Biomedical Science Letters 2022, 28(2): 127~136

https://doi.org/10.15616/BSL.2022.28.2.127
eISSN : 2288-7415

I Original Article

Comparison of O-serogroups, Virulence Factors and Phylogenetic
Groups of Uropathogenic Escherichia coli Isolated from Patients
with Urinary Tract Infections between 2 Time Periods of 1989 and
2010-2014 at Gangwon Province in Korea

Min Park” and Seong-Mi Kim™*

Department of Biomedical Laboratory Science, Masan University, Changwon 51217, Korea

Uropathogenic Escherichia coli (UPEC) is main causative agent of urinary tract infections. They are classified based

on various types of O antigen. UPEC strains commonly possess many genes encoding virulece-associated factors. E. coli
strains are generally divided into four main phylogenetic groups. The virulence factor (VF) profiles of UPEC are related
with their O-serogroups in each strains. A total of 681 strains of UPEC clinical isolates were collected from Korean
healthcare facility (1989: 123 strains and 2010-2014: 558 strains). The UPEC clinical isolates were analyzed by polymerase
chain reaction (PCR) methods. A total of 14 O-serotypes (O1, 02, 04, 06, O7, 08, 015, 016, 018, 021, 022, 025,
075 and O83), 6 virulence factors (papC, fimG/H, sfaD/E, hiy1, cnfl and usp) and phylogenetic groups were identified.
The most prevalent O-serogroups were 06 (11.1%) in 1989 UPEC strains and 025 (21.0%) in 2010-2014 UPEC strains.
The identified VFs, phylogenetic groups in 1989 UPEC strains and 2010-2014 UPEC strains were fimG/H and B2 group.
In this study, O6 serotype was revealed the close relationships with VFs. Also, the distribution of prevalence O-serogroups
of UPEC has been changed from O6 to O25 and virulence of UPEC strains was increased during past twenty-one years.
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e 2 SN Y] aEAYS ke sle
2 dHE3 G YA U7t (extra-intestinal pathogeic E.
coli) % o] th(Fhin, 2003). 227+ (urinary tract infection,
UTD S Fdshs 3oz e Mol E coli, Proteus
spp., Enterobacter aerogenesS}t 72 Aot 3ol 435}
= AMet, Pseudomonas aeruginosa, Enterococcus faecalis,
Staphylococcus aureus, Staphylococcus saprophyticus “5©]
2ATHLee and Kim, 1996; Fhin, 2003). ©] & 2748 7}
F ESHA fFEshE AL E coliQl Ao dEA itk
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FEow R g A, AA7HA Bare 0 EH3
17001% ooz A4 Ath(Liu et al., 2008). 7
O I el wet BAEIAE 2] =7 Bofshal
S (Kaper et al,, 2004), 54 A5 #AAE o=
A=k 1E}(Adamus-B1alek et al, 2009). L 27FS
sk mHAd il A S8kl SE<lE= 0 4%
< 01, 02, 04, 06, 07, 08, 015, 016, 018, 021, 022, 025,
075 Z18]3 083 o2 &el% o™ (Drskov et al., 1982;
Johnson et al., 1994; Blanco et al., 1996; Bidet et al., 2007; Abe
et al., 2008; Ananias and Yano, 2008), &= o]
B35k 9+ WYX AR | = P-fimbriae, S fimbriae, type
1 fimbriae®} 72 AJEH-
necrotizing factor type 1 52
phores 5°] &## S THAdamus-Bialek et al., 2009). 22
HAA el o =R Aol P fimbriaes}
e AEHAIAE o] §3jo] LRAIAL] F s,
ol o)gk el ARagol Aaste] el 244
¢l HA3ks- dti(He et al, 2015). <> A, B, B2, D &
8 Al EF(phylogenetic group)_i F7}F 7y
Sl g olslel BAFE FLshs U gL
T2 B29} Dol £3HK(Clermont et al., 2000).

el AL e ZHAA AT 0 €Ay WA
A2} B AlFE R Avdol gk A7 Ee]
=3 ] (Blanco et al.,, 1996; Clermont et al., 2000;
Ananias and Yano, 2008; Baldy-Chudzik et al., 2008; Bukh et
al,, 2009), =ol M= 2 2HAA hate] 0 A

£ B B ARSIl gk A4S 3totny]
T

wpEba] 2 Aol A 198919} 20101 HE 20141
Lo FEld s =ZHAA S oS = O-serogroup
I A ARSI RS A ES S o]

oo vl BAFo w7 SjellA Eejve amld
A d1t2] O-serogroupdl] W2 HUAIA BHFE 2
Aol tigh SsHs 712AbRE A skaLx

