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Fluoroguinolone (FQ) resistant gram-negative pathogens have emerged worldwide, and the recent
increase in FQ resistant £scherichia coli'is of great concern in Korea. This study investigated FQ
resistance determinants and the epidemiological relationship of 56 ciprofloxacin-resistant £. coli
isolated from a tertiary hospital in Daejeon, South Korea from June to December 2018. Molecular
epidemiology was investigated by multilocus sequence typing (MLST). Polymerase chain reaction
(PCR) and sequence analysis were performed to identify chromosomal mutations in the quinolone
resistance determining regions (QRDR) of gyrA, gyrB, parC, and parF and to describe the occurrence
of the following plasmid-mediated quinolone resistance (PMQR) genes: aac(6)-/b-cr, gepA, qnrA,
gnrB, gnrC, gnrD, and gnrS. MLST analysis showed 12 sequence types (STs) and the most prevalent
ST was ST131 (31/56, 55.4%), followed by ST1193 (13/56, 23.2%), and ST405 (3/56, 5.4%). In 56
ciprofloxacin—resistant £. col/isolates, Ser83—Leu and Asp87—Asn in gyrA4 and Ser80—lle and Glu84
—Val in parC (51.8%, 29/56) were the most frequent amino acid substitutions and aad(6)-/b-cr
(33.9%, 19/56) was the most common PMQR gene. These results of FQ resistance determinants
were more frequently observed in ST131 compared with other clones. Continuous monitoring of the
epidemiological characteristics of ciprofloxacin—resistant £. co//isolates and further investigation of
FQ resistance determinants are necessary.
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2= 31 Q1= 7R, o]#RtFQ WY SV A AlAIR =
Rt Al =0l A7 RE A7 ARl = ARt
A7 A71= AL AEH3, 4.

FQ AlE A= DNA B4 I of| A AREE = F 7] &
938491 DNA gyrase2} DNA topoisomerase [V} &3¢
A& FAFo =N Al A= dAote] FakE-2 Bl
o3t FQ AlE Al 5 oA 71 vIdisH| A==
ciprofloxacin 304 o|&FE /ol =Q=]o] AREE|Gl0
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o, T 9 I/ dANE, E5] iAol et Al
o] BRI A=A = AREEAL JITH5, 6].

FQ WAS 5= DNA gyrase (gy7d L gyrh) T+= DNA
topoisomerase 1V (parC 2 parf) 584+ W quinolone
resistant determining region (QRDR)OIA &4 Y*]9] =
Ao =2 I8l FQI] A7t XSS HAAI 024 AR
tH71. 2 2 5t B oy AL 29E A EE, £9
E. coli ¥ Klebsiella spp. 2+ 22 WAl A FQo| Thgh
g0l A AR 0= F78kal U= ZFFSHL QIEHS, 9). ©]2
St £ coliolA 7P A8 M7t =2 EARol= gyrd 734
9] 83H1A) o] AlCl serine, 87HA] oF|kARR] aspartic
acid®}, parC-732k2] SOWHA] o] 1=AR serine, 844 oF
u] A1 glutamic acid”} ZF2 ThE o] ieAkO & X|3te|=
Zlo] Harx|31 ItH7, 10].

E3SE FQ Aol #oisl= plasmid mediated quinolone
resistance (PMQR)= 19981 #-2- H11% o9, Z|- A 714
99 PMQR 278 0A7F Har=|}leH11].

A WA PMQR 24 gqnrA, qniB, qnrC qnrD 3
qnrSAAR} 2+ quinolone WA 42T £8E . Qnr
2 DNA gyrase®} DNA topoisomerase [Vol] Z3lolo] HS
Sro R FQE SAldl= Ao & B E 1 QItH12, 13]. + 1
A PMQR 2% R1R}+= aminoglycosidemodifying enzyme
91 AAC(6')-Ib-crZ, ciprofloxacing E&3FHE FQs& o}
Adefste] et AT 7 2|2o] FR1E Al HHA
PMQR Z7AQIAR= ciprofloxacin®} 2 214+ FQ< o]
U= 82 HIQl gepACltH12-14l.

o2fgt FQ W 71%& Sl et 3 £ colioll tigt A
T A AAA 02 g1 Qlont, Ejuete] B8, 2T
AR Gof| F¥5taL =FQ W3 £ coliQl 73 A WA
AR Tt A7} mlH|gk A7golTt.

