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Urinary tract infection (UTI) is one of the most common bacterial infections and is predominantly caused by
uropathogenic Escherichia coli (UPEC). UPEC strains generally possess several genes encoding virulent factors, which
are mostly adhesins, toxins, bacteriocin and siderophores. E. coli is composed of four main phylogenetic group (A, B1,
B2, D) and virulent extra-intestinal strains mainly belong to groups B2 and D. Prescription of ciprofloxacin, a kind of
fluoroquinolone group antibiotics, is increasing now a days, but resistance to this drug is also increasing. A total of 188
strains of E. coli were collected. Thirteen strains were collected from healthy students in 2011 and 175 strains from
patients with urinary tract infection in 2010. Virulence factor genes (papC, fimG/H, sfaD/E, hlyA, cnf1, and usp) were
amplified by polymerase chain reaction (PCR) methods for phylogenetic group (A, B1, B2, D) detection. Ciprofloxacin
susceptibility test was performed by disk diffusion method. The identified virulence factors (VFs), phylogenetic groups
and cipofloxacin resistance in 13 E. coli strains isolated from healthy students were papC (15.4%), fimG/H (76.9%),
sfaD/E (30.8%), hiyA (23.1%), cnf1 (23.1%), usp (7.7%), phylogenetic group A (23%), B1 (8%), B2 (46%), D (23%)
and ciprofloxacin resistance (7.7%) , while those of in 175 E. coli strains isolated from patients with UTI were papC
(41.1%), fimG/H (92.5%), sfaD/E (30.3%), hlyA (10.3%), cnf1 (30.3%), usp (27.4%), phylogenetic group A (9.1%), Bl
(5.1%), B2 (60.6%), D (25.1%) and ciprofloxacin resistance (29.7%). In this study, 10 out of 13 E. coli strains (76.9%)
from healthy students were found to possess more than one virulence factor associated with adhesion. In addition, one E.
coli strain isolated from healthy students who had never been infected with UPEC showed ciprofloxacin resistance.
According to these results between the virulence factors and phylogenetic groups it was closely associated, and UPEC
strains isolated from patients showed high level of ciprofloxacin resistance.
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necrotizing factor type 1), bacteriocin (uropathogenic-specific
protein), siderophores (aerobactin) 5 °] <& A ATt
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w AlEEARN 200 ple] BisRE wol Al iarods
Az ek o]E 100TolA 1027 <1 3 12,000 rpmell
A 1087 AR Sk, A5 HE FSal template DNA
2 A}&8eih g AL&3k primer CosmoGenetech
Co. (Seoul, Korea)oll & s}o] FA3IR 2™ primere]
A7IME 9 FEE amplicon®] F7]= Table 13} 2t}
(Adamus-Bialek et al., 2009). Multiplex PCR (polymerase
chain raction)& ©]-838to] WYUAJMAE HESH] 218k
30 pl] reaction mixture®ll = FE¢ th7dF2] DNA 2 pl,
5 pmole®] Z} primer (papl, pap2, sfal, sfa2, cnfla, cnf2a,
usplmod, usp2mod, hlylmod, hly2mod, fimGH1, fimGH2), 10
X PCR buffer, 2 mM MgCl,, 1 ul dimethylsulfoxide, 2.5 mM
deoxynucleoside triphosphate (dATP, dGTP, dCTP, dTTP), 1 U
G-Tag DNA polymerase (CosmoGenetech Co., Seoul, Korea)
= ekt THEAAM TS thermal cycler (Gene-
Amp PCR system 2700, Perkin-Elmer Cetus, Boston, USA)&
o] &3}o], 95Tl A 353} denaturationdF $- 95T A 1
B 60TolA 13 30%, 72°ColA 387F 35 cycleS 3+ &,
72°Coll Al 8&3) final extentions 33Tl SE4HE
2 1.5% agarose gelollA] 100 bp DNA ladder (Fermentas,
Burlington, Canada)2} 74 1 X TAE bufferol| A A 7|95
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Table 1. Description of the primers used in this study

Primer Primer sequence (5'-3") Amplicon size ~ Gene/region amplified Reference
Virulence factors
papl GACGGCTGTACTGCAGGGTGTGGCG 328 bp papC
pap2 ATATCCTTTCTGCAGGGATGCAATA
sfal CTCCGGAGAACTGGGTGCATCTTAC 410 bp sfaDIsfaE
sfa2 CGGAGGAGTAATTACAAACCTGGCA
cnfla AAGATGGAGTTTCCTATGCAGGAG 498 bp enfl
enfl2a CATTCAGAGTCCTGCCCTCATTATT Aﬁ‘:lusfoggek
usplmod TTCTGGGGAACTGACATTCACGG 657 bp usp 7
usp2mod CCTCAGGGACATAGGGGGAA
fimGH]1 GCAATGTTGGCGTTCGCAAGTGC 1,001 bp fimG/fimH
fimGH2 CGTAAATATTCCACACAAACTGG
hly1mod AACAACGATAAGCACTGTTCTGGCT 1,177 bp hiyA
hly2mod ACCATATAAGCGGTCATTCCCATCA
Phylogenetic group
TspE4C1 GAGTAATGTCGGGGCATTCA 152 bp TSPE4.C2
TspE4C2 CGCGCCAACAAAGTATTACG
YijAl TGAAGTGTCAGGAGACGCTG 211 bp yjaA Clengggget al,
YjA2 ATGGAGAATGCGTTCCTCAAC
ChuAl GACGAACCAACGGTCAGGAT 279 bp chuA
ChuA2 TGCCGCCAGTACCAAAGACA

