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Abstract
Background Extended-spectrum-beta-lactamase (ESBL)-producing bacteria are an increasingly important cause of urinary tract
infections (UTIs) worldwide. We evaluated clinical characteristics and associated risk factors of UTIs in young children accord-
ing to ESBL-producing status and relapse rates.
Methods All urinary culture results in patients younger than 2 years old were assessed, and only children with febrile UTIs from
gram-negative bacterial infections were reviewed.
Results Of 845 episodes evaluated, 146 (17.3%) were caused by ESBL-positive bacteria. Significant differences were observed
in previous UTIs, use of antibiotics or history of hospitalization within previous 3 months, and underlying urinary abnormalities
between the ESBL UTI and non-ESBL UTI groups. After 2 weeks of treatment completion, UTI relapse occurred in 2.7% of
children in the ESBL group and 1.1% of children in the non-ESBL group (P = 0.13). In the ESBLUTI group, relapse rate was not
significantly different between patients treated with susceptible antibiotics and those treated with non-susceptible but clinically
effective antibiotics.
Conclusions Previous history of UTI, antibiotic treatment, or hospitalization within previous 3 months and underlying disease are
risk factors for ESBLUTI in children under 24months of age. However, relapse rate was < 3% regardless of in vitro susceptibility
of the treating antibiotics, as long as the antibiotics were clinically effective. We cautiously propose that we may continue the use
of initial empirical antibiotics when a definite clinical response is observed, although further study is necessary to confirm the
findings of this study.
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Introduction

Urinary tract infection (UTI) is the second most common type
of bacterial infection in children, following otitis media [1]; it
is often associated with urinary tract abnormalities. In partic-
ular, pyelonephritis that occurs in children younger than
2 years old (the period of kidney growth) requires prompt
and effective treatment to prevent renal damage [2]. When
UTIs are suspected in infants and young children, empirical
antibiotic therapy is initiated without waiting for urine culture
results. Therefore, physicians must select the appropriate an-
tibiotics considering the antibiotic susceptibility of pathogens
common in their area. The most common urinary tract patho-
gens are Escherichia coli (E. coli) and Klebsiella pneumoniae
(K. pneumoniae). A third-generation cephalosporin is often
selected for initial treatment [2, 3] and is administered either
orally or parenterally according to the patient’s condition.
Other antibiotics including aminoglycosides, broad-spectrum

Hye Sun Hyun and Ji Hye Kim contributed equally to this work.

* Hee Gyung Kang
kanghg@snu.ac.kr

1 Department of Pediatrics, St. Vincent’s Hospital, College of
Medicine, The Catholic University of Korea, Seoul, Republic of
Korea

2 Department of Pediatrics, Seoul National University College of
Medicine, Seoul, Republic of Korea

3 Department of Pediatrics, Seoul National University Children’s
Hospital, 101 Daehak-ro, Jongno-gu, Seoul, Republic of Korea

4 Department of Pediatrics, Kangnam Sacred Heart Hospital, Hallym
University College of Medicine, Seoul, Republic of Korea

https://doi.org/10.1007/s00467-019-04298-4
Pediatric Nephrology (2019) 34:2399–2407

/Published online: 4 July 2019

http://crossmark.crossref.org/dialog/?doi=10.1007/s00467-019-04298-4&domain=pdf
mailto:kanghg@snu.ac.kr


penicillins such as piperacillin-tazobactam or amoxacillin-
c l a v u l a n a t e , c a r b a p e n em , a n d t r im e t h o p r im /
sulfamethoxazole may also be considered [4, 5].

Extended-spectrum beta-lactamase (ESBL), an enzyme that
neutralizes beta-lactam antibiotics, was first isolated from
K. pneumoniae in 1983 [6], and infections caused by pathogens
producing ESBL have increased worldwide [7], including in the
pediatric population with UTIs [3, 6–8]. Risk factors for UTIs
caused by ESBL-producing pathogens (ESBL (+) UTI) include
underlying urinary anomalies such as hydronephrosis,
ureteropelvic junction obstruction, ureterovesical junction ob-
struction, vesicoureteral reflux, neurogenic bladder, and multi-
ple congenital abnormalities, history of hospitalization, past in-
fections, and previous use of antibiotics [8]. ESBL-producing
pathogens tend to show resistance to beta-lactam antibiotics, and
the initial empirical use of beta-lactam antibiotics is regarded as
unlikely to resolve ESBL (+) UTI.

However, laboratory antibiotic susceptibility might differ
from clinical responses to antibiotic treatment, and the emer-
gence of antibiotic resistance from the frequent use of broad-
spectrum antibiotics is a continuing concern. Several ques-
tions thus arise for treating an ESBL-producing pathogen in
a UTI case in which the patient has become afebrile and pyuria
has disappeared with the initial empirical antibiotic treatment.
Should the antibiotic be changed to one reported as sensitive?
Alternatively, should the initial empirical antibiotic be contin-
ued since a definite clinical response is observed? To answer
these questions, the relapse rate in UTIs must be determined
following clinically successful treatments of ESBL (+) UTI
with initial empirical antibiotics.

