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Microbiological spectrum and antibiotic susceptibility pattern in more than 24-month-old
children with urinary tract infection: A6-year retrospective, single center experience

Jeong Hee Ko, M.D,, Jee Hyun Lee, M.D,, Eun Jung Shim, M.D,, Do Jun Cho, M.D.
Ki Sik Min, M.D., Ki Yang Yoo, M.D,, Dae Hyoung Lee, M.D., and Hee Jung Kang, M.D. *

Departments of Pediatrics, Laboratory Medicinex, College of Medicine, Hallym University, Seoul, Korea

Purpose : To characterize the pathogens and their antibiotic susceptibilities in more than 24—month—old children with
urinary tract infection (UTI) and to study the Escherichia coli antimicrobial susceptibility trend.

Methods : We retrospectively reviewed the record of more than 24—month—old children with UTI between January 2003
and December 2008. Positive results for 1 bacterial species with a colony count of >10° CFU/mL was considered statisti—
cally significant. We analyzed uropathogens and their antibiotic susceptibilities. To investigate E. coli antibiotic susceptibility
trend, we compared 2 study periods (group A: 2003—2005 versus group B: 2006—2008) using the chi—square test for trend.
Results : In all, 63 bacterial isolates were identified in children with febrile UTI. The most common pathogen was E. coli
(77.8%). There was no difference in the resistance patterns of uropathogens during the 2 study periods (P>0.05). Anti—
biotic susceptibility of the E. coli isolates to aztreonam, cefotetan, cefotaxime, ceftriaxone, cefepime, amikacin, and
imipenem was >90% to trimethoprim/sulfamethoxazol, 49% and to ampicillin and ampicillin/sulbactam, 20—25%. Over the
2 study period, the E. coli susceptibilities to most antibiotics did not change: the susceptibility to cefuroxime increased from
74.1% to 95.5% (P=0.046) and that to ciprofloxacin increased from 59.3% to 86.4% (P=0.039).

Conclusion : Empirical treatment with trimethoprim/sulfamethoxazole, ampicillin, and ampicillin/sulbactam alone appeared
to be insufficient in childhood UTI because of the high resistance of E. coli and other gram—negative uropathogens. Anti—
biotics for empirical therapy should be selected based on the sensitivity and resistance pattern of uropathogens found in

a particular region. (Korean J Pediatr 2009;52:1147—1152)
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Cht 2

20034 195 2008 129714 61 9 skald) A
A Lol adye] dA 27 Aoz JAsid 2471€ o),
154 w|Hke] Bhol2 oo w &gtk MY AgA Aslo]

A
U Ay 7ol 93 A= el At 94 o= 7
o] Mhe yuEk A LAZ 38T oAkl wedo] glu, & HA}

HARNA & Aok & WE 57 o] vt jlom, &
Al vk AAbelA @ ek (single colony count) 7F 10°
CFU/mL o3l A= A8t 7 714 o) w571 wj
F A= el At . A e Qx5 T F9)
£ boric acid ¥ zepanol& ©]&3l] 7130 3 th3 57 &
Hat ZEbAE ol T3k (clean catched midstream) & 3]
SFITE AW Wk 5 % AF o - H#3 MacConkey
3 FHao] AFH3 25 0.001 mLA HEAZ|L, 36T, 5%
CO9] wljF7]oll A 48A17F vkt - /3% wehs Ashshy] &
Aoz FAste] 107/mL o1de] feto] wiokd A5 2
7ol Aoz STt Xato] 28 | A5 el
Aletlet. o wiek HAA e 74 ¢ | 2

UE HAEE FEA S AAsEdnh mkE we] gl
3 A A A= CLSI (Clinical and Laboratory
Standards Institute) ¢ 715& wkt}”. ol A 54 2 &
WA 74 24 253} 7]719) Microscan® (Dade Behring,
Milton Keynes, UK)& ©o]&3}3itt. #2l€ 63844 a7 7
A Sopzel dis] A, dFE EXE ARG, 9 A
o] ¥ W A 74 A3, ESBL A E. coli®] 38A 7
FA A T& FPH o BAEIITE A E4E fek] =
T & Hole e Aol /e Aow el
=3 < SPSS (Statistical Package for the Social
Sciences) 16.0 WAE ARgate] FEAFe EAol= chi-
square test %= Fisher's exact test (571 ®]wte] 7hg zi=
APE ARSI A7l e WgE 1] 98te] chi-
square test for trendZ= AFESFITE P 3-8 0.05 7wk < )