21}, a-hemolysin, cytotoxic

=22} bacteriocin 2 sidero-

il

AT ALE A9 g gist
3UNE 1297bA T a2y

2010 7956 20143 7€97HA] =
I 55875 2 ATl AREsRelTh

b sttck

2291 Y29 DNA 2

1]

72 brain heart infusion brothol] %%
0}04 37°ColA 18A1%F viF 5, At i 1 mLs
12,000 rpmoll A 10423+ YA 8t A B S
23] RHRakelnh AltzlAbel 200 uLJ Hir S

At g Azl aL =1t 2

12,000 pmell A 1023+ Lilitglsto] 58S 73 DNA
2 ARE3ISlTh

2~2 u
= T

Multiplex polymerase chain reaction (PCR)= 0|23t
O-serogroup?| A&

22894 T O-serogroupE &213t7] ¢
multiplex PCR] A}-8-8F primeri= CosmoGenetech Co. (Seoul,
Korea)oll 9JZ|sto] k0™ primer®] Q71X L3 &
23 AHE0] A7]5= Table 17 UKL et al, 2010). 30 pLo]
reaction mixture®ll+= =% =t e] DNA 2 uL, 7t &%
H primer (Table 1), 10 X PCR buffer, 0.3 mM deoxynucleoside
triphosphate (dATP, dGTP, dCTP, dTTP), 2 U2] G-Tag DNA
polymerase (CosmoGenetech Co., Seoul, Korea)E <3131
g TEaA A2 95T A 573 denaturationS-
2AABEaL, 95Tl A 30%, 55COlA 13, 727CellA] 143k
30 cycles & 5, 7274 548-3) final extensionS 533}
At SEFHAHEL2 2.0% agarose gelol 41 100 bp DNA ladder
(Fermentas, Burlington, Canada)®} €7 1 X TAE bufferol| 4
27195 3 ¥, ethidium bromide (0.5 pg/mL)Z 10%37F <
AB5le] GelDoc Image Analyzer (Biorad, Hercules, USA)E
ol-gete] TH 7 R AV|E WEE

Multiplex PCRS 0| 2%t Heldolzte| ZHE

A&ol A8t primert™ CosmoGenetech Co. (Seoul,
Korea)oll 9] F|3te] A4kl o™ primere] G7|M<E 2
Z2Z9 A& 7] Table 292} 2THAdamus-Bialek et al,
2009). Multiplex PCRS 0]-&-3t0] W4 14S AZa
$38l 30 uL9] reaction mixtureol| = F=3 g2 DNA
2 pL, 5 pmole®] Z+ primer, 10 X PCR buffer, 0.2 mM
deoxynucleoside triphosphate, 1 U G-Iazg DNA polymerase
(CosmoGenetech Co., Seoul, Korea)E =313l5ith T84
2 AHE-S-2 thermal cycler (GeneAmp PCR system 2700,
Perkin-Elmer Cetus, Boston, USA)E ©]-&35}] 95Tl A 55
AL, 95CollA] 13, 60ColA] 13
30%, 72ColA 35E3F 35 cycleS 3+ 5, 727CollA 887k

. [e)
7} denaturation=-
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Table 1. Oligonucleotide sequences for O-serotyping of UPEC

. . Amplicon ~ Target Conf: -in
Serogroup Primer Primer sequence (5'-3") size (bp) ene multiplex Reference
P & PCR (uM)
Group 1