Although several reports on the use of antibiotics for ESBL
(+) UTI are available [9–12], studies using strict criteria for
diagnosing pediatric UTI are scarce, particularly for follow-up
for ESBL (+) UTI relapse. Therefore, a retrospective review of
our clinical experience was conducted. This study’s aim was
to identify the characteristics and risk factors of ESBL (+)
UTIs and to evaluate their relapse rates.

Methods

This retrospective study included all patients aged 0 to
24 months who were diagnosed with febrile UTIs caused by
gram-negative bacteria in the Seoul National University
Children’s Hospital from January 2010 to December 2016.
This study was approved by the hospital’s institutional review
boards (IRB C-1703-067-839). Febrile UTI was defined as a
triad of symptoms and signs including fever, pyuria, and a
single pathogen titer of more than 50,000 colony-forming
units per milliliter of urine obtained via urinary catheteriza-
tion. Patients were excluded if (a) the patient’s data about
antibiotic use and urine culture were insufficient; (b) the pa-
tient’s fever was caused by another condition, such as

pneumonia, sepsis, or neutropenic fever; or (c) if the patient
received intensive care unit treatment, because care for this
group of patients was beyond the scope of this study.
Relapsing episodes of UTIs were also excluded because the
choices of empirical antibiotics were influenced by the out-
comes of previous episode(s) of UTIs.

Medical records were reviewed to obtain information on
gender, age at onset, time to defervescence, underlying disease,
causative pathogen, antibiotic susceptibility of the pathogen,
antibiotic used, results of urologic images including kidney ul-
trasonography, 99m-Tc dimercaptosuccinic acid (DMSA) renal
scan, and voiding cystourethrography (VCUG), and relapse of
UTIs after completion of treatment. Time to defervescence was
defined as the duration from the time of the first antibiotic ad-
ministration to the time of the beginning of fever resolution.
Fever resolution was considered the maintenance of axillary
body temperature below 38 °C for 24 h. Underlying diseases
were classified into four groups: no underlying disease; urinary
tract abnormalities including hydronephrosis vesicoureteral re-
flux (VUR) and urogenital anomalies; systemic diseases includ-
ing heart diseases, malignancy, andmetabolic diseases; andmis-
cellaneous diseases such as prematurity, epilepsy, and non-
urogenital congenital anomalies. Antibiotic susceptibility and
ESBL production were determined using the disc diffusion test
as recommended in the Clinical and Laboratory Standards
Institute guidelines [13–16]. The following antimicrobial agents
were tested: ampicillin, amoxicillin/clavulanic acid, piperacillin/
tazobactam, cefazolin, cefotaxime, ceftazidime, cefepime,
ertapenem, imipenem, meropenem, amikacin, gentamicin, cip-
rofloxacin, trimethoprim/sulfamethoxazole, nitrofurantoin,
fosfomycin, colistin, and tetracycline. UTI relapse was defined
as UTI caused by the same pathogen (same name and antibiotic
sensitivity) as a previous infection within 2 weeks after the
completion of treatment [17].

Enrolled cases were classified into ESBL and non-ESBL
groups according to ESBL production by the causative path-
ogen of the UTI; the cases were also classified into relapse and
non-relapse groups. Risk factors for infection by ESBL-
producing bacteria and relapse were analyzed via statistical
comparisons between the groups. A chi-square test or
Fischer’s exact test was used for the categorical variables,
and a t test or Mann-Whitney test was used for the continuous
variables. Multivariate analyses were performed using a logis-
tic regression. A P value of less than 0.05 was considered
statistically significant. The statistical analyses were per-
formed using IBM SPSS Statistics version 22.0 (IBM coop-
eration, Armonk, NY).

Results

After applying the exclusion criteria, 845 consecutive ep-
isodes of febrile UTI diagnosed during the study period
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were enrolled. Approximately two thirds of the episodes
(n = 583, 69.0%) occurred in males. Age at UTI diagnosis
was less than 12 months in 91.1% (n = 670) of cases and
less than 6 months in 64.7% (n = 547) of cases. E. coli
was cu l t u r e d i n 753 ep i s o d e s ( 8 9 . 1% ) , a n d
K. pneumoniae (9.2%) and others (Pseudomonas
aeruginosa and Klebsiella oxytoca, 1.6%) were cultured
in the remainder of subjects (Table 1). Follow-up culture
was performed to confirm the disappearance of the bac-
teria in each case.