olo] & Atolxl= thAAIY] 33+ HolA EH
ciprofloxacin W £ colig 2=, multilocus sequence
typing (MLST)E 53l ZH #5-9] sequence type (ST)E FA}
sk, ol2gt A3E ETi= | F38skal Q= STol W FQ
Ud A RMARE v EA5HarA g

1. 239 =2 3
£ A7=20189 6ERE] 1297F] thHA| Q] 34} v Uof]
A E28E ciprofloxacin WA £ coli 56955 A0 2 319
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t}. 0] 35U AN ¥HE BejH = RV elA A2
Sioit}. A =R 22 vidE #5= Vitek 2 auto-
mated ID system (BioMerieux, Hazelwood, MO, USA)&
ol-gslo] 513

Clinical and laboratory standards institute (CLSI) Z]%
of wW2H15], amikacin, gentamicin, ceftazidime, cefo-
taxime, cefepime, aztreonam, ertapenem, imipenem,
ciprofloxacin (BioMerieux)°ll i3t Al 43 HAR=
Mueller-Hinton $F4¥1R|(Difco, Cockeysville, MD, USA)
£ ARESIo] E-testo= SIS F=dHE flsh
Escherichia coli ATCC 259229} Pseudomonas aeru-
ginosa ATCC 278532 -5Alo]l Al@ste] 51839 Hofl Sl=
A ERI5IAH.

3. MLST &4

MLST®= Z coli MLST database website (http://mlst.
warwick.ac.uk/mlst/dbs/Ecoli)ol] A8 % ®FHof ulet 24
sttt WA, 4 = brain heart infusion broth
(Difco)oll HE3te] 37°CollA] 24A1XF HjJZt &, Genomic
DNA prep kit (Solgent, Daejeon, Korea)= A&t DNA
£ FZ3130t}h. DNA $ZN(5 ul), 10x 7agbuffer (2.5 pb),
10 mM dNTP mix (0.5 pL), primer Z+ 10 pmol, 0.7 U 7aq
DNA polymerase (Solgent) ¥ 75 E3oto] & 54
25 pLe] W8S T=]ir}. 7719] housekeeping gene
(adk, iumC, gyrB, icd, mdh, purA, recArS Gene Amp
PCR System 9600 (Perkin-Elmer, Norwalk, CT, USA)&
ARESEe] 95°CollAl 28%t HESAIXT & 95°CollA 1+,
annealing temperature®|A] 1&, 72°CoflA 2822 303]
SERRGAIZ) AL, 72°ColA 58X AR HESAIF T Table 1).
Z}7¥9] PCR WEGARE-2 ethidium bromideZ} 23 1%
agarose gelol|A] 3027t 7] 55t e ERlsitt. 5
ZAMES PCR purification kit (Solgent)® &5t &,
BigDye Terminator cycle sequencing kit (PE Applied
Biosystems, Foster City, CA, USA)2} ABI PRISM 3730x/
DNA analyzer (PE Applied Biosystems)E °]-&-5}o] G7]4]
A& EA4519ct 7709) housekeeping gene©l tigt 212+9]
F71ME B4 A= MLST databaseol| ¥2lsto] allelic
number®} STE I3t
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Table 1. Oligonucleotides primers used in current study

