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Urinary tract infections in infants under six months of age

Min Joo Kang, M.D., Hye Kyung Shin, M.D., Hyung Eun Yim, M.D.
Bo-Kyung Je, M.D.", So Hee Eun, M.D., Byung Min Choi, M.D.
Jong-Tae Park, M.D.T, Baik Lin Eun, M.D. and Kee Hwan Yoo, M.D.

Department of Pediatrics, Department of Radiology’, Department of Occupational and
Environmental Medicinef, College of Medicine, Korea University, Seoul, Korea

Purpose : Although suprapubic bladder aspiration(SBA) is the most reliable technique for identifying
bacteriuria in young infant, no report has been published about the clinical manifestations of urinary
tract infection(UTI) diagnosed by aspirated urine in Korea. This study was performed to examine
clinical manifestations and related factors of UTI confirmed by a positive urine culture obtained by
SBA in young infants.

Methods : We reviewed medical records of 159 infants younger than six months of age, who had
been admitted for UTI to Korea University Ansan Hospital from January 2002 to June 2005.
Results : The male:female ratio was 5.1 :1. The most common pathogen in urine culture was Esch
erichia coli(92.5 percent). Most of the gram-negative pathogens had high sensitivity to amikacin, or
third generation cephalosporins and had low sensitivity to ampicillin, trimethoprim-sulfamethoxazole,
or gentamicin. Hydronephrosis and vesicoureteral reflux(VUR) were present in 32.7 percent and 27.7
percent respectively. Renal cortical defects observed on DMSA scans were detected in 37.1 percent.
Prolonged fever duration and hospital day, high erythrocyte sedimentation rate(ESR) and C-reactive
protein(CRP) levels, hydronephrosis and VUR were related to the renal cortical defects(P<0.05).
Rates of UTI-associated bacteremia and aseptic meningitis were 8.3 percent and 6.6 percent.
Conclusion : Early differential diagnosis is very important in infants younger than 6 months of age
with UTI because the clinical findings are non-specific and UTI-associated bacteremia and aseptic
meningitis are concomitantly found. Because prolonged fever and higher ESR and CRP levels are
risk factors of the renal cortical defects, radiologic evaluations and nephrologic follow-up were need-
ed in identifying the predisposing congenital abnormalities and chronic renal scarring. (Korean J Pe-
diatr 2006;49:278-286)
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Alokhigh power field, HPF)°lA 571

ol4el Hxrt QoA At Wl HAllA A Aol 1k

Aol wk Tkl Adgle]l Masda a3 Aol H)
el 7ol gt

Rt g2 FHelzta

wH g ME FTHS(pleocytosis)< AF 45 olule] Al

okel Aol WAL} 35/mm’ o4 W, AF 4-8F ol
o) dobel Aol WAL 22/mm® o4 W, AF 87

o
T =
o159 eJobel Aol WAFGIL 10/mm’ o4 Wz R

Sdom® WRsel AE Zrzel An AF W% BAIA

Itrasound grading of hy-
dronephrosis(Society for Fetal Urology)'Vell we} %-53t9l=
d Grade 1:41%-9] 7IHE 29} o] Hol= 49 Grade
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II: 499 S5% 29 go] P Ay =3d 4$
Grade III: A1$-9] 3hgo] T AAE do] 4luje &

ek A ~7W(DMSA scan)S Al B w54 A$AE &
AL A2 RE Ao gxEE W= AAV E2EE o
g e Jd HdFH &4 Fl(multifocal defect)E HolAY 2
A% Fds A 2¥ete AR A&S Bl A
T2 o ANkE AHe v w3hE 234 Ado]l o
B A2 gl

W e dFe Ade wjn F W 9% xgdEd uel
Grade 1: 8374219] 95, Grade I1: 419744 dF=HAOY 2
B e gle AH, Grade II: A97HA 9FE1 F5E9
87 ggo] o Alule] E37t A= JHl, Grade IV :4lS-
7HA AFE I Al a3 g Ao @A w3t e A

El, Grade V:A1$-74#] 975 2wk 43 &43 mo] gl
= Aoz Aostdrp?