ESBL group and non-ESBL group

Of the 845 cases of UTI, 146 (17.3%) episodes were caused
by ESBL-producing bacteria. Gender and age did not differ
significantly between children in the ESBL and non-ESBL
groups. Children with ESBL (+) UTIs were more likely to
have a previous history of UTI (22.6% vs. 13.6%, P < 0.01).
A history of hospitalization (48.6% vs. 18.8%, P < 0.01) and
the use of antibiotics (39.0% vs. 18.6%, P < 0.01) within
3 months were also more common in the ESBL group. The

Table 1 Characteristics of Patients with UTI

Factor Total ESBL group Non-ESBL group P value

N (%) N % N %

Number 845 146 17.3 699 82.7
Gender (male) 583 (69.2) 92 63 491 70 0.09
Age
Median (month) 7.2 (0–24) 6.2 (0–24) 0.05
Group 0.14
≤ 3 mo 320 (37.9) 51 34.9 269 38.5
4–12 mo 450 (53.2) 76 52.1 374 53.5
13–24 mo 75 (8.9) 19 13 56 8

Pathogen < 0.01
E. coli 753 (79.1) 117 80.1 636 91
K. pneumoniae 78 (9.2) 27 18.5 51 7.3
Others 14 (1.7) 2 1.41 12 1.7

Pyuria (/HPF) 0.13
> 100 403 (47.7) 63 43.2 340 48.6
50–99 114 (13.5) 19 13 95 13.6
20–49 150 (17.8) 27 18.5 123 17.6
< 20 178 (21) 37 25.3 141 20.2

Previous history
UTI 128 (15.1) 33 22.6 95 13.6 < 0.01
Hospitalization 202 (23.9) 71 48.6 131 18.8 < 0.01
Antibiotics treatment 187 (22.1) 57 39 130 18.6 < 0.01

Underlying diseases
None 556 (65.8) 65 44.5 491 70.2 < 0.01
Urinary tract abnormalitiesa 163 (19.3) 43 29.5 120 17.2 < 0.01
Systemic diseasesb 58 (6.9) 15 10.3 43 6.2 < 0.01
Miscellaneous 68 (8) 23 15.8 45 6.4 < 0.01

Imaging studies
Cortical defect on DMSA (acute phase)c 231/496 (46.6) 39/83 47 192/413 46.5 0.98
Abnormal findings on kidney USGd 179/822 (21.8) 33/140 23.6 146/682 21.4 0.57
VUR on VCUGe 131/328 (39.9) 26/52 50 105/276 38 0.12

Time to defervescence 2.48 2.39 (1–8) days 2.52 (1–20) days 0.34
Initial empirical antibiotics 0.07
Cephalosporin 761 (90) 106 72.6 655 93.7
Broad-spectrum penicillins 55 (6.5) 20 13.7 35 5
Carbapenem 22 (2.6) 17 11.6 5 0.7
Aminoglycosides 6 (0.7) 2 1.4 4 0.6
Sulfamethoxazole-trimethoprim 1 (0.1) 1 0.7 0 0

Intravenous antibiotics 732 (86.6) 127 87.6 605 86.4 0.79
Empirical antibiotics 146 (17.2) 109 74.7 37 5.3 < 0.01
Non-susceptibility switching to susceptible antibiotics 60 (41) 49 33.6 11 1.6 < 0.01
Relapse 12 (1.4) 4 2.7 8 1.1 0.13
Cortical defect on DMSA, follow-up 17/21 (81) 9/10 90 8/11 72.7 0.59

DMSA dimercaptosuccinic acid renal scan, USG ultrasonography, VUR vesicourinary reflux, VCUG voiding cystourethrogram
aUrinary tract abnormalities included hydronephrosis, vesicourethral reflux, and other urinary tract abnormalities
b Systemic diseases included heart disease, malignancy, and metabolic disease
c DMSA scans were performed in 496 cases (83 in the ESBL group and 413 in the non-ESBL group)
d Kidney sonography was performed in 822 cases (140 in the ESBL group and 682 in the non-ESBL group). Abnormalities on USG included
hydronephrosis and anatomical anomalies
e VCUG was performed in 328 cases (52 in the ESBL group and 276 in the non-ESBL group)
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proportion of subjects with “no underlying disease” was sig-
nificantly higher in the non-ESBL group (70.2% vs. 44.5%,
P < 0.01), whereas other underlying diseases were more com-
mon in the ESBL group (Table 1). None of the included pa-
tients had undergone organ transplantation, urinary catheteri-
zation, or had kidney stones. Although E. coli was the most
common pathogen followed by K. pneumonia in both groups,
K. pneumoniae was more common in the ESBL group
(P < 0.01). The degree of pyuria, abnormal findings on imag-
ing (ultrasonography, DMSA, and VCUG), and time to defer-
vescence were similar in both groups (Table 1). A multivariate
analysis was used to identify risk factors for UTI from ESBL
(+) pathogens with factors including the history of UTI, the
history of antibiotic treatment or hospitalization in the previ-
ous 3 months, and underlying disease. A history of antibiotic
treatment in the previous 3 months (HR 2.9; 95% CI 1.9–4.5,
P< 0.01) and urinary tract abnormalities (HR 1.6; 95% CI
1.0–2.7, P = 0.04) were independent risk factors for develop-
ing an ESBL (+) UTI.