Holaitha a3

a
1. 2 Lol yY U Uy B

AT 713 B dA 638 75T sAEHUT 7 e E
ofellx] 222 (34.9%), ofotellAl 41#(65.1%)7F S = ATk
24714 o] 6070€ m|RE] ShotellA] 31#](49.2%), 6071 ©]
gl 32 (50.8%) 7} BAEATE 22 7 gholo] Aol u}

o

HO ztolE golry] flste] 7} Ay TollA dotgl oot
A WSS v wETh 24702 014 60782 wRkellA Ho}
142(22.2%), oo} 1781(27.0%) & 2 Bl= 0.8:10]%0 2 60
ML o) idel Fot 8l (12.7%), oo} 249 (38.1%) & H ]
7} 0.3:1 ©]9lEH(Table 1). 607H2& 71Fo R olo W& &
ofgl ofole] e FPe HWEE FYF o Tk
(P>0.05).

1o rfu

2. 22 LY AARC| MY, HYW, AV|Y £E

ek 634 Al ¥F=2 E. coli7t 498(77.8%) 2 71
RI%7t s=9kar, olQe| Proteus species (spp.) 3#(4.8%),
Enterococcus spp. 3#1(4.8%), Morganella spp. 28(3.2%),
Staphylococcus spp. 28(3.2%), Pseudomonas spp. 2%
(3.2%), Klebsiella pneumoniae 1¥(1.6%), Salmonella
Group D 1#(1.6%) 7} 5493t}

e 75 F E. coli®] WITE wol 228 T 1649 (72.7%),
ofo} 418 ¥ 33#(80.5%) ] 1L Fofgl ojofe] Wl = f-of gt
2}o17b QA THP>0.05, Table 2). E. colis A|£)18F U A] 75
S5 el uhE Aol & wolA] RkHH(P>0.05, Table 2). <1
T 713+ & ESBL (extended spectrum B —lactamase) 3/ E.
coli= 281 (3%) 7t ATk 34| Folg} 541 ofote] AAolA 2
7} T == 54 ofote] g o' e r sk 1€
A T Ego] Qo] fldste] FAAE Folukd #Ago| §)
Atk E. coliz AE tFellA ESBLAA w5 2d=A ¢
oLI;]_.

20034 20051 374419] 3485 AT, 200614 2008
Wrkx 9] 2985 BT o® Wro] 759 s AFRETH A
T2 E. coli 27#(79.4%), Enterococcus spp. 1#(2.9%),
Morganella spp. 1#1(2.9%), Staphylococcus spp. 2#(5.9
%), Pseudomonas spp. 2#(5.9%) ©1 3L, B¥& E. coli 223
(75.9%), Proteus spp. 38(10.3%), Enterococcus spp. 2%
(6.9%), Morganella spp. 1#(3.4%), Klebsiella pneumoniae
1#(3.4%) % ARt wE #7e E¥E= WIpE gleith
(P>0.05, Table 3).

b3

3. AlZ7|E(2003-20054 vs. 2006-2008) E. coli2|
MR L4yl ws)

E. coli®l @A A A3E 2003-20059 % (AT &

Table 1. Age and Gender Distribution of Patients

No. (%) of patients”

Age (months)

Male Female Total
24—60 14 (22.2) 17 (27.0) 31 (49.2)
>60 8 (12.7) 24 (38.1) 32 (50.8)
Total 22 (34.9) 41 (65.1) 63 (100)