2459l A9} SPSS 10.0.7(SPSS Inc, Chi-
cago, IL, US.A)S ol&sdtt 57 WEeo EAdE= Chi-

A% Mol Hitgk

=

EAS LREES

RN

square, Fisher's exact testZ ©]-&3}3a,
o] #Aolli= Student’s t-test, paired t-test, Mann-Whitney
rank sum testE ©]&3ste] 7z} & wlastgen Pitel 0.05
ol3iel A& FAIHLE Fojg xtolr} qivkal Atk

av)
ofr

il

M(multivariate logistic regression analysis)
=35 ¥ 2Hindependent risk factor)e} 12
H| 2} (odds ratio)E T-8FTh.

1. Mg

o=

o

o
HI

IT
=

28 Agom Avkd ol 1594 F Folrl 133%(83.6%)°
2 oo} 267(16.4%)°1 Hls) 5.1v) © wokrh 374 wwre] o
A dolrt 1209 (75.5%) &2 dlF-ES AAskaL dlon 1714
v gkl AlAolr} 359(22.0%)°] AT Table 1).

2. AN BN

dd FAY I SR 1562(98.1%)001M TEE He
o PGy Id 7|7k 29402019tk autel R A 62
#(39%), 23 52#(32.7%), TE 24#:(15.7%), A 24#(15.1
%), A% 112(6.9%), = 118(69%), &% #HE 103(6.3
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AT 9 8 67hd muk oo aw 4

%), 719 6d1(3.8%), Ml & 33(1.9%), 3 180.6%) 5 coli7t 14852 7P @ol wid=Esle™ Klebsiella pneumo-
o] Ytk Wdo] ¢l 39 A 8% EREI 2 F  nige 57, Enterobacter cloacae 45, Enterobacter aerogenes
22 Yds 49k 15 oldut. a8 %A AlFS 252 Enterococcus faecalis
9} Streptococcus agalactiae?V Z+2Zt 154010

3) SN ZtA ZAL

1) b 28 AHAL g% &4 At €% 22 7del 4% imipenemelE 100

& A A AARE WRTTE 520/HPFSL A97E 583 o amikacin 97.5%, cefotaxime 96.2%, ceftriaxone 94.9%%
(36.5%), M7k 30-60/HPFS] 77k 33#(20.8%), MET  njmn =0 7144S B o) ampicillin®l = 27.2%, trimeth-
7} 60/HPF ©1°3?1 797} 6821(42.8%) Atk Ao A o} @At

] oprim-sulfamethoxazole 58.8%, gentamicin 61.3%% Y2 7
% (nitrite) FAAHSS

S HQ 497} 53#1(33.3%) ATt 424 W ATHTable 2).
2) A M HH ZHAL Iz A Al 9%k 92 el -9 penicilling ampi-
At Bk ARl A 1ol ARE 2744 wEFEE wjdE A

cillin, gentamicin, clindamycin®l %<& Z44<S B9 van-
A assEl A e st o] B 16070 W M comycin®t teicoplaninls ¥ #4+4S HATKTable 3).
gk Al AF4E 10°-10" CFU/mLe] 1021(6.3%), 10'-

- S{of A
10° CFU/mLe°l 2081(12.6%), 10° CFU/mL °1%%1 <% 1294 4. 894 A

81.1%)ATE. 15 54 Altte] 158F02m, ©5 Escherichia 1) gk ol A}
% 159¥9] i MFTFE 15494 4536/mm’ o, W