wl-14632-(F) GTGAGCAAAAGTGAAATAAGGAACG

0Ol 1,098 wWzx 0.05
wl-14633-(R) CGCTGATACGAATACCATCCTAC
wl-14646~(F) GGATGACGATGTGATTTTGGCTAAC

06 783 wzy 0.07
wl-14647-(R) TCTGGGTTTGCTGTGTATGAGGC
wl-14648-(F) CTATCAAAATACCTCTGCTGGAATC

o7 610 wzy 0.12
wl-14649-(R) TGGCTTCGAGATTAAACCTATTCCT
wl-14652-(F) CCAGAGGCATAATCAGAAATAACAG

08 448 orf469 0.12
wl-14653-(R) GCAGAGTTAGTCAACAAAAGGTCAG
wl-14654-(F) GGTTTCAATCTCACAGCAACTCAG

016 302 Wzx 0.13
wl-14655-(R) GTTAGAGGGATAATAGCCAAGCGG
wl-14676-(F) CTGCTGATGTCGCTATTATTGCTG

021 209 Wzx 0.12
wl-14677-(R) TGAAAAAAAGGGAAACAGAAGAGCC
wl-17413-(F) GAGATATACATGGGGAGGTAGGCT

075 511 wWzx 0.07
wl-17414-(R) ACCCGATAATCATATTCTTCCCAAC Lietal,

Group 2 2010

wl-14636~(F) AGTGAGTTACTTTTTAGCGATGGAC

02 770 wzy 0.07
wl-14637-(R) AGTTTAGTATGCCCCTGACTTTGAA
wl-14642-(F) TTGTTGCGATAATGTGCATGTTCC

04 664 wzy 0.07
wl-14643-(R) AATAATTTGCTATACCCACACCCTC
wl-14672-(F) TCTTGTTAGAGTCATTGGTGTATCG

015 183 wzy 0.08
wl-14673-(R) ATAAAACGAGCAAGCACCACACC
wl-14656~(F) GTTCGGTGGTTGGATTACAGTTAG

018 551 wzx 0.08
wl-14657-(R) CTACTATCATCCTCACTGACCACG
wl-14660-(F) TTCATTGTCGCCACTACTTTCCG

022 468 wzx 0.08
wl-14661-(R) GAAACAGCCCATGACATTACTACG
wl-14666-(F) AGAGATCCGTCTTTTATTTGTTCGC

025 230 wzy 0.08
wl-14667-(R) GTTCTGGATACCTAACGCAATACCC
wl-14668-(F) GTACACCAGGCAAACCTCGAAAG

083 362 Wzx 0.08
wl-14669-(R) TTCTGTAAGCTAATGAATAGGCACC

final extensione G333t SH 42 1.5% agarose
gelol| 4] 100 bp DNA ladder (Fermentas, Burlington, Canada)
¢} 7 1 X TAE bufferel] 4 7195 & -, ethidium
bromide (0.5 pg/mL)= 10&7F A 43ke] GelDoc Image
Analyzer (Biorad, Hercules, USA)E ©]-83l9 F% -4 2

SHAES A71E HEeSIT
Multiplex PCRZ 0|8%t AISE2RZ &

A ETrae #lshr] flel Aol AHEE primere

A7 L2 Table 29} Z2THClermont et al., 2000). 20 uL2]
reaction mixture®ll = FE L 2HAA 79 DNA
2 uL, 10 pmole2] 7t primer, 0.2 mM deoxynucleoside triphos-
phate, 2.5 U G-Tag DNA polymerase (CosmoGenetech Co.,
Seoul, Korea) s =313t} S aA A2 thermal
cycler (GeneAmp PCR system 2700, Perkin-Elmer Cetus, Boston,
USA)Z o|-83}o] 94Tl A 4327} denaturation3t 5 94°C
oM 5%, 59T 10%, 72Tl 527t 30 cycled 5=
P3ltt. SHAES 1.5% agarose gelol| 4] 100 bp DNA
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Table 2. Oligonucleotide sequences for amplification of the virulence factors genes and phylogenetic groups

Amplicon size

Primer Primer sequence (5'-3") (bp) Target gene Reference
papl GACGGCTGTACTGCAGGGTGTGGCG 18 c
a,
pap2 ATATCCTTTCTGCAGGGATGCAATA pap
sfal CTCCGGAGAACTGGGTGCATCTTAC
410 sfuD/sfaE
sfa2 CGGAGGAGTAATTACAAACCTGGCA
enfla AAGATGGAGTTTCCTATGCAGGAG 498 "
cn,
VE enfl2a CATTCAGAGTCCTGCCCTCATTATT Adamus-Bialek
S
usplmod TTCTGGGGAACTGACATTCACGG 657 etal., 2009
us,
usp2mod CCTCAGGGACATAGGGGGAA P
fimGH1 GCAATGTTGGCGTTCGCAAGTGC
1,001 fimG/fimH
fimGH2 CGTAAATATTCCACACAAACTGG
hlylmod AACAACGATAAGCACTGTTCTGGCT - A
hly2mod ACCATATAAGCGGTCATTCCCATCA ’ 7
TspE4C1 GAGTAATGTCGGGGCATTCA
152 TSPE4.C2
TspE4C2 CGCGCCAACAAAGTATTACG
YjAl TGAAGTGTCAGGAGACGCTG Clermont et al
PGs : 211 yiaA ”
YjA2 ATGGAGAATGCGTTCCTCAAC 2000
ChuAl GACGAACCAACGGTCAGGAT
279 chuA
ChuA2 TGCCGCCAGTACCAAAGACA

