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Strains in Pediatric Patients with Acute Urinary Tract
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Purpose: Previous exposure to fluoroquinolone is an important risk factor
for acquiring resistant strains of microorganisms. However, the mecha-
nisms of fluoroquinolone resistance in Escherichia coli from pediatric
patients with urinary tract infection (UTI) are not well defined because
fluoroquinolone prescription for children is not permitted around the
world. We investigated the risk factors for ciprofloxacin-resistant E. coli
isolates from the urine of pediatric patients with UTL

Materials and Methods: Data from 72 patients who showed =10 E. coli
colony-forming units in urine culture were retrospectively collected from
a university hospital between June 2006 and June 2009. The minimum
inhibitory concentration of ciprofloxacin resistance was determined by the
agar dilution method on Mueller-Hinton agar.

Results: The rates of E. coli resistance to ciprofloxacin, cefazolin, ampicillin,
co-trimoxazole, and fosfomycin were 8.3%, 20.8%, 77.7%, 25%, and 0%,
respectively. Differences in sex, age intervals, and previous antimicrobial
use in recent years were significantly associated with ciprofloxacin resis-
tance, whereas admission level, the presence of fever, and the type of UTI
were not. In addition, female gender, previous antimicrobial use, and older
age significantly increased the risk for ciprofloxacin resistance in a uni-
variate analysis. Only co-trimoxazole resistance was positively associated
with ciprofloxacin resistance, whereas resistance to other antimicrobials
was not.

Conclusions: Even though the incidence was not high, ciprofloxacin resis-
tance was found in E. coli from pediatric UTIs. Because the characteristics
of ciprofloxacin resistance in pediatric patients are not well defined, further
study of the mechanism of acquiring ciprofloxacin resistance in children
is needed. (Korean J Urol 2009;50:1219-1224)

Key Words: Ciprofloxacin, Urinary tract infections, Pediatrics, Escherichia
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o] b& FEE A= AR7E Aok [45]. Aol
fluoroquinolone A2l WAlS & 53t= 7|A o2 = HHE-4
o|aL, BA A3} kA Ao tiiho] kAol Ex7} 5
= FAA FQdolel olojA «“HdelF gFE  (selective
pressure)” 7] 02 &= BE
ol WA<S 7HAAl 5“3} [6].

AUt o]7 FES A2 2 3 fluoroquinolone HHA]
Aol A fluoroqulnolonec’ﬂ o3t dF E4fo] PEH o] F
Zo}oll A fluoroquinolone> AHE &7] F&EE T5F o] I
M2 4SS YA T slek

o|2 gt o] 2 A2l A IE == A} Zro] fluoroquino-
lone &4 A-g-o] Fo3t WA WA 7| Holghd 4o}, &
s] Al AYo}e] 7% fluoroquinolone WA F4 o] AL} o]
A og WA A gb& Ao FA

SRR Z Fof] W= = =l 93P fluoroquinoloneol]
o] 9+ A4 2] fluoroquinoloneol] WAl & Kol
A 293} fluoroquinolone A E XHF HES o] ¢
Zo}ol|A] fluoroquinolone WA H#F2] F£3o] Hu¥x
t} [7,8]. F-2luthetell A= Koh 5ol &]3l Zotol|A] Hy]
Al WA A7) WEE [91%] 24 A RE fluoroquinolone tH
off tigh A7 Aot
olof] A&t FElvtele] U i el WYY
% 2 ek A A iAol o3t e 2o
IAE Yoz FAA WA AAE Askeg,
quinolone®] W33 °FA|Ql ciprofloxacin®] WA & 741 3k
g o 1 Aol Hofsts A AAE B4 s
Z=o}ol| A fluoroquinolone WAl BHAY 7] A& o1 Fslaz} s
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B ood3s 33k o 20061 64 7€ 20004 647t
A 39 5t gt R ol Wl g2 Foll A
gk 124 o]sle] Lot AR &gict.

eAAE 2 27HEE A elu W AL 5o e
o] &slo] @& AFHslo] AJFPslol o, tk= 2 7 A} wl
SFAA B gAA WHAAAE Alslch 299 74
S Zo]7] Y3l thA-TFo| 10° colony forming unit/ml ©]4
M FE 3, g @ A blA] T EE wE A 2%
Ao g Akela B ol ol T3 A

kA A2 National Committee for Clinical Laboratory
Standards (NCCLS)9] 7]¥& #=%3}o] Mueller-Hinton agar
(Becton Dickinson, USA)oll agar B4k v S o] 8-slo] ghA)
A H A A

%% (minimum inhibitory concentration; MIC) &

Alstedet [5].

