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Empirical antibiotics for recurrent urinary tract infections

in children
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Objectives: The purpose of this study was to compare antibiotic resistance patterns between first urinary tract
infection (UTD) and recurrent UTI groups and to obtain information regarding empirical antibiotic selection
for treating recurrent UTL

Methods: We retrospectively reviewed 148 children treated for UTIs from January 2009 to June 2016. The
patients were divided into two groups: first UTI (N = 148) and recurrent UTI (17 patients and 20 episodes).
Results: In both groups, FAscherichia coli was the most frequent causative organism, accounting for 89.9%
and 75.0% in the first and recurrent UTI groups, respectively. When £ coli or Klebsiella pneumoniae was
the causative organism, extended-spectrum B-lactamase (ESBL)-producing organisms were more frequent in
the recurrent UTI group (17.6%) than in the first UTI group (14.0%); however, this difference was not statistically
significant (P = 0.684). Cefotaxime was the most frequently used first-line empirical antibiotic in both groups.
In the first UTI and recurrent UTI groups, 7.4% and 15.0% of patients were treated with intravenous antibiotics
as definitive therapy, respectively (P = 0.250). Fifteen out of 17 patients having a second UTI had different
causative organisms or antibiotic susceptibility patterns compared to their previous episode.

Conclusions: FEscherichia coli was the most frequent causative organism in the recurrent UTI group. There
were no differences in the proportion of ESBL-producing organisms between the first UTT and recurrent UTI
groups. Therefore, when a UTI recurs in children, the antibiotics effective on the most common causative
organism might be administered as empirical antibiotics.
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Urinary tract infection is a common bacterial
infection disease in children and is known to occur
in 1% of boys and 1-3% of girls.! It is important
for UTI patients to make early diagnoses and to
use appropriate antibiotics, as a UTI may lead
to renal scarring, hypertension and end-stage renal

diseases if contracted in infancy and not properly

treated.? The most frequent causative organism
in children is Escherichia coli’® For children with
a UTI, Cefotaxime, Ceftriaxone or Ampicillin and
Aminoglycoside combination are used as a
first-line drug.’!

According to a study, the incidence of UTI re-

currence within 3 years in infants aged less than
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1 year who suffered from a UTI was 35% in boys
and 32% in girls. Recurrence of a UTI can be div-
ided into recurrence by the same bacteria and
reinfection by other bacteria.” When choosing em-
pirical antibiotics in cases of reinfection, one of
the main concerns is whether to use the first-line
drugs used in treating the first UTI or to use drugs
susceptible to the bacteria that previously caused
the UTL however, there have been few studies
on the selection of appropriate antibiotics for a
recurrent UTL In addition, if a UTI recurs in pa-
tients with a previous history of being treated with
antibiotics for UTI, it raises the question of whether
the possibility that bacteria resistant to the pre-
viously used antibiotics caused the recurrence
should be considered: however, there have also
been few studies on this issue.

The aim of this study was to identify the types
of causative organisms, their antibiotic suscepti-
bility and clinical characteristics in the cases of
recurrent UTI patients and to compare them with
those observed in the cases of first UTI patients
in order to obtain base data that can aid in the
selection of empirical antibiotics for patients who

come to hospitals with a recurrent UTL

MATERIALS AND METHODS

Study Subjects
The study retrospectively investigated 168 cases
of UTT occurring in 148 pediatric patients who

were admitted to the Department of Pediatrics of
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Kosin University Gospel Hospital from January 1,
2009 to June 30, 2016. 148 cases of first UTI, 17
cases of second UTI and 3 cases of third UTI were
included in the study. The patients who had no
previous history of UTI and were first diagnosed
with UTI were defined as the first UTI group; while
the patients admitted with a second and third UTI
were defined as the recurrent UTI group. Then
the 20 cases of infection that occurred in the 17
patients in the recurrent UTI group were analyzed.
All the patients in this group had been diagnosed
and treated in this hospital, which enabled the
review of their medical records.