Relapse occurred in four cases in the ESBL group (2.7%)
and in eight cases (1.1%) in the non-ESBL group. This differ-
ence was not statistically significant.

Antibiotic therapy

As shown in Table 1, third-generation cephalosporins were
most commonly administered as the initial empirical antibiotic
in both groups (90%), followed by piperacillin-tazobactam, a
broad-spectrum penicillin (6.5%). The susceptibility rates
were 25.3% in the ESBL group and 94.7% in the non-ESBL
group; in other words, 109 ESBL (+) UTI cases and 37 non-
ESBL UTI cases received non-susceptible initial therapy. The
antibiotics were changed to a presumablymore effective agent
in 33.6% (n = 49) of the ESBL group and 1.6% (n = 11) of
ESBL group cases (P < 0.01). Among the patients with ESBL
(+) UTI who received non-susceptible therapy, approximately
11% (n = 12) were switched to a different antibiotic due to
persistent fever (fever > 48 h after starting initial antibiotics)
before the susceptibility results were reported. Patients with
persistent fever did not differ from the rest of the patients in
their clinical characteristics (including the proportion of ESBL
(+) UTI) except that a cortical defect on the acute-phase
DMSA was found more commonly (56.4% (n = 146) vs
35.9% (n = 85), P < 0.01).

In the ESBL (+) UTI group, the relapse rate did not differ
statistically between the patients who were treated with sus-
ceptible antibiotics (2.3%) and those who were treated with
non-susceptible but clinically effective antibiotics (3.3%).
Scar formation rates on the follow-up DMSA were also not
statistically different (P = 0.74) between patients who were
treated with susceptible antibiotics (14 of 17 tested, 82.4%)
and those who were treated with non-susceptible antibiotics
(3/4 tested, 75%).

UTI relapse

A relapse of UTI by the same pathogen within 2 weeks after
treatment occurred in a total of 12 patients (Table 2). When
compared to patients without relapse, a history of UTI, hospi-
talization, and the previous use of antibiotics were more com-
mon in the relapse group, as was VUR, urinary abnormalities,
and cortical defect on the acute-phase DMSA. Conversely,
there were no statistically significant differences in time to
defervescence, ESBL positivity, or antibiotic non-
susceptibility between the relapse and non-relapse groups
(Table 3). Notably, antibiotic non-susceptibility was more
common in the relapse group. In the multivariate analysis, a
history of hospitalization (HR 4.0; 95%CI 1.2–12.9, P = 0.02)
and cortical defect on acute-phase DMSA (HR 8.6; 95% CI
1.1–70.3, P = 0.04) were independent risk factors for UTI
relapse.

Discussion

With the increase of ESBL-producing microorganisms, ESBL
(+) UTI has become increasingly common worldwide [4–8,
16]. In this study, approximately 17% of UTIs in children
under 24 months old were caused by an ESBL (+) pathogen,
a finding consistent with reports of ESBL (+) UTI accounting
for 10–40% of all UTIs in children [18, 19]. Although many
studies have examined ESBL (+) UTIs in pediatric popula-
tions [5, 8, 11], studies that focus on the relationship between
antibiotic treatment and relapse in young children (age < 2) are
difficult to find.

In this retrospective study, independent risk factors for
young children for developing ESBL (+) UTI include the
use of antibiotics in the previous 3 months and urinary tract
abnormalities. This finding is consistent with previous studies
[8, 11, 12]. Although younger age had been reported as a risk
factor for ESBL (+) UTI previously [19], age did not differ
between the ESBL and non-ESBL groups in this study, in
which approximately 80% of UTI patients were less than
1 year old. Interestingly, VUR was not more common among
subjects in the ESBL group, although urinary abnormalities
were a risk factor for ESBL (+) UTI infection. Since only
some patients were examined with the VCUG study results
(n = 328, 38.7%), the presence of VUR might have been
missed in some fraction of patients. Still, the rates of abnormal
findings in imaging studies using ultrasonography and DMSA
also did not differ between the groups, indicating that ESBL
(+) UTI was not more damaging than non-ESBL UTI.
Similarly, relapse after ESBL (+) UTI occurred in less than
3% of cases, which was not statistically different from relapse
after non-ESBL UTI (1.1%). However, the number of relapse
cases caused by the same pathogen within 2 weeks of treat-
ment completion was too small to draw any definitive
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conclusions. A larger, prospective study would be required to
verify this finding.

