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Background: The purpose of this study was to compare the outcome of carbapenem versus non-carbapenem antimicrobial therapy
for pediatric urinary tract infections (UTls) caused by extended-spectrum f-lactamase (ESBL) producing Enterobacteriaceae.

Materials and Methods: From 2006 to 2011, 42 episodes of UTI caused by ESBL-producing Enterobacteriaceae were diagnosed at
Seoul National University Children’s Hospital. Patients were grouped according to the antimicrobials they received into a carbap-
enem group and a non-carbapenem group. Medical records were retrospectively reviewed to assess treatment outcome, time to de-
fervescence after initiation of treatment, and relapse rate.

Results: There were 36 children with 42 episodes of UTI caused by ESBL-producing Enterobacteriaceae. Twenty-seven cases (64%)
had an underlying urologic disease, 28 (67%) cases were caused by Escherichia coli, and 14 (33%) cases were caused by Klebsiella
pneumoniae. Four (10%) cases were treated with carbapenem, 23 cases (55%) were treated with non-carbapenem, and 15 (36%)
cases were treated by switching from a carbapenem to a non-carbapenem and vice versa. There was no treatment failure at the time
of antimicrobial discontinuation. Between the carbapenem and the non-carbapenem treatment groups, there were no significant dif-
ferences in bacterial etiology (P=0.59), time to defervescence after the initiation of antimicrobials (P=0.28), and relapse rate (P=0.50).
In vitro susceptibility to non-carbapenem antimicrobials did not affect the time to defervescence after the initiation of antimicrobial
treatment, and the relapse rate in the non-carbapenem group.

Conclusions: This study found no significant difference in the treatment outcome between pediatric patients treated with car-
bapenem and those treated with non-carbapenem antimicrobials for UTI caused by ESBL-producing Enterobacteriaceae. There-
fore, the initially administered non-carbapenem can be maintained in UTI patients showing clinical improvement.
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Introduction

The most common causes of pediatric urinary tract infections
are Enterobacteriaceae such as Escherichia coli and Klebsiella
pneumoniae [1]. In general, broad-spectrum cephalosporin an-
timicrobials are administered empirically. However, with the
increased use of antimicrobials, resistant strains are emerging.
In 1983, extended-spectrum f-lactamases (ESBL) producing K.
pneumoniae was first described [2], and subsequently in 1987,
ESBL-producing E. coli was reported [3]. Since then, ESBL-pro-
ducing bacteria have been increasing worldwide [4, 5].

ESBL are plasmid-mediated enzymes that show resistance
to broad-spectrum cephalosporins and monobactams includ-
ing the newer B-lactam antimicrobials [6]. Currently, the treat-
ment of choice against these resistant strains is carbapenem,
and it is thought that there is no alternative treatment. How-
ever, clinically, there have been reports of successfully treated
UTI caused by ESBL-producing bacteria with a non-carbape-
nem [7, 8]. A recent study showed that cephamycins are stable
against the hydrolytic activity of ESBL by comparing the treat-
ment outcome of UTI caused by ESBL-producing bacteria in
cefmetazole treated patients and carbapenem treated pa-
tients. The results showed no significant difference in the
treatment outcome [9)].

So far, many studies have assessed the risk factors of UTI
caused by ESBL-producing Enterobacteriaceae [10-14], but
only a few studies have compared the treatment outcome of
patients administered with a carbapenem versus a non-carbap-
enem [15]. Even fewer studies have analyzed the relapse rate,
especially in pediatric patients. Recently, the increase in the
emergence of carbapenem resistant bacteria has brought an
awareness of the need to minimize the use of carbapenem [16].
Therefore, the aim of this study was to compare the treatment
outcome and relapse rate in pediatric patients treated with a
carbapenem and those treated with a non-carbapenem for
UTI caused by ESBL-producing Enterobacteriaceae.

Materials and Methods

1. The study setting
This study was carried out at a tertiary university children’s
hospital (Seoul National University Children’s Hospital) with
350 beds. The subjects in this study were pediatric patients diag-
nosed with UTI caused by ESBL-producing Enterobacteriaceae
during a six-year period, from January 2006 to December 2011.
A retrospective analysis of the electronic medical record

(EMR) was carried out to obtain information on the subject’s
gender, age, underlying urologic disease, prior antimicrobials
use, history of urinary tract infection, type of antimicrobials,
time to defervescence after the start of antimicrobials, urine
culture and pyuria negative conversion, and relapse after ini-
tial treatment success.