This study was reviewed and approved
(2016-06-047) by the Institutional Review Board

(IRB) of Kosin University Gospel Hospital.

Study Items

The study looked into the sex, age, and imaging
examination findings of the patients in the first
and recurrent UTI groups. The medical agents used
as empirical antibiotics before the identification
of the causative organisms and their antibiotic sus-
ceptibility were also investigated, and then the anti-
biotics selected as definitive therapy were
identified. Afterwards, the study compared the types
of causative organisms, their antibiotic suscepti-
bility and the production of extended-spectrum £
-lactamase (ESBL) that degrades third-generation

Cephalosporin antimicrobials in the cases of both

the first and recurrent UTI groups.

Diagnoses of UTI and Identification of



Causative Organisms

Among patients who visited the hospital with
fever as their major complaint, those who were
found to have pyuria and more than 50,000
CFU/mL of a single type of bacterium in their urine
through urinalysis tests and urine culture tests re-
spectively were included in the study subjects.®
To obtain the samples for the urine cultures,
mid-stream urine was collected from patients who
could control their bladders and catheterization
was carried out for the patients who could not
control their bladders. Cases that were clinically
suspected as UTI but for which no bacterium was
identified in the urine cultures or the sizes of bacte-
rial colonies were smaller than the diagnostic cri-
teria were excluded from the study. Of the re-
current UTI group, even patients who had come
to the hospital due to a second or third UTI, if
the relapses were suspected to have been caused
by the same bacteria as in the previous UTI within
two weeks of the completion of antibiotic treat-
ment, were also excluded from the study.

As automation equipment to identify causative
organisms and their antibiotic susceptibility, the
research institution used the Phoenix 100 system
(BD Diagnostics, Sparks, USA) as main equipment
and the Vitek 1 system (bioMérieux, Marcy | Ftoile,
France) as supplementary equipment from 1999
to 2012, and since 2012, the Phoenix 100 system
has been mainly used and the Vitek 2 system
(bioMérieux, Marcy I'Etoile, France) has been used

as a supplement.

Empirical antibiotics for recurrent UTI in children

Principles for the Use of Antibiotics

The research institution has selected Cefotaxime
or Ampicillin or Aminoglycoside combination as
an empirical antibiotic when patients with UTI
were hospitalized.! When the results of tests on
the causative organisms' susceptibility to anti-
biotics were identified, the antibiotic was replaced
by the drug to which the organisms were found
to be susceptible.® If the organisms were suscep-
tible to oral antibiotics, the patients were dis-
charged with oral medications. When the organ-
isms were those producing ESBL and were resistant
to all oral antibiotics, injections to which the or-
ganisms were susceptible were used during the
hospitalization periods. The total duration of treat-
ment was 7 to 14 days, including the duration of
both oral and intravenous antibiotic treatments.°
Of patients who were admitted to the hospital with
a UTJ, for those who had a UTI before, the causative
organisms and their antibiotic susceptibility in the
previous infections were checked to select appro-
priate antibiotics according to the conditions, and

the one mainly used was Cefotaxime.

Urinary Tract Imaging Examinations

According to the American Academy of
Pediatrics guidelines, renal urinary tract ultra-
sonography was performed for first UTI patients.
Voiding cystourethrography was conducted on pa-
tients with a UTI who showed abnormal findings
suggesting a high-grade vesicoureteral reflux or
recurrence in the ultrasonography.® Te-99m-di-