Annealing temperature Product size

Gene Sequence (5'-3’) o) (bp) Reference
MLST primers
adk F: ATTCTGCTTGGCGCTCCGGG 54 583 16
R: CCGTCAACTTTCGCGTATTT
fumC F: TCACAGGTCGCCAGCGCTTC 54 806 16
R: GTACGCAGCGAAAAAGATTC
B F: TCGGCGACACGGATGACGGC 60 911 16
R: ATCAGGCCTTCACGCGCATC
icd F: ATGGAAAGTAAAGTAGTTGTTCCGGCACA 54 878 16
R: GGACGCAGCAGGATCTGTT
mah F: ATGAAAGTCGCAGTCCTCGGCGCTGCTGGCGG 60 932 16
R: TTAACGAACTCCTGCCCCAGAGCGATATCTTTCTT
purA F: CGCGCTGATGAAAGAGATGA 54 816 16
R: CATACGGTAAGCCACGCAGA
recA F: CGCATTCGCTTTACCCTGACC 58 780 16
R: TCGTCGAAATCTACGGACCGGA
QRDRs sequencing primers
gyrA F: AAATCTGCCCGTGTCGTTGGT 55 344 12
R: GCCATACCTACGGCGATACC
gyrB F: GAAATGACC CGCCGTAAA 55 272 17
R: ACGACCGATACCACAGCC
parC F: CTGAATGCCAGCGCCAAATT 55 168 12
R: GCGAACGATTTCGGATCGTC
parkE F: CTGAACTGCTGGCGGAGATG 60 483 17
R: GCGGTGGCAGTGCGACGTAA
PMQR gene detection primers
aad6)~Ib-cr F: TTGCGATGCTCTATGAGTGGCTA 55 482 18
R: CTCGAATGCCTGGCGTGTTT
gepA F: TGGTCTACGCCATGGACCTCA 56 1137 19
R: TGAATTCGGACACCGTCTCCG
qgnrA F: AGAGGATTTCTCACGCCAGG 54 516 13
R: GCCATACCTACGGCGATACC
gnrB F: GATCGTGAAAGCCAGAAAGG 54 476 13
R: ATGAGCAACGATGCCTGGTA
gnrC F: GGGTTGTACATTTATTGAATC 47 447 13
R: TCCACTTTACGAGGTTCT
gnrD F: CGAGATCAATTTACGGGGAATA 54 582 13
R: AACAAGCTGAAGCGCCTG
qgnrS F: GCAAGTTCATTGAACAGGGT 54 428 13

R: TCTAAACCGTCGAGTTCGGCG

Abbreviations: MLST, multilocus sequence typing; QRDRs, quinolone resistance determining regions; PMQR, plasmid mediated quinolone
resistance.

10x Taq buffer (2.5 ul), 10 mM dNTP mix (0.5 ul),
primer Z} 10 pmol, 0.7 U Taq DNA polymerase (Solgent)
4 S5 5t & 7 25 ple] R8-S THERIth

PCR 42 94°CollA 387 WESAIZ &, 94°CollA] 30%,

4. FQ e ZERIXe A=
ShtA /3 AAF A3, ciprofloxacin®]] WS B9 £,
coli 5655 W= FQ W Z2HAANE AR

QRDReo] YIAI8t gyrA, gyrB, parC parF-7dAke] &AM
o] ERIF} PMQR ZARMARI aad0)-1b-cr, gepA, qnrA,
qnrB, qnrC, qnrD, B gnrS-7aAe] HEZ Hdfl o] A+
oA AkE=t primer (Table 1) ©1-&5t] PCRZ =345}3iTt.

MLST #Aolxet Fdet o g DNA =45 ul),

annealing temperature®lA 18, 72°CollA 15 30%% 30
3] SERESAI7]4L, 72° CollA] 51 AR HESAIZA T ZHPCR
HESARE2 ethidium bromide”} 228 1% agarose gel©]|
Al 3027 A7 G5 5to] HEE RISk 5542 PCR
purification kit (Solgent)= £2J$t &, BigDye terminator
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cycle sequencing kit (PE Applied Biosystems, Foster
City, CA, USA)2} ABI PRISM 3730x] DNA analyzer (PE
Applied Biosystems) & 510} 714 E= EAT613iT 212t
9] 7142 &4 BH= NCBIoIA Als K= BLAST 2 13
0|83} Escherichia coli ATCC 259229} ¥|u! E-AI5193ct

2 1

OFA}
oo

S|
A1

—
o

| 2
56939 ciprofloxacin W3 £ colis d3O=2 St
Al 43 AAE AAIRE 23 cefotaximeol 55.4% (31+F
), gentamicin®| 46.4% 26455, azteronamel 39.3%
22599 =2 Y& BP0, cefepime} ceftazidime
2 217 28.6% (163592 23.2% (13059)9) WA Eck
amikacin 3.6% Q#5)2] BlwA Z2 Y/dS Helow,
ertapenem¥} imipenem®l= 564 25 W/d-S Holx| &

At

0x

HI

ofy

2. Ciprofloxacin LHA £. coli®| MLST &4

Ciprofloxacin WA £ coli 5695 WO = MLSTE A
3t A, F 1270 STE ERI5IITHTable 2). o] S 7 =
T2 ST131019a, F 567-F 5 3175(55.4%)°1A <+
olE|gjom, ¢x}A o0& ST11930] 139(23.2%), ST4057}
375(5.4%)°N1A ERI=ITt. Y™ A] 9719] ST (ST69, ST93,
ST224, ST648, ST2003, ST2179, ST2599, ST4204,
ST5150)= 27 195(1.8%)°llA ER1=| QLY.