If carbapenem was the only antimicrobial administered dur-
ing each episode of UTI, patients were considered to have re-
ceived carbapenem, and if non-carbapenem was the only an-
timicrobial administered, patients were considered to have
received non-carbapenem. If the antimicrobials administered
were switched from carbapenem to non-carbapenem and
vice versa during one episode of UTI, patients were consid-
ered to have received switch therapy; dividing the patients
into three treatment groups.

Additionally, risk factors for UTI caused by ESBL-producing
Enterobacteriaceae, proposed by prior studies, such as prior
antimicrobials use, history of admission, etc., were compared
in each treatment group.

Patients were included in this study if (1) the child was < 18
years old, (2) the axillary body temperature measured in-hos-
pital was > 38°C, (2) colony-counts of bacteria in the urine
culture was greater than 10°/mL, and (4) pyuria was greater
than 10 white blood cells (WBCs) per high power field (HPF).
Patients fulfilling all four of these criteria were regarded to
have urinary tract infection. Immunocompromised patients
and patients who had other symptoms of co-infection that
could explain fever were excluded.

Time to defervescence was defined as the time from the
start of antimicrobials until the axillary body temperature fell
below 38°C and remained below 38°C. Treatment success was
defined at the end of the antimicrobial treatment when all
three of the following criteria were satisfied: (1) resolution of
fever, (2) negative urine culture, and (3) clearance of pyuria.

Sepsis was defined as the isolation of the same microorgan-
ism from blood and uribe. Relapse was defined as the same ES-
BL-producing bacteria were cultured upon recurred cases.
Patients diagnosed with congenital immune deficiency, pa-
tients receiving immunosuppressants such as chemotherapy
or steroids, and those with neutropenia (absolute neutrophil
count < 1000/mm®) were considered immunocompromised.
A patient was considered to have vesicoureteral reflux when
reflux was confirmed through voiding cystourethrography.

Urine sample collection was obtained through urinary cath-
eterization, suprapubic puncture, and clean catch method.
This study was accredited by the Board of Ethics at Seoul Na-
tional University Hospital (IRB 1209-078-427).
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2. Antimicrobial susceptibility tests

The antimicrobial susceptibility testing was performed by
the disc diffusion test as recommended by the Clinical and
Laboratory Standards Institute (CLSI) guidelines [17]. The fol-
lowing antimicrobial agents were tested: amikacin, aztreo-
nam, cefepime, cefotaxime, cefotetan, ceftazidime, cefurox-
ime, cephalothin, ciprofloxacin, gentamicin, imipenem,

piperacillin-tazobactam, and tobramycin.

3. Screening and confirmatory tests for ESBL-
producing strains
ESBL production confirmatory tests with ceftazidime and
cefotaxime were performed by the double-disc synergy test,
according to CLSI guidelines [17]. A minimum of 5-mm in-
crease in the zone of diameter of third generation cephalospo-
rins, tested in combination with clavulanic acid versus its

Table 1. Characteristics of the patients

|
No. of cases (%)

Age (months), median (IQR) 8.4 (39.5)
Age under 24 months 28(67)
Sex (M:F) 24:18
Underlying urologic disease 27 (64)
Vesicoureteral reflux 11 (34)
Hydronephrosis 7(22)
Neurogenic bladder 5(16)
Congenital anomaly 9(28)
Urine collection method
All
Urinary catheterization 12 (29)
Clean catch method 30(71)
Age under 24 months
Urinary catheterization 8(29)
Clean catch method 20 (71)
Pyuria (WBC/HPF)
10-19 7(17)
20-29 3(7)
30-49 5(12)
50-99 11(26)
>100 16 (38)
Microorganisms, identified
E. coli 28 (67)
K. pneumoniae 14 (33)
Bacteremia 2(5)

IQR, interquartile range; HPF, high power field; £ coli, Escherichia coli, K. pneu-
moniae, Klebsiella pneumoniae.

zone when tested alone was accepted as an indication of ESBL
production 18, 19].

