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Risk Factors for Community-onset Urinary Tract Infections due to

Extended-spectrum [3 -lactamase Producing Bacteria in Children

Nam Hyo Kim, M.D., Ji Hee Kim, M.D., and Taek Jin Lee, M.D.

Department of Pediatrics, CHA Bundang Medical Center, CHA University, Korea

Background : Extended—spectrum 3—lactamase (ESBL) producing bacteria have been increasingly recognized in
the community. The aim of this study was to identify risk factors for community—onset urinary tract infections

(UTls) by ESBL producers in children.

Materials and Methods : We analyzed 854 episodes of community—onset UTIs in children diagnosed at CHA
Bundang Medical Center from January, 2004 to April, 2009. The presence of ESBL in Escherichia coli and
Klebsiella spp. was screened and confirmed by VITEK®—2 ESBL test. Controls were matched in a 2:1 ratio to
case patients by age and sex. The clinical characteristics, risk factors, antimicrobial resistance, and treatment

efficacy were compared with controls.

Results : The most common pathogen was Escherichia coli (681 isolates), followed by Klebsiella pneumoniae (60
isolates), Enterococcus faecalis (23 isolates), etc. The number of isolated ESBL producers among the pathogens
E. coli and K. pneumoniae was 25 (3.7%) and 7 isolates (11.7%), respectively. No significant differences were
noted as to the UTI history prior to the present treatment, underlying urogenital anomaly, and clinical characteris-
tics. Use of any antibiotics within a month (P=0.012, Odds ratio, 6.341, 95% confidence interval, 1.492 to
26.955) was related to the increased risk of community—onset UTI by ESBL producers.

Conclusions : ESBL—producing bacteria has been identified in pediatric community—onset UTI, and the use of
any antibiotics within the previous month was related to the increased risk of UTI by ESBL producers. Therefore,
careful selection and use of antibiotics should be recommended for community—onset UTI in children.

Key Words : Extended—spectrum B—lactamase, Urinary tract infection, Children
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2. ESBL ZARHE

A G A &S 2 wjeE ARl A A=Y i FollA E
coli®} Klebsiella speciesE t’d©. &2 ESBL Ao 55 &
Qs 93 AALE WaEeh. AAPPHS VITEK -2
Antimicrobial Susceptibility Test (AST) card (bio—
Mérieux, Marcy I'Etoile, France) & o]&-3t VITEK®-2
ESBL test®, 6719 €7](well) 2 T4 ¥ panelS AF&-3l
A glskrh(15). 6719 71+ ceftazidime 0.5 mg/
L, cefotaxime 0.5 mg/L, cefepime 1.0 mg/L7} Z+2} ©A
Q= 3709 €719} ceftazidime 0.5 mg/L, cefotaxime 0.5
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mg/L, 4 mg/L, 10 mg/LA AFe Fej7t 3= o] =
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FA A2 FA 22 13821 SPSS for Windows (ver-
sion 17, SPSS, Chicago, IL, USA) & o] &3] z}z}9] &=
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el 71 @o) wlFE 5= E. coli F 68171(79.7
%)S A, tSo 7 K. pneumoniae (7.0%), E.

faecalis (2.7%) 5°1tH(Table 1).

2. ESBL 4 #F 74 2HE XAt
ESBL A5 2 da 8547 53270 (3.7%) & 1
Aot AHHE A HE 14 o] Aol 257 (78.1%) 0.2 9]
= 670€ o112 B9-7F 1971 (76%) = AAFA L, H A
H= 670 o dollA = 1.8:19) BIE-E B33 14 o] d el A
B 1119 ¥ &S B O 1A o] Fof|A] 1:1.39] v&-&
Bk A A4 @ 2719 F ESBL AT whgn =
= 20049 % A 2279 2004 F 3%, 20050 =il
1787 5 5.6%7F HAE 11, 2006\ Foll+= 1531 % 2.0 %,
2007H% F 13771 5 4.3%% Btk 20085+ 5 166
A Z3.0%7F AT, 2009 Foll= 4971A] 2749 @
27rdo] M 11 o] = ESBL A5 BANEET7.4 %
2 211 gk ESBL AM T2 ESBL A4 E. coli = AA|
E. coli 68171 & 2574 (3.7%) & A3 31, ESBL A4 K.
pneumoniae= A3 6071 F 774 (11.7%) = A Tk

Table 1. Causative Organisms lIsolated from Patients
with Community-onset Urinary Tract Infections