“Percentages of patients out of total patients
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2006—-2008A %= (Bx) & o] Ao Rttt & FellA ampi-
cillin (14.8%, 27.3%), ampicillin/sulbactam (22.2%, 27.3
%), trimethoprim/sulfamethoxazole (48.1%, 50.0%)°l tis}
o & S BEAth Aminoglycoside A€ amikacin}
carbapenem A]2¢] imipenem, meropenem °l thale] F i+ &
T 100%2] w9 =& 74AS B9tk CephalosporinAl 2ol
cefazolin (66.7%, 86.4%), cefuroxime (74.1%, 95.5%),
cefotetan (96.3%, 100%), cefotaxime (88.9%, 100%),
ceftriaxone (88.9 %, 95.5%), ceftazidime (96.3%, 100%),
cefepime (92.6%, 100%) ° tist] tia|d oz =2 5
R} Ak mE A

Ao fo3k My Adglth 2419 cephalosporin®! ce-
furoximeol ™3 ZFFAALE 74.1%904 955 %R HopR L
% =

(P=0.046), quinoloneZ|¥¢! ciprofloxacin®] 3t 744
59.3%°14 86.4 %= oA THP=0.039, Table 4).

Table 4. Comparison of Susceptibility of E. coli between the 2
Periods

No. (%) of susceptible E. coli

el et

A=A B S

&}l chi—square test for trend & A|3s}t) -2 A
Al thste] Avtrct BrollA Aol 2 o] ot
F2J3t 2fol= o ATH(P>0.05, Table 4). AF A H9

Table 2. Distribution of Causative Organisms on the Basis of
Gender

Organisms Total Male Female P
No. (%) (%) (%)
Gram—negative organisms
E. coli 49 (77.8) 16 (72.7) 33 (80.5) NS
Proteus spp. 3(4.8) 2(9.1) 1(24) NS
Morganella spp. 2(3.2) 1(45) 1(24) NS
Pseudomonas spp. 2(3.2) 1(45) 1(24) NS
Klebsiella spp. 1(1.6) 0C0.0) 1(24) NS
Gram—positive organisms
Enterococcus spp. 3(4.8) 2(9.1) 1(2.4) NS
Staphylococcus spp. 2 (32) 0(C0.0) 2(4.9 NS
Other species 1(1.6) 0(0.0) 1(24) NS
Total 63 (100) 22 (100) 41 (100)

“Comparison between male and female group was done using
chi—square test or Fisher' exact test.
Abbreviations: spp., species; NS, not significant

Antibiotics A 2003-2005 B: 2006-2008
(N=27) (N=22)

Ampicillin 4 ( 14.8) 6 ( 27.3) NS
Ampicillin/Sulbactam 6 (22.2) 6 ( 27.3) NS
Aztreonam 24 ( 88.9) 22 (100.0) NS
Cefazolin 18 ( 66.7) 19 ( 86.4) NS
Cefuroxime 20 ( 74.1) 21 ( 95.5) 0.046
Cefotetan 26 ( 96.3) 22 (100.0) NS
Cefotaxime 24 ( 88.9) 22 (100.0) NS
Ceftriaxone 24 ( 88.9) 21 ( 95.5) NS
Ceftazidime 26 ( 96.3) 22 (100.0) NS
Cefepime 25 ( 92.6) 22 (100.0) NS
Piperacillin/Tazobactam 24 ( 88.9) 20 ( 90.9) NS
Ticarcillin/Clavulanate 22 ( 81.5) 17 ( 77.3) NS
Amikacin 27 (100.0) 22 (100.0) NS
Gentamicin 17 ( 63.0) 17 ( 77.3) NS
Tobramycin 16 ( 59.3) 17 ( 77.3) NS
Imipenem 27 (100.0) 22 (100.0) NS
Meropenem 27 (100.0) 22 (100.0) NS
Ciprofloxacin 16 ( 59.3) 19 ( 86.4) 0.039
Levofloxacin 18 ( 66.7) 20 ( 90.9) NS
Trimethoprim/ 13 ( 48.1) 11 ( 50.0) NS
Sulfamethoxazole

“Comparison between the two periods was done using chi—

square test for trend.