T35t A9 E500 w2t ciprofloxacin WA £, coli
56utE Bt Bk, 4495478.6%)7F A4 71 Ho|
2eEIRlen, I ohgo g 79512.5%)7F BHoA, 245
(3.6%)7t F5olA Ee=|Qlt. 118t ZH 195(1.8%) 7 A}
I, A, A AARIA =

Of

Table 2. Prevalence of the ST among 56 ciprofloxacin-resistant £.
coli isolates according to disease sites

Specimen No. of isolates (%) ST (N)

AAME BE3E ST R3S AWEH, R4 F 12719
ST % 10702} ST7FERIE] o] 7H vt 25 Bl o] &
ST1310] 4451 5 2691559. 1%) 2 7P w2 vl 2 &1
E|T, ST11930] 100522.7%) % F A2 22 S 1
¥om, 71 8o 8702] ST (ST69, ST93, ST224, ST648,
ST2003, ST2599, ST4204, ST5150)= 212} 15504 &l
il oA 3709] ST7F ERIEQi=Y|, ST1313}
ST11930] Z¥Z 745+ 5 4t5(57.1%), 2d528.6%)=, &
HollA] ER1E ST §33 fARE HlE= SRIE|gloL,
ST405+= 190l ERIEQUTL, ArdolA] ERIEX] & ST
F@olitt. 1 8ol E5-2 29 T ST4052 ERIE]91,
27} 1957 bR AR, AR, A AARE 242 ST1193,
ST2179, ST131°] ERI=|3ict.

¢

|

1z

HI

3. FQ LY ZeIxtel 20l

1) gyrA, gyrB, parC' Y parE QTS| EXHH0| 24

Ciprofloxacin WA £ coli 565tF5 WIO=2 gyrA,
grB, parC 4 parE F7AAONA SIS SRIgH 23,
gyrB-ARE AS gyrA, parC parE--AAONA 564
T B EAH0 7RI T Table 3). o1 Q18] gyrd 74
Z19] 732, 83HA] oH]| AR serine (S)°] leucine ()22
S ALHS83L), 8794 ofu|:ARI aspartic acid (D)7F
asparagine (N) 2.2 X|2H(D87N) Z2E ERls3i=d|, &
56T & 5505498.2%)°lA S83L, D87N7F&RI=31Y, 1
T5(1.8%)°N1A S83LES BRRISIALT. parC-HAAS] 4% 80
A ofu]:AR] serine (S)°] isoleucine ()2 X|ZH=] A
(S80D), 844 ofa| 1Al glutamic acid (B)7F valine (V)
o7 ATH(E84V) IS HPOoH, F 567F F 2045
(51.8%)°llA] S80I, E84V7H ERIEIIL, 275(48.2%) N A
SBOIZHERIE| Y. parE-574A12] 74-%-, 416814 opr|i=Aiel
leucine (L)°] phenylalanine (F) 2.2 X|H(L416F) 235

Table 3. Amino acid substitutions in quinolone resistance
determining regions of gyrA, gyrB, parC, and parE subunits in 56
ciprofloxacin-resistant £. coli isolates

Urine 44 (78.5) 131 (26), 1193 (10), 69 (1), 93(1),
224 (1), 648 (1), 2003 (1)
2599 (1), 4204 (1), 5150 (1)

Blood 7 (12.5) 131 (4), 1193 (2), 405 (1)

Bile fluid 2 (3.6) 405 (2)

Cervix 1(1.8 1193 (1)

Sputum 1(1.8) 2179 (1)

Wound 1(1.8) 131 (1)

Abbreviation: ST, sequence type.
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No. of isolates Amino acid substitution

(%)

ayrA ayrB parC part
29 (51.8) S83L, D87N - S80I, Eg84V -
13 (23.2) S83L, D87N - S80I L416F
13 (23.2) S83L, D87N - S80I -
1(1.8) S83L - S80I -

Abbreviations: S, serine; L, leucine: D, aspartic acid: N, asparagine;
|, isoleucine; E, glutamic acid; V, valine; F, phenylalanine.