Abbreviation: VFs, virulence factor; PG, phylogenetic group

ladder (Fermentas, Burlington, Canada)®} &7 1 X TAE
bufferS AFE-3le] 17]1%9% 3 $- ethidium bromide (0.5 pg/
mL)Z 10337F 943}e] GelDoc Image Analyzer (Biorad,

Hercules, USA)E ©]-&3}lo] S

71E s

Table 3. Frequency of virulence factor genes and phylogenetic
groups of E. coli strains from patients with urinary tract infection
isolated in 1989 and 2010-2014

Strains isolated in

LM 22| O-serogroup A&

198913 %28} 201020140 0] H23 e 2HYA 4

2] O-serogroup2]

2] O-serogroup= €H13}17] 918 multiplex PCR
© 2 O-serogroup’t HAEHA]|
Foll A 1235 T 555(44.7%), 201020140 = F-2] 5]

558F Z 1367 (244%)R3L, o= Al9lshd 1989 d %
5ol A 685 (55.3%), 201020140 %= H-2]Fol| A 4225

S Sk A Torget 1989 1=123) 20102014 (n=558)
hiyA 17 (13.8%) 68 (12.2%)
fimG/H 103 (83.7%) 517 (92.7%)
I} usp 40 (32.5%) 152 (27.2%)
Vs enfl 14 (11.4%) 146 (26.2%)
papC 26 (21.1%) 208 (37.3%)
5} sfaD/E 16 (13.0%) 99 (17.7%)
Table 59} 7t} @ &84 o A 30 (24.4%) 56 (10%)
g P! 11 (8.9%) 31 (5.6%)
ore 797} 1989ulE Ha] B2 49 (39.8%) 344 (61.6%)
A D 33 (26.8%) 127 (22.8%)

Abbreviation: VFs, vrulence factor; PG, phylogenetic group

(75.6%)°14 01, 02, 04, 06, 07, 08, 015, 016, 018, 021,
022, 075 % 083 3F3H= O-serogroups E1e 4=
AL 1989 %= FE]Fo A= 015, 016, 018 2 022+
olw]#] ekgkom, 06 (11.1%), 0259 075 (9.8%), 08

(7.1%), O1 (4.8%), 021 (3.2%), 02} 04 (2.4%), 07 (0.8%)
o] WiE=E YR WHH 2010201405 B 5o A= 025
(21.0%), 02 (12.4%), 075 (10.8%), 06 (7.7%), O1 (7.2%), 08
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Table 4. Virulence factor gene profiles and phylogenetic groups of E. coli strains from patients with urinary tract infection isolated in 1989
and 2010-2014

1989 2010-2014
VF genotype Phylogenetic group VF genotype Phylogenetic group
F S P U H A Bl B2 D n=123 F S P U C H A Bl B2 D n=558
+ - - - - 10 11 13 20 54(43.9%) + - - - - - 28 29 72 62 191(34.2%)
-+ - - 1 1(0.8%) -+ - - - 64 18  82(14.7%)
+ - - 4 - 6 6 5 17(13.8%) +o- -+ - - 6 54 8 68(12.2%)
+ 4+ o+ 4+ + 7 7(5.7%) + + + o+ 4+ 4+ 1 30 31 (5.6%)
- - - - - 13 1 4 18(14.6%) - - - - - - 15 5 4 24(43%)
-+ -+ - 16 6 22(3.9%)
+ - - -+ - 1 7 12 20(3.6%)
+ o+ o+ - - 1 1(0.8%) + o+ o+ -+ - 1 16 17 (3.0%)
e 11 2 13(23%)
+ - - ¥ - 1 1(0.8%) + - -+ o+ - 1 9 10 (1.8%)
+ + - - - - 1 7 1 9 (1.6%)
-+ 4 - 7 1 8(65%) + -+ o+ - - 1 303 7(13%)
+ o+ o+ - + 1 1(0.8%) oo+ o+ -+ 5 1 6(1.1%)
o+ - + 2 2 (1.6%) o+ -+ o+ 6 6 (1.1%)
+ o+ - ¥ - 2 2(1.6%) + o+ -+ - - 6 6 (1.1%)
+ + + - - - 5 5(0.9%)
- - - -+ - 3 3(0.5%)
o+ - - 1 1(0.8%) + o+ -+ o+ - 4 4(0.7%)
+ o+ o+ o+ - - 5 5(0.9%)
+ o+ o+ o+ o+ - 4 4(0.7%)
e 4 407%)
-+ -+ - 2 1 3(05%)
- - - - - 11 2(04%)
+ -+ o+ 4 2 2 (0.4%)
+ - - - + 1 1(08%) + - - - -4 1 1(0.2%)
L 1 1(0.2%)
+ -+ - + 3 3 (24%) + -+ - -+ 11 2(0.4%)
+ - - - + + 1 1(0.2%)
+ -+ + + - 1 1(0.2%)
-+ o+ - - - 1 1(0.2%)
+ o+ o+ 4+ + 1 1(0.8%) + o+ o+ o+ -+ 1 1(02%)
+ o+ o+ o+ - - 1 1(0.2%)
+ - + + + o+ 1 1(0.2%)
- - - - - ¥ 1 1(02%)
+ -+ o+ + 4 4(3.3%) + - + + - + 1 1(0.2%)
- -+ - - o+ 1 1(0.2%)
-+ - -+ - 1 1(02%)
-+ o+ 4 - 1 1(0.8%)
Total 30 11 49 33 123 Total 56 31 344 127 558

