
Co01-25 - 64 8 - + + - 4
C01-26 - 64 32 - + + + =128
Co01-27 - 32 8 - + + + =128
C01-28 - 64 32 - + + + =128
C01-29 - 64 16 - + + + =128
C01-30 - 128 32 - + + - 8
C01-31 - 128 32 - + + - 4
C01-32 - 128 16 - + + - 4
C01-33 - 128 16 - + + - 4
Co01-34 - 64 32 - + + + =128
C01-35 - 128 16 - + + + =128
C01-36 - 64 16 - + + + =128




Prevalence and Antimicrobial Susceptibility of C. co//1solates 31
Table 3. Continued
MIC (ug/ml) of: Detection by PCR and mutation

Isolate Hippurat.e Erythromycin MIC

no./source  hydrolysis Nalidixic acid  Ciprofloxacin hipO  glyA mﬁgt{?on rﬁftg‘zé(‘)ga (ng/ml)
C01-37 - 64 16 - + + + >128
C01-38 - 128 16 - + + - 16
C01-39 - 64 16 - + + + =128
Co01-40 - 128 16 - + + - 4
C01-41 - 128 32 - + + - 2
C01-42 - 32 16 - + + - =<0.5
C01-43 - 128 16 - + + - 1
C01-44 - 64 4 - + + - 2
C01-45 - 32 32 - + + + 128
C01-46 - 32 4 - + + - 2
C01-47 - 64 32 - + + + =128
C01-48 - 32 4 - + + - =<0.5
C01-49 - 128 16 - + + - 8
Co01-50 - 128 32 - + + - 8
Co01-51 - 64 16 - + + + =128
C01-52 - 128 16 - + + - 4
C01-53 - 128 32 - + + + =128
C01-54 - 64 32 - + + - 2
C01-55 - 128 64 - + + + =128

# A2074C mutation of 23S rRNA gene.

Figure 1. Agarose gel electrophoresis of PCR-generated
amplicons by using primer pairs for glyA gene for identification
of C. coli. Lane M: size marker, lane 1 to 15: isolate no. CO1-1 to
C01-15, lane 16: C. coli ATCC3359.

I} cotrimoxazoledl = Z+Z} 91%<} 96%7}, amikacin®}
gentamicin®ll = 44%%} 52%7}, chloramphenicol®l| & 4%7}
Uds Balou, cefotaximeo] W<l 5= g g
H A2074C o] 54 T kanamycin®} cotrimoxazole
ol= 212t 75%%}F 87%7}, amikacin®ll = 16%7}, cefotaxime
2} chloramphenicol®ll = Z}Z} 3%7F W4 o] 9121, genta-

PR A oRibi M 7 8 9

101112 M

—
— . —— - — - -
250bp265bp o - -

Figure 2. Agarose gel electrophoresis of PCR-generated
amplicons by using primer pairs for gyr4 gene for detection of
ciprofloxacin-resistant C. coli. Lane M: size marker, lane 1 to 12:
isolate no. C01-1 to CO1-12.

micin®ll WAl T $ISATK(Table 4).
s Ao AlFE Aol MIC 4, MICs, %
MICy> Table 59F ZSkth =, 23S rRNA A2074C W]

FA Foll thEk MIC ¥ 919F MICy 247} imipenem
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o] 0.06~4 ug/mle}t 4 pg/ml, ampicillin®] 0.5~>128 pg/ml
9} 16 pg/ml, erythromycin®] >128 pg/mle} >128 pg/ml,
clindamycin®] 8~128 pg/ml$} 64 pg/ml, 12| tetracycline
°] 4~128 pg/ml¢} 128 pg/mie] ATk A2074C WHo] 57321
ol gk MIC B9 MICy2 22t imipenem®]

Table 4. Comparision of antimicrobial susceptibilities of Campylo-
bacter coli isolates with and without 23S rRNA A2074 mutation

Isolate with 23S rRNA A2074C mutation

;&gl;trilrtrslicrobial Positive (n=23) Negative (n=32)

s? I R S 1 R
Cefotaxime 78 22 0 78 19 3
Chloramphenicol 96 0 4 97 0 3
Amikacin 56 0 44 75 9 16
Gentamicin 48 0 52 100 0 0
Kanamycin 9 0 91 9 16 75
Cotrimoxazole 4 0 9% 13 0 87

* Susceptibility (%) by disk diffusion test.
S, susceptible; I, intermediate; R, resistant

S—M Kim, et al.