Abbreviation : NS, not significant

Table 3. Distribution of Causative Organisms on the Basis of Study Period

No. (%) of 1isol
Organisms NgOt(%;o) 0. (%) of isolates »
: A: 2003—2005 B: 2005—-2008
Gram—negative organisms
E. coli 49 (77.8) 27 (79.4) 22 (75.9) NS
Proteus spp. 3 (4.8) 0 (0.0) 3 (10.3) NS
Morganella spp. 2 (3.2) 1(29) 1 (34) NS
Pseudomonas spp. 2 (3.2) 2 (5.9) 0 ( 0.0) NS
Klebsiella spp. 1(1.6) 0 ( 0.0) 1 (3.4) NS
Gram—positive organisms
Enterococcus spp. 3 (4.8) 1 (2.9) 2 ( 6.9) NS
Staphylococcus spp. 2 (3.2) 2 (5.9) 0 ( 0.0) NS
Other species 1(1.6) 1 (2.9 0 ( 0.0) NS
Total 63 (100) 34 (100) 29 (100)

“Comparison between the two periods was done using chi—square test for trend.

Abbreviations : spp., species; NS, not significant
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4. E colfg Mgt #Fo| eHdH Z+d

E. colig ALE a7 548 #5759 A543 amikacin
(100%), meropenem (100%), imipenem (87.5%), cepepime
(100%), aztreonam (87.5%), ciprofloxacin (83.3%), cefo-
taxime (75.0%), ceftriaxone (71.4%), gentamicin (100%) °]|
tsle] Eko}, cefuroxime (62.5%), cefazolin (62.5%),
trimethoprim/sulfamethoxazole (62.5%) ol thsle] Edt). &
3], ampicillin/sulbactame®l] th3t AL 25.0%% vl$- St
o}.

% TS A4 ampicillin (100%), cefazolin (100
%), ciprofloxacin (100%), imipenem (100%), vancomycin
(100%) ©ll thste] =3k, cefuroxime (50.0%), cefotaxime
(50.0%), gentamicin (33.3%), cefepime (25.0%), trime-
thoprim/sufamethoxazole (25.0%) ol thalo] Werch

5. ESBL MM E colP| StMHl Z+4=

0x

28] ESBL A4 E. coli®] $AA 792 meropenem,
imipenem, amikacin® 100%2] #<FA-S X924 ampicillin,
ampicillin/sulbactam, cephalosporin Alge] 25 WS B

o,

I
2% g ol B8 ARy A%
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T Wimss oel ofotell A 242t 1%, 3.5%2
It} ofol= F& 54 o]3}, ok 141 olstellA A W
A Q2 e o)gkEt) 14 olstell A dofel ofote] u|r}
2.8—5.4:1% wololA] mo] Bhsl, 149} 24] AbolellE= 1:10
o7 oolo|A wo] WAet= Aow A rp). HT =y
g Aol @7 7o) gigk Barel] oshd dolgl ojole] n)
£ 1.1- 35118 RuEa glon to]7l o] P42 ol H]
£o] v A dehdn QA 5919 naexe wols}
ojobrtt 0.6— 0.8:1% Ww7p vk B oo it g
ol7} 2470 o]AFe] Aob® EBF Ba el o] €glwo w7} of
o}(65.1%) ollA] =3kch. 54 PRkl & dotel ofofe] u)7} H]
I o} 54 o] Tl = ofolr} olel njste] 3ul] o) WlEr}
=9kt a2y Agolse] 9ol tiy-izo] Al ¥doly )
14 255 skl AA didelr A== Aol 7] witel

2

A g AAE B
o A Al G A

=

2t =

Aol 7H &9k AR B colizA s 9] Batell A 56-92%
g weg RuEy Q. E colis AQF 9l wiEi=
Huxpaieh ekzhe] zpol7) Qlvk. i/l Kiebsiella, Enterobacter,
Proteus, Citrobacter, Providencia, Morganella, Serratia %
Salmonella 5] &ttty HaEe] Qrp ™2 1 Ae|a E
coli®l WT+ 77.8%% 7 =3%kar ol®ld%  Proteus,
Enterococcus, Morganella, Klebsiella 5 ©] 2 913o|3)
ot T8 dQ1qre] el wE Fx0] Aol A A FAA AL
Lol FQ3I} & AFA 24718 o]F o7 T dJAAY F
EE Al W xel7t SIStk kA 24704 o] $ Aote] A
A GAAE el Aol B colith I 5912 A
Aol whek AdeElshs Zlo] Fosithal o3 AT