4. Statistical analysis

Continuous data were presented as mean [standard devia-
tion (SD)] if data were determined to be normally distributed
or median [interquartile range (IQR)] for nonparametric data.

The Chi-square test or Fisher’s exact test was used to com-
pare categorical variables and the Mann-Whitney U test or
Kruskal-Wallis test was used to assess differences in continu-
ous variables. All P-values were two-tailed and P-values of less
than 0.05 were considered statistically significant. SPSS (ver-
sion 19) software was used for analysis.

Results

1. Characteristics of the patients

During the study period, ESBL-producing Enterobacteriace-
ae were cultured from 1,193 urine samples, and of these, 42
episodes in 36 patients without any underlying disease or co-
infection to explain fever fit the criteria of UTL. The median
age of the patients during the febrile period was 8.4 (39.5)
months and 24 male patients (57%) were included in the
study. In 27 (64%) cases, 32 different underlying diseases were
found, the most common being vesicoureteral reflux (11 cas-
es), hydronephrosis (7 cases), and neurogenic bladder (5 cas-
es). Other underlying diseases included 9 cases of congenital
anomaly such as cloacal anomaly. There were 7 cases (17%) of
pyuria with WBC 10-19/HPFE, 3 cases (7%) with WBC 20-29/
HPE 5 cases (12%) with WBC 30-49/HPE 11 cases (26%) with
WBC 50-99/HPF, 16 cases (38%) with WBC > 100/HPFE, and
64% of the cases had pyuria with a WBC count > 50/HPE. A to-
tal of 28 cases (67%) were culture positive for E. coli, and in 14
cases (33%) K. pneumoniae was cultured. There were two
cases (5%) of UTT accompanied by bacteremia (Table 1).

The following carbapenems were administered: Imipenem
in 11 cases (13%), meropenem in 6 cases (7%), and ertapenem
in 3 cases (4%). The non-carbapenems used were as follows:
cefotaxime in 28 cases (33%), piperacillin-tazobactam in 20
cases (24%), and amikacin in 7 cases (8%).

Four cases (10%) were treated with carbapenem, 23 cases
(55%) were treated with non-carbapenem, and 15 cases were
treated by switching from one antimicrobial to another. The
patients in each treatment group were compared for age (P =
0.52), gender (P = 0.51), underlying urologic disease (P=0.68),
a history of UTI within 1 year (P = 0.10), a history of hospital
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Table 2. Comparison of clinical characteristics among treatment groups

No. of cases (%)

Carbapenem Non-carbapenem Switching P-value
(N=4) (N=23) (N=15)

Age (months), median (IQR) 37.5 (81.7) 8.8 (33.8) 5.8 (16.9) 0.52
Sex (M:F) 15:8 7:8 0.51
Underlying urologic disease 3(75) 14 (61) 11 (73) 0.68
UTI within previous 1 year 2 (50) 3(13) 6 (40) 0.10
Hospitalization within previous 6 months 2(50) 15 (65) 13 (87) 0.22
Use of any antimicrobials within previous 6 months 3(75) 9(39) 10 (67) 0.43
Method of urine collection

Urinary catheterization 1(25) 6(26) 5(33) 0.36

Clean catch method 3(75) 17 (74) 10 (67)
Pyuria (/HPF)

10-19 1(25) 3(13) 3(20) 0.81

20-29 0(0) 1(4) 2(13)

30-49 1(25) 3(13) 1(7)

50-99 1(25) 5(22) 5(33)

>100 1(25) 11 (48) 4(27)
WBC (10,000/mm’, blood), median (IQR) 15.0 (3.2) 15.0 (8.7) 19.0 (6.8) 0.27
CRP (mg/dL), median (IQR) 7.5 (4.9) 4.0(9.2) 3.7 (10.6) 0.58
Microorganisms identified

E. coli 3(75) 15 (65) 10 (67) 0.93

K. pneumoniae 1(25) 8(35) 5(33)
Bacteremia 0(0) 1(4) 1(7) 0.85

IQR, interquartile range; HPF, high power field; £ col, Escherichia coli; K. pneumoniae, Klebsiella pneumoniae.
Statistical analysis was performed by using the Chi-square test or the Kruskal-Wallis test, as appropriate.

