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Antimicrobial resistant bacteria has recently emerged and been disseminated in livestock
environments because of excessive use of antimicrobial agents for the therapeutic and growth
promotion purposes to food animals. In particular, there is potential for multidrug-resistant
bacteria that can be transmitted from animals to mankind. In this study, we investigated the
genotypes of £. colistrains isolated from humans and chickens using multi-locus sequence typing
(MLST) and antimicrobial resistance patterns by disk diffusion method along with integron study
involving antimicrobial resistance mechanisms. From July 2013 to July 2014, £. col/strains isolated
from clinical specimens (n=44) and poultry chickens (n=34). ST131 (n=20) was most common in
human-derived £ coli. ST752 (n=7) was most common in chicken—derived £. col/, with four isolates
each for ST117,ST189, and ST69. Of the 44 £. coli strains isolated from humans, 25 of had a class

1 integron, as opposed to only 11 of 34 strains in the £. coli'isolated from chickens. There were Corresponding author: Ji Youn Sung
differences in genotypes and antimicrobial resistance patterns between the chicken-derived and EepEa”mE”t, of B,'OmEed'@l Laborgtoryo%'encev
the human-derived £, coli. K?Jrre:St niversity, Eumseong 369-700,
o Tel: 82-43-879-3668
Keywords: MLST, Integron, £. coli, Chickens E-mail: azaza72@naver.com
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License Received: May 20, 2015
(http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in Revised: None
any medium, provided the original work is properly cited. Accepted: June 2, 2015
Copyright © 2015 The Korean Society for Clinical Laboratory Science. All rights reserved.
M E o} HrhHong 5, 2001; Song 5, 2009; Sung &, 2013; Kim 5,

2014). 53] HF 2= 71550014 9] ESBL A/4dte] B a7t S7kst

Ampicillin®] 714 o] tiAtgtol] o3t 7195 X 2= Q3 AR 1 Q)= o] vkl o3 Al o g0 & ¢lek A
T} 2 1 So]7 B-lactam A Qo] SHEA|7} THo] AREE o] gk AHd Aot 9l =2 HAR(2F 20%) WS ] Slof A= o &
4], | extended-spectrum B-lactamases (ESBL) A34] thArat Aoz A FHISHA AHH7] gEo]tHDho £, 1999;
O] Z7IE S NEE I3t A o] Aeo] ofele- A7t Lee 5, 2001). Q1525 7Holdto] T3} AldALo] 9] Hu} 7154

E
0

www.kjcls.org



72 Semi Kim, et al. Molecular Characterization of E. coli

s

. 90 3L(Winokur %5, 2000; Rodriguez %5, 2003), thg
Hi 5= B5E 58 ok W HollA 9] g<A WA
A7t 2 Ao Z oAk Hrt,
Zo} ¢ o]4Fe] &4k vk A
= 27 Slof Htolle 14
1 f]ofl BAYE AR 7S Tl ote] U
O 24 Kot ohe| A o] it el 9] FA] o] 715
% S multi-locus sequence typing
(MLST) o]t} o] ' housekeeping genes 7|HFO.& 714
do Tty AdE Hlaste] X3k oS SRisks HoR
(Maiden 5, 1998), t%
ARESE=T, 1 e
Jout & Al
Integron& A4-£0]4
RS 5% E
FAFEL Bt
(Recchia®} Hall, 1995; Richet 5, 2001), 0|2 <13t gHA] WA
Alete] & 9 Sk Alatol] oot AAF X 5ol B ol

745412 % 9tk

r
> K
i
}_‘

=

Ml
1o
oN
N,
rir
o,
o~
b %
|o
b
k1
M

el

O

O g ok oX flo
e
% X
N ©
2o s
= i
g
32
il
=)
ry
(e
o

18, »@
o ot
P
ol
fo
_o‘_l.:
2
o
o
N
1o
rd
(o

o

(N

o
|
=
3
ok

W do &
i

Ry
| e}
N
o
)

<l

)

[}

T

i)
E

of

P2l 735 7709] housekeeping genes
AatO] MLST A A 7H= who] By

=

B Ao M= FA R o] 3t g o] Ao A Eel
At 9 ARl A ARS = Erofl A EelE it tiAke
2 MLSTE Alsto] o5 54 Y 7ok 3tA 4= A4}
4 integron®] EA| o1& ZAFste] WA AL 5l oA @ <