mercaptosuccinic acid (DMSA) scans were per-
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formed on all first UTI patients until February 2013
in accordance with the American Academy of
Pediatrics guidelines’; since, they have been car-
ried out only when patients had vesicoureteral
reflux.® Tc-99m-mercaptoacetyltriglycine (MAG3)
scans were carried out when patients had no ves-
icoureteral reflux but hydronephrosis and when
obstruction was suspected in the ultrasonography
(the anteroposterior diameter of the renal pelvis
> 10 m).” The diagnoses of hydronephrosis by ultra-
sonography were based on Index 10 of the Society
of Fetal Urology's grading system'® and an ante-
roposterior diameter of the renal pelvis greater
than 7 mn was defined as a significant abnormal
finding.!! Vesicoureteral reflux was classified into
grades I-V in the patients who underwent voiding
cystourethrography.'? The patients who received
DMSA scans were examined to find whether they
had renal cortical defects. Using MAG3 scans,
whether the patients had had ureteropelvic junc-
tion obstructions or renal hypofunction was

investigated.

Data Analysis

For this study, the SPSS software package (ver-
sion 23.0; SPSS Inc., Chicago, IL, USA) was used
as the statistical analysis program. The Chi-square
test was used to compare sexes, ESBL-producing
intestinal bacterial ratios, antibiotic resistance
rates and oral antibiotic use rates in the first and
recurrent UTI groups. Fisher's exact test was used
when the expected frequencies were less than 5.

P < 0.05 was defined as the significant level.
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RESULTS

Demographic Characteristics

There were more males than females in both
the first UTI group (71.6%, 106/148) and the re-
current UTI group (80.0%, 16/20). The average age
was 0.8 in the first UTI group (minimum: 21 days,
maximum: 12.8 years), and 1.0 in the recurrent
UTI group (minimum: 52 days, maximum: 6.2
years). UTI recurred for 11.5% (17/148) of the pa-
tients who were diagnosed with the first UTI in

this hospital.

Imaging Examinations

Renal and urinary tract ultrasonography was
performed in 95.2% (141/148) of the first UTI group
and in 75.0% (15/20) of the recurrent UTI group.
Malfunctions such as hydronephrosis, ureterocele
and polycystic kidney diseases were detected in
8.5 % (12/141) of the first UTI group and in 26.7%
(4/15) of the recurrent UTI group. DMSA scans
were carried out in 45.3% (67/148) and 20.0% (4/20)
of the first UTI and the recurrent UTI groups, re-
spectively, and renal cortical defects were found
in 23.9% (16/67) and 75.0% (3/4), respectively.
Voiding cystourethrography was performed in
25.7% (38/148) and 75.0% (15/20) of the first UTI
and recurrent UTI groups, respectively, and ves-
icoureteral reflux was identified in 26.3% (10/38)
and 40.0% (6/15), respectively. MAG3 scans were
performed and malfunctions were detected in
85.7% (6/7) and 0.0% (0/2) of the first UTI and

recurrent UTI groups, respectively.
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Table 1. Causative organisms of first UTI group and recurrent UTI group

First UTI group (N = 148)

Recurrent UTI group* (N = 20)

Escherichia coli 133 (89.9) 15 (75.0)
Klebsiella pneurmoniae 10 (6.8) 2 (10.0)
Enterococcus faecalis 1 (0.7) 2 (10.0)
Enterobacter cloacae 1 (0.7) 1 (5.0)
Streptococcus agalactiae 2 (1.4) 0 (0.0)
Citrobacter freundi 1(0.7) 0 (0.0)

Data were presented N (%).
*17 patients had 20 urinary tract infection episodes.

Causative Organisms and ESBL-Producing

Organisms

In both the groups, £ coli was the most frequent
causative organism, accounting for 89.9% (133/148)
and 75.0% (15/20) in the first and recurrent UTI
groups, respectively (Table 1). The second most
frequent causative organism was Klebsiella pneu-
moniae in the first UTI group, K pneumoniae and
Enterococcus faecalis in the recurrent UTI group.
When both groups are combined, E coli was the
most frequent causative organism, accounting for
88.1% (148/168) and K. pneumoniae 7.1% (12/168)
was the second most frequent causative organism;
the two organisms accounted for 95.2% of the entire
causative organisms of UTL