Pathogen No. of isolated (%)

Gram-negative organisms
Escherichia coli
Klebsiella pneumoniae
Klebsiella oxytoca
Klebsiella species
Enterobacter cloacae
Enterobacter aerogenes
Enterobacter species
Citrobacter freundii
Pseudomonas aerusinosa
Burkholaeria cepacia
Morganella morganii
Proteus mirabilis

Subtotal

Gram-positive organisms
Enterococcus faecalis
Enterococcus faecium
Enterococcus casseliflavus
Enterococcus species
Staphylococcus aureus
a-streptococci
B-hemolytic streptococcus group B
Coagulase negative staphylococcus

Subtotal

Total
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3. ESBL A4 ¢F #E3 #dd AddA @}

Table 2= ESBL 3243} non—ESBLT 6682 H] 13k
Fo|th 7| A S/ ATt e 2o ® {l%% AreE
ESBLllA 77(21.9%), non—ESBL#4 107 (15.2
%) 0.7 WS FRkSE 1A TS S ashe AR 7} z}
7} 3744 BEEQon, Ht HAy|3 |k ¢
AtolelA] A A O & f2 gk 2to] & KolA] ¢kgkrt ESBL *ﬁ
AT A BE FARZA Zhze] wgee] tisf Bl
SR, o] 1719 o] A A2 ESBL 0] 28.1%
2 oEAS ek % TS 7|50 % 6702 o)A 3
ofof| A 171, 6711 o] 12702 o] 2] Fholol|A] 171, LA
6712 12701E 01/de] glotel A #2= 31, non— ESBLT
A= 6719 o] 2 9] Slotel| A 171, 1270 0748 FhotelA 2
A2 7 45%% AAE o= F 7 Alolo| A BAIA R {2
3t zolE BATHP=0.001). o]d Q=7 We T3t
ESBLT-& 6702 o)Ak 12702 o] A9 $tolelA] 27, 127014

o]l ol A 507 21.9%5 AP 1L, non— ESBL
oAM= 671 o) 127119 o] [ Q) ghotellA] 171, 1270€
01“91 Frolof|A] 302 6.1%7F BEH ] FAK oz f2
F2jo] E B THP=0.020) (Table 3). XA 224 718
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AALE] B15 e 7ol S E 5 s AP 112

Table 2. Clinical Characteristics of Patients of Commu-
nity-onset Urinary Tract Infections by Either Extended-
spectrum B-lactamase-producing Organisms or Extended-
spectrum B-lactamase Non-producing Organisms

ESBL non-ESBL

(n=32) (n=66) p-value
Male (%) 50.0 56.1 0.572
Mean age (months) 10.0£162  12.7+18.1 0.486
Hospitalization (days) 6.8+35 6.3t1.9 0.427

Duration of fever (days) 2.7+4.2 1.9+16 0.283

Abbreviation : ESBL, extended-spectrum B-lactamase
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o)A A AFEE (P=0.012, odds ratio, 6.341, 95% CI,
1.492 to 26.955) 7o) 2Jn] S H At}

4. ESBL A4 oo ©& A W&

Table 4= ESBL*¥} non—ESBL9] &4 YAHES
v w3t Folrk ESBLTY 65.6%0°14 AH-E 34 ce-
phalosporin % 3FU9]1 ceftriaxone?] W& 28.1%%
B, ©= non—ESBLw# HI W& o FAX = ff
93t 2po] 5 HATHPK0.001). ESBLTS Cefoxitin 14
2 3.1%% WO non—ESBL7 3} | w3 u 2}o]5
Ro|X| ¢k, aztreonam W/JE ESBLT A 18.8%
non—ESBLT %9} FAXSE Fos apolg Hut
(P<0.001). Zeotell M= 2 AFE3FA] ATk AJleA =3
A8-81= ciprofloxacin $A] ESBLT o4 34.4%2] UAd-S
5.0 non—ESBL] 6.1%3} A2 0% 2] 2ol 5 B3l
TH(P<0.001). AminoglycosideA] % amikacin® 7%+
ESBL A/dof ol whe} A2 07 {23k Afo]5 Wit
(P=0.040).