HIATL, & 567F F 1378723.2%)°14 ZR1I=

S, 569 B 7N o] Rloll A EdRie )7 k]
=), o] F gyrA 57k S83L, DTN} parC-3-AA}2]
S80I, E84V7} EAlol &le 237} 299+51.8%)=, 7V
2 HEE ERIEQIH. 1 th&o = Al /1] faAtelA &
Ho |7} SRIE| =T, 1377(23.2%)0l14 ERIEI O, gyrA
FAK] S83L, DTN, parC-dA2] S80I, parE 442
L416F7} ER1I= It A 0 & gyrd 734K S83L, D8N
T} parC7AH] S8017F 13¢5(23.2%) 014 ER1=|90H,
gyrA7ALS] S83L parC-7-71A+2] S80I7F 195(1.8%)°1
A Rl Tt

2) PMOR ZH2IXte| &0l

5699 ciprofloxacin WA £ colig Wd22 PMQR
AARIARI aad6)-1b-cr, gepA, qnrA, qnrB, qnrC, qnrD
D gnrS RS RIS 23} 19933.9%)°014 aad6)-
Ib-ar A7 ERIEIIN, 129H521.4%)°0 4 qnrB--73A}
7hERIEoH, 155(1.8%)°1A grrS -7 ER1=| itk
(Table 4). E3F, 694510.7%)°14 F 712l 84247t B4
AEE=, ©] F 59F8.9%)°NA aad6)-1b-cr2t gnrB
AR ERlEldar, 195:(1.8%)°14 aac(6)-1b-cre} garS
AR ERIE I TL Htoll U A] 304553.6%)°14= 7
N 7R B AEEA] 294t

4. STO|| 2 FQ LHY ZHRIXL| &l

YA o=, STol| W FQ W 2RI A 2 23}, 7}
Z =0 1]8-2 AR AL ST131 1095417.9%) =, QRDR
o] QJX|3t gyrA AR S83L, D8N parC-5-714+2] S80I,
E84V7}-EAlol ERI=%al, PMOR F3Ak= B5 AEEA]
%o ANE HYE T WA =2 H[8S AT 8HEF
(14.3%) E3E ST131°0= RIS, gyrA 3-342] S83L,
D87NZ} parC-7A12] S80I, E84V7H 1= o™, PMQR
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TR} F aad6)-1b-cr A7 ERIEI QI Al HAR =
HlES APARE 7a(12.5%)= ST11932%, Al 704
QRDROA EHo7t ERIEIE=T, 22t gyrd 34
S83L, D87N, parC-7Ak2] S80I} park A1) L416F7¢
RIF]om, PMQR f3Aks 5 AEEIA] oot

E3], parF 7AA9] QRDROIA BRIE 1416F= 5645
% 137F23.2%)004 &=, ST1193004 9=
(69.2%)7FER1=IQict. 71 Hhofl STof whE FQ Ul 2RI
A} BAL Table 59 .

s

—

FQUWA E coli®] €@ A AAECE E9HE YL 3
=71, 2uete] 32, ciprofloxacin®]] tigt UAl&o]
30% oVdoE AF-An7t HalE|1l 9lo] £ coliS] A Y
A} Tedste] AL QITH20, 211 E:IL AlAREAZA
(WHO)= 5712] th&(elze}7t, ofAlel, {4, 55, oFl=27h
of| &3t 79| AFATE EAI51, ciprofloxacin®] gt
E. coli®] W&ol F4x 50% oV =2 B SIGIrH22]. o]
St ciprofloxacin WA £ coli®] 37+ 5A=FQ WA E. coli
Z20] Hu} 2l SRAto] oJ5t Ao 2 AR =FojlA B lslal 9]
tH21l.

Sl £8E £ coli®] FQ W&o =30l &+
5}1al, Z ciprofloxacin WA £ coliol tigt-7-4A% 24
B, T1of w2 FQ W3 2SIl thgh =20l = 4
2, B ATLo)A] 2SI MLST 23, ciprofloxacin WA
E. coli 5635F % 55.4% 3197} ST131 2 ERI=|q]tt. o
2 54 7K, o[ge|of, I, AFQl, X258 Fof
27}, FHCIESL} QI=E 3Rt ofA|o} =712 o] Ato]|
A ST131-2 ciprofloxacin WA £ coliQ HH|9] =202 |
I=|ATH23, 24]. ST131-2 A WA £ coliZ, A AR L.
2 2N Qlon, 53] f2uete] 9, A HALR]9} o=t

!
[o %2

= ox
.