H AUl RuelA E. coli= ampicillin (11%—20%), tri-
methoprim/sulfamethoxazole (42%—65%) | tislo] 717 v
& S BAYS 19 e S Rl ]
3}o] ampicillin (30%—56%), trimethoprim/sulfamethoxazole
(62=76%) ol thgt Aol tha =4 YEksou HZ Ui
59 S BAR iRk Sept 18 19217 oy
AAE e Fu Bl fA4e A3E Bolal itk S
Raoa 2A4t) 52 3At) cephalosporin, amikacin, car-
bapenem 9 3t E. coli®] ZHFAE 85%0)1 08 B -9
A} FARKATE A A A Ak A 75 &
AL APA FAA L Adels oHA sta glew ols Ahsl
A ef we} 2po]E HATh H: Aol 27 oA AV &
AA A5 sk AFellA 20069 Song 5'7& 1995-
200097 2001-20051 2] + Al7] &<F E. coli®] Aol ¥
s AAEA AFste] gk xlolrk gtk ®askgivh
2004 Abelson Storby & Zofellx] 127 8328¢]
FZ BA3F 49 trimethoprim® ampicilline %42 0 2 A
#37F 2718t 9ok Bustel o™ Ladhani®t Gransden S
P 5z A9 AbE] WA P 2,815 9] Lo} ExE &
238t A3} trimethoprimel] g WAool 24%NA 32%= F7F
Sttt SHQlct & Al 28]y HbARl A 9] T4
Aol F7Fskslon, 241t] cephalosporin®! cefuroxime 74.1
%ANA 95.5%% 7430 WS- Eobsth 20051 Karaca 57
= 1994-20037Y E. coli®] A A4S F4 A7 2
Hel A 19949 =FE 15t wol AMEEY trimethoprim/

sulfamethoxazole®] Wd£9°] o} quinolone & U=} kA=

oy ot
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W% & trimethoprim/sulfamethoxaszole®] t3t 71=Ado]
E}/\] wolgitha ak3ith 20029 Bronzwaer 52°¢] 1tel|A]

FH 1178 5718 A 9ALs] A AR S717F W 152
%7}01] FEFE T QT wEA B AT A H 2
7, S8 A9 Sl Azt oE RS
ARGt ZHpAdo] SUkelSle Ao E AMREV A=A st A
T5 Folo] Beto] It Aoz Azist), £ coliz AQgt
75l Pseudomonasg #9)stal 34Hl ce-
phalosporin, amikacin, carbapeneme®l] Z+Ao] &=gkon
amikacin®ll&= 25 100 %2 A4S Hlth & AFelA 2

2 7o gRES XA ER= E coli= ampicillin® ampicillin/
sulbactamel] that WAdo] 70%0) oz YelRYr] wio] Ao}

27 799 AYA IAAZ ampicillin®]y} ampicillin/sul-
bactam T Q%2 & A3}#] %38} aminoglycoside 2} 43}
A 24t &2 34 cephalosporin® W& Qo] A4
2k A5 ofAE AT Aow Algdr).

H FUelA ESBL A4 E. colid] &dAE0] 71k 3o
A Aol ol &S Fa Qe Y ESBLY] @&l o
3 Hus A9y Kim 570 2% el ESBL A4 E
coligh A AY AAE EA S AelA] ESBL AN 57}
E. coli®] 18 %0133 &7 39 cephalosporing AH-3!
A Slolel A AL St dvtar skglvk e 5494 19
3 $ho}r}l wo} ESBL A w57 B34S 20w AN, o
& = ®RaelXE ESBL A4 E colit 3.3—-10.8%% ¥ <
T AT 2 AJol5 wolA| QgrTH P G ayA) A At
= o 9l ®ue} vk 2 amikacin® carbapeneme] &
T 100%9] #AS XY, ampicilling, cephalosporin,
aztreonam®ll 25 WS Holi 99lth Lee 5298 3434
/do] 100%<1 3AIth cephalosporing 13} &AA|2 AR+