3 % ethidium bromide (0.5 pg/ml)= 10%37F & A3}o]
GelDoc Tmage Analyzer (Biorad, Hercules, USA)E ©]-8-3}¢]

% 3% 9 2008 pEsld

Triplex polymerase chain reactiong O0|&%6} phylogenetic
analysis

Triplex PCRS- ©]-8-3}9] phylogenetic groupE 415}7]
ko] Aol A}-8-3F primer®] sequencei= Table 13}
t} (Clermont et al., 2000). 20 9] reaction mixtureol| = %
Sk g)d3t9] DNA 2 ul, 10 pmole®] Z} primer (TspE4Cl,
TspEAC2, YjaAl, YjaA2, ChuAl, ChuA2), 10 X PCR buffer,
2.5 mM deoxynucleoside triphosphate (dATP, dGTP, dCTP,
dTTP), 2.5 U G-Tag DNA polymerase (CosmoGenetech Co.,
Seoul, Korea)S &35}t TG4 A WS thermal
cycler (GeneAmp PCR system 2700, Perkin-Elmer Cetus,
Boston, USA)S ©]-83}9], 94Coll A 4%37}F denaturation
g 5 94T 5%, 59TelA 103, 72CllA 53¢ 30
cycles TGt SFHAHES 1.5% agarose geloll 4 100
bp DNA ladder (Fermentas, Burlington, Canada)9} $H] 1 X
TAE buffers AF8-8F0] 7]19d& 3 5 ethidium bromide

0.5 pg/mhZ 1037+ A M3} GelDoc Image Analyzer
(Biorad, Hercules, USA)E o]&3l] 5% f-F 4 A7|5

sl
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Ciprofloxacin W/ &< vtetalr] 913k 484 3+
A AE2 A4 #55 MacConkey agardll %5313 37T
ol Al aERE wike & v Hehs Haho] A AT
3.0 miell FFA1% B #HE5 =7} 0.5 McFarland barium
sulfate turbidity standard®} &AsHAl A FSIT) o] Mt
FRas dHud HES o839 Mueller-Hinton agar

(Difco, Detroit, USA)| L2 =2&}aL vlj#]5de 5 pg

ciprofloxacin disk& =<1 5 18413t wjgste] AAHE
e
2 1
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- 148 -



M P123 45 MP 6 7 8 9 10111213 14 1516 17 18 19 20 21 22 23 24 25 26 27 28 29

b -

1,200bp:: o - —
1,000bp . ot Pum — Gy S o s W et g 0 B S S e e et bl G B e - e - e—

- - -y — — o — (S

500 b, o L g e [y —
g -:5 . :—=!—n‘  —

- Ly e . e

100 bp -

Fig. 1. Multiplex PCR for virulence factors of E. coli from healthy students and UTI patients. Lane M, 100 bp DNA ladder; lane P, E.
coli Bi7458-41 (positive control), 2lyA (1,177 bp), fimG/H (1,001 bp), usp (657 bp), cnfl (498 bp), sfaD/E (410 bp), papC (328 bp); lanes
1to 5, E. coli isolates from healthy students; lanes 6 to 29, E. coli isolates from patients with urinary tract infections.

Table 2. Virulence factor (VF) gene profiles of E. coli strains from patients with urinary tract infections isolated in 2010 and E. coli strains
from healthy students isolated in 2011

Healthy students Urinary tract infection patients
Genotype Phylogenetic group Genotype Phylogenetic group
F S P u C H A Bl B2 D F S P U C H A Bl B2 D
- - - - - 2 2 2 + - - - - - 6 9 22 23
+ o+ - - - - 1 4
+ - + - - - 1 + -+ - - - 11 6
+ - -+ - - 3 4
+ - - -+ - 1 3
+ + o+ - - - 5
+  + - - - 2
+ -+ - - 1 2
+ -+ - - 2
+ - - - 4
+ o+ - 2
+ o+ -+ - 1 16
+  + - + - 4
+ -+ + - 1
+ - + - + + 1 + - + + o+ 1
+ 4+ 4+ o+ o+ 2
+ + + + - + 1
+ + + - + + 1 + 4+ 4+ -+ o+ 3
+ + - 4+ o+ o+ 1
+ + 4+ 4+ o+ 2
+ + + + + + 1 + + + 4+ o+ o+ 10
- -+ 2
- - - - 1
+ o+ 1
- - - - - - 1 1 1 - - - - - - 4 32
Total (n=13) 3 1 6 3 Total (n=175) 16 9 106 44