In our community, third-generation cephalosporins (cefo-
taxime), amoxicillin-clavulanate, or ampicillin-sulbactam is
commonly used as empirical antibiotics for UTIs [20]. We
found that the ESBL-producing pathogens in this study were
all resistant to cefotaxime and 40% were resistant to
amoxicillin/clavulanic acid (data not shown). Other studies
have reported resistance rates of up to 57% for amoxicillin
and 100% for cefotaxime [21–23]. Considering antibiotic sus-
ceptibility reports, the initial empirical antibiotics were not
appropriate in approximately 17% of total UTI episodes, cor-
responding to 74.7% (n = 109) and 5.3% (n = 37) of cases in
the ESBL and non-ESBL groups, respectively. Although 11%
(n = 12) of ESBL (+) UTI cases that were treated with non-
susceptible antibiotics did not show clinical improvement
with initial treatment and their antibiotics were changed before

obtaining an antibiotics susceptibility test, 41% (n = 60) of
ESBL (+) UTIs under non-susceptible antibiotics continued
to be treated with the initial empirical antibiotics, which in-
duced clinically responsive results, regardless of the laborato-
ry susceptibility results. Furthermore, the relapse rate of ESBL
(+) UTI did not differ between patients who were treated with
susceptible antibiotics and patients who were treated with
non-susceptible but clinically effective antibiotics (Fig. 1).

The discrepancy between the antibiotic susceptibility test
results and clinical responses in UTI treatment might be due to
the high concentration of antibiotics in the renal tubules and to
the clearance of pathogens from the urinary tract by urinary
flow [24, 25]. Previous studies have also shown that ESBL-
producing organisms can be successfully treated with cepha-
losporins, regardless of in vitro susceptibility testing results
[26–28]. The present study population was mainly treated
with third-generation cephalosporins or piperacillin-

Table 3 Comparison of patients with relapse and those without documented relapse

Factor Total Relapse group Non-relapse group P value

N (%) N % N %

Number 845 12 1.4 833 98.6
ESBL (+) UTI 146 (17.2) 4 33.3 142 17 0.14
Gender (male) 583 (69.2) 7 576 0.53
Age
Median (months) 6.0 (2–13) 6.4 (0–24) 0.81

Pathogen 0.25
E. coli 753 (79.1) 9 75 744 89.3
K. pneumoniae 78 (9.2) 3 3.8 75 9
Others 14 (1.7) 0 0 14 1.7

Pyuria, > 100/HPF 403 (47.7) 7 58.3 396 47.5 0.29
Previous history
UTI 128 (15.1) 5 41.7 123 14.8 0.02
Hospitalization 202 (23.9) 7 58.3 195 23.4 0.03
Antibiotics treatment 187 (22.1) 8 66.7 179 21.5 < 0.01

Underlying diseases
Urinary tract abnormalities 163 (19.3) 6 50 157 18.8 0.01

Imaging studies
Cortical defect on DMSA (acute phase)a 231/496 (46.6) 8/9 88.9 223/487 45.8 0.01
Abnormal findings on kidney USGb 179/822 (21.8) 3/12 25 176/810 21.7 0.62
VUR on VCUGc 131/328 (39.9) 4/9 44.4 127/319 39.8 0.01

Time to defervescence 2.48 2.83 (1~8) days 2.49 (1~20) days 0.40
Parenteral empirical ABx 732 (86.6) 12 100 720 86.4 0.39
Initial empirical antibiotics 0.16
Cephalosporin 761 (90) 10 96.4 751 98.7
Broad-spectrum penicillins 55 (6.5) 2 3.6 53 1.3
Carbapenem 22 (2.6) 0 0 22 2.6
Aminoglycosides 6 (0.7) 0 0 6 5.9
Sulfamethoxazole-trimethoprim 1 (0.1) 0 0 1 0.1

Final empirical antibiotics 0.3
Cephalosporin 717 (84.9) 9 66.7 708 85
Broad-spectrum penicillins 51 (6.0) 2 16.7 49 5.9
Carbapenem 21 (2.5) 1 8.3 20 2.4
Aminoglycosides 53 (6.3) 0 0 53 6.4
Sulfamethoxazole-trimethoprim 3 (0.4) 0 0 3 1.4

Empirical antibiotics 146 (17.2) 4 2.7 142 97.3 0.14
Non-susceptibility switching to susceptible antibiotics 60 (41) 2 16.7 58 7 0.2
Cortical defect on DMSA, follow-up 21 2/2 100 15/19 78.9 1.0

DMSA dimercaptosuccinic acid renal scan, ABx antibiotics, UTI urinary tract infection
a DMSA scans were performed in 496 cases (9 in the relapse group and 487 in the non-relapse group)
b Kidney sonography was performed in 822 cases (12 in the relapse group and 810 in the non-relapse group)
c VCUG was performed in 328 cases (9 in the relapse group and 276 in the non-relapse group)
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tazobactam and, regardless of the in vitro susceptibility test
results, the relapse rate was less than 3%. These results again
suggest that the continuation of initial empirical antibiotics is
appropriate as long as a definite clinical response is obtained.