Abbreviation: F, fimG/H; S, sfaD/E; P, papC; U, usp; C, cnfl; and H, hlyA

-131-



Table 5. O-serogroup, virulence factors and phylogenetic group of uropathogenic E. coli isolated from patient with urinary tract infections
in 1989 and 2010-2014

oO- Virulence factors Phylogenetic group
Year
serogroup fimG/H sfaD/E papC usp cnfl hiyA A Bl B2 D Total
1989 6(100%) 2(33.3%) 2(33.3%) 5(83.3%) - - - - - 6 6 (4.9%)
Ol 2010-
2014 36 (90%) 4 (10%) 12 (57.5%) 3 (7.5%) 8 (20%) 4 (10%) - - 20 20 40 (7.2%)
1989 3(100%) 3 (100%) 1(33.3%) 2 (66.7%) 3 (100%) 2 (66.7%) - - 3 - 3 (2.4%)
02 2010-
2014 68 (98.6%) 19(27.5%) 63(91.3%) 8(11.6%) 24 (34.8%) 3(4.3%) - - 65 4 69 (12.4%)
1989 2(100%) 2 (100%) 2 (100%) 2 (100%) 2 (100%) 1(57.1%) 1 - 2 - 3 (2.4%)
04 2010- 0, 0, o, o, 0 0 0,
2014 9(100%)  5(55.6%) 4(44.4%) 4(44.4%) 5(55.6%) 3(33.3%) 1 2 6 - 9 (1.6%)
1989 11(78.6%) 8(57.1%) 8(57.1%) 9 (64.3%) 8(57.1%)  8(57.1%) 5 - 9 - 14 (11.4%)
06 -
58}2 43 (100%) 30 (69.8%) 27 (62.8%) 26(60.5%) 30(69.8%) 25 (58.1%) 2 2 30 9 43 (7.7%)
1989 1 (100%) - - - - - - - - 1 1 (0.8%)
07 2010- 0, 0, 0 0 0
2014 3 (60%) 1(20%) 1(20%) 1 (20%) - - 2 - 1 2 5(0.9%)
1989 6 (66.7%) - 1(11.1%) - - - 2 2 1 4 9(7.3%)
08 2010-
2014 17 (85%) 3 (15%) 1 (5%) 2 (10%) 2 (10%) - 5 6 7 2 20 (3.6%)
1989 - - - - - - - - - - -
015 2010- 0, 0, 0, 0, 0 0 [
2014 17 (89.5%) 1(5.3%) 9(474%) 3 (15.8%) 8(42.1%) 1(5.3%) 4 - 2 13 19 (3.4%)
1989 - - - - - - - - - - -
016 2010-
2014 14 (100%) - 4 (28.6%) - - 1(7.1%) 2 - 9 3 14 (2.5%)
1989 - - - - - - - - - - -
018 2010-
2014 15(100%)  2(13.3%) 3 (20%) 6 (40%) 4(26.7%) 3 (20%) 3 1 6 5 15 (2.7%)
1989 4 (100%) - 4(100%) 3 (75.0%) - 4 (100%) - - 4 - 4 (3.3%)
021 2010-
2014 3(100%) 1(333%) 1(33.3%) - 1(33.3%) 1(33.3%) 1 1 - 1 3(0.5%)
1989 - - - - - - - - - - -
022 2010-
2014 5 (100%) - 1(20%) 2 (40%) - - - - 2 3 5(0.9%)
1989 12 (100%) - - 2 (16.7%) - - - - 9 3 12 (9.8%)
025 2010-
2014 110(94%) 12(103%) 37 (31.6%) 10(8.5%) 24(20.5%) 17 (14.5%) 7 5 96 9 117 (21.0%)
1989 12 (100%) 1 (8.3%) 6(50.0%) 8 (66.7%) 1(8.3%) 2 (16.7%) 1 1 8 2 12 (9.8%)
075 2010- 0 0, 0, 0, 0, 0,
2014 57 (95%) 1(1.7%) 2(3.3%) 56(93.3%) 10(16.7%) - 1 - 57 2 60(10.8%)
1989 4 (100%) - - 2 (50.0%) - - - - 4 - 4 (3.3%)
083 2010- 0 0, 0, 0, 0,
2014 2(66.7%) 1(33.3%) 1(333%) 1(33.3%) - - 1 - 2 - 3 (0.5%)
oth 1989 42 (76.4%) - 2(3.6%) 10 (18.2%) - 2 (3.6%) 21 8 7 19 55(44.7%)
er
scrogroup 58}2_ 118 (86.8%) 19 (14%) 31(22.8%) 30(22.1%) 30(22.1%) 10 (7.4%) 27 13 42 54 136 (24.4%)
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(3.6%), O15 (3.4%), 018 (2.7%), 016 (2.5%), 04 (1.6%), 022
9} 07 (0.9%), 0219} 083 (0.5%)= 21 = ATt