For the 17 patients who had a UTI two or more
times, identified causative organisms and the oc-
currence interval are specified in Table 2. Among
the 17 patients hospitalized for a second UTI, 3
patients (17.6%) showed a difference in causative
organisms between the first and second infections.
Twelve patients (85.7%) out of the 14 who had

the same causative organisms in the first and sec-

ond infections were confirmed to show different
antibiotic susceptibility patterns even though the
names of the organisms were identical. Two out
of the three patients hospitalized for a third UTI
had causative organisms different from the pre-
vious ones, and the remaining one patient who
had the same causative organisms showed a differ-
ent antibiotic susceptibility pattern.

The interval period between the first and second
infections fell between the 11" and 414" days after
the first antibiotic treatment was terminated, while
the interval period between the second and third
infections fell between the 20" and 77" days after
the second antibiotic treatment was terminated.
The patients who had a second occurrence of UTI

1™ day after the first antibiotics treatment

on the 1
was terminated were found to have different causa-
tive organisms in the first (£ co/) and the second
(faecalis).

When E. coli or Klebsiella pneumoniae was the
causative organism, ESBL-producing organisms

accounted for 17.6% (3/17) and 14.0% (20/143)

in the first and recurrent UTI groups, respectively;
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Table 2. Causative organisms and interval since previous infection episode of recurrent UTI group patients

Causative organisms

Interval® (days)

H *

Patient - Age / Sex First UTI Second UTI Third UTI S;z‘;g‘i egg‘;‘ée
1 1 mo/ M E. coli E. faecalis E. cloacae 11 77
2 2mo /M E. colf E coli E colf 33 43
3 4 mo / M E. coli K. pneumoniae E. coli 115 20
4 Tmo/F E. coli E. coli - 258 -
5 Tmo /M K pneurnonlaeﬂr K pneumon/ae§ - 118 -
6 7 mo / M E. coli E colf - 158 -
7 6 yr/ M E. colf E. coli - 32 -
8 7 mo / M E. coli E colf - 17 -
9 T mo/ M E. coli E colf - 37 -
10 2mo/F E colt E coli't - 52 -
1M 1 mo/ M E. coli E col® - 47 -
12 2 mo /M E. coli E. colf - 272 -
13 3mo /M E. colf E colf 131 -
14 7mo/F E. coli E. colf - 135 -
15 2yr/F E. coli E colf - 44 -
16 3mo /M E. colf E colitt - 112 -
17 2 mo /M E. coli E. faecalis - 48 -

E. coli, Escherichia coli, E. cloacae, Enterobacter cloacae, K. pneumoniae, Klebsiella pneumoniae;, E. faecalis,

Enterococcus faecalis;, mo, months; yr, years

* Age refers to the age when we diagnosed first UTI.

T Second and third episode refer to the interval between the last day of treatment of previous infection
episode and the first day of present infection episode.

¥ Extended-spectrum S-lactamase (ESBL)-producing organism

§ Antibiotic resistance pattern changed compared to previous infection episode.

however, this difference was not statistically sig-
nificant (7 = 0.684) (Table 3). In terms of each
causative organism, ESBL-producing organisms
were produced by 14.2% (21/148) of the total Z
coli and by 16.7% (2/12) of the total K pneumoniae.
And in the first and recurrent UTI groups, 45.0%
(9/20) and 33.3% (1/3) were confirmed to have
the ESBL-producing organisms resistant to trime-
thoprim/sulfamethoxazole.

When E coli was the causative organism, the
resistance rates to piperacillin/tazobactam in both

the first and recurrent UTI groups were 5.3% (7/132)

164

and 6.7% (1/15), respectively (P = 0.825) (Table
4). There were no patients with resistance to
Carbapenem in either the first or the recurrent

UTT groups of E coli and K. pneumoniae.