Table 3. Clinical comparison between carbapenem and non-carbapenem treatment group
/.|

No. of cases (%)

P-value
Carbapenem (N=4) Non-carbapenem (N = 23)
Treatment success rate 4(100) 23 (100)
Time to defervescence (hours), median (IQR) 18.0 (6) 25.3(19.7) 0.28
Relapse rate 0(0) 1(4) 0.85

IQR, interquartile range.

Statistical analysis was performed by using the Mann-Whitney U test or the Fisher's exact test, as appropriate.

admission within 6 months (P = 0.22), and a history of antimi-
crobial administration within 6 months (P = 0.43). There was
no statistically significant difference in all these characteristics
among the treatment groups (Table 2).

2, Comparison of outcome between carbapenem
and non-carbapenem treated groups
Of the total 42 cases, the median time to defervescence after
the initiation of an antimicrobial treatment was 22.9 (20)
hours, and upon completion of antimicrobial therapy, there

was a 100% treatment success for all 42 cases. In the case of
the switching group, because the efficacy of each antimicrobi-
al was hard to assess, only the carbapenem group and the
non-carbapenem group were included in the analysis of the
treatment outcome and relapse of UTL

The median age of the carbapenem and non-carbapenem
groups was 37.5 (81.7) months, and 8.8 (33.8) months (P =
0.54), respectively. Upon completion of the antimicrobial
therapy, both treatment groups showed 100% treatment suc-
cess, and the median time to defervescence after the initiation



www.icjournal.org

http://dx.doi.org/10.3947/ic.2013.45.4.415 e Infect Chemother 2013;45(4):415-421 419

of an antimicrobial treatment was 18.0 (6.2) hours for the car-
bapenem group, and 25.3 (19.7) hours for the non-carbapen-
em group; showing no statistically significant difference be-
tween the two groups (P =0.28). Patients who received
carbapenem did not have relapsed UTI. Among the patients
that received non-carbapenem, there was one case (4%) of re-
lapse (Table 3).

3. Examining the outcome of non-carbapenem
treatment through in vitro sensitivity

In order to see if there was any difference in the treatment
outcome based on the in vitro results for susceptibility to the
non-carbapenems that were used, the time to defervescence
after the initiation of the antimicrobial treatment and the re-
lapse rate were compared between UTIs caused by sensitive
strains versus those caused by resistant strains. Only the non-
carbapenem group was analyzed because the duration of car-
bapenem use varied in the switching group.

Of the 23 cases in the non-carbapenem group, 19 cases
(83%) were treated with a non-carbapenem to which the cul-
tured bacteria were susceptible.

Four cases (17%) were treated with a non-carbapenem to
which cultured bacteria demonstrated resistance through in
vitro tests. Contradicting the susceptibility test results, all four
of these cases showed complete resolution of symptoms fol-
lowing treatment with a non-carbapenem. The median time
to defervescence after the initiation of an antimicrobial treat-
ment was 24.1 (19) hours for the susceptible group, and 35.3
(20.5) hours for the resistant group; showing no statistically
significant difference between the two groups (P = 0.40).

On the other hand, of the 19 cases susceptible to non-car-
bapenems, there was one case (5%) of relapsed UTI, which
was statistical insignificant (P = 0.83).

Discussion

ESBL-producing Enterobacteriaceae is increasingly recog-
nized as the cause of UTIs, and the first choice of treatment for
this infection is carbapenem [20]. Considering the increase in
the use of carbapenem, there is a great concern about the
emergence of carbapenem resistant strains [21-25], especially
due to the fact that there are no treatment alternatives for car-
bapenem resistant strains. This study analyzed 42 episodes of
pediatric UTI caused by ESBL-producing Enterobacteriaceae
and found no difference in the treatment outcome between
patients treated with carbapenem and those treated with non-

carbapenem antimicrobials.

There is no established treatment guideline for UTI caused
by ESBL-producing Enterobacteriaceae. So far, especially in
pediatric patients, there are limited studies comparing the
treatment outcome of patients treated with a carbapenem and
those treated with a non-carbapenem.

However, when non-carbapenem is used to treat UTI caused
by ESBL-producing Enterobacteriaceae, successful treatment
outcom could be observed [8, 9]. This can be explained by the
higher concentration of antimicrobials, which are excreted
into the urinary tract.

