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Phylogenetic Groups and Virulence Factors of Escherichia coli Causing Urinary
Tract Infection in Children

Ji Mok Kim, Eun Young Cho, Jae Ho Lee

Department of Pediatrics, Chungnam National University School of Medicine, Daejeon, Korea

Purpose: Urinary tract infection (UTI) is a common bacterial infection in children and £scherichia coli'is a predominant pathogen. The pur-
pose of this study is to evaluate phylogenetic groups and virulence factors of £. coli causing UTl in children in Korea.

Methods: From October 2010 to April 2013, urinary £. coli strains were isolated from the 33 pediatric patients of UTI. Multiplex polymerase
chain reactions were performed to evaluate the phylogenetic groups and 5 virulence factor genes (fimH, sfa, papA, hylA, and cnf1) of E. coll.
Distribution of molecular characteristics of £. coli was analyzed by clinical diagnosis and accompanying vesicoureteral reflux (VUR).

Results: Most (84.8%) uropathogenic £. coli were belonged to phylogenetics group B2 and the others (15.2%) were belonged to group D.
The virulence factors were distributed as: fimH (100%), sfa (100%), hylA (63.6%), cnfl (63.6%), and papA (36.4%). According to clinical diag-
nosis, phylogenetic distribution of £. coli strain was 92.3% of B2 and 7.7% of D in acute pyelonephritis and 57.1% of B2 and 42.9% of D in
cystitis. Distribution of virulence factors was similar in both groups. In patients with acute pyelonephritis, phylogenetic distribution was similar
in VUR and non-VUR group, but proportion of papA genes were lower in VUR group than that of non-VUR group (43.8% vs. 20.0%, P=0.399).
Conclusions: This study provides current epidemiologic molecular data of £. coli causing pediatric UTI in Korea and will be a fundamental
for understanding the pathogenesis of pediatric UTI.
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ol I, Mk d 2 o] g 7|7 wEF 5 >
15,000 cells/pL, AE+ 7} &= (erythrocyte sedimen-
tation rate) >68 mm/hr, 12]32 C ¥+ @ (C-reactive
protein, CRP) >20 mg/dL 5°] ¢&A o™, P-fim-
briated Escherichia coli 52 AwA =4 <1 A} (virulence
factors) R <59 WolQlx}e} A A gk
A7 = Aoz nuHy g O F amgy wol
TH 2 7 559 EA gig A7t o|FoA AL Qh
O} 1w o] ob] e LA A FoH, =
W B3 gA) g Aot

27 ¥WYA(Uropathogenic) E. coli= A 93] 5
W e 27rde] a3 dlo]H (75-90%), & Al
2 I APREC] Fi1, o8 & T B F
10 oled ew WAA E colio] 7
A+ =4 (virulence) L=
7 A7ho] 9tk .2 WY E coli= AA
| =7 (A, Bl, B2, and D)¢] Al&%] &5 (phylogenetic
group) Z W, 2] BAAR] o= ATl &3}
—Hl, 540 At 8 Fe] = Ui B2wdl| &35
3, D B2l Hls) S4o] g3t 54 A4
= 3JA F 80 =® Ve F 9o, surface virulence

factor?l fimbriae (Type 1, P, Flc, S), adhesins, flagella,
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capsule polysaccharide, lipopolysaccharide 53} secreted
virulence factors= 7%= a-haemolysin (hlyA), cy-
totoxic necrotizing factor 1 (cnfl), secreted auto trans-
porter toxin (sat) 50 I} o] & AlFA =414
L Aue 9Es FFEE Aol FRE 9IL T A
oz AZtER] &7e) 9 890 W e BES w
A Ao AZpe,

B ATE LotdA 823dS dodl= E colid] Al
5 2R U 549040 FRE 2AGL, 2010 22
ol QA A 9 e oRe Bk ojko] He

S Askarat skl

2010 10¥%E 2013 497h4) SEdigaHd &
ol ATl d8 kgl g w7t o YA 5
Tko] 342} & ARA E coli7t A& W 339 (go} 181,
oo} 15%) 9] A= gitoz gt L 27dLe 38T
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ool W 9 Fk(AW A Ar|E AAMG 9E
>57l/HPF, leukocyte esterase %A]), A
A, AT ) 270 BF = 49 A,
HE == Fo Qs 53 & HAE AFH[]
F AAE AFFS ¥ ©d AFo] 10 colony-forming
units (CFU)/mL o] vjdd 492 S8t 714
o 2 5 Aldae AQetion, 92390 R &
2 Ak Atol| Z3tekiTt
2, 4