5. ESBL A #5F e NE4ds

ESBL oA 49 @A B2 44 A 571 A3e 74
1= 28%1(87.5%) 2.2 ©] F 89.3%°I4] 34t cephalos-
porin®e] A8 3=, 34| cephalosporin 5 QHO &
W& 497t 44%E A 11, ampicillin/clavulanic acid,
22 amikacin &3 22 THE FAA7E A Fold A
64%E AABIATE YA 471(12.5%) 2 19 A A3
A FAA A 55 A k=], o] F 112 HY d ek
AFE FRlste] B eko 2 cefepimes *ato] o] F- ¢
oA Eits FRle o), WA 372 ui AR €<l
Flshalar 37 F 1A% el efoll A 20 vikALE E

O

(S VR R

ESBL 3/ o] 5-of] whehA] 8271 A = AV 718
T F 730130t F7H A5+ A Seofl ampicillin/clavu-
lanic acid& FoI 3 th7t vl A S B8A) /371 Abel)
w}2}A] ceftriaxone©] 718 797} 171, ceftriaxone &%
A =3t A 3 A3 28l amikacine] F71HE
2971371 FEHY nAE F9= F 3o, 23
2 ceftriaxone ¥} gentamicin®] YA W oW A& = g
A 7443 A3 8He) T ceftriaxones -4 8PH A genta-
micin®] imipenem®.Z WAE -2} ceftriaxone™} gen-
tamicin®] &5 amikacin® imipenem % WA H$
I, A 17220043 78 HE 23 AF7HE AS A
ke = ofjuka] S AlA QO Z amoxicilling &85}
Z 2}l Al et mj A AAVS ESBL A K. pneumoniae
7} ¥k = o] trimethoprim/sulfamethxazole® WA} .

L} Hito] ¥A] ol 9] & ceftriaxone ¥} amikacin B

¢

[l

Table 4. Antibiotic Resistance (%) of Extended-spectrum
B-lactamase-producing Organisms and Extended-spectrum
B-lactamase Non-producing Organisms

ESBL non-ESBL ,_
(=32  (h=6e) [ value

Ampicillin 93.8% 77.3% 0.043
Amoxicillin/clavulanic acid 62.5% 21.2% <0.001
Aztreonam 18.8% 0% <0.001
Cefazolin 87.5% 66.7% 0.028
Cefoxitin 3.1% 7.6% 0.389
Ceftriaxone 28.1% 0% <0.001
Cefepime 12.5% 0% 0.003
Ciprofloxacin 34.4% 6.1% <0.001
Gentamicin 25.0% 21.2% 0.673
Tobramycin 34.4% 7.6% 0.001
Amikacin 6.3% 0% 0.040
Imipenem 0% 0%

Trimethoprim/sulfamethoxazole  40.6% 22.7% 0.066
Piperacillin 28.1% 3.0% <0.001
Piperacillin/tazobactam 25.0% 0% <0.001

Table 3. Basic Analysis of Potential Risk Factors for Community-onset Urinary Tract Infections by Either Extended-
spectrum B-lactamase-producing or Extended-spectrum B-lactamase Non-producing Organisms

ESBL (n=32) non-ESBL (n=66) p-value Odds ratio (95% Confidential Interval)

Use of any antibiotics within 9 (28.1%) 3 ( 4.5%) 0.001 6.188 (1.797-21.308)
previous 1 month
UTI history before this treatment 7 (21.9%) 4 0.020 3.609 (1.139-11.441)
Underlying urogenital anomaly” 6 (27.3%) 8 0.128

Vesicoureteral reflux 6

Ureteropelvic junction obstruction 0

Kidney agenesis 0

Duplex kidney 0

“Patients with unidentified underlying disease excluded from data. Missing cases are 10 cases in the ESBL group, and 5 cases in the non-ESBL group.
Abbreviations : ESBL, extended-spectrum B-lactamase; UTI, urinary tract infection
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B—lactam A= 3FETZFE HE O Z penicillins,
cephalosporins, carbapenems, monobactams® &5
u, &40 B-lactam & 7HA I UTH(16). o|A & &
Fehz B—lactamase® GMA|, F-2 EetAv|E w7iA 7]
Ao &l FAP= = Altd a4FA 1983 Klebsiella

ozeanae’} cefotaxime®l] 3] YAHS 7= A& A2 =

lactamase A A|Alol] o] &l 71 2Hg-o] A FHE] = GAE FE0
Aostr QtF(17). A <R B-lactamases Ho| %
400 7FA7F WA Ras 3 §low (web site: http://www.
labey.org/studies/webt.htm), EA7} %= TEM-1,
TEM-2, SHV-1, & CTX-M, PER &2 GollA 17 o]
2ol 91714 o) W3tz ESBLO] 2HsHA] "rh4, 17).