In this study, the patients were divided into three groups de-
pending on the type of antimicrobial treatments; carbapenem,
non-carbapenem, and switching group. There was a possibili-
ty for selection bias in the group that received carbapenem as
the initial antimicrobial choice, because generally, patients
that have a prior history of UTI caused by ESBL-producing
Enterobacteriaceae are given a carbapenem upon relapse. In
order to examine such possibility, each treatment group was
analyzed and compared for prior history of UTI, prior use of
antibiotics, prior admission history, and underlying disease.
The results showed no significant difference between the
groups. Of the 42 cases included in this study, there were 6
cases of relapsed UT]I, and of these, 5 cases were caused by the
same bacteria as the initial infection, and there was only one
case of relapsed UTI with a different species that produced
ESBL. Of the 6 cases of relapsed UTI, only two were treated
initially with a carbapenem, and the other four were treated
initially with a non-carbapenem regardless of their history of
prior UTI caused by ESBL-producing bacteria.

The results showed no significant difference in the treatment
outcome, time to defervescence after the initiation of antimi-
crobials, and relapse rate between the groups that received a
carbapenem and those that received a non-carbapenem. As
mentioned before, this was most likely because, as the antimi-
crobial is excreted into the urinary system, a relatively high
concentration is maintained. Therefore, although a non-car-
bapenem was administered to the resistant strains, the rela-
tively high concentration may have led to treatment success,
contradicting the antimicrobial susceptibility test results.
Combined sepsis may also influence the treatment outcome;
therefore, we analyzed this aspect for each group.

When dividing the groups depending on antimicrobial sus-
ceptibility, there was no statistically significant difference be-
tween the resistant and susceptible groups; although in the
non-carbapenem susceptible group, there was one case of re-
lapse. This patient had vesicoureteral reflux and hydronephro-
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sis as underlying diseases, and during the study period, had a
relapse of UTI caused by the same ESBL-producing bacteria.
This patient also had another episode of UTI caused by a dif-
ferent ESBL-producing bacterium during the study period. Of
the two episodes of UT], the first was initially treated with a
non-carbapenem, and the second was treated by switching
from a non-carbapenem to a carbapenem. Relapse occurred
when using both non-carbapenem and carbapenem antimi-
crobials, but because the efficacy of the carbapenem in the
switching therapy group was hard to evaluate, the relapse was
difficult to analyze.

Of the 42 cases of UTI, only two cases were combined with
bacteremia; one case was treated with a non-carbapenem,
and the other was treated by switching the antimicrobials
from non-carbapenem to carbapenem. Both cases had no re-
lapse of UTL However, the current standard of therapy for ES-
BL-producing Enterobacteriaceae bacteremia is a carbapen-
em, whether or not the bacteremia is combined with UTI [26-
28].

In this study, the methods of urine sample collection includ-
ed urinary catheterization, suprapubic puncture, and clean
catch method. By diagnosing UTI with our definition and us-
ing the exclusion criteria, cases of urine collection by supra-
pubic puncture were eliminated. In all 42 cases of UTI, urine
samples were collected through urinary catheterization and
clean catch method.

The small sample size, urine collection by the clean catch
method, lack of analysis of the treatment outcome according
to ESBL enzymes and minimal inhibitory concentration
(MIC) of each antimicrobial, and retrospective analysis are
limitations of this study. There is no consensus on the antimi-
crobial treatment policy for UTI caused by ESBL-producing
Enterobacteriaceae. In fact, 19 children in the current study
were treated with carbapenem as a monotherapy or as a
switch therapy; and whether or not carbapenem is essential
needs further investigation. Few studies have so far compared
the efficacy of carbapenem and non-carbapenem treatment
for pediatric UTI caused by ESBL-producing bacteria; the cur-
rent data may prove to be useful for further research.

In conclusion, there was no significant difference in the
treatment outcome of pediatric UTI caused by ESBL-produc-
ing Enterobacteriaceae between patients treated with carbap-
enem and those treated with non-carbapenem antimicrobials.
Considering the importance of pediatric UTI and the increas-
ing emergence of resistant strains, a prospective study with a
large sample size is needed.
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