1) E. coli®] A% &7 4 540 #4

W WSS B REE E coli2HE AT ERF Y 5
ARIAF BAE 93l ths TR EAAH TS (multiplexpo-
lymerase chain reaction, multiplex PCR)2 A| 3} t}.
WA DNA F52 93} Luria Bertani media broth (Sig-
ma-Aldrich, Yongin, Korea) 3 mLol| E. coli colonyE
10 L HES 5, 37C 31d wjd7olA 16A17F o) ufj &
& ThS bacterial cell (1x10°)< 500 pL 4 micro tubed]]
Y Ao A 10,000 rppmOE 18 F¢t 94 23 &
mediaZ A A35Fe] sample (cell pellet)S 1|5}t o] 3
Solgent kit (Solgent, Daejeon, Korea)E A83}o] DNA
£ ek dth

Clermont %16)9] ATE 7|22 3] primers AAT
Row, 7k primere] G71AE-E Table 13} 2t} Al%E &
FE 913 multiplex PCRS chuA$} yjaA, DNA fragment
TspE4.C2 37}A]o] t3te] Al83l3l=t]|, Biometra TG-
radient 96 (Biometra, Gottingen, Germany)Z ©]-&3}¢]
94TolA 5EZE WA, 94TollA] 30, 55TelA 30z, 72
TolA 30x9] 303] 3 A& F, 72ColA 7RI A%
AIATE 0.9% agarose gelol|4] A7) 95 E3) PCR At
ES Qg o, 7| & W(reference method)S
ARESt AlE BFE AR tH(Table 2).

ZA01ALE Lol R 7] 93 multiplex PCRS fimH (type
1 fimbriae), sfa (S family fimbriae), papA (P family fim-

-

briae), hylA (hemolysin A), cnfl (cytotoxic necrotizing
factor 1) & 57FAoll thste] AlFSFGAAL, 94T A 5&3E
WA, 94ColA 30%, 58T 30%, 72TolA 30%2
363 TEE A F v To g 72T A 58 AGA|
A =z9 A=me 09% agarose gelo|lA A7) 9%
& Aasto] BT,
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2) az7hde] Wel @ w95 24} 3, io| 2alA st
A 253}, 99m Technetium-dimercaptosuccinic

acid (""TC-DMSA) Al 270, WA W 2% 29% B ATE Sl uEd A7&24] 2943 (IRB

(Voiding cystoureterography, VCUG)S Q27Fdo] 2 No. 2015-07-041-002)¢] =<1-& ¥k}
W BE Sxfo| A Ak, Q27 e] e H g

ai-ety o] RS EA}o}OﬂE} P"TC-DMSA 41 270
L A8 E AZE 1579 oo AdlEtgon, BB w= zi7}
vlRbd Ao ME’P‘ F4 AgAgoz Aas, 2
VCUG 1. CH& EXte| Ed

A o g ow e, wat
Foto] W 97 oRE FASIY T

o)F 4 ALY mE WY 5 ol Bk K] A o B4 339 F WAL 189, AL 1580
WE Q) E coli®) A% BR R SAAAE BAAT, dUie) Ahle 121091, % 93 a490-49719)
2R APAARA AT A% HF 2o 4 oAtk FA Ao w duE ARt 268 0= WA
T WAE Lohur) 3] T4 A9AY B WBL o 78sugon], FHeT ARE A B F 30.3%<)
T GF ool WE 9 E colif] EA4S 2AEIIT

Table 2. Phylogenetic Group Assignment of Escherichia coli

3) A &4 chuA yjaA TspE4.C2 Phylogenetic group assignment
EA A0 SPSS Statistics version 17.0 (SPSS Inc.,, } - - A
Chicago, IL, USA)S A}&3}% 3, Independent two - + - A
sample t-test®} Pearson Chi-square test %=+ Fisher's - - + B1
exact test2 Al &d}e] P gho] 0.05 Wwkel 92 BA 4 * * i -
o= fojaitt wysAd ! * ! B2
n
+ +

Table 1. Primers for the Polymerase Chain Reaction Assays

Target gene (s) Primer sequence (5'-3) Size of Amplicon (bp) Annealing temperature (C)