Table 4. Distribution of plasmid mediated quinolone resistance genes among 56 ciprofloxacin-resistant £. col/ isolates

PMQR gene
No. of isolates (%)
aad6)-1b-cr gepA gnrA gnrB gnrC gnrD gnrS
30 (53.6) - - - - - - -
13 (23.2) + - - - - - -
7 (12.5) - - - + - - -
5 (8.9) + - - + - - -
1(1.8 + N - N - - +

Abbreviation: PMQR, plasmid—mediated quinolone resistance.
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Table 5. Patterns of FQ resistance determinants among 56 ciprofloxacin-resistant £. col/ isolates according to ST

Amino acid substitution PMQR gene
ST No. of isolates (%)
gyrA parC parE aac-Ib-cr qnrB qnrS

131 10 (17.9) S83L, D87N S80I, Eg4V - - - -

8 (14.3) S83L, D87N S80I, Eg4V - + - -

4 (7.1) S83L, D87N S80I, E84V - + + -

4 (7.1) S83L, D87N S80I, E84V - - + -

2 (3.6) S83L, D87N S80I L416F - -

1(1.8) S83L, D87N S80I - + -

1(1.8 S83L, D87N S80I - + -

1(1.8) S83L, D87N S80I - - - -
1193 7 (12.5) S83L, D87N S80I L416F - - -

3 (5.4) S83L, D87N S80I - - -

2 (3.6) S83L, D87N S80I L416F - + -

1(1.8) S83L, D87N S80I, E84V - - -
405 1(1.8) S83L, D87N S80I, Eg4V - + - -

1(1.8) S83L, D87N S80I L416F - - -

1(1.8) S83L, D87N S80I - + -
69 1(1.8) S83L, D87N S80I, E84V - - -
93 1(1.8) S83L, D87N S80I - - - -
224 1(1.8) S83L, D87N S80I - - - -
648 1(1.8) S83L, D87N S80I - - - -
2003 1(1.8) S83L, D87N S80I - + -
2179 1(1.8) S83L S80I - + + -
2599 1(1.8) S83L, D87N S80I - + -
4204 1(1.8) S83L, D87N S80I L416F - - -
5150 1 (1.8 S83L, D87N S80I - - - -

Abbreviations: FQ, fluoroquinolone; ST, sequence type; PMQR, plasmid—-mediated quinolone resistance; S, serine; L, leucine; D, aspartic
acid; N, asparagine; |, isoleucine; E, glutamic acid; V, valine; F, phenylalanine.

Zof|A £l ESBL A8/d T+= ciprofloxacin WA £ coli°ll
A 8 FEO=E S9skL QUTH21, 25]. & AFET}ofA
ST131 3145 5 269F(83.9%)= gyrd FaAtellA] 831}
87w14) ofu] Aol XI8HS83L, D87N)T parC-3-AA1014 80
Hak 841HA) opr|iAke] ZITHS80I, E84V)o] FRI=Ik=H],
o|ggt Ail= o d AollA £ coli® FQ WS Fdek= 7
ZF uidsk Eofo|2 ByE|T QltH7, 10]. E3h ST1312
CTX-M-15, TEM-1, OXA-1, aac(6')-1b-cr#} 22 thofst
UV RS 7L Q= A 0 & H s Qlow[20], = A
TFANME aad6)-1b-cr A ERIH 1995 5 1495
(73.7%)7} ST131%] A= ER1s3Act.

F AR 22 HE&S A’ ST11932 569 5 137
(23.2%)°1A SRI=]Tt. 0|2k -FAFsHA|, ST1193-2 F=ollA4]
FQWA £ coli E2 5 F HAZ AT 8 S8 0= Bk
31 QJeH27). B A7-ETollA] ST1193 13dF 3 975469.2%)
= gyrA FAANA 83T 87HA] ofm|iAke] X|BHS83L,
D87N), parC +7AollA 80WHA] ofu|i=Are] X|EK S80I}
parE-3RoNA 41694 o) ieAte] ZIZHL416F)] $-Allsk
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A ERA=|SI. E3, parE7A0014 416814 ofr]iA4te] 2]
SHLA16F)Z 569 5 1307(23.2%)0l14 &R1I=| L, o] 5
97H69.2%)7} ST1193 2 ERIE]l=t], ol2fgt Bak= oA
20129 Y=ol A W =20l B QIeH28]. ERE,
o] A+LolA] ST1193-2 ZREAR] A el HE &2
of v]g] d€#fs] F2 AIE Holil, extended spectrum
beta-lactamase (ESBL)Z} PMQR ZA 1R/} 7 9] ER1%] %]
U2 AIE HAIsI=25], & AAFOA = ST1193 13
T3 1170584.6%)°14 PMQR 4217 &R1E]A] kot 5
AR 23S Bt