Table 1. Age and Sex Distribution T Z72(>20,000/mm’) S 328(20.1%)Q 1 WAL pAaZ
Age(month) Male(%) Female(%) Total(%) (<5,000/mm3)% 2#1(1.3%) Atk 1 C-reactive protein(CRP)
0-1 31( 836) 4(11.4) 35( 22.0) TET 67105 mg/dLIew, 0.7 mg/dL ooz <A Ay
1-2 36( 85.7) 6(14.3) 42( 26.4) E H A7t 15081(94.3%)9 3 54 AFE B A= 9
2-3 330 76.7) 10(23.3) 43( 27.1) #(5.6%) A} Bt A48T A% £5(ESR)E 55.8+2.7 mm/hr
3-4 22( 83.0) 3(12.0) 25( 15.7) ° = “

o= o] Ak O 7 OFA] IE Hol= ALy .
4-5 7( 70.0) 3(30.0) 10( 6.3) 9 mm/hr ]o [e3RS] @J’} X ] ST ]’ 156"5“(981
Total 133( 83.6) 26(16.4) 159(100.0) 2) S Mzt HiS 2L

ZF 1598 & 15631(98.1%)°141 N At vl AL AlF

Table 2. Antibiotic Susceptibilities in Isolated Gram Negative Organism

No. of isolates sensitive to

Organism No. of isolates

AM AMK (074 CXM CRO CTX GM IMP TMP-SMX
E. coli 148 43 145 138 140 143 144 90 148 84
K. pneumoniae 5 0 4 3 3 3 4 3 5 5
E. cloacae 4 0 4 0 1 3 4 3 4 3
E. aerogenes 1 0 1 1 1 1 0 1 1 1
Total(%) 158 43(27.2) 154(97.5) 142(89.8) 145(91.7) 150(94.9) 152(96.2) 97(61.3) 158(100) 93(58.8)

Abbreviations : AM, ampicillin;, AMK, amikacin; CZ, cefazolin, CXM, cefuroxime; CRO, ceftriaxone; CTX, cefotaxime; GM, genta-
micin; IMP, imipenem; TMP-SMX, trimethoprim-sulfamethoxazole

Table 3. Antibiotic Susceptibilities in Isolated Gram Positive Organism

No. of isolates sensitive to

Organism No. of isolates

PCN AM VAN TEC CIp GM SM CcC TE
E. faecalis 1 0 0 1 1 1 0 0 0 0
S. agalactiae 1 1 1 1 1 1 1 1 1 0
Total(%) 2 1(50) 1(50) 2(100) 2(100) 2(100) 1(50) 1(50) 1(50) 0(0)

Abbreviations : PCN, penicillin; AM, ampicillin, VAN, vancomycin, TEC, teicoplanin; CIP, ciprofloxacin; GM, gentamicin; SM,
streptomycin; CC, clindamycin;, TE, tetracycline
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HAom, o] F 152(9.6%)°04 57t v ATt o] 5 133
83%)ellAe= &W wid HASE T4 TF7F MEFE Ao
Escherichia coli 105, Klebsiella pneumoniae 15, Entero-
. ole]e
2#loll Al 2% vl HANE F-33F Proteus mirabilis$t Staphy-

lococcus epidermidis7V 274 154 WS Ao o] & Staph

bacter cloacae 17+, Streptococcus agalactiae 173,

vlococcus epidermidis?7t WFE ASoles 4 &AF FA
AL &7do] gbx] grol edo® FAFT
3) mES0| YWuE QF Zeirnt ZE€30| U Q=

2w AAbSE AT #FoE FHAR 1380 BeE
82 g9t waE FEFoR adsgon, FHF WL
22 79 F woks 10497 ofoks 3d Woph wtou
FHZol 99 ol AW Bxol wa) fo% Aol gt

dAZo) WUE a2 9 Fole A RIE 1AY ww
o) Aok 421(11.4%, 4/35), 1-27/1¢ o} 4#(9.5%, 4/42), 2-
3MY ol 5a(11.6%, 543)= 2% 3719 viwto|glon B

Aol 7201929 FE THZFol FUAY T(94.8+3.4)ell H]3H
o7k P o BAHeR Fog Aoyt e (P>0.05)
avel b i AAREE F 7t fod xolzh it
(Table 4). Eg thi=F 24 317 EAA oilw= AAFAA