0.06~1 pg/mle} 0.5 pg/ml, ampicillin®] <0.5~>128 pg/ml
9} 32 pg/ml, erythromycin®] <0.5~16 pg/ml} 8 pg/ml,
clindamycin®] <0.5~64 pg/mle} 2 pg/ml, 123l tetra-
cycline®] <0.5~>128%} 128 pg/mlo] Atk

Aol olgt &etAle] MiIcel
breakpointE 2]-83}o] 3|43 wlj(Table 5) 23S rRNA
A2074C Ho] A = 257} imipenemol] 74301
O}, ampicillin@} chloramphenicol®ll = Z+Z}; 4%, amikacin
o= 44%, gentamicin®ll = 52%, kanamycin®ll = 91%, tetra-

cyclineol| = 74%7} WAdo|$1aL, cephalothin, ciprofloxacin,

(e} 5 2~
Ay A

clindamycin, erythromycin %! nalidixic acid®|&= 257} U
o]tk A2074C Wo] &4 W5 imipenem¥} genta-
micin®l|+= 257} 7Aooy, cefotaxime®} chloram-
phenicololl = Z+2F 3%, ampicillin@} clindamycinol| = Z+2}
9%, amikacin®l| = 16%, kanamycin®lli= 75%, tetracycline®]l
= 59%7F Wl#de] %131, cephalothin, ciprofloxacin®} nalidixic
o= X7 Aot gk AEE BE dFoAe
HolE grd FHAE AEH AT

Table 5. MIC of antimicrobial agents for Campylobacter coli isolates with and without 23S rRNA A2074C mutation

Isolates with A2074C mutation Antimicrobial MIC (pug/ml) Resistance (%)
(No. tested) agent Range 50% 90%
Positive (23) Ampicillin 0.5~=128 8 16 4
Cephalothin 64~=>128 =128 =128 100
Clindamycin 8~128 32 64 100
Erythromycin =128 =128 =128 100
Imipenem 0.06~4 0.125 4 0
Nalidixic acid 32~128 o4 o4 100
Ciprofloxacin 4~64 32 32 100
Tetracycline 4~128 32 128 74
Negative (32) Ampicillin <0.5~=128 4 32 9
Cephalothin 64~=128 =128 =128 100
Clindamycin <0.5~64 <0.5 2 9
Erythromycin <0.5~16 4 8 0
Imipenem 0.06~1 0.125 0.5 0
Nalidixic acid 32~128 128 128 100
Ciprofloxacin 4~64 16 32 100
Tetracycline <0.5~=128 16 128 59
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) 0l 0 7] ZFA wube
224 I ZEEIR] C jejuni®t C. coliolth. C. jejuni
3 A7) C ocoliv= HAZF Bol B (21, 26), AFE
< B EEEAE A9He FERdE A9s 4ol
T} Nielsen 5 (27)& qlwpaLe] S x|ellA] &gt -5
H]-E-0] C coli= 94.5%, C. jejuni’= 4.1%, C. lari= 1.4%°]
AS-S BAskY AL, Alter 5 (28)S = A4 9 C
coli®] H-8]8o] 64%2taL 31 0, ShinT Lee 21)E 3F
9] F= A A 1145(19.9%)2] C. coli w2E X
itk £ A= 100mkele] HA] W F 55%0
A C coli7t W& dnfay HdelA Bk fElE
o] YigkoL} shind} Lee (21)2] B Hule FobA, 92
vt M= S47E Cocoli®] T 83 LS & 5 3
Ak

P AL AA o] 8t C coli 3 7IE0l £k
nalidixic acid 7+<7*3 3} cephalothin W/d< nalidixic acid
Ul fEe] o Q18] 11 o8kl Holhr) 2
AT M+= C. coli 75 Fol nalidixic acidol]l 7+5=%3¢<]
FF7E glolA o] el 7Pt A3 s nalt ¢
coliv=hippurate 7}r3l] AlF SA0lBE, g C
Jjejuni®t 78 3=4|, Dassanayake 5 (29)> C. jejuni2]
13%7} o] A3 S40Ie5 Batste], o] Al gk
AR A 2 slom Azbdn B Aol A= Wang
= (23)0] RHysH glyAQ]— hipO SHA AZS BA o]

hoAE #E BEh ghd R4 Gola

xdF 45} C. coli®] 570]

m[o

-y

Macrohdeﬁ]‘ﬂ erythromycmljr quinolone AIQ1 ciprofloxacin
Abgre] FHEEHE 4 KR 2ole Fa%
Aotk 7F=e] 7 ARE Sl FwtAlE FAsA,
71 SIS A FHAE B2 ALRR ARS)
Wt W A ERE T dEE o (6), 7SR
B Abgtell Al &+tAl W FHEREtE7) dabge] Baly
At (30).
SEo| Hatshs R REE 7% 5, HAelA 2
C. coli®] macrolide S A} (31, 32).