2 Aol A Al AR =2 HIE-E ZFAIRE ST405+= 569
% 30F(5.4%)0014 ER1= o, FQ WA A4~ &4 2
=39t B 22 02 2aE Holt Kim S125]0] H3
S} o] AFLof|A|, ciprofloxacin WA £ coli 12245 &
ST405+= 109(8.2%)7F R1E /12, ©] F PMQR 734
7h 3t ol A e ERIE|R] R WA, 12 AHoflA= ST405 3
w55 200l A 22t aad6)- 1b-cr AR} qrB ARt
7F ERIEGITE E3E 20159 ARpHolEH]otollA] S



Alghoribi MF 59 @-of|A4] ST4052} FQ W] 2 At
dofl sl EASHATH29]. ST405= ST1313 FARHA|
blacrx-v, blaxpm R 8573 RS 28F6H= ESBL A4
= tHUEdeE dEA dom, g9 HAY £ coli
(extraintestinal pathogenic Escherichia coli, ExPEC)Z
A F2 824 3T Qe E HalE]w QIeH30].

kA 20204 S-EyEtollA] W3S A5t A3H25], cipro-
floxacin WA £ coli®l 8 222 ST131, ST393,
ST1193, ST38, ST4057} &RI=|Gl oL}, & A+ Aol A
A 2] 83.9%F AHAI3E ST131, ST1193, ST4057}-$-Alot
Al ZRI=IAet. 21 8tel 9719 STofl thigt ZF 19=2] FQ WA
At A7t SRIE|Gl o, w5 47} Ao}, 7Y STl
SHFQ W 2R B A6 | of - A E Eklst
Act.

oj2f3 AFE EYE, & dAqtolit= T ==t oA
A Hof|A 5a¥6taL Q= ciprofloxacin W £ coli] F8 &
S} T10f| wE FQ WA AR B4 ERlsteit. A Al
AH 02 FQ AlE A T gk A3 2|&5AR1 AR 5
712 RIS FQ WS £ coliQ] @3 gHito] S7Fstal Q=71
tll, F¥ota Qli= FQ W £ coli S22 A1&44Q1 TAIRLFQ
W 270At0] thgt 571 A7t Do 20 & AlmEr:

fo R

A MAELZ fluoroquinolone (FQ) WA I8-2/d+to]
S5k Q= 7hedl, 22 f=iv=telA FQ W3 E. coli®)
7t A AR $8E WAL Qi ool # oAM=
201849 GEHE 12¢€71A] thAA|H2] 33} HYol|A] E2id
ciprofloxacin WA £ coli 56555 oz, FaltA e}
FQ W3 27 RIAH] 2 AL GshAE gRlsh|
98 multilocus sequence typing (MLST)S AAISItt
PCRY} A7\NE 42 gyrd, gyrB, parC, parE 74
QRDROA GAIAIAFC] EAWHOIR} aad@)-Ib-cr, gepA,
qgnrA, gnrB, gnrC, qnrDR gnrSeF 22 PMOQR 54712 Hl

= SRlskirh. MLST #4 23}, 12719 STE SIsiie
o, 0] F 7P A8 ST ST131 (31/56, 55.4%)°1AL, <=
A0 2 ST1193 (13/56, 23.2%), ST405 (3/56, 5.4%)2] A
IE Bt ciprofloxacin WA £ coli 56155 gyrA -4
Aol A 83HA] o 1ARR] serine (S)°] leucine ()2 &, 87H
A oju] LA aspartic acid (D)7} asparagine (N) 22 *|g+
i, parC AARIA 80EA of|iAlRl serine (9)°]
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isoleucine ()22, 84H#A] o}u]1=AI glutamic acid (E)7F
valine (V)22 2|2 A7K29/56, 51.8%)7} 71 RIHHA|
SRIEINA, aad)-1b-cr (19/56, 33.9%)2 7Fg &3t
PMQR F33A1= ERI=|GIet. of={3k FQ W/ 27 1Ate] 2}
= T ZE3} vlasto] ST13100A4] ©f vldHokA ER1= it
ciprofloxacin W3 £ coli w0l tigh 5] 44 9] X454
Q1 BB B FQ W3 A7 A thigt 7 - 2T A
o7 AlgEc}
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