A8 AARE 3] AW, o], 49 2 2, B
7+ed (simple urinary tract infection; simple UTD)Z} £-73-7+<3
(complicated UTI), BFd 9] F-5- < 1 o] W] gAYA] Fof

>

719989 §F 5 TRAA

EAGR A= 7| BA ol EAlsk B4} Fisher’s exact
A", chi-square 75, Mann-Whitney U 75§ AJej3}
gom, chzk AW (univariate analysis)< 013-*“’3] s

AR g Ad AEE Al B AR
pakel 0.05 v+ W& 2ul7t gl Aow %7&5 et

2 I}

A4 227l o 2 Ak ghol= Yoz Al 7270
et 66819] ZAA|= ciprofloxacin 2F Aol 21 7FHA] (sensitive)
Boor} gel= kAol tHall WA (resistant)S H. At}
o] F ol 53o|3l o, ofol= 197 0|t Hol= 53
o 2 ok 19 A A7 ciprofloxacin 2FA|ol] WAl o] =

A= YA oo} 197 5 5] ZA|lA] ciprofloxacin <FA
WA o] BHE o] oolol| A okl ] ulukalA| cipro-
floxacin FA WAo] W2 =i} (Table 1).

3t AP E T 14 uluke] AMolr} 621, 14] o] Aol
10%olg o, HF d5-e 0.611+1.8341%1 ). Ciprofloxacin
okAlof| wIZFel Zofo] odE HEL 037+1.264]9201, U]
A& Hol& Aol 3.16:4.30419 ). 14] m]REe] Al Ao} 62

Z 310l|A], 2|3 14] o]4] Lo} 108 = 39ollA]
c1proﬂoxac1n FAol] WA o] I E|o] 14] o]/d2] LofellA]
FAFoZ FostA ciprofloxacin 2FA| 2] WA o] Bk

mlo

(Table 1).
W 1 Qloll 19 52 leollA A X585 W

2} 16 T 4HollA, X & 9 7]Eo] gl 567 %
2% ol| A ciprofloxacin A WAl o] FHEx|o] g A ol =

5 3lole] 7 ciprofloxacin WA SAIF o2 -n‘Jfl'ﬂ]
= R G (Table 1). AR o2 AA, S 4] f
b AR Bzl o] (I FL el 2y HL
227+ Soll whelA = ciprofloxacin WAl S E-A|
Ztol 7} ¢19ith (Table 1).

Ciprofloxacin WA 2t FAH o2 A 9] WA 2 b
A T 9} (Table 2). So]8}AIE ciprofloxacinel] WA
< Holx= AT A1 o2 F261A co-trimoxazole 2F
A= WA o] FA A= AAE 2 8] b A% F

Az el AdAAE B2 = glode} (Table 3).

2 A (univariate analysis)e 3 99 QA 24L&
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Table 1. Correlations between ciprofloxacin resistance and risk
factors

Table 3. Correlations between ciprofloxacin resistance and resis-
tance to other antimicrobials