AUl ASERE 2

— O -

198913 =9} 20102014350 H2jd e =2AA
o] YA A} AE Rl Wl Table 37} #2t)
1989 % ]l A WA Q1AFe] B W% fimG/H
(83.7%), usp (32.5%), hiyA (13.8%), papC (21.1%), sfaD/E
(13.0%), cnfl (11.4%) <22 ERd 9hE) 2010-20149 %
EFol M= fimG/H (92.7%), papC (37.3%), usp (27.2%),
cnfl (26.2%), sfaD/E (17.7%), hyA (122%)2] =02 LRk
t} fimGHE 1989 %8} 2010-2014 0% HE]Froll A =
7P A JERg T 531, af19] - 1989 e
Foll A 114%3E vHd, 2010201435 F-2]F00A 262%
2 YEREo ™, papCe] 79 1989 % 2|50l A] 21.1%,
2010-2014 3% ¥-2]Fol A 374%2 FelE] o] 1989\ %=
2ol vldl] 20102014821 50A enfl3} papC7t Z242F
14.8%, 162% <71k 21082 IRIHAT A7
745 1989 d %= 2]59] 39.8%<} 201020141 %= 2|5
9] 61.6%7F B2iol|l &= 2oz S1¥glom, 19891
T BE59] 26.8%, 2010-2014 % F2]52] 22.8%7} D
ol Foh= Zlog gRlEo] B29} Darell &ob= 8=
A tidarol] 1989 % Tl A 66.7%, 20102014
T FEFolA 844%= RIFSITE v, Wido] tha
S2 Jlom gl Ayt Bl St e=eddd
gt 198935 2]l A 24.4%%} 8.9%, 2010-2014
T BT 10%S} 5.6%2 FEo] ATzt Bl
ol aEHAA didere] WIeTF 242} 14.4%, 3.3% 7+
A% Ao g FRIEATH

H

H

28H4Y g2l O-serogroup, BAEA L AS

o o
2y

A7 profilee]] W2 AlEEFAT = Table 49%
2t} F 67019 virulence factors (fimG/H, sfaD/E, papC,
usp, cnfl and hlyA) type 1 fimbriaeTt (fimG/H)S H3F &
= tidtel 7P wol SRIEA e (1989
2|57 43.9%, 20102014115 22|57 34.2%), type 1 fimbriae
THimG/H)S RSt E coliE A9)sta, 827093}
oA FElg amAA ol FE RIEE Hole
HAA A} profile 1989\ %= ¥-2]5F2] % fimG/H -,
sfaD/E -, papC -, usp -, cnfl -, hiyA - (14.6%), fimG/H+, usp +
(13.8%), fimG/H +, papC +, usp + (6.5%), fimG/H +, sfaD/E +,