RS BeIsto], FA) U ] SAP A vl

2013\ 7€ 5E 20149 89714 S A1 170 gk o] 9f
2| A A 2] it 5 cefotaxime F+= ceftazidime
of WS Hel 4459}, SR A 5730l A A= Holl Al
welE didet 3455t oR SRylth o weld AR
TR o, T S gl gof| A W Fe]H = A
ol Al Alelstaict. wele 52 5782 2ol FH A Vitek 2
automated ID system (bioMerieux Vitek Inc., Hazelwood,
MO, USA)E o]-§-3t AJsFol4] i © & 2Reldgitt.

2. o H| Zed A

Clinical and Laboratory Standards Institute (CLSI) | %] f| u}
gt as 2 o & Gt Al g AldS SESIHCLSI, 2013).
A3t &A= amikacin (AN), gentamicin (GM), cefotaxime
(CTX), ceftazidime (CAZ), cefepime (FEP), imipenem (IMP),
ampicillin (AMP) %! ciprofloxacin (CIP) o]}, F =] S $3]
A Escherichia coli ATCC25922%} Pseudomonas aeruginosa
ATCC 27853 FAlo AlEste] 318 1191 Hioll =415 ZRIsisith

Table 1. Oligonucleotide primers for MLST and the detection of integrons

Target gene Primer pairs Sequence (5'~3") Reference

Class 1 integrons hep58 TCATGGCTTGTTATGACTGT White PA et al, 2001
hep59 GTAGGGCTTATTATGCACGC

Class 2 integrons hep51 GATGCCATCGCAAGTACGAG White PA et al/, 2001
hep74 CGGGATCCCGGACGGCATGCACGATTTGTA

Class 3 integrons Int3F GCCTCCGGCAGCGACTTTCAG Dillon et al, 2005
Int3R ACGGATCTGCCAAACCTGACT

adk adkF ATTCTGCTTGGCGCTCCGGG Tartof SY et al, 2005
adkR CCGTCAACTTTCGCGTATTT

fumC fumCF TCACAGGTCGCCAGCGCTTC Tartof SY et al/, 2005
fumCR GTACGCAGCGAAAAAGATTC

gyrB gyrBF TCGGCGACACGGATGACGGC Tartof SY et al, 2005
gyrBR ATCAGGCCTTCACGCGCATC

icd icdF ATGGAAAGTAAAGTAGTTGTTCCGGCACA Tartof SY et al, 2005
icdR GGACGCAGCAGGATCTGTT

mah mdhF ATGAAAGTCGCAGTCCTCGGCGCTGCTGGCGG Tartof SY et al, 2005
mdhR TTAACGAACTCCTGCCCCAGAGCGATATCTTTCTT

purA purAF CGCGCTGATGAAAGAGATGA Tartof SY et al, 2005
PUrAR CATACGGTAAGCCACGCAGA

recA recAF CGCATTCGCTTTACCCTGACC Tartof SY et al, 2005
recaAR TCGTCGAAATCTACGGACCGGA

Abbreviations: F, forward; R, reverse.
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Class 1, 2, ¥ 39] £31= integron= AZ317] 918l 7122] A]
24|(Table 1)2 ARESFo] 83 4 AW polymerase chain
reaction, PCR)Z} A7 4 G4 Al gskoiTt.

A 735 brain heart infusion broth (Difco, Cockeysville,
MD, USA)ell 74 &sto] 37°CellA] SR 2Ighul st o ufj okl o
FXE DNA extraction kit (Bioneer, Daejeon, Korea)2 AR&-3]
o] ¢4 DNAE F=Z3t9ict.