Ciprofloxacin Ciprofloxacin
Risk factors Sensitive  Resistant ~ P-value Antibiotics Sensitive  Resistant p-value
() ) () m)
Sex Ampicillin
Male 52 1 Sensitive (n) 15 1
Female 14 5 0.004 Resistant (n) 51 5 1
Age (year) Amoxycillin
<1 59 3 Sensitive (n) 28 1
=1 7 3 0.032 Resistant (n) 38 5 0.391
Admission Amikacin
Out patient 34 Sensitive (n) 65 5
In patient 32 5 0.200 Resistant (n) 1 1 0.161
Fever Azithromycin
No 6 2 Sensitive (n) 59 4
Yes 60 4 0.130 Resistant (n) 7 2 0.161
Previous antibiotics use Ceftriaxone
No 54 2 Sensitive (n) 59 4
Yes 12 4 0.020 Resistant (n) 7 2 0.161
Urinary tract infection Cefazolin
Uncomplicated 54 4 Sensitive (n) 54 3
Complicated 12 2 0.330 Resistant (n) 12 3 0.1
Cefepime
Sensitive (n) 59 4
o o . . L Resistant (n) 7 2 0.160
Table 2. Antibiotics sensitivities of E. coli isolates in pediatric Gentamicin
urinary tract infections Sensitive (n) 53 4
Drugs Drug resistance rate (%) Resistant (n) 13 2 0.598
. Co-trimoxazole
Amplclll.m. 711 Sensitive (n) 53 1
Amoxycillin 9.7 Resistant (n) 13 5 0.003
An'nkacm ' 2.7 Tobramycin
Aznh.romyan 12.5 Sensitive (n) 55 4
Ceftriaxone 12.5 Resistant (n) 11 2 0.295
Cefazolin 20.8
Cefepime 12.5
Cefoxitin 0
Imipenem 0
Gentamicin 20.8 ! £y
Co-trimoxazole 25
Tobramycin 18
Ciprofloxacin 83 A A+9] ciprofloxacin 2FA|] WA BIE 8.3%= $-2lvie}l A

floxacin 9FAl WA T =1 =7 oF 180 =9kor, 14
o] 48] Zmol= 1A w|Rke] AlAYotol] vl oF 84n FaL, W
A 14 ool FABAIE AW w2 3hobe] 75 <F 9ulj
HHER ciprofloxacin A& FAIEH & Fo8A 713
= & T ULt Ak W a2 OE dAe SAH S
2 FosH AP EE F7F ATIA= XEeich

ole] @ Z7kedollA WAE 20-30%¢ A3} vlwshd Y
[4,5,10], Koh 5| X3 [9]3F &0} 312} 11.2%H 5 U9k
t}. 3}AuE 4olof| A ciprofloxacin WA A= A AlAIH
2 Fo] A4ol|A] IE= = ciprofloxacin WA S| A& H
A A Hs Zlo] 4ot S oldlleh Wl T2 Zloltt

4331l A fluoroquinolone 2FA| WA vl L3 pho] oA+
= At [5,10-12]. kAl WA S A VAo 2= AL
fluoroquinolone ¢F& X| & L Q o]Ao g V|7t FAIE

AS3AY, =5 AE7d (persistent infection) HAfol] F-
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Table 4. Univariate analysis of risk factors for E. coli resistance
to ciprofloxacin in pediatric urinary tract infections

Ciprofloxacin
Risk factor OR 95% CI p-value
(lower-upper limit)

Sex

Male 1

Female 18.571 2.004-172.136  0.010
Age (year)

<1 1

>1 8.429 1.419-50.071 0.019
Admission

In patient 1

Out patient 0.188 0.021-1.700 0.137
Fever

Yes 1

No 5.000 0.753-33.213 0.096
Previous antibiotics use

No 1

Yes 9.000 1.474-54.937 0.017
Urinary tract infection

Complicated 1

Uncomplicated 0.444 0.073-2.713 0.380

OR: odds ratio, CI: confidence interval

AR 4G SO MU A ¥ dolsle 477t
of=o H37h sle Wl SAE Sl A1A o
Al WA & FEReka A Qlet [12] A ofA] WA o]
23717 fluoroquinolone FA|ol] thA#- F2| ¢kar W Als}
of SApNAl S5 e 3 AR-o] WAl ol BA|E
© RS A3 (conjugation) 717 S F3l 1 Al
Al Agpsto] o2 Aol gt WA =Rk A [13].