Phylogenetic groups

chuA chuA-F 5'-GACGAACCAACGGTCAGGAT-3' 279 bp 55°C
chuA-R 5'-TGCCGCCAGTACCAAAGACA-3'
yjaA yjaA-F 5'-TGAAGTGTCAGGAGACGCTG-3' 211 bp 55°C
yjaA-R 5'-ATGGAGAATGCGTTCCTCAAC-3'
TspE4.C2 TspE4.C2-F 5'-GAGTAATGTCGGGGCATTCA-3' 152 bp 55°C
TspE4.C2-R 5'-CGCGCCAACAAAGTATTACG-3'
Virulence factors
fimH (Type 1 fimbriae) fimH-F 5'-CFTGCTTATTTTGCACAGA-3' 300-400 bp 58°C
fimH-R 5'-TTGCCGTAATCCCAGACTC-3'
sfa (S family fimbriae) sfa-F 5'-ATGGTTCACAGTACCGCACA-3’ 300-400 bp 58°C
sfa-R 5'-CACAGGGGCAGGGTAAAGTA-3'
papA (P family fimbriae) papA-F 5'-CACAGGGGCAGGGTAAAGTA-3' 300-400 bp 58C
papA-R 5'-CTGCCCCCTGAACTAGCATA-3'
hylA (Hemolysin A) hylA-F 5'-AAACAGGTATTCGGCACAGC-3' 300-400 bp 58°C
hylA-R 5'-CTGTGTCCACGAGTTGGTTG-3'
cnf (Cytotoxic necrotizing factor 1) cnf-F 5'-ACTGGATGGGATCATCTTGG-3" 300-400 bp 58C
cnf-R 5'-ACGCTCATCAAGCTCTCCAT-3"
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QEAAES o E coli 5 3385 oz A%
EHFE Aldstal 57 SARIAE B4 2 AT
oA += A, Bl, B2, D9 4714 A% &F 5 A7 Bl
AN, B27(264], 84.8%) 7} D (7], 15.2%) 7He 2
g AT 53j0A; EA A imH} sftas Q23
o] = B SAfeA AFE Qo™ hylAT} enflE 742t
214](63.6%), papA 12#(36.4%) 2] EEE YeRN AT
3. &t Tichof| w2 Hlw
T4 A2 o3 A= F gl B4 339 F
of 26l eH, 54 4 ez
ol Hues o, 7 o BT
Ook 7t OﬂEﬂoﬂ.‘:_ o

oA 04112 F4
T BBen o
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Table 3. Clinical Characteristics and Phylogenetic Groups and
Virulence Factors of Escherichia coli according to Clinical
Diagnosis

Acute
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0.073, Table 3).

AR E. coli®] Al EFAAE w4 A2l
oA B27} 92.3%, D7} 7.7%E YEFsEaL, W3 ol A
£ B27} 57.1%, D7} 42.9%S Bo] E3z A thi 2o]7}
A THP=0.052). E. coli 752 57}A] S A}e] L
= & oA o = AolE HolA] gotth(Table 3).

e o

ol W E coli®] AE 57 2 540 REE &
AAstRE o, AE EFA= & & 1 B2

of lo] & ApolE HolA] STt &

hylA 2 cnf19] A% <& & 1 ZpolE HolX| gton,
papA 3 BF e 77 SR A9 20%, FHHE A
B 737 43.8%= e AR7F Qe oA oA =
2 &S AH P oy, BAA o8-S ARATHP=0.399,
Table 4).

o2 P Ao E. coli
£ Ao = 4 A9

oﬂ w2 Ao EA zfo], 18 B4 A%

pyelonephritis C(ﬁit'?f V;[Je Table 4. Phylogenetic Groups and Virulence Factors of Esche-
(N=26) richia coli Causing Acute Pyelonephritis According to Accom-
Clinical Characteristics panying Vesicoureteral Reflux
Age (median and range, month) 4 (0-49) 4(1-18) 0.739 No. (%) of isolates
Sex (male : female) 16:10 2:5 0.203 APN with VUR APN without VUR P-value
Patients with vesicoureteral reflux 10 (38.5%) 0(0.0%) 0.073 (N=10) (N=16)
Phylogenetic groups and virulence factors Phylogenetic group
Phylogenetic group of £. coli A 0(0.0%) 0(0.0%)
A 0(0.0%) 0(0.0%) B1 0(0.0%) 0(0.0%)
B1 0(0.0%) 0(0.0%) B2 9(90.0%) 15 (93.8%) 1.000
B2 24 (92.3%) 4(57.1%)  0.052 D 1(10.0%) 1(6.2%) 1.000
D 2(7.7%) 3(42.9%) 0.052 Virulence factor
Virulence factors of £. coli fimH 10(100.0%) 16 (100.0%)
fimH 26 (100.0%) 7 (100.0%) sfa 10 (100.0%) 16 (100.0%)
sfa 26 (100.0%)  7(100.0%) - papA 2(20.0%) 7 (43.8%) 0.399
papA 9 (34.6%) 3(42.9%) 0.686 hylA 7(70.0%) 10 (62.5%) 1.000
hylA 17 (65.4%) 4(57.1%)  0.686 cnfl 7(70.0%) 10 (62.5%) 1.000
anfl 17 (65.4%)  4(57.1%) 0.686 Abbreviations: APN, acute pyelonephritis; VUR, vesicoureteral reflux.
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20 Ao s Fo3 BHARR fimH (97.5%, 158/
162 UPEC strains)7} YL, o] 2 Al duigs
&¢lth. & Trachouna 5 & 22749 342 w3y
T(n=72)% 4 A2 GF(n=18) 2.2 Y7o UJ E
coli #52] 54145 EA3=dl, WgdTadA=
fimH (62%), pap (36%), sta/sfc (29%), hly (15%), cnf
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