DNA ZZ9H(5 ulL), 10X Taq buffer (2.5 uL), 10 mM dNTP
mix (0.5 uL), primer 2 10 pmol, 0.7 U Taq DNA polymerase
(Bioneer) ¥ 575 Eddto] & 5-1] 25 mLo] §H- 845 T
S9lt}. SEEAMP (Seegene, Seoul, Korea)& 5% HF--A]7] 11, 7}
Z}o] PCR *§4H=2 ethidium bromide”} 328 1.5% agarose
gelol Al 4027+ A7) 9% sto] HEE ERelseltt. SF3AES
PCR purification kit (Bioneer)= %A &, BigDye Terminator
Cycle Sequencing Kit (PEApplied Biosystems, Foster City, CA,
USA)®F ABI PRISM 3730xI DNA analyzer (PE Applied

Biosystems)E o]-&3}to] 97] A g A8

4, MLST

#5529 sequence type (ST)S A4 A7] 918+ Achtman®]
71%& we} 77112 housekeeping gene$l adk, fimC, gyrB, icd,
mdh, purd, ZL2]3L recAS o835} tHTartof SY &, 2005). ST

Table 2. Distribution of STs of £ coli from humans and chickens
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g o] Hoji= MLST Ale]E(http://mist.warwick.ac.uk/mist/)

oA allele sequences Hlulste] Algsoirt.

A8 717t 59t 2t A Al CTX Bi= CAZol| /391 i
e = AL, Holl A= et 43577 R =ik ol &
3 8775 Ao & A g AIES ot 23 ARl o
2] 749 ampicillin 100.0%, amikacin 18.2%, gentamicin
47.8%, cefotaxime 100.0%, ceftazidime 65.9%, cefepime
34.1%, imipenem 0.0%, ciprofloxacin 63.6%°l14] ¥]74=4 U
A= We B, 5 el did=te] 7% ampicillin 76.5%,
amikacin 67.6%, gentamicin 64.3%, cefotaxime 47.0%,
ceftazidime 8.8%, cefepime 2.9%, imipenem 0.0%, ciprofloxacin
94.1%1A BIZFd WA= W3S Btk Table 3).

2. ST type?| H|ul 5! CH

NGl it & 445 3 ST131 (n=20)°] 7P Wk, 1ot
08 ST38 (n=15), ST405 (n=3), STE9 (n=2), ST95 (n=2),
ST1193 (n=1), Z12]3L ST2329 (n=1) Act. & - it 3345
2 ST752 (n=7)7} 7P Wk, 71 th&-0 & ST69 (n=4), ST117
(n=4), ST189 (n=4), ST57 (n=3), ST10 (n=2), ST641(n=2),
ST1140(n=2), ST34 (n=2) o] ¥rt. o] £Jell ST162, ST58, ST212,

STs (allele profile) ST complex Humans Chickens Total
ST131 (53-40-47-13-36-28-29) ST131 Cplx 20 20
ST38 (4-26-2-25-5-5-19) ST38 Cplx 15 15
ST405 (35-37-29-25-4-5-73) ST405 Cplx 3 3
ST69 (21-35-27-6-5-5-4) ST69 Cplx 2 4 6
ST95 (37-38-19-37-17-11-26) ST95 Cplx 2 2
ST2329 (9-6-33-18-7-8-7) 1 1
ST1193 (14-14-10-200-17-7-10) 1 1
ST752 (10-11-4-8-8-8-49) 7 7
ST117 (20-45-41-43-5-32-2) 4 4
ST189 (10-27-5-10-12-8-49) ST165 Cplx 4 4
ST57 (6-31-5-28-1-1-2) ST350 Cplx 3 3
ST10 (10-11-4-8-8-8-2) ST10 Cplx 2 2
ST641 (9-6-33-131-24-8-7) ST86 (plx 2 2
ST1140 (83-23-164-181-80-1-42) 2 2
ST34 (10-11-4-1-8-8-2) ST10 Cplx 2 2
ST162 (9-65-5-1-9-13-6) ST469 Cplx 1 1
ST58 (6-4-4-16-24-8-14) ST155 Cplx 1 1
ST212 (6-29-4-18-11-8-6) 1 1
ST93 (6-11-4-10-7-8-6) ST168 Cplx 1 1

Abbreviations: STs, sequence types; Cplx, complex.
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Table 3. Antimicrobial susceptibility of £scherichia coli from humans and chickens

Antimicrobial susceptibility (%)