ESBL2 Ak 1001 Afo] Bl 2F o] =2 10]3]
& SHVE 3} TEME ESBLOAA #9412 815 @ 2314 <
ANHAF2A4 CTX-MY E. coli 2R F717F BaE L Q)
31, B3 7 M EE SR, A 2 vekeh B vk
(18,19). 20063 +H< MYSTIC surveillance pro-
gramme (Meropenem Yearly Susceptibility Test Infor-
mation Collection)2 ESBL A4 E. coli7} 199749 2.1%
oA 20041 10.8%=, K. pneumoniae=9.0%°14 13.6
% ST R o, vl el A= E. coliZt 1997 5.1%°11A4
20043 1.4% =, K. pneumoniae?} 7.2%N 4.4%% 7+~
shAttar Haskelvh(18, 20). okAlole] 7-9- 19981999
SENTRY antimicrobial surveillance programme Asia—
Pacific Region and South Africa X34 {4 B—lactam U]
Aol Fo 7)Mo gA ESBLY FoAo] nay ol

— [

1998-2002 SENTRYIA F43t1 ol HYES T,
A&, Blolgh, Hejd FoAA ol E. coli= 13-35%, K.
pneumoniae= T2} A 10% o]stolu; 1 ©]8] 9
Al M= 20% o] Hl&E Baaklth(21, 22). 92
vkl ESBL 2 19984 Pai 52 el E. coli
4.8—7.5%, K. pneumoniae 22.5—22.8%% RI1% 0|3,
2004-20059 Jeong 59 A7, Kim 52 47, Ryoo &
o] Aol M= E. coli 9.2—11.8%, K. pneumoniae 17.7—
30.0%9) vIEE F7FeRgivkar Barskglvh(23-27). o]&
ESBL 874 E. coli®] W&o T3 (24.5%)°H &3 (14.3
%) | Blsf srokar, efolgkolut Ui (0.5-5.9%) ¢l vlsh
A= =2 Ao|th(21). 2008'd Ko 52 7+ E. coliell
29 10.2%, K. pneumoniae®l|X] 22.4%7} ESBL A H+=
TE|Eo] ojde waE BAE A BEE HRlvky
RIscH(28). B2 A4S E. coli 3.7%, K. pneumoniae
11.7%°) vl&=2 HAs 0, A%5E REE 3-7.4%2 %
% ESBL B4 &3} 2fo] 5 Hol=H, o] A2 A+ 7t &
QF Aol adFolA] Ay T o = s XA E5 @
234 Shol= = Algal] ZAFsll 7] wioletar Bz ek
20043 SMART surveillance programme (Study for
Monitoring Antimicrobial Resistance Trends) A& &
U e elA = ESBL A7) E. coli 5 Ao
% 10% ©1%4, Klebsiella species®I4 17%, Enterobacter
speciesol|A 22%2t1 B sk o]2] 3 tf ) ESBL K
&8 ST B4 47 9k, Ak, e el e e
¥} FEEC FEIATH29). AAZ ATl H)
A AALE] of| A Tl B85 ZAKSE AT, 1991 e B3
20039 H-&o] AW - 1% ool 12%% <
7¥sldar, AQALS AL 1% olulellX] 5%= F7Fakle
o, -t CTX-M& <] ESBLE 1= 3 th(30).
#|*}A18] &5 ESBL 742 2002\ o]zt Aol A
A BaE ik Q1SS thd o= ESBL 484 Entero-
bacteriaceae 7851} ATE AFJAAZRA o], FEA}
A deE, Eud A AFE F ole dHE e F
AR Fokort 22 9] 1159 $xtE o= A7)
e Hrh= Algkdo] 9lvk(13, 31). 2004 Colodner &
o] Mast 2|2 3] 5 ESBL A4 E. coli®} K. pneumo-
niae® 9g Q ZAFA ol th &k S AAF Aol A= g8kt
128745 vl o w2 Alsto] 2eld fj3datel= 3714 o]
A 1 883} K pneumoniae 95, B34 82 0] &
she| )3, 1M tRT= 24, 3AI) cephalosporin®} peni-
cillin7ll, quinolone1¢] @A H-go] B $87FsA o] =

ot F43tH(13). Rodriguez 5o 233 A#Q) Ady
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| o] 2| 9JAts] £15 ESBL A4 E. coli L27FA A-ol4
= cephalosporin®]Y quinolone AQ 2] a3 g3}
dedgo] APJARA uiE BN, JAdHY B9
CTX—M3 ESBL 7+Ivt A7 8 74-9-olli= A2 & 5
Sitkal ARES of718ktH(14). Ben—Ami 52 IS E
A= A EA 24179 9] oW ESBL A4 Enterobac-
teriaceae Hat&5 A=, 10.7%2) ti¥iy ESBL
AT B A7 A E 9l o] A o] Y] Al o) <l kg
o] A& AFJNAE Foll YA F-8-5o] L UTH32).