AR 45§ B

= C jejuni w2

oAl ElE ol digh §F Aol
E57} macrolide®] 7F<Alo) o,
C. coli= 484%7} WA g1t} (33). Kim 5 (34)2 -2t
2he] ghxke} go| A EEE C jejuni 547 Sl erythro-
mycin W3xro] fle= BEaLsk3ith -5 Animal Health
Study Center:= erythromycin WA C. jejuni®} C. coli®] £
&2 Tl b d=2nar siel=d (35), SAelA
#2]% erythromycin WA C. coli T52] w2]&o] dlvf=A
oAM= 35.7%, UL H=ol M= 41.8%= HILH .
Payot 5 (18)°] &2 Fxol|A] B2]3+ C coli®] 54%
+ erythromycin 1% WA HFMIC =256 pg/ml)o| L
11.6%% Ax HA#ol(8~16 pgml)o] ATt Shin¥} Lee
ehE et A 2 C ocoli T T 497
(8.6%)7F L% WAMIC >32 pg/ml)ole-S Krske]
t}. Macrolide:= 50S ribosome subunit®] 23S rRNAS} A3
sto] gl d 3PS Aslehs ] FerAlelth C coli
9] erythromycin A-&% WA FEHE wiLolx, I
T YA T2 23S rRNAS 9 Vel = peptidyl
transferase loop2] 2,074} 2,0759] nucleotide X302 Q1
3l macrolide”} ZA3=A] gFotr] Lot} (6). 23S rRNA
Wo| F &3] IEEE 3 A2075G ®lo]o]al, A2074C
Wol= =&thu 4l glort (17, 18), Yol Eesh
C. jejuni 1272} C. coli 117+ 2] 125 erythromycin®]|
ate Wgel =, ol EollA= A2074C Holvt EE L
31,A2075G Wol= TEEA] et} (16).
1 Aol A= PCRE 23S rRNAS] A2074C Wlo| A&
AEEE 1, C coli & 235(41.8%)7F FAolQlon, <
et A5 Aol A S 47} erythromycin®l] 315 W)
o) C coli®] Wa0lS selst 5= 9gltl B oo
g ] wiAeA Eed d57F didellen
g2 FE9] Aol grtEo] RS 7ol Ao
, WeEbA] ok X =] =] ol A %1‘4“‘1 erythromycin 14
. coli TF-2] A2074C WelE e dart vk &t

O H oWoxoox oo

m&a

Fluoroquinolone©®] 7| Z7]oll= ofe] &l ok
o] thts] =haL (36), FTFERUE A A5
&5k AFEE AT (37). 22 fluoroquinolone®] EE]

ARGl wheba o] FhatAlel WAl FrE Rty
7} AxF S718EA T (38). Payot 5 (18)2 e wx]o
A B3 C coli 2] fluoroquinolone WA E°] 65.8%
9]S B a3llal, Kim 5 (34)S $-duet oakx e &
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T} BA}ol| A B3 C jejuni 7 257} ciprofloxacin
of WS Bastleh & AFelX% C coli 5 B
7} ciprofloxacin®l] A2 YERNATE £ AFolA =
Zimstein 5 (24)°] Ei3 grd F-AX WHolE PCRZ
AEE v, 228 C coli FF EF7F FAdololA, Ha
9] ciprofloxacin W2 gyrd -3} He] wi=do] &
C1% 3L, Campylobacter 7+ X9l fluoroquinoloneS
AHEE S AYE Bl

Payot & (18)< erythromycin 1% UWJMIC >256
pg/ml) ¥ clindamycin®l = WA o123 A= WA
(MIC 8~16 pg/ml) T+ A5 oIRe-S Basigl=d],
Aol olet AR AIkE Btk

AEOR FRMAY A9 C coli BEL 5%%
Fa P 7 F 41.8%00A4 23S rRNAS] VI

=] Atk 23S tRNAS] A2074C Wo] ¥4 2 374 = o
F-52-2 ampicillin, cefotaxime, % chloramphenicol®ll 7+
dollom, wWekAl C coli FA Azl o5 A7}

F8apl A 4 elvkn BeE

o

P = &
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