Antimicrobial Isolates from human Isolates from chicken
agents
Susceptible Intermediate Resistant Susceptible Intermediate Resistant
Ampicillin 0.0 0.0 100.0 23.5 70.6 5.9
Cefotaxime 0.0 4.6 95.4 52.9 38.2 8.8
ceftazidime 34.1 31.8 341 91.2 59 2.9
cefepime 65.9 0.0 34.1 97.1 0.0 29
Amikicin 81.8 2.3 15.9 32.4 38.2 29.4
Gentamicin 52.2 2.3 455 41.2 40.8 235
Ciprofloxacin 0.0 0.0 63.6 5.9 0.0 941
Imipenem 100 100 0.0 100 0.0 0.0
ST93% 7} ot 4 B =] ¢tk Table 2, Fig. 1). H =2 v W8P ampicillind} cefepime @] 74-9-= Al -2 o4
9] YA W7t E9kout aminoglycosideA|?] amikacin}
XL O X EO| OX{&4 310 &
3. Integron &t RITA 7HM|ES] RS &2 gentamicin, ~12]17 quinolone] &-#A1¢! ciprofloxacin® 7
At el =t & 265, S el ot 1150014 class 1 = 5 el digatell Al A RIE=7F =8kt E3] ciprofloxacin
integron®] FEEIAC A o) PR A 1FEAE25 o] A B ol VIR 5 94.1% o] S o] g}
Z7} gene cassette array?l dfiAl7-aadA5S FRFSIA, & & of-9- = A YRSt A 9] AR WA TS| SR ARt

B e AL dirl7-aadA5 (n=4), dfirl-aadAl (n=3),
dfin17 (n=2) - TFFSE gene cassette array S FRESFCE B
of & frefl H AR el gt Bl A class 2

HEHA GFSteFig. 1.

4! 3 integron=

o
2% o

ofL} m]=9] 50 ~80% ©]
A t. o] 2 QI /g Alate] Hd
o] %«7}541 %goﬂﬂi AV O 2 Bt A WA Alsto] e of 417
SF ARSI EA] 7F E 3L QoA B3 813 eiNeu HC, 1992; Klare 5,
1995; Witte W, 1998; Van ‘5, 2000; Willerms -, 2000).

O[R AR 717k St EelE Artel it 445t B el o

Ey

>~

3]
©

At 437000 tisto] tAl e Al ok ARt ARl o
9] 7- cefotaximee ESto] Hat 4.1709] Pt Aol W&
Holubd, o el thd=to] 85 Hat 3.5719] SatAlle] e B
At ARl tiAte] 79 cefotaxime®t ceftazidime s £3F

sto] amipicillin?} ciprofloxacin®l 4] 2 100.0%2} 63.6%2] W
ANIEE BT, & 82 tiA+t2] 7-$- imipenem, cefepime X
ceftazidimeS A 2|3 U 2] GtA oA 2} 64.3% ~94.1%2] H]
e WA= WS Eoles 2 o= Uiyt & 181k WA
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A} = Ao & wol HuE 1 9l=d(Neu HC, 1992; Witte
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class 1 integron