2 B metor} fold Aot dE AdE 22 & A

i

Table 4. The Analysis of Factors Related with Bacteremia

Bacteremia(+)  Bacteremia(—) P
N=13 N=143 value
Male : Female 10:3 120: 23 ns
Age(day) 720192 94.8+t3.4 ns
Hospital duration 10.6+0.7 9.0+0.2 ns
(day)
Fever duration(day) 28+0.3 29%0.2 ns
Peak fever(C) 387%0.2 38.3+0.3 ns
Leukocyte(/mm®) 12,439+2,059 15,860 +559 ns
ANC(/mm’)" 7,789+557 8,922+418 ns
CRP(mg/dL)" 56+1.2 68105 ns
ESR(mm/hr)* 429+83 572429 ns
Meningitis 1(10%, 1/10) 4(6.2%, 4/65) ns
Hydronephrosis 6(46.2%, 6/13) 42(30.9%, 42/136) ns
Grade 1 2 17
Grade II 3 17
Grade III 6
Grade IV 1 2
VUR® 2(40%, 2/5)  29(27.6%, 29/105) ns
Grade 1 2
Grade II 8
Grade III 1 6
Grade IV 4
Grade V 1 9
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5. =& HA

1) i =S ZAt

752 (47.2%) A HHFA AAZE A EAOH o] F M FH
TN AE FrEs 2 A9 5#H6.7%) Ak H AT o
WA s 1A 124 mg/dLE =& TEES BIS ¥ 4
w2 BE Aol 80 mg/dL ©lstE Aotk H A
o] TR BT HALd/gddo) o Hg 50% ooz AT
Heuhd S oA vk 7S Ik

2) ZIMoH MIT HHQ AL

HAgd AAE AFEAY 75Ee] BE A$olA At )
& ArE olFoF o HlFE A §lo], HHSEd AE F

o

g

tOss Y 58 By Ao Herdes sdE
zl

3) H40li0] WUEIIH 22 ARZT} HSoieio] s
=

T4 Hgutede] HurEd e 749 589 A9 2E¥Ub
doldow 1719 wigke] 2d1(7.7%, 2/26), 2-371€e] 2(13.
%, 2/15), 3-4709 12(33.3%, 1/3)9L 4712 o]e] <Jofol A
v T JeTde] AW A9 it dFS £Ed o
2 94 QAELS F oF#3te F9@ Aolrl ¢lAtHTable 5).

G oug 2 57 2HS BF BAAE o8 Aol

w

Table 5. The Analysis of Factors Related with Aseptic Men-
ingitis

Meningitis(+)  Meningitis(—) P
N=5 N=70 value
Male : Female 5:0 58:12 ns
Age(day) 81.0+24.3 71.3£3.2 ns
Hospital duration(day) 11.2+1.2 96*0.2 ns
Fever duration(day) 34%0.8 3.1%0.3 ns
Peak fever(C) 389+0.3 38.7%+0.2 ns
Leukocyte(/mm®) 11,220+1,286 15,968 966 ns
ANC(/mm’)" 6,984+948 9,205+679 ns
CRP(mg/dL)" 88+18 71+0.7 ns
ESR(mm/hr)* 51.0+195 62.1+4.2 ns
Sepsis 1(20%, 1/5) 9(12.9%, 9/70) ns
Hydronephrosis 2(40%, 2/5)  28(41.2%, 28/68) ns
Grade 1 11
Grade II 1 12
Grade III 3
Grade IV 1 2
VUR® 1(25%, 1/4)  14(31.1%, 14/45) ns
Grade 1 1
Grade II 4
Grade III 3
Grade IV 1
Grade V 1 5

“ANC : absolute neutrophil count, "CRP:C-reactive protein,
TESR : erythrocyte sedimentation rate, *VUR : vesicoureteral
reflux