= Aol Ao A& 20029 Kim So] W33 o)A

H o
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2005% Clinical and Laboratory Standards Institute
(CLSD °4+= ESBL A/ ¥F5+= =+ penicillins, cepha-
losporins, monobactam A WS HolX|uk, B—
lactam/B—lactamase A ¥ g g A| o s 7
< 7HA 3 Qvka BarskelEd], AR dldel A s A
9k B—lactam/B—lactamase 2JA|A| W YA X HE
W Kol W] MiEvbeS BE ESBL AT 14
carbapenem FA4A|7} ¥ ojof sty AF3FL
(34, 35). ©]:= CTX-MZ 7 2 vhA| oFA] vjd ] ESBL

FHOE AL TS Belvka FE AA] 7]
ke 944 A5adE 84 Kshe 457t S7FehEA
% = A 2aE g
ol L o] 7} ItH(36, 37). Rodriguez 5o #H3Ed CTX~
M-143 E. coli #9% AT-oIA% B—lactam/B—lacta-
mase A A W FAYAIL} carbapenem®] cephalosporin
o]} fluoroquinolone K.t} $kx}o] Apd-E-o] Wol7] wjF-of
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(9% vs. 35%, P=0.05) ESBL 4 w50l 23t 473t 7+
A5o] Al ¥ = 7 $-oll= B-lactam/B—lactamase A A
W3 YA carbapenem-s A aljof shrhar F7gk3iTh
(17,19). Z1¥14d] <+ carbapenem YA WA #57} &
Q1% 7] A|ZsPE A CTX—ME E. coliZ} aminoglycoside®]]
s W el W2 A9 Bol L =20A-S Egst XAt
3] 85 el AP A FAAR AR 5= vk A8t
Iz AEH(38). 20081 Ko wol g §h=72] #1948 871 3
b oA #Rlst ESBL A/d52 A WdE
cephalothin 100%, cefotaxime 75.1%, cefepime 38.3%,

aztreonam 84.7%, ciprofloxacin 58.4%, piperacillin/
tazobactam 40.2% S X}A 3 11, imipenemo| A% 1.0%2]
WAAES B o B oM += cefazolin 87.5%, ceftria-
xone 28.1%, cefepime 12.5%, aztreonam 18.8%, cipro-
floxacin 34.4%, piperacillin/tazpbactam 25.0% <] W4 &
< 2% 1, imipenem®] WAd2 Ko x| oFITH(28). o] &= &
AL URbAopdgo JAst A E 5 2 274 At
= o= 3151 7] wiell v]&<] Afol& AZta)] & < 9l
Zrolof| A AFE-51R] 9= quinolone Al el o st Ul
ZH2- Warren 52 Aol F4staL Q= 579 32
of o)t Ml e] &A8A W dd Sk} Arslan &
TollA FskaL = A QAEs] g5 e 2] 1Ak A
AlQl ampicillin, trimethoprim/sulfamethoxazole®l
WA EoO] FolA A 23 A B EAE A o] AFg-] F7te] wHE
quinolone A2 W3 & 571= B2l & = UtH(39, 40).

27 Ao 9lolA, 1} oA 2 A Elst ampicillin/clavu-
lanic acid®} cefotaxime} ceftriaxone® W/d&o] 242}
62.5%, 28.1%°| A5l = X 5 48A13F & H 82 90.6%
£ HelE], 20049 Lee 59 79 Kim 58] AToM %
287 FPA 7 Aed 34 cephalosporin@ g A1<] W
AEo] 60-100%YN % E738t3 A& & Ha&o] 90—
100% %S B3k o] HE & ¥ (inoculum effect) ol 2]
3 @Rt Q 2A U FAA w27 =2 A7) Bro]
ATkaL Az T (5, 33).
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