Nonetheless, choosing an initial empirical antibiotic re-
quires careful consideration of risk factors for ESBL (+) UTI
since a significant portion of ESBL (+) UTI cases did not
show a clinical response to empirical antibiotics. Moreover,
suppressing the emergence of additional ESBL-producing
pathogens is critical; Lee et al. suggests that using
piperacillin-tazobactam instead of extended-spectrum cepha-
losporins would reduce the prevalence of ESBL-producing
strains ofK. pneumoniae and E. coli [29]. Several studies have
suggested that piperacillin-tazobactam therapy was not inferi-
or to carbapenems in patients with ESBL (+) UTIs [30, 31].
Therefore, we suggest using piperacillin-tazobactam or other
antibiotics targeting ESBL-producing organisms as the initial
empirical antibiotics for young children with UTI if the pa-
tients have risk factors of ESBL (+) UTI, such as a history of
UTI, use of antibiotics, previous hospitalization, and underly-
ing urinary abnormalities. Furthermore, patients with persis-
tent fever (> 48 h) had a higher rate of cortical defects on
acute-phase DMSA than the other patients; therefore, if pa-
tients do not show clinical improvement within 48 h, a change
in their empirical antibiotics should be considered. Further,
prospective studies are necessary regarding appropriate em-
pirical antibiotics for UTIs in young children.

Although the relapse rate was low in this study, cortical
defects on DMSA were more common in relapsing patients
and were found to be an independent risk factor for UTI re-
lapse according to the multivariate analysis, along with a

previous history of hospitalization. Conversely, VUR lost its
significance as a risk factor of UTI relapse in the multivariate
analysis. Several studies have reported that VUR was associ-
ated with recurrent UTI [32, 33]; however, these studies did
not specifically analyze relapse cases by the same pathogens.
Therefore, it does not seem appropriate to compare these pre-
vious studies to our study assessing UTI relapse. Not all pa-
tients in our study underwent DMSA or VCUG assessment,
and there were not enough relapse cases to perform a robust
statistical analysis; therefore, it is beyond the scope our study
to discuss whether the findings of imaging studies were sig-
nificant risk factors of UTI relapse. Nonetheless, ESBL posi-
tivity itself was not a risk factor of relapse, nor was non-
susceptibility of the initial empirical antibiotics, even in the
univariate analysis. Therefore, we may conclude that our data
does not support the notion that wemust change antibiotics for
ESBL (+) UTI according to the in vitro susceptibility of anti-
biotics as long as a definite clinical response is observed with
the initial empirical antibiotics.

There are several limitations of this study. First, this is a
retrospective observational study of a single center. Therefore,
it is possible that the patients who relapsed may have been
treated at other hospitals, although all the patients were
instructed to return to our center if they experienced a UTI
relapse. In addition, there were too few relapse cases to ro-
bustly analyze the risk factors. Moreover, the choice of initial
empirical antibiotics was not uniform, which might have in-
fluenced the clinical outcomes. In addition, DMSA or VCUG
results were not available for all patients, which might have
affected the findings. Too few patients received follow-up
DMSA evaluations to draw any meaningful conclusion.

UTI: Urinary tract infection, Abx: Antibiotics
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Non-ESBL 

n=699
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n=86 (58.9%)
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n=60 (41.1%)

Susceptible ABx 

n=673 (96.3%)
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urinary tract infection, Abx
antibiotics
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Finally, in recent years, AmpC β-lactamase-producing bacte-
ria has emerged worldwide to cause resistance to penicillins
and most cephalosporins, and ESBL and AmpC β-lactamase
co-producing bacteria are increasing [34, 35]. Therefore, Amp
C resistance might have influenced this study, but we do not
have information on AmpC β-lactamase in this study.
Nonetheless, a large sample size of young children and a strict
definition of UTI using urine collection by catheterization are
strengths of the study.

Conclusions

In this study, 17% of UTIs in children younger than 24months
were caused by ESBL-producing pathogens. Previous history
of UTI, the use of antibiotics, history of hospitalization, and
urinary tract abnormalities were independent risk factors for
the development of ESBL (+) UTIs. A total of 8% of ESBL
(+) UTI cases did not respond to initial empirical antibiotics,
necessitating the change of antibiotics. However, the relapse
rate was less than 3% regardless of the in vitro susceptibility of
the treating antibiotics, as long as they were clinically effec-
tive. We cautiously propose that we may continue use of the
initial empirical antibiotics when a definite clinical response is
observed, although further study is necessary to confirm the
findings of this study.

Compliance with ethical standards This studywas approved
by the hospital’s institutional review boards (IRB C-1703-067-839).

Conflict of interest The authors declare that they have no conflict of
interest.