“ANC : absolute neutrophil count, 'CRP:C-reactive protein,
TESR : erythrocyte sedimentation rate, ‘VUR : vesicoureteral
reflux
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15021(94.3%) el Al B8 25334 Al
3 b Aol B A9+ 554(36.7%) At
FAZo] AR A7F 498(32.7%, 49/150)9., - 8 v
5 1 A= 62(4.0%, 6/150)%th FA59 FEE
Grade I°] 1941(38.8%), Grade II 21#1(42.9%), Grade 1T 64
(12.2%), Grade IV 3#(6.1%) Teldth FalFe] AV 8=
7 498 T dol 41381(32.8%, 41/125)93 o= 83(32.0
%, 8/25)%2 ‘dololl Al wWoktout FAFe] gINd wo] 4 B
of Hlg] folgk Aol (AT FAFol Ae 9= HY o}
o dE ExE 109 wiwbel 1481(41.2%, 14/34), 1-271€0]
1421(34.1%, 14/41), 2-3702 14%1(34.1%, 14/41), 3-471¥ 5%
(22.5%, 5/22), 4-571€ 28(25.0%, 2/8)R 3 5704 ©]de] Jo}
A FalFol UMD A= N
2) ¥4 L} MRXH=
% 159419] ol F 102#1(64.2%)°01 4 A W A$-F <o)
AFERon o F oldare 18d:I(17.6%)MA BEEHA
250 210 2 2ws Bl A7 1481(13.7%,
14/102)% 0, F7t2 23 2 (ureter dilatation) &7lo] 3z
HAH A= 48(3.9%. 4/102)Th.
3) iz & 9 2F XAH&(voiding cystourethrogram,
VCUG)
% 1594 =
*l 636}03 on,

S
o

F

1122(704%)04 ¥l= T W4 8% 23S
o] & 31&](277/0, 31/112)°l14 Ho“ 8% 9

% 45’&%—&0“*1 g e @1%5 wolch w3 ELEJ

T Grade I°] 2419H9] Grade II 1821%H9], Grade III¢] 9
A9, Grade IV7F 32199l Grade V7F 13249t W3
83 9F7F JdUE 82 A 1124 S5 oFele 29¥(29.6%,
= 20(14.3%, 2/149)% ool A wekort W
a7 9R7F fJE T A E3xol vlF) v«]d AFol= Yl

ok g e 57 Qe .2 7y sl 9 REE 1)

!

oY

ry

4 ekl NAelrt 531(22.7%, 5/22), 1-271€°] 10#1(33.3%,
10/30), 2-3709 581(185%, 5/27), 3-4/04 7#(30.4%, 7/23),
4-5714 4#1(50%, 4/8) Atk

4) A AZHDMSA scan) ZA}

Z 1594 F 14081(88.1%, 140/159) 4 A =708 A3
om o] F AluA £ 52d(37.1%) A BEE AL o] F

A =4 308, e =4 22d A A 270 AAbel A F
A ASAE 278 B A= 418(29.3%, 41/140)F 3 AIRHE
&= 1141(7.9%, 11/140)A ) =3 F=A5S
9% 1281(8.6%, 12/140) ATt

SA0] SHHE I%Fj .‘?.. 2 gz
A3 4ol QY wols 4781(43.1%, 47/109)01 92
=] ofol= 5u1(26.3%, 5/19)F Hole] 8=
ol gokou BAA R fofg Aol
4 o] e o) A8 BEE 119 wwel
ob7k 1281(37.5%, 12/32), 1-271€¢] 13#1(33.3%, 13/39), 2-371
2 1120(31.4%, 11/35), 3-4702 1381(59.1%, 13/22), 4-571€ 3
#1(375%, 3/8)AaL 5L o] golell A AFH 4ol 9l
QA A= Oi‘”ﬂr(Table 6). ATF E£Ae] AW Fhole]
;AT Eafo] gldd Fhele
o AgE o9i44°‘i Tr*ﬂ zfol & Ho|A| gkttt
AAE 270lA A ko] FukE Y o}