Fol= Higo] 96.8%%E ul%- kil HaEkgich 2 kel
/\1 2e9] 3lots2 B 34t cephalosporinAl 44| 50
2 Hato] HAlk ol Al X7t AWlelA sF0] Ho F
Tt Sk A ddte] S ASE oAAY EWE oy
ATE Fsto] AFstolof & Flojth

2 A 24708 mIREE] Avol= diAdell A Al 2lEksiET] A
i WHoRE T AewE T2 ARSI witolrt ofd
FotolME Q% T4 e 7o st fFd ] W7} v
F 7] wiZel wE Aoty srEloA s AF - dAY B
T WS AFH s WYk AR Algsteiof & A& AlRlbet
ATFY . B A= kA BA o S wiAlsly] 98t
glols 2471€ o4+ F3tk(clean catched mid-
stream) ANFH T = = AFolE A 7] wliEel] [A 22
A dlds gWskA 1# Jow ALttt &9 X= A
A Exdor &S A ste] A AHE ez 3t
Hebd A9 e Aow AlnHnh
AEAo® 24704Y o} Aokl 97 7 72 A, A9

NG

Pukﬂ
i
?~

rir —11: n

A7 Zpol 7 ISl 8 U] @5l E. coli®] B 4
= APZIE 2 WEE Holx ¢kgtoyt AR Al ek e
dell szt Slsith Al AEA AR 2D trime-
thoprim/sulfamethoxaszole, ampicillin, ampicillin/sulbactam
s QWS = UAERE LAk AR A=A ZebH, 24

52 3At) cephalosporinA] dA7F Agksr Ao g AlgH
o e, olee sl FUAES At 371 ESBL A #
Fo) gAls) 54 o] % Masthn 42w A 7
3 AGA, A Qs w7 wiizel] I A9 el of
AEAQ1 FAA 7 TEE Fetete Zlo] wlg 28 Zlo

2 Abmech

F

lo @ &

obu A ST,

gb 81:2003d 1¥€4 2008 12€714] £ 44 &
7Aoo R qAste] A TR 2470 o) Sote] 715S 4
o BAEGIh 2n HloF AklM @ AlgFo] 10° CFU/mL
1741 -l Fresitta B A1 758 A drde
Sk E. coli®] BEA AL W3t f55 E]lsk] flE

AI71 (AT 2003—2005, B 2006—2008) & 1o chi—
square test for trendE A3}

4 2}: Zol=28Y 63d9 #Frt EEIY 7P &3
AN E. colii 77.8%2) WIEE BTt AldE2] A7|H
EIZE 523 207 QIeHP>0.05). E. coli®] 3H3A THpAe
aztreonam, cefotetan, cefotaxime, ceftriaxone, cefepime,

HU

[*]

S

[‘l_Ln.

amikacin, imipenem®l] tf3te] 90% ©1%, trimethoprim/sulfa-
methoxazoleo] ™&}o] 49%, ampicillin®} ampicillin/sulbac-
tamell thate] 20—-25% ©1%lth F+ A7l §<t E. coli?] 743
2 g7 FAA ] diste] Wshrt figle, cefuroximed] o
AL 741%904  95.5%%  S7FEAIL(P=0.006),
3L 59.3%0M14 86.4%% S a3l

o

ciprofloxacin®l ©|
o(P=0.039).

A E2:E coli ¥ Y& 1%
methoxazole, ampicillin, ampicillin/sulbactam®] 7Z4=/do]
o]- p}ioi Q= 7Loﬂg] 27] 73]6414 z‘ﬁ-xgx.]]i /\]'“g‘ol't 7)-\1%
Atk AzbE e, Ads AP A S T Ao
AL#] ¢ % Aol thgh LA R1 ZhA e} A T3 8 At

AE oF a}Alet.

SAHE trimethoprim/sulfa-
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