F, fimG/H; S, sfaD/E; P, papC; U, usp, C, cnf1; H, hlyA
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L2 FAA 6719 BHAGRJAA F type 1 fimbriae
T (fimGH +)& B3 E coli7} 7P o] FolE Qo
™ (healthy students: 46.2%, UTIs patients: 34.3%), type 1
fimbriacWF (fimG/H )& X573+ E colis A|&)3}taL, =2
A FAplA ZeElg tidAtolA HE& WRE Hols
E. coli®] A4 JQA= fimG/H +, papC + (9.7%), fimG/H +,
sfaD/E +, papC +, cnfl+ (9.7%), fimG/H +, usp + (6.9%),
fimG/H +, sfaD/E +, papC +, usp +, cnf1 +, hlyA + (5.7%), 6
Aol WAMARE B W G5A4] = E coliv} (5.1%)
oAt ofell Hlste] 21743 sHE A= MU
2 HEEA R E coli 23.1%)7F 7FE B HIEE 1
31, fimG/H +, papC + (7.7%), fimG/H +, papC +, cnfl +,
hiyA + (1.7%), fimG/H +, sfaD/E +, papC +, cnf1 +, hiyA +
(7.7%), fimG/H +, sfaD/E +, papC +, usp +, cnf1 +, hlyA +
(1.7%)= 2t 15°9] E. coli7} glo] w QT

Phylogenetic group w4l A& 7 o B B2} DTl
&31E E coli 7F7F 71 %9koH (healthy students: B2

46.2%, D 23.1%, UTIs patients: B2 60.6%, D 25.1%), H</3
AAFE Bt o) 7HA= wFTF AR Sl A &
B gt A 76.9%, 827 Shajel A EeElE o
ol A 94.9%A T} (Fig. 1).

Ciprofloxacin 2t Al

Ciprofloxacin 7H/3 A9 A= Table 29+ 2t} H =
A Az ZAko] glom a w7kl AFo] 9= AAR
S 100014 B9 i+t 135 F 15 (7.7%)°1A]
WS BRI, amtd Bxeld e eRydy
319 ciprofloxacin®l tet WAHELS 1755 5 525

(29.7%) % L}EFsT

K
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L2 SARRE e 17559 gt A
2 Sl EelE ot 1350 diske] WA
A} fimGM, sfaD/E, usp, cnfl, papC, hiyA SR}
multiplex-PCRS F=e83to] ZARsE A3} v w7]7 74
ARRE R 17550] tidere] BRIl BaES
fimG/H (92.5%), sfaD/E (30.3%), papC (41.4%), usp (27.4%),

:

rﬂ o o ox -

cnfl (30.3%), hiyA (103%)313L, 7178 SPISelA Bejg
1359] tigdte] MU/ BAE2 fimGH (76.9%),
sfaD/E (30.8%), papC (15.4%), usp (7.7%), cnf1 (23.1%), hlyA
@1%2 Ta Aol7h dglon =gy By
g tigate] AR Bago] A S1HAT
53], type 1 fimbriae®] HA-&2 22790 3kxjo|A] £
oo g7dRlel A el ek ot el A 7H
2 e & = JUTh Adamus-Bialek 52 12779 &
HAA E coli 5 575 AL 1225 (96.1%)°14 type
1 fimbriaeE H -3l Yta 3¢ (Adamus-Bialek et al.,
2009) & A@oxe] @ ZWAX E coli®] type 1 fimbriae

Fradt vt Ao ® yebgth 25 ARl &
2 W+t 1357 5 107904 fimG/H (type 1 fimbriae)7}

AEHAa, 1 5re] WAAJAR} sfaD/E, papC, cnfl, hiyA,
usp?t 7 AEEH o] AANM e gt o3 %
A4AS A ow F2E Ths Aol A AAFeRGIT

= AgA FEgk F 1757 S 29U g
H 7| A] 22 S2o] glom e=ked WEo] fle= 2
7Rl A &gk v)7d2] phylogenetic group<
A= 17579 =24 digarol A phylogenetic group
A (9.1%), B1 (5.1%), B2 (60.6%), D (25.1%)= 21530
u], 471l A &gk ulFdell A phylogenetic group A
(23%), B1 (8%), B2 (46%), D (23%) 5o & 1t} H]
1A Aol A E2lE 2] phylogenetic group->
B2¢} DTOA 7Y 2 HIEE HRIttal (Bukh et al,
2009) Hi1¥ Al Q= A v R 2 Ao A
A EEZE B29F Dol A 7HE 2 WIES KAl

Kim 5o] &= Ay} #olAe)
E°] 30%°l Sufghtta Bagk A (Kim et al., 2008)7}
Al Aol a2rel Beld) Rele e
DA e mproﬂoxacmoﬂ gk WEES 1757 =+
527 (29.7%)%= 1= 82744 WHo] gle A4
QBN FelE s 135 F 15 (7.7%)
oA Wl AE Btk

AT ARE TPt B oo a2 7
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