References

1. Becknell B, Schober M, Korbel L, Spencer JD (2015) The diagno-
sis, evaluation and treatment of acute and recurrent pediatric urinary
tract infections. Expert Rev Anti-Infect Ther 13:81–90

2. Nickavar A, Sotoudeh K (2011) Treatment and prophylaxis in pe-
diatric urinary tract infection. Int J Prev Med 2:4

3. Fan N-C, Chen H-H, Chen C-L, Ou L-S, Lin T-Y, Tsai M-H, Chiu
C-H (2014) Rise of community-onset urinary tract infection caused
by extended-spectrum β-lactamase-producing Escherichia coli in
children. J Microbiol Immunol Infect 47:399–405

4. Knothe H, Shah P, Krcmery V, Antal M, Mitsuhashi S (1983)
Transferable resistance to cefotaxime, cefoxitin, cefamandole and
cefuroxime in clinical isolates of Klebsiella pneumoniae and
Serratia marcescens. Infection 11:315–317

5. Chong Y, Ito Y, Kamimura T (2011) Genetic evolution and clinical
impact in extended-spectrum β-lactamase-producing Escherichia
coli and Klebsiella pneumoniae. Infect Genet Evol 11:1499–1504

6. Flokas ME, Detsis M, Alevizakos M, Mylonakis E (2016)
Prevalence of ESBL-producing Enterobacteriaceae in paediatric
urinary tract infections: a systematic review and meta-analysis. J
Inf Secur 73:547–557

7. Chen P-C, Chang L-Y, LuC-Y, Shao P-L, Tsai I-J, Tsau Y-K, Lee P-
I, Chen J-M, Hsueh P-R, Huang L-M (2014) Drug susceptibility
and treatment response of common urinary tract infection patho-
gens in children. J Microbiol Immunol Infect 47:478–483

8. Topaloglu R, Er I, Dogan BG, Bilginer Y, Ozaltin F, Besbas N,
Ozen S, Bakkaloglu A, Gur D (2010) Risk factors in community-
acquired urinary tract infections caused by ESBL-producing bacte-
ria in children. Pediatr Nephrol 25:919–925

9. Han SB, Lee SC, Lee SY, Jeong DC, Kang JH (2015)
Aminoglycoside therapy for childhood urinary tract infection due
to extended-spectrum β-lactamase-producing Escherichia coli or
Klebsiella pneumoniae. BMC Infect Dis 15:414

10. Lee B, Kang SY, Kang HM, Yang NR, Kang HG, Ha IS, Cheong
HI, Lee HJ, Choi EH (2013) Outcome of antimicrobial therapy of
pediatric urinary tract infections caused by extended-spectrum β-
lactamase-producing Enterobacteriaceae. Infect Chemother 45:
415–421

11. Madhi F, Jung C, Timsit S, Levy C, Biscardi S, Lorrot M, Grimprel
E, Hees L, Craiu I, Galerne A (2018) Febrile urinary-tract infection
due to extended-spectrum beta-lactamase–producing
Enterobacteriaceae in children: a French prospective multicenter
study. PLoS One 13:e0190910

12. Uyar Aksu N, Ekinci Z, Dündar D, Baydemir C (2017) Childhood
urinary tract infection caused by extended-spectrum β-lactamase-
producing bacteria: risk factors and empiric therapy. Pediatr Int 59:
176–180

13. Jarlier V, Nicolas M-H, Fournier G, Philippon A (1988) Extended
broad-spectrum β-lactamases conferring transferable resistance to
newer β-lactam agents in Enterobacteriaceae: hospital prevalence
and susceptibility patterns. Clin Infect Dis 10:867–878

14. Thomson KS, Sanders CC (1992) Detection of extended-spectrum
beta-lactamases in members of the family Enterobacteriaceae: com-
parison of the double-disk and three-dimensional tests. Antimicrob
Agents Chemother 36:1877–1882

15. Jean B (2016) Clinical and laboratory standard institute.
Performance standards for antimicrobial susceptibility testing.
Wayne, Pennsylvania

16. Calbo E, Romaní V, XercavinsM, Gómez L, Vidal CG, Quintana S,
Vila J, Garau J (2006) Risk factors for community-onset urinary
tract infections due to Escherichia coli harbouring extended-
spectrum β-lactamases. J Antimicrob Chemother 57:780–783

17. Turck M, Ronald AR, Petersdorf RG (1968) Relapse and reinfec-
tion in chronic bacteriuria: the correlation between site of infection
and pattern of recurrence in chronic bacteriuria. N Engl J Med 278:
422–427

18. Park SY, Kim JH (2017) Clinical significance of extended-spectrum
β-lactamase-producing bacteria in first pediatric febrile urinary tract
infections and differences between age groups. Childhood Kidney
Diseases 21:128–135

19. Kizilca O, Siraneci R, Yilmaz A, Hatipoglu N, Ozturk E, Kiyak A,
Ozkok D (2012) Risk factors for community-acquired urinary tract
infection caused by ESBL-producing bacteria in children. Pediatr
Int 54:858–862

20. Lee SJ (2015) Clinical guideline for childhood urinary tract infec-
tion (second revision). Childhood Kidney Dis 19:56–64