Empirical Antibiotics and Therapeutic Antibiotics

The antibiotic that was selected in most cases
was Cefotaxime: 81.1% (120/148) and 80.0%
(16/20) in the first and recurrent UTI groups, re-
spectively (Table 5).

After confirming the antibiotic susceptibility re-

sults, the third-generation Cephalosporin, Cefixime,
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Table 3. Proportion of extended-spectrum B-lactamase producing £. coli and K. pneumoniae

First UTI group Recurrent UTI group P-value
Escherichia coli 18/133 (13.5%) 3/15 (20.0%) 0.496
Klebsiella pneumoniae 2/10 (20.0%) 0/2 (0.0%) 0.488
Total 20/143 (14.0%) 3/17 (17.6%) 0.684
Table 4. Antibiotic resistance of £. coli and K. pneumoniae
E. coli K. pneumoniae
Patient First UTI  Recurrent UTI First UTI  Recurrent UTI
group* group T P-value group group¥ P-value
(N = 133) (N = 15) (N =10 N=2
. 105/133 13/15 2/2 B

Ampicillin (78.9) 86.7) 0.481 10/10 (100.0) (100.0)

- 46/124 5/13 5/10 1/2
Ampicillin/sulbactam (37.1) (38.5) 0.923 (50.0) (50.0) 1.000
. - 7/132 1/15 1/10 0/2

Piperacillin/tazobactam (5.3) 6.7) 0.825 (10.0) 0.0) 0.640
. 18/133 3/15 2/10 0/2
Cefotaxime (13.5) (20.0) 0.496 (20.0) 0.0) 0.488
0/128 0/15 _ 0/10 0/2 _

Meropenem 0.0) 0.0) 0.0) 0.0)

— 0/133 0/15 _ 0/10 0/2 B

Amikacin (0.0) 0.0) (0.0) (0.0)

. 25/133 3/15 2/10 1/2
Gentamicin (18.9) (20.0) 0.910 (20.0) (50.0) 0.371
. 39/133 5/15 0/10 1/2

_ §

Co-trimoxazole (29.3) (33.3) 0.747 (0.0) (50.0) 0.020

Data were presented N (%).

* Antibiotic resistance of some organisms are not reported due to kind of organisms

T 14 patients had 15 urinary tract infection episodes.
T 2 patients had 2 urinary tract infection episodes.
§ Trimethoprim/sulfamethoxazole

was the most commonly used antibiotic, so 78.4%
(116/148) of the first group and 65.0% (13/20) of
the recurrent group were discharged with this anti-
biotic prescribed. The second most commonly used
definitive antibiotics were oral trimethoprim/sulfa-
methoxazole in the first group and trimetho-
prim/sulfamethoxazole and piperacillin/tazobactam
in the recurrent group. Patients who were treated
with intravenous antibiotics for the entire treatment

period as there was no susceptible oral medication

accounted for 7.4% (11/148) in the first UTI group
and 15.0% (3/20) in the recurrent UTI group. So
the rate of such patients was higher than in the
latter group, but the difference was not statistically
significant (7= 0.250). In the cases in which defini-
tive oral antibiotics were available, Cefixime was
used the most in both the groups: 84.6% (116/137)
in the first and 76.5% (13/17) in the recurrent groups.
Trimethoprim/sulfamethoxazole was the second

most used antibiotic: 8.0% (11/137) and 11.8% (2/17)
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Table 5. Antibiotic choice of first UTI group and recurrent UTI group

First UTI group (N = 148)

Recurrent UTI group* (N = 20)