papC +, usp +, cnfl +, hiyA + (5.7%), fimG/H +, papC +, usp +,
hyA + (3.3%), fimG/H +, papC +, hiyA + (2.4%) 0|9
Hh, 20102014 E2]522] 49~ fimGH +, papC + (14.7%),
SfimG/H +, usp + (12.2%), fimG/H +, sfaD/E +, papC +, usp +,
cnfl +, hiyA + (5.6%), fimG/H -, sfaD/E -, papC -, usp -, cnfl -,
hlyA - (4.3%), fimG/H +, papC +, enfl + (3.9%), fimG/H +,
cnfl + (3.6%), fimG/H +, sfaD/E +, papC +, cnfl + (3.0%) °|
Ak EgE WA IAE s ol A= a2
WS ASETFT A9 Bl % 1980 He| 5
A 22.8%A 3L, 201020143 %= F-2]Fol A 12.9%A ¢ HE
W, AlEETw B29F DO A9+ 19891 = ol A
62.6%, 2010-2014'3 %= 2|50l A 82.8% %A TE. 1989 %=
LTl A WA IAE 7P Wol BEAsal 9l O-
serogroup> 0453111, HAAIA} BH-5-2 fimGH (100%),
sfaD/E (100%), papC (100%), usp (100%), cnfl (100%), hiyA
(57.1%)= YEFS O™, 35 F 25(66.7%)7} Al
B2¢ll 43} THTable 5). %3 20102014 % 2] 50|
A= 069 MU A BHfE0] fimGH (100%), sfaD/E
(69.8%), papC (62.8%), usp (60.5%), cnfl (69.8%), hlyA
(58.1%) % 71 =%aL, 435 F 397(90.7%) 7} Al H5F
T B29} Dol 4311 tH(Table 5).

K
3

2 o &

LEAE A BAgle] EE AR tix
2l Ao 53] ool gAET 1 Bel] A= A
2 o4& thMagliano et al., 2012). E. colidll 23+ 2 27}

o] 7P &3 Zlow Al jlow amdS fus
= E. colis Q52U 7t (uropathogenic Escherichia
coli, UPEC)| 2} #THTotsika et al, 2012). 22394 of
S ke WIS TR aBmES
%01 O-serogroup} AlGit-Fwrell whel B3}
B A7 st Al BFe At Momtaz et al.,

el

-

(o

Aol A= 198918} 20101 = -E] 2014 %
7] e a2 i) O-serogroup, W<l
|7 Wes vla 4 szt shlck
1989 d =0l E2ieh a2 g+t 123579k 201045
FH 20149574 el ez diga 5585
tiete] a=Hd digstold F= 2]%:= O-serogroup
Q1 01, 02, 04, 06, 07, 08, 015, 016, 018, 021, 022, 025,
075 712]3L 083¢] WEZ 31517] 98] flippase genedl
wzx gene¥} polymerase geneQ! wzy gene®l| TI3F multiplex-
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PCRS F35I ). & A4 O-serogroups 2H1s}17]
213l A1-8-8F multiplex PCRE A 4= §ld A5 A
23 01, 02, 04, 06, 07, 08, 015, 016, 018, 021, 022,
025, 075 2 0839l dF3H= O-serogroup=> XA 824
A oigate] bk o ol ATK1989:d &= 8] 55.3%,
2010201435 F-2]5F 75.6%). 53], LZHAA thdtol
A 23] YeEh= 015 0837H4] 1452 O-serogroup®l]
et dFe] vlEo] 198910l M) 2010-2014d %
of eld S2WAA gigate] vlEo] 203% 7k A
o7 SRIHATE 1989 el Hejd a2 ot
o] 7% 015, 016, 018 1|3l 022+ FRI|A] Fkom,
7HE B2 WEE YERA O-serogroup< 06Z 1235 &
147(114%) 2 248k, 02594 0757F 2H2} 125+9.8%)
2 E2HIEE HY 1989%1‘4:_01] 33k O-serogroup=
06 sholaliet b 20100 S 5-E] 20140 %744 =
2 244 tdte] A 0257F 558F 5 117F
(1.0%)= 7P =2 HJE% KL 027} 697(12.4%),
0757} 607(10.8%)°] W1 =2 LehY, 19891 d =0l el
228U T2 O-serogroup= YA ZFol7) AR
th 53] 7 @2 RIEE YERH O-serogroupe] 06°ll
A 0257 W3al9le-S dlslglth Momtaz 5 (2013)#
27+ AR RE 12359 e 2HYA gAdTtS 3}
o} O-serogroup®] W& FR1gl=d, & 123-r-4 8
A g T 0257} 325(26.0%) =2 7 E3F O-
HoATto] Aol vl ekelnt
(Momtaz et al,, 2013). Blanco 5 (1996)2] Aol A= F ¥
Az &3] F2]%F O-serogroup®] 068}l R 118} =),
oAt 1989l BalFolld 7 e Hng e
' O-serogroup®] A 7}-9} H|5=3}3] th(Blanco et al., 1996).