21. Bryce A, Hay AD, Lane IF, Thornton HV, Wootton M, Costelloe C
(2016) Global prevalence of antibiotic resistance in paediatric uri-
nary tract infections caused by Escherichia coli and associationwith
routine use of antibiotics in primary care: systematic review and
meta-analysis. BMJ 352:i939

22. Ismaili K, Wissing KM, Lolin K, Le PQ, Christophe C, Lepage P,
Hall M (2011) Characteristics of first urinary tract infection with
fever in children: a prospective clinical and imaging study. Pediatr
Infect Dis J 30:371–374

23. Seo EY, Cho SM, LeeDS, Choi SM, KimDK (2017) Clinical study
of prevalence of antibiotic resistance of Escherichia coli in urinary

Pediatr Nephrol (2019) 34:2399–24072406



tract infection in children: a 9-year retrospective, single center ex-
perience. Childhood Kidney Dis 21:121–127

24. Frimodt-Møller N (2002) Correlation between pharmacokinetic/
pharmacodynamic parameters and efficacy for antibiotics in the
treatment of urinary tract infection. Int J Antimicrob Agents 19:
546–553

25. Asakura T, Ikeda M, Nakamura A, Kodera S (2014) Efficacy of
empirical therapy with non-carbapenems for urinary tract infections
wi th ex t ended - spec t rum be ta - l a c t amase -p roduc ing
Enterobacteriaceae. Int J Infect Dis 29:91–95

26. Brun-Buisson C, Philippon A, Ansquer M, Legrand P, Montravers
F, Duval J (1987) Transferable enzymatic resistance to third-
generation cephalosporins during nosocomial outbreak of
multiresistant Klebsiella pneumoniae. Lancet 330:302–306

27. Emery CL, Weymouth LA (1997) Detection and clinical signifi-
cance of extended-spectrum beta-lactamases in a tertiary-care med-
ical center. J Clin Microbiol 35:2061–2067

28. Meyer KS, Urban C, Eagan JA, Berger BJ, Rahal JJ (1993)
Nosocomial outbreak of Klebsiella infection resistant to late-
generation cephalosporins. Ann Intern Med 119:353–358

29. Lee J, Pai H, KimYK, KimNH, Eun BW, Kang HJ, Park KH, Choi
EH, Shin HY, Kim EC (2007) Control of extended-spectrum β-
lactamase-producing Escherichia coli and Klebsiella pneumoniae
in a children’s hospital by changing antimicrobial agent usage pol-
icy. J Antimicrob Chemother 60:629–637

30. Yoon YK, Kim JH, Sohn JW, Yang KS, Kim MJ (2017) Role of
piperacillin/tazobactam as a carbapenem-sparing antibiotic for
treatment of acute pyelonephritis due to extended-spectrum β-
lactamase-producing Escherichia coli. Int J Antimicrob Agents
49:410–415

31. Seo YB, Lee J, Kim YK, Lee SS, Lee J-A, Kim HY, Uh Y, Kim H-
S, Song W (2017) Randomized controlled trial of piperacillin-taz-
obactam, cefepime and ertapenem for the treatment of urinary tract
infection caused by extended-spectrum beta-lactamase-producing
Escherichia coli. BMC Infect Dis 17:404

32. Keren R, Shaikh N, Pohl H, Gravens-Mueller L, Ivanova A,
Zaoutis L, Patel M, Parker A, Bhatnagar S, Haralam MA (2015)
Risk factors for recurrent urinary tract infection and renal scarring.
Pediatrics 136:e13–e21

33. Dias CS, Silva JMP, Diniz JSS, Lima EM, Marciano RC, Lana LG,
Trivelato ALL, Lima MS, e Silva ACS, Oliveira EA (2010) Risk
factors for recurrent urinary tract infections in a cohort of patients
with primary vesicoureteral reflux. Pediatr Infect Dis J 29:139–144

34. Song W, Kim JS, Kim HS, Yong D, Jeong SH, Park MJ, Lee KM
(2006) Increasing trend in the prevalence of plasmid-mediated
AmpC beta-lactamases in Enterobacteriaceae lacking chromosomal
ampC gene at a Korean university hospital from 2002 to 2004.
Diagn Microbiol Infect Dis 55:219–224

35. Lee CH, Lee YT, Kung CH, Ku WW, Kuo SC, Chen TL, Fung CP
(2015) Risk factors of community-onset urinary tract infections
caused by plasmid-mediated AmpC beta-lactamase-producing
Enterobacteriaceae. J Microbiol Immunol Infect 48:269–275

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Pediatr Nephrol (2019) 34:2399–2407 2407


	Low relapse rate of urinary tract infections from extended-spectrum beta-lactamase-producing bacteria in young children
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methods
	Results
	ESBL group and non-ESBL group
	Antibiotic therapy
	UTI relapse

	Discussion
	Conclusions
	References