Fluoroquinolone< 3 $]3F A4S 7IA 2 9lov
Yo 2 AFs7ell &olatar, FArgo] Ho] HAAH s
WS A AEE I glow, felveddAde AlFA LR
ted 53l oJztoll A 9] = whgadl A5 2 miekzA ¢l
o] AA 1# kg 9o 9F 20-301 &<t AEE %k
o} [1]. sHAIE 2 SElvEtelA] wAEE A B W
Al ATl Al fluoroquinolone <A WAl o] uwll-¢- w2 A &7}
sk glow, o= F ofAotoll AL} f1 SA A= ul
5 T3 A= et [4,511]
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fluoroquinolone ¢FA|9] =22 91§ Ao g FHo] 7153

)+ fluoroquinolone®] WAl 4o}

10
& A o7 FA 7hsstel. ARk ol
H Bae) 2w £ AAERE aglE A, oAt
4% %53 fluoroquinoloneo] =% o] gl @l 4
Aof] AFste FU 48%2 FA FHA|A cipro-
floxacin kAol A& Hol 28 Al o] wbAE Y [7].
olgfgt WA L A HollA Hetelol XEAE AdH
chloroquines AH8-3+ ZHlhol|A] wlutslA] #2 = o] fluoro-
quinolone =3 §lo]E FAHA $& B4 gl o2 of
Aol A3l o]z 4= gle 714& T3l oA WA o] ARt
L TR F|<of] BEEEl Wang 59| HEioll
w2 f-2lvelet 2ol fluoroquinolone Ab-&-0] 17 sHA
AkE For 4o} 2139 of| 4 FA 3 ciprofloxacinel] WA &
Hol|= Aol K. pneumoniaes W& 2.2 ciprofloxacin
WA S 7= 718 S adTsksde [8]. 152 v HATY

2 FollA = plasmid mediated quinolone 712}l
‘qnrro] WA Ao K penumoniae® 74 (con-
jugation)=] = Zlo]| 40} fluoroquinolone FA| WAlol| F 23k
7|1-ole} FAslsdek. Aze] 75-9F Koh 59 7279 2
o] f-Eluetoll A& FAIA & vIE & Lot A fluoro-
quinolone WAlo] WhAElxw 9lom [9], AleldllA] fluoro-
quinolone WAlo] A AAH o2 w9 A FEH = A
= 2ty do g 9 Z 3, 718 d8 zAe) AT
7F 4o¥ Aoz A7t

Fluoroquinolone®l] WAl-& Hol& 3ol EAlolu} 4o}
ofl A 7)) AlellA] who] #H == ohE A9t Fut
kAl A dFE AAARE & dHA A gt
29 ol ol] wpEw ofol= dolol| mlzl] thAbol €]sk
Q270 HliEE YA Aok 7edEw SAIF R £
A ciprofloxacin WAo] 55 &4 = U} Koh 59
93 (o)} o] Akl ATE ook ool 227
o] Wl =ANE, oJoke] 73 ciprofloxacin WA o] =&
offroll tiellAl = do g ¥ B A7l B9 Aog A
7ot

Ciprofloxacinol] WAl-S X9l 3lole] HH v}o]&= 3.1644.3
A2 o] Aol W73k Shol 0.37+1.2641]0)] ]l FAIS
Ao g =9t obF B o] f-& & & fiARE cipro-
floxacin WA fikol] Hofsl= AR} EZ (exposure)7} Lt
o|7} W Foll et Skl AS A2 A4S + it
[15].

Aol A el Zro]l Wi 11d oWl thkst AAl =Fol
ciprofloxacin WA} A" o2 F2letA] Fedo]
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Al elol|lA] Z2E] = fluoroquinolone WAl S 7FA W&
thA|FE WA (multi-drugs resistance) 71 o] &3lo] thE
FAA NS WA S 7RIk dHA 3 gl [17]. AR
A Akl 73§~ co-trimoxazole®t ciprofloxacin®] <FA| WAz}
fo] 9lar, Aol A wlnkslA #E=] = ampicillin, cefa-
zolin, gentamicin 52 WA Z= FAIH 2 Agto] ot
A Ape] A7t Zofel| A WiAE = 54 £7AAE T
e 35 A7 2ed o A7

Co-trimoxazole®] W47} ciprofloxacin WA 2} 4
P - SR Lok Lofo] A5 S
Zeottol|l A @ 2749 EHAtol| Al co-trimoxazole©
Al AEHE s Soldt &7o] obd = YA
%38k chloroquine AH#|E B] 0] Er}bH co-trimoxazole¥}
ciprofloxacin WA #e] A7} 3 t& o Zlo = A
Zgtet,

A7) A= F-2lvhe}k 4ok ciprofloxacin WA ol
g AFE sl e B TARS 7HA R ek WA
3d B9k FAE BARE ool Sl A7 At
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