& multiplex-PCRS o]-&-3to] WAL A&
S FHola)i A} 1989 % EalFol A fimGH (83.7%),
sfaD/E (13.0%), papC (21.1%), usp (32.5.0%), cnfl (11.4%),
hiyA (13.8%)% LERGE vha, 201020140 = H2]5oll A=
SfimG/H (92.7%), sfaD/E (17.7%), papC (37.3%), usp (27.2%),
cnﬂ (26.2%), hiyA (122%)% 2Y2; 1=} E3], 71
B8t &= HYAAA= fimGH (type 1 fimbriae)
o2 IRAES ) Adamus-Bialek 5 (2009)2 1275
s

ol g

)
o f“1°

serogroup®l-& K.a1&}ed,

3]
Ao
ReRA R R Tﬂﬂ?r T 1225%96.1%)°l 4] type 1 fimbriae
E B8 3191 I (Adamus-Bialek et al., 2009), Yun
5 (2014) 01310]4 @7kl W HEabg g2 Gul
st @ 2HAA U=t 647 T 6277(96.9%)°1 A1 type 1
fimbriae (fimH)< E-rst Tl Eal(Yun et al, 2014)8F31=

off iy lo o r101

g, o] ¥ odtoll yehd 2 2HAA o] type 1
fimbriae W& H]Sesll). gk WA} 71
WA Ato] 9l Ao R Kol O-serogroup 19891
= REFe] A9 0493, HYAAA] HAES hyA
(57.1%)E A3 fimG/H, sfaD/E, papC, usp, cnfl 2] B-A-&
] 100%= YEFSETE ¥, 201020143 % 2] 5o A=
067} ARk} 71 WA dAAdo] e Ae=
1 H A THfimG/H: 100%, sfaD/E: 69.8%, papC: 62.8%, usp:
60.5%, cnfl: 69.8% and hlyA: 58.1%). fimG/H, papC, cnfl 2
sfuD/E2] B8 1989 2|5 H} 201020143 %=
weFollM B =7 ek, ol fimGH, papC, cnfl
2 sfaD/EE HA3H= 015, 016, 018, 022¢1] 338h=
O-serogroup®] 19891 ol F-2] = %] gkkwl Wk, 2010-
20149 % FE]Tol ARt FE = S7] wieleh *}E—‘HD}

Clermont 5= A9 HYAAS YEl+= E c0li®) -

o] Ale-&F B29} Dol &3k 313) lﬂr(Clermont et
al,, 2000). i AF9] AlFERT A ANE AuEd,
At B2l &3t 73%7} 19891 % 2|5 39.8%,
201020149 % F-25 61.6%= A=A, AlF
Doll £3h= 2971 1989 = H2]5 26.8%, 2010-2014
T P 228%% ER1E <], B29} Dol WL} H9ke
] E3], 201020140 % EE]Fo A B2ite] &= Hl&
o] 1989\ % FE]F Kl o =3t tl&ol, g 71A] o]
do] WAARIAE HAeh a2 A uideto] B29F D
ol Eah= H]Eo] 1989\ Fe] ol A 62.6%E
H, 2010-20141d 5% 2ol 4] 82.8% = FR1E o™ o]
v ezHdA gt 58 T B2l £33k A9t
4677(79.31%), Dol &3k 4971 977(15.51%)kaL Hal
3t Lee 59 AT 239} H]3 % th(Lee et al,, 2016).

2 Ao A= 1989 = 2F 20101 =H-H 20141 o]
wEE S =EHA ggTS dlide® O-serogroupy}
AAAAF F AFEFTY B 2 S THes
AEIGITE  ATe] AAE FHRA R A Hoks
o, S ZHAN g2l O-serogroupt BAAAA 18]
A ARG EF] WAl o] = AR e
™, 53] 1989\ H2]52] M IR} BA-E&HT 2010-
20143 % 521529 fimG/H, papC, sfaD/E 2 cnfl 2] B
fo] o A Jebsh Bdgxker DAe Aol gl
= Aoz 3% O-serogroup= 049} 06310, AEHE
T B2k Dol 8he 22 AA e W)
Foth e 2HAAd digatel ok e =2zhedel tigk o
ofgtH SHelA Adg das Fyshr] e WA

T
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A 2o Nng BHEa Y L2WYA g

O-serogroup®l] thek 2] gl #H-s- 913

Ho] Bad Aow gy F, B Aol
e AHA] FRonF a7

o T a=dA W] O-serogroup?] 3E, W

3AA; BHf-E 9 AR e A7E gt
A

o2)e} Azke,
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