Strains Origins ST —— Antimicrobial resistance
gene cassette arrays
H238 Human 131 dfrAl17-aadAS AMP,FEP,CTX,CAZ,GM,CIP,AN
H110 Human 131 dfrA17-aadAS AMP,FEP,CTX,CAZ CIP
H232 Human 131 dfrA17-aadAS5 AMP,CTX,CIP,CAZ
H230 Human 131 dfrA17-aadAS FEP,AMP,CTX,CAZ,GM,CIP
H221 Human 131 AMP,CTX,CAZ,CIP
Ho12 Human 131 dfrAl17-aadAS AMP,CTX,CAZ,AN,GM,CIP
H208 Human 131 FEP,AMP,CTX,CAZ,GM,CIP
H201 Human 131 AMP,CTX,CAZ AN,CIP
H43 Human 131 dfrA17-aadA5 AMP,CTX,CIP,CAZ
o7 Human 131 dfrA17-aadA5 AMP,CTX,GM,CIP
H211 Human 131 FEP,AMP,CTX,CAZ,AN,GM,CIP
H222 Human 131 FEP,AMP,CTX,CAZ,AN,GM,CIP
H30 Human 131 dfrA17-aadAS5 AMP,FEP,CTX,CAZ CIP
H205 Human 131 dfrA17-aadA5 AMP,CTX,CAZ,CIP
L Human 131 FEP,AMP,CTX,CAZ,AN,GM,CIP
Human 131 dfrAl7-aadA5 FEP,AMP,CTX,CAZ AN,GM,CIP
Human 131 AMP,CTX,GM,CAZ
Human 131 dfrA17-aadA5 AMP,CTX,CIP,CAZ
Human 131 FEP,AMP,CTX,CAZ AN,GM,CIP
Human 131 dfrAl17-aadAS AMP,FEP,CTX,CAZ CIP
Human 1193 dfrAl17-aadAS AMP,CTX,CIP,CAZ
Human 95 AMP,CTX,
Human 95 dfrA17-aadA5 AMP,CTX,CAZ,GM
Human 2329 AMP,CTX,CIP,CAZ
Human 405 AMP,CTX,CIP,CAZ
Human 405 AMP,CTX,CIP
Human 405 AMP,CTX,CIP
Human 69 AMP,CTX
Human 69 AMP,GM,CTX,CAZ
Human 38 AMP,CTX,
Human 38 dfrA17-aadA5 AMP,CTX,GM
Human 38 dfrA17-aadA5 AMP,CTX,GM
Human 38 dfrAl7-aadA5 AMP,FEP,CTX,GM,CAZ
Human 38 dfrA17-aadA5 AMP,CTX,GM
Human 38 dfrA17-aadA5 AMP,FEP,CTX,GM,CAZ
Human 38 dfrAl7-aadA5 AMP,CTX,GM
Human 38 AMP,CTX,
Human 38 dfrA17-aadA5 AMP,CTX,GM
Human 38 AMP,CTX,CIP
Human 38 dfrA17-aadA5 AMP,GM,CTX
Human 38 dfrAl7-aadA5 FEP,AMPCTX,CIP,CAZ
Human 38 dfrAl7-aadAS AMP,CTX,
Human 38 dfrAl7-aadA5 AMP,CTX,CIP,CAZ
Human 38 dfrAl2-aadA2 FEP,AMP,CTX,CIP,CAZ
Chicken 117 dfrAl7 AMP,AN,GM,CIP
Chicken 117 AMP,CIP,AN,
Chicken 117 AMP,AN,CIP,CTX,GM,CIP
Chicken 117 AMP,CIP,CTX,AN,GM,CIP
Chicken 69 dfrAl7 AMP,CIP,GM,CTX,AN,CIP
Chicken 69 dfrA17-aadAS AMP,CIP,GM,CTX,AN,CIP
Chicken 69 dfrA17-aadAS AMP,CIP,GM,CTX,AN,CIP
Chicken 69 AMP,CIP,GM,CTX,AN,CIP
Chicken 1140 AMP,AN,CIP,LVX,GM,CIP
Chicken 1140 aadA2-linF AMP,AN,CIP,GM,CIP
Chicken 641 AMP,AN,CIP,CTX,CIP
Chicken 641 AMP,AN,CIP,GM,CIP
Chicken 162 dfrAl-aadAl CTX,AMP,CIP,GM,CIP
Chicken 58 AMP,AN,CIP,GM,CAZ
Chicken 212 dfrAl-aadAl AMP,GM,CTX,CIP
Chicken 57 AN,GM,CIP
Chicken 57 AMP,CTX,AN,CAZ,GM,CIP
Chicken 57 AMP,AN,CIP,GM,CTX
Chicken 93 dfrAl-aadAl AMP,CIP,CTX
Chicken 34 dfrAl7-aadAS AMP,CIP,CTX,AN,GM
Chicken 34 dfrA17-aadA5 AMP,CIP,AN
Chicken 189 AMP,CIP
Chicken 189 AMP,CTX,CAZ,CIP,FEP,CIP
Chicken 189 dfrA12-orfF-aadA2 CIP,AN
31 Chicken 189 AMP,AN,CIP,GM
c2 Chicken 10 AMP,AN,CIP,CTX,GM
Acss Chicken 10 AMP,CTX,AN,CIP
c1 Chicken 752 @
623 Chicken 752 CIP,AN
c4 Chicken 752 cIp
o34 Chicken 752 cIp
59 Chicken 752 AMP,CIP,AN
c7 Chicken 752 (@
11062 Chicken 752 CcIp

0005

Fig. 1. Characteristics and phylogenetic tree based on MLST for £ coli isolates.
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