Empirical Definitive Empirical Definitive

antibiotics antibiotics antibiotics antibiotics
Ampicillin/sulbactam 1 (0.7) 0 (0.0) 0 (0.0) 1 (5.0
Piperacillin/tazobactam 0 (0.0) 4 (2.7) 2 (10.0) 2 (10.0)
Cefotaxime 120 (81.1) 0 (0.0) 16 (80.0) 0 (0.0)
Cefoxitin 0 (0.0) 3 (2.0) 0 (0.0 0 (0.0)
Meropenem 0 (0.0) 4 (2.7) 0 (0.0) 0 (0.0)
Amoxicillin 0 (0.0 1 (0.7) 0 (0.0) 1 (5.0)
Amoxicillin/clavulanic acid 1(0.7) 7 4.7) 0 (0.0) 0 (0.0)
Cefaclor 1 (0.7) 1 (0.7) 0 (0.0) 1 (5.0)
Cefnidir 0 (0.0) 1 (0.7) 0 (0.0 0 (0.0
Cefixime 1 (0.7) 116 (78.4) 0 (0.0 13 (65.0)
Trimethoprim/sulfamethoxazole 0 (0.0) 11 (7.4) 0 (0.0) 2 (10.0)
Antibiotics combination’ 24 (16.2) 0 (0.0 2 (10.0) 0 (0.0)

Data were presented N (%).
* 17 patients had 20 urinary tract infection episodes.

T When meningitis is suspected, we use these combinations of antibiotics

in the first and recurrent groups, respectively.

Nine patients took prophylactic antibiotics after
the reflux was confirmed in the first UTI group, and
three of them experienced recurrence. Eight of nine
patients took Trimethoprim/Sulfamethoxazole as
prophylactic antibiotics, and one took Cefaclor.

There were 23 ESBL-producing organisms through-
out both the first and recurrent UTI groups. In these
cases, Trimethoprim/Sulfamethoxazole was used by
39.1% (9/23), and Piperacillin/Tazobactam by 21.7%
(5/23) and Carbapenem by 17.4% (4/23).

DISCUSSION

To choose adequate empirical antibiotics at the

early stage in the event of a UTI recurrence, it
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is necessary to consider the distribution of causa-
tive organisms and the antibiotic susceptibility of
the organisms. This study compared the causative
organisms, antibiotics used, and the antibiotic sus-
ceptibility of the causative organisms in the group
of patients with the first UTI and the group of
patients with the recurrent UTI, selected from the
patients who were hospitalized with a UTL. Among
the patients admitted to this institution due to a
UTI during the study period, 11.5% (17/148) were
readmitted for the recurrence of a UTI, which is
similar to the recurrence rate of 13.6% (83/611),
reported in the study by Conway et al.’®

In this study, UTIs occurred more frequently in
boys than in girls in both the first UTI group and
the recurrent UTI group. When it comes to the

occurrence frequency of UTI in infants under one



year, the ratio of boys to girls was 2.8-5.4:1, which
shows that boys are more affected by UTIs than
girls.1 In this study, infants younger than one year
were 89.9% (133/148) in the first UTI group and
80.0% (16/20) in the recurrent UTI group, and the
ratio of boys to girls was 3.3:1, meaning that this
is consistent with the above-stated study. In partic-
ular, UTIs occurred more often in male infants
who were not circumcised.! In this study, however,
whether male infants were circumcised or not was
not investigated.

E. coli was the most common causative organism
of UTIs in both the first and recurrent UTI groups.
K. pneumoniae and E. faecalis were the second
most common in the recurrent UTI group, but when
the two groups were combined, the second most
common causative organism was K. pneumoniae.
Nuutinen et al. and Kang et al. also reported that
E. coli was the most common and K. pneumoniae
was the second most common causative organism
in their studies, which corresponds to the results
of the present study.*'

Of the 17 patients in the recurrent UTI group,
three (17.6%) had causative organisms different
from those of the previous infections. And 12 of
the 14 (85.7%) had the same causative organisms
in both the first and second infections, but their
antibiotic susceptibility patterns were found to
have been changed. Therefore, the cases in which
the names of the causative organisms and anti-
biotic susceptibility patterns were identical in both
the recurrent and first infections were identified

in the remaining two patients (11.8%). In the cases

Empirical antibiotics for recurrent UTI in children

of these two patients, their second infection oc-
curred on the 32™ and 258" day after the termi-
nation of the antibiotic treatment for the first in-
fection, respectively, so their cases were consid-
ered to have been caused by reinfection.