b

Al

ful

ox ¥ mY

ot

Tn'd 60 =X
o Hit Td V)0 g9 7Izke] BAH R FosA L
o, ESR¥} CRP %7t 21948 &/do] gl ool v)s)
EAMoR FoatA ERTHP<0.001). E3 Axd E£4o] gl
AE Frolrol A FAIFo] 2281(44.0%, 22/50)001A4] sHEE o] 9]
Aar F 29 AR5 18u1(46.2%, 18/39)014 FukE o] gloi,
A A o] gldwl ghoptol u] g iﬁl“i oAl =
NEE BIHP<0.01). 18] 2 QXSS F o Akl &
ARo R fold Zol7t gt Table 7).

Aol A AFd 72t ARAAEY HE7h &S B4 HE=
Ad B RIS Gopry) fle) chE 23 39 &
e ABEEE wW f9 AAEe] EF ou|dE WFER U

Table 6. Age and Sex Distribution in Renal Cortical Defect Group on DMSA Scan

s

APN Scar Renal cortical defect
Age(month) Total
Male Female Male Female Male Female

0-1 7 1 4 0 1(37.9%, 11/29) 1(33.3%, 1/3) 2(37.5%, 12/32)
1-2 9 1 3 0 2(34.2%, 12/35) 1(25.0%, 1/4) 3(33.3%, 13/39)
2-3 8 0 2 1 10(38.4%, 10/26) 1(11.1%, 1/9) 11(31.4%, 11/35)
3-4 10 2 1 0 1(57.9%, 11/19) 2(66.6%, 2/3) 3(59.1%, 13/22)
4-5 3 0 0 0 3(60%, 3/5) 0/3(0%, 0/3) 3(37.5%, 3/8)
5-6 0 0 0 0 000%, 0/4) 0(0%, 0/0) 0(0%, 0/4)
Total 37 4 10 1 47(39.8%, 47/118) 5(22.7%, 5/22) 52(37.1%, 52/140)

"APN : acute pyelonephritis
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Table 7. The Analysis of Factors Related with Renal Cortical
Defect

Defect group Normal group P

N=52 N=88 value

Male : Female 47:5 71:17 ns
Mean age(day) 92.6+5.8 90.9+4.4 ns
Hospital duration 10.1+0.3 87%0.2 <0.001

(day)
Fever duration(day) 44%0.4 2.3%0.2 <0.001
Peak fever(TC) 389+0.6 38.0+0.4 ns
Leukocyte(/mm®) 16,478 £902 14,758 772 ns
CRP(mg/dL)" 10.1£0.8 48*0.5 <0.001
ESR(mm/hr) " 68.6+5.1 495+3.2 <0.001
Sepsis 6(11.5%, 6/52)  6(6.8%, 6/88) ns
Hydronephrosis 22(44%, 22/50)  15(19.7%, 15/76) <0.01

Grade 1 10 7

Grade I 8 7

Grade III 2 1

Grade IV 2
VUR® 18(46.2%, 18/39)  7(13%, 7/54) <0.01

Grade 1 1

Grade I 6 2

Grade III 5 1

Grade IV 3 1

Grade V 4 2
“CRP: C-reactive protein, 'ESR:erythrocyte sedimentation

rate, *VUR : vesicoureteral reflux

Table 8. Multivariate Analysis of Factors Associated with
Renal Cortical Defect

P value Odds ratio 95% CI
Hospital duration(day) 0.014 1.248 1.079-1.271
Fever duration(day) 0.017 1.310 1.049-1.636
CRP(mg/dL)" 0.024 1.171 0.939-1.165
ESR(mm/hr) " 0.004 1.024 1.008-1.042
Hydronephrosis 0.024 3.443 1.176-1.840
VUR* 0.001 6.574 2.121-2.380
"CRP: C-reactive protein, 'ESR :erythrocyte sedimentation

rate, "VUR : vesicoureteral reflux

Elstth(Table 8).
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