The rates of ESBL-producing organisms were 14.2%
(21/148) in E coli and 16.7% (2/12) in K pneumonize.
Among related studies in Korea, the study of Lee
et al.”® conducted on E. coli 429 and K pneumoniae
49 reported that the ESBL-producing organism rates
were 6.1% in both organisms, which is lower than
the rates confirmed in this study. In addition, the
study of Li et al.,’® although it was not conducted
on children, found that 12.6% of £ coli and 26.2%
of K. pneumoniae were ESBL-producing organisms,
similar to the results of this study. The ESBL-produc-
ing organisms are generally resistant to antibiotics
such as third-generation Cephalosporins that are
selected as first-line antibiotic agents for UTIs. Thus,
when ESBL-producing organisms are identified,
Non-Beta Lactam antibiotics or Carbapenem should
be used.” In this study, the antibiotics that were finally
selected as therapeutic antibiotics when ESBL-produc-
ing organisms were identified included oral
Trimethoprim/Sulfamethoxazole, which were used
the most, and injectable Piperacillin/Tazobactam.
Piperacillin/Tazobactam is a Beta-Lactam/Beta-Lactam
inhibitor, which is known to be effective against UTIs
caused by £ coli and K pneurmoniae when susceptible
despite the production of ESBLs by organisms.'® !

In the research institution, it has been a treat-
ment principle that patients are discharged early

with oral antibiotics prescribed for them when
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the causative organisms are confirmed to be sus-
ceptible to the oral antibiotics and the patients
are in good condition as their fever has subsided.
There were cases in which the patients were re-
quired to be hospitalized for the whole treatment
period to enable the use of injectable antibiotics
as no susceptible oral antibiotics were found. Such
cases were more frequent in the recurrent UTI
group, but this increased frequency was not stat-
istically significant. The incidence of ESBL-pro-
ducing organisms in £ coli and K. pneumoniae
was also higher in the recurrent UTI group than
in the first UTI group, but the difference was not
statistically significant. Park et al.?* reported that
although the priorities of the causative organisms
were slightly different in the first UTI and recurrent
UTI groups, the results were not statistically
significant. As a result, they saw that the treatment
for a recurrent UTI can be started with the empirical
antibiotics used for the first UTI, which corre-
sponds to the results of this study.

This study was a retrospective medical record
study conducted in a single institution. There are
several limitations to this study. First, the number
of cases in the recurrent group was smaller than
that of the first group. Also, cases in which the
recurrent patients moved to other regions or visited
other hospitals were not considered in this study.
In addition, the age range of patients is wide and
as urine collection methods were not included in
medical records for all cases, they were excluded
from the analysis. Moreover, when a patient has

clinical symptoms, even though more than 10,000
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CFU/mL of bacteria were cultured in urine culture
test, he or she can be diagnosed with a UTI1; how-
ever, in this study, only the patients with more
than 50,000 CFU/mL of cultured bacteria were di-
agnosed with a UTI, which means that there might
be patients excluded from the selection of subjects.
This was also a limitation of the present study.
However, the significance of this study lies in the
fact that it confirmed the rates of resistant organ-
isms in children with recurrent UTI, obtaining basic
data that can be useful in the selection of appro-
priate drugs as empirical antibiotics. E. coli was
the most common of the causative organisms in
children admitted with a recurrent UTI. There was
no difference in the rates of ESBL-producing or-
ganisms between recurrent UTI patients and first
UTI patients. Therefore, when selecting empirical
antibiotics for children hospitalized due to re-
current UTI, it is considered as appropriate that
the drugs generally target £ coli, which is the most

common causative organism.
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